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second set of modeled measurement parameters associated with the second misregistration data sets, thereby generating a matched
misregistration data set and thereafter measuring misregistration between at least two layers of at least one additional wafer, selected
from the batch of wafers, using at least one of the first misregistration metrology tool using the adjusted first set of modeled measure-
ment parameters and the second misregistration metrology tool using the adjusted second set of modeled measurement parameters.
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MULTIPLE-TOOL PARAMETER SET CONFIGURATION AND
MISREGISTRATION MEASUREMENT SYSTEM AND METHOD

REFERENCE TO RELATED APPLICATIONS
{0001}  Reference is hereby made to U.S. Provisiopal Patent Application
62/778,656, filed December 12, 2018 and entitled MATCHING BASE
MACHINE LEARNING, the disclosure of which is hereby incorporated by

reference and priority of which is hereby claimed.

FIELD OF THE INVENTION

{0002}  The present invention relates to measurement of misregistration in the

manufacture of semiconductor devices generally.

BACKGROUND OF THE INVENTION

{0003] Various methods and systems are known for measurement of

misregistration in the manufacture of semiconductor devices.

SUMMARY OF THE INVENTION

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

measwement of misregistration in the manufacture of semiconductor devices.

{00051  There is thus provided in accordance with a preferred embodiment of the
present invention a multiple-tool parameter set configuration and misregistration
measurement method useful in the manufacture of semiconductor devices
including using a first misregistration metrology tool using a first set of
measurement parameters 1o measure misregistration between at least two layers
at multiple sites on a wafer, including a plurality of semiconductor devices, the
wafer being selected from a batch of wafers including a plurality of semiconductor

devices intended to be identical to corresponding semiconductor devices on all
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other wafers in the batch of wafers, thereby generating a plurality of first
misregistration data sets, using a second misregistration metrology tool using a
second set of measyrement parameters to measure misregisiration between the at
least two layers at multiple sites on a wafer selected from the batch of wafers,
thereby generating a plurality of second misregistration data sets, selecting an
adjusted first st of modeled measurement parameters associated with the first
misregistration data sets and an adjusted second set of modeled measurement
parameters associated with the second misregisiration data sets, thereby
generating a matched misregistration data set and thereafier measuring
misregistration between at least two layers of at least one additional wafer,
selected from the batch of wafers, using at least one of the first misregistration
metrology tool using the adjusted first set of modeled measurement parameters
and the second misregisiration metrology tool using the adjusted second set of

modeled measurement parameters.

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

multiple-tool parameter set configuration and misregistration measurement
method also includes analyzing the plurality of first misregistration data sets,
thereby generating a first composite misregistration data set and analyzing the
phurality of second misregistration data sets, thereby generating a second

composite misregistration data set.

{0007] In a preferred embodiment of the present invention, the first composite

misregistration data set and the second composite misregistration data set are
generated by an CDSG machine-learning algorithm. Preferably, the CDSG
machine-learning algorithm is generated by at least one of a neural network
analysis, a principle component analysis, a supporting vector machine, a decision

tree and 8 gaussian process.

{0008] In accordance with a preferred embodiment of the present invention, the

generating the maiched misregisiration data set is performed with an CDSM

machine-learning algorithm. Preferably, the CDSM machine-learning algorithim
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is generated by at least one of a neural network analysis, a principle component

analysis, a supporting vector machine, a decision tree and a gaussian process.

{0009}  In accordance with a preferred embodiment of the present invention, the

first misregistration metrology tool and the second misregistration metrology tool
are scatterometry misregistration metrology tools, Preferably, the set of
measurement parameters includes at least one of a linear position of a wafer stage
used in misregistration measurement, an azimuthal orientation of a wafer stage
used in misregistration measurement, an elevation angular orientation of a wafer
stage used in misregistration measurement, an axis along which misregistration is
measured, a region of interest of a metrology target, a polarization of light
used in nuisregistration measurement, wavelengths of light used in misregistration
measurement, a bandwidth of wavelengths of light used in misregistration
measurement, an intensity of light used in misregistration measurement, a Tocal
depth used i misregistration mgasurement, an apodizer used in misregistration
measurement and an optics channel used m misregistration measwrement.

Preferably, the misregistration data set is embodied as a pupil image.

{0010} Alternatively, in accordance with a preferred embodiment of the present

invention, the first misregisiration metrology tool and the second misregistration
metrology tool are imaging misregistration metrology tools. Preferably, the set of
measurement parameters includes at least one of a linear position of a wafer stage
used in misregisiration measurement, an azimuthal orientation of a wafer stage
used in misregistration measurement, an elevation angular orientation of a wafer
stage used in misregistration measurement, an axis along which misregistration s
measured, a region of interest of a metrology target, a numerical aperture used in
misregistration measurement, a polarization of light used in misregistration
measuwrement, wavelengths of light used in misregistration measwement, a
bandwidth of wavelengths of tight used in misregistration measurement, an

intensity of light used in misregistration measurement, a focal depth used in
misregistration measurement and a camera used in misregistration measurement.

