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MISREGISTRATION MEASUREMENTS USING COMBINED OPTICAL AND
ELECTRON BEAM TECHNOLOGY

REFERENCE TO RELATED APPLICATIONS

23]

Reference is made to U8, Provisional Patent Application Serial No.
62/836,226, filed Febrmary 15, 2019 and eptiled NOVEL APPROACH FOR
ACCURATE OVL USING COMBINE OPTICAL AND EBEAM TECHNOLOGY, the

10 disclosure of which is hereby mcorporaied by reference and priority of which 1s hereby
clammed.

Reference is also made to the following patents and patent applications,
which are related to the subject matier of the present application, the disclosures of which
are hereby incorporated by reference:

15 Applicant’s U5, Patent Application Sepial No. 15979336 entitled
OVERLAY MEASUREMENTS OF OVERLAPPING TARGET STRUCTURES
BASED ON SYMMETRY OF SCANNING ELECTRON BEAM SIGNALS and filed
May 14, 2018:

Applicant’s  US.  Patermt No. USPU93 438 entitled DEVICE

20 CORRELATED METROLOGY (DCM) FOR OVL WITH EMBEDDED SEM
STRUCTURE OVERLAY TARGETS and ssued on July 28, 2015;

Applicant’s .S, Patent No, US8.330,281 entitled OVERLAY MARKS,
METHODS OF OVERLAY MARK DESIGN AND METHODS OF OVERLAY
MEASUREMENTS and issuad on December 11, 2012; and

25 Applicant’s UL.S. Patent No. US7 317,531 entitled APPARATUS AND
METHODS FOR DETECTING OVERLAY ERRORS USING SCATTEROMETRY

and ssued on January 8, 2008,
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FIELD OF THE INVENTION

The present nwveniion relates 1o the feld of metrology, and more

particularty, to misregistration metrology procedures.

5
BACKGROUND OF THE INVENTION
Vartous types of devices for mebrology and misregistration melrology
procedures arg known.
10
SUMMARY OF THE INVENTION
The present mvention seeks 10 prowvide improved misregistration
measurement systems and methods,
15 There is thus provided, in accovdance with a praferred embodiment of the

present invention a misregistration mwetology system  wseful 1 manafactuning
semiconducior device wafers including an optical musregistration metrology tool
configwred 10 messwre misregistraiion at at least one farget between two Ravers of a
semiconductor device which 18 selected from a balch of semiconductor device wafers
20 wihuch are intended to be wdentical, an electron bemm misregistration metrology tool
configured to measure misregistration at the at least one target between two lavers of &
sepniconductor device which is selected from the batch and a combiner operative to
combine outpiis of the opbical misregistration metrology ool and the electron begm
misregistration metrology ool to provide & combined nuisregistration melric.

Preferably, the optical misrepistration metrology fool includes a

i d
it

scatterometry metrology tool, Alternatively, the optical nusregistration metrology tool
ncludes an imaging metrology tool.

In accordance with a preferved embodiment of the present mvention the

optical misregistration metrology ool and the electron beam nusregistration metrology

30 tool each mensure nysregisiration bebween two lavers of g single semiconducior device.

Alternatively, the optical misregistration metrology tool and the electron beam

Pl
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nmisregistration metrology tool each measure musregistration befween two lavers of
different semiconductor device walers which are both selected from the batch.

There is also provided s accordance with another preferred embodiment
of the present imvention 3 method for manufacturing semiconductor device wafers

5 mncluding performing at least an imiial stage m a bthography provcess on at least one
semiconductor device wafer which ¢ selected from a batch of semiconductor device
walers, which are intended to be identical, thereafier measuring misregistration of at least
two layers of at least one samiconducior device wafer, which i3 selected from the batch
of sensiconductor device wafers, which are intended to be identical by emploving an

10 optical nusregistrabion metrology tool 1o measure pusregistration at at least one target
between the two layers of at least one of the at least one semiconductor device walers,
which 15 selected from the batch of semiconductor device waters which are intended to
be dentical, emploving an sleciron beam misregistration metrology tool {0 measure
misregistration ai the at least one target between two lavers of at least one of the gt least

15 one senuconductor device walers which is selected from the baich of semiconductor
device wafers which are iniended to be identical and combining outpuis of the optical
misregistration metrology ool and the electron bears nysregistration metrology tool to
provide a combined misregistration metric and utilizing the combined misregisiration
metrie for adjusting the Hthography process to provide an adjusted lithography process.

20 In accordance with a preferved embodiment of the present invention the
measuring misregistration inchudes employing the optical nusregistration metrology tool
and the electron beam nusregistration metrology tood (o measure mistggisiration between
two tavers of a single semicomdducior device. Alternatively, the measuring nusregisiration
mcludes emploving the ophical misregistration metrology tool and the electron beam

25 misregistration metrology tool to measure nusregistration between two lavers of different
sempiconductor device wafers which are both selected from the baich.

In accordance with a preferred embodiment of the present invention the
adjusted lithography process includes the imitial stage in the hthography process.
Additionally, the method also inchudes performing lithography rework using the adjusted

30 hithography process.
Preferably, the adjusted lithography process inchudes a stage in the

{ithography process different from the initial stage in the hthography process,
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in sccordance with 3 prefitred embodiment of the present wvention the
method also includes performing lithography asimg the adimted hthography process on
additional semiconducior device walers which have a configuration which is intended to
be identical to that of the semiconductor device.

5 In accordance with a preferved embodiment of the present invention the
method also inchudes vtilizing the combined misregistraton metric for adiusting at least
one of measurement parameters and results of the optical misregistration metrology tool.
Additionally or altemnatively, the method also mcludes utilizing the combined
nusregistration metric for adjusting at least one of measuwrement parameters and results of

10 the electron beam nusregisiration metrology tool.

In accordance with a preferred embodiment of the present invention the
optical misregistration metrology tool inclades a scatterometry metrology  tool.
Alternatively or additionally, the optical misremisization metrology tool inchudes an
mnaging metrology tool.

15 Preferably, the performing at least an mitial stage m a lithography process
on at least one semiconductor device water includes performing a hithography process on
at feast one senuconductor device which is selected from a batch of semiconductor device
wafers, which are intended to be identical, thereafler measuring post-hthography
misregistration of at least two layers of at least one semuconductor device which is

20 sglected from the baich of semiconductor device waters which are intended to be identical
and thereafter performing an etching process on at least one semiconductor device which
is selected from the batch of semiconductor device wafers which are intended to be
identical.

Preferably, the measuring misregistration includes emploving the optical

25 misregistration metrology tool and the electron bean misvegistration metrology tool to
measure misregistration between two layers of 2 single semiconductor devics.
Alternativelyv, the measuring ousregisivation includes ecmploving the optical
misregistration metrology tool and the electron heam misregistration metrology ool to
nieasure nusregisiration between two lavers of different semiconductor device walers

30 which are both selecied frony the batch,

Int accordance with a preferred embodiment of the present invention the

method also includes performing lithography using the adjusted hithography process on

4
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additional semiconductor device wafers wiluch have a confizuration which is intended to
be 1dentical to that of the senuconducior devics.
In accordance with & preforred embodiment of the present sovention the
optical  misregistration metrology tool includes a scatterometry ‘metrology  tool
5 Allernatively, the optical misregisiration metrology {ool includes an imaging metrology
ool
Preferably, the method also inclades uulizing the combined
misregistration metric for adjusting at least one of measwenent paramaiers and resulis of
the measwring post-lithography misregistration. Additionally or aliernatively, the method

10 also includes utihzing the combined nusregistration metric for adjusting at least one of
measurement parameters and results of the optical misregistration metrology tool.
Alternatively or additionally, the method also includes otilizing the combined
misregtstration metric for adjusting at least ong of measurament parameters and results of
the electron beam misregistration metrology tool,

15 In accordance with a preferred embodiment of the presemt invention the
measuring post-lithography misregistration ineludes emploving an optical nusregistration
metrology tool to measure misregistration al at least one target between two layers of at
feast one of the at least one sgmiconductor device walers which is selected from the batch
of semiconductor device wafers which are intended to be identical. Additionally or

20 alternatively, the measuring post-hithography musregistration includes employing an
electron beam misregistration metrology tool to measure misregistration at at least one
farget between two lavers of af least one of the at least one semiconductor device walers
which i3 selected from the baich of semiconductor device wafers which are tended to
be identical. Alternatively or addibionally, the measuring post-lithography musregistration

25 includes emploving a post-lithography optical misregistration metrology tool 1o measure
misregisiration at at least one target between two lavers of at lzast one of the at least one
semiconductor device walers which is selected from the batch of semiconductor device
walers which are intended to be identical, emploving a post-lithography electron beam
misregistration metrology ool to measure misregistration at the at least one farget

30 between the two lavers of at least one of the at least one semiconductor device wafers
which s selected from the batch of semicondactor device wafers which are intended to

be identical and combitung owpuls of the post-lithography optical nusrepisiration

&
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metrology ool and the post-lithopraphy electron beam misregisiration metrology tool
provide a conthined nusreghiration metric,

There 3z further provided i accordance with yet another preferved
embodiment of the present invention 8 target for use in measurement of misregistration
n the mamdacture of semiconducior devices, the target inchuding 8 first pertodic stracture
formed on a fivst layer of o sennconductor device; having a frst pitch along an axis and 8
secomd periodic structure formed on a second laver of the semiconductor device and
having a second pitch along an axis parallel to the axis, the target being characterizad i
that it includes at least one first region which is particalarly suitable for optical metrology
and at least one second region, separate from the at least first region, which is particularly
suitable for electron beam metrology.

