-1 SYSTEM AND METHOD FOR AUTOVATED FOCUS MEASURI NG OF A LI THOGRAPHY TOOL
BACKGROUND OF THE | NVENTION Field of the Invention [0001] The present
invention is directed to a systemand nethod for autonated neasuring of a
focus portion of an exposure section of a |ithography tool. Background Art
[ 0002] Lithography systens are routinely calibrated to ensure the exposure
optics are focused properly on a wafer syrface. This decreases fabrication
of devices that do not conply with certain tol erances by reducing printing
or imaging errors caused by focus offset or focus tilt errors. One nethod
of calibrating focus optics involves using a focus test reticle with
structures that are patterned into a |ayer of photoresist on a wafer. The
patterned structures are then evaluated manually using a m croscope and

recorded dat a $¥STEMUNDMETHOD PORASTOMA TEDIDHCUIMIEASBRINGAYE ON

conpensati on val ues. These val quw&mﬁq(-rg al 1 brate the exposure
optics. Typically, this nmethod causes severa hours of downtine a week
whil e an operator fabricates the test wafer, analyzes if under the
m croscope, and enters the data. Thus, this nmethod is tinme consum ng,
costly in terms of |ost PrEKORGROUNDOF TARINVENEIGE errors due to
reliance on human judgenent. O her nethods require the use of costly
external equi pnent to generate calibration values. [0003] Therefore, what is
needed i s a sys ngd nmethod to calibrate |ithography tools by automating
measur enent o¥l4c§‘£ﬂfgeg?"1e§%?n and focus tilt wusing an existing lithography
system (e.g., a stepper alignnent system to evaluate a patterned structure
or patterned structures. -2 BRI EF SUVWARY OF THE | NVENTI ON

[0001] The present invention is directed to a system and method for

automated measuring of a focus portion of an exposure section of a

lithography tool.
Background Art

[0002] Lithography systems are routinely calibrated to ensure the exposure
- optics are focused properly on a wafer surface. This decreases fabrication of
devices that do not comply with certain tolerances by reducing printing or
imaging errors caused by focus offset or focus tilt errors. One method of
calibrating focus optics involves using a focus test reticle with structures that
are patterned into a layer of photoresist on a wafer. The patterned structures
are then evaluated manually using a microscope and recorded data is input into
a spreadsheet to determine calibration compensation values. These values are
used to calibrate the exposure optics. Typically, this method causes several
hours of downtime a week while an operator fabricates the test wafer, analyzes
if under the microscope, and enters the data. Thus, this method is time
consuming, costly in terms of lost production time, and prone to eﬁom due to
reliance on human judgement. Other methods require the use of costly
external equipment to generate calibration values.

[0003] Therefore, what is needed is a system and method to calibrate
lithography tools by automating measurement of focus offset and focus tilt
using an existing lithography system (e.g., a stepper alignment system) to
evaluate a patterned structure or patterned structures.



[ 0004] Enbodi nents of the present invention provide a nmethod of calibrating
a |lithography tool. The nethod includes the step of exposing a wafer so that
a resultant patterned image is tilted with respect to the wafer. The net hod
al so includes the step of devel opi ng the wafer. The nmethod al so i ncl udes
the step of neasuring characteristics of the tilted patterned image with a
portion of the |I|ithography tool to determ ne focus paraneters of an
exposure system The nmethod also includes the step of using the focus
paraneters to perform t heBRIEH SUIMMARY GF €HE INDGENTIGX her enbodi ments of the
present invention provide a nethod including the step of exposing a wafer
positioned at an angle so as to create a band-shaped pattern on the wafer

that is tphdged Wit f. : t .!sﬁ\'@]a' s the step
of devel (;pél’rg t he %@?ﬁﬁ#&s&ﬂ& Egea&glug'\%nugn&oargesi‘ﬁggﬁg? gr‘): 0 ﬁnﬁisuri ng
char act eri st i adithdgrighy tpelt (The mesthddincladesi théistap oflekpoisingla wiafeesy thayst em  The
nmet hod al so includes the step of determ ning focus paraneters hased on the
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pr edet er mi ned is. The method ,al so includes the step of exposing the wafer
at two or norél hy taplotedetermine fosue parametcsoh a XRASUEeHSYStebr T8 pat t er ned

I mages are til d"'hl% : e, r J - | udes the
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nmeasuri ng charcalibmtingsteps of the patterned inages with a wafer alignnent

system T t hod so includes the step of .determning focus paraneters
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are they only basdshapedgatemron the waferdhatas tilgp wathrespectatodhe wafert [nhewaf er

al i gnment SyStx%e 8(5 als0 thchdes' the step of developing the wafer. The method also

includes the step of measuring characteristics of the patterned image with a
wafer alignment system. The method alsc includes the step of determining
focus parameters based on the measuring step. The method also includes the
step of calibrating a focus portion of an exposure section of a lithography tool
based on the determining step.

[0006] Still other embodiments of the present invention provide a method that
includes the step of stepping a wafer along a predetermined axis. The method
also includes the step of exposing the wafer at two or more points along the
predetermined axis so that formed patterned images are tilted with respect to
the wafer. The method also includes the step of developing the wafer. The
method also includes the step of measuring characteristics of the patterned
images with a wafer alignment system. The method also includes the step of
determining focus parameters based on the measuring step. The method also
includes the step of calibrating a focus portion of an exposure section of a
lithography tool based on the determining step.

