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DATA-DRIVEN MISREGISTRATION PARAMETER CONFIGURATION AND
MEASLIREMENT SYSTEM ANDMETHOD

REFERENCE TO RELATED APPLICATIONS

Reference is hereby made to the following patents, which ave related to the
subject matter of the present application, the disclosures of which are hereby incorporated
by reference;

Apphcant’s ULS. Patent No. §214771, enttled SCATTEROMETRY
METROLOGY TARGET DESIGN OPTIMIZATION, and issned on July 3, 2012; and

Applicant’s U.S. Patent No. 9810953 entitled METROLOGY TARGET
IDENTIFICATION, DESIGN AND VERIFICATION, and 1ssued on March &, 2018,

FIELD OF THE INVENTION

The present invention relates o measurement of misregistration in the

manufacture of semiconducior devices penerally.

BACKGROUND OF THE INVENTION

Various methods and systems are kunown for measurement of

niisregistration in the manufacture of semiconductor devices.

SUMMARY QOF THE INVERNTION

The present nvention seeks to provide improved methods and systems for
measurement of misregistration in the manufscture of senuconductor devices.

There is thus provided in accordance with a preferred embodiment of the
present vention a data~-driven misregistration parameter confiziration and measarement
method incloding simudating a plurality of measarewment simudations of at least one

multilayered semiconductor device, selected from g batch ol maolitlayered semiconductor
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devices inteided o be identical, using & plueality of sets of measurement paramater
configurations, thereby generating simulation data for the ab least one maltilayerad
serntconductor device, identifving ot Teast one set of seconmmended msadurement
parsmster configurations, which is selected from the plurality of sets of meassurement
parameter configurations, providing a nudiilavered semiconducior device selected from
the batch of multilayvered semiconductor devices, providing the at least one recommended
set of measurement parameter configurations to a misregistration metrology tool having
multiple possible sets of measurement parameter configurations, measuring at least ong
multilayered  semiconductor device, selected from the batch of maoltitlayered
semiconductor devices intended to be identical, using the at least one recommended set
of measurement parameter configurations, thereby generating messuremnent dats for the
at least one mmdiifavered semicondoctor device, therealler identifving a  final
recommended  set  of measurement parmmpeter  configurations and  measuring
misregistration of at least one multifavered semiconducior device, selected from the batch
of multilavered semiconductor devices infended to be identical, using the final
recommended set of measarement parameter configurations.

In accordance with a preferred embodiment of the present invention, the
final recommended set of measurement parameter configarstions is dentified based on
best resulis of the measurement data for the at least one multilavered semiconductor
device,

Preferably, the plurality of measurement sinnglgtions ave metrology tvget
design simulations. Preferably, the at least one reconunended set of measurement
parameter configurations s identified based on al least one of macowracy, Qmerit, focus
sensitivity, throughput and contrast preciston,

In accordance with a preferred embodiment of the present invention, the
sets of measurement parameter configurations include at lzast one of an axis along which
misregistration s measured, a region of interest of a metrology target, a numerical
apertire used in nisregisiration megsurement, 8 polarization of hight used m
nusregistration measwrement, wavelengths of light used i musregisiration measurament,
bandwidih of wavelengths of hight used in misregistration measiwrement, an intensily of
hight used in nusregistration measwrement, a focal depth used in musregistration

measurement and an apodizer used in misregistration messurement.
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In accordance with a preferred embodiment of the presedt invention, the
nusregistration  mettology  tool Iy an imaging  aisregistration petfology. tool
Alternatively, in dccordance with o preferred embodiment of the present mvention, the
risregistration metrology tool is a scatierometty misregistration metrology tool

In accordance with a preferred embodiment of the present mvention the
data~driven misregistration parmmeter configuration and measurenment method also
inclodes generating simulation signal data and comparing the simalation signal data 1o
the measurament data for the at least one nwltilayered semiconductor device.

Preferably, the simelation signal data inclades at least one of contrast,
sensitivity and pupil image. Preferably, the dafa-driven misregistration parameter
configuration and measurement method also includes indicating for which of the sets of
measuremeni pavameter configurations and for which portions of the muliilayered
semiconductor device a mismaich between the simulation signal data and the
measurement data occurs and indicating possible root canses of the misnwateh.

