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SYSTEM AND METHOD FOR MEASURING MISREGISTRATION OF

SEMICOMNDUCTOR DEVICE WAFERS UTILIZING INDUCED TOPOGRARHY

REFERENCE TO RELATED APPLICATIONS

jO00T]  Reference is hereby made 1o ULS. Provisional Patent Application Serial

No, 62/870,264, filed July 3, 2019 and entitled METHOD OF MEASURING
MISREGISTRATION IN THE MANUFACTURE OF TOPOGRAPHIC
SEMICONDUCTOR DEVICE WAFERS, and US. Provisional Patent
Applivation Serial No. 62/805,737, filed February 14, 2019 and entiled TARGET
DESIGN FOR TOPOGRAPHIC OVERLAY TARGETS, and U8, Provisional
patent Application. Serial Noo 62864323, filed Jupe 20, 2019 and entitled
METHOD  FOR  MEASURING  MISREGISTRATION IN  THE
MANUFACTURE OF TOPOGRAPHIC SEMICONDUCTOR  DEVICE
WAFERS, the disclosures of which are hereby Incorporated by reference in their

epivety and priority of which is hereby claimed.

{00021 Reference is also made to the following patents and patent applications of

the Applicant, which arve related to the subicct matier of the present application,

the disclosures of which ave hereby incorporatad by teference:

PCT Patent Publication No. WO 2016/18746% entitled TOPOGRAPHIC
PHASE CONTROL FOR OVERLAY MEASUREMENT,

PCT Patent Pubhicaion No. WO 2008034908, entitled SYSTEM AND
METHOD  FOR GENERATING MULTICHANNEL  TUNABLE
ILLUMINATION FROM A BROAD-BAND SOURCE; and

POT Patent Publication No. WO 2018187108, entitled SYSTEMS AND
METHODS FOR METROLOGY WITH LAYER-SPECIFIC TLLUMINATION
SPECTRA.

FIELD OF THE INVENTION

PCT/US2020/018202
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JORI3 The proseat nvention relates 1o measurement of misregistration in the
mamsfacture of semiconduetor devices generally.

BACKGROUND OF THE INVENTION

{60041 Various methods and svstems are koown for  messurement: of

raistegistration. i the weoufscture of semiconductor devicss. In overlay

wa

neasgrement, the misregisiration between & previous process laver and a current
resist faver is measured. Inmany targets, such as with 3DNAND and DRAM, the

vertical distance between these layers can be several microns.

[O00s] A double erab was previously performed for overlay measurement. The

10 first layer is tmaged iy its proper focus in the first grab and the second layer is
imaged in #s proper focus I8 the second grab. However, for a double grab two

support. tofal measwrement . uncertaimty {TMU) requivements, the focusing

mechamsin needs to be fully telecenitic and the XYZ stages should be noiseless

and drifi-less. These specifications may be difficalt to meet, so specifications

15 {ypically are relaxed.

(00061 In ancther previous example, the collection mumerical aperture (NAY was
reduced 1o increase depth of focus during overlay measwrement. However,
incrgasing depth of focus by reducing collection NA reduces a svstemt’s resclution
and can require a Jarger pHch and tavget size increase. Addinonally, lower light

20 transmission through the optical system may ocour, which reduges throughput.

L0071 Inproved svstems and methods of misregistration measwroment gre

needed,

SUMMARY OF THE INVENTION

35 (00081  The present invention seeks to provide myproved methods and systenss for

meagsurement of misregistration in the manufacture of semiconductor devices.

(00091 There is thus provided in accordance with an embodiment of the present

mvention a method of messuring misregisttation in the mannfacture of
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semivonductor devics wafers including providing s multifaysred semiconductor

device walfer inchuding at least a frstlaver and a second laver, the waler mclading

al least one misvegistration measprement faveel formed thereon, the tarpet

including o first periodic structure formed together with the first layer and having

5 a first pitch and a second periodic stenctare formed together with the second layer
and having 4 second piich, maging the first laver and the second layer 1o a first

orientation with a misregistration metrology tool employing light having at least

ong first wavelength that causes unages of both the first periodic structure and the

second periodic struclure (o appear i at least two planes that are mutually

10 separated by a perpendicular distance greater than 0.2 pm, snalyxsing results of the
imaging of the first periodic structure and the second perindic structure in the first

orientation, thereby generating first avalysis resulis, imaging the frst layer and

the second laver in a second orientation with the misregistration metrology tool

emploving Heht having the at least one first wavelength that causes images of both

15 the first periodic structire and the second periodic structure to appear m the at
teast two planes, analyzing results of the mmaging of the first periodic struwcture

and the second periodic structure i the second ovientation, thereby generating

second analysis results, thereafter adjusting at least ome parmmeter of the
misregistration matrology tool based on the first and second analvsis results and

20 thereafter measuring susregistration between the first laver and the second layer.

(00161 In accordance with an embodiment of the present nvention, the at least
one parameter is operative (o offset an error in musregistration measurement that
is due to poor teleceniricity of the misregistration measwement. The at least one

parameter includes a setting of a tool-mnducead-shift knob.

25 [} In accordance with an embodiment of the present invention the method
also includes calevlating a difference between the first analysis results and the

second analysis results.

(60121 The at léast one paramefsr 15 adjusted separately fiw misvegistration
pegsered along a first axiz and for misregistration measured alony a second axis:
30 I accordance with an gmbodiment of the present fnvention the firstovieutation

and the second orientation differ by 180 degrees,
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Ui ES: In accordance with an mboditent of the present invention, the image of

the first peviodic structure is a Talbot image. Alterhatively, In accordance with ap
entbodiment of the present mivention, the mmage of the firgt periodic strattre is &

Talbot image and the-image of the second periodic Siructare is a Talbot image.

(0014}  In accordance with an embodiment of the present invention, the imaging

the first laver and the second laver are performied by a single imager
Alternatively, in accordance with an embodiment of the present mvention, the
imagiog the first laver is performed by a first imager and the imaging ofthe second

fayer is perfrmed by a second imager.