Preferably, the misregistration data set is embodied as a contrast image.

PCT/US2019/047795
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{0011} In accordance with a preferred embodiment of the present invention, the

multiple-tool parameter set configuration and misregistration measurement
method also includes using at least one additional misregistration metrology tool
using an additional set of measurement parameters to measure misregistration
between the at lgast two lavers at multiple sites on a wafer selected froni the batch
of wafers, thereby generating a plurality of additional misregistration data sets,
selecting an adjusted at least one additional set of modeled measurement
parameters associated with the additional misregistration data sets, thereby
generating a matched misregistration data set and thereafier measuring
misregistration between at least two layers of at least one additional wafer,
selected from the batch of wafers, using at least one of the first misregistration
metrology tool using the adjusted first set of modeled measurement parameters,
the second misregistration metrology tool using the adjusted second set of
modeled measurement parameters and the at least one additional misregistration
metrology tool using the adjusted at least one additional set of modeled

measurement parameters.

{0012}  There is also provided in accordance with another preferred embodiment

of the present invention, a multiple-tool parameter set configuration and
misregistration measurement system useful in the manufacture of semiconductor
devices including a first misregistration metrology tool operative to use a first set
of measurement parameters to measure misregistration between at least two layers
at multiple siles on a wafer including a plurality of semiconductor devices, the
wafer being selected from a baich of wafers including a plurality of semiconductor
devices intended to be identical to corresponding semiconductor devices on all
other wafers in the batch of wafers, thereby generating a plurality of fisst
misregistration data sets, a second misregistration metrology tool operative o use
a second set of measurement paramieters {0 measure misregistration between the
at least two layers at multiple sites on a wafer selected from the batch of wafers,
thereby generating a plurality of second misregistration data sets and a3 data set

matcher operative to select an adjusted first set of modeled measurement
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parameters associated with the first misregistration data sets and an adjusted
second set of modeled measurement parameters associated with the second
misregistration data sets, thereby generating a matched misregistration data set,
communicate the adjusted first set of modeled measurement parameters to the first
misregisiration metrology tool and conmumunicate the adjusted second set of

modeled measurement parameters to the second misregistration metrology tool.

BRIEF DESCRIPTION OF THE DRAWINGS

{0013] The present inrvention will be understood and appreciated more fully from
the following detailed description, taken in conjunction with the drawings in
which:

Fig. 1 is a simplified schematic illustration of a multiple-tool parameter
set  configuration and misregistration measurement  system
(MTPSCMMS);

Figs. 2A & 2B are together a simplified flow chart iflustrating a nultiple-
tool parameter set configuration and misregistration measurement method
(MTPSCMMM) useful by the MTPSCMMS of Fig. 1;

Figs. 3A & 3B are simplified pictorial illustrations of a first and second
embodiment, respectively, of a portion of the MTPSCMMM of Figs. 2A
& 2B: and

Figs. 4A & 4B are simphified pictorial illustrations of a first and second
embodiment, respectively, of an additional portion of the MTPSCMMM
of Figs. 2A & 2B.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

{0014} It is appreciated that the system and method described hereinbelow with
reference to Figs. 1 — 4B form part of a manufacturing process for semiconductar
devices, and the misregistration measured by the system and method described

hereinbelow with reference to Figs. 1 — 4B is used to adjust fabrication processes
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of the semiconductor devices to more closely align various lavers of the

semiconductor devices being fabricated.

{0015} Reference is now made to Fig. 1, which is a simplified schematic

illustration of a multiple-too]l parameter set configuration and misregisiration
measurement system (MTPSCMMS) 100. As seen in Fig. 1, MTPSCMMS 100
includes two or more misregistration metrology tools 102. Each misregistration
metrology tool 102 is operative to generate a plurality of individual site
misregistration data sets by measuring, at multiple sites thereon, misregistration
between at least two layers formed on a wafer 112. Wafer 112 preferably inchudes
a plurality of semiconductor devices and is selected from a batch of wafers 120.
The two or more misregistration metrology tools 102 thereby generate two or

more pluralities of individual site misregistration data sets.

{0016} It is appreciated that each of wafers 112 in batch of waters 120 undergo

the same fabrication steps and include semiconductor devices which are intended
to be identical to corresponding semiconductor devices on all other wafers 112 in
batch of wafers 120. It is appreciated that each of the various misregistration
metrology tools 102 may measure misregistration between at least two layers of

the same wafer 112 or of g different wafer 112 from batch of wafers 120,

{0017] Misregistration metrology tools 102 may be any suitable misregistration

metrology tools of the same class of misregistration metrology tools, including,
inter alia, scatterometry misregistration metrology tools and imaging
misregistration metrology tools. A ‘typical scatterometry misregistration
metrology tool useful as misregistration metrology tool 102 is an ATL™ 160,
commercially available from KLA Corporation of Milpitas, CA, USA. A typical
tmaging misregistration metrology tool useful as misregistration metrology tool
102 1s an Archer™ 600, commercially available from KLA Corporation of

Milpitas, CA, USA.

