; vwe3egr . go( 6T. Kﬁi’ SYSTEM AND METHOD FOR AUTOVATED FOCUS MEASURI NG OF A

L1 THOGRAPHY ND OF THE | NVENTION Field of the Invention [0001]
The present i directed to a system and net hod for autonated
measuring of a foouwsnzportion of an expogure section of a Iithography tool.
Background Art [0002] Lithography systens are routinely calibrated to
ensure the exposure optics are focused properly on a wafer surface. This
decr eases fﬂmmmmﬂmmMMMHm devi ces that do not conply with certain tol erances
by reduci ng i mgi ng errors caused by focus offset or focus tilt
errors. One net hgesef calibrating focus optics involves using a focus test
reticle wth ofarayu D METHGCD FORAUTOMATED FOGUSMEBASPRIREOOP! esi st on a
waf er. The patterned structurasp gifoGRAPHEY D¢t €d manual Iy using a
m croscope and recorded data 1s 1nput 1nto a spreadsheet to determ ne
calibration conpensation val ues. These values are used to calibrate the
exposure optics. Typically, this nethod causes several hours of downtine a
week whil e an operator fgsCEKGERIUNDOF 93HE WMWENTIONal yzes if under the
m croscope, and enters the data. Thus, this nmethod is tinme consum ng,
costly in ternms of |lost production tinme, and prone to errors due to
reliance on i . O her nmethods require the use of costly
ext er nal equ?%ggﬂph ggggﬁgiate calibration values. [0003] Therefore, what
is needed is a systemand nethod to calibrate Iithography tools by
autonatinﬂ measur epent of focus, offsef and focus tilt us%&ggﬁﬂ exi sting

li t hogr EA9RY syst el prgsent Jnentionefs direefadretr asyyutiemm) and, d4PE a

patterned st e u S - l%thé{A THE

| NVENTI ON [0%‘%%%%%?@%5%?9 ttﬁ‘tél{sp?)ég{gﬁt olf na\?e%%@ghﬁgrsow elgg a{:n:;t hod of
cal i brati ng hthogtapbytombhy t ool . The nmethod includes the step of exposing a
wafer so that a resultant patterned image is tilted with respect to the
waf er. The nethod al so i ncludes the step of devel oping the wafer. The

met hod al so Bp&d Adee step of measuring characteristics of the tilted
patterned image with a portion of the |lithography tool to determ ne focus
paraneters of an exposure system The nethod al so includes the step of
using t cus p e . j i tep. ] O her
enbodi nto éloof thg{t%é%élg{ﬁ'ts sﬁsﬁe\ygsnéﬁfeglﬁmﬁééggicggygg?rgt%)h%gm?n@ ueékggg he step of
exposi ng a wepteds ape focuseaih@dpaly em aaveftresusfacas This decreades fabrivation sfiaped

pattern on t e,vvaftgr hat is ti'ltetﬂ W th Rrﬁg; ect .to the waf.er. The net hod
al so i ncl udeSe¥iefE ¢ Fteéo 3P EPRIVOBIA LA es Py e Ho8"81% °F ncl udes
the step of {Pﬁ%ﬁnﬁg #ﬁ&scmﬁél%?%&k! StiseP or fQ1sPAt LRORCAOhEBREGhYY b a wafer

al i gnment system" The method al'so includes the step of determning focus
par amet er s bealibhdating fobies opsies imvalyesatsing. a fisus tast retidleawitdhostrueturasiit t he step

of calibrating a,focus portion posu egli i raphy t ool
based on thea%é{agfrrﬁe i"ﬁtg asltag?o.c’t([)%@g)gf&%togl % %%"ﬁefﬁ‘%ﬁ’g%%‘%‘g% sctt‘%fq' 9t he
present i nveanieithéh ¢atiatedananuatly sidg amaitroscupelatie sedordedstatas ofpus intb@pi ng a

waf er along a predeterm ned axi s, The nmethod al so_ i ncl.ydes the step of
exposi ng t hea fBkeadshet tp detegpmesalibraien, campgnsation yalues, é@‘@?eeY Gt axi s so

that formed Ba @' b BlCpBhfte Llit dTYibALY, FRR Hidthddcduldss WRLAL . The
met hod al so 1 ncludes the steB 0 vel opl’'ng tthe warer. The nethod al so
i ncl udes t heheurepf déwntiras a week whila an openatos fabricates theltest peafareanadyes nages wit h
a wafer alig nt system The nethod also .inclpydes the step .of.determ ning
f ocus par anp&g\?%‘;%éé%dmﬁ??s?‘?i’é” ﬁﬂésqﬁ’?‘?rﬁ & das: #ﬁ‘és’rfh‘tsh@_ﬂﬁ’ﬁﬁs% tf‘ﬂ%! udes the
step of cali b&@hmﬁ%,@oétgpm&em&mgt RbdNiof XBRS WAE o6 td Brfordidua té i t hogr aphy

tool based on the determnining step. [0007] Advantages of the above
embodi nent s #lianecheyp lowmnan judpement. orf{étherr medhods riegeize the o of ostlind t hen

t he wafer al i%&E?%quyﬁérﬁ%g%m%egﬁ(lpoggtwnevagl%g_l is used to neasure the

pat t er ned st Fu ures as opposed to a
[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.