(00151 In accordance with an embodiment of the present inveniion, the

multilayersd semiconductor device waler includes at least a thivd laver and the st
teast one misregistration mensurement target includes at keast a thivd periodic
structure formed together with the at feast third laver and having a thurd mitch and
wheretn the wethod also includes imuaging the first laver and the third laver in &
first onientation with the nusregistration metrology {ool employing light having atl
least one third wavelength that causes images of both the first laver and the third
fayer to appear in at least two planes that are mutually separated by a perpendicular
distance greater than 0.2 um, analyzing results of the imaging of the first layer
and the third laver i the first orertation therghy generating thivd gnalysis results,
imaging the first layer and the third layer in a second orientstion with the
nisregistration meirology ool enyploying Heght having the at least one third
wavelength that canses images of both the fest laver and the thivd layer o appesr
i the at least two planes and analvaing resulis of the tmaging of the first layer and

the third layer in the second orientation thersby generating fourth analysis results,

(0016} There & slse provided in agcordunce with another embodiment of the

prasent fnvention a syxtem for megsyring niisregisttation in the manufactore of
semiconductor device wafers, the system mcluding at least one imager, imaging
in both a first and second orientation at least a first layer and a second layer of a
nuittilavered sensiconducior device watler, the wafer ncluding at least one

misregistration measuwrement larget formed thereon, the tavget including » first

pertodic structure formed together with the first laver and having g fivst pitch and

PCT/US2020/018202
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& second periodic struchure formed together with the second layer and having a
second pitch, the at least one mager emploving Beht baving ot least one first
wavelengih that causes images of both the first pertodic siructure and the second
periodic structure to sppesr in 8t lesst twe planes that are mutually separated by a
5 perpendicular distance greater than 0.2 gm and a parameter adjuster analyzing
results of the imaging of the first layer and the second layer in the first orfentation,
thereby generating first analysis results, analyzing results of the imaging of the
first layer and the second layer in the second orientation, thereby generating
second analvsis results and adjusting at least one parameter of the sysiem based

10 on the analysis results.
BRIEF DESCRIPTION OF THE DRAWINGS

017 The present invention will be understood and appreciated more fudly from
the following detailed description, taken i comjunction with the drawings m

which:

15 Fig. 1 is a simplified schenwtic Hlustration of atr embodiment of g syatem

for measuring misregistration in the mamsfactare of semuconductor device wafers;

Fig. 2 is a simplified schematic Hustration of an additional embodiment
of a system for measuring nusregistration i the manufacture of senuconductor

device wafers; and

20 Fig. 3 1s a simplified fowchart ilustrating a method of measuring
misregistration in the manudcture of semiconductior device walers uiiliving either

gistration in the manufacture of semiconductor

of the systems for measuring misre

device wafers of Fig. 1 or Fig. 2.
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DETAILED DESCRIPTION

[ORIR} R iy appreciated that the systems and method described hersin with

reference o Figs. 1 - 3 form part of 8 manuficturing provess for semiconducton
deviges, and the misregistration measured by the system and method deseribed
hersin with refersnce to Figs. 1 ~ 3 is used fo adjust fsbncation provesses of the
semiconducior devices 1o more closedy align various fayers of the semiconducior

devices being fabricated.

(00191 Reference is now made to Figs. 1 and 2, which are simplified schematic

illustrations of embodiments of a systemn for measuring misregistration in the
manulacture of semiconductor device wafers, Fig. 1 includes illustrations in three
different dimnenstons, indicated by x-, y- and #-axes, the three dimensions being
referred to heretnalter as an x-y plane, an x-2 plane and a y-z plane, respectively.
It is noted that Fig. 1 pewerally iustrates the x-y plane, while enlargsinents A, B

and Cof Fig. 1 illusivate planes parailed to the x-2 plane.

{00201 As seen in Fig. 1, in a first embodiment, system 100 includes an imager

110, a first offset quantifier 118 to quantify offset in the x-divection, and a second
offset guantifier 120 to quantify offset 1 the y-direction. It is noted that as used
herein, imager 110 1s part of an llumination system. A typical imager 110, offset
guantifier 118 and offset quantified 120 are the buager and offset quantifiers
included n a misregisttation metrodogy tool, such as the one deseribed in PCT
Publication Nos. WO 2016/187468, WO 201 &/0349%08 and WO 20187187108, the
diaclosures of which are hereby incorporated by reference. I is noted that imager

110 has a low-illumination mumerical aperture, sach as below 0.3 or below 0.2,

(00211 His appreciated that, while in the ilfustrated embodiment shown 1 Fig. 1,

first offset quantifier 118 and second offset quantifier 120 are shivwn as hardware
components and may be implementad as such, they are implemented as soflware
components, 111s firther noted that system 100 includes a toob-induced-shift (T1S)
knob 121, which may be adjusted to offset TIS error in nuisregisiration
measurements, particularly TIS error that is due o poor telecentricity of

nusregisiralion measurement by system 198 TIS knob 121 can be operative o

PCT/US2020/018202
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offset TIS error m the X~ and vedirections independently. 1t is appreciated that,
while in the ilostrated embodiment shown in Fig, 1, TIS knob 121 s shownasa
hardware component and may be insplemented as sacl, it can be implemented as

a software component,

(0022 Imager 110 is operative o image at lzast a fiwst layer 122 and a second

faver 124 formed on a multilayvered semiconductor device wafer mcluding at lsast

one mistegistration measurement target 130,

(00231 In aw instance, the imager 110 can inclode an umination souwrce o

generate an illumination beam. The tHumination beam may include one or more
selected wavelengths of Hght including, but not limited 1o, vacuum cliraviclet
radiation {VUV), degp uliraviolel radiation (DUVY, ultraviolst {UV) radiation,
visible radistion, or mfared {IR) radiation. The Humination sowrce may further
generate an thumination beam including any range of selected wavelengths. In
another embodiment, the Humination source may inclade 3 spectrally-tunable

illumination source to generate an lununation beam having a tunable spectrom.

(00241 The imager 110 also may inclade or be coupled with an illumination

pathway, such as an ilumination pathway with oue or ore lenses or additional
aptical components suifable for modifving andfor conditioning the ilhumination
beam. Forexanypde, the one of more optical components may tnclude, but are not
timited to, one or more polstizers, one or move filters, one or more beam splitters,
one or more diffusers, one or more homuogenizers, one of more apoadizers, or one
or more beam shapers. By way of another example, the one or more optical
components may include aperiure stops to control the angle of Hlumination on the
sample and/or field stops to control the spatial extert of illumination on the
sample. The mubiilavered semiconductor device wafer can he disposed on a
sample stage. The sample stage may include any device suitable for positioning
the multilayered senmiconductor device wafer. For example, the sample stage may
include any combination of linear wanslation stages, rotational stages, tp/iilt

stages or the ke,

PCT/US2020/018202
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oG2Sy o another amboditment, the imager 110 includes or s coupled with a

detectr confipured o caplure radintion emanating Fom the melilayersd
semicondoctor device wafer through g collection pathway. For example, the
collection pathway may miclude, but is not Hmited to, 8 collection lens {e.g., an
objective lens) or one or more additional collection pathway lenses. The collection
pathway may further inclode any manber of optical elements to divect andior
modify ithenination collected by the objective lens including, but not limited to,
ang or more collection pathway lenses, one or more filiers, one or more polarizers,
or ane or more beam blocks, Additionally, the collection pathway may include
field stops to control the spatial extent of the sample tmaged onto the defector or
aperture stops to control the angular extent of iumination from the sample used
{0 generate an image on the detector. By way of another example, a detector may
receive radiation reflected or scaitered (e.g., wia specular refllection, diffase
reflection, and the like) from the multilavered semiconducior device wafer, By
way of another example, a detector may receive raciation penerated by the
malttavered semiconducior device wafer (e.g., luminescence associafed with

absorption of the sHurmination beam, or the like).

