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The present disclosure generally relates to the field of overlay targets
for over w9 ast170d08gy and nore particularly to desi gni ngcanmusionysover | ay
targets with orthogonal underlayer dummyfill. BACKGROUND 100021

Sem conduct or devices are often manufactured by producing a plurality of

| ayers di sposed upon a substrate, such as a silicon wafer. The alignnent
bet ween the various process layers is typically controlled to ensure proper
functionality and performance of a resulting device. Msalignnment between
device features or structures formed within two or nore successive |ayers
Is often referred to as overlay error. The ability to detect and correct
overlay error between patterned |ayers on a wafer is critical to

manuf acture of i PEERAKSUTARGETS WHHIORTROGONAL WWDERUAYERI ces. [ 0003]

Overlay netrology is a known techni eterm ning msalignments or
overlay error between patterned deﬂ%’d%’éz typically by analyzing an

overlay "target" or "mark" disposed proximte to one or nore device |ayers
of interest. For exanple, overlay neasurenents nay be perforned via test
patterns (i.e. one or nore overlay target structures) printed together with
various patterned device layers on a wafer. An overlay netrology system may
include an imaging tool configurBaCHNIGAL BiELD mage frarres that are

anal yzed by a praocessing unit to determne a rela

{0001} The present disclosure generally reiates to the field of overlay
targets for overlay meirology and more particularly to designing and

using overlay targets with orthogonal underlayer dummyfill.

BACKGROUND

{0002} Semiconductor devices are often manufactured by producing a
plurality of layers disposed upon a substrate, such as a silicon wafer.
The alignment between the various process layers is typically
controlied to ensure proper functionality and performance of a
resulting device. Misalignment between device features or
structures formed within two or more successive layers is often
referred to as overlay error. The ability to detect and correct overlay
error between patterned layers on a wafer is critical to manufacture

of integrated circuits and other semiconductor devices.

{0003} Overlay metrology is a known technique for determining
misalignments or overlay error between patterned device layers,
typically by analyzing an overlay “target” or “mark” disposed
proximate to one or more device layers of interest. For example,
overlay measurements may be performed via test patterns {i.e. one or
more overlay target structures) printed together with various
patterned device layers on a wafer. An overlay metrology system
may include an imaging tool configured to collect image frames that

are analyzed by a processing unit to determine a relative



di spl acenent or m salignnent of the pattern el enents meki ng up device and
target |l ayers. [0004] Several techniques are currently applied to maintain
or i nprowsoppocEs®sconpati bility of substrates supporti RgTASeBAY208Ar get s.
For exanple, one or nore patterned |ayers of dummy fill (i.e.
non-functional structures or features) may be di sposed upon a substrate to
achi eve spatial attributes or physical characteristics required under
design rules for certain sem conductor manufacturing or testing equi pnent.
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sel ect ed segf@at@nhdtapgetsialepgattern to i nprove process conpatibility.
[ 0005] Despite existing solutions, shortcom ngs within the art continue to

result in process damage to an overlay netrology target or a |ack of target
conpat i bi | i {904 t$P‘é9éﬁ{g C FUPS nariT SHETENtg %Hgfegﬁ Q| BRintgge or
defi ci enci eSdd € t‘ﬁ'@a‘?‘f’ , ' dgsnHhsti D051, or in
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metrol ogy footprint on a reticle and wafer to excéssive target size.
SUMVARY [ 0006Huiies ywrderdesigngsiles {precertain semicndustoy spanyfacturi®y desi gn
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pattern elenents formng at |east one overlay .

features nominally smaller than a selected segmentation or sub-

pattern to improve process compatibility.

{ooos} Despite existing solutions, shortcomings within the art
continue to result in process damage to an overiay metrology target
or a lack of target compatibility with semiconductor manufacturing
design rules. Some deficiencies in the current state of the art
include: dishing within or in the vicinity of the target due to chemical
mechanical polishing, eich bias in the vicinity of the target due to
incompatible pattern density, subsequent parasitic capacitance in a
manufactured device due to design rule violation in the target,
lithographic incompatibility of the target resulting in metrology bias
in the overlay measurement, and increase in metrology footprint on a

reticle and wafer to excessive target size.

SUMMARY
jopos} The present disclosure is directed to overlay target design
including orthogonal underiayer dummyfill to cure one or more
deficiencies in the current state of the art. In one aspect, the present
disclosure is directed o an overlay target including one or more
segmented overlay pattern elements forming at least one overlay



target structure. The overlay target further includes one or nore inactive
pattern elenents formng at | east one dummyfill target structure. Each of

t he one oworroré7rwacti ve pattern el ements may incl ude decmpufSeéiB/ogmgnent ed

al ong an axis orthogonal to a segnmentation axis of at |east one proxinmtely
di sposed overlay pattern elenent. According to various enbodi nents, each of
the target structures or |layers nay be fornmed froma separate process |ayer
successi vel y di sposed upon a substrate, such as a silicon wafer. [0907] In
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target disposed upon the substrate, the overlay target including one or

nore segnentBMEWER| Faghrafche enenghmoneiagitycapafieny clgmendy dndvy t ar get
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comuni catively coupled to the detector nmay be configured to determne a

m sal i gnmentw% ween at | east two | ayers di sposed upon the substrate
utilizing information (e.g. one or nore image franes or contrast data)

associ at ed vbddy; tiheahbther Bapeer #ef hstiedurs et HReetbd A6 BAadbaeddyfrom the
overlay target. In sone enbodinents, the overlay and dumyfill target
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determine a misalignment between at least two layers disposed upon
the substrate utilizing information {e.g. one or more image frames or
contrast data) associated with the illumination reflected, scattered, or
radiated from the overlay target. in some embodiments, the overiay
and dummyfill target structures are twofold or fourfold rotationally

symmetric to allow for certain manufacturing or metrology



[ von] The nunerous advantages of the disclosure nmay be better understood by
those skilled in the art by reference to the acconpanying figures in which:
FIG 'I|AWDl20s¥ratoes an overlay target, in accordance wprCh/tusnoignieds nent of

this disclosure; FIG 18 illustrates a portion of the overlay target
wherein a segnentation axis of a dummyfill pattern elenment is orthogonal to
a segnentation axis of an overlay pattern elenent, in accordance with an
enbodi nent of this disclosure; FIG 2Aillustrates a two/fourfold

3 st osur o; SavattphEE O owerty FBTR Sr lrtol e SRR Vmally 1Y B84 an

overlay tar gequiledusy Wieapplitdeonyoddeiv akohdseyemplsyifgoyeittametiget , i n

accordance with an enbodi nent of this disclosure; Fla 3Aillustrates a
t wo/ f our f ol PYEFIMESGOLboE Aiffiactiangaesed avaday (BBYenebology taigsssh ment of
this disclosure; FIG 38 illustrates a dummyfill target structure and
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performing overlay metrology upon the substrate including at least
the following steps: iluminating an overlay target disposed upon the
substrate, the overlay target including one or more segmented
overiay pattern elements forming at least one overlay target
structure, the overlay target further including one or more inactive
pattern elements forming at least one dummyfill target structure,
each of the one or more inactive patltern elements including
dummyfill segmented along an axis orthogonal to a segmentation
axis of at least one proximately disposed overlay pattern element;
detecting illumination reflected, scattered, or radiated from the
overiay target; and determining a misalignment between at least two
layers disposed upon the substrate utilizing information associated

with the detected illumination.

o009} It is to be understood that both the foregoing general
description and the following detailed description are exemplary and
explanatory only and are not necessarily restrictive of the present
disclosure. The accompanying drawings, which are incorporated in
and constitute a part of the specification, illustrate subject matter of
the disclosure. Together, the descriptions and the drawings serve {o

explain the principles of the disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The numerous advantages of the disclosure may be betier
understood by those skilled in the art by reference to the
accompanying figures in which:

FIG. 1A illustrates an overlay target, in accordance with an

embodiment of this disclosure;



FIG 4A illustrates a two/fourfold symetric overlay target, in accordance
with an enbodi nent of this disclosure; FIG 48 illustrates a dummyfill
target stwocbwe7mRd an overlay target structure of thePCRa/SE@aofiznkd
symmetric overlay target wherein each of the target structures includes a
plurality of pattern elenments, in accordance with an enbodi ment of this

di scl osure; FIG SAillustrates a twofold symmetric overlay target
wherein a first portion of overlay pattern elenents is printed over

of Thi s di oo osurde: 18 kbR BBt o B RSN Sl ARIFRCo  or oy
target wher aigyracaRaRAdaRY bf aNiW@hnopal baﬁemteuah@nelwmﬁdmmbmt gd over
an enbodal men

dumyfill accordi ng to a second exposure, in accordance w |

of this di sciesgnpaiation axis of ag qyaripyt paftesn glerpeat: igyaacargance jwith
accordance v Qn?dbcﬁmqidﬁﬁfs Qs ctdiifedi scl osure; FIG 7 is a block
diagramillustrating an overlay netrol’dgy system in accordance with an

enbodi ment of thiFGdi XA diusteatesnal two/fourfoid Gyntimbtria ovedaydiaageiain _
an enbodi oSG aBAPS Wi Bnagapadent of Ui disciourél |1 accordance Wit