{0018} It is noted that while each of misregisiration meirology tools 102 is of the

same class of misregistration metrology tool, each of misregistration metrology

6
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tools 102 need not be the same model of misregistration metrology tool. For
example, one misregistration metrology tool 102 may be an Archer™ 600 and
another misregistration metrology fool 102 may be an Archer™ 700. Similarly,
one misregistration metrology tool 102 may be an ATL™ 100 and another

misregistration metrology tool 102 may be an ATL™ 200,

{0019} In an embodiment wherein misregistration metrology tools 102 are

embodied as scatterometry misregistration metrology tools, the misregistration
data sets generated by each of the two or more misregistration metrology tools
102 are embodied as a plurality of pupil images, preferably at least one pupil
image for each site on the wafer 112 measured by each misregistration metrology

tool 102.

{0020} In an embodiment wherein misregistration metrology tools 102 are

embodied as imaging misregistration metrology tools, the misregistration data sets
generated by each of the two or more misregistration metrology tools 102 are
embodied as a plurality of contrast images, preferably at least one contrast image
for each site on the wafer 112 measured by each misregistration metrology tool

102,

{0021} It is appreciated that MTPSCMMS 100 may include more than two

misregistration metrology tools 102, provided that all misregisiration metrology
tools 102 in MTPSCMMS 140 are of the same type, for example, all scatterometry
misregistration metrology tools or all imaging misregistration metrology tools.
Each misregistration metrology tool 102 in MTPSCMMS 100 is operative {0
measure misregistration between at least two layers at multiple sites on a wafer
112 selected from batch of wafers 120, thereby generating a plurality of individual
site misregistration data sets corresponding to each misregistration metrology tool

102 10 MTPSCMMS 100.

{0022} MTPSCMMS 100 further includes a composite data set generator (CDSG)

132, CDSG 132 is operative to analyze and combine each individual site

misregistration data set of each of the two or more pluralities of individual site

PCT/US2019/047795
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misregistration data sets generated by misregistration metrology tools 102,
thereby generating a composite multiple site misregistration data set for each

misregistration metrelogy tool 162,

5 {00231 in an embodiment wherein misregistration metrology tools 102 are
embodied as scatterometry misregistration metrology tools, the two or more
composite multiple site misregistration data sets generated by CDSG 132 are two
or more pupil images, preferably one pupil image for each misregistration
metrology tool 102 used. In an embodiment wherein misregistration meirology

10 tools 102 are embodied as imaging misregistration metrology tools, the two or

more composite multiple site misregistration data sets generated by CDSG 132

are two or more confrast images, preferably one contrast image for each

musregistration metrology tool 102 used.

15 {00241 Preferably, CDSG 132 generates the composite multiple site
misregistration data sets using a CDSG machine-leaming  algorithm
(CDSGMLA). CDSGMLA may be any suitable algorithm, such as, inter alia, a
neural network analysis, a principle component analysis, a supporting vector
machine, a decision tree and a gaussian process.

20

{0025] MTPSCMMS 106 further includes a composite data sel matcher (CDSM)
142, CDSM 142 is operative to create model resulis for each of the two or more
composite multiple site misregistration data sets generated by CDSG 132 using a

phurality of adjusted sets of modeled measurement parameters, thereby generating

1931

aplurality of modeled misregistration data sets for each misregistration metrology

tool 102,

{0026]  The measurement parameters may include, inter ahia, a linear position of a

wafer stage used in misregistration measurement, an azimuthal orientation of a

30 wafer stage used in misregistration measurement, an elevation angular orientation
of a wafer stage used in misregistration measurement, an axis along which
misregistration is measured, a tegion of mterest of a metrology target, a

polarization of light used in misregistration measurement, wavelengths of light
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used in misregistration measurement, a bandwidth of wavelengths of light used in
misregistration measurement, an intensity of light used in misregistration
measurement, a focal depth used in: misregisiration measurement, an apodizer
used in misregistration measurement, an optics channel used in misregisiration

measurement and a camera used in misregisiration measurement.

{0027} CDSM 142 is further operative to compare the plurality of modeled
miisregistration data sets and to select a modeled misregistration data set for each
misregistration metrology ftool 102 that most closely matches modeled
misregistration sets for the other misregistration metrology tools 102 in
MTPSCMMS 100, thereby generating a matched misregistration data set for the

two or more misrggistration metrology tools 102 in MTPSCMMS 100.

{0D28] Additionally, for each of the two or more misregistration metrology tools
102, CDSM 142 selects the adjusted measurement parameters corresponding to
the matched misregistration data set, and sends those adjusted sets of modeled
measurement parameters (o the corresponding misregistration metrology tools
102 of MTPSCMMS 100.