0261 The detector may include soy type of optical detector known in the art

suitable for mensuring Humination recetved from the multilavered semiconductor
device wafer. Formuample, a detector wmay include, but is not Himited to, o CCD
detector, a TDI detector, a photomudiiphier tabe {PMT), an avalanche photodiode
{APD), or the like. In another embodiment, a detector may include 3 spectroscopic
detector suitable for identifying wavelengths of radiation emanating from the
sample, In another embodiment, the imager 110 may include multiple detectors
{e.g., assoctated with mudtiple beam paths generated by one or more beamsplitters

to facilitate multiple metrology measurements by the imager 110,

(00271 It is appreciated that first layer 122 and second faver 124 can be formed

such that they are mutually separated by a perpendicular distance in the z-divection
of between & pm ~ 0.2 unuin an example. The material between fivst layer 122
and second laver 124 can have anindex of refraction, designated n, and is ot least

partially transparent to photons,

PCT/US2020/018202
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ot2R} Enlargements A, B and € of Fig. | show sectional enlargemants of farget
P30 i plaves paralle] (o the w-¢ plane, It I8 noted that other features of the

serniconductor device wafer on which target 130 s formed are not shown.,

=

(00207 Misregistration measurement farget 130 can inchu first periodi
[0029]  Misregistration measwrement farget 130 can include . fivst peniodic

structure 140 formed topether with first layer 122 and characterized by a first

wa

piteh; designated N, and Iving w a plang 141, Misregistration messurement targst
130 further includes a second periodic structure 142 formed together with second
tayer 124 and characterized by g second pitch, designated P, and lying in a plane
144,

ib fonsa s appreciated that for the sske of clarity, in Fig, 1, planes 141 and 144
are shown at the top surfaces of first and second lavess 122 and 124, respectively;
however, planes 141 and 149 may be any planes lying within layers 122 and 124,
Tespectively, that are parallel to the top surfaces of fivstand second layers 122 and

124, respectively.

15 0031} It is noted that target 130 can jochede two periodic strocture sets 146 and
two periodic structiwe sets 148, each of periodic structure sets 146 and 148
including hoth periodic structures 140 and 142, Periodic structure sets 146 and
148 appear in farget 130 in differemt mutually orthogonal orientations, giving
target 130 rotational symmetry. In one embodimentof the present invention, other

20 thars with respect to thelr orientation, each of periedic stincture seis 146 and 148
may be identical to sach other. In another embodiment of the present invention,
periodic stractures 140 and 142 mcluded in periodic stracture set 146 have
different pliches than periodic structures 140 and 142 included in periodic

structure set 148,

25 [Q032]  hoager O canomploy Hght having at least one wavelength As that'causes
at lgast ong Talbot image 150 of first periedic structure 14¢ o appear divestly
underbving first periodic stracture 140 30 g plane 152, as seen particularly m
enlarperments A and B of Fig. 1. 1 s appreciated thiy since plane 152 s parailel

to the x-v plane and Talbot image 130 directly underlies first periodic structure
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L4 i plawe 132, Talbot image 15018 not visible 1o the central aren of Fig. 1,

which shows an x-v plane view of target 130,

53 In an embodiment of the present invention, plane 152 containing Talbot
. I 8
image 150 appears at a perpendicular distance, designated D, in the z-divection

from plang 141 due 1o the Talbot effect I is apmweviated that although m

wa

enlargements A and B of Fig. 1, Talbot image 1504 shown as having athickness,
Talbot image 150 has no thickness in the z direction. 1t 1s further appreciated that
smce Talbot image 150 appears divectly underlving first periodic structure 140,
the offset between second periadic structure 142 and first periodic structare 140,
10 when imaged i one o more x-y planes, is wdentical 1o the offset batween second
periodic structure 142 and Talbot image 130, when imaged 10 ong or moye x-y

planes.

(0034}  Perpendicular distance D, betwgen plane 141 of first periodiv situcture 140

and plang 152 of Talbot image 150, iy partially defermined by wavelangih A of

15 hight used by tmager 110, as well as by pitch N of first periodic structore 140 and
by index of refraction n of the matenial bebween first periodic structure 140 and

Talbol image IS0 The relationship betwesn perpendicolar distance I3

wavelengih A, pitch N and index of refraction n is defined in equation 1:

Do 2 (Eq. 1)

20 0381 Inoan embodimentof the presentinvention, pich N and wavelength 2 we
chosen such that planes 152 and 144 are mutually separated by a perpendicular
distance 156 in the x-direction that is greater than 0.2 pum, thereby increasing the
sepsitivity 1o TIX error of nuisregistration neasarements taken by systeny 100 In
one embodiment of the present invention, tmager 110 images target 130 using

25 more than one wavelength of lght.

[o3a] Forsxample, if first layer 122 sod second layer-124 are nstually separated
by a perpendicalar distance of 8.1 pm and index of refraction » of the material
between Talbot image 150 and second pertodic structure 142 18 146, piteh N of

first periodic structure 140 is chosen to be 1.0 um and imager 110 images tarpet

10
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1 30-with Dipht having at Teast one wavelenpth of 300 nm so that plane 152 appears

i an x-v plage 1.36 pm below plane 144,

(8371 As anotherexample, i first laver 132 and second {ayer 124 are mutually

separated by a perpendicular distance of 0.05 wm and index of refraction nof the
material betwesn Talbot image 130 and second periodic structure 14215 2.0, pitch
N of fivet periodic stracture 144 is chosen to be 1.6 pmoand imager 110 images
farget 130 with light having at least one wavelength of 800 nm so that plane 152

appears in an x-y plane 6.05 pm below plane 144,

[O03RY i the two examples described herem, offtet quantifiers 118 and 120

measwre offset in the x-direction and y-direction, respectively, between images of
Talbot image 150 and second periodic structare 142, Thus, systern 100 &5
operative to caplure misregistration data between first layer 122 and second laver
{24 that is sensitive to TIS error, and provides usefud data for the adjustment of
TiS knob 121

(00391 A parvameier adjaster cary inchade 3 modale that adjusts the TIS koob 121,

which adjusts to offset TIS error in misregistraiion measurements.

(00401 The offset quantifiers 118 and 120 andior the parameter adjuster can be

software componemts run on one or more processors configured fo execute
progrant instructions maintained on & memory medinny, In this regard, the one or
more processors may execuie any of the various process steps described
throughout the present disclosure, Further, the processors may be configured to
regeive data including, but nol limited to, metrology data {e.g.. alignmeni
nregsarement results; images of the target; pupt Images, aud the likey or metrology
melrics {g.g., precision, {ool-induced shift, sensitivity, diffraction efficiency, and
the ltke). For example, the processors can receive data from the imager 110, The
ong OF more processors may include any processing slement known in the art. In
this sense, the ope or more processors may include any microprocessom-iype
device conligured to execute slgorithns andior nstructions. In one embodiment,
the one or move processors may be part of a deskiop computer, mainframe

compater system, worksiation, image computer, parallel processor, ov any other

11

PCT/US2020/018202



10

15

20

25

WO 2020/168142

comapiger svstem (2., networked computer) confluured o exgcdis 3 program
configired to operate dmager 1100 It i3 further vecognized that the term
“processor” may be broadly defined to encompass any device having one or more
processing elements, which execute program msiructions from g non-transitory

memory medium.