[0007) Advantages of the above embodiments are they only require one or
more repeat exposures, and then the wafer alignment system of an exposure

tool is used to measure the patterned structure or structures as opposed to a



tool is used to neasure the patterned structure or structures as opposed to
a -3 human or external equipment. No external neasurenent is required and
opportunity for human error is elimnated. This saves both tinme and noney.

[ 0008] Anot her advantage of at |east sqge of the enbodinments is that the
patterns are printed at a tilt with respect to a wafer, which allows focus
condi tions during exposure to be nonitored. These systens in nethod save
both tine and noney, and virtually elimnate the neasuring errors caused by

humanj udgnent Shmmoaﬁkxtem laeﬁl ﬁeﬂ@nwm&aﬁ&n&aaﬁaheﬁme eafm goove

enbodi nents is that performng mul tiple exposures, t| p%d“%gands are
produced, whi coppattin or humarerfordas elininated) Thxsasamsérwnnmaan&\niohe)as aZz

neasur eme in a scan lithogLra t ool . e ne d can aJ so, be extended
to noni towog%]epper ?’a@t"@’i‘tﬁﬁ%gf Gﬁméﬁtf Sope ?Eg%ﬁn{??fi]‘l’"&ﬁ'iﬁs‘s ad@ts the [ 0010]
Further enbodi saghs, arégﬁ'féx gt aatnfﬂ“ﬁ@me%&ge& aotnaré?e“@ﬁégxssmws %&Ylgnt lons, as

wel |l as the structure operation of e various enbodi nent's
present i nventéonditions duimgs exposars to roedromitoredo eThesevaystems af enethnaiesadve t he

acconpanyi ng dr aw..n BRI EF E DRAW NGS/ FI GURES [ 0011] The
acconpanyi ng g‘?"ibm“ﬁ%sandvm?w an V‘FWE]& %PH‘P@Q‘EF\QF‘?F‘H"%W@E)F?HSS bY¥art of the
speci fication, nirhdnjadgAéds.t he present invention and, together with the

description, further Serve to explain the principles of the invention and to
enabl e a [908bn ski Anethieri advaitagpef atilaash some of the atwive embddinsents Isehatnvent i on.

[0012] FIG 1 sho an ini osi tion . of fer with re ct.to a reticle
i mage pl ane ac@ép fp‘gﬁedg)&gmrgs &“l?ﬂg%ﬁ?%saéﬁf’rqdﬂ\%{nwm "{”[00‘613] FI G
2A shows a si dgyr rmet@bc @F)%)'dlé&ﬁh%ﬁ@ﬁs WEN Q6 a2 iGhsBréRRACH Wisédhnfhg Dand
according to enbodi ments the present invention. [0014] FIG 2B shows a

front view of lithegmpltyertoadi Ahe mgthod[mlﬁ]so ieGextgndedotes monitbowtepperr t  of a
et hod for forc%a?a%t éon o?%,‘fx ci’fyfocusaxls.

[0010] Further embodiments, features, and advantages of the present
inventions, as well as the structure and operation of the various embodiments
of the present invention, are described in detail below with reference to the

-accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS/FIGURES

[0011] The accompanying drawings, which are incorporated herein and form a
part of the specification, illust_rate the present invention and, together with the
description, further serve to explain the principles of the invention and to

enable a person skilled in the pertinent art to make and use the invention.

[0012] FIG. 1 shows an initial position of a wafer with respect to a reticle
image plane according to embodiments of the present invention.

[0013] FIG. 2A shows a side view of a tilted wafer after being exposed with a
band according to embodiments of the present invention.

[0014] FIG. 2B shows a front view of the wafer of FIG. 2A.

[0015] FIG. 3 shows a flow chart of a method for forming a band on a wafer

according to embodiments of the present invention.
[0016] FIG. 4A shows a side view of a tilted wafer after being exposed with a

band according to embodiments of the present invention.



according to enbodi nents of the present invention. [0016] FIG 4A shows a
side view of atilted wafer after being exposed wth a band according to
enbodi ments of the present invention. -4 [0017] FIG 4B shows a top view of
the wafer in FIG 4A [0018] FIG O5A shgws a side view of a tilted wafer
after being exposed with a band according to enbodi nents of the present

I nvention. [0019] FIG 5B shows a top view of the wafer in FIG 5A [0020]
FIG 6A shows a side view of a wafer at two exposure positions after being

exposed JOOFACh POFIG! 98 shibvish tdp RANFARE Vaftr WFIE@, 4100 nent s of the
pr esent ia[gvléﬁtion. [0021]s FI G gB sh%ws atop v?céw of the wafer of FIG 6A.

