-1 SYSTEM AND METHOD FOR AUTOVATED FOCUS MEASURI NG OF A LI THOGRAPHY TOOL
BACKGROUND OF THE | NVENTION Field of the Invention [00011 The present
invention is directed to a system and nethod for automated neasuring of a
focus portion of an exposure section of a |ithography tool. Background Art
[ 00021 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 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 sSYSIEM METHQPF QR AUEOMATED FAGUS MBARJRING OFoscope and
recorded data is input into ALITEHOGRAPH¥tT@QLdet er mi ne cali bration
conpensati on val ues. These values are wused to calibrate the exposure
optics. Typically, this nethod causes several hours of downtine a week
whil e an operator fabricates the test wafer, analyzes if under the

m croscope, and enters BACKGROUNDQF THEINVIENTHON is time consuning,
costly in ternms of |lost production tinme, and prone to errors due to
reliance on human judgenent. O her nethods require the use of costly
external e@itlgBetie theengener ate cal i bration val ues. [0003] Therefore, what is
needed is a systemand nethod to calibrate |ithography tools by automating
measur enent of focus offset and focus tilt using an existing |ithography

syste 10., an-ste al i gnpent. system ,to evaluate a patterned structure

or pam) 6e(med st r@& gfegéqt W%gﬁé?%l'—lssém\?%@ e = ﬁ)iﬁtelf']N\‘?E‘ilﬁnE%‘)?OgUM

Embodi nent sumdtd ni8esig dfmYeficu®pdti6y | sfead apohiad ktieR! éfonat i ng
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 efrors 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.



a lithography tool. The nmethod includes the step of exposing a wafer so that
a resultant patterned image is tilted with respect to the wafer. The nethod
al so includes the step of devel oping the wafer. The nmethod al so i ncl udes
the step of nmeasuring characteristigs of the tilted patterned inage with a
portion of the |ithography tool to determ ne focus paraneters of an
exposure system The nethod also includes the step of using the focus
paranmeters to performthe calibrating step. [0005] O her enbodi nents of the

present invention proVviBRIER STRMMRRY IOETHE INWENTEION ep of exposing a .wafer
positioned at an angle so as to create a band-shaped pattern on the wafer
that is tilted with respect to the wafer. The nethod also includes the step
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met hod al soa lima)lgtaﬁﬁsi tdoNeThd Riethofl iktPhds Medtdfof éxposifig RWaABHh4t dbased on the
measuring step. The nmethod al so includes the step Of calibrating a focus

portion of Esultanppattareedsimage imtilted with respesy tagieywaten| Thometwdatsot he

det er m ni ng; 0006 ti . other enbdinents, qf th resent invention
provide a rrﬁ%h'lggs Eh%g?ep 4fr9§$ﬁ}8%1§ghfew§€é§p ?%&%ﬁ%“‘ﬁﬁiﬁg‘f g}e ¥Pong a

pr edet er mi neﬂmaasuﬁngIlli@admislﬁesiofmbmea?sdtetﬁ&ﬁnﬁ&ge_vﬁt@a)p@&ioﬁwq% ng the wafer
at two or npre points along the predeterm ned axis so that forned patterned

i mages are Hihogaphytaol to dstemaine tfocust pasametersrof anhexpesurh sistais cThencl udes t he
step of dev i t fer. .Th et hod.al sq _includes t st,ep of
nmeasuri ng cﬁlgglgg'[%srol is}lﬁu\ggs gq: %t??eggg?fl%?tﬁeegocuf r?ﬁba&et%s?% pﬁ%é‘?é}al I gnnent

system Thecatidediing sédpso i ncl udes the step of determining focus paranmeters
based on the measuring step. The nethod also includes the step of

cal i br 8908h a f oOthsT pembediments af thx pprssant Bwentiosn PeAvide 4 imathegt aphy t ool
b, o Rk s ilied 0L ph0taeISR Bl kiR OT ront
al i gnnent shardeshapéd patteerx pm sher wafet that isi tiltadswith respeatas theewafer Phé t er ned
structure O;ne'tir}ordu gou rix(lac?u e§ tﬁg %t%%egf &gve?op_ix?’g 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



human or external equi pnent. No external measurenment is required and
opportunity for human error is elimnated. This saves both tinme and noney.