{0029} Preferably, CDSM 142 generates the matched misregistration data sets
using an CDSM machine-learning algorithm (CDSMMLA). CDSMMLA may be
any suitable algorithm, such as, inter alia, a neural network analysis, a principle
component analysis, a supporting vector machine, a decision tree and a gaussian

process.

{0030} Reference is now made to Figs. 2A & 2B, which are together a simplified
flow chart illustrating & multiple-lool parameter set configuration: and
misregistration measurement method (MTPSCMMM) 200 useful by
MTPSCMMS 100. As seen in Fig. 2A_ at a first step 202, a first misregistration
metrology tool 102 uses a first set of measurement parameters {o measure
misregistration between at least two layers ai multiple sites on a wafer 112,
selected from batch of wafers 120, thereby generaiing a first plurality of individual

sife misregistration data sets.

9
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{0031 At a next step 204, a second misregistration metrology tool 102 uses a

second set of measurement parameters to megsure misregistration between at least
two layers at multiple sites on a wafer 112, selected from batch of waters 120,
thereby generating a second plurality of individual site misregistration data sets.
Then, at a next step 206, a decision is made whether or not to measure either the
same wafer 112 or an additional wafer 112, selected from batch of wafers 120,

using another misregistration metrology tool 102.

10032} If an additional misregistration metrology tool 102 is to be used to measure

awafer 112, selected from batch of wafers 120, MTPSCMMM 200 returns to step
204 and an additional misregistration metrology (ool 102 in MTPSCMMS 160
uses an additional set of measurement parameters to measure misregistration
between at least two layers at multiple sites on the wafer 112, selected from batch
of wafers 120, thereby generating an additional phwality of individual site

misregistration data sets,

{0033}  Itisappreciated that misregistration metrology tools 102 used in steps 202

and 204 may be any suitable misregistration metrology tools 102 of the same class
of mnusregistration metrology tools, including, inter alia, scatterometry
misregistration melrology tools or imaging misregistration metrology tools. In an
embodiment wherein misregistration metrology tools 102 used in steps 202 and
204 are scatterometry misregistration metrology toels, the plurality of individual
site misregistration data sets generated throughout MTPSCMMM 200 are pupil
images. In an embodiment wherein musregistration metrology tools 102 used in
steps 202 and 204 are imaging misregistration metrology tools, the plurality of
individual site misregistration data sets generated throughout MTPSCMMM 200

are contrast images.

{00341 it is noted that while each of misregistration meirology tools 102 is of the

same class of misregisiration metrology tool, each of misregistration metrology
tools 102 need not be the same model of misregisiration metrology tool. For

example, one misregistration metrology tool 102 may be an Archer™ 6060 and

PCT/US2019/047795
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another misregistration metrology tool 102 may be an Archer™ 700. Similarly,
one misregisiration metrology tool 102 may be an ATL™ [00 and another

misregistration metrology tool 102 may be an ATL™ 200.

5 100351 The sets of measurement parameters used in steps 202 and 204 may
include, inter alia, a linear position of a wafer stage used in misregistration
measurement, an azinuthal orientation of a wafer stage used in misregistration
measurement, an elevation angular orientation of a wafer stage used in
misregistration measurement, an axis along which misregistration is measured. a

10 region of interest of a metrology target, a polarization of light used in

misregistration measurement, wavelengths of light used I misregisiration
measurement, a bandwidth of wavelengths of light used in misregistration
measurement, an ntensity of light used in misregistration measurement, a focal
depth used in misregistration measurement, an apodizer used in misregistration
15 measwement, an optics channel used in misregistration measurement and a

camera used in misregistration measurement.

10036} If an additional misregistration metrology tool 102 is not to be used to

measure a wafer from batch of wafers 120, MTPSCMMM 200 proceeds to a next

20 step 208, whereat CDSG 132 analyzes each of the individual site misregistration
data sets generated by each of the misregistration metrology tools 102 used in

steps 202 and 204, and generates a composite multiple site misregisiration data

set for each of the misregistration metrology tools 102 used in steps 202 and 204.

1931

{00371 Preferably, at step 208, CDSG 132 generates the composite
misregistration data sets using a CDSG  machine-learning  algorithm
(CDSGMLA). CDSGMLA may be any suitable algorithm, such as, inter alia, a
neural network analysis, a principle component analysis, a supporting vector
machine, a decision tree and a gaussian process.

