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SYSTEM AND METHOD FOR MEASURING MISREGISTRATION OF

SEMICONDLUCTOR DEVICE WAFERS UTILIZING INDUCED TOPOGRAPHY

REFERENCE TO RELATED APPLICATIONS

jO00T] Reference is hereby made to US. Provistonal 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
Application Serial No., 62/805,737, filed February 14,2019 and entisled TARGET
DESIGN FOR TOPOGRAPHIC OVERLAY TARGETS, and U8, Provisional
patent Application. Sertal No. 62864323, fled hue 20, 2019 and entitled
METHOD  FOR  MBASURING  MISREGISTRATION  IN  THE
MANUFACTURE OF TOPOGRAPHIC SEMICONDUCTOR  DEVICE
WAFERS, the discloswres of which are hereby incorporated by reference in their

entirely and priovity of which is hereby claimed.

{00021 Reference is also wade 1o the following patents and patent applications of

the Applicant, which wre related Yo the subject matier of the présent apphication,

the disclosures of which ave hereby incorporated by reference:;

PCT Patent Publication No. WO 2016187468 entitled TOUPOUGRAPRIC
PHASE CONTROL FOR OVERLAY MEASUREMENT,

PCT Paient Poblication No. WO 2018034005, entitled SYSTEM AND
METHOD  FOR  GENERATING MULTICHANNEL  TUNABLE
ILLUMINATION FROM A BROAD-BAND SOURCE; and

PCT Patent Publication No. WO 2018/147108, entitled SYSTEMS AND

METHODS FOR METROLOGY WITH LAYER-SPECIFIC ILLUMINATION
SPECTRA.

FIELD OF THE INVENTION

PCT/US2020/018202
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Utted: The preseat mvention relates fo measurement of misrenisitation in the
mamsfacture of semiconduetor devices genevally.
BACKGROUND OF THE INVENTION

(0004} Various methods aond sysiems wie koown for measwrement: of
misregistration. in the wanufacture of semiconductor devicss. In. overlay
preasarement, the misregistration between & previous process {ayer and a current
resist fayver is measured. In many targets, such as with IDNAND and DRAM, the

vertical distance between these layers can be several microns.

[OO03Y A double grab was previously performed for overlay measurement. The
first layer is imaged i its proper focus in the first grab and the second layer s
imaged in #s proper focus i the second grab. However, for a double grab to
support. tetal measurement uncertaimty  (FMUD - requivements, the focusing
mechamsin ageds to be fully teleceniric and the XYZ stages should be noiseless
and drifi-legs. These specifications may be difficult © meet, $0 specifications

typically are relaxed.

(00061 In another previous example, the collection mumerical aperture (NA) was
reduced to morense depth of focus during overlay measwement. However,
incrgasing depth of focus by reducing collection NA reduces a svstent’s resolution
and ‘can yeguire & Jarget pich and trget size merease. Addibonally, Tower Haght

{ransmission through the optical systent may sccur, which reduges throughput.

(00071 Baproved svstems and methods of migregistration measurement gre

needed.

SUMMARY OF THE INVENTION

(0608}  The present invention seeks to provide imypwoved methods and systens for

measurement of misregistration in the manufacture of semiconductor devices.

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

imvention a method of measuring misregisiration in the mopufcture of

jaN]
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semitconductor device wafers including providing a multilaysred semiconductor

device walfer inchiding at leaat a frst laver and a second laver, the waler chading

ai least one misvegistration measwrement target formed thereon, the targst

including a first periodic structure formed-together with the first layer and having

5 a first pitch and a second periodic stracture formed together with the second layer
and having a second pitch, imaging the first laver and the second layer in a first

orientation with a misregistration metrology tool emploving hight having at least

one first wavelength that causes images of both the first periodic structure and the

second periodie structure to appear in al least two planes that are mutually

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

orientation, thereby generating first analysis results, imaging the fivst layer and

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

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

15 the first periodic structure and the second pericdic structure to appear m the at
feast two planes, analyzing results of the imaging of the frst periodic structure

and the second pertoadic structure in the second orientation, thereby generating

second analysis results, thereafter adjusting at least one parameter of the
misregistration metrology tool based on the first and second analvsis results and

pla] thereafter measaring suisregistration between the {irst laver and the second layer.

(0016} In accordance with an embodiment of the present invention, the at least
one parameter is operative to offset an error in nusregisiration measurement that
is due to poor telecentricity of the misregistration measurement. The at least one

parameter includes a setting of a {ook-mduced-shift knob.

25 LS In accordance with an embodiment of the present invention the method
also inclodes calendating a difference between the first analysis results and the

second analysis results.

160121 The at léast one parameter s adjusted sepurately for misregisiration
measered along a first axis and for misregistration measured along a second axis.
30 In accordance with an gmbodiment of the present jovention the first orientation

and the second orientation differ by 180 degrees,
3
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FO0T3] In accordance with an swbodinnest of the present invention, the image of
the first peviodic struciure ¥s a Talbot iimage. Aliernatively, in accordance with an
entbodiment of the present wvention, the image of'the first periodic stracture is a

Talbot image and thedmage of the second periodic siructure is a Talbot image.

(00141 In accordance with an ambodiment of the present invention, the imaging
the first faver and the second layer are performed by a sinpgle Imager
Alternatively, 1n accordance with an embodiment of the present invention, the
imaging the first layer is performed by a first imager and the imaging ol the second

tayer is performed by a second fmager.

(00151 o accordance with an embodiment of the present invention, the
multilayersd semiconductor device water includes at least a third laver and the at
feast ouie misregistration measurement target includes at gast a thivd periodic
structure formed together with the at feast third laver and baving a third pitch and
wherein the wethod also includes imaging the first laver and the third laver in g
first orientation with the myisregistration metrology tool employing light having at
feast one third wavelength that causes images of both the first laver and the third
fayer to appear in gt least fwo planes that are nutually separated by a perpendicular
distance greater than 0.2 wm, analvzing results of the imaging of the first layer
and the third laver w the Srst orfertation thershy generating third onalysis vesulls,
imaging the first layer and the third layver i a second orientation with the
misregistration metrology ool employing light baving the at leaxt one third
wavelength that canses images of both the first laver and the third layer to appesy
it the at feast two planes and analyzing results of the imagmg of the first layer and

the third layer i the second orientation thersby generating fowth analysis resulis.

