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(57) Abstract: A system and method of measuring misregistration in the
manufacture of semiconductor device wafers is disclosed. A first layer and
the second layer are imaged in a first orientation with a misregistration
metrology tool employing light having at least one first wavelength that caus-
es images of both the first periodic structure and the second periodic structure
to appear in at least two planes that are mutually separated by a perpendicular
distance greater than 0.2 pm. The first layer and the second layer are imaged
in a second orientation with the misregistration metrology tool employing
light having the at least one first wavelength that causes images of both the
first periodic structure and the second periodic structure to appear in the at
least two planes. Atleast one parameter of the misregistration metrology tool
is adjusted based on the resulting analysis.
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SYSTEM AND METHOD FOR MEASURING MISREGISTRATION OF

SEMICONDUCTOR DEVICE WAFERS UTILIZING INDUCED TOPOGRARHY

REFERENCE TO RELATED APPLICATIONS

00011 Reference s hereby made to ULS. Provistonal Patent Application Serial

No, 62/870,264, filed luly 3, 2019 and entitled METHOD OF MEASURING
MISREGISTRATION IN THE MANUFACTURE OF TOPOGRAPHIC
SEMICONDUCTOR  DEVICE WAFERS, and 1S, Provisional Patent
Application Serial No. 62/805,737, filed February 14, 2019 and entitled TARGET
DESIGN FOR TOPOGRAPHIC OVERLAY TARGETS, and U.S. Provisional
patent Application Sertal Noo 623864323, filed hume 20, 2019 and entitled
METHOD  FOR MBASURING  MISREGISTRATION IN  THE
MANUFACTURE OF TOPOGRAPHIC SEMICONDUCTOR  DEVICE
WAFERS, the disclosures of which are hereby incorporated by reference in thew

entivety and priovity of which s hereby clamed.

(00021 Reference iy also made 1o the following patents and patent apphoations of

the Applicant, which ave refated o the subject matier of the present apphcation,

the disclosures of which are hergby corporated by reference;

PCT Patent Publication No, WO 2016/187468 entitled TOPOGRAPRHIC
PHASE CONTROL FOR OOVERLAY MEASUREMENT,

POT Pateni Poblication No. WO 2018/034908, entitled SYSTEM AND
METHOD  FOR  GENERATING  MULTI-CHANNEL  TUNABLE
HLLUMINATION FROM A BROAD-BAND SOURCE; and

PCT Patent Poblication 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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JOEHI3 The present invention relates 1o measurement of misregisttation mn the
manufacture of semiconduetor devices generally.

BACKGROUND OF THE INVENTHON

00041 Various miethods and  svsiems swe koown for measwement of
misregistration i the manufacture of semiconductor devices, In overlay
nreasurement, the misregisiration between a previous process tayer and a curremt
vesist layver is measured. In many targets, such as with IDNAND and DRAM, the

vertical distance between these layers can be several microns.

(0003} A double grab was previously performed for overlay measurement. The
first layer is imaged in us proper focus i the first grab and the second layer is
imaged in s proper focus in the second grab. However, for a double grab to
support. total measwrement uncettatmty  (TMU) requirements, the focusing
machanism needs to be fully teleceniric and the XYZ stages should be noiseless
and drift-less. These specifications may be difficelt to meet, so specifications

typically are relaxed.

(00061 In another previous example, the collection mumerical aperture (NA) was
reduced 10 increase depth of focus during overlay weasurement. However,
increasing depth of focus by reducing collection NA reduces a svstem’s resolution
and can require a larger piich and target size increase. Additionally, lower light

transauission through the optical system may occur, which reduces throughput.

[I007]  Inywoved systems and methods of misregistration measurement are

needed.

SUMMARY OF THE INVENTION

(06081 The present invention seeks o provide improved methods and systenss {or

measurement of misregisivation in the manufacture of semiconducior devices.

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

invention a method of megsuring misregistration i the manufacture of

Pl
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semiconductor device wafers including providimg a multlayered semiconductor

device waler inchiing o least g firstlaver and a second Taver, the walker ingluding

ai least one pusvegisiration measwrement tareget formed thereon, the target

including g first peniodic siructure formed together with the first layer and having

5 a first pitch and a second periodic structure formed together with the second layer
and having a second pitch, imaging the first layer and the second layer i a first

orientation with & misregistration metrology tool emploving hght having at least

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

second periodic structure (o appear in at least two planes that are mutually

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

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

the secord Javer 1 a second orentation with the misregisiration metrology ool

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

15 the first periodic structire and the second periedic structure (o appear m the at
feast two planes, analyzing results of the imaging of the first periodic stnucture

and the second periodic struchure in the second orvientation, thereby generating

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

0 thereafter measuring misregistration between the first laver and the second layer.

(0010} I accordance with an embodiment of the present mvention, the at least
one parameter is operative to offset an error in misregistration measurement that
is due to poor telecemtricity of the misregistration measurement. The at least one

parametar mcludes a setiing of a tocl-mduced-shift knob.

25 LR In accordance with an embodiment of the present invention the method
also incluodes calculating a difference between the first analysis resulis and the

second analvsis results.

(00121 The at least one parametsr i3 adjusted sepurately for misregisiration
measured along a first axis and for misregistration measured along a second axis.
30 In accordance with an embodiment of the present nvention the {irst ovlentation

and the second orientation differ by 180 degrees,
3



5

10

15

WO 2020/168142 PCT/US2020/018202

[0 3] In accordance with an swmbodimant of the present invention, the image of
the first periodic strycture is a Talbot inage. Alternatively, In accordance with an
embodiment of the present iyvention, the image of the first periodic stracture is a

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

(00141  In accordance with an embodiment of the present invention, the imaging
the first laver and the second laver are performed by a single imagern
Alternatively, 1 accordance with an embodiment of the present mvention, the
imaging the first laver is performed by a first imager and the imaging of the second

layer is performed by a second imager.

LEURY In accordance with an embodiment of the presemt invention, the
multiayversd semiconductor device waler includes at least a third laver and the at
teast oune misregistration measurement target includes at least a thivd peniodic
structure formed together with the atfeast third laver and having a thurd pitch and
wherety the method also includes imaging the first laver and the thivd laverin g
{irst onentation with the nusregistration metrology tool employing light having at
least one third wavelength that causes images of both the first laver and the third
fayer to appear in gt least two planes that are mutually separated by a perpendiculay
distance greater than 0.2 wm, analyzing resulls of the imaging of the first layer
and the third laver in the fivst orfentation thereby generating thivd analvsis vesults,
imaging the first layer and the third layver in a second orientation with the
nrisregistration metrology ool emploving hight having the at least one third
wavelength that causes images of both the Hirst laver and the third layer o appeay
it the at least two planes and aualvning results of the imaging of the first layer and

R

the third laver s the second orientation thersby generating fourth analysis resulis.