-3 human or external equiprment. No external neasurenment is required and
opportunity for human error is elimnated. This saves both tinme and noney.

[ 0008] Anot her advantage of at |east some of the enmbodinents is that the
patterns are printed at a tilt with regpect to a wafer, which allows focus
conditions during exposure to be nonitored. These systens in nethod save
both tine and noney, and virtually elimnate the neasuring errors caused by
human judgnments. [0009] Anot her advantage of at |east sonme of the above
enbodi ment's is that by pERIEFSUNGMARY OP'THERPPENTESN Nul tipl e bands are
produced, which allows for a Theta X (Tx) neasurenent as well as a Z
measurenent in a scanning |lithography tool. The nethod can al so be extended

to noni t epper | ' . L Tx and Ty f oc is. [0010]
Furt her t[gdr%idi rrentEg,ﬁj& ? g@%ﬁf@g@%ﬁeggrgd@e&%gg]égov&i‘e ¢ ngﬂbo e%*ﬁ%ﬁi’(ﬁaﬁ% ntions, as
wel | as the atlithsgraphe tasld Thp@iichddincRitled e sieplof exSostERORM RS thah t he
present invention, are described in detail below wth reference to the

acconpanyi ng feselantRgierngRimagens tited pitharsiert terle prafony s/ mstimsRelso [ 0011 |

The acconpanyi laW ' | BCOr-R0r ' rma part of
the specifi cgljt‘“{?‘gdr?g Lt %%i°§’ﬂ‘§a%‘rgé‘;sa2%t ﬁ%v@%t??%ﬁﬁéﬁﬁu&ggfé ReP Wi th the
descri ption, of urcabiringharaetetistics>ofltled tittddysatterned dinpgeewithfa foftori oftdet i on and

to enable a person. skilled, in the_ pertinent ar% to make and use_ the

i nvention. [ aphy 0ol tOJEIRFRING fOCHT PRramelsss Pt A FXRASUES S¥stedr WhEh respect

to a reticle meRaPab dGuds tRE Hep B Rir L dbER W Raribtedst® Rrfor@Nthe! NVENti ON.

[0013] FIG 2A shows a side view of a tilted wafer after belng exposed with
a band accor ¢rlirating geppodi nents of the present invention. [0014] FIG 2B
shows a t vie f th fer of. FIG _2A.. [0015] FIG..3 sho fl ow
chart of[f)éa&ﬁ'yat hodvd_?tg?r fegﬁﬂ’\fﬁ?fben& lﬁ’gng‘eoﬂreﬁe%grgﬁ"é%bcﬁ%}'lﬂﬁ ?om\év_ﬁ’ﬁadi ments of
the present iindledihg e stéPldpofihga whlersptRitfonad &1 dfanpleys & toderbdté hed waf er

after being exposed with a band according to enmbodi ments of the present
i nvention. band-plupeq pagrmonghe sabsrdhat is Bjed withy respeetiie thamveferi Thel G 4A

[0018] FIG géétﬁ \gﬁgﬁg@g?%e ﬁ{e?@é&f B{' ﬁlg{fédlr)élgg ntp@fv&arferaf ITEE rR&h&g aﬁéposed W th

a band accordi ng I nvention.
includes the step of measuring characteristics of the patterned image 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.

[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



[0019] FIG 5B shows a top view of the wafer in FIG 5A [0020J FIG 6A
shows a side view of a wafer at two exposure positions after being exposed
at each position with a band according to enbodi mrents of the present

i nvention. [0021] FIG 6B shows a top .giew of the wafer of FIG 6A. [0022]
FIG 6C shows a scanning beamthat scans the wafer in FIGs. 6A and 6B.
[0023] FIG 6D shows a graph generated from scanning using a |ithography
tool's alignnment system beamto determ ne characteristics of patterns on
the wafer in Hohfah. or6éxte@Bl equlpmbht. 20GPEgteREl haSireReh RN equitfd the Present
invention. [0024] FIG 7A shows a side view of a wafer at two exposure
posi tions af topporsatityforkyaareerrartis eliminasds iThissavesi both tmbandimeocyr di ng t o

enbodi of th e LL.ovention. 5 . WS, t.op view of
Che waf Q008 °L, " AR Gk ARt b fhst S br BRGNS WP Be L oo
exposur e posipattems aaé tpeintddeatng tix pathesbspdct @ach wads] whivh wildws #oduand

according to en:fi)_o_di ments of the present, invention. [0027] FIG 8B shows a
top view of t9RBIiflgneduryig expasurg A0 begnemitored. Grhese sysigms dn methodosavet
depicting a | hr.atd h L1EVg: gg%q"{mﬁt esent

I nventi on. [8%%%%%8q&%ﬁgh%&sagﬁﬂ}g%ﬂgwgﬁtﬂdep|(g: [ g&%&%gﬁ;g?g I on met hod
accordi ng t o hamandudgamdngs. of t he present invention. [0030] FIG 1 | shows a

pr esent TPOAinET on Atyées Fvamese oG drt patte AL 5rA0arS mRefRERRdBH bed wi ¢ h
reference to gyhRrReGRIERANYHRE 5@»@%1?41@13&{&@?& itk whidh€alfoRser ence

nunbers indicate identical or functionally simlar ements. Additionally,
t he | eft - nostforiagihets) X (Tx} mefasuremenitcaseweld an @b ancapurement iness seanmingr awi ng i n

whi ch the refigecpes, PIRer Thi "AlmaPRSR" s B5TAkBRRATESTRLRY Mtk THE

characterization, of Z, Tx and Ty focus axis.