(00411 Abternatively, mnager 11} may employ light having at least one

wavelength Az that causes at least one Talbot fmage 160 of second periodic
structure 142 o appear directly overlying second periodic structure 142 in g plane
162, as seen particularly inenlargements A and C of Fig. 1. 1 is appreciated that
since plane 162 is paraliel to the x~v plane and Tathot image 160 divectly oveslies
second periodic structure 142 in plane 162, second periodic structure 142 s not

visible m the central area of Fig. 1, which shows an x-y plane view of fargat 130,

(00421 in an embodiment of the present invention, plane 162 contaiming Talbot

fmage 160 appears at a perpendicular distance, designated F, in the 2-divection
from plane 144 due to the Talbot effect. It is appreciated thal although i
enlgrgements A and C of Fig. 1, Talbot timage 160 is shown as having a thickness,
Talbot image 160 has no thickness in the z direction. It is fwrther appreciated that
since Talbot image 160 appears divectly overlving second petiodic strwture 142,
the offset between first periodic stracture 140 and second pertodic structure 143,
when imaged in one or more X-y planes, is identical to the offset betwesn first
periodic structure 149 and Talbot image 160, when imaged in one or more x-y

planes.

(00431 Perpendicular distance B, between plane 144 of second periodic structure

142 and plane 162 of Talbot immge 164, {5 determined by wavelength hr of Hght
used by tmapger 1Y, as well as by pitch P of second periodic sttucture 142 and by
tndex of refraction » of the material betwesy second perindic structure 142 and
Talbol image 160, The relationship between perpendicalar distance ¥, wavelength

Az, pitch P and index of refraction » is defined i1 equation 2

n Ay em
= =X ﬁ {Eq. 2}

12
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[t} o an erabodiment of the present invention, pitch P and wavelength A» are
chosean such that planes 162 and 141 are mutually separated by o perpendicalag
digtance 166 in the wdirection that is greater thaw 0.2 quw, thereby incrensing the
senstiivity to TIS error of misregistration measurements taken by svstem 100 In
one gmbodiment of the present invention, mnager 110 umages target 130 using
miore than one wavelength of hight

00431 Forexample if firstlayer 122 aud second Byer 124 are wvtually separated
by a perpendicnlar distance of 015 pum and index of refraction n of the matenal
batwesn Hrst perindic structure 140 and Talbot imsge 160 is 1,46, pitch Pof
second pertodic strocture 142 48 chosen 1o be 124 pm and mager 110 images
target L0 with light having at least ong wavelength of 700 mn so that plane 162

appears in an x-v plane 3,47 wm above plane 141,

(00461 As another example, #f first laver 122 and second layer 124 are sutually
separated by a parpendicalar distance of 0.1 ym and index of refiaction v of the
material between first periodic stroctare 140 and Talbot image 1601 2.0, pich P
of second periodic structure 142 is chosen to be 1.0 i and tmager 110 images
target 130 with Helt having at least one wavelength of 800 nm so that plave 162

appears in @ x~y plane 2.1 won above plase 144

[ 7] In the two examples described berein, offset guantifiers 118 and 120
measure offtet in the x~dirgction and y-direciion, respaciively, between intages of
first periodic structure 140 and Talbot imape 160, Thus, system 100 is operative
10 captare nusregisiration data betwesn first layer 122 and second laver 124 that
is sensitive to TIS error, and provides usefol data for the adjustment of TIS knob

121

[O048] o an additioni ernbodiment of the present invention, piich N and piich P
are chosen such that when imager 110 uses at least one wavelength A3, Talbot
intages 150 and 160 appear in planes 132 and 162, respectively, which are
respective perpendicular distances D and E from first and second lavers 122 and
124, respectively, In such a case, perpendicular distances D and E are chosen such

that planes 152 and 162 are mutually sepavated by a perpendicalar distance 168 in

13
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the z-direction that is greater than 0.2 pm, thereby increasing the sensitivity 1o TIS

arror of nusregistration measurements taken by systen 100,

9t The relationghip bedwesn perpendivalar distance D, wavelength 3, pich

N and mdex of refraction »n s defined in equation 3:

EN i
R
(00507 The relationship between perpendicular distance £, wavelength A, pitch P

and index of refraction i is delined i equation 4;

10031} In one smbodiment of the present invention, imager 110 images target 130

psing move than one wavelengthvof bt

(00321 Forexample af firstlayer 122 and second layer 124 sve motually separsted
by a perpendicular distance of 0.1 pmand index of refraction n of the mgterial
betwesn Tathot tmage 150 and Talbot image 160 s 1,46, pitch N of first periodic
struche 140015 chosen 1o be 10w, piich P of second periodic stracture 14274
chosen o be 1.6 i, and imager 710 images target 130 with light having a
wavelength of 800 nnx. Thus, plane 152 appears at a perpendicular distance D of
L6 pm below first layer 122 and plane 162 appears at a perpendicular distance
Eof 438 ym above second {ayer 134, Thus, Talbol froage 130 and Talbotimage

160 are separited by 554 unt.

[o0s3] As an additional example, i first Taver 122 gnd second layer 124 ar
metually separated by a perpendicutar distance of (102 gim and dndex of refraction
wof the material between Tatbot image 150 and Talbot image 160 13 2.0, pitch N
of first pertodic structurg 144 is chosen to be 1.0 pm, pitch P of second penndic
structure 142 is chosen to be 1.6 pm, and imager 110 images target 130 with light

having a wavelength of 300 am. Thas, plave 152 appears at 8 perpendicular

14
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distange . D of 2.0 gm below first liver 122 and: plane 162 appears at g

perpendicular distance B of 6.0 uo above second Taver 124,

(81841 In the two examples described herein, offset quantitiers 18 and 120
mgasure offset in the x-direction and y-direction, respectively, between images of

5 Talbot imags 150 aud Talbot image 160, Thus, system 100 is operative to capture
nusregistration data between first Iaver 122 and second laver 124 that is sensitive

1o T1S error, and provides useful data for the adjustment of T1S knob 121,

(003557 it is apprecigted that system 100 ag deseribed herein with refevence to Fig.