Preferably, i at {east one portion of the at least one first region the first
periodic structure is present and the second pertodic structure is not present. Additionally
or altematively, in at least one second portion of the at least one first region the first
periodic structure 1 not present and the second pertodic structure s present,

i accordance with a preferred embodiment of the present invention in the
at least one second region both the first pertodic structure and the second penodic
styucture are present.

In accordance with a preferred embodiment of the present invention in the
at least one second region a third periodic structure and a fourth periodie structore are
present, Alernatively, in the at least one second region one of the first and second periodic
structures are present and a thind periodic sttucture is present.

i accordance with a preferred embodiment of the present invention in the
at least one second region, the fisst periodie struchure and the second periodic structure
are partally overlapping. Additionally or alternatively, 1 the at least one second region,
the third periodic structire and the fourth periodic structure are partially overlapping.

Preferably. in the at least one second region, the one of the first and second
periodic structures and the third periodic structare are partially overlapping.

In accordance with a preferred embodiment of the present invention
different parts of the {first periodic stracture and the second pertodic structre are partially

overlapping by different exients.

é
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in asccordance with o prefured embodiment of the present mvention
different parts of the third periodic structure and the fourth periodic stracture are partially
pverlapping by different extents.

In accordance with a preferred embodiment of the preseat invention

5 different parts of the one of the first and second periodic stractures and the third periodic
structure are partially overlapping by different extents.

Preferably, at least one of the first and second periodic structures inclades
plaral periodic substructures. Additionally or alternatively, at least ona of the third and
fourth periodic struchmes mchides phaal pertodic substructares.

10 1 accordance with a preferved embodiment of the presentnvention in the
at least one second region, the first periodic structure and the second periodic structure
are non-gverlapping.

In accordance with a prefeired embodiment of the present invention w the
at least one second region, the third peviodic structure and the fourth periodic structure

15 are non-overlapping.

BRIEF DESCRIPTION QF THE DRAWINGS
20 The present invention will be understood and appreciated more fully from

the following detailed description, taken 1 conjunction with the drawings w which:

Fig. 1A i5 a simplified schematic pictonal iflustration of a fivst method for
manufacturing semiconductor device walers;

Fig. 1B s an enlargement corresponding to enlargement cirele B in Fig.

25 1A, showing a simphilied schematic pictorial ilustrabion of a misregisiration metrology

system useful in the method for manufacturing senvconductor device wafers of Fig. 1A

Figs. 2A and 2B together are a simphified flowchart shustrating the first
method for manufactuning semiconductor device wafers of Figs. 1A & 1B

Fig. 3A01s a simplified schematic pictorial illustration of 3 second method

30 for manufacturing semiconducior device walirs;

~
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Fig. 3B is an enlargement corresponding to enlargement circle B in Fig.
JA, showing a simplified schematic potorial Hustration of a misregistration metrology
systern useful in the method for manufachwing sepuconductor device walers of Fig, 34

Fig. 4A and 48 together are a simphified Howchan illustrating the second
method for manufaciunng semiconductor device wafers of Figs, 3A & 38

Figs. 5A — 5D wve simplified ifustrations showing four alternative
embodiments of a first hybrid target useful in comjunction with the methods for
manufacturing semiconductor device wafers of Figs. 1A - 4B;

Figs. 6A —~ 6D are simplified llustrations showing four aliernative
embodiments of a second hybrid target wsefal 1 comjonction with the methods for
manufacturing semiconductor device wafers of Figs. 1A - 4B;

Figs. TA - 7D are simphified illostrations showing fowr aliernstive
embodiments of a third Inbnd farget useful in compunction with the methods for
manufacturing senuconductor device wafers of Figs. 1A ~ 4B; and

Figs. 8A - 8D wre simplified illustrations showmg four alternative
gmbodiments of a fourth hybrid target usefid in conjunction with the wethods for

manufacturing semiconductor device wafers of Figs. 1A - 4B

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Reference is now made to Fig. 1A, which is a simphfied schematic
drawing of a first method 100 for manufacturing semiconductor device walers. As seen
i Fig. 1A, at least one semiconductor device waler 102, selected from a baich of
semiconducior device walers which are miended to be wdentical (BSDWI 104, i
patterned at a first lithography stage 110, 1t is appreciated that although BSDWIT 104 i3
drawn with twelve semiconductor device wafers 102, BSDWIL 104 may inchude any
number of senuconductor device wafers 102 that is greater than or equal to one.

After patterning st first lithography stage 110, misregistration of at least
two lavers of samiconducior device wafer 102 are optionally mweasured by a
nusregistration metrology system 126, and, as indicated by an amow 122, results from

measurement by misregistration metrology systemn 120 mayv be sent to first hithography

b
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stage 110 for patterming either of additional ones of semiconducior device waters 102

selected from BSDWIT 104 or re-patterning of semdconductor device wafer 102 that had

been previously patierned. It 1s appreciated that pol every semiconductor device wafer

102 patterned at first Lithography stage 110 need be sent o misregistration metrology
5 system 120 for misregistralion measurement.

In a preferred embodiment of the present tnvention, following acceptable
pattering at first hithography stage 110, semiconductor device walers 102, selected from
BSDWH 104, are sent to an additional lithography stage 140 for additional patterung. It
is noled that resalts from misregistration metrology svstem 120 mav also be sent 1o

10 additional lthography stage 140, as indicated by an arvow 142, It is appreciated that other
steps, including measurements and fabrication processes, may be performed on
semmiconductor device walers 102 selected from BSDWI 104 before, between and after
the steps of first method 106 described hereinabove with reference to Fig. 1A,

Turning now to Fig. 1B, which 15 an enlargement corresponding to

15 enfargement circle B in Fig, 14, showing a simplified schematic piciorial tllusiration of
misregistrafion metrology svstem 120 useftd in frst method 106G, 1 13 seen that
yaisregistration metrology system 120 includes both an optical misregistration metrology
tool 144 and an electron beam misregistration metrology tool 146. 1t is appreciated that
optical musregistration metrology tool 144 may be any suitable optical misregisiration

0 metrology tool, such as a scatierometry metrology tool or my imaging metrology tool.

A typical scatterometry metrology tool useful gs optical misregistration
metrology tool 144 15 an ATL™ 100, commercially available from KLA-Tencor
Corporation of Milpiias, CA, USA. A typical imaging metrology tool aselul as optical
rsregistration metrology ool 144 is an Archer™ 600, commercially gvailable from

25 KLA-Tencor Corporation of Milpitas, CA, USAL A typical electron beam misregisiration
metrology tool 146 ks an eDRT™ commercially available from KLA-Tencor
Corporation of Milpitas, CA, USA,

It 1s gppreciated that optical nusregistration metrology iool 144 and
electron  beam misregisiration metrology tool 146 are operative {0 measure

30 nusregistration of either the same semiconducior device water 102 or different ones of
semiconductor  device wafers 102 selected from BEDWIT 104 Whether the

misregistration of same ov different semiconductor device wafers 102 are measured,
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optical nuisregistration metrology tool 144 and electron beam misregistration metrology
fool B4G ave operative to measure misregistration between the same two layers of the
semiconducior device wafers 102 selected from BSDWI 104,

1t is further appreciated that in a preferved embodiment of the present
mvention, the misregistraiion measurements taken by optical misvegistration metrofogy
tool 144 and by electron beam nusvegistration metrology tool 146 typically include
nmultiple measurements taken at multiple sites 148 on semiconductor device waler 102,
However, in aliernate embodiments of the present invention, thg nusregistration
measerements taken by optical musregisiration metrology tool 144 and by electron beam
rsregistration metrology tool 146 may mclude only a single measurement or multiple
measurements taken ot g single site 148 on a semiconductor device wafer 102,

Misregistration metrology system 120 further includes a combiner 149,
which combines oaiputs of optical musregistration metrology tool 144 and electron beam
misregistration metrology tool 146, as indicated by arvows 152 and 154, to provide g
combined misregisiration metnic, such as a {arget-specific combined optical and electron
beam susregistration meirie (TSMCOEBMM) 156,