FIG. 2B illustrates a dummyfill target structure and an overlay
target structure of the twoffourfold symmetric overlay target, in
accordance with an embodiment of this disclosure;

FIG. 3A illustrates a twolfourfold symmetric overlay target, in
accordance with an embodiment of this disclosure;

FIG., 3B illustrates a dummyfill target structure and an overlay
target structure of the twoffourfold symmetric overiay target, in
accordance with an embodiment of this disclosure;

FIG. 4A illustrates a twolfourfold symmetric overlay target, in
accordance with an embodiment of this disclosure;

FIG. 4B iHlustrates a dummyfill target structure and an overlay
target structure of the twolfourfold symmetric overlay target wherein
each of the target structures includes a plurality of pattern elements,
in accordance with an embodiment of this disclosure;

FIG. 5A illustrates a twofold symmetric overlay target wherein
a first portion of overlay patiern elements is printed over dummyfill
according to a first exposure, in accordance with an embodiment of
this disclosure;

FIG. 5B illustrates the twofold symmeiric overlay target
wherein a second portion of overlay pattern elements is printed over
dummyfill according to a second exposure, in accordance with an
embodiment of this disclosure;

FIG. 6 illustrates an overlay target, in accordance with an
embodiment of this disclosure;

FIG. 7 is a block diagram illustrating an overlay metrology
system, in accordance with an embodiment of this disclosure; and



DETAI LED DESCRI PTION [o0ii] Reference will now be made in detail to the

subject matter disclosed, which is illustrated in the acconpanyi ng draw ngs
[ 0012] FIv&8.2013A7t4e8ough 8 generally illustrate the desi gaTASd0139€208 an
overlay with orthogonal underlayer dummyfill in accordance wi th various

enbodi nents of this disclosure. US Patent Application Serial No.
13/ 186,144, at least in part, describes orthogonal alignnment of dummyfill
with an overlay target structure disposed bel ow or over the dummyfill.
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therein as " finetidlogylS ifaeabrd@ide catthonm Sanbalditent 18 186s 144 and
Serial No. 12/455,640 are I ncorporated by reference, as if entirely set
forth herei riliSgSWS] | owi ng enbodi ments are provided for illustrative

purposes, and it should be understood that the features and arrangenents
descri bed bel ow may be conbi ned to produce additional enbodi nents. For
exanple, those skilled in the art will appreciate that portions of the

fol | owi ng enbodi ments may be D&ETWAILED DES&FIPEWBNan overlay target or an
overlay netrol ogy systemconplying wwth a set of manufacturing design rules
or satisfyi igodl Fefecenrce |willonow ber stads igodeiaili to Itheysubgidnattec | A

illustrates ver JIEt r. 00,1 r i.th an

erbodi mont - S1oE e PR b M3 A b Pa B oMtk e
plurality of target structures. In sonme enbodi ments, the target structures
are manuf actjugie FIGEN BA thpsugit € penosslly lThstrateathed desigesandalge df sposed
upon a substrate, such as.a silicon fer. The tg@get 100 .,may i ncl ude one

or nore of iHhOVEUAYpuith Qrthegenavadadayen domravki iriapaordapgrewithng of
dd id | il i , ( =4 O :
segrent e LUBMCPUS! m%rpgpﬁsﬂwéﬁg |4 gt H‘i’étﬂo%%‘é”u‘s W@ri% Oﬂﬁgg@%ﬂ&ﬁr m at

| east a first target structure. tar get urther
i ncl ude one SeriaiMe. t¥486 Ayidpat taast irlpark desclibes- G@Hdgboahalighmemt over | ay

features kno to t art., such as thos escribed or referenced in US
parent - appl (ERYDRUAGLR aRdveriy 835, st e dntest REow 9 487 640
[nu) The ovapka¥uiahenn elff@mtbhalifdagd04hany Aeﬁﬁhéﬁohe%‘i’ia@ fcond
"overlay" target structure di sposed proximte to e du fill target

structure. 455,641 desanees vaetrajogitargetst audeastepaiaibe incivddr@ent | y

di sposed upo h b e,over .t he. dummyfil | _tar st rugtur nce, the
dumyfil | ta&"ﬂépﬁgfﬁﬁuiﬁ#é&%go bgﬁerrgf'?er d PHWH@yaq'%mmyf ﬁﬁ 'ﬁ%‘&g‘? | ayer."
The dumyfi |ApgR@atiodd Benmd Ny, 93ABEa P AricerSeridie NNt $2/568F4004¢e May be
segnment ed according to manufacturing/testing desiggn rules or, according to a
sel ect ed rarljeomnoréed chedrefelenss.onst fomndigalygsetufadh herein) usthated by

MG 1B, ea%%igwfédwboﬁﬂﬁéﬁfézsgé ?@Bﬁ&%fﬁﬁsﬂsti%%Eﬁg}o%@saﬁgﬁﬁ’ita first

"dummyfill" 'seg ation axis I'S orthogonal t'o SECO over | ay"
segnent at i orstaxiid Héd Gnderstespbtidit thetfeatirescmisd aorahgeegerist desaviesd ay
pattern el enment 104 disposed abgve or bel ow the du fill pattern el ement
102. Furt herPiPW Bhe bEBBmRiaae stoapreguss *?’?g?%bQﬂ‘"&d@SorF%re

dummyfi |1 padlprpie OB skitdd dn ti‘x@%@i}jﬁ&ﬁﬁ?@@i {ﬂhtapr?rit{a%‘st bPhe

orthogonal to a segnmentation direction of a second set of one or nore

dumyfil |l pdotiewing| embocEmeded, meg2le combined to achieve an overlay
target or an overlay metrology system complying with a set of
manufacturing design rules or satisfying a selected level of process

compatibility.

[oo13) FIG. 1A illustrates an overlay metrology target 100 in
accordance with an embodiment of this disclosure. The overlay
target 100 may include a plurality of target structures. In some
embodiments, the target structures are manufactured from a

separate process layers and successively disposed upon a



[an] The segnented dummyfill pattern elenments 102 may include dumyfill

di sposed upon enpty regions reserved for pattern elenents, such as device
or overl ayopaterasel enments, subsequently di sposed accoPdirni$2416/0¢2989 or nor e
successi ve process |layers of the |l|ocation estimation of at |east one

overlay or dummyfill pattern el enent making up a portion of the overlay
target 100. FIGS, 2A and 2B illustrate a two/fourfold symetric overl ay
target 200 including a dummyfill target structure 201 fornmed from a

ver ay { ar B, bl Buf SRR S T0E gt B ARy TR B Cor p ™"
el enent s 204aoPd 4€ inddtiveopRiteny eRimetsS1 0 RAGH24 dkgehtially tolngigtim@brand 203
is twofold or fourfold rotationally synretric such that the resulting

target structasiaentas dympayfity dhie %@@i‘@rﬁ%‘i‘?ﬁfhﬁ*e@?%ﬁé’ QRa:1 P29 may get

t t 2 £l , ! 2 i ; i ngl
twofof 0 or fary 8y et A dummy IS Bargui sifuctifio “Hhe farsBE 160RAAY "9 Y
e?anﬁl e,OI the‘;st?u{egetnﬂﬁﬂeierlxéour fmbg%;m?ggﬁrmﬁmm%bnisdtﬁmﬂm, each
of the du | ttern elenents - nmay. .1 hC e S| ngle-axl s
Segment at | OHOERRSHL 1AM PYEHRNg TeAtReT Jeewdt 521 Wik ar Syihoms dhose
Sub-pattern.addaida | or SRIFBrRRA PGS, Falienf UABBNEationS VSRRt { RignS

202a-202d are segnented al ong a selected axis wherein the size and spaci ng
of the dummy¥f¥/i86,444rmexitier SkoabNohd288§edt.at i on axis are sel ected
according to spatial or physical characteristics of overlay pattern