[0016]  There i also provided in accordance with another embodiment of the
present invention a system for measuring nusregisttation in the manufacture of
semiconductor device walers, the system including at Teast one imager, imaging
in both a {irst and second orientation at least a first layer and a second laver of a
multilavered sepuiconductor device waler, the wafer including at least one
misregisiralion measurement target formed thereoun, the tavget imchudimg 8 fast

periodic structure formed together with the first {aver and baving g fivst pitch and
4
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a second periodic structure formed together with the second layer and having a
second piteh, the at feast one imager employing hight having at least one first
wavelengih that causes images of both the fivst peviodic structure and the second
periodic structure to appear in at least two planes that are mutually separated by a
5 perpendicular distance greater than 0.2 pm and & parameter adjuster analyzing
results of the imaging of the first layer and the second layer in the fivst orfentation,
thereby generating first analysis results, analyzing results of the maging of the
first layer and the second layer in the second orientation, thereby generating
second analvsis results and adjustimg at least one parameter of the system based

10 on the analysis results.
BRIEF DESCRIPTION OF THE DRAWINGS

H017] The present ivention will be understood and appreciated more fudly from
the following detatled description, taken in comjunction with the drawings m

which:

15 Fig. 1is a snplified schematic Hustration of an emboediment of a system

for measuring misregistration in the manufactore of semiconductor device wafers;

Fig. 2 is a simplified schematic Hlustration of an additional exbodiment
of a system for measuring nusregisiration i the manufacture of senuconductor

device wafers; and

20 Fig. 3 s a simphified fowchart idhasirating 2 method of measuring
misregistration in the manudacture of semiconducior device wafers utiliving ether
of the systems for measuring nusregistration in the manufaciure of semiconductor

device wafers of Fig. 1 or Fig. 2.

Y
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DETAHLED DESCRIPTION

[OBIR} ¥ iy appreciated that the system and method described hersin with

reference {0 Figs. 1 - 3 form part of & manufactving process for semiconductor
herain with refersnce {0 Figs. 1 ~ 3 is used to adjust fabnication provesses of the
senuconductor devices to more closaly align various lavers of the senmconductor

devices bemg fabricated.

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

illustrations of embodiments of a systemn for measuring misregistraiion in the
manufacture of semiconductor device wafers. Fig. 1 includes illustrations in threg
different dimensions, indicated by x-, y- and z-axes, the three dimensions being
referred to heremalier as an x-y plane, an x-2 plane and a y-z plane, respectively.
s noted that Fig. 1 penerally tlustrates the x-v plang, while enlarzemens A B

and C of Fig. 1 tlusirate planes parailel to the x-» plane.

0020 As seen in Fig. 1, in a first embodiment, system 100 includes an imager

110, a first offset quantifier 11¥ to quantify offset in the x~divection, and a second
offset guantifier 120 to quantify offset in the y-divection. It is noted that as used
herein, mager 110 1s part of an tlumination system. A typical imager 110, offSet
guaniifier 18 and offset quantifier 120 are the bmager and offsel quantifiers
mcluded 0 a misregistration metralogy tool, such as the one described in PCT
Publication Nos. WO 2(H6/ 187468, WO 201&/034908 and WO 20187187108, the
disciosures of which are hereby incorporated by reference. It is noted that imager

110 bas a low-illunination mumerical aperture, such as below 0.3 or below 0.2

00211 It s appreciated that, while o the iHustrated embodiment shown n Fig. 1,

first offset quantifier 118 and second offset quantifier 120 gre shown as hardware
components and may be implemented as such, they are implemented as software
components. 1t1s further noted that system 100 inclades a wol-induced-shift (T1S)
knob 121, which may be adjusted to offset TIS emror m nusregisiration
measurements, particularly TIS error that is due to poor telecentricity of
nusregistration measurement by system 100, TIS knob 121 can be operative o

é
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offset TIS error i the x- and v-directions independently. 1t 18 appreciated that,
while in the illustrated embodiment shown in Fig. 1, TIS knob 121 s shownasa
hardware component and may be implemented as such, # can be puplewented as

a software component,

(00221 Imager 110 is operative to image at least a fiwst layer 122 and a second

taver 124 formed on a multilayvered semiconductor device waler inchuding at lsast

one misregistralion measurement target 130,

00231 In an instance, the mmager 110 can inclode an dhumination sowrce (o

generate an illumination beam. The iflumination bemn may nclude one or more
selected wavelengths of light including, but not limited to, vacuum slivaviolet
radiation (VUV), deep uliraviolel radiation (DUVY, uliraviolet {11V} radiation,
visible radiation, or infared {IR) radiation. The ihumination source may further
generate an Humination beam mluding any range of selected wavelengths. In
another embodiment, the ilumination source may include a spectrally-tunable

sllumination sowrce {0 generate an lunupation bears having a tunable spectrum.

{00241 The mager 110 also may inclode or be coupled with an ihumination

pathway, such as an (undnation pathway with one or ore lenses or additional
optical componenis suitable for modifving and/or conditioning the illumination
beam. For example, the one or more optical componants may tochude, bel are not
limited to, one or more polanizers, one or move {iliers, one or more beam splitters,
one or more diffusers, one or more homogenizers, one of more apodizers, or one
or more beam shapers. By way of another example, the one or mora optical
components may inclade aperture stops o control the angle of Hlumnation on the
saruple andfor field stops o comtrol the spatial extent of llumination on the
sample, The multilayered semiconductor device wafer can be disposed on a
sample stage. The sample stage may include any device suitable for positioning
the mulislayered senuconductor device wafer. For example, the sample stage nay
include any combination of hinear wranslation stapes, rotational stages, tip/tilt

stages or the like.

~
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jot2s] In another embodiment, the imager 110 includes or is coupled with &

detector configwred to captare radistion emanating from the muoltilavered
semiconductor device waler through 8 collection pathway. For example, the

collection pathway may molude, but is not Himited to, & collection lens (s, an

5 objective lens) or one ormore additional collection pathway fenses. The collection
pathway may further inclode any maonber of optical elewents to divect andior

modify iHumination collected by the objective lens ncluding, but not timited to,

ane of more collection pathway lenses, one or move filters, one or more polarizers,

or one or more beam blocks, Additionally, the collection pathway may mchude

10 field stops to control the spatial extent of the sample tmaged onto the detector or
aperture stops to control the angular extent of lhumination from the sample used

{0 generate an image on the detector. By way of another example, a detector may

receive radiation reflected ov scattered (e.g., via specolar reflection, diffase

reflection, and the like) from the multilayered semiconducior device wafer. By

15 way of another exanple, a detector may receive radiation generated by the
maltlayvered semuconducior device wafer (e.g., lununescence associated with

absorption of the lumination beam, or the like).