30
{0038}  Reference is now additionally made to Figs. 3A & 3B, which are

stmplified pictorial illustrations of a first and second embodiment. respectively,

of steps 202 & 208 or steps 204 & 208 of MTPSCMMM 200. As seen inFig. 3A,
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in an embodiment wherein the misregistration metrology tools 102 used to
measure misregisiration of wafer 112 in step 202 and 204 sre scatierometry
misregistration metrology tools, each individual site misregistration data set
generated by each misregistration metrology tool 102 at step 202 or step 204 is
embodied as a pupil timage 310. It is appreciated that although for simplicity, only
five pupil images 310 are shown in Fig. 3A, in a tvpical embodiment of the present
invention, between 30 — 5,000 individual site pupil images are generated by each

misregistration metrology tool 102 at step 202 and step 204.

{0039] Additionally, in an embodiment wherein misregistration metrology tools

102 are scaiterometry misregistration metrology tools, each composite multiple
site misregistration data set generated by CDSG 132 at step 208 1s embodied as a
composite multiple site pupil image 312. CDSG 132 preferably generates one
composite multiple site pupil image 312 for each misregistration metrology tool

102 used at each of steps 202 and 204,

{00401 As seen in Fig. 3B, in an embodiment wherein the misregistration

meirology tools 102 used to measure misregisiration of wafer 112 in steps 202
and 204 are imaging misregistration metrology tools, each individual site
misregistration data set generated by each misregistration metrology tool 102 at
step 202 or step 204 is embodied as a contrast image 320. It is appreciated that
although for simplicity, only five contrast images 320 are shown in Fig. 3B, in a
typical embodiment of the present invention, between 30 — 5,000 individual site
contrast images are generated by each misregistration metrology tool at step 202

and step 204,

{0041} Additionally, in an embodiment wherein misregistration metrology tools

102 are tmaging misregistration metrology tools, each composite multiple site
misregistration data set generated by CDSG 132 at step 208 is embodied as a
compesite multiple site contrast image 322. CDSG 132 preferably generates one
composite multiple site contrast image 322 for each muisregistration metrology

tool 102 used at each of steps 202 and 204.

PCT/US2019/047795
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{0042} Reference is now additionally made to Fig. 4A, which is a simplified

pictorial iltustration of a first embodiment of steps 210 and 212 of MTPSCMMM
200. As seen in Fig. 2B and illustrated 11 Fig. 4A, at a step 210, CDSM 142 uses
a plurality of adjusted sets of modeled measurement parameters to model the
composite multiple site misregistration data set 312 generated at step 208 for each
misregistration metrology tool 102 used in steps 202 and 204, thereby generating

a plurality of modeled multiple site misregistiration data sets.

{0043] In the illustrated embodiment shown in Fig. 4A, the plurality of modeled

multiple site musregistration data sets are shown for a first and a second
misregistration metrology tool 102, and the composite multiple site
misregistration data sets 312 are respectively indicated by reference numbers 400
and 402 for the first and second misregistration metrology tools 102. The modeled
multiple site misregistration data sets are indicated by reference number 410 for
the first misregistration metrology tool 102 and by reference number 412 for the

second misregistration metrology tool 162,

{00441 it is appreciated that although for simplicity in Fig. 4A only five modeled

multiple site misregisiration data sets 410 or 412 are shown for each
misregistration metrology tool 102, i a typical embodiment of the present
invention, at step 210 between 10 — 500 modeled multiple site misregistration data
sets 410 or 412 are generated for each misregistration metrology tool 102 used in

steps 202 and 204.

{00451 The sets of modeled measurement parameters used in step 210 may

include, inter alia, a linear position of a wafer stage used in misregistration
measwrement, an azimuthal orientation of a wafer stage used in misregistration
measurement, an elevation angular orientation of a wafer stage used in
misregistration measurement, an axis along which misregistration is measured, a
region of interest of a metrology target, a polarization of light used in
misregistration measurement, wavelengths of light used i misregistration
measurement, a bandwidth of wavelengths of light used in misregistration

measurement, an intensity of light used in misregistration measurement, a focal

Pt
[
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depth used in misregistration measurement, an apodizer used in misregistration
measwement, an optics channel used in misregistration measurement and a

camera used in misregistration measurement.

10046} At a next step 212, CDSM 142 compares the plurality of modeled

misregistration data sets 410 and 412 for all of the misregistration metrology tools
102 and selects a modeled misregistration data set 410 or 412 for each
misregistration metrology tool 102 that most closely malches modeled
misregistration sets 410 or 412 for the other misregistration metrology tools 102
in MTPSCMMS 100, thereby generating a matched misregisiration data set for
misregistration metrelogy tools 102 in MTPSCMMS 100,

{0047} In the example shown in Fig. 4A, CDSM 142 selects the modeled

misregistration data set 410 indicated by reference number 416 for the first
misregistration metrology tool 102 and the modeled misregistration data set 412
indicated by reference number 418 for the second misregistration metrology tool

102 as the matched misregistration data set.