(016} There & also provided in accordance with another embodiment of the
present invention a system for measuring misregiateation ivthe manufactare of
semiconductor device wafers, the system including at Teast one imager, imaging
in both a first and second orientation at least a first layer and a second layer of a
nuuftilavered semiconducior device wafer, the wafer inclading at least onpe
misregistration measurement larget formed thereon, the target includimg a frst

periodic structure formed together with the first faver and having g frst pitch and
4
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a second perindic structurs formed together with the second layer and having a
second pitch, the at feast one lmager employing Hght baving ot least one first
wavelengih that causes images of both the first pediedic structure and the secobd
periodic structure to sppear in st least two planes that are mutually separated by a
perpendicalar distance greater than 0.2 pm and a parameter adjuster analyzing
results of the maging of the first layer and the second layer in the fivst orientation,
thereby generating first analvsis resulis, analyzing results of the imaging of the
first layer and the second layer in the second orientation, thereby generating
second analysis results and adpusting at least one pavameter of the system based

on the analysis resuls,

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The present invention will be understood and appreciated more fully from

the {ollowing detstled description, taken in comjunction with the drawings

which:

Fig. 1 is a simplified schematic Hlustration of an embodiment of a syatem

for measuring mistegistration i the mavufactare of semiconductor device wafers;

Fig. 2 is a simplified schematic Hlustration of an additional eyabodiment
of a system for measuning nusregistration in the manufactwre of semiconducior

device wafers; and

Fig. 3 1s a simplified fowchart ihstrating a method of measuning
misregistration i the manudacture of semiconducior device walers atlizing either
of the systems for measuring misregistration in the manufacture of semiconductor

device walers of Fig. 1 or Fig. 2.

i
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DETAILED DESCRIPTION

(O8] R iy appreciated that the system and method described hersin with

reference o Figs. 1 = 3 form part of & manufuctiving process for semiconductor
devices, and the misregistration measured by the system and methed described
hersin with refersnce to Figs. 1 - 3 is used to adjust fabrication provesses of the
senuconductor devices to more closely align vanious lavers of the senuconducior

devices being fabricated.

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

illustrations of embodiments of a system for megsuring misregistration in the
manufacture of semiconductor device wafers. Fig. 1 includes illustrations in threg
different dimensions, indicated by x-, v~ and z-axes, the three dimensions being
referved to hereinafier as s -y plave, sn x-2 plane and a y-z plane, respectively:
Tis noted that Fig. | penernatly Hustrates the x-v plang, while enfargements A, B

and C of Fig. 1 illusirate planes pacalle! to the x-2 plave.

(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~direction, and a second
offset grantifier 120 to quantify offset in the y-divection. B is noted that as nsed
herein, imager 110 is part of an illumination system. A tvpical imager 110, offset
guantifier 118 and offSel quantifier 120 are the maget and offsel ‘quantifiers
included 1 a misregistration metrology tool, such as the one described in PCT
Pyblication Nos, WO 2016/ 187468, WO 2018/034908 and WO 20187187108, the
diaclosures of which are hereby incorporated by reference. It is noted that imager

110 has a low-lumination mamerical aperture, such as below 0.3 or below 0.2

(00211 H s appreciated that, while in the illustrated embodiment shown in Fig. 1,

first offset quantifier 118 and second offset quantifier 120 are shown as hardware
components and may be smplemented as such, they are implemented as soflware
components, 1s further noted that system 100 includes a wol-induced-shift {T1IS)
knob 121, which may be adjusted fo offset TIS error in miisregisiration
measwrements, particularly TIS error that is due o poor telecentricity of

nugsregistration measurement by svstem 100 TIS knob 121 can be operative ©

&
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offset TIS arrar 1n the x- and v-directions independently. 11 ix appreciated that,
while in the Hostrated embodiment shown in Fig. 1, TIS knob 121 ts showitas a
hardware component and may be implemented as such, i can be buplemented as

a software component.

(0022 Imager 110 is operative fo image at least & fivst laver 122 and a second

faver 124 formed on a multilayered semiconductor devive wafer including at least

one misregistration measurement target 130

(00231 In an instance, the imager 110 can inclode an illumination sowce o

generate an illumination beam. The Hlumination beawmn may include one or wore
selected wavelengths of light mcluding, but not limited to, vacuum aliraviclet
radiation {(VUV), deep uliraviolet sadiation (DUVY, uliraviolet {1V} radiation,
yisible radistion, or mfared {IR) radiation. The tHhumination source may farther
generate an dlumination beam including any range of selected wavelengths. In
another embodiment, the Hlumination source may nchade a spectrally-tunable

iltumination source to generate an tumination beam having o tunable spectrom.

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

pathway, such as an ilumination pathway with one or more lenses or additional
aptical components switable for modifving and/or conditioning the ilhumination
bean. For sxample, the one or more optical componenis may tachude, but ave not
timited to, one-or more polarizers, one or mpre filiers, one o more beam splitters,
one or more diffusers, one or more homogenizers, one or nore apodizers, or one
or more beam shapers. By way of another example, the one or more optical
components may inclade aperhure stops to control the angle of Humination on the
sample and/or field stops o control the spatial extent of ilummation on the
sample. The mulilayered semiconductor device wafer can be dispused on u
sample stage. The sample stage may include any device suitable for positioning
the muliilavered senniconductor device wafer. For example, the sample stage may
inglude any combination of linear translation stapges, rotational stages, tip/tilt

stages or the ke,

~1
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fO2sy o another embodiment, the imager 11 includes or 15 coupled with a

detector confipwred o capture radiation emanating from the meltilayvered
semiconductor device waler through o collection pathway. For example, the
collection pathway may nclede, but is not limited to, & collection lens {eig., an
objective lens) or one or more additional collection pathwvay fenses. The vollection
pathway may further inclode any muonber of optceal elements 1o divect andior
modily thunination collecied by the obiective lens including, but not Himited to,
ane or more collection pathway lenses, one or more filters, one or more polarizers,
or one or more beam blocks. Additionally, the collection pathway may nclade
field stops to control the spatial extent of the sample imaged onto the defector or
aperture stops to control the angular extent of Humination from the sample used
{0 generate an image on the detector. By way of another example, a detector may
receive radiation reflected or scattered (2g., via specular reflaction, diffuse
reflection, and the like} from the multilavered semiconductor device wafer, By
way of another example, a detector may receive radiation generated by the
malttaversd semiconducior device wafer (o.g., lununescence associated with

absorption of the llumination beam, or the like).