[ 0008] Anot her advantage of at |east sone of the enbodinents is that the
patterns are printed at a tilt with respect to a wafer, which allows focus
conditions during exposure to be nonitored. These systens in nethod save
both tinme and noney, and virtually elimnate the neasuring errors caused by
human j udgments. [00091 Anot her advantage of at |east sone of the above

enbodi ment sy t N tiphe [es l.ti.pl & bands are

pr oduced, V\H:n?ﬁ{ gﬁleé%?al% gupg%e%g&ktﬁ%l ? %’g%%ﬁ;gﬁ% rga;u‘{fgla}n%as aZz

neasur enent opporanity forhingn etrot 3@bifripied. ITHHS savEBothBinteOmMdGiashey! SO be ext ended
to m)n'k&ogr stepper _characterization, of Z, Tx and Ty focus axis. [0010]

Fur t hef0®Rbodi meAnather aditantage of at deastiveme f dbe smbodngnicisethat thenvent i ons, as

wel | as the CLMre. erat | f variQus .enbaodi nents of the
present inv ﬁ#%n&a&ﬁﬂggg% %‘Zd‘“ﬁ r%@?%ihﬁ% %evr%tgv’vﬁlgglﬂgf’gﬁgﬂ‘@g to the
acconpanyi ngorditions igfing BipdstreDoe_miitéee. O hEdsysRMA iNGRéthbEsReS [ 0011] The
acconpanyi ngﬁﬂraw ngs, which_ are incorporated herein and forma part of the
speci fi cat i Bpfh tmg gk mgpey, apd viptually eliminaie thej measuring erotgeanzad byl t h t he

descri ptionhmilk’ﬂfuaﬁx Sgrve to explain the principles of the invention and to
enabl e a person s FRT in the pertinent art to make and use the invention.

[00121[0A09 1 shAwsthemadvahtagelbf pORAstisomeT the WHdverembddimeés Rehht to a reticle
| mage pl ane_ accqrdi ng t?,el,nbodi ments of the present invention. [0013] FIG
2A shows a Y gerioming multiple pxpasures,snuitiplerhapds greipsedussddiich allows a  band

ront vi ow SRR IS Rlosiindh 38 GRY Y 2ipb e O s peiing 021707

met hod for lithography adoddan@henmethodf ean aBoclwr dkregdéd te mhadiorestéppenf t he
present inve ti(%n. .0013#d | G ﬁAfshows.a side view of a tilted wafer after
bei ng exposéﬁme\‘i’ FrHfadom g xapd Ly fAgs@iSenbodi nent s of the present

i nvent i[GIHO] 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, illustrate 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.



-4 [0017] FIG 4B shows a top view of the wafer in FIG 4A. [0018] FIG 5A
shows a side viewof a tilted wafer after being exposed with a band
according to enbodi nents of the present invention. [0019] FIG 5B shows a
top view of the wafer in FIG 5A. [09@0] FIG 6A shows a side view of a
waf er at two exposure positions after being exposed at each position with a
band according to enbodi nents of the present invention. [0021] FIG 6B
shows a top view of the wafer of FIG 6A. [0022] FIG 6C shows a scanning

beam trwéfcans FRe 4 Wh‘a{vsh@qfl of%x@ﬂg m&‘ﬁ%}og 023] FIG 6D shows a graph

generate rom scanni ng usin I t hog rap "s alignnment system beamto
det er {0038 har acFKG.i5at éms(afmdbashé\erolﬂ&tmedw?aﬁer aftef Béing Bxpdsed withh 6B, and 6C
accordi ng tg enbodi mants of the present invention. [0024] FIG 7A shows a
si de vi ew oPand agaqrdin Qemgdlmpwﬁﬂ@mwmmmywafter bei ng exposed at each

posi t| (th a Bas(fﬁ t the present invention.
[0025] 7B sﬁﬁ\;g %[%q\gl ew of°?{ﬁg \L%f@rﬁgok TG 7A. [0026] FIG 8A
shows amnple Vi eRIGaf6 A swased sidé viewoox vaser laf twi Skpds@itSpasitions afthei Ng exposed
at each posjtion with a band accordi ng to enbodi ments of the present

i nventi on. t’m&ﬂmw@t esh PRsifien yvithop bandeagcording o embediments of the 8A. [ 0028]