[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, 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.



[0032] According to the present invention, a reticle is populated with

i dentical structures possessing a critical dinmension (CD) near a resolution
capability of a stepper being used. The structures are densely spaced,
covering the entire exposure field. Thg.reticle is exposed such that the

i mge forned by the exposure tool's projection optics is tilted with
respect to a wafer. The result of exposing the reticle inmage onto a tilted
wafer is that only a portion of the reticle image will resolve upon the

waf er wifp@i7) the ugebiB sEepd Dropfvidvp 6Ethe WdRH FOG. 44 exposure tool . Wthin
the UDOF, the structures will print in the photoresist. However, the

struct url@818al | i ngToubAishews neidemEm of 4 tiltetbwalsr aferdieingexpesesl with and t he
i ncident [i g}Btan&V'a cloégﬁégogg{g,%oadérrgg%ggg{hgi{_v%ﬁﬁ%w‘@wg%of t he photoresist. After

proceedi ng t hroug nd of patterned
phot or eq0619]wi | | rRIGASB shews HpWadve bf the WA3etlin WENsAesi st properties and
exposure conditions remain constant characteristics of the system can be

det er mi H88Uased dHGadNhHaWs acside BaW M@ WalsE Bt twonkpogira PPSIHORS aftgie band i s
primarily a f ' f ot st ish it Holsnl he band is
dependent on }#pﬁéx%?f%:atcrggjsf’s seﬁlistlflt%ie%ﬁn?ywcagwg ga}g% g)ﬂse, aﬁifjthtgt her

factors. The presehtrias¢ntioat ween t he patterned band and the bare silicon wafer

can be ted by fer alignment stem er ,the devel opment process,
t he waf jﬁbﬁg posi t}?@n SE%‘H?(aFQ%’tVde‘Yﬁgaéi’f?g?&@Ibo%' and the precise
| ocati OFL?_OPi] the paGt sCnpdwbandsndiEvant Mt sale thebvafePh MRdse6Aainggnment

system The 1 ocations of the bands can be used to cal cul ate the focus
offset and fddls tilt errors that were present during the exposure step.

The et can al xt ended o npni st epper_ charagterization, of Z,
I ana: M90E0°0 2 16, 8D SOE"Y Biaah follel Hork SERRTe G 8iMietdy on
exposur e secttodhs aligrndnk sHReh diehn tb AterMineostatddtristicLobpatterinsss tef t he
present invention. side view of a field of view

FIG 1 shows a ) | (e.qg.,
field or a suvMgtd) FiEs.a64afBy andHCpesording to rahodpneme of dhe mawsarld by
proj ection ophi&iioh06 is properly focused. In this configuration, an inage
108 prints properlly over an entire length of a slot (not shown) of a
reticl e [0824] showhIlGoAAcshemsst side vieiv of awafentat tveo bxpogtite paksitione afterel d.

[ 0035] As descri bed bel ow, tilted.grating nonitorin t hod cording to
brbodt ment o oot et arfach apulibf Si EhsdselRite butboinggs of 05t

l'i thography theéenfi®batidreat ures will not print and resolve when printed out
of focus. This principle applies whether the defocus is positive or

negat i vel00R®r nal | yFIGagdBeshows 2 topsvigwi of theewafeno bl G. dApl ane wi th i nage pl ane
104. For pur p f .0l SCUSSI | . ] raphi c
scanner %b?ﬁ be dg@g;‘rs'ig%egl. @é%?ﬁph@%%ng&%%ﬁlgp ogﬁﬁg‘g)sggngépgﬁded to
anal yze focusbgisg txposediaceaoh pasiyiontwity a baridhagoalidyy ta enbodieX3@lf thé is to be
appreci ated, ex osin% of a multiple test band or band on a wafer either in
pl ane or til t @SS MYPRAbect to a focal plane of the focus optics can be
per formegoand usedriPiRBAUNBRS althp PREF RV WHRRASPARG. 80T exanple, to view a
field on a wafer and to determ™ne various characteristics and/or paraneters
of the fI09R8] or t hEIGWD showsarflovanhartidétietinga calibratiogrmgethod agaordingép r easons.
Calibrating a_Focus Porti.on Based on. Measuring Focus Paraneters with One
Pat t er ned Ban%fn??fgt}ﬁ?t%ﬁ&&g.pr?ﬁnt:lﬁl&ergﬁn'show a wafer 200 according to

enbodi Nne[@o29pf t heFIG.a9ahbws BYIOM dhaft-depiéfifg a 2BkbrattorPmehod atsordingted so t hat
areas 202 of the field of wafer 200 that are out of focus have no printed
feat ures. Thecpbedimgats obtheresentiaverionures only in a center of the field of
the wafe resu i r res or