Misregistration metrology system 120 may comununicate TSCOEBMM
130 1o lithography stages 110 and 140, as mdicated by arrows 122 and 142, respectively,
and TSCOEBMM 130 may be utilized to adjust parameters of lithographyv stages 110 and
140, Additionally, TSCOEBMM 130 may be uitlized in the adjustment of at least one of
measurement parameters and results of optical misregistration metrology tool 144, as
indicated by an arrow 136, TSCOEBMM 130 may aise be utilized m the adinstment of at
least one of measwrement parameters and results of electron beam pusregistration
metrology tool 146, as indicated by an arrow 158

Reference is now made to Figs, 2A & 2B, which together are a simphiied
flowchart iHustrating first method 100 (Figs, 1A & 1B). As seen af a first step 202, at least
one senncondueior device wafer 102, selected from BSDWI 104, is patierned at first
fithography stage 110, As seen at a nexi step 204, following patterning at {first lthography
stage 110, optical misregistration metrology tool 144 of misregisiration metrology system
120 15 utilized o measwre posi-lithography optical mispegisiration at at least pone {arget
between two layers of semiconductor device waler 102, It s appreciated that one of the

at least two lavers of sensconductor device wafer 102 measured ot step 204 is the laver

1
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pattemed at step 202, The others of the af least two layers of semiconductor device waler
102 measured at step 204 may be any layers formad prior to first method 1ML
1t 18 appreciated that in a preferred embodiment of the present invention,
the misregisiration measurement taken &t step 204 typically includes wmultiple
5 measwements laken at moltiple sies 148 on a semicondactor device wafer 102. However,
in alternate embodiments of the present invention, the yisregistration measurement taken
at step 204 may include only 1 single measurement or multiple measurements taken at a
single site 148 on a senuconductor device waler 102,
As seen af a pext step 206, following patterning at {irst lithography stage
10 1H), electron beam musregisivation metrology tool 146 of musregistration metrology
systemn 120 is also utilized 1o measure post-lithography optical nusregisivation at af least
one target between two layers of semiconductor device walfer 102,

Ii is appreciaied that semiconductor device water 102 measured af step 206

may be the same semiconductor device waler 102 measured at step 204, but may also be
15 a different semiconductor device wafer 1032 selected from BSDWH 104,

It 1s farther appreciated that m a preferred embodiment of the present
invertion, the ruisregistration messurement taken ot step 206 includes multiple
measurements aken at multiple sites 148 on & semiconductor device waler 102, However,
m an aliemate embodmment of the present invention, the misregistration measuremant

20 taken at step 206 may inclade only 3 single measurement or mealtiple measurements taken
at @ single site 148 on semiconductor device wafer 102, 1t is noted that regardless of the
number of measuraments taken or the number of sites measured, at steps 204 and 206
misregistrafion 1s measured between corresponding layers of a senuconducior device
wafer 112 selected from BSDWII 104 and patierned by first hithography stage 110 at step

25 20L

Following steps 204 and 206, as seen at a next step 208, nusvegistration
metrology systen 120 combines oulputs of optical misregistration metrology tool 144 at
step 204 and electron beam misregistration metrology tool 146 at step 206 to generate
TSCOEBMM 150, TSCOEBMM 154 may be genersted using a weighted average,

30 regression, machine learning methods or any additional methods.

For example, at step 208, for each site 148 meusured on semiconductor

device wafer 102, the optical misregistration measured at step 204 and the electron beam

H
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misregistration measured ab step 206 may be compared, and whichever one of the
measorements taken at either siep 204 or step 206 resulls in fower residuals may be used
as the TSCOEBMM 130 for that site 148,

In & next step 210, frst method 100 ascertains i the nusrepistration
measwrad al steps 204 and 206 is above a first threshold. I the misregistration measured
at steps 204 and 206 is above the first threshold, fivst method 100 proceeds to a next step
212, at which adjustment based on TSCOEBMM 150 is performed. Step 212 includes at
least one of oplional sub-steps 214, 216 and 218

At optional sub-step 214, TSCOEBMM 150 is utilized in the adjustment
of at least one of measurement parameters and results of optical misregistration metrology
tool 144. For example, measurement parsmeters of optical nusregistration metrology tool
144, such as region of interest at which nusregistration 1s measuved, wavelength of light
utitized in misregisiration measurement, polarization of light utilized m misrenisiration
measurement, numerical aperture, diffraction mask and diffraction aperture may be
adjusted so measurement resulis from optical nusregistration metrology tool 144 more
closely maich those of electron beam misregistration metrology fool 146,

At optional sub-step 216, TSCOEBMM 150 s utilized in the adjustment
of at least one of measurement parameters and results of electron beam nnsregisiration
metrology ool 146, For example, TSCOEBMM 150 mav be utilized to identify and
remove ogtlying mepsurement resulls from misregistration measuremenis taken by
electron beam misregistration metrology tool 146 at step 206

At optional sub-step 218, TSCOEBMM 150 15 utilized m the adjustment
of first lithography stage 110, For example, parameters of fivst lithography sfage 110,
mcluding, inter alia, rotatton, scaling and translation, may be adjusted.

Following step 212, lirst method 100 proceeds, at g next step 220, o
ascertain if the misrepistration measured at steps 204 and 206 is above a second threshold.
1f the musregistrafion measured at sieps 204 and 206 i3 above the second threshold, first
nethod 100 proceeds, at a next step 222, to deternyine whether or not o sead one or more
senticonductor device wafers 102 back for rework.

if one or more semiconductor device waters 102 are v be reworked, the
one or more semiconductor device wafers 102 are stripped and first method 100 retums

10 step 202 for patterming the one or more seniconductor device wafers 102 at adjusted

PCT/US2019/035282
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first lithography stage 110,11 the one or move semiconductor device wafers 102 are not
fo be reworked, inchuding, inter alin, @ case wherein optional sub-step 218 was not
performed, senuconductor device wafers 102 or entive BSDWII 104 are rejected, as seen
ata next step 224

5 If the misregistration is not above the second threshold, first method 100
proceeds from step 220 fo a next step 226, 1t 18 noted that when the misregistration
measured at steps 204 and 206 15 not above the first threshold, firstmethod 100 proceeds
t step 226 from step 210, as seen in Figs. 2A & 2B,

At step 226, first method 100 ascertains if the misregisiration measared at

10 steps 204 and 206 1s above a third threshold. I the musregistration 1s above the third
threshold, first method 100 proceeds to a next step 228, at which TSCOEBMM 150 is
utilized i the adpstment of second hithography stage 144 For example, parameters of
second lithography stage 140, mcluding, inter alia, rotation, scaling and transhation, may
be adjusted.

15 Following step 22§, or following step 226 when the misregisiration is not
above the third threshold, first mathod 100 proceeds {o an optional next step 230, at which
semiconductor device wafer or wafers 102 are patterned at second hithography stage 140,
At a next step 232, a decision s made whether or not to process additional semiconductior
device wafers 102, following which either additional senuicomnductor device wafers 102

20 are [abricated nsing at least one of adjusted hithography stages 110 and 140 at a next step
234, or first method 100 ends, as seen at a next step 236,

It 15 appreciated that additional semiconductor device wafers 102
fabricated at step 234 may be fabricaied using first method 100 or any other suitable
alternative method, which wmcludes first Ttbhography stage 11 and ophionally any of

25 optical misregistration metrology ol 144, electron begm misregistration metrology ool
146 and second lithography stage 140 that have been adjusted as part of first method 100,

I is further appreciated that other steps, includingy measurements and
fabrication processes, may be performed on semiconductor device walers 102 selected
from BSDWII 104 befre, between and after the steps of first method 100 desenibed

30 hereinabove with reference to Figs. 24 &2B.

Reference 18 now made to Fig. 3A, which s a simplified schematic

drawing of a second method 300 for manufacturing semiconductor deviee wafers. As seen
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in Fig, 3A, at least one semiconductor device wafer 302, selected from a batch of
semconducior device wafers, winch are miended o be wlentical (BSDWIH) 304, is
patierned at a Hithography siage 310, His appreciated that slthough BSDWH 304 15 drawn
with twelve semiconductor device waters 302, BSDWII 304 may include any number of
semiconductor device walers 302 that is greater than or equal o one.

After patterning at lithography stage 310, semiconductor device waler 302
is optionally measured by a misregistration metrology tool 312, Misregistration
metrology tool 312 may be any suttable misregistration metrology iool, mncluding
misregistration metrology svstem 120 as described hereinabove with reference to Figs.
1A & 1B, an optical misregistration metrology tool, such as a scatterometyy metrology
tool or an imaging metrology tool, and an electron beam misregistration mmetrology ool

A typical scatterometry metrology tool usefud as misregistration metrology
tool 312 15 an ATL™ 100, commercially available from KLA-Tenvor Corporation of
Milpitas, CA, USAL A typical imaging metrology tool useful as misregisiration metrology
tooat 312 is an Archer™ 600, commercially available from KLA-Tencor Corporation of
Milpitas, CA, USA. A ivpical electron beam misregisiration metrology tool useful as
yisregistration metrology tool 312 is an eDR7xxx™, commercially available from KLA-~
Tencor Corporation of Milpitas, CA, USA.