FIG 9 sho ?er{tﬁ{%ﬁﬁ rt depicting a calibration nmethod according to
enbodi nents’ o present invention. [0029] FIG 10 shows a flow chart

depi ct {0021h cal i BIGit6Boshowsahopslviewcsfithé wafet of FKg1isadi ments of the present

I nvent i [ 0030 I 11 shows a flow chart depicting a calibration nethod
accor dk‘ﬂ’?]zl 0 n#@'q%e?h%"scﬁ Smnﬁrbé%@r‘ibatlsf;%ﬁb? Witer i &3Qs. 6fnandyr esent

i nvention wggl now be described with reference to the

[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 thé 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 embodimienis 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 embediments 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)



acconpanying drawings. In the drawi ngs, |ike reference nunbers indicate

i dentical or functionally simlar 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 presént invention, a reticle is popul ated
with identical structures possessing a critical dinension (CD) near a

resol ution capabi lity of a stepper being used The structures are densely
spaced, cove %the ent E{@%osur& fi.el d. eticle is exposed such
that the iniba g AEHOWY b den “’i‘%l“g’ & CPiCERCHBUMBE s tilted
wth respecﬁ,stgp@af.g@fer The result of exposing the reticle inage onto a
tilted wafer is that only a portion of the reticle image will resolve upon
the wafer within the usabl e depth of focus (UDCF) of the exposure tool.
Wthin the UDOF, | toresi st. However, the
structures falling g‘&ﬁ«*@#mjfm ny'lﬁ%é@tiﬁgﬂﬁﬂy resol ve and the
incident light will be adequate to clear away all of the photoresist. After
proceedi ng through a devel op process, a visible band of patterned

phot or esi st Onetdiewenai n on the wafer. [0033] Wien resist properties and
exposure conditions renmain constant characteristics of the system can be
det erm ned based on a band | ocation and w dth. The location of the band is
pri mar ij¢ga2p funchbéﬁ}%%gﬁ hﬁsﬂ rOEHSinOLdtRA! 2 fifdle ! log lat-ga'%v idbdticgf the band is
dependent on til , st sensitivity, >? sure ose and ot her
factors. Thatrustures meslsmgvaemncah@masmm(ﬁbm nba‘rajreamidtlon b@abﬂnyeoﬁl | i con waf er
can be detected by a waf nt s After the. ment process,
the wafer i8 %83?‘%/1? egacﬁh %T“gﬁ'f aréi{?Bge]tlﬂ‘ &Pacgdy °°3ﬁan8 "E‘?“ec. se

| ocati ons otxpdigrepRélier TIRArdiRRAR kpBscAshthl thah e Magf:hl%nﬂ&f 8y thél i gnnent
system The |l ocations of the bands can be used to cal cul ate he focus

of fset and F¥RAsureitpolis projetion omigs isfilted witlorrspect thua Waker: Mae eespbgt)r e step.

The met hods o1k 1 1BEc1E thEEs Sito! £ llRd Walr R ERPSHY P BoAGhTE L' o of Z
reticle image will resolve upon the wafer within the usable depth of focus
(UDQF) of the exposure tool. Within the UDOF, the structures will print in
the photoresisi. 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.



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
invention. FIG 1 shows a side view of a field of view (e.g., a field or a
surface) on a wafer 102 where an inmage plane 104 fornmed by projection
optics 106 is properly focused. In tWs configuration, an inmage 108 prints
properly over an entire length of a slot (not shown) of a reticle (not
shown) onto substantially an entire |l ength of the field [ 0035] As descri bed

bel o tilted ti noni tori net hod accor di odi t f th
pr esent93]ent oﬁfﬁéISBg‘gs 6ﬁ5@05493 e m&P@ﬁwée%ﬁmnq %% toghhat snall
f eat t wi i

eatures W Llconel co | g Whet hgrﬂﬁ%&e @@;ﬂl?gf‘es%‘?ﬁbe%bﬂ FFbOPEthJs a§&€§1e 'S

principle app Cus is positive or mal |y,
wafer 102 bfa Gicideoftveew {aghe fiedd pt amerfade) bniarwgfer rll)arvdnei@dn irhage t he pur poses