r esol ved{ogf%elgri nt egfc%elc}gggvevp?%ﬁ%ﬁg dgﬁtéagggf%@%%&%gﬁgﬁg%éﬁgwenti ng
axes in Fl Gs. edBodin@n3Bf tlepregeaxinsentions i nto the page in FIG 2A, as does

t he scan xposure that runs along the Xaxjs..lntroducjng a tilt about

t he X-ax ﬂg’qélel ows iﬁ% PHEsent pygntign nPiweF’B eﬁcrfbéara'fvﬁhirﬁ%efgfﬁst,o thﬁi le the
top and b_Otf[Ogéc%ﬂ%ﬁ%iﬁg-(ﬂawin%.e%_tﬁ@%ﬂav@ifng&hﬂ(ef betbrEnce n@iAb&Y tindiEatk OCUS.
Gven a limted depth of focus, fine features do not resolve well at the
top and bot t oideptical or fancsigualposinilef eletentsr iAddatiorfally) e 1¢f088Y digits) 3 shows
a flow chart depicting a tilted grating nonitoring nmethod 300 according to
enbodi ments of the present invention. At step 302, a wafer (e.g., wafer
200) is tilted Theta X () (shown in FIG 2A) froma nom nal inmage pl ane
(e.g., plane 104) in an exposure section. At step 304, a grating reticle
(e.g., areticle filled with fine features) is positioned to expose the
wafer. At step 306, a field (e.g., a surface of wafer 200) is exposed
during scanning of the-wafer along the X-axis. The tilt causes the top and
bottomregions (e.g., areas 202) of each field to be printed out of focus.

o M .
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exanpl e, 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

exposi ng. Also, how precisely width Wof band 204 is generated is rel ated
to how well the focus systens control JZheta-X. Thus, by neasuring these
characteristics of band 204 with an alignnent systens netrol ogy system
conpensation values are determ ned and used to calibrate the exposure
optics. [0040] FIGs. 4A and 4B show a wafer 400 according to enbodi nents of
the present igpveRtdréfbe dubieh ftifitOttetiawitl iR wii tﬁesre?ér_@@éeerqlg‘metrh the same
ThetaX tilt as FIGS. 2A and 2B, but a Z foCus offset 1s introduced. This
change noves fastappearsd band 402 away froma central X-axis. The Z focus

of fset has shifted the in-focus region froma center 404 to an edge 406 of
the field. The rel ationship between band position and the Z offset is a
function of the i nducekTAIEE®D PESCRIPTION OF THOHRIVERTEN 5A and 5B show a
waf er 500 according to enbodi nents of the present invention. Wafer 500 has
been exposed with Theta X offset fromnom nal, which affects a width W of
band 502. A vy {etr.k'ﬁa@«l wi dth Wof printed band 502 can al so be affected by
process paraneters, such as dose, resist thickness, and resists choice
anong ot hers. For exanple, width W1 may be a nomnal width and width W
may be a wi dth caused by the above factors. This nmakes it difficult to

est abl | JA032scal e Asording tnthe RERseTH ARVentgmy avgticle dy pomwdated with idestipdl si ze. To
over cone thi [ : : I ges i nd

measur e mil ti o Suk s sioteint SRR MR RS PR B SRR A o

enbodi nent. QCatteipeabeing wedodhe sRocthres rrBdamdlyspaddelacovermyg the ensrePar anet er s

ith Multipl Pat t ds .[.0Q42] FI . O 6B sh t
et an. Fore ot it o haceilia s sxpeed et b ibe "Hesq famsd duci>S "
i nvention. Waf@bsiB®fol’8 pkojeionlopicdis tilted Wit resecib abadies BiRZeadof604. Band

602 is formed when wafer 600 is positioned at Z offset 2 and band 604 is
formed when v@pesingaige reficioimagecmiel agtilted wafesds thet omlyGa medighefvthea scanni ng

beam 606, whi an _cone,,from an. _al i,an stemin,the lit phy tool,
t hat scans alrgﬁfglgém@g%%g rf%omﬂeef"%%q Iﬂ%aﬁ’gfs& éﬁgmﬁ%e 8{?}?_3 E?p& ogggé‘%ows a
graph gener at@DOFpof theterpbiudditodl. MeitHiecheUDOR ke §thatirenivéll pAdin As i S

shown, bands 602 and 604 cause higher levels of reflected intensity 608 and
610, respect iephotorenst. digweysr.Jhesupgiprey aling pubnde the WRPE Will ngk f ect s of
l'ight, altho t.8dd fe¢ I T, bectivity
and/ or scattgzﬁiiz5 %‘g‘ﬁg frgggth?g%@ tF‘?g%c?deg?Ielgl%a‘g@d%ﬁargé 16 %%EFc?glﬁ?r ;ﬁﬁy{iﬁi;lg a rough
surface (e. g.thephotdses02A&adp©ceedingthpugh @ develpp process, haisiblapaid ofn a snoot h