As indicated by an arrow 314, results fromr messuremant by
misregistration metrology tool 312 mayv be sent to {ithography stage 314 for patleming
either of additiong! ones of semiconductor device wafers 302, selected from BSDWIT 304,
or re-patterning of the semiconductor device waler 302 that had been previously
patiemned. It 15 appreciated that nol every semiconductor device wafer 302 patternad at
hthography stage 310 need be sent 1o misregistration metrology ol 312 for
misregistration measyrement.

Following accepiable patterning at lithography stage 310, semiconductor
device walers 302 selected from BSDWI 304 are sent to an efching stage 316 for etching.
Following etching stage 316, senuconductor device wafer 302 is optionally mesgsured by
a misregisiration metrology system 320, and, as indicated by an arrow 322, resulis from
measurement by misregistration metrology systeny 324 may be sent o lithography stape
310 for patterning additional ones of senuconductor device wafers 302 selected from

BSDWIL 304, Results from nusregistration metrology system 320 may also be sent to

i4

PCT/US2019/035282



WO 2020/167331 PCT/US2019/035282

misregistration metrology ool 312, as indicated by an arrow 342, It is appreciated that
not every sennconductor device waler 112 patierned at first Iithography stage 114 need
be sent {o misregistration metrology system 120 for misregistration measurament.

1t is appreciated that other steps, including measurements and fabrication

5 processes, may be performed on semuconducior device wafers 302 selected from BSDWII
304 before, between and after the steps of second method 300 deseribed heremnabove with
reference to Fig. 3A

Refersnce is now made to Fig. 3B, which 13 an enlargentent corvesponding
o enfargement cirele B in Fig 1A, showing a simplified schematic drawing of

10 masregistrabion metrology sysiem 320 useful in second method 300, As seen 1 Fig. 3B,
misregistration metrology system 320 includes both an optical misregistration metrology
tool 344 and an electron beam misregistration metrology ool 346, It s appreciated that
optical misregistration metrology tool 344 may be any suitable oplical misreyistration
metrology tool, such as a scatierometry metrology tool or an imaging metrology tool.

15 A typical scatterometry metrology tool useful as optical misregistration
metrology tool 344 is an ATL™ 100, commercially available from RLA-Tencor
Corporation of Milpias, CA, USA. A typical imaging metrology tool uselul as optical
misregistration metrology ool 344 is an Archer™ 600, commercially gvailable from
KLA-Tencor Corporation of Milpitas, CA, USA. A typical electron beam misregistration

0 metrology ool 346 45 an eDRTO™, commercially available from KLA-Tencor
Corporation of Milpitas, CA, USA.

It is appreciated that optical musregistration metrology tool 344 and
glectron beam nusregistration metrology  fool 346 are operalive fo measure
misregistration of exther the same semiconductor device wafer 302 or different ones of

25 semiconductor device wafers 302 selected from BSDWIH 304, Whether the
misregisiration of same or different semiconductor device wafers 302 arg measured,
oplical nusregistration metrology tool 344 and electron beam misregistration metrology
ool 340 are operative {0 measure misregistration between the same two layers of the
senticonductor device walers 302 selected from BSDWIH 304,

30 It is farther appreciated that i a preferred embodiment of the present
mvention, the misregistration measurements taken by optical msregistration metrology

tool 344 and by electron beam wmisregistration metrology tool 346 typically include

)
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multiple measuremenis taken af multiple sites 348 on semiconductor device waler 302.
However, in allernale embodiments of the present ibvention, the musregistration
measurgments laken by optical misregisivation melrology tool 344 and by electron beam
misregistration metrology tool 346 may include only a single measurement or multiple
measurements taken at a single stte 348 on a semiconductor device wafer 302

Misregistration metrology system 320 forther includes 8 combiner 349,
which combines outputs of optical misregistration metrology tool 344 and electron beam
misregistration metrology tool 346, as indicated by arrows 352 and 354, o provide a
combmed misregistration metric, such as a larget-specific combined optical and election
beam muisregistration metnie (TSCOEBMM) 330

Misregistration metrology system 320 may communicate TSCOEBMM
350 to hthography stage 310 and to misregistration metrology tool 312, as indicated by
arrows 322 and 342, respectively, and TSCOEBMM 150 may be atilized to adjust
parameters of lithography stage 310 and at least one of measurement parameters and
resulls of misregistration metrology tool 312,

Additionally, TSCOEBMM 330 may be wilized in the adjustment of at
least one of measurement parameters and resalts of optical nusregistration metrology tool
344, as indicated by an arrow 356, TSCOEBMM 350 may also be utilized i the
adjustment of at least one of measurement parameters and results of elsctron beam
misregistration metrology ool 36, a8 indicated by @ arvow 338,

Reference is now made to Figs. 4A & 4B, which together are a simplified
{lowehart Hlusirating second method 300 of Figs. 3A & 3B. As seen at a first step 402, at
least one semiconductor device wafer 302 selected from BSDWII 304 is patterned at
hthography stage 310, As seen at a next step 404, following patierning at lithography
stage 310, nusregistration metrology tool 312 is utilized to measure post-hthography
misregisivation between two lavers of semiconductor device wafer 302, It 13 appreciated
that one of the at least two layers of semiconduector device wafer 302 measured at step
404 is the layer patterned at step 402, The others of the at least two lavers of
senticonductor device waler 302 measured at step 404 may be any layers formed prior to
second method 306,

It is appreciated that in a preferred embodiment of the present invention,

the misregistration measurgment taken at step 404 typically includes multiple

in
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measurements taken st multiple sites 34% on a semiconductor devics waler 302, However,
wraltermate endrodiments of the present invention, the misregisiration measurement faken
at step 404 may welude only a single weaswrement ot multple measurements taken at a
single siie 348 on a semiconductor device wafer 302.

5 As seen at a nexi step 406, second method 300 ascertains if the post-
lithography misregistration measured at step 404 is above a first threshold. If the post-
lithography misregistration measured at step 404 is above the first threshold, second
method 300 proceeds 1o a next step 408, at which Lithography stage 310 1s adjusted based
on post-lithography misregistration measured af step 404, For example, parameters of

10 hthography stage 310, mcluding, inter alia, rotation, scaling and trapslation, may be
adjusted.
Following step 408 when misregistration is above the first threshold, or
following step 406 when misregistraiion is nod above the first threshold, second method
300 proceeds to g next step 410, at which semiconductor device wafer 302 1s etched at
15 etching stage 316, It is appreciated that semiconductor device watler 302 etched at step
316 may be the same semiconductor device waler 302 measured at step 404, but may alse
be a different semiconductor device wafer 302 selected fom BSDWII 304 and patterned
by lithography stage 310 at step 402,
As seen at & next step 412, following efching &t step 410, optical
0 misregistration metrology tool 344 of miisregistration metrology system 320y wiilized 1o
measure post-etching optical misregistration between two layers of semiconductor device
wafer 302, It is appreciated that in a preferred embodiment of the present invention, the
nusregistration measurement taken at step 412 typically ncludes maltiple measuraments
taken at multiple sites 348 on a semiconductor device wafer 302, However, m alternate
25 embodiments of the present invention, the misregistration measurernent taken at siep 412
may mclude only a single measurament or muliiple measursinemnts taken at a single site
34& on a semuconducior device wafer 302.
As seen at a next step 414, following etching at etching stage 316, post-
etching misragisiration betwesn tweo lavers of semiconductor device wafer 302 is also
30 measwred by electron beam misregistration metrology tool 346 of musregistration
metrology system 320 It is appreciated that semiconductor device wafer 302 measured

at step 414 may be the same semiconductor device wafer 302 measured af step 412, but
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may alse be g different semiconducior device wafer 302 selected from BSDWII 104 and
patierned by lithography stage 314 at siep 402,
1t 35 Turther appreciated ihat in g preferved embodiment of the present
invention, the misregistation measurement tsken al step 414 includes multiple
5 measwements laken at moltiple sies 348 on a semicondactor device wafer 302. However,
i an alternste embodiment of the present wnvention, the misregistrabion measurenent
taken at step 414 may inchude only a single measurement or multiple measurements taken
at a single site 348 on samiconducior device wafer 302, 1t 1s noted that regardless of the
number of measurements taken or of the number of sites measwred, at steps 412 and 414
10 masregistration 1s measured between corvesponding layers of a semiconducior device
wafer 302 selected from BSDWII 304,
Following steps 412 and 414, as seen at 8 next siep 416, misregistration
metrology system 320 outputs TSCOEBMM 330, It 15 appreciated that TSCOEBMM 330
is generated from measurermnents from both optical misregistration metrology foof 344 at
15 step 412 and electron beam nusregistration metrology tool 346 at step 414, TSCOEBMM
350 may be generated using a weighted average, regression, machine learning methods
or any additional methods.
For example, at step 416, for cach site 348 measured on semiconductor
device wafer 302, the optical misregistration measured at step 412 and the electron beam
20 misregistration measured at step 414 may be compared, and whichever one of the
measurements taken at either step 412 or step 414 results in fewer residuals may be used
as the TSCOEBMM 350 for that site 348,
At a next step 418, second method 3¢ ascerfains if the musregistration
measured at steps 412 and 414 i3 above a second threshold. If the misregistration is above
25 the second threshold, second method 300 proceeds 1 a nextstep 420, at which adjusiment
based on TSCOEBMM 330 is perfonmed. Step 420 includes al {east one of optional sub-
steps 422, 424, 426 and 428,
At optional sub-step 422, TSCOEBMM 350 is utilized in the adjusiment
of at least one of measurernent parameters and results of optical nusregistration metrology
30 tool 344, For example, measarement parameters of optical misregistration metrology tool
344 soch as vegion of interest at which misregistration is measured, wavelength of light