[0022] FI@M8IC shoddGa5Ashows mgidoeizm offwtiltesiomafsr after benfgeaxposedrvi@sa 6A and
6B. [0023] FI D shows, a graph gengrated from scanning using a |ithography
tool's ali gnng"ﬂ'l §§f§f‘8&$@e"‘éﬁ‘?"?‘8ﬂﬂg§ %‘?‘h?ﬁ@s%é‘?‘&&‘%‘i"i stics of patterns on the
wafer in [ﬁb%bzgk K96, B3G5 GHibitie WG TRRIGIBAL S OF the present

I nventi on. ] FIG 7A shows a side view of a wafer at two exposure

posi ti ons[082Qler bdlGg6Axshowed side vew fof porifer atrtwoi dxiposurd positiemscaftedi ng t o
enbodi nents of, t he resent invention [,0025] FIG 7B shqows a t vi ew of
Che va or  of FIcEE EOSTR 2egh PISOTRIE ALRAER 2oesiBE 5 SOORBETi e at 1 wo
exposure posi theRft MbéMion, Pei Ny exposed at each position with a band
according to enbodi nents of the present invention. [0027] FIG 8B shows a
top vi ew 9021lhe wafH(G. 6B shovG a ®p. vigw 0L Bie wafe of FI6ha@As a fl ow chart depicting

Focea 0SS A e e B AL g
0 6B.

[0023] FIG. 6D shows a graph generated from scanning using a lithography
tool’s alignment system beam to determine characteristics of patterns on the
wafer in FIGs. 6A, 6B, and 6C according to embodiments of the present
invention. |

[0024] FIG. 7A shows a side view of a wafer at two exposure positions after
being exposed at each position with a band according to embodiinents of the -
present invention.

[0025] FIG. 7B shows a top view of the wafer of FIG. 7A.

[0026] FIG. 8A shows a side view of a wafer at two exposure positions after

being exposed at each position with a band according to embodiments of the

present invention.

[0027) FIG. 8B shows a top view of the wafer of FIG. 8A.

[0028] FIG. 9 shows a flow chart depicting a calibration method according to
embodiments of the present invention.

[0029] FIG. 10 shows a flow chart depicting a calibration method according to
embodiments of the present invention.

[0030] FIG. 11 shows a flow chart depicting a calibration method according to

embodiments of the present invention.
[0031] The present invention will now be described with reference to the
accompanying drawings. In the drawings, like reference numbers indicate

identical or functionally similar elements. Additionally, the left-most digit(s)



enbodi mrents of the present invention. [0030] FIG 11 shows a flow chart
depicting a calibration nethod according to enbodinents of the present

i nvention. [0031] The present invention will now be described with reference
to the acconpanying drawings. In the drawings, |ike reference nunbers
indicate identical or functionally sinklar elenments. Additionally, the

| eft-nost digit(s) -5 of a reference nunber identifies the drawing in which
the reference nunber first appears. DETAI LED DESCRI PTI ON OF THE | NVENTI ON
Overvi ew [ 0032] According to the present invention, a reticle is popul ated

Wi th identicalof sSiefdtehcd RitntRP fdeRffibd e Arawing! if AVhith MR RfQBrdeGRmpaear a
resolution capability of a stepper being used. The structures are densely

spaced, coverififgtappearentire exposure field. The reticle is exposed such
that the inmage fornmed by the exposure tool's projection optics is tilted
with respect to a wafer. The result of exposing the reticle inmge onto a

tilted wafer is that ONBTAIEY DESORBTIONOF TE SN E & Wi | | resolve upon
the wafer within the usable depth of focus (UDOF) of the exposure tool.

Wthin the UDOF, the structures will print in the photoresist. However, the
structures falhing.outside the UDCF will not adequately resolve and the

I nci dent |1 ght Wive%e adequate to clear away all of the photoresist. After
proceedi ng through a devel op process, a visible band of patterned
photoresist will remain on the wafer. [0033] Wien resist properties and
exposur e 832 ti onsAcconding tacthn present invemtioncs wticktis pepuddted withddentiesh can be

det erm ned based on a band | ocat. an,.and. w . The | qcation ,of. t band is
primarily a fuﬁﬁcﬁgﬁ %qsstF}ggp&B%lgam?o%@Wﬁqrta_reqcﬁlétl% ‘H‘Pﬁbliﬂﬂ"? he band is
dependent on t4 kfeppddelng sed TthesErdstutds\dré )zlensegxﬁﬁ%tf,%ogéﬁi%, thaRetirRt her

e

factors. The contrast_between the patterned band and t are silicon wafer
can be det ect etkpesurg figdd.eThel retielaeinexpgssd esuch Ahatethe timage formed by the

exposure tool’s projection optics is tilted with respect to a wafer. The result of
exposing the reticle image onto a tilted wafer is that only a portion of the
reticle image will resolve upon the wafer within the usable depth of focus
(UDOF) of the exposure tool. Within the UDOF, the structures will print in
the photoresist. However, the structures falling outside the UDOF will not
adequately resolve and the incident light will be adequate to clear away all of
the photoresist. After proceeding through a develop process, a visible band of
patterned photoresist will remain on the wafer.