O] o e YRR et SR s PR P,y oas of water 600).
accor di npe8s| embodwent fesiaf ﬁrgﬁbr@ése%ﬁd'texm\dﬂet corditioM§ edmalf) Ocdngghtides two

pattern areas or bands 702 and 704. Band 702 is formed when wafer 700 is
posi ti oned atchprasteristies of hagysemsanbs determiieddasytherm ahand focation prd

posi tioned at f . T . L . I . B6A and
6B i s shown w@ﬂi EﬁgLoac%I%nmgftgg\@%@ 1s§a&§1'1 @&9%%18%%%%9‘8506%65 stance Z
shift from a glosi Theowidith ofatherbafid@s dbpendent7Q? titin WDIOR, ssist sénsitivey, upwar ds
Y1l change and Y2 change, respegtively, on wafer 700, [0044] FlGs. 8A and 8B
show two ex pog’ﬁﬂoé“rﬁgg?et’ iaB‘518t o Cté’rﬂlva%lfrC%GStgg%?Bith%‘LﬁtﬁnghtP%&ﬁ'%t s of the
present i nvenfhe®are MAES wiePcdnKd dkited HiPa RakdrQliBnRERaystem, DeRdsh802 and

804. Band 802 is forned when wafer 800 i's positioned at Z offset 2 and band
804 is forneddevstopmeat procgsotheswafersistiositionediback iptar thetexposurt toohan@r

position for fer 600 in FlGs., 6A and i 0 1,0 nt s, by
rotating wafe ©gygerse 8?%"’{1%%5? 'qu ﬁ??‘e(?E&h&a%%og}?‘}lgHQ%i y\/\g‘?ewlégo, bands
802 and 804 apleenwitint ts§élerP VB ocXfionsheiitie tands davbyaisel 12 cabingethe
respectively, on wafer 800. [0045] FI GS. 6-8 show the use of a double
tilted gratinfpcheeffistoand fopus tilkerpes that wercoprsseat Aupng thnexneswerstein t he

i ssues that a rd-3 i : i DEE i ngle
band waf ers. iﬁ?&%ﬁtjg Igt esag%ebr%a%é%{r?‘éﬁg éﬁ&éﬁgﬁ%\?ﬂwﬁ}{aﬁgc%%%nhgéit isto
be appr eci at efxang Tydodasrenots. par al | el bands can be formed and neasured

w t hout departing fromthe scope of the invention. In enbodi nents show ng
the double tilted grating nethod, the field is exposed twi ce. The sane

i nduced 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 bottomof the field. This results in two bands being
printed. Thus, the double band tilted grating test uses a Z focus offset in
conmbi nation with a known Theta X tilt to print a set of grating bands that
is offset fromthe center of the field. In the enbodi nents shown, each

o o L T P O T



[0046] In sone enbodi nents, the followng fornulas are used to determne Z
and Theta X. It is to be appreciated, other known fornulas for determ ning
t hese val ues can al so be used. The location of the center of each band in
the field (such as shown in FIG 6B) ig.referred to as Y Position, which
can be defined by the follow ng formula: -10 YPosition = ZOfset Sin
(Theta.Y) For small angles, Sin(0)~A so the equation sinplifies to:
YPosition = ZOFfset ThetaX If systemfocus errors are incorporated, the

equat i onodsagones: FIFOBsHowan pordéa B of anQ&pddued Sevifont ofH KthdbRpRY tol and OTx
are the systemfocus errors. Creating an equation for each of the two bands
resul ts in: ‘accordingio emabediments of thgprysemyinvemtipn. WIGx 1-shows amisteiview t hat t he

et sauatt on i LU Bl Befl ordthusfiRBhdh hl8 NP RRER Rl 9 1

OTx=ZzY~- Tx 2?ldnebBi4 fotiriedgbyo Ppeojediion dptizs O10%els propefigl fobwm@dgi weshivs our
final equations_for the system focus err&]s: Qz=Y~Zz Yz~Z' QOIx=Zz Z'-Tx Yz
Y Yz -Y I'n CARGBuratinn.gn yaage 1§ naits properheveran sptitedangth ofia siot (Mots are not

af fected by th&iy di{ar}e?éle gﬁb@ sh nto! SWBEGHRAIE ant Jﬁf%eo%f% hidtdRPeagent of

process effects, to a first er approxi mati1on. I'n sone
enbodi nd0935] t he |Aocddscobedobelovnea tifted gratmgdeomtaringadethod hceordiagitoe

alignnent system.jn a |ithographi c exposure tool.. As.dis sed above, b
Scanni g an’ (OGRS ShilBBRAE AIVEREEIIE ohg Dotie PRCIRICOT WRPEBRR ur | ng t ho
diffraction ehdtishiaNestuRs ﬁiﬁfnkagfﬁé‘htvdggi‘e&{lvé Wher\Brifted D4 bffRus.t fMRis| ocati ons

of the bands can be neasured _ n this fashion, one can expose a
doubl e tilt edripeipld appliesiwhethenpthe defoons i positivel ohnegative. Normallbyd wafert he

1 Choor 2o © PSR 38ind f ARRERAnHReR AR i OBHP dh LR, factors
generat e conuiiseassioninvédatipte tfipl§inghd Hitdgtdphid sdahngrwithye degribeds
di scussed abOI-\I/c?vi/evcr 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 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