of discussion, xanpl e enpl Qying.a |ithographjc scanner w |l be
descri bed. PhB%\é@érf%FHQ)Qé(nEoieéE%PHH‘és B9 1BPrERSbh desed dRalize focus

per{ Of MaNC S orfkyiftin i \Hagt 1818418 BRYel1fer LPAREL 1kl G d QobifoRPPT o1 2t o0,

exposing of a e te on a wa el t her pl ane or
tilted wit hshmx)eﬁarétmlee(nbmhabvnpbﬁtoeulﬁﬂtamlaﬂyﬁmetmredmgth:ef the fieldoe perf or med

and us for oth |ithography reasons. For exanp view a field on a
waf er i‘ﬂg fo det&s belows actiligdgrating &qnégna&a}%bo %Pﬁjﬁ’iﬁg’rs of the

field or thenWadiflents 'ftﬂ%ed?é(segi M@ﬁ%ﬁtrﬁéésto*ﬁ%zé&@ggﬁgﬁé ar : n%%@%%ﬁo”?

Callbratlnga ocus ortlon ased O asurin s with One
Patt er ned Bthatl sxhﬁlﬁ)&l}ur&d vl n&t/prmndn&&selve\mlienvm&md af®mffoanr diiy to

enmbodi nents qf .the in tion. Wafer 200 is r oeI ilted so that
S oos 200" o prinsielemppldy Wiies s AcToie i PRstive o TBERG NASBRLYHEE no or | ot i
features. The By GREREF1Obe i plikasinl 4ok bl Bfne "0x, 'Forathﬁeﬂ?ﬁ'ﬁcfseQBft he field of

the wafer 200 results in a band 204. areas 202 have no features or
resol ved or dppusstoadaﬂneuangle amﬂyyiaga lithograpliic fsoamner will hehdasaribed. ori ent i ng

axes in Fl Gf-loweverat?xe sa.mé tec%mqug)%asy Pe 'Citended 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 fespect 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 focus. 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



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 -7 go out of focus. e{u alimted depth of focus, fine
features do not resolve well at the op and bottom (e.g., areas 202) of the
printed field. [0038] FIG 3 shows a flow chart depicting a tilted grating
nonitoring nethod 300 according to enbodi nents of the present invention. At

S P Doz 2 gbRAuPbr el OGivelY hinkDBboth B hiuk g Rhiedtd SpkelibO "D L0 F1 ©

2A) froma om na I'nan exp ure section. At
step 304, a“@ﬂlaitthmgopm&tlbdltom(eGgQareas&OR)ﬂéﬂthbpnﬁﬂemﬁ%mWth fine features) is
positi(z)[g %to expose the wafer. At step 306, a field (e.g., a surface of
waf er @3 lis ex%&@édStWWl%@OW §b§h¢ﬁmﬂjm€fa tilted gx@tﬂ@mammtgigtm@thod axis. The

ilt causes gl 0eleRRldiBhe Pl hSschitensdl, CRPeB0 3 witeh Tiel d to

be printed ou I'S resu b grating not

resol ving afle.ghevafer/200)0is tlesd Thetd & (Bx) (Sh®AE in BAZ) 2A L oS nérhirlahe fi el d when
the resist (e.g p03|t|ve resist) in these regions of the field get

cl ear ed avva;lmagﬁf plane (g.&qplang 1%)51‘9 mmeswegmﬁs At $emad04.c grating band 204)
remains in ?et&?é‘&@é B8 él?edg\gxtlé ﬁet fegﬂn-%gqg %gm%)H@d td %xfosg%? step 308, a

devel opnment proc I's perforne ear res

r egi ons- (a. gvaferar &nstéP3P6,vh 6ied (el d sm@rRe dif dvafert 200)iistexposed idarifgl ocus [ 0039]
Wth reference again to EIGs. 2A and 2B, _the characteristic_of printed band
204 allows f the drafer deng the Sraxisr  The Y cgusesdhentorrand boffom exanpl e, how