1 may also be used in a fabrication process inchuding forming a target having three

10 or more layers. In a case wherein sysiem 100 includes a target having three or
more lavers, each layer of the target includes one periodic structure formed

together with a corrgsponding laver of the semiconductor device wafer whose
misregistration 15 to be measured: 1 is noted that such a target can include two

periodic structure sets, each periodic structare set including all periodic stroctures

15 i the target. Fach of the two periodic structure sets, forming the target, can be
formed o different mutually orthogonal orientations, giving the target rotational

synunetry. 1is appreciated that other thas with respeet to their orientstion, sach

of the periodic struchure sets may be wdentical to gach other. 1 is appreciated that

the musregisteation of any two favers of such g mudtitayered semicondustor devies

20 wafer can be measured by system 100 by comparing the misregistration of the

periodic structures on those two layers, as described herein.

[0036] Turning pow io Fig, 2, it is gesn that Fig. 2 includes illastrations in three
different dimensions, indicated by x-, y- and z-axes, the three dimensions being
referred to hereinafter as an x-v plane, an x-z plane and a y-z plane, respectively,

25 s noted that Fig, 2 generally tHustiates the x-y plane, while enlargenients A B

and Cof Fig. 2 iHlustrate planes parallel to the x-2 plane:

{00571 Asseenin Fig 2, wa first embodiment, system 200 inchudes a first imager
210, a second imager 212, g first offSes quantilier 218 4e qoanttly offset in the x-
direction, and a second offset quantifier 220 o quantify offset in the y-direction.

30 It 15 noted that as vsed herein, imager 218 is part of an illumination system. A

15
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typical first mnager 210, second lmaper 212, offset quantifier 218 and offset
guantifier 220 are the imagers and offSel quantifiers nchuded i a misregistration
metrology tool, such a8 the one described w0 PCT Publication Nos. WO
2016/187468, WO 2018/034908 and WO Z018/187108, the disclosures of which
5 are hereby incorporated by reference. 1t is noled that finst imager 210 and second
imager 212 both have a fow-ilhanination mumerical apevture, such as below 0.3 or
below 0,2, The first mager 210 and second mgger 212 may be similar to the
unager 114 The first offset quantifier 218 and second offset quantifier 220 may

be similar to the first offset quantifier 118 and second offset quantifier 120.

10 [OEEsR] Hix appreciated that, while in the dhestrated embodiment showen in Fig: 2,
first offset quantifier 218 and second offset quantifier 220 are shown as bardware
components and nwy be implemented as such, they can be implemented as
software components. It is further noted that system 200 includes a tool-induced-
shift (TIS) knob 221, which may be adjested to offset TIS error in misregistration

15 megsurements, particnlarly TIS @wor that is due to poor telecentricity of
misregistration measurement by svstem 200, TIS kuob 221 can be operative 16
offset TIS error in the x- and vedirections independently. It is appreciated that,
while in the illusirated embodiment shown in Fig. 2, TIS knob 221 is shown as a
hardware component and may be implemented as such, 11 can be tmplemented as

0 & software component,

00591 Fivst ivager 210 1S operative to image ot leasta first layer 222 formedon
a multifavered semiconductor device wafer including st Jeast one misregistration
mieasurenent trget 230, Second imager 212 is operative o image atlegst a second
fayer 224 formed on a mulitlayered semicondustor device walir including at least

25 misregistration measurenent target 230.

fonst}  H s apprecialed that fivst laver 222 and second layer 224 can be formed
such that they are muwtually separated by 8 perpendicolar distance in the z-direction
of between ¢ pm ~ 1.2 ym. The material between first laver 222 and second laver
224 can have an index of refraction, designated n, and is at least partially

30 fransparent 1o photons:
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jotal} Enlsrgemenis A, B and € of Fig. 2 show sectional enlargements of target
230 i planey parallel {o the w2 plane, It Iy noted that other featutes of the

semiconductor device wafer on which target 230 3¢ formed are not shown,

[0062]  Misregistration measwrement farget 230 can include a first periodic

structure 240 formed topether with first laver 222 and charactenzed by a first

wa

piteh; designated £, and Iving w a plang 241, Misregistration messurement targst
230 further includes a second periodic structure 242 formed together with second
fayer 224 and characierized by a second pitch, designated R, and lving in a plane
244,

10 (0063} His appreciated that for the sake of clarity, in Fig. 2, plaves 241 and 244
are shown at the top surfaces of first and second lavess 222 and 224, respectively;
however, planes 241 and 249 may be any planes lying within layers 222 and 224,
respectively, that are parallel to the top surfaces of first and second lavers 222 and

224, respectively.

15 [0064] It is noted that target 230 can jochude two periodic stracture seis 346 and
two periodic structiwe sets 248, each of periodic structure sets 246 and 248
inchiding hoth periodic structures 240 and 242, Periodic structure sefs 246 and
248 appear in target 230 in differemt mutually orthogonal orientations, giving
target 230 rotational symmetry. In one embodimentof the present invention, other

20 thars with respect to their orientation, each of periodic stncture sets 246 and 248
may be identical to sach other. In another embodiment of the present invention,
periodic stractures 240 and 242 wcluded in periodic stracture set 246 have
different piiches than periodic siructures 240 and 242 included i periodic

structure set 248,

25 [O063]  First imager 210 can employ light having at leost one witvelength Ay that
catises at least ong Tathot hnage 250 of first periodic structirs 24 to appeay
directly undertying first periodic structore 240 ina plane 282 a5 seen particularly
i enlargements A aad B of Fig. 2. 1t is sppreciated thad since plane 252 is pargllel

to the x-v plane and Talbot image 230 directly underlies first periodic structure

17
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240 i plawe 232, Talbot image 250 s not visible in the central arer of Fig. 2,

which shows an x-v plane view of target 230,

6] In an embodiment of the present invention, plane 252 containing Talbot
image 250 appears at & perpendicular distance, designied F, in the z-direction

from plang 241 due to the Talbot effect I is amweciated that although m

wa

enlargements A and B of Fig. 2, Talbot image 25045 shown as having athickness,
Talbot image 250 has no thickness in the z direction. 1t 1s further appreciated that
smce Talbot image 250 appears divectly underlving first periodic structure 240,
the offset between second periadic structure 242 and first periodic structare 240,
10 when imaged i one o more x-y 'pizmes_,_ is tdentical io the offset between second

periodic stvucture 242 and Talbot tmage 250, when fmaged in ong or more X~y

planes.