100261 The detector may molude any type of optical detector known i the art

suitgble for measuring iumination received from the mulilavered semiconducior

20 device wafer. For example, a detector may include, but is not limited to, 8 CCD
detector, a TDI detector, a photomudiipher tebe {(PMT), an svalanche photodiode

{APD), or the ike. In another embodiment, o detector may include a spectroscopic

detector suitable for identifving wavelengths of radiation enwanating from the

sample. In another embodiment, the imager 110 may include multiple detectors

25 {e.g., associated with mudtiple beam paths generated by one or more beamsplitters

to facilitate multiple metrology measurements by the imager 110

100271 I is appreciated that first layer 122 and second laver 124 can be formed
such that they are mutually separated by a parpendicidar distance in the z-divection
of between & pm — 8.2 unt v an example. The material between fivst layer 122

3N and second layer 124 can have an index of refraction, designated n, and s at least

partially transparent to photons,

o
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D28 Enlargements A, B and C of Fig. | show sectional enlargements of target
k &£ & =
130 i planes parallel {o the - plane. It 3 noted that other features of the

semiconductor device wafer on which tarest 130 formed ate not chown.

Pac

00291 Misregistration measuremient target 130 can include a first periodic
5 struciure {40 formed topether with first layer 122 and characterized by a fisst
pitch, designated N, and Iying w a plane 141, Misregistration measurament targst
130 further inchudes a second periodic structure 142 formed together with second
fayer 124 and characterized by a second pitch, designated P, and lving in a plane
144,

10 [OO30] It is appreciated that for the sske of clarity, n Fig. 1, planes 141 and 144
are shown at the top surfaces of fivst and second lavers 122 and 124, respectively;
however, planes 141 and 144 may be any planes lving within layers 122 and 124,
respeciively, that are parallel t¢ the top surfaces of first and second layers 122 and

124, respectively.

18 (00311 It is noted that target 130 car inchude two pertodic stracture sets 146 and
two periodic structhure sets 148, each of periodic structure sets 146 and 148
including both pertodic structures 140 and 142, Periodic structure sets 146 and
148 appear in target 130 in different mutually orthogonal orientations, giving
target 130 rotational symmetry. In one embodiment of the present invention, other

20 thar with respect to thew orientation, each of periodic sttucture sets 146 and 148
may be identical to sach other. In another embodiment of the present invention,
periodic structures 140 and 142 wcluded i periodic structure set 146 have
different pitches than periodic structures 140 and 142 incloded in periodic

structure set 148,

25 {0327 hmager 110 can employ Hpht having at least one wavelength As that couses
at lgast ong Talbot imape 150 of fust periodic structure 148 o appear divectly
underbying first perjodic stracture 140 i & plane 152, as seen particularly
enlargernents A and B of Fig. 1. 1t is appreciated that since plane 152 s paraliel

to the x-v plane and Talbot image 150 directly underlies first periodic structure
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14 in plane 152, Talbot image 1501 not visible in the central area of Fig. 1,

which shows an x-v plane view of target 130

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

intage 150 appears at @ perpendiculyr distance, designated D, in the x-direction

5 from plang 141 due to the Talbot effect. I is appreciated that although in
enlargements A and B of Fig. 1, Talbot image 15015 shown as having athickness,

Talbot tmage 150 has no thickness in the z direction. 1t1s further appreciated that

simce Talbot image 150 appears divectly underlying first periodic structure 140,

the offset between second periadic structure 142 and first periodic structure 140,

10 when imaged n one or more x-y planes, s identical 1o the offset between second
periodic structure 142 and Talbot smage 130, when fmaged 1o ong ov more x-y

planes.

(0034}  Perpendicular distance D, betwsen plane 141 of first periodic structure 140

and plane 152 of Talbot image 150, i3 partially determined by wavelength At of

15 hight used by mmager 110, as well as by pitch N of first periodic structure 140 and
by index of refraction n of the matenal between first perodic structure 140 and

Talbol imuge 1583 The relationship betwesn perpendicuisr distange D,

wavelengih Ay, pitch N and index of refraction n is defined 0 equation 1

B .1% 1 Py 3
R W (Eq. 1)
B ”“i »:}
20 HO038] Inan embodinent of the present invention, puch N and wavelength 21 wre

chosen such that planes 152 and 144 are muiually separated by a perpendicular
distance 156 m the z-direction that is greater than 0.2 jun, thereby increasing the
sensitivity 1o TIS error of nuistegisiration measarements 1aken by svstem 100, In
one embodiment of the present invention, imagey 110 images target 130 using

25 more than one wavelength of light.

o3e] Forsxample, if fivst layer 122 and second layer 124 are mutually separated
by a parpendicalar distance of 0.1 ww and index of refraction n of the material
between Talbot image 150 and second pertodic sinicture 142 1 1,46, pitch N of

first periodic steucture 140 15 chosen 1o be 1.0 wm and imgger 110 umages large
HH
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130 with fight having at least one wavelength of 300 nn so that plane 152 appears

in an x-v plane 1.56 pm below plane 144,

037 As apother example, if fivst laver 122 and second laver 124 are watually

separated by a perpendivular distance of 0.05 wm and index of refraction n of the
material between Talbot image 150 and second periodic struwture 142 15 2.0, piich
N of first penodic structure 148} is chosen to be 1.6 pm and imager 110 images
target 130 with light having at least one wavelength of R0} nm so that plane 152

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

FOO3RY  In the two examples described herein, offset quantifiers 118 and 120

measure offset in the x-direction and y-direction, respectively, between images of
Talbot image 150 and second periodic structure 142 Thus, system 100 i3
operative {o capture misregistration data between first layer 122 and second layer
{24 that 15 sensitive to TIS error, and provides useful data for the adjustment of
TIS koob 121,

(00391 A parameter adjaster can include 3 module that adjusts the TIS knob 121,

which adjusts to offset TIS ervor in misregistration measiwements.