-11 Methods of Calibrating Focus [0048] FIG 9 shows a flow chart depicting
a nethod 900 according to enbodi nents of the present invention. At step
902, a wafer is exposed so that a patterned image is tilted with respect to
the wafer. In a preferred enbodi nent, %he tilting can be inposed based on
controlling a wafer stage to tilt the wafer. O her enbodi nents include
controlling the reticle stage to tilt the reticle. At step 904, the wafer

i s devel oped. At step 906, characteristics of the tilted patterned inage
are neasur ed ggidub ofifde@s.t GWenOd 1ilmed epth @iy fih® Mlanir®s A8 h6Y Bhd1ge f OCUs
paranmeters of an exposure system The nmeasuring step can measure band w dth
and/ or band M8zt thertopand bastom (et orreast203) pkthe prntgd fiekhe focus paraneters

can be f tilt ror,s andtor focus.qffset, for.exanple, At step 908, the
Focus pdfHL: o1 o' B SURaATONSHe b i inei e ol PRl tindiheBbe Bone by

ei ther aut omadg aédordin@to BMBsdEeNts DT HIRS prosene HRRHGAL A@gte%abzl,e@wﬁfer t he
measured focus paraneters into the _|ithography tool. )[0 49] FIG 10 shows a

flow chart dépeetaiRy 290ris tikef Thaa Xat@or Ghowyn in FEGHA) frepk & neminahe present
i nvention. At e f .S, € . 1 ha e jmage i s
tilted with E%lg%ee@ta&% g@%h@a}q\/\gfl ngi). fn_ﬂ%és‘?;??%? r%cqlé)%h }i‘)teafﬁr)rggj's’e%lgﬁgg d on
control i ng aeticdd (€g.e asteticle, fillaay withafige Eatvies)sit quositiofidd td leeposafthe i S

devel oped. At step, 1006, characteristicg of the erned i e are
measured wi t ¥ erm%fte%!3pén4r§ﬁl% ;aeﬁnrf‘aﬁﬁ@fﬁ%%feﬁ?‘ﬁqﬁdwewe fifgasur e band
wi dth and/ or sbamthd St iviTeChlohdthd Klbad AL HR! Basks HBUSH aktf bsksh 1008,
focus paraneters are determ ned based on the neasuring step. The focus

par anet ers caegitns (Bgcwseas 202) afreach ficldrtelboprifited out afffbeust  Thisweswltsanpl e. At
step 1010, a focu orti of an exposur.e section of . .a lithography tool is
cal | brated bieeihiRoBe driE tn) Peptte heuPRart hn (GRS Fei ¢ ner

aut omat i cal | 02y rghime df khe F£E1H WHeAIhe ARRESR] %&moeabsm i BHesd Repiomeasur ed
focus paraneters into the lithography tool. [0050] FIG 11 shows a flow
chart depi ct ioh¢hefiold Erbeleared away:c HfIGT plgaring eHBOWCHRIFRIONSIa band (BiBesent

i nvention. At ; LSy ed  al r i axis. At
tep 1104, ¢ ot 2payrbliRingdnEcler oBi0h EER" PoffoR MT PREEALT 16

pr edet er m ned08xhasleselopiarit pratéserinpedrfonmagicsn aliee wiafdrtte ccleur trhsistefgact to

-12 the wafer. The tilting can be jinposed. pbased on controlling a reticle
stage, for e%ﬁﬂﬁ?%(e'&tm%ﬁsgﬁgh&’b@f’ ﬂ?%‘%‘%ﬁ&f“‘?@”&é@‘éq@g%ﬁ’.wﬁt step 1108,

charact qpos4)i cs ofwitheefRRhtShgRA td PRECIAMR Zﬁ,aeﬁélbﬁﬂadﬁéﬁﬁic%fgﬁﬁﬁﬁ al i gnment
system The neasuring step can nmeasure band w dth and/or band | ocation of

the tilted paanérd allowgefor gomst eharactarizatipp cofs fpems aperfarmanes: e Ferasur ed
based on sai urin . Th el ilt errors
and/ or focusde()){ ggét ?‘owg‘?r%(té‘gg}%p a%& zk?qgt% 8%%?@‘?%&%%&5 °§c§{r‘€?§§§d %)sf an
Sxposu_r e sectdepéndefcl:gia_nLhd\hqgélaphﬂ)ghmebl%tém Q&::]isbbwh)adstb‘al_sshécll?m wlsiled .
eterm ning step., i bration i s dope ther automatica of manual l'y
entering confEALHRS ot lspahoiE precisely WE‘%&%Q&’M 3%‘6#{5%(?‘3&& @?{aée‘{??t o the

i thography tpg) weiopg 03 Honfhi TRMAK] OVRyLIHOMHRHD Bbsd N

. Eﬁh?%ﬁ
present invention have been described above, it s e under st ood t hat
t hey have beaharctesistigsedf bgndv@P4 ovitleeanglignnent \systeme mefroldgyrisysiemon. |t

ill b t to killed iin the rel { that '
Changes | n f GERPSEFBBUANES eaelssmigtant Aeri PpInaht “xrsBecPRE 11 om t e

spirit agod4gjcope aFIGshBAimMeIB bW a Wufer 400h&cbidiididerabsliimenpofdhe t he
present invention should not be limted by any of the_ abovedescri bed

exenpl ary enbyeserbinvention,t Inghesg figures, wafer 460 iveresied Witichosamndetdi t h t he
follow ng cl & N Lval e - A ARNVEDLL S . 1. A
met hod of caﬁ*@%&r}ﬁlgé%%ﬁ f“%gg?ap tyg?(g)%)lc?s P @etm%dﬁ okt "ifls cha§ge