100671 Perpendicular distance F, between plane 241 of first peoiodic structure 240

and plane 252 of Talbot smage 258, is determined by waveleagth X4 of Heht used

15 by fivst imager 210, as well as by pilch Q of fixst periodic structure 240 apd by
index of refraction n of the material between first periodic structure 240 and

Talbot image 250, The relationship betwesn perpendicular distance F, wavelengih

Aa, plich Q and index of refraction n is defined in equation 3

F o= 7 5 Ay
2 } 2

Iy (e }
\ ¥

(Eq. %

"

20 [OO6RYT i embodiment of the present hivention, pitch Q aid wavelength Aiare
chosen such that planes 252 and 244 are mutually separated by a perpendicular
distance 256 in the z-direction that is greater than 0.2 ym, thereby increasing the

sensttivity to TIS error of mtsregistration measurements faken by system 200,

(00681 Forexample, if Sest layer 222 and second lover 224 are pustaally separated

25 by & perpendicular distance of 0.1 win snd ndex of refraction n of the material
between Talbot image 250 and second layer 224 15 1.46, pitch Q of first peripdic

stracture 240 is chosen 1o be 1058 pn, fivet imager 210 images first layer 222 with

Hght having at least one wavelength of 500 mn and second imager 212 fmages

18
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second layer 224 with light having ‘any suitable wavelength so that plang 252

appears in an ey plane 11w below plane 344,

[T As anotherexample, if first laver 322 and second {ayer 224 are mutually
separated by a perpendicular distance of 0.07 wm and index of refraction nof the

material between Talbot image 250 and second layer 224 15 2.0, pitch Q of first

wa

periodic structure 240 s chosen 1o be 1.0 wm, finyt imager 210 tmages first layer
222 with light having at least one wavelength of 600 nm and second imager 212
images second layer 224 with light baving sny sutiable wavelength so that plane

252 appears Inan x-y plane 2 26 pum below plane 244,

ib fou71 In the two examples described hergin, offSet quaniifiers 218 and 220
measwre offset in the wdirection and y-direction, respectively, between images of
Talbot fmuge 250 taken by first imager 210 and second perfodic structure 242
taken by second imapsr 2120 Thus, sydem 208 is opersiive o capture
nusregistration data between {irst laver 222 and second laver 224 that 18 sensilive

15 1o TIS error, and provides useful data for the adjustment of TS knob 321,

[o0721 Alternatively, second ymager 212 may employ hght having at least one
wavelength X5 that causes at least one Talbot buage 260 of second periodic
struckure 242 to appear divectly overlyving second periodic structure 242 in a plang
262, as sesn particulady o enfargements A and Cof Fig: 2. 1 is appreciated that

20 since plane 262 is parallel to the x-y plane and Talbot trmage 260 directly overlies
second periodic structure 242 in plane 262, second periodic structure 242 is not

vistbie in the ceniral area of Fig. 2, which shows an x-y plane view of farget 230,

[00731 In an embodiment of the present invention, plane 262 containing Talbot

fmage 268 appears at o perpendicular distance, designated G, 1n the z-divection

25 from plane 244 due to the Talbot effect. It is appreciated that although in
enlargements A and C of Fig. 2, Talbot image 26{ is shown as having a thicknsss,

Talbot image 260 bas no thickness in the » divechion. 1 is further appreciated that

since Tathol image 260 appears divectly overlying second pertodic structure 242,

the offset between first periodic structure 240 and second periodic structwe 242,

30 when imaged in one or more x-y planes, is identical to the offset between first
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periodic structure 240 and Talbol image 200, when imaged in ote 0f more 8-y

planes.

(1741 Perpendicular distance G, between plane 244 of second periodic structure
242 and plane 262 of Talbot image 260, is determined by wavelength As of lght

used by sscond tmager 212, as well as by pitch R of second pertodic structure 242

wa

and by index of refraction n of the material between second periodic structure 242
and Talbot tmage 260, The relationship between perpendicular distance G,

wavelength As, ptich R and index of refraction n 1s defined i equation &:

(Eq. 6)

10 0075} in an embodiment of the present invention, pitch R and wavelength As are
chosen such that planes 262 and 241 are muiually separated by o perpendicalar
distance 266 in the z-direction that is greater than 0.2 pm, thereby incrensing the

sensitivity 1o TIS error of misregistrstion measurements token by system 200

160761 Porexample, if first laver 222 and second laver 224 are mutnally separated

Yo
(%)

by & perpendicular distancs of .05 jinyand index of reftaction n of the material
between first fayer 222 and Talbot bmgge 260 is 1.46, pitch R of second periodic
structure 242 is chosen to be 1.2 pum, second imager 212 tmages second layer 224
with Hght having at least one wavelength of 3530 nm and first imager 210 images
first layver 222 with Light having any suitable wavelength so that plane 262 appears

20 in an %=y plane 3.7 pm ahove plane 241,

(0771 Asanother example, 38 fivst layver 222 snd second layver 224 are nurtvally
separated by a perpendiculor distance of (.1 pm and index of refraction nof the
miaterial between first laver 222 and Talbot image 260 &5 2.0, piteh R of second
peniodic structore 242 1 chosen to be L0 am, second imager 212 timages second

25 layer 224 with Hght having at least one wavelength of 600 nm and first imager
214 images {irst layer 222 with light having any suitable wavelengih so that plane

262 appears in an x~y plane 3.1 pm sbove plane 241,

20
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[O07R] In the two examiples described herdin, offSet quantifiers 218 and 220
measure offsat in the x-direction and v-direction, respectively, betweesn images of
Talbol tmage 260 taken by second mmdger 212 and first periodic structure 240
taken by first imager 210, Thus, system 200 is operative to caplure pusregistration
data betwesn first faver 222 and second laver 224 that s sensitive 1o TIS error,
and provides usefid data for the adipstment of TIS kuob 221,

(o079 By gn addifiongd embadiment of the present invention, pitch Qrand pitch R
ave chosen such that when fist mager 210 uses & wavelength A+ and second
irmager 212 uses a wavelength Xs, Talbot images 25¢ and 260 appear in planes 252
and 262, respectively, which arg respective perpendicolar distances F and G from
first and second lavers 222 and 224, respectively. In'such a case, perpendicular
distances T and G are chosen such that plases 252 and 262 are mutually separated
by a perpendicular distance 268 in the z-direction that is greater than 0.2 um,
thereby tncreasing the sensitivity to TIS errov of misregistration messurements

taken by svstem 200,

008G} Forexample, if first layer 222 and second layer 224 are mutually separated
by a perpendicular distance of L8O um and index of refraction n of the material
between Talbot image 250 and Talbol image 260 is 146, pitch Q of first periodic
structure 240 1s chosen to be 058 um, pitch R of second periodic stractare 242 i
chosen to be 1.24 gm, first imager 2180 images first layer 222 with light having a
wavelength of SO0 nm and second imager 212 images secound layer 224 with hght
having a wavelength of 7090 nm. Thos, plane 252 appears at s perpendioniar
distance F of 073 um below first laver 222 and plane 262 appesrs. at g

perpendicular distance 5 of 2.92 win above second Jayer 224,

[OOR1]  As an additiongl example, i fist Taver 222 snd second layer 224 are
mutually separated by 4 perpendicular distance of 1.5 pm and index of refraction
n of the material between Talbot image 250 and Talbot image 26018 2.0, pitch Q
of first periodic structure 240 is chosen to be 1.24 gm, pitch R of second periodic
stractare 242 is chosen to be 1.2 pm, first imager 210 images first layer 222 with
bght having & wavelength of 700 ran and second boager 212 buages second layer

224 with hight having a wavelengih of 550 nm. Thus, plang 232 gppetrs at g
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perpendicntar distanice F of 4.0 g below fivst layver 222, and plane 262 appears

at a-perpendicudar distance G of 5.0 gm above second tayer 224

[T In the two examples described herein, offset quantitiers 218 and 220

mgasure offset in the x-direction and y-direction, respectively, between imagesof
Talbot image 250 taken by first imager 210 and of Talbot imags 260 taken by
second inager 212, Thos, system 200 {s operative to vapture misregistration data
between first layer 232 and second layer 224 that is seasitive to TIS error, and

provides useful data for the adjustrent of T1S knob 221.