(00401 The offset quantifiers 118 and 120 and/or the pavameter adjuster can be

software components run on one of more processors configured to execule
program instructions maintained on a mamory medinm. In this regard, the one or
MOre Processors may execate any of the vavious process steps described
throughout the present disclosure. Further, the processors may be configured o
receive data including, but not limited fo, mewology data {ep. alignment
measurement results, snages of the target, pupt] images, and the like) or metrology
melrics {e.g., precision, tool-induced shuiR, sensitivity, diffraction efficiency, and
the tike). For example, the processors can receive data from the imager 110, The
ane or more processors may include any processing element known m the art. In
this sense, the one or more processors may nchude asy microprocessor-type
device configured to execute glgotithms andfor nstructions. In one embodiment,
the one or more processors may be part of a desktop computer, mainframe

computer system, workstation, image computer, parallel processor, or any other

1

PCT/US2020/018202



WO 2020/168142 PCT/US2020/018202

compitter svstem (2.2, networked computsr) configured to execufs a program
copflgwred to operate dmager 1100 Tt 13 further recognized that the term
“processor” may be broadly defived 1o encompass any device having one or more
processing elements, which execute program instructions from g non-transitory

memory medium.

(00411 Alternatively, imager 110 may employ light having at least one
wavelength Az that causes al least one Talbot fmage 160 of second periodic
structure 142 1o appear directly overlyving second pertodic structure 142 in g plane
162, as seen partivularly in enlargements A and C of Fig. 1. It is appreciated that
since plane 162 13 paraliel to the x-v plane and Talbot image 160 directly overhies
second periodic structure 142 in plae 162, second penodic structare 142 is not

vistbie m the central area of Fig. 1, which shows an x-v plane view of target 136

100421 In an embodiment of the present invention, plane 162 containing Talbot
fmage 160 appears at a perpendicular distance, designated E, n the 2-divection
from plane 144 due to the Talbot effect. It 1v appreciated that although in
enlargements A and C of Fig. 1, Talbot tmage 160 13 shown as having a thickness,
Talbol image 160 has no thickness in the » direction, It iz Surther appreciated that
since Talbot image 160 appears directly overlving second periodic structure 142,
the offset between first periodic structure 140 and second pertodic structure 143,
when irnaged in one or more X~y planes, 15 identical o the offset betwesn first
periodic structure 140 and Talbot wmage 160, when imaged in one or more x-y

planes.

(00431 Perpendicular distance E, between plane 144 of second periodic stracture
142 and plane 162 of Talbot tmage 164, is determined by wavelength ki of light
used by mvager 110, as well as by pitch P of secomd peviodic structure 142 snd by
index of refraction n of the material betwesn second periodic struchure 142 and
Talbot image 160, The relationship between perpendicular distance E, wavelength

ka2, piich P and index of refraction » is defined in equation 2:

F= ‘EE X “""‘T“":‘“:‘:; {Eq. 2)
B
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{UiSEY In an embodiment of the prasent invention, pich P and wavelength Az are
chosen such that planes 162 and 141 are mutually separated by 8 perpendiculay
distance 166 10 the w-divection that is grester than 0.2 pm, thereby incressing the
senstivity to TIS ervor of misregistration measurements taken by svsten 100 In
one smbodiment of the present wvention, mmager 110 images fargel 130 using

more than one wavelength of light

(00451 Forexample, i firstlayer 122 aud second layer 124 are mutually separated
by a perpendicular distance of 015 pm and index of vefraction n of the material
betwesn first perindic strocture 140 and Talbot image 160 is 1,46, pitch P of
second periodic structure 142 is chosen {o be 1.24 pm and imager 11 images
target 130 with hight having at least one wavelength of 700 nm so that plane 162

appears i an x-v plane 3,417 pm sbove plane 141,

100461 As another example, if first laver 122 and second layer 124 are mutually
separatad by a perpendicalar distance of 0.1 pm and index of veftaction n of the
material between first periodic structure 140 and Talbot image 16015 2.0, pich P
of second periodic structure 142 is chosen to be 1.0 wm and tmager 110 images
target 130 with light having at least one wavelength of 800 nm so that plave 162

appears i an X~y plane 2.1 wm above plase 144,

047 In the two examples described berein, offset quantifiers 118 and 120
measure offket in the x-direction and y-direction, respacuively, between mmages of
first periodic structure 140 and Talbot image 160, Thus, system 100 is operative
1o captare misregisiration data belween first layer 122 and second laver 124 that
13 sensitive to TIS error, and provides useful data for the adjustment of TIS knob

121

[OO481  1n i gdditional einbodirment of the present tvention, pitich N and piich P
are chosen such that when imager 110 uses at least ong wavelength &z, Talbot
intages 150 and 160 appear i plaves 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 separated by a perpendicalar distance 168 in

i

s
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the r-direction that is greater than 0.2 pm, thereby increasing the sensitivity 10 TIS
arror of nusregistralion measuraments taken by system 100,

(048] The relationship belween perpendicalar distance D, wavelength &5, pitch

N and index of refraction n is defined in equation 3:

5 ;T - (Eq. 3)

P § ¢ &
ENERED

(00501 The relationship between perpendicular distance £, wavelength As, pitch P

and mndex of refraction it is delined m equstion 4;

W

43

£x§x o {Fg. 4)
Pedd-iad]
¥ NP

{00311 fn one embodiment of the present fnvention, imager 110 images target 130

10 using more than one wavelength of Hght.

(00321 Forexample i first layer 122 and second layer 124 sre wutually separated
by a perpendicular distance of 0.1 g and index of refraction n of the material
betwesn Talbot image 130 and Talbot image 160 15 1,46, pitch N of first periodic
structure 140 i chosen to be 1.0 wm, piich P of second periodic structure 142 85

15 chosen to be L6 wm, and imager 110 images target 130 with hight having a

wavelength of 00 nm. Thus, plane 152 appears at a perpendicular distance D of

L46 pm below first laver 122 and plane 162 appears af a perpendicular distance

E of 438 um above second layer 1234, Thus, Talbot froage 130 and Talbot image

160 are separated by 554 uny.

20 [oUs3y As an additional example, i first laver 122 and second layer 124 are
mufually separated by a perpendicular distance of (102 pm and index of reftaction
n of the naterial between Talbot image 130 and Talbot image 160 18 2.0, pitch N
of first periodic structure {40 is chosen to be 1.0 pm, pitch P of second peniodic
structure 142 1s chosen {o be 1.6 um, and imager 110 images target 130 with light

25 having a wavelength of 300 nm. Thas, plane 152 appears at a perpendicular

14
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distance D of 2.0 pm below first layer 122 and plane 162 appems at a

perpendicular distance B of 6.0 wm above second laver 124,

0084 In the two examples described herein, offset guantifiers 118 and 120

measure offset i the x-dirgction and v-direction, respeetively, between images of
Talbot image 150 and Talbot image 160, Thus, svstem 100 is operative to capture
nuisregistvation data between first laver 122 and second laver 124 that is sensitive

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

[O0531 s appreciated that svstem 100 as described berein with reference to Fig.