There is also provided in accordance with another preferred embodiment
of the present vention a data-driven misregistration parameter configuration and
measurement system incheding a semiconductor device measurement sirnulator, operative
to simulate a plurality of messurement simudations of at least one multilayered
samiconductor device, selected from a batch of mwitllayersd semiconductor devices
ntended o be dentical, wsing a phuality of sels of measwement parameter
configurations, thereby penersting simuddation data for the at least one muwlulayered
sentconductor device, a simulation data analyzer, operative o identify ai least one
recommended set of measarement parameter configurations, which is selected fom the
phuality of sets of measprement parameter configurabions snd a pusregisiration
metrology tool having multiple possible sets of measurement parameter configurations,
operative (o receive the at least one reconmmended sef of measuremient parameter
configurations and to measwre misregistration of at least one muditlayered semmconducior
device, selected from the baich of multidayvered sensiconductor devices intended fo be
wdentical, using the at least one recommended set of measurement parameter
configurations, thereby generating measwement data for the at least one muolitlayered

semitconductor device.
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BRIEE DESCRIPTION OF THE DRAWINGS

The present invention will be understood and spprecisted more fully fom
the following detatled description, taken in conjunction with the drawings iy whichs

Fig. 1 is a simplified schematic illustration of a data-driven misregistration
parameter configuration and measurement systeny, and

Fig. 2 is a sumplified flow chart illustrating a data-driven misregistration
parameter configuration and measwrement method wussful by the data-driven

misregistration parameter configuration and measurement system of Fig. 1.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Reference is now pwde 1o Fig 1. which i3 8 simplified schematic
dlustration of & data-driven misregistration parameter configwation and measurement
system {DDMPCMS) 100, As seen in Fig, 1, DDMPCOMS 100 inchudes a semiconductor
device measurement simulator (SDMS) 110, SDMS 110 is operative to simulate g
plurality of measuremenis of a susdiifayered senuconducior device, selected {rom a baich
of maltilayered semiconductor devices intended to be rdentical, using a pluality of
measyrement pargmeter conligumtions, thereby generating simulation data for the
multtlavered semicondactor device,

In a preferred embodiment of the present veption, SDMS 1Y is
embodied as a metrology target design (MTID) simulator, such as the one déscribed in
LS. Patent No. 3,214,771 or tn ULS, Patent No. 9,910,953, the disclosures of which are
hereby moiporated by reference.

Preferably, SDMS 110 sindates a phieality of MTD stmalations of at feast
one multilayered semiconductor device, selected from o balch of multilayered
semiconductor devices intended {0 be identical, generating sinndation data for the
prohtilayered semiconductor device. Preferably, the MTD shdations inclade simalations
of misregistration messurements designed to be measured by either imaging or
scatterometry misregistration tools. Preferably, SDMS 110 simulates each misregistration
measurement for the at least one mudtilavered semiconductor device using a different set

of measurement parameter configurations.
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Parameters wed m the MTD simudagons including misregistration
peasurements designed to be measared by imaging misremistration tools may include,
pter alig, an axis alone which misvepistvation Is megsured, a region of inferest of a
metrofogy farget, & numerical gpertwre used m nusvegistralion messurement, a
polanization of lght used m misregistration measurement, wavelengths of Light used
misregistration measwrement, bandwidth of wavelengths of light used in misregistration
measurenient, an intensity of Hght used in misregistration measurement and a focal depth
used in misragistration measurement, Parameters used i the MTD simulations inchading
misregistration measurements designed to be measared by scatterometry nusregistration
tools may inclade, inter alia, an axis along which misregistration iy measured, a region of
interest of a metrology target, an apodizer used in misregistration measurement, a
polarization of light used in musregistration measurement, wavelengths of light used in
misregistration measurement, bandwidih of wavelengths of light used m misregistration
measurement, an intenstty of light used in misregistration measurement and a focal depth
used in misregisiration measurement.

In an alternative embodiment of the present inveption, SDMS D
stmulates a plorality of simudation-to-measorement (32M) sinalations of at least one
mudtilayered semiconductor device, selected from o batch of multilayered semiconductor
devices imtended to be identical, generating simulation data for the multilayered
semiconductor device, Preferably, the S2M simulations” input includes characieristics of
the multilayered semiconductor device. The characteristics may inchude, iiter alia, index
of refraction and dielectric constant. Preferably, SDMS 110 simulates each measurement
for the af least one mudtilavered senmconductor device wsing a different set of
measorement parameter configurations, and generates expected sinusdation signal data
from each measurement. Expecied simulation signal data mav inchude, inter sha, contrast,
sensitivity and pupil image.