[0033] When resist properties and exposure conditions remain constant
characteristics of the system can be determined based on a band location and
width. The location of the band is primarily a function of the focus offset and
tilt. The width of the band is dependent on tilt, UDOF, resist sensitivity,
exposure dose, and other factors. The contrast between the patterned band and
the bare silicon wafer can be detected by a wafer alignment system. After the
development process, the wafer is positioned back into the exposure tool and
the precise locations of the patterned bands are established by the wafer
alignment system. The locations of the bands can be used to calculate the
focus offset and focus tilt errors that were present during the exposure step.
The methods can also be extended to monitor stepper characterization, of Z,

Tx and Ty focus errors.



devel opment process, the wafer is positioned back into the exposure tool and
the precise locations of the patterned bands are established by the wafer

al i gnnent system The | ocations of the bands can be used to cal cul ate the
focus offset and focus tilt errors thatgwere present during the exposure
step. The nmethods can al so be extended to nonitor stepper characterization,
of Z, Tx and Ty focus errors. -6 [0034] FIG 1 shows a portion 100 of an
exposure section of a lithography tool according to enbodi nents of the

present igs4)ti on. FEG sﬂov?sfhgyéﬁu%&?d(fj&a}ﬂ'e subd sédtibh %gh&%g%bﬁ%@dﬁgdgb’ a

field or a surface) on a waf V\/nerea | mage ane
proj ecti on optaccwrdib@do embpdmmatsloftﬁetmesmﬂmvbmdxhllﬁG ¢ahbébwguarsaleiview an i mage

108 prints proper oyer an entire | engt f a slot not. shown) of a
reticle (not sﬂﬁcﬂ/ﬁdaﬁﬂﬁ%&&t%ﬁﬂ%ﬂwgﬁﬂc o0 A vaten H2 whereamaniage | 4. [ 0035]
As descri bed Il Jqe t r di o]

enbodi nent s 01Bﬂt e %f‘é‘éﬂéﬂne{d %%ﬁ%ﬁdgﬁ Fegfdonwgp@%h?dfog‘(rﬁlégm Qh%f

l'i t hography tdoafiguration, aﬁemagr.rms peinitd pmperlpovmmn&ndrdlesgzhwéa\slmmqmri nt ed out
of focus. This I n es whether the defocus is posjtiv

negative. Nor ns&PF’F) 0596# le%l‘gfi“?‘gn)cﬂ"it‘é?@é@n?élw IS leagl ‘Wlﬂ't‘%ﬁ?lgrage pl ane
104. For pur po S ﬁ.?#g,gg rﬁ{Q:’ﬁn gr aphi c
scanner V\nfolhlgslbe desﬁfl%fcgbéy ﬁ@ﬁﬁ?‘“ﬁ%?"s‘a t}éi?%nl qug%hg%c rhi g‘gnded to
anal yze focus qmbddnnerﬂmoiéthepresentwmhm rdlie$ bmglbaglbpnhaple of[lﬂﬁt@&phlyt is to be
appr eci at ed, tﬁ OSIaﬁl of a It| St liand or ban g .either in
pl ane or tiltée featrrs i t’%?t “T‘ Ie Yi‘?}@’hﬁ’FpFH@ fQ?B?l § can be
performed and msiehié plis Riethlet R ARFGRANK SRS nedifive CXRERARY, vlter vi ew a
field on a wafer and to determne various characteristics and/’or parameters
of the field ol02 iseorigateds tof by implaye oiithf imagetplbmct ho4yr Hohitbe putpasesdof r easons.

Calibrating a clﬁocus Portion asedlon ur| ng.Focus P i%me ersb with One
Patt er ned Banglscussion, an example employing a lithogra ic scanner will be described.

However the same technique may be extended to analyze focus performance
on any other lithography tool.

[0036] It is to be appreciated, exposing of a multiple test band or band on a
wafer either in: plane or tilted with respect to a focal plane of the focus Optics
can be performed and used for other lithography reasons. For example, to
view a field on a wafer and to determine various characteristics and/or
parameters of the field or the wafer for many different lithographic related

reasons.

Calibrating a Focus Portion Based on Measuring Focus
Parameters with One Patterned Band

[0037} FIGs. 2A and 2B show a wafer 200 according to embodiments of the
present invention. Wafer 200 is purposely tilted so that areas 202 of the field
of wafer 200 that are out of focus have no printed features. The presence of
printed features only in a center of the field of the wafer 200 results in a band
204. Thus, areas 202 have no features or resolved or printed because they are
out of focils. As shown by orienting axes in FIGs. 2A and 2B, an X-axis runs
into the page in FIG. 2A, as does the scanned exposure that runs along the X-
axis. Introducing a tilt about the X-axis allows a center 206 of the field to
remain in focus, while the top and bottom edges (e.g., areas 202) of the field



[0037] FIGs. 2A and 2B show a wafer 200 according to enbodi nents of the
present invention. Wafer 200 is purposely tilted so that areas 202 of the
field of wafer 200 that are out of focus have no printed features. The
presence of printed features only in aycenter of the field of the wafer 200
results in a band 204. Thus, areas 202 have no features or resolved or
printed because they are out of focus. As shown by orienting axes in FlGs.
2A and 2B, an X-axis runs into the page in FIG 2A as does the scanned

exposure that gouig offQRe. difen’a litiited depthidr F6s! e % m%d?%ﬂf%s&lb@ X-axis

allows a center 206 of the fireld to remain in e top and
bot t om edges (\Eelbat,theahopandﬁm(ﬁgth‘easfzwb dfthépgntedlﬂelchf focus. Gven a

limted d fof f t do. not | | .at_the t d
pot tom (A0S ar cad 1803 Fhest & Hewshih dgteiTich §ied gedna menioriss whBAd o ow
chart depicti rHl)oaacEérhihg% %x%&xﬂ%nﬁocﬁ‘tﬁé’?fe 'ﬁﬁ%@g&h ?@Q%eg%ﬁrgbv%rt 0