1 may also be used 11 a fabrication process mcluding fornung a target having three
or more fayers. In a case wherein system 100 sncludes a target having three or
more lavers, each laver of the target includes one periodic structure formed
together with a conresponding laver of the semiconductor devive wafer whose
misregistration 18 to be measured. X is noted that such a target can nclnde two
periodic structure sets, each periodic sinwcture set wcluding all periodic structures
m the target. Each of the two periodic structure sets, forming the target, can be
formed m different mutually orthogonal ortentations, giving the target rotational
synunetry. I is appreciated that other than with respect o their orientation, sach
of the periodic strichure sets may be sdentical to sach other. 1t is appreciated that
the nusregistration of any two lavers of such a nuidtilayered semiconductor device
wafer can be measured by system 100 by comparing the misregstration of the

periodic structures on those two layers, as described herein.

00361 Turning now 1o Fig. 2, # 15 seen that Fig. 2 includes tlustrations in three

different dimensions, indicated by x~, y~ and z-axes, the three dimensions being
referred 1o heretnafter as an x-v plane, an x-z plane and a y-z plane, respectively,
1t is notad that Fig, 2 generally iHustrates the x-v plane, while enlargements A, B

and C of Fig. 2 iHlustrate planes paraliel to the x-z plane.

0871 As seenin Fig. 2w a first emmbodiment, systers 200 wncludes a first bmager

210, a second imager 212, g first offses quantfier 21¥ e quantily offset n the x-
direction, and a second offset quantifier 220 (o guantify oifset in the y-direction.

It 1s noted that as used herein, mwager 210 13 part of an llumination system. A

i

741
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typical first imager 210, second imager 212, offset guantifier 218 and offset
guantifier 220 are the imagers and offSet quantifiers incladed in 3 pusregistration
metrology tool, such as the one described W POT Publication Nog. WO
2016187408, WO 2018/034908 and WO 201 87187108, the disclosures of which
5 are hereby incorporsted by reference. 1t s noted that first imager 210 and second
tmager 212 both bave a low-ilhanination numentcal apertare, such as below 0.3 or
below 0.2, The first imager 210 and second imager 212 may be sinular to the
unager 114, The first offset quantifier 218 and second offet quantifier 220 may

be stnilar to the first offset quantifier 118 and second offset guantifier 120.

10 [N H s appreciated that, while in the lustrated embodiment shown in Fig. 2,
first offset quantifier 218 and second offset guantifier 220 are shown as bardware
components and mwy be implemented az 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 adjusted to offset TIS error w misregistration

15 megsuremnents, particnlarly TIS ewvor that is due to poor telecenincity of
misregistration measurement by svstem 200, TIS koob 221 can be operative 1o
offset TIS error in the x- and yedirections independently. It is appreciated that,
while in the iHlusirated embodiment shown 1 Fig. 2, TIS knob 221 s shown as a
hardware component and may be implemented as such, i can be vuplemented as

20 a software compongit.

(00391 First imager 210 1 operative to image at least a ficst fayer 222 formed on
a mulilavered semiconductor device waler including st lenst one oysregistration
measurement target 230, Second snager 212 is operative 0 image at feast a second
fayer 224 fornied on a mulitlayered semiconductor device waler including at least

25 misregistration measurement target 230,

fo06 M s appreciated that first laver 222 and second layer 224 can be formed
such that they are muutually separaied by g perpendicular distance in the x~direction
of between (¢ pm ~ (.2 um. The material between first laver 222 and second laver
224 can have an index of refraction, designated n, and s at least partially

30 transparent {o photons.
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jotal Enlargements A, Band C of Fig. 2 show sectional enlargements of target
23 in planes paraliel fo the x-x plape. It iz noted that other features of the

semiconductor device wafer on which tarest 230 1 formed ate not chown.

Pac

00621 Misregistration measuremient target 230 can include a first periodic

5 struciure 240 formed together with first layer 222 and charactenzed by a first
pitch, designated (3, and Iying w a plane 241, Misregistration measurament targst

230 further includes a second periodic structure 242 formed together with second

layer 224 and characterized by a second pitch, designated R, and lving 1 a plane

244,
10 (00631 It is appreciated that for the sake of clarity, i Fig. 2, planes 241 and 244

are shown at the top surfaces of fivst and second lavers 222 and 224, respectively;
however, planes 241 and 244 may be any planes lving within layers 222 and 224,
respeciively, that are parallel t¢ the top surfaces of first and second layers 222 and

224, raspectively.

18 (00641 It is noted that target 230 car inchude two pertodic stracture sets 246 and
two periodic structure sets 248, each of periodic structure sets 246 and 248
including both pertodic structures 240 and 242, Periodic structure sefs 246 and
24% appear in target 234 in differest mutually orthogonal orientations, giving
target 230 rotational symmetry. In one embodiment of the present invention, other

20 thar with respect to thew orientation, each of periodic sttucture sets 246 and 248
may be identical to sach other. In another embodiment of the present invention,
periodic structures 240 and 242 wcluded i periodic structure set 246 have
different pitches than periodic structures 240 and 242 incloded in periodic

structure set 248,

25 [OOGSY  First impger 210 can employ light having ot least one wavelength As that
causes at least ong Talbot hnage 250 of first periodic structurs 243 to appear
directly underlying first periodic stroctare 240 in o plane 252, as seen particularly
in enlargements A and B of Fig. 2. It is appreciated that since plane 232 15 parallel

to the x-v plane and Talbot image 250 directly underlies first periodic structure
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2440 in plane 252, Talbot image 250 is not visible in the central area 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 230 appears at ¢ perpendicalar distance, designated F, in the »-direction

5 from plang 241 due to the Talbot effect. I is appreciated that although in
enlargements A and B of Fig. 2, Talbot image 25015 shown as having athickness,

Talbot tmage 250 has no thickness in the z direction. 1t1s further appreciated that

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

the offset between second periadic structure 242 and first periodic structarg 240,

10 when imaged n one or more x-y planes, s identical 1o the offset between second
periodic structure 242 and Talbot image 230, when fmaged 1o ong or more x-y

planes.