utilized in misregistration measurement, polarization of light utilized in pusrepistration
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méasurement, numerical apevture, difftaction mask and diffraction aperture may be
adpusted so measurement results from optical misregistration metrology ool 344 more
closely maich those of electron beam wmisregistration metrology tool 346,
At optional sub-step 424, TSCOEBMM 350 s utilized in the adjustment
5 of at least one of measurement parameters and results of electron beam misremistration
metrology tool 346, For example, TSCOEBMM 350 may be utilized to wentify and
remove outlying measurement results from misregistration messurements taken by
glectron beam misregisiration metrology tood 346 at step 414,
At optional sub-step 426, TSCOEBMM 150 is utilized in the adjustment
10 of hithography stage 310, For example, parameters of first lithopraphy stage 310,
including, inter alig, rotation, scaling and translation, may be adjusted.

At optional sab-siep 428, TSCOEBMM 130 1s ptilized in the adjustment
of at least one of measwement parameters and resulis of the posi-hthography
msregistration measurement taken by misregistration metrology tool 312 at step 404, For

15 example, measurement parameters of musregistration metrology tool 312, such as region
of misrest at which pusregistralion 13 measwred, wavelength of bahi wilized
misregistration  measurement, polariration  of Hght wilzed in nusregistration
measurement, nwmerical aperiwre, diffraction mask and diffraction aperture may be
adjusted. As an additional example, TSCOEBMM 350 may be utilized to identtly and

0 remove outlving measurement resuls from miscegistration messurements faken by
misregistration metrology tool 312 at step 404,

Folowing step 420, as seen at a next step 430, a decision 13 made whether
or not to process addibional semiconductor device walers 302, following which either
additional senmconductor device wafers 302 are fabricated at a next step 432 or second

25 method 300 ends, as seen &t g step 434,

It 1s noted that when the nusregistration measured in steps 412 and 414 15
not above the second threshold, second method 300 proceeds directly from step 418 (o
step 430, gs seen in Figs. 4A & 4B,

It i3 appreciated that addiional senuiconductor device walers 302

30 {sbuicated at step 432 may be fabricated asing second method 306 or any other suitable
alternative method, which inclades lithography stage 310 and optionally any of

misregistration metrology tool 312, optical nusregistration metrology tool 344 and
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¥

glectron beam misregistiation metrology tool 346 that have been adjusted as part of
second method 3060,

It 15 futher sppreciated that other steps, weluding measurements and

fabrication processes, nay be performed os semiconductor device wafers 302 selected
5 from BSDWII 304 before, between and afler the steps of second method 304 described
herenabove with reference to Figs. 4A & 4B,

Reference is now made to Figs. SA - 5D, which are simplified iHustrations
showing four alternative embodiments of a first hybrid target 500 formed on fwo separate
lavers of a semiconductor device wafer 502, such as semiconductor device wafer 102

10 {Figs. 1A ~ 2B) or semiconductor device wafer 302 (Figs. 3A — 4B). Fust hybnd target
S04 is useful In first and second methods 100 and 300 for manufacturing semiconductor
device wafers.

As sgen i Figs, 34 - 50, first hybrid target 500 includes a first periodie
structure 304 formed on a first layer 506 of semiconductor device wafer 502 aad a second

15 periodic structure SUR formed on 8 second layer S09 of semiconductor device wafer 502,

As sean further in Figs. SA — 51, first hyhnd target 500 moludes first and
second optically sensible regions 510 and 512 and a separate electron beam sensible
region S18. preferably located therebetween. It is appreciated that optically sensible
regions 10 and 512 are particularly suitable for optical metrology and electron beam

20 sensible region 318 s particudarty saitable for electron beam metrology.

1t is appreciated that first and second layers 506 and 509 of senuconductor
devics waler 362 may be adjacent {o one another, but need not be. It is further appreciated
that first and second optically sensible regions 510 and 312 are operative to indicate
misregistration between first and second layers 506 and 309 of semuconductor device

25 wafer 302 when measured by g suttable imaging misregisiration metrology tool, such as

an Archer™ 6041, conuvercially available from KLA-Tencor Corporation of Milpitas,

CA, USA, using an umaging algorithm, such as the one described m U.S. Patent No.
8,330,281, the disclosure of which is hereby incorporated by reference.

Eleciron bemm sensible region 318 is operative to indicate misragistration

30 between first and second lavers 306 and 309 of semiconductor device waler 302 when

measwred by a soitable electron bearn misregistration metrology tool, such as ap

eDR7xxx™ commercially available from KLA-Tencor Corporation of Milpitas, CA,
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USA, using a scatterometry algorithm, such as the one described in US. Patent
Application Serial No.o 15979336 entitled OVERLAY MEASUREMENTS OF
OVERLAPPING TARGET STRUCTURES BASED ON SYMMETRY QF SCANNING
ELECTRON BEAM SIGNALS, filed May 14, 2018, the disclosure of which is hereby

5  moorporated by reference.
On first laver 5306 of semiconductor device wafer 502, fivst optically

ensible regron 514 15 formed with first periodic stracture 304, shown here as a grating

']

mcluding Hnes 322 and spaces 324 having a piich A of betwsen 600 ~ 2400 nim along an
axis 330, On secoud layer 309 of semicondactor device water 502, second optically
10 sensible region §12 1s fonmed with second periodic structure SO8, shovwn here as a grating
including lines 332 and spaces 534 having a pitch B of between 600 — 2400 nnt along an
axis paraliel to axis 530, Widths of lines 522 and 332 are preferably between 20 - 80%

of pitches A and B, respectively.
As seen in the embodiment iHustrated m Fig, SA, first and second periodic
15 structures 304 and 508 of first and second oplically sensible vegions SHiand 512 arg
partiafly overlapping in eleciron beam sensible region 318, 1t is noled that first and second
periedic structares 504 and 508 of optically sensible vegions 510 and 512 are arranged
with respect to one another in such a manner that in electron beam sensible region 518,
various pairs of lines 522 and 532 are partially overlapping by different extents. For

20 example, in electron beam sensible region SIR, varous pairs of hnes 322 and 332 may

A 4 A A A A A A
V)r} r axlonis f — —— - - nnr — ~— ATHT
overlap by extents of PRI _‘§+6a,d T

As seen in the embodiments lustrated m Figs. SB ~ 5D, first and second

perindic structures 504 and 308 of first and second optically sensible regions S0 and 512

are not present in electron beam sensible region 318 Instead, on frst laver 506 of

25 semuconductor device wafer 302, electron beam sensible region 318 &5 formed with a third
periodic structure 340, shown here as a grating including Hines 5342 and spaces 544 having

a pitch { of between 34 - 600 nm and preferably between 30 - 200 am along an axis
parallel to axis 530, On second layer 509 of semiconductor device wafer 502, electron
beant sensible region 5318 is formed with a fourth periodic structure S50, shown here asa

30 grating including Hoes 352 and spaces 5534 having a piich [ of between 3 600 nm and
preferably betwsen 3{ — 200 mm along an axis parallel to axis 53 Widths of hines 342

and 332 are preferably between 20 - 80% of piiches  and D, respectively. 1t is noted that

21
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third and fourth periodic stroctures 540 and 350 are partially overlapping in electron beam
sensible region 318,

1t s noted thai by the embodiment described with reference to Fig. 54, first

and second periodic structures 304 and 508 are arranged with respect to one another in
5 such amanser thaf various pairs of lines 322 and 532 are partially overlapping by different
extents. Similarly. in the embodiment described with reference to Figs. 3B ~ 3D, thixd
and fourth periodic structures 340 and 550 are srranged with respect to one another in
such a manner that various pairs of lines 542 and 352 are partially overlapping by ditferent
extents However, 1t is appreciated that there is no set relationship required betwesn

10 pitches A, B, Cand D or widths of lines 522, 532, 542 and 552,

1t is further noted that periodic structures 504, 508, 340 and 5330 preferably
mclude plural periodic substructures (not shown}. More specifically, lines 522, 532, 542
and 332 may be segmenied, though they need not be. In an embodiment wherein lines
322,532, 542 and 552 are segmented, each one of Hnes 522, 532, 542 and 552 is defined

15 by a plurality of sub-lines and sub-spaces betwesn sub-lines,

Reference is now made to Figs. 6A ~ 6D, which ave sumplified illustrations
showing four alternative embodiments of a second hybrid target 600 formed on two
separate lavers of a semiconductor device wafer 602, such as semiconductor device wafer
102 (Figs. 1A ~ 2B) or semiconductor device wafer 302 (Figs. 3A — 4B). Second hvbrid

20 darget 600 ix useful i first and second methods 1) and 300 for manufacturing
semiconductor device walers.