enbodi nents of the present 1nvention er
200) is tiltedeBhevafepQQODi3 tijted dhetaidX (@x)e(shm ih FIG ﬁAblcﬁrmmaInonumlge pI ane

e.g., plane 104 sure section. At ste at| . reticle
(o o Bl Toti e plane Je g DR 10 Foan GriosHe: Sctpis, AF Bita dUhoR SIBEC ¢ ho
wafer. At ste fs sed during
scanni ng of tﬁrgéé\l/gf(gr% aﬂ gértlgle( ﬁlelgdxiwafl% ghk! ?%g&fgl ltsvpédcas&g)gé@?ﬁedx?g%xgﬁd bottom

regi ons (e.g.,wsepadtatp)306f ae&e@d\(e‘gehdunfanebrd' wafien260) mmxposiedfchmmg Thi s
results in the small Lines. of. the ‘?&[atlsng resolwn E) top and
f

bottom (e.g., SrEyEg of i walsyalang th i Fdﬂ‘/\ﬁ’ﬂéﬁestﬂ’é’f oftgmy
POSi ti Ve resi Sfekiohs (€ eRas R} eﬁéachcﬁfelét%efphs{dacﬁ%ffdcﬁ@rms?emsmAfter

clearing away these regions, a band (e.g., ba 04) remains In a center
potion (e.g., ﬁbersmalirlmmefthsfgmm hotetesblving %tbptopm,btmom@eg,oq;rmnt process

' f d h f f ' . , 202
wher e the | magR2AReEE bt ReatEen B 3Ttk PeobRorSwtin e srdhEe agai h o
FI Gs. 2A and 2§F thé fieldoge CRafed dwalyl AR cRiatifif @Way lﬂ?daér@ﬁ&xsah e (ef@r some

characterization of focus perfornmance. For ~exanp Ere0|sely band 204
i s centered al band 204yremains ¥ a censerf pasion (g.8., portion 206) of ‘the Beld. At step

308, a development process is performed on the wafer to clear resist from
- regions{e.g., aréas5202)'where the image did-not print due to defocus: <=2
[0039] With reference again to FIGs. 2A and 2B, the characteristic of printed
band 204 allows for some characterization of focus performance. For
example, how precisely band 204 is centered along a Y-axis of the field is
dependent on how well a focus system (not shown) established Z while
exposing. Also, how precisely width W of band 204 is generated is related to
how well the focus systems control Theta-X. Thus, by measuring these
characteristics of band 204 with an alignment systems metrology system,
compensation values are determined and used to calibrate the exposure optics.
[0040] FIGs. 4A and 4B show a wafer 400 according to embodiments of the
present invention. In these figures, wafer 400 is created with the same Theta-
X tilt as FIGs. 2A and 2B, but a Z focus offset is introduced. This change
moves a printed band 402 away from a central X-axis. The Z focus offset has
shifted the in-focus region from a center 404 to an edge 406 of the field. The
relationship between band position and the Z offset is a function of the
induced Theta-X tilt.



dependent on how well a focus system (not shown) established Z while
exposi ng. Al so, how precisely wwdth Wof band 204 is generated is related to
how wel | the focus systens control Theta-X. Thus, by neasuring these
characteristics of band 204 with an alignnment systens netrol ogy system
conpensation val ues are deternined and used to calibrate the exposure :
optics. [00401 FIGs. 4A and 4B show a wafer 400 according to enbodi nents of
the present invention. In these figures, wafer 400 is created mﬁth t he sane

Thet a- as Fl 2 t of f ced Thi s
change rrt\%is] a prin ed?@gﬁ@@%@m&iwaﬁ ?)»916 é:lozﬁ’tngatﬁ }%en 2 focus
of fset has shpresend inveition- fvmassmmﬁamee‘nr@moaedcmerhd&é( bfsanredge 406 of
the field. The relationship between band goleon and the Z offset is a

function of tHheominalywhich affsets a-width Wtof bamgl 504 4] verticad Wl@th Wmipﬂstedhow a

fer 500 500 h
boen exposed Wil THtd TR RecRTorAdn PR HEFARRRTRal Aot ARG b W of
band 502. A vethidk@eds, MdifebistéVcRbic® ainbh g dtheRAFEr Sthnplawiits W bfia ?be%Ct ed by

process paraneters, such as dose, resist thickness, and resists choice
among ot hers. Wypinakwidth and wridthhWidimay pe ewidth caused d1y thectbovefattorsdt h W2 may

be a width cau ke It difficult to
establish a sc‘fﬁig lﬁm{e%g{radgﬁ@{ﬁb ﬁi%cﬁsﬁeaifq}ggac 'I‘P'?é?léa'lx %ﬁ%f size. To
overcome this ThéthiXCtelYayd sftzbeTsBbadmﬁenwdl(ﬂﬁ@mlysmfémﬂwhﬁéﬁt@a@@ﬁ@edand
measure multiple bands, with two bands used nerely as an exanple

embodi ment . CaP#lBWAXDPSS @dmwemluplsrb%@awmwwgmw@bw arPar anet er s
with Miultiple E’,@M g@a [0042] FI Gs. 6A and 6B show two exposure
positions for a wrf 0 according to enbodi nents of the present