[O0R3}Y it is apprecigied that system 200 a5 described herein with reference w Fig.

2 may also be used in a fabrication process including fornung a target having three
or more fayers. In a case wherein system 200 inchudes a target having three or
more favers, each laver of the trget includes one perindie structure- formed
together with a corresponding laver of the semiconductor devige wafer whose
wusregistration i o be measured. B is noted that such a target can tchude two
periodic structure sets, each penodic structure set including all periodic structures
in the target. Each of the two periodic structure sets, forming the target, can be
formed in different wutually orthogonal ortentations, giving the target rotational
symmetry, Bis apprecisted thet other than with respect to thelr orientation, sach
of the perindic structure sets may be identical to each other, It is appreciated that
the misregistration of any two layers of such a muliilayered semiconductor device
wafer can be measured by sysiem 200 by comparing the misvegisivation of the

pertadic structures on those two lgvers, as deseribed herein,

5

00841 Reference is now made fo Fig. 3, which 15 a simplified Howchart

ltustrating & method 300 of measuring misvepistvation in the manufachwe of
semivonducior device walers utilizing either of systents 100 or 200 {or measuring
mizregistration i the manufachwre of senveonducior devive wafers,'ay describid

herein with reference to Figs. T and 2.

(00831 As seen at g first step 302, a multidayered semiconductor device wafer

having at least one suitable target, such as target 130 or 230, is provided A

suifable farget can include at leaxt a first periodic structure formed together with

22
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& first laver of the maltilayered semiconductor device walet having 8 first piich,
and a second periodic structure formed together with a second laver of the
maultilayered semiconducior device water having a second pitch. Similarly, a
target having three or more layers, ss deseribed herein with reference 1o alieranie

5 embodiments of Figs. 1 and 2, may be provided.

[0086] As sesn at a next siep 304, the target provided in step 302 is imaged in g
first orientation. As described herein with reference to Figs. 1 and 2, in an
embodiment of the preseni invention, characieristics of the target and the hght
used o image the tarpet are chosen such that at least one Talbot image of at least

10 ane layer of the target appsars in a plone that i3 separated from an inwge of the

other layer of the targel by a perpendiculer distance greater than 8.2 o,

0871 Also af step 304, the results of the huaping performed a8 step 304 are
analyzed, which can generate frst analvsis results inchuding a fivst nusvegisiration

value between the st and second layers of the semiconducior device walfer.

15 [O0R]] Following step 304, at a next siep 306, the target provided in step 302 is
imaged in a second orlentation. The second orientation may differ from the first
arientation of step 304 by 180 degrees rotation i an x-y plane. As deseribed
herein with reference to Figs. 1 and 2, in an smbodiment of the present invention,
characteristics of the target and the Heht used foimage the larget are chosen such

20 that at least one Talbot imape of at least one laver of the {arget appears in a plane
that is separated from an image of the other layer of the target by a perpendicular

distance greater than 0.2 pm.

[00RY Also at step 306, the results of the imaging performed at step 36 are
analyred, which generates second analysis resolis ncluding a second
25 niisregistration value between the first and second lavers of the semiconductor

device wafer.

(OO0 At ned step 308, the first and second misregistration values generated at

steps 304 and 306, respectively, are compared. If a difference between the first
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and second nustegistation values does not excesd a pre-detesnmined threshold,

method MK ends at a next step 314

1] Third and Towth analysis results can be genergted from analysis of the fivet
taver and the third layer in a {irst orientation or second ovientation, respectively.
5 The third and fourth analysis results may be sivailar to the fivst and second anglysis

resuds.

00021 I the difference between the first and second misregistration values does
exceed g pre-determined threshold, method 300 procesds 1o g next step 312, at
which TIS kneb 121 or 221 is adjusted to offset TIS error in misregistration

10 measwrements, as indicated by the difference between the first and second
misregistration valaes, such as using a puwrameter adjuster. Specifically, the
aehjustinent of TIS koob 121 or 221 st step 312 offsets TIS srvor thatis dus to poor
telecentricily of misregistration messurement by svstem 100 or 2000 TIS kaob 121
can be adjusted to offset TIS ervor i the x- and y-divections independendy, It is

15 apprecialed that by adjusting TIS knob 121 or 221, ot least one pavameter of

systermn 100 or 200 is adjusted.

(0093} Following step 312, o a next step 314, system 100 or 200 can measure
mivegisttation of the multtlayered semivonductor devies wafer provided at step

M2, 1w another embadiment of the present tnveniion, al & next siep 314, system

20 100 or 200 measures misregistention of multilavered semiconducior device wafler
itended to be identical to the multifayered semiconductor device wafer provided

at step 302 Following step 314, method 300 may end at siep 310,

(00041 I will be appreciated by persons skilled in the art that the present invention

is not imited to what has been particularly shown and described herein. The scope

25 of the present nvention includes both combinations snd sub combinations of
variois features described herein as well as modifications therend, all of which are

not in the prior art,
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CLAIMS

1. A& method of messoring misrcpisiration 1 the mumpfacture of
semiconductor device wafers comprising:

5 providing a nuditfayered semivonductor device watkr comprising at lsast
a first fayer and a second laver, said wafer ineluding at least one misregistration
measurement tarpet formed thereon, said target including a first periodic structure formed
together with said first laver and having a first pitch and a second periodic structure
formed together with said second layer and having a second pitch;

10 imaging said first layer and said second layer in a first orlentation with a
misregistration metrology tool employing light having at feast one first wavelength that
causes images of both said first periodic structwre and said second periodic structure to
appear in at least two planes that are sustually separated by a perpendicalar distance
greater than §.2 um;

15 analyzing results of said imaging of said first perfodic siructure and said
second periodic stracture in said first orientation thereby generating first analysis resulis;

imaging said first laver and sad second laver v a second orientation with
said misregistration metrology tool emploving light bhaving said at lesst one first
wavelength that causes images of both said first periodic structure and said second

20 periodic stracture (o appear i said af least two planes;

analyzing results of said imaging of said first periodic structure and said
second periodic structure in sakd second orientation thereby generating second analysis
vesults;

thereafter adjosting ai least one parameter of said misregistration

25 metrology tool asing a parameter adjuster based on said first and second analysis results;
and

thereafter measwring nusregistiaiion between smd fist Iayer and said

second layer,

3 2 The method of messuring misregistration in the manudachwe of

semtconductor device waters according to clatm 1, wherein said at least one parameter s
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operative to offset an error W misregistration measwenent that is due 0 powy

telecentricity of said misreyisivation messurement,

3 The method of measuring misregistration in the manufacture of
5  sgmiconductor device wafgrs according to clamm 1 or claim 2, wheramn said & least one

parmmeter comprises a setting of a tool-induced-shift knob,

4, The: method of measuting mustegistration i the manufsctwe of
semcomuductor device walfers according o any of claims 1 - 3, further comprising

10 calculating a difference between said first analysis resalts and said second analysis results.