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.



conprising the steps of exposing a wafer so that a resultant patterned
image is tilted with respect to the wafer; devel oping the exposed wafer;
measuring characteristics of the tilted patterned inage with a portion of
the |ithography tool to determine focug parameters of an exposure system
and using the focus paraneters to perforn1callbrat|on of the lithography
tool. 2. The method of claim1l, further conprising the step of determ ning
focus tilt errors of t he exposure system based on said neasuring step. 3.

The met g@ﬂt fcl aipish s A Hﬁc{ YLt 580 g&%rcﬁhgl?o Q&bQ@hEHE‘ &f‘d}gef 0Cus

of f set e exposure Sys ased on sai d neas met hod
of claim 1, \phesewti invarsiod. rf%ﬁsrrsomghastlmq@nmxpmddseﬂhtmwsb(epffm% fromasuring a

Further - conpPginy whieh slieink BB & bt RG: ¢ Saiegieat Hekk RAtPRBEds ¢ ¢
of ol aim 1, fory por R SueheAARE by Hiosal DatiRE, ARSBhec” shEe Mol di ng
the reticle thickngsssmdirésists cHdice among others. For example, width W1 may be a

nominal width and width W2 may be a width caused by the above factors.

This makes it difficult to establish a scale factor and nominal readings for

Theta-X to band size. To overcome this difficulty, the embodiments discussed

below expose and measure multiple bands, with two bands used merely as an

example embodiment,

Calibrating a Focus Portion Based on Measuring Focus
Parameters with Multiple Patterned Bands

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



-14 7. The method of claim1, further conprising the step of noving the

waf er along a predeterm ned axis during said exposing step to format | east
one additional tilted patterned i mage on the wafer. 8. The nmethod of claim
7, further conprising the step of detegmning focus tilt errors of the
exposure system based on said neasuring step. 9. The nmethod of claim?7,
further conprising the step of determning a focus offset of the exposure
system based on said neasuring step. 10. The nethod of claim7, wherein

sai d measuri ig pEAREMCIANPIG, SES, HE nfovRiy WhicFe@OU diktinde ¥ SKiANESMbSLt ween the
tilted patterned images. 11. The nethod of claim7, wherein said neasuring
step conpri s@asitiereoEwalsr 600,rhandu702handa7 4 are shifled opwards oflt ehangx iaed of t he

tilted patterned ] nages. from a cept axis of the wafer. 12. The net hod of
claim?7, furt ecﬁa}a%en‘g?}f’%qwsyt%wgféégb%f determning focus offset and focus
tilt erneogs] of th@IGXPYAULRI SBSERW w6 eekpoburs apsitlone SFeF | A\ GvaFéreBo0 13. The
nmet hod of claim 7, wherein said neasuring step conprises the steps of

measuring a @FePrERgdo pabodimentsine the present payandpme Ve SRR inchdes M@dsuring a
di stance of @,¢6NLELs ¥ band¥ 802 fhd 404t CEaRPELI 6 A REES Wak2BoB i§eNt er axis

of the wafer.
positioned at Z offset 2 and band 804 is formed when wafer 800 is positioned

at Z offset 1. The wafer position for wafer 600 in FIGs. 6A and 6B is shown
in phantom. Thus, by rotating wafer 800 a distance Tx-shift from a position of
wafer 600, bands 802 and 804 are shifted upwards Y1-change and downward
Y2-change, respectively, on wafer 800.

[0045] FIGs. 6-8 show the use of a double tilted grating technique that helps
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:



-15 14. A nethod conprising the steps of: exposing a wafer positioned at an
angle so as to create a bandshaped etch pattern on the wafer that is tilted
with respect to the wafer; devel opi ng the exposed wafer; neasuring
characteristics of the patterned i magggMth a wafer alignment system
determ ning focus paraneters based on said neasuring step; and calibrating
a focus portion of an exposure section of a |ithography tool based on said
determ ning step. 15. The nmethod of claim 14, wherein said determning step
conprises the step of determ ning focus Fhlteerrors of the focus portion.
16. The method of claim 14, whéPejitiosai i ning step conprises the
step of determ ning focus offset of th i ortion. 17. The nethod of

band | ocat | on SER e SERUTANS o el BbRE bl T o000 of ol ai m 14,

wherein said determ ning step con&r;il_ses y@ﬁ@at eps of: determ ning focus
of fset of the focus portion; andYBesitéants ocus tilt errors of the focus

portion. 19. The method of claim14, fur conprising the step of tilting
a reticle staggyshah Hiciferrbi8 afeSbsipbrated, thERGSRiohWedrhés: -
YPosition=—————ZOﬁ% of + AZ
ThetaX + ATx

Where AZ and ATx are the system focus errors. Creating an equation for each
of the two bands results in:

Z +AZ Z,+AZ

r=tll2 p=

Tx+ATx Ix +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:
_Z,+AZ

2

Tx

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

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

system focus errors:

Nz, =44 %4 g,

Yz—Yl Y2_l

AZ

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.



