8 March 2007 1 SYSTEM AND METHOD FOR AUTOVATED FOCUS MEASURI NG OF A

‘L1 THOGRAPHY TOOL BACKGROUND OF THE | NVENTION Fiel d. of the Invention [00011
The present invention is directed to a system and nmet hod for Sadrrdnd0éd
measuring of a focus portion of an exposure section of a |ithography tool.
Background Art [00021 Lithography systenp are routinely calibrated to ensure
the exposure opticsare focused properly on a wafer surface. This decreases
fabrication of devices that do not conply with certain tol erances by
reducing printing or imging errors caused by focus offset or focus tilt
errors. One nethod of calibrating focus optics, involves using a focus test
reticle wwth structures that are patterned into a | ayer of photoresist on a

af er. The | [
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cal i bration conpensation val ues: ésé values are wused to calibrate the
exposure optics. Typically, this nmethod causes several hours of downtine a
week while an operator fabricates the test wafer, analyzes if under the

m croscope, and enters thQAS%&GRO%OﬁﬂiﬁAN?@WO‘I\S time consum ng,

costly in terns of |lost production tinme, an rone to errors due to

reliance on human judgenent. O her nethods require the use of costly
external equipnent, t enerate calibration values. [00031 Therefore, what is
needed is a s@gﬁ@%ﬁgﬁﬁgﬁpﬁod to calibrate |I|ithography tools by autonmating
medsur enment of focus offset and focus tilt using an existing |ithography
system (e.g., a stepper alignnent system to evaluate a patterned structure
or pattdfo@d strucfher psesedt Afventio?(07direcked to a system and method for

C.- : 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

. qptics.are focused properly on z 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

C : 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 errors 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 éligrmlent system) to
evaluate a patterned structure or patterned structures.



BRI EF SUMVARY OF THE | NVENTI ON [ 0004] Enbodi nents of the present invention
provide a method of calibrating a lithography tool. The nethod includes the
.step of exposing a wafer so that a resultant patterned inmage 8iMarth 2008d with
respect to the wafer. The nmethod al so _g.ncludes the step of devel oping the
waf er. The nethod al so includes the step of nmeasuring characteristics of
the tilted patterned image with a portion of the |ithography tool to
determ ne focus paranmeters of an exposure system The nethod al so includes

the step of using the foCBRIFEESENBMARY OP TPEY INVVENTIEN cal i brating step.
[ 0005] O her enbodi ments of the present invention provide a nethod

I ncl udi ng the step of exposing a wafer. positioned at an angle so as to

Ccreate a d- sha attern.on the wafer. that.is til.ted wth respect to

Che e erl008. ™ * CRESATGE br 87 ottt tRlion PRyidea beltsfargiatital or . The

net hod al so  iaitheiggshylthel. SRAndthod BATHES tﬁgséﬁégé‘fﬂcﬁfﬂgsé\kr@féréﬁthhh@ patterned
o]

image with a wafer alignment system The net , also includes the step of
determ ning fefaliantnatemed anagelasidiad srithirespenictadhe malers (Tp methed alse hod al so

i ncl udes the .ste f calibratin focus rtio f, an_exposure section of
a |ithography lﬁcé%(%s?lﬁeaé% ogf]ievte,‘?@%_cfgqlgﬁ#?ﬁ ﬁ@“es‘{‘% 9&)?]566'@?“(%5!5[#? 581? her
enbodi nent s otaf&ﬂbasﬁfrg%haiacteﬂmtdf% ttcAvpaernad MhgORith Affortid et ges the
step of stepping a water along a predeterm ned axis. The nmethod al so

i ncl udes the dithggraphydeplbotei determine foghe parameterpobHan ppasursosystesn. albag t he
det erm ned _axj that . f d patt dd tjlt it h t
Po the wat or Mo Ao ifdbac 3h¢'Sha iR st S LRI R Er b AFHPA B Laror

The method alcalibrafisg stggs the step of neasuring characteristics of the

tterned images with a wafer al :Ognrrent system The nethod al so includes

e step [8005ldet er Rthem gribedinenisa odnitee Prestiis Myeption Huovidastr metiodt ep.  The
rechog eLeo athAEn i of ol S AR MeR o BPAMERLM Bl P00
Advant ages of Hahé-shiped pateiaan thediaserahat is fiayd odthyrespecitorthe aageroThenor e
Pl X oS od ko includes the sitp of developing the wafer. The method also -

includes the step of measuring characteristics of the patterned image with a
w0 -wafer alignment system . The méthod. also includes the step of determining - -
focus parameters based on the measuring step. The method also includes the
step of calibrating a focus pottion of an exposure section of a lithography tool
based on the determining step.
[0006] Still other embodiments of the present invention provide a methbd that
includes the step of stepping a wafer along a predetermined axis. The method
C 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 8 March 2007 -3 human or external equi prent. No external nmeasurenment is
requi red and opportunity for human error is elininated. This8Maes2086t h
time and money. [0008] Another advantage of at |east sone of the