DDMPCMS 100 preferably further includes a semiconductor device
measurement sinulation data analvzer (SDMSDAY 130, which anglvzes simulation data
for the at least one mwltilayered semiconductor device genersted by SDMS 110 and
identifies at least one recommended measwement parameter configuration, which is
selected from the phuabity of weasurement parameter confipurations used tn the

simulations run by SDMS 110,
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In a preferrad smbodiment of the present invention, SDMSDA 120
evaluates gouality metvics of the simulabion data generated by SDMS 110. Quality metrics
may ichade, inter aBia, inaccuraey, Onuerdt, focus sensitivity, throughpol and contrast
precision. The guality metrics of each simulation are compared to each other, and the
measwrement parameter configuwrations of the sinudations having the most desurable
quality metrics are identified as reconunended measurement parameter configurations.

DOMPCMS 100 preferably further includes a misregistration metrology
e 130 having multiple possible measurament parameter configurations. Misregistration
metrology tool 130 uses the ar least ove recomumended measuwrement parameter
configuration identified by SDMSDA 120 to measure a multilayvered semicondactor
device imtended to be identical to the mudtilayered semiconductor device simulated by
SDMS 110, In a preferred embodiment of the present nvention, misregisiration
metrology tool 130 measures the multilayered semicondactor device with each of the
plurality of recommended megsurement parameter configurations, and a [inal
measurement parameter configuration is chosen based on best results of measurements
performed by pusregisiration metrology tool 130,

Misregistration metrology tool 130 is preferably embodied either ag an
imnaging nusregistration metrology tool or as a scaticrometry misregistration metrology
tool. A typical imaging misregisiration metrolopy tool, useful as misregisiration
metrology topl 130, is an Archer™ 600, commercially available from KLA Corporation
of Milphias, CA, USA. A typical scatterometry misregistration metrology tool, useful as
misregistration metrology tool 130, is an ATL™ 100, conunerciallv available from KLA
Corporation of Milptlas, CA, USA.

Inn a case wherein SDMS 11} simolates S2M measuwrements, SDMSDA
120 compares the expected simulation signal daty genermted by SDMS 110 (o the actugl
signal data geperated by misregisiration metrology tool 130, Signal data owy mclude,
inter alin, contrast, sensitivity and pupil image. I the difference between the expected and
actugl signal data exceeds a predetermined threshold, SDMSDA 120 preferably indicates
for which seis of measwement parameter conflzwrations used by nusregistration
metrology tool 130 and for which portions of the multilayered semiconductor device a
mismatch between the simulation signal data and the measurement data ocours, and

further indicates possible root causes of the mismatch.
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Reference is now made to Fig. 2, which is a simplified flow chant
iflustrating a data-driven nusregistiation parmmeter configuration and nwasurement
tunethod 200 uselul by DDMPCMS 100,

As seen at a fisst step 202, SDMS 110 simulstes 3 plorality of
measwremients of a multilayered semiconductor device, selected from a baich of
multilayered semiconductor devices intended o be identical, using a plorality of
measurement parameter configurations, thereby generating simulation data for the
mttilavered semiconducior device.

In a preferred use case, SDMS 1O simwlates s plorality of MTD
stmulations of at least one multilavered semiconductor device, selected from a batch of
muhtilavered semiconductor devices intended to be identical, generating simulstion data
for each of the at least one muhtilavered senviconductor device. Preferably, the MTD
simulations fclude misregistration measurements designed to be measured by either
imaging or scatlerometry misregistration tools, Preferably, SDMS 110 simulates each
niisregistration measurement for each of the at least one multilayered senuconductor
device using a different set of messurement parameter configarations.