-16 20. A nethod conprising the steps of stepping a wafer along a
predeterm ned axi s exposing the wafer at nore than one point along the
predeterm ned axis so that fornmed patterned images are tilted with respect
to the wafer; devel oping the wafer; nmggsuring characteristics of the
patterned images with a wafer alignment system determ ning focus
paraneters based on said neasuring step; and calibrating a focus portion of
an exposure section of a |ithography tool based on said determning step.

21. The nmethod of wglibde ACan¥islifs Fosy d determ ning step conprises the
step of determ ning Pocus tillm} elrgops of the focus portion. 22. The net hod

of claim 20, wherein said determning step conprises the step of

det er m nj f ocus fset, of t focu ortion. 2 The met hod of cl aim 20,
wher e n LB oacEons el &y ed SpictnBen ol $Bar RrGRER e ance

bet ween the fhibb8ithdn® JfRhEFsdriMBRAtior At sdp0PER RAferab egpddedsd that Wher ei n
sai d neasuring step conprises the step of neasuring a distance of a center

axi s of the ®i pattaingshimagenas tiliedgwiths respach toetieewatexi s Infa thefewed er . 25.
The et hod Ofem('f)lo {mngn%Qhe %ﬁrgeciatrl] b%:‘fjllxin(}j)osCie'?iJ[beatrsgcrli c'?ﬁ Q&ltrsotll'ierpg a wafer stage to
tilt the wafer. Other embodiments include controlling the reticle stage to tilt
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.
[0049] FIG. 10 shows a flow chart depicting 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 portion 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



conprises the steps of determ ning focus offset and focus tilt errors of
the focus portion. -17 26. The nethod of claim 20, wherein said nmeasuring
step conprises the steps of: measuring a distance between the tilted
patterned i mages; and neasuring a dist@gace of a center axis of the tilted
patterned images froma center axis of the wafer.

. AAL. Al . AY. AYe. A&l R AFL. Al . A. Al R A9. AL A&Yr. Ay. A2 . A Al . AA2Hd{ %Ut k' Wi p")
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a?l:f done by either automatically or manuall entermg com ensatlon values for the
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Conclusion

[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 limitation. It will 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.
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comprising the steps of:

exposing a wafer so that a resultant patterned image is tilted

with respect to the wafer;

developing the exposed wafer;

measuring characteristics of the tilted patterned image with a
portion of the lithography tool to determine focus parameters of an exposure
system; and

using the focus parameters to perform calibration of the

lithography tool.

2. The method of claim 1, further comprising the step of
determining focus tilt errors of the exposure system based on said measuring

step.

3. The method of claim 1, further comprising the step of

determining focus offset of the exposure system based on said measuring step.

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, further comprising the steps of
determining focus offset and focus tilt errors of the exposure system based on

said measuring step.

6. The method of claim 1, further comprising the step of tilting a

reticle stage holding the reticle to impose the tilt.
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7. The method of claim 1, further comprising the step of moving
the wafer along a predetermined axis during said exposing step to form at least

one additional tilted patterned image on the wafer.

8. The method of claim 7, further comprising the step of

determining focus tilt errors of the exposure system based on said measuring

step.

9. The method of claim 7, further comprising the step of
determining a focus offset of the exposure system based on said measuring

step.

10.  The method of claim 7, wherein said measuring step comprises

the step of measuring a distance between the tilted patterned images.

11.  The method of claim 7, 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.

12. The method of claim 7, further comprising the step of
determining focus offset and focus tilt errors of the exposure system based on

said measuring step.

13.  The method of claim 7, wherein said measuring step comprises
the steps of:

measuring a distance between the tilted patterned images; and

measuring a distance of a center axis of the tilted patterned images

from a center axis of the wafer.
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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 wafer;
developing the exposed wafer;
measuring characteristics of the patterned image with a wafer

alignment system;

determining focus parameters based on said measuring step;

and
calibrating a focus portion of an exposure section of a

lithography tool based on said determining step.

15. The method of claim 14, wherein said determining step

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

16. The method of claim 14, wherein said determining step

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

17.  The method of claim 14, wherein said measuring step

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

18. The method of claim 14, wherein said determining step

comprises the steps of:
determining focus offset of the focus portion; and

determining focus tilt errors of the focus portion.

19.  The method of claim 14, further comprising the step of tilting a

reticle stage holding the reticle to impose the tilt.
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and
calibrating a focus portion of an exposure section of a

lithography tool based on said determining step.

21. The method of claim 20, wherein said determining step

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

22. The method of claim 20, wherein said determining step

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

23. The method of claim 20, wherein said measuring step
comprises the step of measuring a distance between the tilted patterned

images.

24. The method of claim 20, 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.

25. The method of claim 20, wherein said determining step
comprises the steps of determining focus offset and focus tilt errors of the

focus portion.
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comprises the steps of:
measuring a distance between the tilted patterned images; and
measuring a distance of a center axis of the tilted patterned images

from a center axis of the wafer.