As sgen in Figs, 6A - 0D, second hybrid target 608 includes a first periodic
structure 604 formed on a first laver 606 of senuconducior device waler 602 and a second
pentodic structure 608 formed on second laver 608 of senvconductor device waler 602

25 As seen further in Figs, A — 6D, second hybrid target 600 meludes st
and second optically sensible regions 614 and 612 and a separate electron beam sensible
region 618, preferably located thercbetween. It is appreciated that optically sensible
regions 610 and 612 are particularly suitable for optical metrology and electron beam
sensible region 618 1s particularly suitable for electron beam metrology.

30 It 1s appreciated that first and second layers 606 and 609 of semiconductor
device wafer 602 may be adjacent 1o one another, but need not be. 1t §s further appreciated

that first and second optically sensible regions 610 and 612 are operative to indicate

3
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misregistration between first and second lavers 606 and 609 of semiconducior device
water 602 when measurad by a sultable imaging mistegisiration metrology tool, such as
an Archer™ 600, commercially available fromm KLA-Tencor Corporation of Milpias,
CA, USA, using an imaging algonithm, such as the one deseribed in U8, Patent No.
8,330,281, the disclosure of which is hereby ncorporated by reference.

Electron beam sensible region 618 is operative to indicate misregistration
between first and second lavers 606 and 609 of semiconductor device wafer 602 when
measured by a sultable electron beam misregisiration metrology teol, such as an

eDRTxxx™, commercially available from KLA-Tencor Corporation of Milpitas, CA,
USA, using an imaging algorithm, sach as the one described in ULS. Patent No. 8,093 438,
the disclosure of which is hereby incorporated by reference.

On first laver 606 of seniconductor device wafer 602, first optically
sensible region 610 15 formed with first periodic structure 604, shown here as a grating
mcluding lines 622 and spaces 624 having a pitch ¥ between 600 —~ 2400 mm along an
axis parallel to an axis 630, On second laver 609 of semiconductor device water 602,
second optically sensible region 612 i formed with a second periodic stracture 608,
shown here as 8 grating ncluding hines 632 and spaces 634 baving a pitch F between 600
~ 2400 nm along axis 630, Widths of lines 622 and 632 are preferably between 20 ~ 80%
of pitches Eand F.

As seen in the embodiment Hhustrated in Fig. 6A first and second periodic
structures 604 and 608 of first and second optically sensible regions 610 and 612 extend
into electron beam sensible region 618, 1t is noted that first and second periodic structures
604 and 608 are arranged with reapect to one another w such a manner that i electron
beam sensible region 618, first and second periodic structures 604 and HO8 ave non-~
overlapping,

As seen in the embodiments illustrated in Figs, 6B ~ 6D, first and second
perindic structures 604 and 608 of first and second optically sensible regions 610 and 612
are not present in electron beam sensible region 618, Instead, on first layer 606 of
senticonductor device wafer 602, electron beain sensible region 618 is formed with a third
pertoedic structure 640, shown here as a grating including lines 642 and spaces 644 having
a pitch G between 100 — 600 mn and preferably between 100 - 300 nm along an axis

paratlel o axis 630, On second layer 609 of semiconductor device wafer 602, electron

a3
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bean sensible region 018 is formed with a fourth periodic structure 650, shown here as a
grating nctoding lines 6532 and spaces 654 having a piich H between 100 — 600 nm and
preferably between 10 — 3 nim along an axis parallel to axis 630, Widihs of hines 642
and 652 are preferably between 20 — 80% of pitches G and H, respectively.

5 I is noted that third and fowrth periodic sivuctures 640 and 650 of electron
beam sensible region 618 are arranged with respect to one another in such a manner that
third and fourth periodic structures 640 and 650 are non~overlapping. It is further noted
that there 15 no sef relationship required between pifches B, F, G and H or widths of hues
332, 632, 642 and 652,

10 Tt is further noted that periodic structares 604, 608, 640 and 650 preferably
include plural pertodic substructures (not shown). More specifically, lines 622, 632, 642
and 652 may be segmented, thoagh they need not be. In an embodiment wherein hines
622, 632, 642 and 632 are segmentad, each one of lines 622, 632, 642 and 652 s defined
by a plurality of sub-lines and sub-spaces between sub-lines.

15 Reference is now made to Figs. 7A - 7D, which are simplified illustrations
showing four allemative embodiments of a third hybrid target 700 formed on two separate
layers of a semiconductor device wafler 702, such as semiconductor device wafer 102
{Figs. 1A — 2B} or semiconductor device wafer 302 (Figs. 3A ~ 4B). Third hybrnid target
700 1s useful in first and second methods 100 and 300 for manufacturing semiconductor

20 device wafers.

As seen in Figs. 7A ~ 7D, thurd hvbnd target 700 fncludes a first periodic
structure 704 formed on first fayer 706 of semiconductor device wafer 702 and a second
pertodic structure 708 formed on second faver 709 of semiconductor device wafer 702

As seen further m Figs. 7A ~ 7D, third hybrid target 700 includes first and

25 second optically sensible repions 710 and 712 and a sepurate electron beam sensible
region 718, preferably located therebetween. It i3 appreciated that optically sensible
regions 716 and 712 are particolatly suitable for optical metrology and electron beam
senstble region 718 15 particularty suitable for electron beam metrology

It is appreciated that first and second layers 706 and 709 of semiconductor

30 device wafer 702 may be adjacent {0 ong another, but need not be. 1t is further appreciated
that first and second optically sensible regions 710 and 712 are operative to indicate

misregistration between first and second layers 706 and 709 of semiconductor device

24
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wafer 702 when measured by a suitable scatterometry musregistration metrology tool,
sach as an ATE™ 1, commercially available from KLA-Tencor Corporation of
Milpias, CA, USA, using a scatteromelry slgorithm, such as the one desenbed i US.
Patent No. 7,317,531, the disclosure of which 1s hereby incorporated by reference.

5 Electron beam sensible region sensible 718 is operative o indicate
misregistration between first and second favers 706 and 709 of semiconductor device
waler 702 when measwred by a suitable electron beam misregistration metrology tool,
such as an eDRTxxx™, commercially available from KLA-Tencor Corporation of
Milpttas, CA, UISA, using a scatterometry alporithun, such as the one described in U5,

10 Patemt Application Serial No. 15/979336 entitted OVERLAY MEASUREMENTS OF
OVERLAPPING TARGET STRUCTURES BASED ON SYMMETRY OF SCANNING
ELECTRON BEAM SIGNALS, filed May 14, 2018

On first layer 706 of senuconducior device waler 702, first and second
optically sensible regions 710 and 712 are formed with first periodic structure 704, shown

15 here as a grating including lines 722 and spaces 724 having a pitch { between 400 - 900
nm along an axis 730. On second layer 709 of semiconducior device waler 702, frst and
second optically sensible regions 710 and 712 are formed with second pertodic structure
708, shown here as a grating including lnes 732 and spaces 734 having a pitch J between
400 - 900 nm along axis 730, Widths of lines 722 and 732 are preferably between 20

20 &0% of puches T and J, respectively.

g
i
K

As seen in the embodiment iostrated i Fig. TA, second pertodic structure
708 is present in electron beam sensible repion 718 It is apprecizled thai in the
gmbodiment described with reference to Fig. 7A, either one of {irst and second periodic
structores 704 and 708 are present i electron beam sensible region 718,

25 Additionally, in the embodiment Hlustrated In Fig. 74, g third penwodic
structure 740 1s present in electron beam sensible region 718, Third periodic siructure 740
1$ shown here as a grating including linss 742 and spaces 744 having a pitch K between
30~ 600 nm and preferably between 30 ~ 200 nm along an axis parallel to axis 730, It is
noted that second and third pertodic structures 708 and 740 are partially overlapping in

30 electron beam sensible regiop 718,

It is noted that second and turd periodic structures 708 and 740 are

arranged with respect to one another i such a manner that in electron beam sensible

N
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vewion T1¥, various pais of Hies 732 and 742 ave partially overlapping by different

-
1
i

extents. For example, in electron beam sensible region TIR, various pairs of Hines 732 and

. K K K K K K £ K
FA2 x AV OVETian DY exX{enis Of b v mn o o me e o e AR e e e
42 may overlap by exfents of PR B gzmd i