{0048} Reference is now additionally made to Fig. 4B, which is a simplified

pictorial illustration of a second embodiment of steps 210 and 212 of
MTPSCMMM 200. As seen int Fig, 2B and illustrated in Fig: 4B, at a step 210,
CDSM 142 uses a plurality of adjusted sets of modeled measurement parameters
to model the composite multiple site misregistration data set 322 generated at step
208 for each misregistration metrology tool 102 used in steps 202 and 204, thereby

generating a plurality of modeled multiple site misregistration data sets.

{00491 Int the iHustrated embodiment shown in Fig. 4B, the plurality of modeled

multiple site musregistration data sets are shown for a first and a second
misregistration metrology tool 102, and the composite multiple site
misregistration data sets 322 are respectively indicated by reference numbers 500
and 502 for the first and second misregisiration metrology tools 102, The modeled

multiple site misregisiration data sets are indicated by reference number 510 for

PCT/US2019/047795
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the first misregistration metrology tool 102 and by reference number 512 for the

second misregistration metrology tool 102,

{00501  Tiis appreciated that although for simplicity in Fig. 4B, only five modeled

misregistration data sets 510 or 512 are shown for each misregistration metrology
tool 102, in a typical embodiment of the present invention, at step 210 between 10
— 500 modeled misregistration data sets 510 or 512 are generated for each

misregistration metrology tool 102 nsed in steps 202 and 204,

{0051 The sets of modeled measurement parameters used in step 210 may

include, inter alia, a linear position of a wafer stage used in misregistration
measurerment, an azimuthal orientation of a wafer stage used v misregisiration
measurement, an elevation angular orientation of a wafer stage used in
misregistration measurement, an axis along which misregistration is measured, a
region of interest of a metrolopy target, a polarization of light used in
misregistration measurement, wavelengths of light used in nusregistration
measurement, a bandwidth of wavelengths of light used in misregisiration
measurement, an intensity of lght used in misregistration: measurement, a focal
depth used in misregisiration measurement, an apodizer used in misregistration
measurement, an optics channel used in misregistration measurerent and a

camera used in misregistration measurement.

{0052} At a next step 212, CDSM 142 compares the plurality of modeled

misregistration data sets 510 and 512 for all of the misregistration metrology tools
102 and seleets a modeled misregistration data set 510 or 512 for each
misregistration metrology tool 102 that most closely matches modeled
misregistration sets 10 or 512 for the other misregistration metrology tools 102
in MTPSCMMS 100, thereby generating a matched nusregistration data set for
misregistration metrology tools 102 in MTPSCMMS 100.

{0053}  In the example shown in Fig. 4B, CDSM 142 selecis the modeled

misregistration data set 510 indicated by reference number 516 for the first

misregistration metrology tool 102 and the modeled nusregistration data set 512
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indicated by reference number 518 for the second misregistration metrology tool

102 as the matched misregistration data set.

{0054] Preferably, the matched musregistration data sets are generated using a
CDSM machine-learning algorithm (CDSMMLA). CDSMMLA may be any
suitable algorithm, such as, inter alia. a neural network analysis, a principle
component analysis, a supporting vector machine, a decision tree and a gaussian

process.

{0035} As seen in Fig. 2B, at a next step 214, CDSM 142 selects the adjusted
measurement parameters corresponding to the matched misregistration data set
penerated at step 210, and sends those adjusted sets of modeled measurement
parameters to the corresponding misregistration metrology tools 102 used in steps
2012 and 204,

{0056] At a next step 216, MTPSCMMM 200 uses at least one of the
misregistration metrology tools 102 used in steps 202 and 204, using the
corresponding adjusted set or sets of modeled measurernent parameters received
at step 214, to measure misregistration between at least two layers of at least one

additional wafer from baich of wafers 120.

{00571 1t will be appreciated by persons skilled in the art that the present invention
15 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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CLAIMS

1. A multiple-tool parameter set configuration and misregistration measurement

method useful in the manufacture of semiconductor devices comprising;

using a first misregistration metrology tool using a first set of measurement
parameters to measure misregistration between at least two layers at
multiple sites on a wafer, comprising a plurality of semiconductor devices,
said wafer being selected from a batch of wafers comprising a plurality of
semiconductor devices intended to be identical to corresponding
semiconductor devices on all other wafers in said batch of wafers, thereby
generating a plurality of first misregistration data sets;
using a second misregistration metrology tool using a second set of
measurement parameters to measure misregistration between said at least
two layers at multiple sites on a wafer selected fromy said batch of wafers,
thereby generating a plurality of second misregistration data sets;
selecting an adjusted first set of modeled measurement parameters
assoctated with said first misregistration data sets and an adjusted second
set of modeled measurement parameters associated with said second
misregistration data sets, thereby generating 3 matched misregisiration
data set; and
thereafter measuring misregisiration between at least two layers of at least
one additional wafer, selected from said batch of wafers, using at least one
of:

said first misregistration metrology tool using said adjusted first set

of modeled measurement parameters; and

said second misregistration metrology tool using said adjusted

second set of modeled measurement parameters.