bt 01 38lol g 3e6 e el 804 Gupies oo i bkl lopenient o0
preci sely withi kmMI tiheshafittie 2Patingsnoy eesotvangdt the top had bdttdnn (elgnareas| | t he focus
204 wi th an Z07) GRIENE! Bt o rBIRO 0y (G SRaHIve TEH) oh LEs BRI ues are
det er mi ned Qﬂ'%éJﬁﬁd gEPclEﬁ'Ed Byay. eAh@?cl@i’rl&@éW@y Rie fegionk OPGIM (Elgs- 4A and 4B
show a wafer 400 according to enbodi nents of the pr esent | nve|§t ion. In
t hese fi gur énd R84)temadB ina eententpetiomie. &, portios 206) ohthefield. At step
308, a development process is performed on the wafer to clear resist from
: ~'regions:(e:g.-;j~' aréas?202‘)"where the image did-not print due to defocus: =0
[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.



Xtilt as FIG. 2A and 2B, but a Z focus offset is introduced. This change
noves a printed band 402 away froma central X-axis. The Z focus offset has
shifted the in-focus region froma center 404 to an edge 406 of the field.
The relationship between band positipon and the Z offset is a function of
the induced Theta-X tilt. -8 [0041] FI Gs. 5A and 5B show a wafer 500
according to enbodi nents of the present invention. Wafer 500 has been
exposed with Theta X offset from nom nal, which affects a width Wof band

502. A ical width Waof_brjnted 502 can alsp he affected b rocess
par ame g@sﬁ such\yggs' gé‘s@% ?‘@ﬁ’%"{ a\yarf?r?ﬂﬂe%c ?rdéﬁﬁjtc’rggb‘%‘{)‘g‘%ﬁ(ﬂ?é@ arm%gIo
others. For paaitih@entioh dTWakef 150084s BRer expiRBA Réth ngl?ﬁ(%}fstei"’iﬁg}d;sw may be a

w dth caused by the above factors. This nmakes It tablish a
scal e fact onommal,vdn¢haffectseaidty® éfand A2t A Xertioalowidth W afprintal over come

this difficult he e di ments, di scussed bel ow expose,  and neasure

nul tiple baﬁﬁ%c?/sgé A @%Q@agﬁg&%g& BRGesy pargmetsss, %‘ﬁgﬁﬁl@’s&n{?&m nent .

Cal i br at i ng tiiclrR6s! and ré3Rts! dndlteBARRAE RMbrd/FRS Wil FRER %rﬁ%t rs with

Mil tiple Patterned Bands [.0045] Fl gs 6A ang %-%glsehow 't,\/\vgf)glg( osufe positions
for a waf er nomnal addthradrngidtho Whbmagti been wddthfcatised iy dsecatiovierfaetotsi on. Vaf er
600 i ncl udes4two attern areas ot ,band 02 and, 604, Band,L 602 is forned
when waf er ?’gke%p‘ggft{ﬁf"blﬁé%l eﬁf?&fho? F%ai? ?ag%%n@ BoMIngh Aeadings fPfred when

waf er 600 i The@SX td Bid@Qizeatrobveicbm@ithid diffik @Qéﬁﬁ%&n@n@%@ﬂ beam 606,
which can cone froman alignnment system i_r{&yt’he I'1t hography tgo , that scans
al ong a Y aRkelew expgss ansl medsurecnuliple bands, 6vith twel inds Dsehmeselp agamph gener at ed
from det ect ie?ﬂﬂﬁf @?’gé.l ecéed light fromwafer 600. As is shown, bands 602
and 604 cause §ﬁ M&Yul s of reflected intensity 608 and 610,
respectively. This can be preferably based on reflectivity effects of
l'ight, although scattering effects can also be detected. The reflectivity
and/ or scatteri nalibrating af Kocuht Partiom) gBasedonon hMeasuging Hfaemsng a rough
surface (e.g., b eters with MualtipleBatterned Band ust

.