As seen in the embodiments iHustrated m Figs. 7B ~ 7D, first and second
periodic structures 704 and 708 are not presemt in electron beam sensible region 718,
insiead, on first laver 706 of semiconductor device waler 702, electron beam sensible
region 718 is formed with third penodic structure 740, On second layer 709 of
semiconductor device waler 702, electron beam sensible region 718 15 formed with a
tourth periedic stracture 750, shown here as a grating including lmes 752 and spaces 734
having a pilch L between 30— 600 mm and preferably between 30 - 200 nm along an axis
parallel 1o axis 730, Widths of lines 742 and 752 are preferably between 20 -~ 80% of
pitches K and L, respectively. It 1s noted that third and fourth penodic structures 740 and
756 are partially overlapping i electron beam sensible region 718,

It is noted that mw the embodiment desenbed with refevence to Fig. 7A,
second and third periodic structures 708 and 740 are arranged with respect to one another
i such a manner that various pairs of lines 722 and 742 are partially overlapping by
different extents. Sumilarly, m the embodiment described with reference to Figs. 7B - 7D,
third and fowrth periodic structures 740 and 750 are arvanged with respect 1o one snother
in such g manner that varicus pairs of lines 742 and 752 are partially overlapping by
different extents However, # 15 appreciated that thera s no set relationship required
between pitches I, J, K and L or wadihs of lines 722, 732, 742 and 732,

1t 15 further noted that pentodic structures 704, 708, 740 and 750 preferably
include plural pesiodic substructures (not shown). More specifically, hines 722, 732, 742
and 752 way be segmenied, though they need not be. In an embodiment wherein lines
722,732, 742 and 752 are segmented, each one of Bues 722, 732,742 and 752 18 defined
by a plurahity of sub-lines and sub-spaces between sub-Hnes,

Reference is now made to Figs. 8A - 8D, which are simplified illustrations
showing four aliernative embodiments of a fourth hybrid target 800 formed on two
separate layers of semiconductor device wafer 802, such gs saniconducior device waler
102 (Figs. 1A~ 2B) or semiconductor device waler 302 (Figs. 34 -~ 4B). Fowth ndnd
targel 800 is useful in first and second methods 168 and 300 for manufacturing

semconductor device wafers,

i
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As sean n Figs. 8A - 8D, fourth hybrid target 800 includes a first periodic
structure 304 formed on a fivat laver 806 of semiconducior device waler 802 and a second
periodic structure BUY fonned on a second layer BOY of sennconductor deviee waler 802

As seen further in Figs. 8A ~ 8D, fourth hybrid target 800 mcludes first

5 and second optically sensible regions 8180 and 812 and s separate electron beam sensible
region V18, preferably located therebetween. 1t is appreciated that optically sensible
regions 810 and 812 are particularly suitable for optical metrology and glectron beam

=

sensible region 818 iy particularly suitable for electron beam metrology.

10 device water R02 may be adjacent {o one another, but need not be. I 18 further appreciated
that first and second optically sensible regions 10 gnd 812 are operative to indicate
misregistration between first and second lavers 806 and 809 of semiconductor device
wafer 862 when measured by a suitable scatierometry nusregisivation metrology tool,
such as an ATL™ 100, commmercially available from KLA-Tencor Corporation of

15 Milpitas, CA, USA, using a scatterometry algorithm, such as the one described in U8,
Patent No. 7,317,331, the disclosure of which is hereby incorporated by reference.

Electron beam sensible region 818 s operative to indicate nusregistration
between first and second layers 806 and 809 of semiconductor device wafer 802 when
measured by a suitable electron beam misregistration metrology tool, such as an

20 eDR7xaxx™, conmmercially available from KLA-Tencor Corporation of Milpitas, CA,
USA, using an imaging algorithny, such as the one desernibed in ULS. Patent No. 9,093 488,
the disclosure of which is herebv incorporated by reference.

On first layver 8306 of semiconductor device wafler 802, first and second
optically sensible regions 810 are formed with first periodic structuwe 804, shown here ag

25 a guating including lines 822 and spaces 824 baving a pitch M between 400 ~ 900 nm
along an axis 830, On second laver 809 of semiconductor device wafer 802, first and
second optically sensible regions 812 are formed with second pertodic structure BOR,
show here as a grating including lines 832 and spaces 834 having a pitch N between 400
- 900 nm along axis B30, Widths of lines ¥22 and 832 ave preferably between 20 - 8%

30 of pitches M and N, respectively.

As seen in the embodiment Hlustrated in Fig. XA, first and second pertodic

structures 804 and 808 of frst and second optically sensible regions 810 and 812 extend

27
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into eleciron hean sensible region 818. it is noted that first and second periodic structiwes
804 and 0% are arranged with reapect to ong another in such a manner that in electron
beam sensible region 818, fist and second pertodic structures 804 and BOS ave non~
overlapping.

5 As seen i the embodiments iHustrated 1 Figs, 8B - 8D, first and second
periodic structures 804 and 808 are not present in electron beam sensible region 818
Instead, on first laver 806 of semuconductor device waler 802, electron beam sensible
region 818 is formed with a third periodic structure 840, shown here as a grating including
Lines 842 and spaces 844 having a pitch O between 100 - 600 nm and preferably between

10 1060~ 300 nm along an axis paralle] 1o axis 830, On second laver 809 of semiconductor
device wafer 802, electron beam sensible region 818 is formed with a fourth periodic
structure 850, shovwn here as a grating including Hnes 852 and spaces 854 having a pitch
P between 100 - 600 nm and preferably between 100 - 380 pm along an axis parallel to
axis 830, Widihs of fines 842 and 852 gre preferably between 20 — 80% of piiches O and

15 P, respectively.

It 1s noted that third and fourth periodic structures 840 and 830 of electron
beam sensible region 818 are arvanged with respect to one another 1 such a manner that
third and fourth pertodic structures 840 and 850 are non-overiapping. It is further noted
that thers is no set relationship required between pitches M, N, O and P or widths of hnes

20 822,832, 842 and 8§32,

1t is further noted that periodic structures 804, ROB, 840 and 850 preferably
include plural periodic sabstructures (not shown). More specifically, Hines 822, 832, 842
and 852 may be segmented, though thev need not be. In an embodiment wherein Hues
R22, 832, 842 and 852 are segmented, each one of hines 822, 832, 842 and 852 is defined

25 by o plurality of sub-lines and sub-spaces between sub-lines.

Tt will be appreciated by persons skilled in the art that the present invention
1 not hosted to what has been particularly shown and described hereinabove. The scope
of the present invention mncludes both combingtions and subcombinations of various
features described hereinabove as well as meodifications thereof, all of which are not in

30 the prior ast.

8



10

15

20

25

30

WO 2020/167331 PCT/US2019/035282
CLAIMS
i. A misregistration  metrology  system uwsefl  in masufacturing

semiconductor device wafers comprising

an optical misregistration metrology fool configured 1o measwe
misregistration at at least one target between two Javers of 8 semiconductor device which
is selected from a batch of semiconductor device walers which are intended 1o be
wlentical;

an electron beam misregistration matrology tool configured to
measure nusregistration at said at least one target bebween two lavers of a semiconductor
device which is selected from said bateh; and

8 combiner operative io combine ouiputs of smd optical
misvegistration metrology tool and said sleetron beam misregistration metrology tool {0

provide a combined misregisiration metyic.

2, A system according to claim 1 and wherein said optical misregisiration

metrology tool comprises a scaiterometry metrology tool.

3. A system according to clatm 1 and wherean said optical nusregistration
metrology tool comprises an imaging metrology tool.

4, A system gecording 1o any of claims 1~ 3 aad wherein said oplical
misregistration metrology tool and said electron beam misregistration metrology tool

gach micasuse misregisiration between two lavers of a single semiconductor device.

5. A system according to any of claims { ~ 3 and wherein said opticsl
misregistration melrology tool and said electron beam misvegistration matrology tool
each measure misregistration between two lavers of different seymconductor device

walers which are both selected from said bach,

&, A method for manufachring semiconductor device walers comprising:

2
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perfornung at least an initial stage in a lithography process on af least
ong senuconductor device waler which is selected from a batch of semiconductoy device
wafers, which are infended to.be identical;
thereafter measuring nusrepistration of at least two layers of at least
one seamconductor device wafer, which is selecied from said batch of semuconducior
device wafers, which are intended to be identical by:
emploving an optical pusregistration metrology  tool to
measure misrggistration af at {east one target between satd two layers of at least one of
said at least one semiconductor device waters, which i selected from said baich of
semiconductor device wafers which arve intended {0 be identical;
employing an electron bean misvegistration metrology toel to
measure nisregistration at said at least one target between two lavers of at least one of
satd al feast one semiconductor device walers which i3 selected from sad batch of
sentconductor device walers which are intended to be dentical; and
combining outputs of said optical nusregistration metrology
ool and said electron beam misregisitation metrology tool {0 provide a combined
mnisregistration metric; and
utiizing said combined misregistration metric for adjusting said

lithography process to provide an adjusted lithography procass.

7. A method according to claimr & and wherein sald measuring
misregistration includes emploving said optical misvegistration metrology tool and said
electron beam nusregisiration metrology ool to measure nusregisiration belween two

layers of a single senvuconductor device.