2. The multiple-tool parameter set configuration and misregistration measurement

method according to claim 1 and also comprising:

analyzing said plurality of first misregisiration data sets, thereby

generating a first composite misregistration data set; and
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analyzing said plurality of second misregistration data sets, thereby

generating a second composite misregisiration data setf.

3. The multiple-tool parameter set configuration and misregistration measurement
5 method according to claim 2 and wherein said first composite misregistration data
set and said second composite misregistration data set are generated by an CDSG

machine-learning algorithm.

4. The multiple-tool parameter set configuration and misregistration measurement
10 method according to claim 3 and wherein said CDSG machine-learming algorithm
is generated by at least one of:
a neural network analysis;
a principle component analysis;
a supporting vector machine;
15 a decision tree; and

a gaussian process.

5. The multiple-tool parameter set configuration and misregistration measurement
method according to any of claims 1 — 4 and wherein said generating said matched

20 misregistration data set is performed with an CDSM machine-learning algorithm.

6. The multiple-tool parameter set configuration and misregistration measurement
method according to claim 5 and wherein said CDSM machine-learning algorithm
is generated by at least one of}

25 a neural network analysis;
a principle component analysis;
a supporting vector machine;
a decision tree; and
a gaussian process.
30
7. The multiple-tool parameter set configuration and misregistration measurement

method according to any of claims 1 — 6 and wherein said first misregistration
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metrology tool and said second misregistration metrology tool are scatierometry

miisregistration metrology tools.

8. The multiple-tool parameter set configuration and misregistration measurement
method according to claim 7 and wherein said set of measurement parameters
includes at least one of:

a linear position of a wafer stage used in misregistration measurement;

an azimuthal orientation of a wafer stage used in misregistration
measurement;

an elevation angular orientation of a wafer stage used in msregistration
measurenment;

an axis along which misregistration is measured;

aregion of interest of a metrology target;

a polanization of light used in misregistration measurement;

wavelengths of light used in misregistration measurgment;

a bandwidth of wavelengths of light used in misregistration measurement;
an intensity of light used 1n misregistration measurement;

a focal depth used in misregistration measurement;

an apodizer used in misregistration measurement; and

an optics channel used in misregistration measurement.

9. The multiple-tool parameter set configuration and misregistration measurement
method according to claim 7 or claim 8 and wherein said misregistration data set

is embedied as a pupil image.

10. The multiple-tool parameter set configuration and misregistration measurement
method according to any of claims 1 — 6 and wherein said first misregistration
metrology ool and said second misregistration metrology tool are imaging

misregistration metrology tools.



16

15

20

25

30

WO 2020/122996 PCT/US2019/047795

11. The multiple-tool parameter set configuration and misregistration measurement
methoed according to claim 19 and wherein said set of meassurement parameters
includes at least one of:

a linear position of a wafer stage used in misregisiration measurement;

an azimuthal orientation of a wafer stage used In misregistration
measurement;

an elevation angular orientation of a wafer stage used in misregistration
measurement;

an axis along which misregistration is measured;

aregion of interest of a metrolegy target;

a numerical aperture used in misregisiration measurement;

a polarization of light used in misregistration measurement;

wavelengths of light used in misregistration measurement;

a bandwidth of wavelengths of light used in misregistration measurement;
an intensity of light used in nusregistration measurement;

a focal depth used in misregistration measurement; and

a camera used i misregistration meastirement.

12. The multiple-tool parameter set configuration and misregistration measurement
method according to claim 10 or claim 11 and wherein said misregistration data

set is embodied as a contrast image,

13, The multiple-tool parameter set configuration and misregistration measurement
method according to any of elaims 1 — 12 and also comprising using at least one
additional misregistration metrology tool using an additional set of measurement
parameters to measure misregistration between said at least two layers at multiple
sites on a wafer selected from said batch of waters, thereby generating a plurality
of additional misregisiration data sets;

selecting an adjusted at least one additional set of modeled measurement
parameters associated with said additional misregistration data sets,

thereby generating a matched misregistration data set; and

20
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thereafier measuring misregistration between at least two layers of at least
one additional wafer, selected from said batch of wafers, using at least one
of:
said first misregistration metrology tool using said adjusted first set
of modeled measurement parameters;
said second misregistration metrology tool using said adjusted
second set of modeled measurement parameters; and
said at least one additional misregistration metrology tool using said
adjusted at least one additional set of modeled measurement

parameters.