For oxanpl o 0070 HumayPrey Sdfhuh e PSRl s Bl B Jolicel it 9,
feature sizesedfRE] P@verddg! Ofarg@gﬁgﬂi@himﬁ @isploeds wabs | Yo pehat ed
overlay pattern el enents 204a-204d_in order to avoid contam nation of a

met r ol ogy si m pat & $¥e. o or BAPNTHEEL NCBVENI]Y A]UPT FITHC IR
Gramdil st strugt b rdart theegvenlay daret iioictu
substrate or gqpal j ‘ S n ( ol , pitch
and/ or feat u@ggsi(yzée %A;Q%%rﬂwgégg%ﬁfggﬁgﬁ F%ésgﬁgﬁﬁgﬁ%ﬁﬁger t han
m n: mum d&;!(ghmmr?fas témeftalmlramgsur dHérd, , theudanasyilll targegrank&mrexposgr e
tool, on ich the du [ sup:patterns are to be_exposed (le. printed or
di sposed updH@¥% %ﬁ%@&o‘ﬁ‘ ?%@qs‘{}&myg’cngﬁ".‘g‘?’ﬁ%yﬁvgr & Hm@(\,‘éhﬁ%i on may
advant ageou : , . I \ ol nds.
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[0017] As illustrat inF A, an overlay netrol ogy targe
i ncl ude si nglascading $egmanibactuimgflestingpdesigm relesnentac@eB8a@a@2dawi t h

i ly di d | el 304a- 304d, .wh
Doundari o5 GeISREAnRE S BRs BF iafieT B et i aies  ASTHEALY i ¢ hi n
boundari es fif rd. BB, daRhdyamH Al ﬁelatﬁérﬂaéi%?{e?ﬁ- md hapdef ﬁé@ﬁ@hte‘d

illTustrates a durrméfi Il target Structure 301 fornmed fromthe dumyfill
pattern el erdifang Boest- Josnmdill aseoventation axifel 08 thatisupgthegengbtored from

i st ance berbaehoPfle SETRNE el oeatich by PP o bR RL e, A Reef e ™
overl ai d sulomasbghientéd odeeRi/attdiRnelandii4diipoed dybidwiabr BERIWISI on
zone. The di stance between the boundaries may be greater than the

pr edet er mi néhedhrnenrilbrattan slernent164 Fustmiginfoma empadimests 8t an axi s
per pendi cul %a{s atfﬁ‘gt Q%{)}éélcﬁﬁﬂf@Bh?ﬁr'n%ll%t?em%lehﬁrﬂ@%'ﬁz%b%?@r al I el

and perpendicular dire
is segmented in a direction orthogonal {o a segmentation direction of

a second set of one or more dummyfill pattern elements 102b, 102d.

{0015] The segmented dummyfill pattern elements 102 may include
dummyfill disposed upon empty regions reserved for pattern
elements, such as device or overlay pattern elements, subsequently
disposed according {0 one or more successive process layers of the
substrate. The dummyfill pattern elements 102 may further include

inner edges {e.g. one or more rectangular apertures) enabling

7



[0018] As shown in FIGS. 4A and 4B, a twofold/fourfold rotationally
symmetric overlay target 400 may include a plurality of overlay and

dumyf i | Iweurbt3piarzoer ns i n each quadrant. For exanple, ea&ch/use@dnaa? of the
overlay target 400 may include six dumyfill pattern elements 402a-402d
formng a dumyfill target structure 401. Each quadrant may further include
five overlay pattern el enents 404a-404d form ng an overlay target structure
403 di sposed on top of the dumyfill target structure 401. A twofold

rotationally et rl r,qet b imlarl Lan Lth a
plurality of'agéggﬁa%ggﬁ%\@ﬁf %ﬁ*gg%%q’% t@reigar{{ r?%eg)c/wﬂg‘ghﬂhég{tg@ and
bottom or | eflerid rhakiplg Bglavpsrtionof ehs icderiy-target LAROFIGSS 2ARaid exanpl e,
in an enbodi nent of an overlay target 500 illustrated in FIGS. 5A and 5B,
overl ay pat t48 ilgsispiens dwodloairiold Sonmetrie prarinetpiers 208 ngiging 2

nder | ayer qg%ﬁ £ ' o | : and a
gecond gxposuren@gg'e%tasg'gﬁtqﬁgdgeg%%%?%ﬁw#h%éﬁ%ﬁhﬁé ns) may be
pri n]t ed i anmtwmteleﬁm ; u%m-mmh eiésdies?i :p?onmmiwahmmgd}gggeen_ t hle
overlay sub-patterns,. JFyrther, . the du j egnent ati on may be identica
Cor caun of STHCHERART TPITERH. HanT o MLy of ONBEAYLEBIarT Flements

| i thographi cpese ii:%%h?é‘&ﬁxbd g&gﬁg EXO0 YA, ts?ruétt}ﬁa Uy 2681 96t may

further incl'ude subsequently over egnent e umyf sub-patterns with
i denti cal sdgriwmfald on fendiald rotatimnaliy syirthetria sachi Hadghepleisaittivgr | ay

t ol . [,0920] || di nept . 1.h | di, ment
71 st r at e TFOSH wieldc RS 20 BRmr frody 43¢ e RSligh SoBeayraay FHIGRt nel ude
over| ay sub-gipiéteres 2iBta-cddd aiedl einsiwimmy f tdrged Ulstbadiues ns2¢d023s 202d

having internal edges (i.e. including a rectangular opening or "w ndow')
whi ch may becarsesperdnody dyefeidter tfaateiderntatinnally syrnmegtic.ole sgaeeern

el ement defilng erlay ‘ L1 Rat ter, or.di t he
overlay tar g%egﬂgﬂﬁﬁg i #Ogl ﬁgém%qug?;ﬁ%négéggﬁtze gné%ﬁ?‘n’&’%‘ﬁd“%%ﬁ%%’%ﬁ ocation
estimation igyran@itriect Farthea ahtk! ofatitd Adurpviginghtishfrelé@ents PPant at i on
axis of each overlay or dummyfill pattern elenent. In sone enbodi nents, the

sub- pat t er n 4&%<himay wsivde fingionayin sqpeatation shprpdith farming  #n
per pendi cul af deBidf HoE¥bhkh W@gﬁé Eﬂ?.‘-;}:ét@gﬁmto avoi d enhanced scanner
{ y at gnegelocalon,

aberration sensitivit particularly as a function of
scanner focus. Alternatively, the sub-pattern |ocation estimation may be
per f or med oribg1sf rinascinecemibolipends: | Hie donsumyfilif $hb-pdtpraat203:6802d nes to
avoi d design rule vi o&g{)i@ns. [SO Z%L Cer.t ai,n enbodi ments_gf t he ovgrl ay
target may HHCRRAENERTELIONDR &8% A XA hIE Y I 5125 BRASPENPA i bil ity

the dummyfill segments along the segmentation axis are selected

according to spatial or physical characteristics of overlay patiern
elements 204a-204d printed over the dummyfill pattern elements
202a-202d. For example, the dummyfill segmentation may be
selected according to feature size, spacing, andfor segmentation of
the subsequently printed overlay pattern elements 204a-204d in order
to avoid contamination of a metrology signal associated with overiay
features disposed upon the substrate orthogonal to the dummyfill
segments. In some embodiments, pitch andior feature size of
dummyfill segmentation is substantially larger than minimum design
rules for an exposure tool, such as a lithographic exposure tool, on
which the dummyfill sub-patterns are to be exposed {i.e. printed or
disposed upon a swface of the substrate). The oversized



WO 2013/ 177208PCT/ US2013/ 042089 requirenents. | n one enbodi ment, for
exanple, a fourfold rotationally symetric overlay target may include a

pl uralitywof2oiayexs (e.g. four layers). Each quadrant ofCrhis2asmuioay tar get
may include two segnmented dummyfill sub-patterns enabling neasurenent of
overlay along a first axis orthogonal to the dummyfill segnentation. Each
quadrant may further include two segnented overlay sub. patterns

subsequent |y di sposed over the dumyfill pattern el enents. The overlaid

sub-patter ns, oy verI a
second axi s &@ﬁ%@@% Wﬁ%&fﬂtﬁ%%&%lﬁ%ﬁ @Q%gg%fﬁg Smﬁ&ﬁf‘gf or the
dummyfill syhsiRRidigoTdine éhdgrnatively, the overl aid sub-patterns may be
arranged to enabl e neasurenent of overlay along a second axis parallel to

the first axis. [0022 not her exenpl ary enbodi nent, each adrant of a
(two |ayer) PO A% diugr Hé § n‘grgt‘?‘f lay, gt oﬁgr'@ﬁgeﬁwﬁa&’ﬂﬁl’ude a

si ngl e-axi s |ﬁeg{&;en ﬁw%i ‘ﬁ%%%ééhe?ﬂ@ﬂ%rﬁ?{ﬁnsﬂ?ﬁéﬁ%l entsl 3 (ﬂéd\f@%& he

respective qua xception of “an ‘opening (or wn avi ng
i nternal edgegh Preximaiely edipeoseid tdmrtqgerpatgemayeibmeﬁasﬁﬂéd-

sub-pattern | i estimation i dir ctlon aral | tothe durmyflll
segnent at i ori”gq??é’ QF Z} W*’f“iﬁﬂ%e‘ﬁ% ﬁﬂg tg}é Eéﬁ HiRsppgrns
sub-pattern a‘-‘r@b%ﬁﬁﬁﬂ%éw AiReSBduldSFies hﬁ:rﬂmy the @Rﬂﬁ%‘\%ﬁr Buplhe
overlay sub-pattern may be segnented i n accordance wth nanufacturing

desi gn rul egatieteist i 13y fudtige dtiustrates aviummyfdlutargat stiuctume/ 30t

dumy 111 sagRERTtoR e 68hBRaT° brfEk Rerafeniod R ol deal o '