0261 The detector may welude sy type of optical detector known in the ant

suitable for mensuring Humination recetved from the multilavered semiconducior
device wafer. For eoample, a detector tay include, but is not Himited to, o CCD
detector, a TDI detector, & photonwiliphier tobe (PMT), an avalanche photodiode
{APD), or the like. In another embodiment, a detector may include 8 spectroscopic
detector suitable for idemtifving wavelengths of radiation enanating from the
sample. In another embodiment, the imager 110 may melude multiple detectors
(e.g., assoctated with multiple beam paths generated by one or more beamsplitters

to facilitate multiple metrology measuraments by the inager 110,

(00271 it is appreciated that first layer 122 and second laver 124 can be formed

such thatthey are motwlly seperated by a perpendioudar distancs in the z=direction
of between 0 gy~ 0.2 pnt v an example. The wmaterial between fiest layer 122
and second layer 124 can have an index of refraction, designsted n, and is at least

partially transparent to photons,

PCT/US2020/018202
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fOt2R] Enlargements A, B and C of Fig. | show sectional enlargements of farget
P30 o planes parallel 1o the - plane. It I8 noted that other features of the

semiconductor device wafer on which target 13035 formed are not shown.

(00291 Misregistration measwrenient target 130 can include s first periodic
S structure 140 formed together with first layer 122 and characterizad by a fist
pitch, designated N, and fying o a plane 141, Misregistration measursiment target
130 further includes a second periodic structure 142 formed together with second
fayer 124 and characierized by a second pitch, designated P, and lving in a plane
144,

10 (00361 H s appreciated that for the sake of clarity, in Fig. 1, planes 141 and 144
are shown at the top surfaces of first and second lavers 122 and 124, respectively;
however, planes 141 and 144 may be any planes lying within layers 122 snd 124,
fespectively, that are parallel tothe top subfaces of firstand second layvers 122 and

124, raspectively,

15 (00311 It is noted that target 130 can inchade tvo periodic strocture sets 146 and
two periodic struchwe sets 148, each of perfodic structure sets 146 and 148
including both periodic structores 140 and 142, Periodic structire sets 146 and
148 appear in farget 130 in different mutually orthogonal orientations, giving
targst 130 rofational symimefry. In one embodiment'of the present invention, other

20 thars with respect (o their orientation, each of periodic stincture sets 146 and 148
may be wdentical to each other. In another embodiment of the present invention,
periodic stractures 14€ and 142 wcluded in pertodic structure set 146 have
different pitches than periodie structures 140 and 142 included in periodic

structure set 148,

25 [0032]  fmager 110 can employ lght having at least one wavelength Ay that causes
at least ong Talbot imags 150 of first peviedic sttucture 140 to appear directly
wnderbving first periodic stracture 14030 & plane 152, as seen particddarly
enlarperments A and B of Fig. 1 Wis appreciated that since plang 152 s parafed

to the x-v plane and Talbot image 150 divectly underlies first periodic structure
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140 i plane 152, Talbot image 15018 not visible in the central area of Fig. 1.

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

[ERI331 In an embodiment of the present invention, plane 152 containing Talbot

image 150 appears at @ perpendicular distance, designated D, in the w-direction

S from plang 141 due to the Talbof effect It is apypweciated that although in
enfargements A and B of Fig. 1, Talbot image 150 is shown as baving athickness,

Talbot image 150 has no thickness in the z direction. It s further appreciated that

since Talbot timage 150 appears directly underlying first periodic structure 140,

the offset between second perindic structure 142 and (st periodic structure 140,

10 when imaged i one o more -y planes, is identical 1o the offset between second
periodic siructure 142 and Talbot tmage 130, when Imaged in one ov more x-y

planes.

(0034}  Perpendicular distance D, betwiien plane 11 of firsd periodic structure 140

and plane 152 of Talbot bmage 150, i3 partially determined by wavelengih A of

15 hight used by imager 110, as well as by pitch N of first periodic structure 140 and
by index of refraction n of the matenial between first periodic structare 140 and

Talbol image IML The relationship betwesn perpendicuiar distance Dy

wavelengih Ay, pitch N and index of refraction n is defined in eguation 1:

S Ay e
R e (Eq. D)
. i £33y >
=y
20 (00381 Inoan embodiment of the present invention, pitich N and wavelenpgtl dy wre

chosen such that planes 132 and 144 arg munally separated by 8 perpendicular
distance 136 m the z~direction that i greater than 0.2 juy, thereby invreasing the
sensitivity 1o TIB error of nuisregistration measurements laken by system 100, In
one embodiment of the present invention, bmager 110 images target 130 using

25 more than one wavelength of hight.

[oi3al Forscample, if st layer 122 sod second layer 124 ave nautually separated
by a perpendicelar distance of .1 o and index of refraction v of the material
between Talbot image 150 and second pertodic structure 142 18 146, pitch N of

first periodic structure 140 is chosen 1o be 1.0 ym and imager 110 images target
H
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F30with Tight having atleast one wavelength of 808 nn so that plane 152 appears

inan x-v plane 1.36 gm below plane 144,

[ERI7E As another example, if first laver 122 and second layer 124 are mutually

separated by aperpendicular distance of .05 wm and index of vefraction n of the
matertal betwesn Talbot image 1530 and second periodic structure 14215 2.0, puich
N of fivst periodic stracture 40 is chiosen to be' 1.6 pin and imager 110 images
target 130 with light having at least one wavelength of 800 nm so that plane 152

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

[OO381  to the two examples described herein, offtet quamiifiers 118 and 120

measwre offset in the x-direction and y-direction, respectively, between images of
Talbot image 150 and second periodic stracture 142, Thas, system 100 i
operative to capture inisregistration dutn between first layer 122 and second laver
124 that 15 sensitive o TIS error, and provides usefd data for the adjustment of
TIS kneb 121,

(00391 A parameter adjuster can include 3 modale that adjusts the TIS koob 121,

which adjusts to offset TIS ervor in ruisregistration measuwrements,

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

software components run oh one of more processors configwred o execute
progrant instructions maintained on & memory median, 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 not limited to, mewology data {e.g.. alignment
megserement rosults; inages of the target, pupil images, and the like) or metrology
medrics {e.g., preciston, tool-induced shifi, sensitivity, diffraction effictency, and
the like). For example, the processors can receive data from the fmager 110, The
ang oF more processors may include any processing element known m the art. In
this sense, the one or more processors may inchude any microprocessor-lypes
device conligured to execute slgorithms andior tnstructions. In one embodiment,
the one or more processors may be purt of @ deskiop computer, mainframe

computer svstem, workstation, image compater, parallel processor, ov any other

i
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WO 2020/168142 PCT/US2020/018202

computer system {gp., networked compuisr) confluured o execute § program
confipred to operate dmager 110, Tt is further recognized that the term
“processor” may be broadly delived (o encompass sy device having one or move
processing elements, which execute program instructions from g non-transitory

memory medium.