8. A method according to claim 6 and wherein said measuring misrepisiration
mcludes emploving said optical misregistration metrology tool and said electron beam
nusregisiration metrology toel to measure misregistration between two layers of different

semmconductor device walers which are hoth selectad from said hatch.

Q. A method according to any of clabms 6 ~ 8 and wherein said adpusted

{ithography process conyprises said initial stage in said lithography process.

30
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10 A muthod according o clam 9 and alse comprising performing

hthography rework using said adjusied hithography process.

23]

it A method according 1o any of clams 6 ~ ® and whereln said adjusted
Hithography process comprises @ stage i said lthography process different from said

initial stage in said hthography procgss.

el A method according to any one of clams 6 - 11 and also comprising
10 perfornung  bthography using smid adyusted  lithography  process on  addibonal
semiconductor device walers which have a configuration which is intended to be identical

to that of said semiconducior device.

£3. A method according o any one of claims 6 ~ 12 and also comprising
15 utilizing said combined misregistration metric fir adjusting at Izast one of measurement

parameters and resolts of said oplical misregistration metrology tool.
14. A method according to any one of claims 6 — 13 gnd also comprising
wiilizing said combined misregistration metric for adjusting at least one of measurement

0 parameters and resulis of said eleciron beamn misresistration meivelogy tool.

is A method according to any of claims 6 — 14 and wherein said optical

misregistration metrology tool comprises a scatterometry metrology tool.

16, A method sccording 1o any of clawms § ~ 15 and wherein said optical

P
A

misreisitation metrology tood comprises an imaging metrology tood.

17, A method for manufhcturing semiconductor device wafers according to
any of claims 6 -~ 16 and wherein said performing at least an initial stage m a lithography

30 process on st least one senuconductor device waler comprises:
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perfornung 8 Hihography pwocess on at least one senuconducior
device which i selected fom a balch of semivonductor device walers, which are intended
1o be identical;
thereafter measuring post-lithography nusregistration of at least two
5 lavers of al least one semiconductor device which 18 selected from said bateh of
sempeonductor device waflers which are intended to be wdentical; and
thereafter performing an  eiching process on at least ome
sensiconductor deviee wluch is selecied from said batch of semiconductor device walers
which are intended (o be identical.
10
18 A method according to clasim 17 aml wherein said measuring
misregistration includes emploving said optical misregistration metrology tool and said
elactron beam misregistration melrology tool 0 measurg misregistration between two
layers of a single semiconductor device,
15
1o, A wmethod according to claim 17 and wherain said measuring
misregistration icludes employing said optical misregistration metrelogy tool and smd
electron beam nusregistration metrology tool o measure misregistration between two
favers of different semiconducior device walers which are both selected from said batch.
20
240, A method according to any one of clatms 17 ~ 19 and also comprising
performing lithography using said adjusted lithography process on additional
sermconductor device wafers which have a confimaation whrch is mtended to be idantical

1o that of smid semiconductor devige.

2L A method according to any of claims 17 - 20 and wherein said optical

misregistration metrology tool comprises a scattaromairy metrology tool,

22, A method according o any of clatms 17 - 20 and whereln said optical

30 nusregistration metrology tool comprises an imaging metrology tool.

L
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23 A'mgthod according e anyof claims 17 22 and also comprising utilizing
said combined misregistration meiric for adjusting al least one of measuvrement

parameters and results of said measuring posi-hthography misregistration.

-~
’i'

23]

24. A method according (o any of claums 17 - 23 and also comprising alilizing
said combined misregistration metrc for adiusting 8t least oue of measuwrement

parameters and results of suid optical nusregistration metrology tool.

28, A method according to any of claims 17 - 24 and also comprising utihzig

10 said combined pmsregistrabion metne for adjusting at least one of measurement
parameters and results of said electron beam misregistration metrology 1ool.
26, A method according to any of claimg 17 - 235 and wherein said measmring
post-lithography nusregistration comprises enploying an optical misregistration
15 metrology tool to measure nusregistration at at least one target between two layers of at
least one of said af least one semiconductor device wafers which s selected from said

batch of semiconductor device waflers which sre intended to be 1dentical.

27. A method according to any of clatms 17 - 25 and wherein said measuring
20 post-lithography tusregistration comprises emploving an electron beam misregistration
metrology ool to measure misrepisiration at at least one target between two layers of at
least one of said at least one senuconductor device walers which is selected from said

batch of semiconductor device walers which arve intended to be identical.

28 A method according 10 any of clatms 17 - 23 and wherein sgid measuring

P
A

post-Tithography nusregistration comprises:
gmployving a post-hithography optival misregistration metrology tool
{0 measure misregistration at at least one target between two lavers of at least one of said
at least ome semiconductor device wafers which s selected from said batch of
30 senuconducior device walers which are miended o be dentical;
employing a  post-lithography  electron beam  misvegistration

metrology tool o measure misregistration at said at least one target between said two

‘o
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lavers of af least ong of smd at least one semiconductor device wafers which is selected

fromy saxd balch of semivonductor device walers which are itended to be identical;, and
combining outpuls of said post-hthography optical nusregisivation

metrology tool and said post-lithography electron beam nusregistration metrology tool to

5 provide a combined misregistration metric,

28. A target for use in measurement of misregistration in the manufacture of
senniconductor devices, the target comprising:

a first periodic struciure formed on a first laver of 8 semiconductor
10 device; having a fivst pitch along an axis; and

a second periodic structure formed on g second laver of sad

serniconductor device and having a second piich along an axis parallel to said axs,

said target being characterized in that 3t includes al least one first region

which is particudarly suitable for optical metrology and at least one second region,

15 separate from said at least first region, which is particularly suitable for electron beam

metrology.

30. A target for use in measurement of misregistration in the manufacture of
semiconductor devices according to claim 29 and wherein:
20 i at least one portion of said at least one first region satd first periodic

structure is present and said second periodic structure 18 not present.

31 A target for use in measwement of misregistrabion in the mmndacture of
semiconductor devices asccording to claim 29 or 30 and wheremn:
25 i at least one second portion of satd gt least one first region said first

periodic structure 18 not present and said second periodic struchure s presant.

o1

32, A target for use in megsurement of misregistration in the manufacture of

senticonductor devices according o any of claims 29 - 31 and wherein in said at least
30 one second region both said first periodic stracture and said second periodic stracture are

present.
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]

13, A target for use in measuremient of misregistration in the manufacture of

1

semconducior devices avcording fo any of claima 39 — 31 and whersin in said af Jeast

one second region a third pertodic structure and a fourth periodic stragture sre present.

23]

34 A farget for use in measurement of misregistration i the manufacture of
semiconductor devices according to any of claims 29 — 31 and wherewn in said at least
one second region one of said first and second pertodic structures are present and a third

pertodic structure 1s present.

0o 35 A target for use in measurement of misregistration i the manufactare of
semiconductor devices according to claim 32 and wherein in said at least one second
region, said first periodic structore and said second periodic structure are partially

overlapping.

15 36, A target for use in measwement of misregistration wn the manufacture of
sermconductor devices according to clam 33 and wherein i said at feast one second
region, said third periodic structure and said fourth periodic structure are partially

overlapping.

L

~
:
*

0 A target for use in measurement of misvegistration 1 the manufactue of
semiconductor devices according to claim 34 and wherein i said at least one second
region, said one of said furst and second perindic structures and said third periodic

structure are partially ovedapping.

38 A target for use in measurerent of misregistration in the manufacture of
semiconductor devices according to claim 33 and wherein different paris of said first
periodic structore and said second pariodic structure are partially overlapping by different

exiems.,

0 38 A tarpet for use in measurement of pusregisttation i the manufacture of

semiconductor devices according to olabm 36 and wherein different parts of sard third

Lt
L4
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periodic structure and satd fourth perfodic structure ave partially overlapping by different

gxtents.

4. A target for use in measurement of misregistration i the manufacture of
semiconductor devices according o olaim 36 and wheretn different paris of smd one of
satd first and second peniodic structres and said third periodic structure are partially

overlapping by different extents.

41, A target for use in measwement of misregistration n the mandacture of
semiconductor devices according o any of claims 29 ~ 38 and wheremn at least one of

said first and second periodic structures includes plaral periodic substructures.

42, A farget for use i measurament of misvegistration i the monufacturs of
sentconductor devices according to any of claims 33, 34, 36, 37, 39 and 40 and wherein
at least ong of sawd third and fowrth petiodic structures includes plural periedic

substructures.

43. A target for use in measurement of misregistration in the manufacture of
semiconducior devices according to claim 32 and wherein in said at least one second
region, satd first periodic structure and said second periodic struchue are non-

overiapping.

44 A target for use in measwement of misregistrabion in the mmndacture of
semiconductor devices according to claim 33 and wherein in said at least one second
region, said third penodic structure and ssid fourth periodic structure are non-

overlappimg.

b
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