100671 Perpendicular distance ¥, between plane 241 of first periodic structure 240

and plane 252 of Talbot image 350, s determined by wavelength 2a of light used

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

Talbol image 2530, The relationship between perpendicular distancs F, wavelengih

L4, pitch Q and index of refraction n is defined in equation §:

b P { }
20 [O06R]  1n an embodiment of the present invention, pitch Q and wavelength As are

chosen such that planes 252 and 244 gre muutually separated by g perpendicular
distance 256 in the z-direction that is greater than 0.2 um, thereby increasing the

sensitivity 10 TIS error of misregisivation measuremenis taken by system 200,

(00691 For exaroaple, if frst layer 222 and second layer 224 are mutaally separated

Tod
(%41

by & perpendicular distange of 0.1 jon sud index of refraction n of the material
between Tatbot image 250 and second laver 224 13 1.46, pitch Q of fisst periodic
stractare 240 is chosen to be (.58 i, first umager 210 images st layer 222 with

Hight having at least one wavelength of 500 wmn and second imager 212 images

I8
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second layver 224 with light having any suifable wavelength so that plane 252

appears in an -y plane 1.1 wo below plane 244,

TR As apother example, if fivst laver 322 and second laver 224 are watually

separated by a perpendivular distance of 0.07 wm and index of vefraction n of the
material betwgen Talbet image 250 and second layer 224 15 2.0, pitch Q of first
pertodic stractare 240 s chosen to be 1.4 um, first fmager 210 images {irst layer

ger 212
&

222 with light having at least one wavelength of 600 nm and second ima
images second layer 224 with light having any suitable wavelength so that plane

252 appears I an x-y plane 2.26 pm below plane 244,

FO071 in the two examples described herein, offSet quantifiers 218 and 220

measwve offset in the x-direction and y-direction, respectively, between images of
Talbot nange 250 tuken by first imager 210 and second perfodic structure 242
taken by second imager 212 Thus, systemm 200 is opersiive {0 Capture
misregistration data between {irst laver 222 and second laver 224 that 13 sensitive

10 TIS error, and provides useful data for the adpustment of TIS knob 221

0072} Alternatively, second imager 212 may emplov hight having at least one

wavelength Az that canses at least one Talbot buage 260 of second periodic
structime 242 to appear directly overlving second periodic structure 242 in a plans
262, as sesn particularly w enlarpements A and Cof Fig. 2. His appreciated that
since plane 262 15 parallel to the x-y plane and Talbot image 260 directly overlies
second periodic structre 242 m plane 262, second periodic structure 242 is 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 mvention, plane 262 containing Talbot

fmage 260 appears at a perpendicalar distance, designated G, i the z-direction
from plane 244 duce to the Talbot effect. It 15 appreciated that alibough in
enlargements A and C of Fig. 2, Talbot image 260 is shown as having a thickness,
Talbot inmage 260 bas no {hickness in the » divection. It i3 further apprecinted that
singe Talhot image 260 appears divectly overlying second pertodic structure 242,
the offset between first periodic structare 240 and second periodic structure 242,

when imaged in one or more x-y planes, is identical to the offset between first

1y
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periodie siructure 240 and Talbot imape 260, when imaged in one or more x-y

planes.

(0741 Perpendicular distance G, between plane 244 of second pertodic structure

242 and plane 262 of Talbot image 260, is determined by wavelength 4s of light

5 used by second imager 212, as well as by pitch R of second penodic structure 242
and by mdex of refraction n of the material between second pertodic structure 242

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

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

G = gx M (Fg. 6)
1)
10 0075} in an embodiment of the present invention, piich R and wavelength A5 are

chosen sach that planes 262 and 241 are mutually separated by o perpendicalar
distance 266 1o the «-direction that is greater than 0.2 g, thereby increasing the

sensitivity 1o TIS error of misregistiation measurements taken by system 200,

(00761 For example, if frst faver 222 and second Taver 224 are mutuglly separated

15 by & perpendicular distance of .03 um and index of refraction n of the matetial
between first laver 222 and Tatbot tmage 260 is 146, pitch R of second periodic

structure 242 is chosen to be 1.2 pm, second imager 212 tmages second {ayer 224

with light having at least one wavelength of 330 nm and first imager 210 images

first laver 222 with light having any suitable wavelength so that plane 262 appears

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

160771 Ag another example, f fivst laver 222 and second layer 234 are mutually
separated by a perpendicular distance of 0.1 pm and index of refraction n of the
maaterial between first layer 222 and Talbot nuage 260 15 2.0, puch R of second
peniodic structare 242 15 chosen 1o be 1.0 am, second imager 212 fmages second

25 layer 224 with light having st least one wavelength of 600 nm and first imager
210 unages frst layer 222 with Hght having any suitable wavelength so that plane

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

A3
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[OUT7R] In the two examples described herain, offSet guantifiers 218 and 220
measure offset in the x-direction and y-ditection, respectively, bebween tmages of

Talbol nmage 260 taken by second imager 212 and first periodic shructure 240

taken by first imager 210, Thus, system 200 15 operative to capture pusregisiration

5 data between first laver 222 and second laver 224 that is sensitive 1o TIS error,

and provides usefud data for the adipstment of TIS knob 221

00791 hyan addional embodunent of the present tvvention, pitch Q and pitch R

are chosen such that when first wager 210 uses a wavelength A+ and second

imager 212 gses a wavelength A5, Talbot tinages 250 and 260 appear in planes 252

10 and 262, respectively, which arg respective perpendicalar distances Fand G from
first and second lavers 222 and 224, vespectively. o such a case, parpendicalar

distances F and & are chosen such that planes 252 and 262 are mutually separated

by a perpendicular distance 268 m the z-direction that is greater than 0.2 um,

thereby 1ncreasing the sensitivity to TIS error of misregistration messurements

15 taken by svsiem 200,

FOORGY  For example, i first layer 222 and second layer 224 are mutually separated
by a perpendivular distance of L8 um and index of refraction n of the material
betwesn Talbot image 250 and Talbot image 260 is 1.46, pitch Q of first periodic
struchure 240 18 chosen to be .58 um, pitch R of second pertodic stractare 242 is

20 chosen to be 1.24 pm, first imager 210 images first layer 222 with light having a
wavelength of SO0 nm and second imager 212 impges second layer 224 with hght
having a wavelength of 700 nnv Thaus, plane 252 appears at a perpendicular
distange ¥ of .73 pm below fiest layer 222 and plane 262 appears af a

perpendicular distance G o 2.92 wim above second layer 224,

25 [OORE] As an additional example, i firsst laver 222 and second layer 224 are
mutually separated by a perpendicular distance of 1.5 pm and index of refraction
1 of the nmaterial between Talbot image 250 and Talbot image 260 1s 2.0, pitch Q
of first periodic structure 240 is chosen to be 1.24 pm, piich R of second periodic
stracture 242 15 chosen 1o be 1.2 pm, first imager 210 wmages first fayer 222 with
30 hight having a wavelength of 700 wan and second boager 212 images second layer