I nvention. \Wafer 600 I ncludes two pattern areas or bands 602 and 604. Band

602 is fornmed when wafer 600 is_ positioned at Z offset 2 and band 604 is
formed when wafer 66@libEatings;a; Faens Portion Based on Measuring Focus
Parameters with Multiple Patterned Bands

[0042] FIGs. 6A and 6B show two exposure positions for a wafer 600
accordlng to embodlments of the present invention, Wafer 600 includes two
pattern areas or bands 602 and 604. Band 602 is formed when wafer 600 is
positioned at Z offset 2 and band 604 is formed when wafer 600 is positioned
at Z offset 1. FIG. 6C shows a scanning beam 606, which can come from an
alignment system in the lithography tool, that scans along a Y axis to detect
bands 602 and 604. FIG. 6D shows a graph generated from detection of
reflected light from wafer 600. As is shown, bands 602 and 604 cause higher
levels of reflected intensity 608 and 610, respectively. This can be preferably
based on reflectivity effects of light, although scattering effects can also be
detected. The reflectivity and/or scattering effects of light are based on the
light hitting a rough surface (e.g., bands 602 and 604) compared to just
reflecting from a smooth or relatively smoother surface (e.g., unpatterned
areas of wafer 600).

[0043] FIGs. 7A and 7B show two exposure positions for a wafer 700
according to embodiments of the present invention. Wafer 700 includes two
pattern areas or bands 702 and 704. Band 702 is formed when wafer 700 is
positioned at Z offset 2 and band 704 is formed when wafer 700 is positioned
at Z offset 1. The wafer position for wafer 600 in FIGs. 6A and 6B is shown



at Z offset 1. FIG 6C shows a scanni ng beam 606, which can cone from an
alignnent systemin the lithography tool, that scans along a Y axis to
detect bands 602 and 604. FIG 6D shows a graph generated from detection of
reflected light fromwafer 600. As is sfiown, bands 602 and 604 cause hi gher
| evel s of reflected intensity 608 and 610, respectively. This can be
preferably based on reflectivity effects of light, although scattering
effects can also be detected. The reflectivity and/or scattering effects of
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to uncouple Z and Theta-X from the issues that affect band size, as discussed
above with respect to single band wafers. Although these embodiments are
shown with two bands, it is to be appreciated any number of parallel bands can
be formed and measured without departing from the scope of the invention. In
embodiments showing the double tilted grating method, the field is exposed
twice. The same induced Theta-X tilt is used for both exposures. However, a
different Z offset is introduced on each exposure in order to move the resulting
grating to the top and bottom of the field. This results in two bands being
printed. Thus, the double band tilted grating test uses a Z focus offset in
combination with a known Theta X tilt to print a set of grating bands that is
offset from the center of the field. In the embodiments shown, each field is
exposed twice, once with a positive Z offset and once with a negative Z offset.
The result is two bands, one in the top half of the field and one in the bottom
half of the field.

[0046] In some embodiments, the following formulas are used to determine Z
and Theta X. It is to be appreciated, other known formulas for determining
these values can also be used. The location of the center of each band in the
field (such as shown in FIG. 6B) is referred to as Y Position, which can be
defined by the following formula:



above with respect to single band wafers. Although these enbodi nents are
shown with two bands, it is to be appreciated any nunber of parallel bands
can be formed and neasured wi thout departing fromthe scope of the

i nvention. In enbodinents show ng the_gpuble tilted grating nmethod, the
field is exposed tw ce. The sane induced Theta-X tilt is used for both
exposures. However, a different Z offset is introduced on each exposure in
order to nove the resulting grating to the top and bottom of the field.
This results in two bands being printed. Zéﬁé’ t he double band tilted
grating test uses a Z focus of f d®bsition = on with a knowmn Theta X tilt
to print a set of gratl ng bands that is Sir{{het@X) fr om t he center of the
field. In the gnbo each field i exposed twice, once with a
positive Z offg%'tsmé'h&“aﬁ%ﬁ%@%sg %gfgl@}l%mzlpijﬁp The result is two
bands, one in the top half of the field a e in the bottom half of the
field. [00461 I n sone enbodi nent sYPadiorf-o g fornmulas are used to
determine Z and Theta X It is to be app%@ ted, other known formrulas for
det erm ni ng n of the center of
each band in tﬁ*ﬁ&? ﬁcﬁ@?gﬁ%h%g‘isn Bﬁt &gﬁﬂ@&(?é%%&é&r)eferred to as Y

Posi tion, which can be defined by the fZ0fsetd-ng formula: -10 ZOfset YP
osition = Sin(ThetaX) For snal | ¥ ﬁﬁ’%—[ﬁ., YOIL P, SO the equation sinplifies
to: ZOfset YPosition = ThetaX |f systemfocus errors are incorporated,
the equation b¥eresZ ardATs Qte the fystem focus errors. Creating an equation for each

of the two bands results in:

Z,+AZ Y = Z,+AZ
Tx+ATx 2 Tx +ATx

1=

Notice that the same system focus errors and Tx offset apply to both bands.
Solving the first equation for AZ and the second for ATx gives:

22+Az—Tx

AZ =Y,(Tx+ATx)-Z, ATx =

} o 2 v
Substituting one into the other and solving gives us our final equations for the

system focus errors:

az=tWZh4 ap L4 g
YZ_YI 20

In these formulas, the delta Z and Tx systém focus errors are not affected by
the width of the bands. Therefore, they are independent of process effects, to
a first order approximation.