(00411 Alemnatively, imager 110 may employ Hght having at least one
wavelength Rz thet causes al least one Talbot fmage 160 of second periodic
structure 142 to appear divectly overlying second periodic structure 142 in g plane
162, as sesn partivulaly in enlargements A and C of Fig. 1. Ui appreciated that
since plane 162 i3 paralfel to the x-y plang and Talbot iuage 160 dirsctly overhes
second periodic structurg 142 1n plane 162, second perlodic structure 142 is not

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

(00421 in an embodiment of the present invention, plane 162 containing Talbot
tmage 160 appears at a perpendiculay distance, designated E, in the 2-divection
from plane 144 due to the Talbot effect. K ix appreciated that although in
enlargements A and C ol Fig. 1, Talbot tmage 160 is shown as having a thickness,
Talbot tmage 160 hasno thickness in the » divection. It is further appreciated that
since Talbot image 160 appears directly overlving second periodic stragcture 142,
the offset between first periodic structure 140 and second pertodic structure 143,
when imaged in one or more x-y planes, is identical to the offset between first
periodic structure 140 and Talbot mage 160, when imaged in one or more X~y

planes.

(00431 Perpendicular distance E, between plane 144 of second periodic sfrocture
142 and plane 162 of Talbot tmiage 161, is deternuned by wavelength Az of hight
used by imaper TIY, as well as by pitch P of second peciodic structre 142 and by
index of refraction n of the material betwesn second periodic structurs 142 and
Talbol image 160, The relationship between perpendicalar distance E, wavelength

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

{Eq. 2)
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fOtkd4] 1o an arabodiment of the prosent invention, pich P and wavelenpth Az are

chosen such that planes 162 and 141 are mutually separated by o perpendicular

distance 16610 the wdirection that is greater than 0.2 pun, (hereby incressing the

senstitvity to TIS error of mistegistration measurements taken by svstem 100, In

5 one gmbodiment of the present invention, inager 11{ umages fargel 130 asing

more than one wavelength of light.

fo045]  Forexample, ¥ first layer 122 and second Jayer 124 ave mulually separgted

by a perpendicudar distance of 0,15 ym and index of relraction n of the matenal

betwesn Hrst perindic structure 140 and Tathot image 180 s 146, pitch P of

10 secopd perrodic structure 142 38 chosen 1o be 124 wm and imager 1 HY images
target L0 with light having at Teast one wavelength of 700 nm so that plane 162

appears in an x-v plane 3,407 pm above plane 141,

00461 As another example, if first Javer 122 and second layer 124 are mutually
separated by a perpendicular distance of (.1 um and Index of reftaction n of the

15 material between first periodic structure 140 and Talbot image 1601 2.0, piich P
of second pertodic siructure 142 15 chosen to be 1.0 wn and imager 110 images

target 1340 with light baving at least one wavelenpth of 800 am so that plave 162

appears i an x~y plane 2.1 wn above plane 144,

(471 I the two examples described hevein, offSet quanifiers 1S and 120

20 measure offvet in the x-dirgction and y-direction, respeciively, between nages of
first periodic structure 140 and Talbot tmage 160, Thus, system 10¢ is operative

10 capture misregisiration data betwean first layer 122 and second laver 124 that

is sensitive to TS errov, and provides usefal dofa for the adjustment of TIS kaob

121

25 (o048 B gu sdditional embodimeent of the present invention, piich N and piich B
are chosen such that when inwager 110 uses at least oug wavelength A3, Talbot
inages 150 and 160 appear in plaves 132 and 162, respectively, which are
respective parpendicular distaniges D and E frone first and second lavers 122 and
124, respectively. In such a case, perpendicular distances D and E are chosen such

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

i3
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the w-direction that is graater than 82 pm, therebv increasing the sensitivity 10 TIS

arror of nusregistration measuraments taken by system 100,

e The relationship beltwesn perpendicular distance D, wavelength A3, pilch
. ¥ pery 3 i

N sngd index of refraction n is defined in equation 3

L . :
i)

(0080}  The relationship between perpendicular distance £, wavelength s, pitch P

and index of refraction wis delined tn equation 4,

(00311 I one smbodiment of the present invention, imager 1 10 images target 130

using move than ove wavelength of Heht.

(00321 Forexample af first layer 122 sud second layer 124 gre wataally separated
by a perpendicular distance of 8.1 pm and index of refraction w of the material
betwesn Talbot image 150 and Talbot image 160 1s 1,46, pitch N of first periodic
struchve 140015 chosen to be 1.0 oy, piich P of second periodic strachure 142 i
chosen to be L6 wm, and imager 110 images torget {30 with light having a
wavelenzth of 800 nm. Thus, plane 152 appears at a perpendicular distance D of
146 pm below first laver 122 and plane 162 appears at a perpendicular distance
Eof 438 um dbove second laver 134 Thus, Talbot fmage 1530 and Talbot image

164 are separated by 394 uny

(00331 As an additional example, i first laver 122 and second layer 124 are
matually separated by a pevpendicular distance of (1.02 pum and index of reftaction
wof the material between Tatbot image 150 and Talbot Image 16018 2.0, pitch N
of first periodic structure 140 is chosen to be 1.0 pm, pitch P of second periodic
structure 142 is chosen to be 1.6 wm, and imager 110 images target 130 with light

having a wavelength of B0O am. Thas, plane 152 appears af a perpendicular

i4
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distange . D of 2.0 pm below fust layer 122 and plane 162 appems at g

perpendicular distance E of 6.0 wm above second Taver 124,

iS4 In the two examples described herein, offses ‘quantifiers 118 and 120
mgasure offset i the x-dirsction and y-dirgction, respectively, between images of
Talbot imags 150 and Talbotimage 160, Thus, svstem 100 s operative to capture
misregistration data between first laver 122 and second layer 124 that is sensitive