224 with hight hoving a wavelength of 350 am. Thus, plane 252 appears at g

R
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perpendicular distance F of 4.0 pm below first layer 222, and plane 262 appears

al 8 perpendicular distance G of 5.0 um above second laver 324

(00821 In the two examples described herein, offset guantifiers 218 and 220
mgaswre offset i the x~dirgction and y-direction, respeesively, between images of

5 Talbot image 250 taken by first imager 210 and of Talbot tmage 260 taken by
second nuager 212, Thas, system 200 is operative o capture misvegistration data

between first layer 222 and second layer 224 that s seasitive to TIS error, and

provides useful data for the adjustment of TIS knob 221,

FOOR3Y ik appreciated that system 200 as described herein with reference o Fig.

10 2 may also be used in a fabrication process including fornung a target having three
or more {avers. In a case wherein system 200 moludes a target having three or

morg lavers, each layer of the target incluades one perindic structure formed

topather with a corresponding laver of the semiconductor device wafer whose
wusregistration is 1o be measured. It Is noted that such a target can clude two

15 periodic structure sets, each penodic structure set including all pertodic structures
in the target. Each of the two periodic structure sets, forming the target, caa be

fornmed in differsnt mutually orthogonal orlentations, giving the target rotational

symmetry, B s apprecisted that other than with respect o thetr orientation, sach

of the pertodic structure sets may be identical to each other, Rt is appreciated that

20 the misregistration of any two lavers of such g muliilayerad semiconductor device
wafer can be measured by system 200 by comparing the misregistration of the

penodic structures on those two lavers, as described herein,

a3

00841 Reference is now made fo Fig. 3, which 15 a simphified Sowchart
iltustrating & method 300 of measuring nusvegistration in the manufaciure of

25 semiconductor device walers ytilizing either of systenus 100 or 200 for measuring
misregistration in the manufactire of senuconducior device wafers, as described

herein with reference to Figs. T and 2.

(00851 As seen at g first step 302, a multilayered semiconductor device wafer

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

30 suitable farget can include at least s first periodic structwre formed together with
73

Hd
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a first laver of the multilayered semiconductor device waler having a first pitch,
and a second periodic structure formed together with a second laver of the
multdayered semiconductor device wafer having a second pitch. Sandarly, a
target having three or more layers, as described herein with reference to sliernate

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

00861 As seen af a next step 304, the target provided in step 302 is imaged ina
first orientation. As described herem with reference to Figs. 1 and 2, in an
embodiment of the present mvention, characteristics of the target and the hght
used to image the target are chosen such that at least one Talbot image of at least

10 one layer of the larget sppears in a plane that is separated from an image of the

other layer of the target by a perpendicudar distance greater than 0.2 jon.

{0871 Also at step 304, the results of the imaging performed as step 304 are
analyzed, which can generate first analvsis results including a fivst pusregisiration

value betwsen the first and second lavers of the semiconducior device wafler.

15 [00R8] Following step 304, at a next siep 306, the target provided in step 302 s
fmaged in a second onentation. The second orientation may differ from the first
arientation of step 304 by 180 degrees rotation in an x-y plane. As deseribed
herein with reference to Figs. 1 and 2, in an smbodiment of the present invention,
characieristios of the target and the Habt used o wnage the largel are chosen such

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

distance greater than 0.2 am.

(00891 Also at step 306, the results of the imaging performed at step 306 are
analywred, which geverates second analysis resalis ncluding a second
25 nusregistration value between the first and second lavers of the semiconductor

device wafer.

FO9GT Ata pext siep 308, the first and second misregistration values generated at

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

{d
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and second mistegistration values does not excesd a pre-determined threshold,

method 30 endds at a next step 3140,

{0911 Third and fowth analysis results can be generated from analysis of the first
taver and the third layer in a st orentation or second orientation, respectively.
The third and fourth analysis resuls may be similar o the first and second analysis

results.

00921 Hf the difference between the first and second misregistration vahues does
exceed 8 pre-determined threshold, method 304 proceeds to a next step 312, at
which TIS knob 121 or 221 is adjusted to offset TIS error in misregistration
measurements, as indicated by the difference between the first and second
misregistration valaes, such as using a pwrameter adjuster. Specifically, the
adjustment of TIS knob 121 or 221 st step 312 offSets TIS ervor that is dug to poor
telecentricity of misregistration measurement by svsten 10 or 2000 TIS knob 121
can be adjusted to offset TIS error in the x- and y-divections independently. It s
appreciated that by adpusting TIS knob 121 or 221, &t least one parameter of

system 100 or 200 is adjusted.

(00931 Following siep 312, at a vext step 314, system 100 or 200 can measuare
misregisiration of the multilayered semivonductor device wafer provided at step
M2, In another embodiment of the present nveplion, a a next step 314, system
100 or 200 measures misregistration of mulitlayered semiconducior device wafer
intended to be identical to the multilayered semiconductor device wafer provided

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

(00941  Itwill be appreciated by persons skilled in the art that the present invention
i3 not hinuted to what has been particularly shown and described herein. The scope
of the present mvention includes both combinations and sub combinations of
various features described herein as well as modifications therend, all of which are

not in the prior art.
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CLAIMS
i A miethod of messuring busregistration . the mwanufacture  of

semiconductor device wafers comprising

providing a muditlayered semivonductor device wafer comprising at least
a first laver and a second laver, said wafer woluding at least one wisregistration
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 perodic structure
formed together with said second layer and having a second pitch;

mmaging said first layer and sad second layer in a fivst orientation with a
misregistration metrology tool employing light having at least one first wavelength that
causes images of both said first periodie structure and said second pertodic stracture (o
appear i at least two planes that are pugtually separated by a perpendicular distance
preater than 0.2 ymy;

analvzing results of said imagmng of said first periodic structure and said
second periodic structure in said first ontentation thereby generating first analysis results;

imaging said first laver and said second layer in a second orientation with
said misregistration metrology ool employing light having said at least one first
wavelength that causes images of both said first periodic structure and said second
periodic structure (o appear i said af least two planes;

analyzing results of said tmagimg of said first periodic structure and said
second periodic structure in said second orientation thereby generating second analysis
results;

thereafter adjusting a1 least one parameter of said misregistration
metrology ool using a parameter adjuster based on said first and second analvsis resulis;
and

thereafter measuring nusregistration between said fwst laver and said

second layer.