[0047) In some embodiments, the location of the bands is determined with a
native alignment system in a lithographic exposure tool. As discussed above,
by scanning an illumination beam (FIG. 6C) along the Y axis and measuring
the diffraction efficiency or reflectivity of the wafer surface, the locations of
the bands can be measured (FIG. 6D). In this fashion, one can expose a
double tilted grating, develop the wafer, and have it scanned by the
lithographic exposure tool to assess one or more focus performance factors in
a relatively quick fashion. Then, these factors can be easily used to generate

compensation values to calibrate the lithography tool, as discussed above.



YP i os tion = ThetaX + ATx Where AZ and ATx are the system focus errors.
Creating an equation for each of the two bands results in: _Z+ QZY_ Z +
AZ Tx+ATx 2 Tx +ATx Notice that the sane system focus errors and Tx offset
apply to both bands. Solving the fi rst1 equation for AZ and the second for
ATx gives: AZ=Y, (Tx+t1Tx)-Z, ATx=Z2+AZ-Fx 2 Substituting one into the other
and solving gives us our final equations for the systemfocus errors:
AZ-YZz-Y2_Z1 ATx=Z2-Z -Tx Y2-Y, Y2-Y In these fornulas, the delta Z and Tx
system focus error e .no {.fect the wi dth of the bands. Therefore,
they are independeﬁ?%%?é‘é@é@' @‘ngzé’fgs a first order approximation.
[0047] In sone enbodinents, the | ocation of the bands is determned with a

native alignment systemin a |ithographi c exposure tool. As discussed above,
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expose a doub] gaitérhé®dmagertié rtﬂteddev\nﬁl Ri3pdch Sto Ve vafdNd mayeprbfen%&anned by
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factors in a ebagithens] the qﬂtmﬂ@ahdzshmpnscd'l’bwcd om hwmlﬁmawasfercﬂagebe easily
glsggugg egegggstél?th Coﬁgrenéﬁltelr (e)rrr]lb\olgilm%%fc's mau& Econtro mg Qei'etllclzlg rs]t%gc ?dp Ei{ tool, as

the reticle. At step 904, the wafer is developed. At step 906, characteristics of

the tilted patterned image are measured with a portion of the lithography tool
to determine focus parameters of an exposure system. The measuring step can
measure band width and/or band location of the tilted patterned image. The
focus parameters can be focus tilt errors and/or focus offset, for example. At
step 908, the focus parameters are used to perform calibration. Calibration is
done by either automatically or manually entering compensation values for the
measured focus parameters into the lithography tool.

{00491 FI1G. 10 shows a fiow chart depicuing a method 1000 according to
embodiments of the present invention. At step 1002, a wafer is exposed so that
a patterned image is tilted with respect to the wafer. The tilting can be
imposed based on controlling a reticle stage, for example. At step 1004, the
wafer is developed. At step 1006, characteristics of the patterned image are
measured with a wafer alignment system. The measuring step can measure
band width and/or band location of the tilted patterned image. At step 1008,
focus parameters are determined based on the measuring step. The focus
parameters can be focus tilt errors and/or focus offset, for example. At step
1010, a focus poftion of an exposure section of a lithography tool is calibrated
based on the determining step. Calibration is done by either automatically or
manually entering compensation values for the measured focus parameters
into the lithography tool.

[0050] FIG. 11 shows a flow chart depicting a method 1100 according to
embodiments of the present invention. At step 1102, a wafer is stepped along a
predetermined axis. At step 1104, the wafer is exposed at two or more points

along the predetermined axis so that patterned images are tilted with respect to



-11 Methods of Calibrating Focus 100481 FIG 9 shows a flow chart depicting
a nethod 900 according to enbodinents of the present invention. At step
902, a wafer is exposed so that a patterned inmage is tilted with respect to
the wafer. In a preferred enbodinent, the tilting can be inposed based on
controlling a wafer stage to tilt the.pgafer. O her enbodi ments include
controlling the reticle stage to tilt the reticle. At step 904, the wafer
is devel oped. At step 906, characteristics of the tilted patterned imge
are neasured with a portion of the lithography tool to determ ne focus

paraneters of tRelwarROBnY ltifiy SACHR ixﬂﬁ&ed‘ﬁ@%ﬂroh_r&nﬁélﬁﬂ%ca%tid@%@a%ﬁ,rﬁrba”d wi dth
and/ or band location of the tilted patterned i nage. The focus paraneters

can be focus teXpmple rAdrepahidioothetveafersis develeped. A stepc AR, eharagteristicep 908, t he
focus paraneters,are used.to performcalibration. | ibration i done by
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now chart depicting a nethod 1000 according to enbodinents of the present
i nvention. At pattemed ddage. aAtwstéred 110 fecus parathetass ateaneasurqdabased omdaidmage i s

tilted with respect. to th fer. The tilti an i Npos sed on
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measured with a wafer alignnent system The neasuring steg can nmeasure band

wi dth and/ or bitheigaphyatoobss clibrated basedcan srid determiningnsigp. Calibratianis1008,
focus paraneters are.determ ned.based on the .neasuring.steqn. The.focus
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step 1010, a mesufedIObis patinitters it Xidihsgagisabslon of a Iithography tool is
calibrated based on the determ ning step. Calibration is done by either

automatically or manually entering conpensation values for the neasured
focus paranet eégncl{'#géo the lithography tool. 10050] FIG 11 shows a fl ow
chart depicting a Thod 1100 accor di ng to