[0042] FIGs. 6A and 6B show two exposure positions for a wafer 600

according to embodiments of the present invention. Wafer 600 includes two

' pétiefh?'éreas'LSr'l;a;ﬁdS 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



reflecting froma snmooth or relatively snoother surface (e.g., unpatterned
areas of wafer 600). [0043] FIGs. 7A and 7B show two exposure positions for
a wafer 700 according to enbodi nents of the present invention. Wafer 700
includes two pattern areas or bands 702 and 704. Band 702 is fornmed when
wafer 700 is positioned at Z of fset?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 -9 in phantomin FIG 7A By noving wafer 700 a di stance Z

shift froma ,positio f fer 600, bands, 702 and 70 re shifted upwards
Y1 change alﬂoplpa@nbﬂbﬁb@j espediTvRe Wa?"rfn”%f‘ StaaG . [SS%QP“FPGS. 8A and 8B
show tWo exRRRIshSFRATr600NGandS 702 alB 764 af WRiRAHW ALY | ments of the
pr esent invﬁeur%tion. Waf er BOa(%1 I ncl udes two pffatt rn areySCHo baﬁds 802 and

804. Band 8Y¥2changé,aespectivel onweafer70800 is positioned at Z offset 2 and band
804 is med fer [ ositioned at .Z offset 1. The wafer

posi t i BJHQ%]or V\ﬁ%&s%é %E%%Géﬁmgﬁfwlé’naxﬂ%uﬁes PgﬂBW!"F .f‘?rnap't‘féﬂ% Thus, by
rotating V\’aic%rdﬁ%ﬂto%niﬂoaﬁﬁéiﬁseoﬁméﬁés%ﬁt 1559({{103 p@%fér'S@g IH{I&C_I r 600, bands

802 and 804 are shifted upwards YI'-change and downwar change,
respect i vel patteomaressf @rbagd9 807 @i 804. FBasd 862 & foimmed twWienusafero§00aisdoubl e tilted

ti t hni t hat I t I d Thetg-X f t [ t hat
O Fect “bancPBied B2 oftddh g pang O & R W3R ot §0ds miionsdng varors.
Al t hough t hgeo e 2diTH W aferdoRition Tov\atét 600 WI@@fmsand 6B iisZshBmee

appreci ated any nunber of parallel bands can be forned and neasured w t hout
departing findkanthm. Slwsdyobtating wiafer 800 adistarice Txeshid fioneapssitsdronfi ng t he

double tilt N 0d, o he field is d twice. The ,sane i nduced
heras x t1 1 Vo5 b pates 02 34 s Wnified ub DO Shane Ghd BowaHeds 0 o 1 <
i ntroduced Vp-chadd, REREWLS, dnwaeflgro.t 0 nove the resulting grating to the
top and bottomof the field. This results in two bands being printed. Thus,

the dolfi8l band ¥liGs: 63 geou thagse efe doulls tited erafingsteehmiaus: thathelpsorbi nat i on
W th a knowy yighte Z drd FhetxHdh tndishith ool a8feBt 0403 HANLS alshRbed S

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 mieasured without departing froini 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:



offset fromthe center of the field. In the enbodi nents shown, each field is
exposed twi ce, once with a positive Z offset and once wwth 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. [QQg6] In sone enbodi nents, the follow ng
formul as are used to determne Z and Theta X. It is to be appreciated,

ot her known fornulas for determ ning these values can also be used. The

| ocation of the center of each band in the field (such as shown in FIG 6B)
is referred to as Y Position, which caggyge defined by the follow ng

formul a: -10 YPosition = zQ JPesitiosEnt ) For small angles, Sin(8)z9 so
the equation sinplifies to: YPositidii® ¢ f)set ThetaX I f system focus

errors are . ' ( .. YPosition = ZOFfset + AZ
ThetaX + A x%a?g‘h%?’?ﬁ%@ XS%;‘:?{%E#‘}%@@%?’E@? 6°Cus errors. Creating an
equation for each of the two bands reggge in: Y, Z,  Tx+ATx _ Zz+AZ Y2 _

Tx + ATx Notice that the sane é’ﬁ@ti@n#wrrors and Tx offset apply to
both bands. Solving the first equatio f8f AZ and the second for ATX gi ves:

AZ =Y, (TxHAYstém fdous Lersrsard tedrpbrated] the efuatioaebinkyit i Ng one into the other
and solving gives us our final equations for the systemfocus errors:

ZOffset + AZ
ThetaX + ATx

Where AZ and ATx are the system focus errors. Creating an equation for each

of the two bands results in:

YPosition =

Z,+AZ Z,+AZ
L=l n=SiTE
Tx+ATx Tx +ATx
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:

ZZ+AZ—Tx

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

Substituting one into the other and solving gives us our final equations for the

system focus errors:

AZ:K.Zi_ -Z, Z,-2,
Y, -

ATx = ~Tx

A

~

24
In these formulas, the delta Z and Tx system 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.



AZ=Y, -Z722-Y2-ZI ATx=Z2-Z,-Tx Y -Y, Y2 -Y In these fornulas, the delta Z and
Tx system focus errors are not affected by the wdth of the bands.
Therefore, they are independent of process effects, to a first order
approxi mation. [0047] In sonme enbodinents, the |ocation of the bands is
determned with a native alignnment -ystemin a |ithographic exposure tool.
As di scussed above, by scanning an illum nation beam (FIG 6C) along the Y
axis and nmeasuring the diffraction efficiency or reflectivity of the wafer
surface, the |locations of the bands can be nmeasured (FIG 6D). In this
fashi on, one canMetipds of €alibiratigsFdcust ed grati ng, devel op the wafer, and
have it scanned by the |ithographic exposure tool to assess one or nore
focus performance factors in a relatively quick fashion. Then, these

fact or goggn be eng |/ sHsed at eg&rr@ : ' Vv calibrate the
Iithog?apﬁpy tool, as |scu§sggga OVEE@@?@%?@%@?&S@O&H&E@%@;}HQ Focus

[ 0048] FI G erfibsiimessts af the preseieinvertdioni At steyy 902, rew dferl s Posedaortiiitng t o

enbodi ments of the, present invention. At step 902, a wafer i s exposed so

that a pat?dRHE@ed JaRee s tilted sithyrespectetopdhe waler helmyas pieferred a preferred
enbodi nent , N Oy R [ Y | r | fer stage to
tilt the m?&e%%%é?@gl%ﬁ%?%% gﬁﬁ%ﬁ%ﬁ%%g&?gﬁg ?%@?ﬁ%&%%pgg% t}:g?e st agegt o]
tihl t the reltie w];afeAt ﬁ)ﬂtwpfr%ghnérﬂtseinmﬂgcpﬂtmlﬂmyﬂimﬁde sﬁggs‘b ﬁtth906,
characterisgics, the tilted patterned i e are nmeasured with a portion
of the lit h&‘ﬁl’%ﬂﬂ?ﬁrﬁbﬁp $q40ﬂ’f?é‘l’§?rn*§t4§v gﬁgé@@@ﬁe?@fweﬁﬁc%&fposure
system Theﬂl@?ﬁﬁ&?h@&h&fﬁt&g@ eﬂi&ﬁé&f@itﬂ%ﬁ%rﬂ%&&f‘ﬂx@ﬁﬂ%@q goll Ocation of
ed 1 nage. e ocu

the tilted patter ocus pardmeters can s tilt errors
and/ or f ocut® detdrméte, fofusrpacametpds ©f an\expostresy$e, Theandasuriisg siep caxret er s ar e

used to perform calibration | ibration j .done ejt her tomatically or

manual | ypep%ﬁ%gﬁﬁm@&&m’%%v@ﬂe%{%‘ﬁ tﬁ?}é‘ﬂe‘ﬁﬂﬁg%?%‘ii@?ﬁ?us ran;et er sy

into the |ifdeagpapi¥tetsith belfadOtilt Erbts ahttlor SAD IRt RW xadple. doPI CLing a

nmet hod 1000 v cordln? to
0

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.

[0049] FiG. 10 shows a flow chart depicting a method 1000 azcording 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



enbodi mrents of the present invention. At step 1002, a wafer is exposed so
that a patterned inmage is tilted wth respect to the wafer. The tilting can
be inposed based on controlling a reticle stage, for exanple. At step 1004,
the wafer is developed. At step 1006, characteristics of the patterned
imge are neasured with a wafer alignnent system The neasuring step can
measure band width and/or band | ocat?on of the tilted patterned i mage. At
step 1008, focus paraneters are determ ned based on the neasuring step. The
focus paraneters can be focus tilt errors and/or focus offset, for exanple.
At step 1010, a fqcus, portiaqn of an exposure section of a |ithography tool
is calibrat W%&%‘eéﬂmﬁﬂ@nd&@?ﬁf‘?ﬁ b?ée‘gf”éﬁ?nt{“}ﬂ“i‘&)?éﬁti‘@ﬁ stage,dohe by eit her