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

(00551 Hs appreciated that system 100 as deseribed herein with refevence to Fig.
1 may also be used in a fabrication process inchuding forming a target having three
or more layers. In a case wherein sysiem 100 ncludes a target having three or
more layers, each Jayer of the target inclades one periodic stracture formed
together with a corrgsponding laver of the semiconducior device wafer whose
mistegistration 13 10 be messurad. ¥ is noted that such & target can nclude two
peviodic structure sets, each pertodic structore set including all perivdic stractares
in the target. Fach of the two pediodic siructure sets, forming the target, can be
formed o different mutually orthogonal ontentations, giving the targel rotational
sypunetry, s appreciated that other than with respect o thelr origntation, sach
of the periodic structure sets may be dentical to sach other. It is appreciated that
the nuisregistration of any two layers of such o multilavered semtconductor devics
wafer can be measured by system 100 by comparing the misregistration of the

periodic structures on those two layers, as described herein,

00361 Turning now o Fig. 2, H is seen thal Fig. 2 includes lustrations in three
different dimensions, indicated by x-, y- and z-axes, the three dimensions being
referred to hereinafier as an x-v plane, an x-z plane and g y-z plane, respectively,
Tis noted that Fig, 2 geserally illustiates the x+v plave, while ealargemients A, B

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

POS71 Asseenin Fig 2, i a hrst embodiment, system 200 inchudes a first imager

210, a second imager 212, ¢ first offet quantifier 21 %40 quantily offset in the x-
direction, and a sscond offset quasntifier 220 (o quamify oifset in the v-direction
It 1s noted that as used herain, mager 210 18 part of an lumination system, A

i3
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typical first imager 210, second imager 212, offset quantifier 218 and offset
guantifier 220 are the inagers and offSet quontifiers incheded i g pusregistration
metrology ool such as the one described 1 PCT Publication Nos. WO
2016/ 187468, WO 2018/034908 and WO 201 8/18710R the disclosures of which
5 are hereby incorporsted by reference. 1t is noled that first mmager 210 and second
imager 212 both have a low-ithanination numerical apertore, such as below 0.3 or
below 0.2, The first inager 210 and second imager 212 may be similar 1o the
inager 114, The first offset quaniifier 218 and second offset quantifier 220 may

be similar to the first offset quantifier 118 and second offset guantifier 120,

10 OHIaR] H is appreciated that, while in the Hustrated embodiment shown i Fig: 2,
first offset guantifier 218 and second offset quantifier 220 are shown as bardware
components and may 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 adjasted to offset TIS error n misregistration
megsurgnnents, particnlarly TIS ewror that is due 1o poor telecentricity of
misregistration measurament by svstem 200, TIS koob 221 can be operative w©
offset TIS srror in the x- and yedirections independently. It is appreciated that,
while in the illusirated embodiment shown 1 Fig. 2, TIS knob 221 isshown as a
hardware component and may be implemented as such, it can be tmplemented as

20 a software component,

00591 First imager 210 i3 operstive toimage at leasta first fayer 222 formed on
a muliilsvered semiconductor device waler including st least one misregistration
messurement target 230, Second imager 212 is operative (o image at least a second
fayer 224 formed ona mulitlayered semiconductor device walsr including at least

5 misregistration measurement target 230,

o0} H is appreciated that first laver 222 and second layer 224 can be formed
such that they are mutually separated by a perpendicuolar distance in the z-direction
of between {§ pm ~ (1.2 pm. The material between first laver 222 and second laver
224 can have an index of refraction, designated n, and is at least partially

30 transparent to photons,

16
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foiel ] Enlargementis A, B and Cof Fig. 2 show sectiona! enlargements of target
230 i phney parallel o the ¢ plane. It i noted that other features of the

semiconductor device wafer on which target 230 35 formed are not shown.

[0062]  Misregistration measwrenient target 230 can include a first periodic
structure 240 formed together with frst layer 222 and charactenized by a first
pitch, designated 3, and fying o a plane 241, Misregistration measursiment target
230 further includes a second periodic structure 242 formed together with second
layer 224 and characterized by a second pitch, designated R, and lving ia a plane
244,

(0063} His appreciated that for the sake of clarity, in Fig, 2, planes 241 and 244
are shown at the top surfaces of first and second lavers 222 and 224, respectively;
however, planes 241 and 244 mgy be sy planes lying within layers 222 snd 224,
fespectively, that are paraliel tothe top subfaves of first aind second layers 222 and

224 raspectively,

00641 it 1 noted that target 230 can inchude two periodic strocture sets 246 and
two periodic structure sets 248, each of periodic stroctire sets 246 and 248
including both periodic structures 240 and 242, Perindic stracture sets 246 and
248 appear in target 230 i different mutually orthogonal orientations, giving
targst 230 rofational symimetry. In one embodiment'of the present invention, other
thars with respect to their orientation, each of periodic stmcture sets 246 and 248
may be wdentical to each other. In another embodiment of the present invention,
periodic stractures 240 and 242 wcluded in peniodic structure set 246 have
different pitches than periodic structures 240 and 242 included in periodic

structure set 248,

[O06S]  First rager 210 can employ Kght having at least one wavelength Ay that
catises at least ong Talbot tmage 280 of first periodic structivg 241 1o appear
directly underlying first periodic structare 240 in g plane 252 as seen particudarly
i enlargements A and B of Fig. 2. 1t is appreciated that since plave 232 s parallel

to the x-v plane and Talbot image 250 divectly underlies first periodic structure
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248 i plane 252, Talbot image 25015 not visible in the central aren of Fig. 2,

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

el In an embodiment of the préosent invention, plane 252 containing Talbot

image 250 appears at g perpendicular distance, designaied F. in the s-direction

S from plang 241 due to the Talbof effect It is apypweciated that slthough
enfargements A and B of Fig. 2, Talbot image 250 is shown as baving athickness,

Talbot image 250 has no thickness in the z direction. It s further appreciated that

since Talbot image 250 appears divectly underlying first periodic structure 240,

the offset between second periadic stracture 242 gud first periedic structure 240,

10 when imaged i one o more -y planes, is identical 1o the offset between second
periodic sivucture 242 and Talbot tmage 230, when Imaged in one ov more x-y

planes.