S, The method of measwing misregistration in the manufactere of
semiconductor device wafers according to any of claims 1 — 4, wherein said at least one
parameter is adjusted separately for misregistration measured along a first axs and for

15 misregistration measwred along a second axis.

6. The method of measoring misregistration i the wanufacture of
semiconductor device wafers according to any of clabms 1 —~ 3, wherein said first
oriemation and said second ortentation differ by 180 deprees,
20
7. The method of measuring misregisiration in the manufacture of
sensiconductor device wafers according to any of clamms 1~ 6, whevein said image of said

fivst periodic struchere 1s a Talbot image.

25 A The method of measuring misregisttation v the manufietore of
semiconductor device walers according 1o any of claims 1 6, whereln said fmage of said
first periodic structure 13 8 Talbot image and said image of said second periodic structure

is a Talbot image.
iR The method of messuring misregistration in the wanufachue of

semtconductor device wafers according o any of claims 1§, wherem said imaging said

first layer and said second layer are performed by a single imager.
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10, The method of measering nuisregistration wr the wanufictwe of
sevaiconductor device waters according {o any of claims | - 8, whevein said imaging said
first layer is performed by g first imager and ssid imsging of sald second layer s

5  performed by a second imager.

i1 The method of measwring misregistration in the manofactwe of
sentconductor device wafers according to any of claims 1 - 10, whergin said multilayered
semiconductor device wafer comprises at least a third laver and said at least ons
10 misregistration messurement larget comprises at least a third periodic structure formed
together with said at least third layer and having a third pitch and wherein said method
further comprises:
imaging said first laver and said thied layer v a first orientation with said
misregistration metrology ool emploving light having ai least one third wavelength that
15 causes images of both smd fivst faver and said third laver to appesr in af least two planes
that are muteally separated by a perpendicular distance greater than 0.2 pm;
analyzing respls of sald imaging of said fivst layer and said third layer in
said first orientation thereby generating third anslysis results;
imaging said first laver and said third layver in a second orientatinn with
20 said pusregistration metrology tool emploving light having said at least one third
wavelength that causes images of both said first Taver and said thivd laver to appear in
said at least two planes; and
analvzing results of said imaging of said fivst layer and said third laver in
said second onentation thereby generating fourth analysis resalts.

25
12, & system for measwring misregistration in the manafacture of

semiconductor device wafers, the system comprising:
at.least one imager configured to image m both a first and second
oriemtation at least a first laver and asecond laver of g mulitlayered semiconductor device
30 wafer, said wafer comprising at least one misregistration measurement target formed
thereon, said target comprising a first periodic structure formed together with said fivst
layer and having a first piteh and a second periodic structurs formed iogether with said

second laver and having a second piteh, said at least one imager enyploying light having
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at least one first wavelength that couses images of both said first periodic structure and
said second perlodic structure o appear 1w al leastiwo planes that are mutnally separated
by 8 perpendicidar distance grenter than 8.3 pm; and
a parameter adjuster configured to:
5 analyze resulls of said imaging of said finst layer and said second

faver in saxd first ovientation, thereby generating frst analysis vesults;

analyze results of said imaging of said frst laver and said second
layer in said second orientation, thereby generating second analysis results; and

adiust at least one parameter of said system based on said analysis

10 resulis.

13 The system for measwing misregistration i the manufactre of
sermiconductor device wafers according to claim 12, wheretn said at least one parameter
is operative to offSel an error in musregistration megsurement that is due to poor

15 teleceniricity of said system during misregistration measarement.

4. The system for megsuring misregistration n the manudscture of
semiconductor device wafers gecording to clatm 12 or ¢laim 13, wherein said at least ong
parameter comprises a seiting of a tool-induced-shift knob.

20
15, The system fr measuring nvsvegistration in the manufacture of
semiconductor device wafers aceording to any of ¢laims 12 ~ 14, wherein said analyeer
iy also operative o caloalate a difference between suid first analysts results and said
second analysis results.

25
16, The svstem for measuring misregistration in the wmamufachpe of
semiconductor device waters according to any of clabms 12 - 15, wherein said parameter
adjuster adjusts said at least one parameter separately for misrsgistration measured along

a first axis and for misregistration measured alony a second axis.

i

3

The system for measuring misregistration i the manufacture of
septiconductor device walers according to any of claims 12 - 16, wherein said first

orientation and said second ortentation differ by 180 degrees.
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8. The system for weasuring misregistration in the manufacture of
7

senviconductor device wafers according to any of claims 12 - 17, wherein sgid image of

said frst periodic struchiure is a Talbot imags.

9, The system for messwing misrsgiStration in the manudbciure of
sensiconductor device wafers according o any of claims 123~ 17, whersin said image of
said first periodic structure 15 a Talbol image and said image of sad second penodic

structure is a Talbot image.

20, The system for measuring misregistration in the wenufachwe of
semiconductor device wafers according to any of claims 12 ~ 19, wherein said a1 least

one imager comprizes a single imager.

2L The system for measuring misregisiration in the manufacture of
semiconductor device wafers according o any of clabms 12 - 13, wherein said af least
one finager comprises oo fivst imager configured o fmege said Hst laver and 4 second

imager confipured to-image said second layer,

o

22 The svstemi for mieaswrmng misregistration in the wanuthchue of

b2

serpiconductor device wafers according fo any of clumg 12 — 21, wherein said
mulitlayered semiconductor device wafer comprises at least athird layer and said at Jeast
one misregistiation measwrement target comprises al feast a- third periedic structure
formed together with said at least thivd laverand having o thivd pitch and wherein:

said imager configured to image at least said first layer and said third layer
of said multilayered semiconductor device wafer in both a first and second oriemtation,
said imager employing light having al least one third wavelength that causes mages of
both said first periodic structure and sdid second periodic stnuctare to appear inat least
two planes that are mutually separated by a perpendicular distance greater than 0.2 uny
and

said parameter adjuster analyzes resulis of sald tmaging of snid first
periodic structure and said third periodic siructure, thereby gengrating analysis results and

adjusting at least one parameter of said system based on said analysis results,
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