t wof ol d 1ot ajvernd} Iwrgs!mmmbmréf @03 | RyAied ONeM athd adestiag OpRitesh NY may
i ncl ude four segrrent fill sub-patterns (two in an X direction and

two inayYd ﬁM%n?a“%ﬁ@ﬁﬁof i h%amnﬁwhqd-wspa& ﬁ@??ﬁeﬁaW%@ﬂ‘é@ranged

to enabl e ; s. The
overl ay & ar aatWsent dhe; hoRHRRKRE Brrlitk MGETRAG GpBRARRS EAY BT, 10
(six in an >(>\ebrreédt IS~ paﬂeam( isn gre\étdt r fhedni oa) prEﬁeﬁam‘fmbﬁe optial ay

sub- patterns suybsequently d over the du sup- patterns nay be

arranged to SXFYHE @ﬁéaﬁl-e ‘és fsiaree Betwren aé‘etseé‘ﬁ%lét'?%e
measur enent @gher {HHe gmmm&r@gm& Bﬁcﬁfsﬁ d:‘i"'zb'nea&l?iye&lb%e

exenpl ary nature of the foregoing e I ments, as such, the enbodl ment s
descri bed herds pashidel dr be amaqcm*peodmdabm mgeldumamfdt s egmamndathon
intended to |limt th &b Iosur one,..enbodi nent s,

oo oS i Bol B PR aRe R e iR BRERIGT ny layers in

excess of m nimum design rules, thereby increasing the process w ndow of a

sub- pat t er n b@ysbeag rsRfvern mhaxss heh Hid WIR 4 ewebidndutsiictativhaler, the
segnmentation may be relatively small in conparison to the geonetry of the

sub- pat t er n SwB@etric Quasiay tayoed 408 ﬁr@arsm@m;@manﬁhtrghtswé SyRelayeand
singl e-axis Whl lsW%%He?Mgr u&m aéRYv haﬁ?ar'nea“r—':gr fmﬁiepr%?ﬁs | ayer

to i nmprove rol‘ogy performance an pr o ess conpati
quadrant of the overlay target 400 may include six dummyf ill pattern

elements 402a-402d forming a dummyfill target structure 401. Each
quadrant may further include five overlay pattern elements 404a-404d
forming an overlay target structure 403 disposed on top of the
dummyfill target structure 401. A twofold rotationally symmetric
overlay target may be similarly designed with a plurality of overlay
and dummyfill sub-patterns in each of the top and bottom or left and
right halves.

[0619] In some embodiments, portions of the dummyfill or overlay

sub-patterns are separately printed upon the substrate in two or



100251 Various nodifications are contenplated in segnmentation

spaci ng/ pitch, nunber of process layers, symmetry, and other attributes of
a metrol oy 20eviger08 The enbodi ments, descri bed above ar @Cirlusoi3natosye of
various features but are not intended to restrict the present disclosure in
any way. For instance, various enbodi nents herein describe a twofold or
fourfold rotationally symetric overlay netrology target, but

twof ol d/ fourfold synmetry is not required in all applications. In sone

nei ther TuofBPHF IS BYTHAR excRurBs o Ry Rl IF, 4 BBBod T o iy,

various portawittytatded So®nliagtrhtiden BIEE. SACANUNSBY icledlays phtteatt erns or
groupi ngs of two or nore sub-patterns, may be at |east twofold sgrmetrlc.

[0026] Sore eipmeardatdasndbedb ate prnted ovepe dwnmyfghyndaganst 502uire a

t wof ol d/ f our | € ; ‘ s £ e T r t 600 may
I ncl ude a fiérﬁs%t %8?}3%4@6# i‘é%?ﬁg@%ggggf@; (%eetr'r:gﬁt gﬁgoijgcygo%%cr‘m ng a
first overl asxpmnget{seb RIGt 88). ditd: segeeoted plummvililyswh-pavierhaynpat tern
el enent s 604a- 60@_& fqQrm ng a,second overla t&}rq_et, structyre, both target
Struct ures dtfcPEEERY dnySERATLE CHPOSULET HhFR TeTEriacho| ERAVSIORCFORS ng

or t hogonal | ' dephdacdy at.lBLkied nt s Bas60 ‘ r shown
in FIG 6, %t%egw urmyﬂik{l (35935% nt g%’lﬁo"ﬂa |&§? spacl ng rgngﬂgi f?zﬂ%%ﬁg first
(X) directi cregragntiticremalyrlosriddrdiciufoy each of dgershuaniylitl Sub-pattetiond ()
direction. [00 7il. In . sone gnbogi rrenis th .tar\%etq 6@5 al | ovvsllfor over | ay
measur enent 1 APBNFEG ARG 5 3 LERpHaRlt S ETRY, Qefa ot R  ure or
| ayer defi neginbudirientd, il Blerialithygsf nanehadePhtiRde eLiB8BRLESnEP2a- 602d.
Further, overl ag‘gmay be neasured in at | east a second direction according

to a second avergud ssegorentedor dupeyider | srderpajterne saotind pplentioaity of

appr ool at o (A PNGHET ol o [ AdhmeRReRidh ' 15 IhadBpRie Bedoy) ) o

overl ay | ayabtoramey. be varied without departing fromthe scope of this
di scl osure. 100281 FIG 7 is a block diagramillustrating an overlay
nmetrol ogy system 700 i n accordance with an enbodi nent of this disclosure.

The overl ay {R#% df‘o@?“keym Mgy Surh li"t?e_ﬂ&‘?\ SAMRlary e Ry st em
such as the iﬁ%§fr§ﬁ@d GESEIEDednChnd SIr W%e’dﬁw&r@@t% igGAhlkpn Seri al

No. 13/186,144. The system 700 may 1nclude at I'east one il um nation source
702 confi guriedlude | blerkinasebamatbenys] a304weiBéd ogyndiar gduniowiidli spbsed upon

a substrate 7 verlay target,704,.includes a target in

coor dance AERCI4 208 R Vind tnbRtsliadema < neliind = Ak gl

supported byogerfagPbe Skattfowds wiiBhC hdP)bd Neleddarad foeastindte kheear or

rotating actuator for translating or rotating the substrate to a selected

osition. location of at least one pattern element defining an overlay or

p
dummyfill sub-patiern. Accordingly, the overiay target 200 may
include an arrangement enabling sub-pattern location estimation in a
direction parallel and/or perpendicular to a segmentation axis of each
overlay or dummyfill pattern element. In some embodiments, the
sub-pattern location estimation may be performed only in a direction
perpendicular to dummyfill segmentation lines to avoid enhanced
scanner aberration sensitivity at an edge location, particularly as a
function of scanner focus. Alternatively, the sub-pattern location
estimation may be performed only in a direction paralie! to dummyfill

segmentation lines to avoid design rule violations.

[0021] Certain embodiments of the overlay target may be

advantageous for specific metrology or process compatibility

10



[ 0029] The system may include at | east one beamsplitter 712 configured to
direct illumnation emanating fromthe illum nation source 702 al ong at

| east a fwo=13wobjoect) path to the overlay target 704 amrdTaSca@am42089
(reference) path delineated by reference optics 716, such as a reference
mrror. Illumnation reflected, scattered, or radiated fromthe surface of
the substrate 706 including the overlay target 704 may be collected via an
objective lens 714 and directed along a collection path to at |east one

detector 710 one ti ai‘ ;th the
det ect or 716&99 reﬂ'gg'it%hflgur e%R eﬁ?&éﬁg%égﬁggéém % 'gﬁﬁ&' ith the
i1 um nat i onrotgeehxeds{imneiricoveapearget e irrdingbrapRird(iy aﬂi@@e@@rmutl ng
system 710 may be configured to determ ne an overlay error or_ spati al

m sal i gnne ntie&tﬂ%’éﬂaﬁ?fs})eagﬁchvﬁﬁ@@?@ﬁ Lt hengueday ithegatumsyy icdude e

the 1 mmgbng W Sedsfifnlel SRR SLBTEu o BTy, WodluBRRift B1cL, o be
r ecogni zgd tdadridyhalomy gd&mtmarﬁmgdna‘icm m?dmwsu@mmt tBe
t t { t
Uit pl e cofARY i é@%p@ﬁ@%‘i‘é@hﬁéﬁgﬁﬁpﬁquaﬁ@o(? SR E o PRERY7 B8y
i ncl ude, b“?ét@erﬂ@sd & tth:s%ﬁg%BW'thﬁWHﬁF‘ é?(ﬁéﬁ{rbléi‘ﬁér?{fsr. arre