aut onati cal l4 i atyi valage he. neasur ed
focus par ams%(er fe. ?iﬁ?%éﬁtlﬁg&ﬁﬁ% ﬁ{%g"'?g%ﬂy tggﬁi. A[tg%go‘]qogi é'\\a&%iertss%g% a flow
chart depi coinle patteehiddonaltd Breameasucbdyitha wafdh adighmiehs systerh "Eher esent
invention. At step 1102, a wafer is stepped along a  predetermned axis. At

step 1104, TfasWRIResten sansRisasuse band twigdthoandier, kandologation af dheytilterd
det i L§: t hat t i i i e t to -12
Pr el "Spua il MInotIfY AEth bBABS-CE Bt latl Bgpect 10, 12

for exanpl eneaf\irirgy stgp. MHROfoctid parambtees can e \fedus it errbis afidipr fobls,
characteristics _of the patterned i mges are neasured with a wafer alignnent
system The off§gtafanexamplet ept stgm | ha gdp@isiparipnat dnicxpomreseciamal 2 ocat i on of

the tilted i td]f]aE » ddtdisin %;nﬁ 2 measur ed
based on saihg?&%&rﬁglgﬁtg?lnlgecg e‘B. eafgéaséﬁp%é;tanet eggsrt an aglg&fﬁgéﬁg tilt errors
and/ or f ocusioneby stiier afitomaticalywrenanfihily emtpridgl dotnpeasition malyes for the of an
exposure section

f.a lithography tqQol is calibrated based on said )
det er mi ni ng %WS&H“FB?I&PF@ ‘Pg’ %Ei}&@gﬁfﬁﬁmlrer automatically or manually
entering conpensation values for the neasured focus paraneters into the
| i t hography tool. Conclusion (00511 Wile various enbodi nents of the present
i nventi on hfanclwsion descri bed above, it shoul d be understood that they have
been presented by way

[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-limitaiion. It wiil be apparent to persons skilled 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.



of exanple only, and not-limtation. It wll be apparent to persons skilled
in - the relevant art that various changes in formand detail can be nade
therein wthout departing fromthe spjrit and scope of the invention. Thus,
the breadth and scope of the present -invention should not be Iimted by any
of the above- described exenplary enbodi ments, but should be defined only in
accordance wth the following clains and their equivalents. -13 1 . A

met hod conprising the steps of. exposing a wafer positioned at an angle so
as to create a band- shaped etch pattern on the wafer that is tilted with
respect to the whf.er; A mkthed comiprigirigithe stepsosfed waf er, neasuring
characteristics of the patterned inpge with a wafer alignnment system

det er mi ni ng focus par SRS @ WAETRPsHIonsd Atan el $q ?r’gms‘tfé?’g? adand-cal i brating a

focus portion of [ 4 I ed on said
determ ni ng st ep#ﬁ@ﬁﬁé&ﬁﬂé?ﬁ%ﬁn %?% vg#%%nat?s @ tg&rgﬁﬁr{@?% télg%e‘ygngﬁi ng step
conprises the step ofdselopingithe exposedwafet;i It errors of the focus portion. 3.
The nethod of claiml , wherein said determ ning step conprises the step of
det ermi ni ng focus of f BESUFAS Charasteristics of the pafteredbimagerwith arwaferai m 1. m
wher ei n sai g pé}s&gn.step conprises the step of nmeasuring a band | ocation
of the tilted”patterned imge. S. The nethod of claim1. , wherein said

determning step conpsteradsingfocss paamefers Basedron Bdidgnéasating efepset of the
focus portion; and determning focus tilt errors of the focus portion. 6 .
The method of cl®dm | |, further conprising the step of tilting a reticle

stage hol ding the retpghednd bMRRAE dtfiod ! df an exposure section of a
lithography tool based on said determining step.

2. The method of claim 1 , 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 1., wherein said measuring step

comprises the step of measuring a band location of the tilted patterned image.

5.  The method of claim 1 , wherein said determining step
comprises the steps of:
determining focus offset of the focus portion; and

determining focus tilt errors of the focus portion.

6.  The method of claim 1 , further comprising the step of tilting a
reticle stage holding the reticle to impose the tilt.