[00671 Perpendicular distance F, between plane 241 of first periodic structure 240

and plane 252 of Talbot smage 234, is determined by wavelength As of Helt ased

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

Talbot image 2530, The rélationship between perpendicular distance B, wavelength

14, pitch Q and index of refraction n is defined in equation S:

F o= =X ; {Eq. %)
o ()
i ) 3 2
20 (0068} o an emboditent of the present invention; pitch Q and wavelength haare

chosen such that planes 252 and 244 are mutually separated by a perpendicular
distance 256 in the w-direction that is greatey than 0.2 jm, thereby increasing the

sensitivity to TIS error of misregistration measuraments taken by system 200,

[o069] For example, if frst layer 222 and second fayer 224 are nutually separated

13
1

by & perpendicular distange of 01 o snd index of refraction noof the material
between Talbot image 250 and second laver 3248 1,46, pitch ©Q of first periodie
stracture 240 is chosen 1o be .58 wun, {iret imager 210 timages Tirst layer 222 with

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

18
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second layer 224 with light having any suitable wavelsngth so that plane 252

appears i an -y plane 1.1 uoy below plane 244,

[i7a] As another example, if first laver 222 and second layey 224 are mutually
separated by aperpendicular distance of 0.07 wm and index of vefraction n of the

S material between Talbet image 230 and second layer 224 is 2.0, pitch Q of first
periodic stractare 240 is chosen tobe 14 pm, finst imager 210 images first layer

222 with light having at least one wavelength of 600 mn asd second imager 212

images second layer 224 with light baving any suitable wavelength so that plane

252 appears in an x-y plane 2 26 pm below plane 244,

10 fon71} In the twir examples described hersin, offSet quantifiers 21¥ and 220
measwre offset in the wdivection and v-direction, respectively, between images of
Talbot fmage 250 token by first imager 210 and second periodic structure 242
taken by second imager 213 Thus, system 280 is operative {0 Capture
misregistration data between {irst laver 222 and second laver 224 that is sensitive

15 1o TIS error, and provides useful data for the adpustment of TIS knob 221

(00721 Alternatively, second mager 212 may employ hght having at least one
wavelength 2z that causes at least one Talbot imapge 260 of second periodic
struchure 242 to appear divectlv overlyving second periodic structure 242 in a plans
262, as seen particelarty w enlarpemients Aand C of Fig: 2. Mt is appreciated that

20 since plane 262 is parallel 1o the x-y plane and Talbot buage 268 divectly overlies
second periodic structure 242 mn plane 262, second periodic struchire 242 s not

visible in the central area of Fig. 2, which shows an x-v plane view of target 230,

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

fmage 260 appears at 8 perpendicular distance, designated G, in 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 260 is shown as having a thickness,

Talbol mage 260 has no thickness in the 2 direchion. I 15 further gppreciated that

since Tathol image 260 appears divectly vverlying second periodic structure 242,

the offset between first periodic structore 240 and second periodic structiwe 242,

30 when imaged in one or more x-v planes, is identical to the offset batween firgt

1y
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periodic strncture 240 and Talbot image 260, when imaged in one or mowe -y

planes.

[i74] Perpendicular distance G, between plane 244 of second periodic structure

242 and plane 262 of Talbot image 260, is determined by wavelength s of Hght

5 used by szcond tmager 212, as wellas by pitch R of second periodic structure 242
and by mdex of refraction n of the material between second periodic structure 242

and Talbot fmage 260. The relationship between perpendicular distance G,

wavelength s, pitch R and index of refraction n is defined in equation &:

Ag

G === - {Eg. 6
[N . !
i)
10 o675} in an embodiment of the present invention, pitch R and wavelength As are

chosen such that planes 262 and 241 are mutually separated by a perpendicular
distance 266 in the w-direction that is prester than 0.2 g, thereby increasing the

sensitivity to TIS error of misregistration measurements taken by system 208,

(60761 Forexample, if frst laver 222 and second laver 224 are mutestly separated
15 by & perpendicular distance of .05 ym and index of refraction n of the matetial
between first layer 222 and Talbot imgge 260 i 146, pitch R of second periodic
structure 242 is chosen 16 be 1.2 pm, second mager 212 images second layer 22
with Hght having at least one wavelength of 350 nm and first imager 210 images
first laver 222 with light having any suitable wavelength so that plave 262 appears

20 in an x-y plane 3.7 pm sbove plane 241,

{0771 Adanother example, 18 fivst layer 222 and second laver 224 are matually
separated by a perpendicular distance of 0.1 pm and index of refraction nof the
naterial between first layer 222 ard Talbot nnage 260 1y 2.0, pueh R of second
periodic structore 242 is chosen to be 1.0 am, secomd imager 312 images second

25 layer 224 with Hght baving at least one wavelength of 600 nm and first imager
21 images first fayer 222 with Light having any suitable wavelength so that plane

262 appears in an x~y plane 3.1 pm above plane 241

2
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FOOTRY In the two examples described herein, offset guaniifiers 218 and 220
mensure offset i the x-divection and y-direction, respectively, betwesn itnages of
Talbol image 260 taken by second mmager 212 and first periodic shucture 240
taken by first imager 210 Thus, system 200 iy operative to caplure nusregisiration
data betwesn first laver 222 and second laver 224 that is sensitive 1o TIS ervor,

and provides useful data for the adjustment of TIS knob 221,

[00791  hoah addiional embadiment of the present ivention, pitch Qand pitch R
are chosen such that when first imager 210 uses a wavelength A+ and second
imager 212 uses awsvelength A5, Talbot images 258 and 260 sppear in planes 252
and 262, respectively, which arg respective perpendicolar distances Fand G from
first and second layers 222 and 324, respectively. In such a case, perpendicolar
distances T and & are chosen such that plaes 252 and 262 wre mutually separated
by a perpendicular distance 268 in the z-direction that is greater than 0.2 um,
thereby increasing the sensitivity o TIS error of misregistration measurements

taken by systein 200,

[O0RG]  Forexanmple, 1f first layer 222 and second layer 224 gre mutually separated
by a perpendicular distance of L8 um and index of refraction n of the material
betwesn Talhot image 250 and Talbot invage 260 is 1.46, pitch Q of first periodic
structure 240 is chosen to be 0.58 pm, pitch R of second periodic structare 242 is
chosen to be 1.24 gm, first imager 210 images first layer 222 with Hght having 8
wavelength of SO0 nm and second imager 212 images second layer 224 with heht
having a wavelength of 700 nm. Thus, plave 252 appears at a perpendioulay
distance F of 073 am below firgt laver 222 and plane 262 appears at g

perpendicudar distance G o' 2.92 pm above second layer 224

[O08Y]  As an additional example, o first Taver 222 and second layer 224 are
mntually separated by a perpendicular distance of 1.5 g and index of refraction
1 of the materig] between Talbot image 250 and Talbot image 20018 2.0, pich Q
of first periodic structare 240 is chosen to be 1.24 ym, pitch R of second periodic
stroctare 242 is chosen to be 1.2 pm, fivst imager 210 images first layer 222 with
Hght having a wivelength of 700 ran and second tmager 213 images second layer