COprutI ng s stem wor e corrput er para processor, or any
ot her devi ceThmmmriam tshl@-mttemmwbeaarrangeddonpmﬁ:hegn@ﬂsumans may

i ncl ude at e e-core or. e-.cor pr: esso conki red to
execute o odiRiaTal it 568958 SlisAriogeiuS e it a3 lid ahi
[0031] FIG Reastirsrabhy fol | 4l IdlBmAIIMUrRFaRPfh i p&némaﬂmyov:l@élay

nmetrology in accordance with the overlay netrology system 700. IS
recogni zed, ouguaidrsubpattesne maYn’Qﬁea@E@%dofO eeahirl re@@sw@ynmt @kecut ed

i thout aepaaTey PERR  RE¥h8 A0 e el PP eRRC oaure: in an

enbodi nent, the nethod 800 may I ncl ude at Ieast the follow ng steps. At
step 802, theomydnl auoﬂmrrekmpia@r gatbotlihetits pashdqupdrarthef saJlemsate 706

is illum nated. A%&Hs}tgg bum nati aon ref Igct ed, scatte[eci radi at ed
by the targé?y‘?%} d tE‘?}a@‘P&a mse‘eme&ﬁcom ay tafget gy e HBFe‘ét i ve

| ens 714 an [ a TDl
canra A S ERERKE imBhiec WBin AR W pARAT SEHibiniit Tt R

m sal i gnnentrebpeaben wadraastwﬁhdﬂeaymspmswsed oppaminghtorswistdowle. |1t is

ted h in that I d b d
over | ay et MAG05 HNGEHT AHBRowT oo I SRBSSEB DRaRRRRING, fupk Fa/

conpari son hﬁb&@ﬁfbc@ﬁiﬁﬁi&p@h@ﬁ@%@aﬁ&i @bﬂﬁ}é‘mﬁl Wéﬁﬁﬁe&ﬁ#ﬁé%ﬁl #od/ or
patterns formed from device features maé be performed to determne a
)

rel ative di dpractwamyfilli segmmrdatian. er The) target may further include a
segmented overlay sub-pattern subsequently disposed over the
dummyfill sub-pattern. The overlay sub-pattern may be segmented in
accordance with manufacturing design rules. Additionally, edges of
the overlay sub-pattern may be measured for sub-pattern location

estimation in a direction parallel to the dummyfill segmentation axis.

{00231 In another exemplary embodiment, a twofold rotationally
symmetric (four layer) overlay target comprising may include four
segmented dummpyfill sub-patterns (two in an X directionandtwo ina
Y direction}. Each of the dummyfill sub-patterns may be arranged to
enable measurement of overlay along a respective measurement
axis. The overiay target may further include twelve segmented

overlay sub-patterns (six in an X direction and six in a Y direction).
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10032) In sone enbodi nents, only inner edges of dummyfill pattern elenents
are neasured to avoid polish danage. In sone enbodi nents, a | ocation of at
| east onewoOunrsyi77ioB pattern el enent is determ ned via mpaFoISeNBOI208N a
first direction and a |ocation of at |east one overlay pattern el enent
subsequent |y di sposed upon the substrate 706 is determ ned via neasurenent
In a second direction (e.g. along an axis orthogonal to the first
direction). Further, edge l|locations of overlay or dummyfill sub-patterns

segnented b i el el pendi.cul ar ‘ direct.i 0 rement
may be neas 31%%8{) ?(%ta(;bge*p@?lgaﬁe%@ﬁ%%%?égbg,égs%gﬁﬁyggg u&éﬂgérh %‘{J&ge ?@%ul ting
fromthe di raghdMilbl stbepseamant atdynbe 0addhgdlioss hayither Skrdbien the
art will appreciate that there are various vehicles by which processes

and/ or syst dRgaangTasnbeheveay piND §iresrackve MRAFHEPE™ Bdh be ef f ect ed
(e.g., hardware, software, and/or firmwvare), and that the preferred vehicle

will vary w Sk elad J £ oTol IR o Ta T d/ or
ot her techno{fj%%f 2@1 ar e%S?eﬂt&dOi‘&e%ﬁE ﬁ()\gi:l‘lganﬁﬂlf’ nstr u?t?‘ieons rﬁﬁﬁﬁgﬁr{éﬁ%g?mt hods
such as thosbkeddecegbing hemdiodimeyntse andnsas tsechovide cemdtooliednd® carri er

medi a. A cargier.nmedium.may, i nclude a transm ssian di .such as wre,
Cabl 6, or wAeSEELEY PEFR S B¢ foderREL ps e nRILISHANS ANEEoFnc ude a
storage medijifa e t@3im@ theadisesrBBRPaYy whay. ANd UBrAE RSB cHRABARYS, 2
magneti c or optical disk, or a nagnetic tape. [0034] An of the nethods

descri bed hevagmentafidmis basedtupamipatuselsize of devicoor mvesiayt yersf t he

Fesul ts desdl BRrare P PR STEN tlss. dReleh YdiedRind B HGRN e art -
The storage wRdiown dly sOBLpHtranYo SH@rqraatde dham thascof e Mg or any

ot her suitable storage nmediumknown in the art. After the results have been
stored, the Jd¢ets turthpe ibecssomanmating My abe relgtivabaremalled by any

of the meth ‘ ' rd.hed . Is or, di spl ay
Co o user, ufiPaf¥Eham B BLPHRANE i IRE AR RARRER il 2GR Bl 86
Furtherrrplre,varkm,;seaﬂalidcﬁnm’_s,bs@meeﬂaghgmmmsl (lsluihn%%ﬁm:rmr' ' Imreené! y,"
tenporarily, or for so eri of, tine. For exanple, the storage nedi um
may be randdRR4cTREY ﬁgﬁﬁ%‘ F&%M“,f A nikIrA95E S E’éﬁﬂ”{% HEPTAYE Helodagy |y

I st 1 ndefd ahtakYed ' 0035] Al t hough ticul
persist in %é%ﬁﬁéycégng%ﬁbﬁg\%gﬁb%ﬁwu[ ] ough parti cul ar

enbodi nents ‘of this Invention strated, it is apparent that
various nodifications and enbodi nents of the invention nay be nade by those
skilled in tipReshr{anwusomodifisatiohag dreormarHenydaiest aind segmientation he

a0 g O SRR o, HEPBE RS 5, | LinhAA 8 R e
attributes of a metrology target. The embodiments, described above
are illustrative of various features but are not intended to restrict the
present disclosure in any way. For instance, various embodiments
herein describe a twofold or fourfold rotationally symmetric overlay
metrology target, but twofoldifourfold symmetry is not required in all
applications. In some embodiments, illustrated by FIG. 6, an overlay
metrology target 600 is neither twofold nor fourfold rotationally
symmetric as a whole. However, various portions of the overlay
target 600, such individual sub-patterns or groupings of two or more
sub-patterns, may be at least twofold symmetric.

{oo26] Some applications, such as SCOL or DBO metrology, do not
require a twofoldffourfold symmetric target. For example, the overlay

target 600 may include a first plurality of overlay pattern elements
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CLAIMS What is clainmed is: 1. An overlay target, conprising: one or
nore segnented overlay pattern elenents formng at | east one overlay target
st ruct ur evoanth/177208 one or nore inactive pattern el eneRC3/USeoFionysat | east
one dumyfill target structure, each of the one or nore inactive pattern

el ements including dumyfill segnented along an axis orthogonal to a
segnentation axis of at |east one proxi mately di sposed overlay pattern
elenent. 2. The overlay target of claim1l1l, wherein the one or nore

orati onal 1y Eagef BT hTubray e, 5Bk Bkl SR el A theonte o
nore over | aylipediitgr 6f RITRIY patterm dlemaast 60pe-604a1 Wirthing hosedtong
symmetric dummyfill target structure 3. The overlay target of claiml,

wherein the sl tarsed Stidure oot iaé’_gﬁt Stiptutes pHErasRivabhigmed
segment s di sppged Mﬁxﬁﬂ%@éem&rg@{ riﬁ&i‘u‘%ﬁﬁ% rﬁﬁ%g&%ﬁf&n&ﬁ&&'iﬁﬁcﬁ%t ern
n ayet .

el ements of at |east one subsequ proces
patiern clements 606a-606d. As further shown in FIG. 6, the
dummyfill segmentation (i.e. spacing and pitch} in a first {X) direction

may differ from the dummyvfill segmentation in a second {Y) direction.