Pavameters used in the MTD simulations inchuding nisregistration
measurements designed to be measured by imaging misregistration tools may include,
inter alia, an axis along which misregistration i3 measurad, a vegion of interest of a
metrology target. a munenical aperture used i misregistration measurement, a
polarization of light used in misregistration measurement, wavelengths of hght used in
misregistration measurement, bandwidth of wavelengths of light used in misregisiration
measurement, an intensity of hght vsed in misregistration measurement and a focal depth
used in misregistration measurement. Parameters used in the MTD simulations including
misregistration measurements designed © be measured by scatterometry misregisitation
tools may include, inter alia, an axis along which misregistration is measured, a region of
interest of a metrology targel, an apodirer used in nusregistration measurement, s
polarization of light used i misregistration measurernent, wavelengths of light vsed in
misregistration measurement, bandwidth of wavelengths of Light used in misregistration
measerement, an intensity of ight osed in misregistration measwement and a focal depth

used in misregistration measurement.
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Following step 202, af a next step 204, SDMSDA. 128 analyzes simulation
data genrated af step 202, Then, at a vextstep 206, SDMSDA 120 identifies at least ong
reconunended measurement parameter configuration, which is selected from the plarality
of measurement parameter configurations used at step 202.

Atstep 204, SDMSDA 120 evaluates quality metrics of the sinmdation data
generated at step 202, Quality metrics may mnclude, inter sha, innccaracy, Quent, focus
sensitivity, throughput and contrast precision. The guality metrics of sach sinulation are
cemparad to gach other, and at step 206, at least ong set of measurement parameter
configurations of the simulations having the most desirable quality metrics is identified
as at least one recommended set of measwrement parameter configarations.

At a next step 208, misregistration metrology tool 130 uses st least one set
of recommended measurement parameter configurations, selected from the af least one
recommended sel of measurement parameler configurations identified at step 206, o
measure 8 nultilavered semiconductor device intended to be identical to the nubtilgvered
semiconductor device simulated at step 202, Then, at a next step 210, a detision 1s made
whether or not 1o measare a multilavered semiconductor device, intended to be ideniical
1o the multitayered semiconductor device simulated at step 202, using an addittonal set of
reconunended megsurement parameter configurations, selected from the at least one
reconmunended set of measurement parameter configurations identifiad at step 206.

As seen at a next siep 212, if a multilayered semivonductor device intended
to be identical o the multilavered semiconductor device simulated at step 202 is to be
measured using an  additonal set of recommended measurement parameter
configurations, selected from the at least one reconwnended set of pavameter
configurations identified at step 206, misregistration metrology tool 130 ases an
additional set of reconumended measurement parameter configarstions, selected from the
at lezast one recornmended set of measurenent parameter configurations identified at step
206, 1o measure a multilayered semiconductor device intended to be identical to the
nultilavered semiconductor device sinudated at step 202,

Following step 212, the method 200 retumns to step 210 snd a decision is
made whether or not {o measure a multilavered semicomductoyr device intended o be

wdenticat to the nudtilavered semiconductor device simulated af step 202 using an
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additional set of recommended measurement parameter configurations, selected from the
at least one veconunended set of parameter configarations identified at step 206

Assoen gt g next step 214, Wamulilavered semiconductor device tntended
to be identical to the multifayered semiconductor device sinnlated at step 202 is notio be
measured wsing an  addiional set of recommended measwemeni parmmeter
configurations, selected from the at least one recommended set of measurement parameter
configurations identified at step 206, a fingl recommended set of measurement parameter
configurations is identified. In a preferved embodiment of the present invention, the final
set of recommended measurement parameter configurations is identified based on best
results of measurements performed in steps 208 and 212,

In a case wherein SDMS 110 simulates S2M measurements, during step
214, SDMSDA 120 compares the expected simalation signal data generated at step 202
toy the actual signal data penerated at steps 208 and 212, Signal data may inclode, uter
alia, contrast, sensitivily and pupil inwge. If the difference betwean the expected and
actual signal data exceeds a predetermined threshold, at step 214 SDMSDA 120 indicates
for which sets of measuremeni parameter configirations ased by misregistration
metrology tool 130 and for which portions of the nultilayered semiconductor device a
mismatch between the simulation signal data and the measurement data ocours, and
further indicates possible root causes of the mismatch,

As seen at a next step 216, misregistration metrology tool 130 uses the
final recommended set of measurament parameter configurations identified at step 214 1o
measure at least one additional multilavered semiconductor device, intended 1o be
wdentical to the multilayered semiconductor device sindlated at step 202,

It will be appreciated by persons skilled in the art that the present tnvention
is not himited to what has been particulamly 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, sl of which are not in

the prior art.
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