224 with hight having a wavelength of 550 nm. Thus, plang 252 appears at g

R4
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parpendicntar distance F of 4.0 am below first laver 222, and plane 262 appears

at a perpendicudar distance G of 5.0 un above second layer 224

[l In the two examples described herein, offses ‘quantifiers 218 and 220
mgasure offset i the x-dirsction and y-direction, respectively, between images of
Talbot image 250 taken by first imagey 210 and of Talbot tmags 260 tuken by
second fmager 212, Thus, system 200 {s opsrative (o capture misvegistration data
between first layer 222 and second layer 224 that 15 seositive to TIS error, and

provides useful data for the adjustmers of T18S knob 221,

(0083} His appreciated that system 200 as described herein with reference to Fig,
2 may also be used in a fabrication process including fornung a target having thres
or more fayers. In a case wherein sysiem 200 includes a target having three or
more lavers, each layer of the target inchules one perindic structure formed
fopether with a corresponding laver of the semizonductor device wafer whose
wusregistration Iy 10 be measured. I is noted ihat such & target can tchude two
periodic structure sets, each periedic structure set including all periodic structures
in the target. Each of the two periodic structure sets, forming the farget, can be
formed in different mutually orthogonal orientations, giving the target rotational
symmetry, Wis apprecigied that other than with respect 1o thelr orientation, sach
of the perindic structuve sets may be identical to each other, It iy appreciated that
the misregistration of any two lavers of such a multilayered semiconductor device
wafer can be measured by system 200 by comparing the misregisiration of the

periadic structures on those two lgvers, as described herein

0084} Reference s now made fo Fig. 3, which 15 a stmplified fowchant
usirating & method 360 of measuring nsvepisiration in the wmanufachre of
semicondacior devive wafers ulilizing either of systenss 100 or 200 for measuring
misregistration i the manufacture of senvconducior device wafers, as describad

herein with reference to Figs. T and 2.

(00851 As seen af g first step 302, a nultilayered semiconductor device wafer
having at least one suitable target, such as target 130G or 234, is provided. A
suitable farget can include at least a first periodic structre formed together with

P,

i



WO 2020/168142 PCT/US2020/018202

a fivst laver of the mulitlayered semiconducior device walkt having a first pitch,
and 4 second periodic structure formed together with a second laver of the
multifayered semiconducior device wafer having a second pitch. Stmidarly, a
target having three or more layers, ss deseribed hergin with reference to alternate

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

00861 As segn at a nest step 304, the target provided in step 302 is imaged in a
fivst orientation. As described heremn with reference {o Figs. 1 and 2, in an
embodiment of the present invention, characteristics of the target and the hight
usad {0 inage the target are chosen such that at least one Talbot image of at least

10 one layer of the target appears in 8 plane that is separated from an mage of the

other layer of the targel by a perpendicular distance preater than 0.2 Jam.

[0087] Also ab stey 304, the results of the imaging performed at step 304 are
analyzed, which can generate Srst analysis resulls including a fivst nusregistration

value betvween the first and second layers of the senconducior device wafer.

15 0088} Following step 304, at a next step 306, the target provided in step 302 is
fmaged in a second orientation. The second orientation may differ from the first
arientation of step 304 by 180 degrees rotation in an x-y plane. As described
herein with reference to Figs. 1 and 2, in an embodiment of the present invention,
characteristics of the target and the Hyht used o image the larget are chosen such

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

distance greater than 0.2 gm.

[00R9Y  Also at step 306, the resulis of the imaging performed at step 306 are
analyred, which generates second analysis resolis wncluding a second
25 nusregistration value between the first and second lavers of the semiconductor

device wafer,

PRI Ata next stey 308, the fivst and second misregistration values penerated at

steps 304 and 306, respectively; are compared. I a difference between the first

o
i
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and secomd nusregistration values does not excesd a pre-determined threshold,

method 306 ends at a next atep 3

[l Thivd and fowth analvsis results can be genergted from analysis of the first
taver and the third layer in a first orientation or second orientation, respectively.
5 The third and fourth analysis results may be stmilar fo the first and second analysis

results.

00921 If the difference between the first and second misregistration vahies does
exceed a pre-deternined threshold, method 360 procesds 1o a next stép 312, at
which TIS knob 121 or 221 is adjusted to offset TIS error in misregistration

10 megswrements, as indicated by the difference between the first and second
misregistration values, such as using a parameter adjuster. Specifically, the
adjustnent of TIS koeb 121 or 221 st step 312 offsets TIS srvor that iz due to poor
telecentricily of musregistration measurement by system 100 or 200, TiS knob 121
can be adjusted to offset TIS ervor in the x- and y-directions tndependemly. Ttls

15 appreciated that by adjusting TIS knob 121 or 221, af least one pavameter of

systern 100 or 200 is adjusted.

[ou93}  Following step 312, at a next step 314, system 100 or 200 can measure
misregistration of the multlayerad semiconductor device waler provided at step

32, 1w another ambodiment of the present fnveniion, at 8 next step 314, system

20 100 or 200 measures misregistration of multilayered semiconducior device wafer
intended to be identical to the multifayered semiconductor device wafer provided

at step 342 Following step 314, method 300 may end at step 310,

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

ts not Hinuted to what has been particalarly shown and described herein. The scope

25 of the present nvention inclodes both combinations and sub combinations of
various features described herein as well as modifications theveof, all of which are

1ot in the prior art,
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CLAIMS
1. A wmiethod of measunng oustegistration o the wmannfachwe  of

semiconductor device wafers comprising:

providing a sudiilayered semivondactor device waler comprising at least
g first laver and a second layer, sald wafer inchuding at least one misregistration
measurement target formed thereon, said target including a fivst periodic structure formed
together with said first laver and having a {irst piich and 8 second pericdic siructure
formed together with said second layer and having a second pitch;

imaging sad first layer and said second layer in a first orientation with a
mistegistration metrology tool employing lght having at teast one first wavelength that
causes images of both said {first periodic structure and said second periodic structure to
appear v at least two planes that are mutually separated by a perpendicalar distance
greater than 0.2 ym;

analyzing results of said imagimg of said first periodic structure and said
second periodic structure in said first orteniation thereby generating first analysis results;

imaging said first laver and said second layer in a second ovientation with
said misregistration metrology tool employing light baving said at least one first
wavelength that causes images of hoth said first periodic structure and said second
periodic stracture (o appear i said af least two planes;

analyring results of said tmaging of said frst periodic structure and said
second periodic structure in said second orientation thereby generating secomd analysis
results;

thereafter adjnsting al least ome parameter of said misregistration
metrology tool using a parameter adjuster based on said first and second analysis results;
and

thereafter measwring misregistyation between said first layer and said

second layer,

2. The method of measering misregistation i the manufschwe of

semtconductor device wafers according to clatm 1, wherein said at least one paraweter is
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operative 1o offsel an eror I misregistralion measwement that is due lo poor

telecentricity of said misreisiration measurenient.