[0027] In some embodiments, the target 600 allows for overlay
measurement in a first direction according to a first target structure
or layer defined by the first plurality of overlay pattern elements
602a-602d. Further, overlay may be measured in at least a second
direction according to a second target structure or layer defined by
the second plurality of overlay pattern elemenis 604a-604d. Those
skilled in the art will appreciate that the number of layers and type
{e.g. device, dummyfill, or overlay layers}) may be varied without

departing from the scope of this disclosure.

foo28] FIG. 7 is a block diagram illustrating an overlay metrology
system 700 in accordance with an embodiment of this disclosure.
The overlay metrology system 700 may include an optical metrology
system, such as the systems described or referenced in US Patent
Application Serial No. 13/186,144. The system 700 may include at
least one illumination source 702 configured to illuminate an overlay
metrology target 704 disposed upon a substrate 708, where the
overlay target 704 includes a target in accordance with the foregoing
embodiments. The substrate 706 may be supported by a sample
stage 708, which may include at least one linear or rotating actuator

for translating or rotating the substrate to a selected position.

f00291 The system may include at least one beam splitter 712
configured to direct illumination emanating from the illumination

source 702 along at least a first {object) path to the overlay target 704
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4. The overlay target of claim1l, wherein the one or nore inactive pattern
el enments include dummyfill segnents di sposed proximte to edge regions of

t he one oworeor@77wacti ve pattern el enments to enabl e | ocaCirars2@siou2vet i on of
at |l east one pattern elenent. 5. The overlay target of claim1l, wherein
each of the one or nore inactive pattern elements is twofold rotationally
symetric. WO 2013/ 177208PCT/ US2013/ 042089 6. The overlay target of claim
1, wherein the one or nore overlay pattern elenents are fornmed over the one

wherel n t no DILEaPEN HtefRRR Hith e s BTl @ened dlektrE®i o gi ng
to sel ect ed i cfefored@aiif@rsi BRinitiagidn sefadlatipihtblod 0oL rhatédran
m ni num des:f%qr; rul es specified for an exposure tool configured tQ expose

the one or @ theasyifyee phtbe spbstiate {08 inchudingdhguariy 1aeek{04f claim
1, wherein t«HSg%‘é <F’6uéEié8 Qz\éefaha&b RAth/e' forfd %!ﬁ”%f\daaﬁeﬁg&f‘a%ﬂ &
subsequent protess ayer over the one or nbre I nactlive pattern erenents

W t hi n boundastieeticgepatietb by ¢4t one detector & 10naAt ilvestpaid eommhtbmgnts. 9.

2nd the ono DB o Beln PBIEBFAIEN R St OPBREr (Hanmay Do o
greggghf;m Sﬁé"’a“iﬁg‘?“éa' et HhafPT Rt eSSBS W B Sukfidymmyfill
received from the surface of the substrate 706. The computing
system 710 may be configured to determine an overlay error or
spatial misalignment between at least two layers formed on the
subsfrate 706 utilizing information {e.g. image frames or contrast
data) associated with the imaging data collected for the overlay

target 704.

{030} It should be recognized that the various steps and functions
described throughout the present disclosure may be carried out by a
single computing system or by multiple computing systems. For
example, the computing system 718 may include, but is not limited
to, a personal computing system, mainframe computing system,
workstation, image computer, parallel processor, or any other device
known in the art. In general, the computing system 718 may include
at least one single~-core or multiple~core processor configured to
execute program instructions 722 from at least one carrier medium
720.

{0031} FIG. 8 generally illustrates a method 800 of performing overlay
metrology in accordance with the overlay metrology system 700, itis
recognized, however, that one or more steps of method 800 may be
executed via systems or devices varying from the foregoing
embodiments of system 700 without departing from the essence of
the present disclosure. In an embodiment, the method 800 may
include at least the following steps. At step 802, the overiay

metrology target 704 disposed upon the substrate 706 is illuminated.
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10. The overlay target of claim8, wherein a distance between the
boundaries and the one or nore overlay pattern elenents is greater than a
pr edet er mvoedi3opriosal excl usi on zone al ong an axi s per peadiusadian41o89 a
dummyfill segnentation axis. 11. The overlay target of claim@8, wherein a
sel ected di stance between the boundaries and the one or nore overl ay
pattern elenents is greater than a predeterm ned optical exclusion zone
along an axis parallel to a dumyfill segnentation axis and al ong an axis

bF rarm o, el 0 HORNas o REAEERE e R doratitare By i Tardty, I Oc
via two or nereoikicied Wa sollec8spasplies sudibas the shjectiay iéas a4 sbdcl aim 8,

wherein the gne or nore overlay pattern elements include an aperture with
i nt ernal edddtedtrdo #glenst anecomagingndetesternf 1at sueEngs AP sampeia,

element. 1 The,..0 a a ; | |1, L1 e e
| nactive paflt“erér}%gl \éaz'e{éﬁt )sfh% n?:@ﬁggﬁmlakgdr Frrisy %egg%égbgutr%aryf@%@g‘génﬁrg%t S
printed vi a ragpdigainee X destwea axtd labsgneeb alayersli disgaseal | apbogtiaphi c
overl ay tol erance. 5, The erlay target of claimil, erein the, one or
Tore [ace | RtRItater 1Eis GG BETSIR ek tinimaning deluiiay BR R ERRPedegment s
formed on a s " , sk | s are
printed via separagﬁmefpgsur esa%%égﬁ gﬁeﬁ'@gggg?ﬁf‘ﬁgm{dﬂ? t%ﬁggrpgfjhi c
over |l ay tol erxanople, a spatial comparison between pattern elements forming the

target structure andlor patterns formed from device features may be

performed to determine a relative displacement (i.e. overlay error}.

{0032} In some embodiments, only inner edges of dummyfill pattern
elements are measured to avoid polish damage. In some
embodiments, a location of at least one dummyfill pattern element is
determined via measurement in a first direction and a location of at
least one overlay pattern element subsequently disposed upon the
substrate 706 is determined via measurement in a second direction
{e.g. along an axis orthogonal to the first direction). Further, edge
locations of overlay or dummyfill sub-patterns segmented both
parallel and perpendicular to the direction of measurement may be
measured in order to determine a bias of measurement due resulting

from the direction of the segmentation.

[0033] Those having skill in the art will appreciate that there are
various vehicles by which processes andior systems and/or other
technologies described herein can be effected ({e.g., hardware,
software, and/or firmware), and that the preferred vehicle will vary
with the context in which the processes and/or systems and/or other
technologies are deployed. Program instructions implementing
methods such as those described herein may be transmitted over or
stored on carrier media. A carrier medium may include a
transmission medium such as a wire, cable, or wireless transmission

link. The carrier medium may also include a storage medium such as
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16. The overlay target of claim1, wherein one or nore of the pattern

el ements are segnented according to a feature size. 17. The overlay target
of cl ai mwP 2o43er7e308 t he segnented dummyfill covers a najPOTIUSY013/4ABI | east
one | ayer disposed upon a substrate. 18. The overlay target of claima1,
wherein the one or nore overlay pattern elenments and the one or nore

I nactive pattern elenents format least a first target structure overlaid
on a second target structure, each quadrant of the overlaid target

Seqmont ed_ chigid PR memgni 3 et detEsBAhafidhyEa FHEdhRuE 8 BRicai {1 <.

axi s orthogafigk, épaangynesdt tage.segnment ati on axis; and two segnent ed
overlay pattern el enents subsequently di sposed proximte to the at | east
two i nactive %é%tern el rrents 19. The overl ay target of claim 18, wherein

the first tdf ‘é‘ﬁr’%tt Pe Mglodse dascsibed Diegein dPAVcINFUder 819G f ol d

rotational | y .3y %l dife or more steps of the method embodiments in a storage
medium. The resuits may include any of the results described herein
and may be stored in any manner known in the art. The storage
medium may include any storage medium described herein or any
other suitable storage medium known in the art. After the results
have been stored, the resulfs can be accessed in the sforage medium
and used by any of the method or system embodiments described
herein, formatted for display to a user, used by another software
module, method, or system, etc. Furthermore, the results may be
stored “permanently,” “semi-permanently,” temporarily, or for some
period of time. For example, the storage medium may be random
access memory (RAM), and the results may not necessarily persist

indefinitely in the storage medium.

{00351 Although particular embodiments of this invention have been
illustrated, it is apparent that various modifications and embodiments
of the invention may be made by those skilled in the art without
departing from the scope and spirit of the foregoing disclosure,
Accordingly, the scope of the invention should be limited only by the
claims appended hereto,

16



20. The overlay target of claim 18, wherein the two overlay pattern

el enents are arranged to enabl e overlay neasurenent along a second axis

ort hogonawote1¥ti&oBi rst axis. 21. The overl ay target ofCtits2omH&o08nher ein
the two overlay pattern elenments are arranged to enabl e overlay neasurenent
along a second axis parallel to the first axis. 22. The overlay target of
claim1, wherein the one or nore overlay pattern elenents and the one or
nore inactive pattern elenments format least a first fourfold rotationally
symmetric target structure overlaid on a second fourfold rotationally
symmetric target structure, each quagt?ﬂﬂgpf the overlaid target structures
I ncl udi ng: an inactive pattern-elenent formed from segnented dummy
fill, the inactive pattern el enent substantially filling the respective
guadrant except for a portion of the respective quadrant including an
aperture w tWhiabisecladneddges enabling | ocation estimtion of at |east one
pattern elenent in at |east one direction parallel to a dunmyfil
segnentation axis; and a segnented overlay pattern el ement

subsequent | y1 di spRs edePla@thr@dt chbimgm@inghactive pattern el ement, the
overlay pattern el enent including one or nore edges enabling | ocation

estimation of at sy wose wagraentes oyepayi pattern glerneaty Tormsing @écti on
parallel to th /£ L | QR. aXiS. 23, The overlay target of
claim1l, whé%gg%g{{%?oghgg’ot?F%E?geug%/{él?gag%%attern el enents and the one or
nmore inactive patdmg reheirenimactivenpatteheademants risrmingf & thasateaeonal |y

symmetric target structure overlaid on a second twofold rotationally
symetric t AL tarogt strygiere,gard of the one or more inactive pattern

elements including dummyfill segmented along an axis orthogonal to
a segmentation axis of at least one proximately disposed overlay

pattern element.