2. The method of measering misregistrabon i the manufsctwe of

N

semniconductor device wafers according to claim 1, wherein said at least one parameter i3
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operative to offsel an error o misregistration measwement that is due o poor

telecenttictty of smd misremistration measurement,

3. The method of messuring mistegistration I the munufactwe of
5 semiconductor device walars according to claim 1 or ¢laim 2, wherain said at least one

parameter comprises a setting of 8 tool-indaced-shift knob.

4. The method of measuring mistegistration in the manufactwre of
sepnconductor device wafers according o any of claims 1 - 3, further comprising
10 calculating a difference between said first analysis results and said second analysis resuls.
5. The method of measwring misregistration in the manufactore of
semiconductor device waders avcording to any of claims 1 — 4, wherein said at least one
parameter 1s adjusied separately for misregistration measured along a first axis and for

15 misregistration measured along a second axis.

6. The method of measoring misregisttabon in the manufacture of
semiconductor device wafers according to any of clabms 1 —~ 3, wherein said first
ortentation and said second ortemtation differ by 180 depraes.

20
7. The method of measuring misregistration in the manufsctwre of
semiconductor device wafers according to any of elaims 1 - 6, wherein said image of said

first pertodic struchure 1s a Talbot image.

8. The method of meusuring misregistation In the manufactare of

P
A

semiconductor device waflers according o any of clatms 1 - 6, whereln said imgge of said
first pertadic structare i3 g Talbot image and said image of sard second periodic structure

15 a Talbot image.

EI RS The method of measering misregistrabon i the wanufacture of
semniconductor device wafers according o any of claims 1 ~ &, wherein said imaging said

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

i
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10, The method of measering nusregistiation v the manufactwe of
semiconducior device waters according {o any of claims 1~ &, wherein said imaging said
first layer is performed by a first imager and ssid imsging of said second layer &5

5  perfomed by a second imager.

i1 The method of measwring misregistration in the manufacture of
senniconductor device wafers according to any of claims 1 - 10, wherem said multilayered
semiconducior device waler comprises at least a third laver and said at least ons
10 misregistration measurement targel comprises at least a third periodic structure formed
together with said at least thurd layer and having a third pitch and wherein said method
further comprises:
inaging said fivst laver and said thied laver i a first ortentation with sad
msregistration metrology tool employing light having at least one third wavelength that
15 causes images of both sad first faver and said third Iaver to appear in at least two planes
that are muteally separated by a perpendicudar distance greater than 0.2 pm;
analyzing results of sad imaging of said fivst layer and said third layer in
said first orientation thereby generating third anglysis results;
imaging satd first laver and said third laver i a second orientation with
0 said misregisiration mefrology tool emploving et bhaving said at least one third
wavelength that causes images of both said first layer and ssid third laver to appear in
said at least two planes; and
analvzing resalts of said ymagimg of saud first laver and said thivd laver in

said second orientation thereby generating fourth analysis resulis.

HeR A system for measwring musregistration o the manefachoe of
semiconducior device wafers, the system comprisimg:

at least one imager configwed 0 image m both a st and second

orientation at least a first layer and asecond laver of & multilaverad semiconductor device

30 waler, sawd wafer comprising at least one misregistration measwrement farget formed

thereon, said target comprising a first pentodic structure formed together with said first

layer and having a first pitch snd a second periodic structipre formed together with said

second layver and having a second piteh, said at least one inager employing hght having

5
oy

3
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at lgast one first wavelength that causes images of both said Hirst periodic struchure and
said second periodic structure to appear i at least two planes that are mutnally separated
by a perpendicular distance greater than 0.2 g and
a parameter adjusier configured to:
5 analyze resulis of said imaging of said imst kaver and said second

faver in said first ortentation, thereby generating first analysis results;

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

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

18 resulis.

13 The systemn for measwring nusregistration in the manufacture of
semiconductor device wafers according to claim 12, wherein said at least one parameter
is operative {o offset an error in misregistration measwrement that 15 due 1o poor

15 telecentricity of said system during misregistration measurement.

14, The system for messunng misregistration in the manulfscture of
semiconductor device wafers gocording to claim 12 or claim 13, wherein said at least ong

parameler comprises a setting of a took-induced-shift knob.

i3, The system fir measuring nvisvepistration i the manufacture of
semiconductor device walers aceording to any of claims 12 ~ 14, wherein said analyzer
18 also operative to calealate a difference between said first analysis results and said
second analysis resulis.
25

16, The svstem for measwring misregistration i the mamufacthiwe of
semiconducior device waters according to any of clatms 12 ~ 15, wherein said parameler
adjuster adjusts said at least one parameter separately for misregistration measured along

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

17, The svstem for measuring misregistration i the manufactire of
semiconductor device walers according to awy of claims 12 - 16, wherein said frst
orientation and said second orientation differ by 180 degrees.

RES
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i8. The system for measaring misregistration in the manufacture of

senyconductor device wafers according to any of claims 12 - 17, wherein sid image of

said first periodic structre is a Talbot image.

19 The svstem for measwing misregistration in the manufacture of

semiconductor device wafers according {o any of claims 12 ~ 17, whergin said image of
said first periodic structure 1 a Talbot bmage and said image of said second penedic

siructure is a Talbot image.

20 The system for measuring nusregistration i the manufacture of
semiconductor device wafers according to any of claims 12 ~ 19, wherein said at least

one inmager comprises a single imager.

21 The system for measuring misregistration in the manufagture of
semicondagctor device walers according to any of claims 12 - 19, wherein satd at least
One imager comprises a fivst imager configuwred o image said fest laver and a second

imager configored 1o tmage said second layver.

22 The system for measwmg nusregisiration in the mamfachue of
sevaiconductor device wafers according o any of chumg 12 -~ 21, wherein said
multilavered semiconductor device wafer comprises at least a third layer andsaid at least
one misregistration measursment target comprises at least a third periedic structure
formed together with said at least thivd layer and having a third pitch and wheren:

said inager configured to image at least said Grst layer and said third layer
of said multilavered semicondactor device wafer in both a first and second oriemtation,
said imager employimg light having at least one third wavelength that causes images of
both said first periodic structure and said second pertodic structure to appear in al least
two planes that are mustually separated by a perpendicular distance greater than 0.2 uny;
and

said parameter adpuster analyzes resulis of sad mosgng of smd Hust
periodic structure and said third periodic structure, thereby generating analysis resulis and

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

29
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