14. A multiple-tool parameter set configuration and misregistration measurement

systent useful in the manufacture of semiconductor devices comprising:

a first misregistration metrology tool operative to uvse a first set of
measurement parameters {o measure misregisiration between at least two
tayers at multiple sites on a wafer comprising a plurality of semiconductor
devices, said wafer being selected from a baich of wafers comprising a
plurality of semiconductor devices intended to be identical to
corresponding semiconductor devices on all other waters in said batch of
wafers, thereby generating a plurality of first misregistration data sets;
a second misregistration metrology tool operative to use a second set of
nmeasurement parameters to measure misregistration between said at least
two layers at multiple sites on a wafer selected from said batch of wafers,
thereby generating a plurality of second misregistration data sets; and
a data set matcher operative {0:
select an adjusted first set of modeled measurement parameters
associated with said first misregistration data sets and an adjusted
second set of modeled measurement parameters associated with
said second misregisiration data sets, thereby generating a
matched misregistration data set;
communicate said adjusted first set of modeled measurement

parameters to said first misregistration metrology tool; and

21
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communicate said adjusted second set of modeled measurement

parameters to said second misregistration metrology tool.

15. The multiple-tool parameter set configuration and misregistration measurement
system according to ¢laim 14 and also comprising a composite data set generator
operative to:

analyze said plarality of first misregistration data sets, thereby generating
a first composite misregistration data set; and
analyze said plorality of second misregistration data sets, thereby

generating a second composite misregistration data sef.

16. The multiple-tool parameter set configuration and misregistration measurement
systent according to claim 15 and wherein said first composite misregistration
data set and said second composite misregisiration data set are generated by an

CPSG machine-learning algorithm.

17. The multiple-tool parameter set configuration and misregistration measurement
system according to claim 16 and wherein said CDSG machine-legrning algorithm
is generated by at least one oft

a newural network analysis;

a principle component analysis;
a supporting vector machine;

a decision tree; and

a gaussian process.

18. The multiple-tool parameter set configuration and misregistration measurement
system aecording to any of claims 14 — 17 and wherein said generating said
matched misregistration data set is performed with an CDSM machine-learning

algorithm.

22
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19. The multiple-tool parameter set configuration and misregistration measurement
systemi according to claim 18 and wherein said CDSM machige-learning
algorithm is generated by 4t least one of:

a neural network analysis;

5 a principle component analysis;
a supporting vector machine;
a decision tree; and

a gaussiam Process.

10 2. The multiple-tool parameter set configurabion and misregistration measgrernent
system according to any of claims 14 — 19 and wherein said first misregisiration
metrology tool and said second misregistration metrology tool are scatterometry

misregistration metrology tools.

15 21. The multiple-tool parameter set configuration and misregistration measurement
system according to claim 20 and wherein said set of measurement parameters
includes at least one of:

a linear position of a wafer stage used in misregisiration measurement;
an azimuthal orientation of a wafer stage used in misregistration
20 measurement;
an elevation angular orientation of a wafer stage used in misregistration
neasurement;
an axis along which misregistration is measurad;
a region of interest of a metrology target:
25 a polarization of light used in misregistration measurement;
wavelengths of light used in misregistration measurement;
a bandwidth of wavelengths of light used in misregistration measurement;
an intensily of light used in misregisiration measurement;
a focal depth used in misregistration measurement;
30 an apodizer used in misregistration measurement; and

an optics channel used in misregistration measurement.

[
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22. The multiple-tool parameter set configuration and misregistration measurement
system according to claim 20 or claim 21 and wherein said misregistration data

set is-embodied as a pupil image.

o]
]

. The multiple-tool parameter set configuration and misregistration measurement
system according to any of claims 14 — 19 and wherein said first misregistration
metrology tool and said second nusregistration metrology tool are imaging

misregistration metrology tools.

24. The multiple-tool parameter set configuration and misregistration measurement
system according to claim 23 and wherein said set of measurement parameters
includes at least one of:

a linear position of a wafer stage used in misregistration measurement;

an azimuthal orientation of a wafer stage used in misregistration
measurement;

an elevation angular orientation of a wafer stage used in misregistration
measurement;

an axis along which misregistration is measured;

a region of interest of a metrology target;

a mumerical aperture used in misregistration measurement;

a polarization of light used in misregistration measurement;

wavelengths of hight used in misregistration measurement;

a bandwidth of wavelengths of light used in misregisiration measurement;
an intensity of light used in misregistration measurement;

a focal depth used in misregistration measurement; and

a camera used 1n misregistration measurement,
25. The multiple-tool parameter set configuration and misregistration measurement

system according to claim 23 or claim 24 and wherein said misregistration data

set is embodied as a contrast image.

24
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26. The multiple-tool parameter set configuration and misregistration measurement
system according to any of claims 14 — 25 and also comprising at least one
additional misregistration metrology tool operative to use an additional set of
measurement parameters to measure misregistration between said at least two
layers at multiple sites on a wafer selected from said batch of wafers, thereby
generating a plurality of additional misregistration data sets, and wherein said data
set matcher is operative 1o

select an adjusted at least one additional set of modeled measurement
parameters associated with said additional misregistration data sets,
thereby generating a matched misregistration data set; and

communicate said adjusted at least one additional set of modeled
measurement parameters {o said at least one additional misregisiration

metrology tools.

25
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