2. The overlay target of claim 1, wherein the one or more inactive
pattern elements form at least one twofold or fourfold rotationally
symmetric overlay target structure, and wherein the one or more
overlay pattern elements form at least one twofold or fourfold

symmetric dummyfill target structure.

3. The overlay target of claim 1, wherein the one or more inactive
pattern elements include dummyfill segments disposed upon one or
more regions reserved for overiay pattern elements of at least one
subsequent process layer.

4. The overlay target of claim 1, wherein the one or more inactive
pattern elements include dummyfill segments disposed proximate to
edge regions of the one or more inactive pattern elements to enable

location estimation of at least one pattern element.

5. The overlay target of claim 1, wherein each of the one or more

inactive pattern elements is twofold rotationally symmetric.
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four inactive pattern elenments formed from segnented dummyfill, each of the
four inactive pattern elenents arranged to enabl e overl ay neasurenent al ong
a respectwoeosxi7szo8and twel ve segnented overl ay p&CTrarsnoisioeavent s
subsequent |y di sposed proxinate to the four inactive pattern el enments, each
of the twelve overlay pattern elenment arranged to enabl e overl ay
measurenment along a respective axis. 24, A systemfor perform ng overlay
measurenents, conpri sing: a sanpl e stage configured to support a
substrate with an overlay target disposed upon the substrate, the overlay
target including one or nore segnented overlay pattern elenments form ng at

| east one ov@r| ayTH@bgetagttargstusieciaiel, GvREHaN tharars of wdheovenay udi ng
one or nore inactive pattern elenents form ng at | east one_ du fill target

structure, RAUHPIHF elametseary fapned ouart thre opst pemeE agtive PAERHRI ng
dummyfill segagpigd along an axis orthogonal to a segmentation axis of at

| east one proxinmately disposed overlay pattern el ement; at | east one
illum nation source configured to illum nate the overlay target; at

| east one dej ect conf‘iggured t.0 ceive illumnation reflected, scattered,

or radiated from _'??9089 ydaraeh e‘?‘?“ﬁrﬁd wherein © PEES?T B dBRBHYS ng _
system co e \feieRfd Phsed stegrﬁé\ﬁe@eta%‘ég%ingn%cQa‘fécﬁé’ﬁeﬁitﬁﬁst%t ermne

a msalignment between at |east two | ayers di sposed upon the su rate
utilizing i rfeaturetsise widcbds subdtantidiiy geedtet thamatinbnumedlesignadiles
scattered, or ra,Pigtfed fromthe ‘velil ay, £ arggt

specitied for an exposure too! configured 1O expose the one or more

inactive pattern elements.

8. The overlay target of claim 1, wherein the one or more overlay
pattern elements are formed on a subsequent process layer over the
one or more inactive pattern elements within boundaries defined by
the one or more inactive pattern elements.

9. The overlay target of claim 8, wherein a distance between the
boundaries and the one or more overlay pattern elements is greater
than a predetermined optical exclusion zone along an axis paraliel to

a dummyfill segmentation axis.

10. The overlay {arget of claim 8, wherein a distance between the
boundaries and the one or more overlay pattern elements is greater
than a predetermined optical exclusion zone along an axis
perpendicular to a dummyfill segmentation axis.

11. The overlay target of claim 8, wherein a selected distance
between the boundaries and the one or more overlay pattern
elements is greater than a predetermined optical exclusion zone
along an axis paraliel to a dummyfill segmentation axis and along an
axis perpendicular to the dummyfill segmentation axis.
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25. The system of claim 24, wherein the one or nore inactive pattern
el ements format |east one twofold or fourfold rotationally symetric
overl ay twpget3/raacture, and wherein the one or nore oOPETIEBR0IPAL108Y N

el enents format |east one twofold or fourfold symetric dumyfill target
structure. 26. The system of claim?24, wherein the one or nore inactive
pattern el enments include dumyfill segnments di sposed upon one or nore

regions reserved for overlay pattern elenents of at |east one subsequent

Phact: ve pat er n U1 SR R Gal e 85§ 2okt BT dhafBif e o 10
edge regi onguftternhfeathitardPrintbdac twe dahbes Bidd-BYRIHS dxpost@ds.e

| ocation estinmation of at | east one pattern elenent. 28. The system of
claim 24, wherein the conputing systemis further configured to determ ne a

| ocation of I | [M0p=N o || ected
in a direct igs}i pgﬁﬁéﬁggﬁﬁﬁg?}%‘%ﬁ%ﬂﬁ% ‘?gét ‘éﬁg%ﬂ’ﬂ ‘ seg‘rgrg%'ﬁgy 29.
The system gfattdrai sleMentshaidudet e gmrputel Rdtls Yisteenal sadijest Geablbogf i gur ed
to determ ng . a l.ocat i on of atf, Igﬂst one étter el ement based upon

i nf or mat i on 'e6RHERESEMFIAN ¢f A q%ﬁ)r&ep% fAth B8 0 the dumyfill
segnents and information collected in a direction parallel to the dummyfill
segnents. 30. The system of claim 24, wherein the conmputing systemis
further confidgur etha oveddagrtarged of dlabmatl, ovhokimthe enet comererdnactive pattern

el ement based on i,nforomatio ollegted,in a first direction and further
configured t'%f‘tg%f’erqu?wgn S| Wg‘ﬂﬁ nuBﬁGQPW e%g?c%%eéﬁwyﬁ@/ Segments
printed via separate exposures and aligned according to a

lithographic overlay tolerance.

15. The overlay target of claim 1, wherein the one or more inactive
pattern elements include uniformly spaced dummyfill segments
formed on a subsequent process laver, wherein the dummyfill
segments are printed via separate exposures and aligned according

to a lithographic overlay tolerance.

16. The overlay target of claim 1, wherein one or more of the

pattern elements are segmented according to a feature size.

17. The overlay farget of claim 1, wherein the segmented
dummyfill covers a majority of at least one layer disposed upon a
substrate.

18. The overlay target of claim 1, wherein the one or more overlay
pattern elements and the one or more inactive pattern elements form
at least a first target structure overlaid on a second target structure,
each quadrant of the overlaid target structures including:

two inactive pattern elements formed from segmented
dummyfilt arranged {o enable overlay measurement along a first axis

orthogonal to a dummyfill segmentation axis; and
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pattern el ement based upon information collected in a second direction.

31. The systemof claim 24, wherein the conputing systemis further

conf i gur edlot2013der®8 M ne a nmeasur enent bias due to direcPCosed13neyaent at i on
based upon edges of at |east one pattern element located in first direction
parallel to a neasurenent axis and edges of the at |east one pattern

el ement |located in a second direction perpendicular to the neasurenent
axis. 32. The systemof claim 24, wherein the conputing systemis

cystemof cl ai m 30 WAERBIREAC ERIEY: et chRIONGT T RUBSadlrea o
nmeasur e overdigposbd Provithatentotiresdedsttwethacive pagea idments, r st
direction is associated with a first overlay target structure di sposed upon

the substrate, and wherein the second direction is associated with a second

| t t ) yo di eg: : 34. Th
Cyetom of cm o01E opefiay KRR Lot e, RESE Bl taii SR Bre 00 (o

measur e overdraytind sgoond taiget atasgonsark faafoloivotationalin syhanbiriat
direction is associated with an overlay target structure disposed upon the
substrate over a dummyfill target structure, and wherein the second

direction !%mssom@besrmgttsréém}%f%mfié, hw i eUE thé theCo Ve iRay paerdt MELhOd
of perform ng overlay measurefhents, Conprising:
elements are arranged to enable overlay measurement along a

second axis orthogonatl to the first axis.

21.  The overlay target of claim 18, wherein the two overiay pattern
elements are arranged to enable overlay measurement along a
second axis parallel {o the first axis.