3. The method of messuring mistSgistration i the manufactwre of
semiconductor device wakers according o claim 1 or clamm 2, wherain said at least one

parameter comprises a setting of ¢ tool-indaced~shift knob.

4, The method of measuning mistegistration i the manufsctwe of
semicoductor device walers according o any of clatms 1 - 3, fusther comprising
caleulating a difference between said first analysis results and said second analysis results.
5. The method of measwing misregistration in the manofacture of
sgmiconductor device wafers according to any of claims 1 — 4, wherein said at least one
parameter is adjusted separately for misregistration measured along a first was and for

misregistration measured along a second axis.

8. The method of measuring misregistration in the wanufacture of
semiconductor device wafers according to any of clabms | ~ 3, wherein said first
orientation and said second orientation differ by 180 depraes,

7 The method of measwing misregistration in the nmanufcturg of
semiconductor device wafers according to any of elaims | - 6, wherein said image of said

first periodic structure 1s a Talbot image.

& The wmethod of megsuring misregisttation in the manufactare of
semiconductor device wafers according 1 any of claims 1 -6, whereln said fimgge of said
first periodic structare s 8 Talbol image and said image of said second periodic structure

is a Talbot image.

Q. The method of measering misregistation i the wanufachwe of
semiconductor device wafers according 10 any of clams 1 8, wherein said bouaging said

first laver and said second layer are performed by a single imager.

W

PCT/US2020/018202



10

13

20

25

30

WO 2020/168142

10, The method of measering misregistration i the manudicture of
sevaiconductor device walers according {o any of olgims 1~ 8, wherein said aging said
first: layer is performed by & first imager and ssid hmaging of said second layer is

performed by a second imager.

it The method of measuring misregistration in the manofactwe of
sensiconductor device walers according to any of claims 1 -~ 10, wherem said multilayersd
semuiconductor device waler comprises at least a third laver and said at least ong
mistegisiration measarement larget comprises at least a third periodic structure formed
together with said at least third layer and having a third pitch sad wherein said method
further comprises:

imaging said first laver and said third faver v a first ortentation with said
misregistration metrology tool employing light having at least one third wavelength that
causes images of both said first fayer and said third laver to appear in at least two planes
that are mutaally separated by a perpendicular distance grester than 0.2 pm;

analyzing results of said imaging of said first layer and said third layer in
said first orientation thereby generating third anaglysis results;

imaging said first laver and said third layer in a second orientation with
said pusrepistration meuwology tool emploving Helht having said at least one third
wavelength that causes inmages of both said first laver and said third laver 1o appear in
said at least two planes; and

anabvzing reaults of said imaging of said {first laver and said third favar in

said second onentation thereby generating fourth analysis resalts.

12 A systemn for measwing wmisregistration in the manafacture of
semiconductor device walers, the system comprising

at least one lmager configured o image W both 3 first and second
oriemtation at least a first layer and asecond laver of & mulitlayered semiconducior device
wafer, said wafer comprising at least one misregistration measurement farget formed
thereon, said target comprising a first penodic structure formed together with said first
layer and having & {ivsf pitch and a second periodic struchure formied together withusaid

second layver and having a second pitch, said at least one inager emploving light having

X7
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at Jeast one first wavelenpth that causes tmages of both said first periodic structure and
said second perlodic structure 1o appear w ot least two planes that are niutnally separated
by a perpendicudar distance grenter than 0.2 pmy and
a parameter adjuster configured to:

analyze resully of said imaging of said first Jayer and said second
faver in sad first ovientation, thereby generating first analysis results;

analvze results of said imaging of said first laver and said second
laver in said second orientation, thereby generating second analysis resulls; and

adjust at least one pavameter of said system based on said analysis

results.

13, The system for measwring ovsregistration in the wanufactpe of
semiconductor device wafers according (o claim 12, wherein sald at least voe parameter
is operative o offSet an errov in misregistration measurement that is dug to poor

telecentricity of said system duwring misregistration measorement.

14, The system for messuning misregistation. it the manufscture of
semicondictor device walers secording 1o clatm 12 or claim 13, whergin said at least ong

parameder comprises a seiting of a took-induced-shift knob.

5. The system for measuring msvegistration in the manufactare. of
semiconductor device wafers according to any of ¢laims 12 ~ 14, wherein said analyeey
iy also operative o calenlate g difference between swid first analysis results and said

second analysis results.

16, The system for measwring misregistration in the manufactue of
semiconductor device waters according to any of clatms 12 ~ 15, whereln said pavameler

o

adiuster adjusts said at least one parameter separately for misregistration measured slong

e

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

i

septiconductor device wafers according to any of claims 12 ~ 16, wherein said first

4

The system for mesgsuring misregistration 1 the manuficture of

orientation and said second orientation differ by 180 degrees.

PCT/US2020/018202
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{8 The system for measaring misregistration in the manufacture of
semiconductor device wafers according to any of claims 12 — 17, wherein said image of

said frst periodic structure is a Talbot image.

19 The system for measuring misrsgistration in the manndache: of
senttconductor device wafers according (o any of claims 12 < 17, wherein said image of
said first periodic structure s a Talbot tmage and said image of said second penedic

structure is a Talbot tmage.

20 The system for measuring nusregistration v the manufacture of
semiconductor devicg wafers according to any of clatms 12 ~ 19, wherein said &t least

one imager comprises a single imager.

21 The system for measuring misrepistration: in the manufactore of
sexniconductor device wafers according to any of cladms 12 - 13, wherein satd at least
one finager comprises a frst imager configured 1o image said fest laver and 4 second

imager confipured to image said second layer

22 The svstem for measwmg misregistration 1w the manuthchue of
sericonductor device wafers according o any of olgims 12 — 21, wherein said
multilayered semiconductor devive wafer comprises at least a third layer and said at least
one misregistiation measwrement target comprises at feast a thivd periodic structure
formed together with said af least thivd layer und having a third pitch and whereis:

said imager configured to image at least said first layer and said third layer
of said nulitlayered semiconductor device wafer in both a first and second orientation,
said imager employing Heht having at least one third wavelength that causes images of
both said first periodic siractore and said second periodic structure to appear in al Jeast
wweo planes that are mutually separated by a perpendicular distance greater than 0.2 uny
and

said parameter adjoster analyzes vosulls of sgid imbemy of said fast
periodic structure and said third periodic struchure, thereby generating analysis results and

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