[0051] While various embodiments of the present invention have been
described above, it should be understood that they have been presented by way
of example only, and not-iimitation. It wiil be apparent to persons skiiled in - -
the relevant art that various changes in form and detail can be made therein
without departing from the spirit and scope of the invention. Thus, the breadth
and scope of the present invention should not be limited by any of the above-
described exemplary embodiments, but should be defined only in accordance

with the following claims and their equivalents.



enbodi nents of the present invention. At step 1102, a wafer is stepped al ong
-a predetermned axis. At step 1104, the wafer is exposed at two or nore
points along the predeterm ned axis_g$9_that patterned inmages are tilted
wWith respect to -12 the wafer. The tilting can be inposed based on
controlling a reticle stage, for exanple. At step 1106, the wafer is

devel oped. At step 1108, characteristics of the patterned inmages are
nmeasured with a wafer alignnment system The neasuring step can neasure band
wi dt h and/ or band l,ocati,0 he t]{ erned i mage. At step 1110,
focus paraneters are rreaAslﬂ?tgéd%a""':f“{&ntﬁggtleg%ftr:reasuri ng step. The focus
paraneters can be focus sfeppihg & vafsr aloagd/peédetepmiried isf set, for exanple. At
step 1112, a focus portion _o% an exposure section of a _|ithography tool is
cal i brated based on sai EXRRSINGr fheniwaferstabpmore | then aenerpdint  alunge ei t her

automatical ly nan lLy..ent.er.i C t..on_val for, th measur ed
focus paranet g?ésdcfcﬁ't" :%{‘r%‘s|sf’t‘ﬁ§g‘3§‘b“r‘§%§§?%a ltjf%ﬁ%ﬁ %giqﬁ%d[‘ﬂg%ﬁg%it? e various
enbodi ment s ofthd higfepr esent i nventi on have been described above, it should
be understood that they have been presented by way of exanple only, and
not-limtation. It will deeclepipgthersafero persons skilled in the relevant art
t hat various changes in L . oC Jmde L herelp ] ut
departing fromthe spi riée%é‘%]d&smg%%g&g%ﬁctshog%ggg ( egdn{ma%ﬁgg{?ﬂmt%taﬂe?eadt h and
scope of the pligeMaeaitsyste@pti on should not be limted by any of the above-
descri bed exenpl ary enbodi nents, but should be defined only in accordance
with the foll owing cl ai fi§teRpining, facps parametere hased on said mepRriRgStABnpri si ng
the steps of: steppj,gg a wafer along a predeternined axis exposing the wafer
at nore than one pornt along the predeterm ned axis so that forned patterned
images are tilted w th roakiretifg t0 focus portion of an exposure section of a

1}

lithography tool based on said determining step.

2 . The method of claim [, wherein said determining step

comprises the step of determining focus tilt errors of the focus portion.

3. The method of claim | , wherein said determining step

comprises the step of determining focus offset of the focus portion.

4. The method of claim | , wherein said measuring step
comprises the step of measuring a distance between the tilted patterned

images.

5. The method of claim |, wherein said measuring step
comprises the step of measuring a distance of a center axis of the tilted

patterned images from a center axis of the wafer.

£ . The method of claim | , wherein said determining step
comprises the steps of determining focus offset and focus tilt errors of the

focus portion.



the wafer; devel oping the wafer; neasuring characteristics of the patterned
images with a wafer alignnment system determ ning focus paraneters based on
said neasuring step; and calibratingia-focus portion of an exposure section

of a |lithography tool based on said determning step. 2 . The net hod of
claiml , wherein said determning step conprises the step of determ ning
focus tilt errors of the focus portion. 3 The nethod of claiml| , wherein

said determ ning step conprises the step of determ ning focus offset of the
focus portion. ~} The thoﬂ\agf éci er ei sfafc"la'd neasuring step
conprises the step © & uff ?ﬁ‘nce bEPHEEN eIP?aPY%%Bp% er ned

i mges. 5 . Tnggﬁgégqgeg sgraim | , wherein said nmeasuring step conprises
the step of neasuring a distance of a center axis of the tilted patterned

i mges froma cent measlmng a(ﬁlstaﬁcebnmfeen thegilted pﬁtta‘nnétmagts,amdcl aiml , wherein
said determ ning ste es t?e ste s _of {J t er.m ni n%w%cus of fset and

focus tilt errors &% Eﬁ?é‘cf)(? 2 SR aﬂf° eriilted pat Qimf

wherein said rﬁﬁﬁ%éﬂi&a&ise& CRERE 1 Ses t he steps of : measuring a distance
between the tilted patter neéhl mages; and neasuring a distance of a center

axis of the tilted patterned images froma center axis of the wafer.