22.  The overlay target of claim 1, wherein the one or more overiay
pattern elements and the one or more inactive pattern elements form
at least a first fourfold rotationally symmetric target structure
overlaid on a second fourfold rotationally symmetric target structure,
each quadrant of the overlaid target structures including:

an inactive pattern element formed from segmented dummy
fill, the inactive pattern element substantially filling the respective
quadrant except for a portion of the respective quadrant including an
aperture with internal edges enabling location estimation of at least
one pattern element in at least one direction parallel to a dummyfill
segmentation axis; and

a segmented overlay pattern element subsequently disposed
proximate to the inactive pattern element, the overlay pattern element
including one or more edges enabling location estimation of at least
one pattern element in the at least one direction paraliel to the
dummyfill segmentation axis.
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I 1lum nating an overlay target disposed upon a substrate, the overlay
target including one or nore segnented overlay pattern elenents form ng at
| east onewowerd|y2o8ar get structure, the overlay target PariusersiomoBudi ng
one or nore inactive pattern elenents formng at |east one dummyfill
target structure, each of the one or nore inactive pattern elenents

I ncl udi ng dummyfill segnented al ong an axis orthogonal to a segnentation
axis of at |east one proximtely disposed overlay pattern el enent;

det ect 09 48 i BIohEL SRy SR DB EP AR Beg o

di sposed upqimttdi® slehfdritetamd/ind babngy mefr@rmmm Ee&e@r@ ieddraenyd fdrnk he
detected illumnation. 36. The nethod of claim3 wherein the one or nore

i nactive patatdpasir Eshiwotodd setatiqnaliv Sﬂﬁé‘qf%ff@m?toﬁmﬁ%wr”? Gvgriaid
rotationall o5y gmeddd &Vﬁ&éﬁ&{gt %@ﬁ rfée St eﬁ&f %ﬁé{a' tr’iﬁ} ael,© O

more overl ay pattern enen orma our
symet ri c dumolfdihl: t ar get structure. 37. The met hod of claim 35 vvherei n
the one or nore i actrve

di sposed upon oné®Hf r‘r’B?% tgg’%‘%?%ggg%ﬂ'lggkgggﬁgl ;?Tg%‘elt%%sﬁ gig‘é‘ﬁrents of
at | east ONgRHRRAILCEAcIP'HCARS oY Shactive pattern elements arranged to
enable overlay measurement along a respective axis; and
twelve segmented overlay paltern elements subseguently
disposed proximate to the four inactive pattern elements, each of the
twelve overlay pattern element arranged to enable overlay

measurement along a respective axis.

24. A system for performing overlay measurements, comprising:

a sample stage configured to support a substrate with an
overlay target disposed upon the substrate, the overlay target
including one or more segmented overlay pattern elements forming
at least one overlay target structure, the overlay target further
including one or more inactive pattern elements forming at least one
dummyfill target structure, each of the one or more inactive pattern
elements including dummyfill segmented along an axis orthogonal to
a segmentiation axis of at least one proximately disposed overiay
pattern element;

at least one illumination source configured to illuminate the
overiay target;

at least one detector configured to receive illumination
reflected, scattered, or radiated from the overlay target; and

at least one computing system communicatively coupled {o the
detector and configured to determine a misalignment between at
least two layers disposed upon the substrate utilizing information
associated with the illumination reflected, scatiered, or radiated from
the overiay target,
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38. The nethod of claim 36, wherein the one or nore inactive pattern

el enments include dummyfill segnents di sposed proximte to edge regions of

t he one oworeor@77wacti ve pattern el enments to enabl e | ocaCirars2@siou2vet i on of
at | east one pattern elenent. 39. The nethod of claim 35, further

conpri si ng: determining a | ocation of at |east one pattern el enent
based upon information associated with illum nation detected in a direction
per pendi cul ar or parallel to the dumyfill segnments. 40. The method of
claim 35, further conprising: determning a | ocation of at |east
one pattern el enment based upon information associated with illum nation

detected in 5. di raed isyateer penslaiil 24, Whdram duenyghel br spgrehacand
informati on associated with illumnation detected in a direction parall el

to the dunmpatiarnselpraents form athieagdtong) twoleidapm feuriald iatatiosalyr i si ng:
symmetric overlay target structure, and wherein the one or more
overlay pattern elements form at least one twofold or fourfoid

symmetric dummpyfill target structure.

26. The system of claim 24, wherein the one or more inactive
patiern elements include dummyfill segments disposed upon one or
more regions reserved for overlay pattern elements of at least one

subsequent process layer.

27. The system of claim 24, wherein the one or more inactive
patiern elements include dummyfill segments disposed proximate to
edge regions of the one or more inactive pattern elements to enable
location estimation of at least one pattern element.

28. The system of claim 24, wherein the computing system is
further configured to determine a location of at least one pattern
element based upon information collected in a direction
perpendicular or parallel to the dummyfill segments,

29. The system of claim 24, wherein the computing system is
further configured to determine a location of at least one pattern
element based wupon information collected in a direction
perpendicular to the dummyfill segments and information collected

in a direction parallel to the dummyfill segments.

30. The system of claim 24, wherein the computing system is
further configured to determine a location of at least one inactive
pattern element based upon information collected in a first direction
and further configured to determine a focation of at least one overlay
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det er m ni ng

a location of at |east one inactive pattern el enent bas

ed upon

I nformati on associated with illum nation detected along a first neasurenent

axi s; andwo 2013/dex08r m ni ng a | ocation of at

| east one OPEMIUBF0IPATL08Y N

el ement based upon information associated with illum nation detected al ong

a second ne

asurenent axis. 42. The nethod of claim 36, further conp

rising:

determ ning a neasurenent bias due to direction of segnentati on based upon
| east one pattern elenment located in first direction parallel

edges of at
to a measur
in a second
of claim 35
di recti on.
overlay ali
associ at ed
substrat e,
overlay tar

Tt i RRY AR, Rlohy oot REL AIRIPY B S 5655

,difedgtidyer conprising: neasuring overlay alignnent in a f

| ocat ed
e system
i rst

44. The system of claim43, further conpri sing: measuri ng

gnment in a second direction, wherein the first directio
S WS el 2 P8 N8 ECRED e
derthed raatfigneresubsdeteentihy admepesesinepd biddh dusutbsdiredtton
of segmentation based upon edges of at least one pattern element
located in first direction paratliel to a measurement axis and edges of
the at least one pattern element located in a second direction

perpendicuiar to the measurement axis.

32. The system of claim 24, wherein the computing sysiem is
configured to measure overiay alignment in a first direction.

33. The system of claim 32, wherein the computing system is
further configured to measure overlay alignment in a second
direction, wherein the first direction is associated with a first overlay
target structure disposed upon the substrate, and wherein the
second direction is associated with a second overlay target structure

subsequently disposed upon the substrate.

34. The system of claim 32, wherein the computing system is
further configured to measure overlay alignment in a second
direction, wherein the first direction is associated with an overlay
target structure disposed upon the substrate over a dummyfill target
structure, and wherein the second direction is associated with the

dummyfill target structure.

35. A method of performing overlay measurements, comprising:
iluminating an overlay target disposed upon a substrate, the
overlay target including one or more segmented overlay pattern
elements forming at least one overlay target structure, the overlay
target further including one or more inactive pattern elements
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45. The system of claim43, further conpri sing: measuring overl ay
alignnment in a second direction, wherein the first direction is associ ated
with an owverbwyl7tmsget structure di sposed upon the subsPCAUS2@3OH2089
dummyfill target structure, and wherein the second direction is associated
with the dumyfill target structure.

forming at least one dummyfill target structure, each of the one or
more inactive pattern elements including dummyfill segmented along
an axis orthogonal to a segmentation axis of at least one proximately
disposed overlay pattern element;

detecting illumination reflected, scattered, or radiated from the
overiay target; and

determining a misalignment between at least two layers
disposed upon the substrate utilizing information associated with the
detected ilumination.

36. The method of claim 35, wherein the one or more inactive
pattern elements form at least one twofold or fourfold rotationally
symmetric overlay target structure, and wherein the one or more
overlay pattern elements form at least one twofold or fourfold
symmetric dummpyfill target structure.

37. The method of claim 35, wherein the one or more inactive
pattern elements include dummyfill segments disposed upon one or
more regions reserved for overlay pattern elements of at least one

subsequent process layer.

38. The method of claim 35, wherein the one or more inactive
patiern elements include dummyfill segments disposed proximate to
edge regions of the one or more inactive pattern elements to enable
location estimation of at least one pattern element.

39. The method of claim 35, further comprising:
determining a location of at least one pattern element based
upon information associated with iHlumination detected in a direction

perpendicular or parallel to the dummyfill segments.

40.  The method of claim 35, further comprising:
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determining a location of at least one pattern element based
upon information associated with iftumination detected in a direction
perpendicuiar to the dummyfill segments and information associated
with illumination detected in a direction paralliel to the dummyfill

segments.

41. The method of claim 35, further comprising:

determining a location of at least one inactive pattern element
based upon information associated with illumination detected along
a first measurement axis; and

determining a location of at least one overlay pattern element
based upon information associated with #llumination detected along
a second measurement axis.

42.  The method of claim 35, further comprising:

determining a measurement bias due to direction of
segmentation based upon edges of at least one pattern element
located in first direction parallel to a measurement axis and edges of
the at least one pattern element located in a second direction

perpendicular to the measurement axis.

43. The system of claim 35, further comprising:

measuring overlay alignment in a first direction.

44, The system of claim 43, further comprising:

measuring overlay alignment in a second direction, wherein
the first direction is associated with a first overlay target structure
disposed upon the substrate, and wherein the second direction is
associated with a second overlay target structure subsequently

disposed upon the substrate,
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45,  The system of claim 43, further comprising:

measuring overlay alignment in a second direction, wherein
the first direction is associated with an overlay target structure
disposed upon the substrate over a dummyfill target structure, and

wherein the second direction is associated with the dummyfill target
structure.
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