embodi ments is that the patterns are printed at a tilt with respect to a

waf er, which allows focus conditions during exposure to be nonitored. These
systens in method save both tine and noney, and virtuaIIy elimnate the

measuring err age of at
| east some of uﬁn a og’ge%‘x O@H s |s [E@al E}% 1Hf.‘orm ng B iﬂ

exposures, mul dppbhﬁnﬁﬁﬁﬂﬁurﬂéxﬁerﬁirqdblﬁﬁﬁhate&hTﬁis sairdsmam tithe ancamb'hey a X (Tx)
measurenent as well as a measurenent in a scanni ng lithog rﬁg}% tool. The
e

net hod cdf08lso be @aqt@ﬁopéaant@gmﬁm lpestssompspal thec erabediments A8t of Z, Tx
d Ty f th t f
the present . (iEms ol b i STRORVERNAS o bRy (e BRGVERIAR' RCS ©

various embodigdsRditions iriddexpfes@san tbei mnididd NThéaeaystess th haghddset ai | bel ow
with reference to the acconpanying draw ngs. BRI EF DESCRI PTI ON . OF THE
DRAW NGS/ FI GURIth fipwanf nrwya iRy ﬂgn@amhﬁ FrReASUHIECHTAP 824sAd S¥por at ed

herein and forl{{%ﬁm ﬁ%ﬁ the specification, illustrate the present
i nventi on and oge] rrWwth the - descript i on, further serve to explain

the princjopdsds of tAsothérwavhntege 6hal b0t edad b iR N6 @mbatimdnedisithatt he
pertinent art to make and use the invention, (__{0012 FIG 1 shows an initial
position of a %P@Fowaﬂnm&e@wwg%m%&ml@w 5 4@ grodpeeds @’h&é’c@msng to

enbodi ment s of [ e view of a
tilted wafer a E eelle%(gatex %%%@Hn%{}%a;‘%% F%&%"%@Fﬁlg% en% "Wents of
e present i nlﬂhagmphy t¢d1014he Ahéthod Banhalys be éxtemiedvioewonitot Reeppaf er of

FIG 2A [0015], FIG, 3,shows a flow chart of a nethod for form ng a band on
a waf er 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

. gccompanying 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
C 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 viewof a tilted wafer after being exposed with a band according to
enbodi ments of the present invention. I~ . 8 March 2007 -4 [®®kith2M7G 4B
shows a top view of the wafer in FIG 4A [0018] FIG 5A shows a side view
of atilted wafer after being exposed wth a band according to enbodi nents
of the present invention. [0019] FIG 5B shows a top view of the wafer in
FIG SA [0020] FIG 6A shows a side view of a wafer at two exposure

posi ti onqoaf-,!)er | bgi%_%§%%gﬂﬁg%em%g%ﬁ%ogdg4 h a band according to

enbodi nents of the resent i ntion. B shows a top view of

t he waf ef00IB8] FI G FIG. O d4ide view ofhailed avaleradiier BﬁnEeﬂmﬁhmimsa:ans t he
wafer in FIGs a&A and, 6B. [00231 FIG 6D shows a graph generated from
scanni ng usi ngaad sacexding tasmpodingats of the prgsarbHVentia em beam t o det er ni ne
char act efplgh CS Of t kD < A6A, 6B, and 6C according
to enbodi[dr’r@tr?!s of 'ﬂg %ﬁeﬁsb?ﬁ%%#g@gn%%&a{%@ﬁé% 7A shows a side view
of a waf 002§ two FHPOSA KRoWOS side oty af & safer<at two Repsyreperiiiad aer each
position with a band according to enbodinents psi the _present Jnvention.
[00251 FIG 7BeWSSKRosed @b gach Ramtion wifea andsaccsrding ¢ empodimsntaif the G gA
shows a side i veaswaf er at two exposure positions after being exposed
at each posit'gér%%vfng{“ﬁeﬁgw%and according to enbodi nents of the present

i nvent i 0002190271 FIG 6B Ehossayiep aicwopf thé eafedbf FIG. 6Maf er of FI'G 8A. [0028]

FIG 9 s aflo hart depicting a calibration nethod_according to
enbodi meﬂg'iﬁbf t he\ﬁﬁé’e %ﬁ}ﬂo"yﬁ%\‘/é‘iﬂ’iﬂ’%ﬁ.bem that scans the Water in FIGs. 6A and
6B,

Cj [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
‘e being exposed at each position with a band sceording to embodismenis 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.

C [0027) FIG. 8B shows atop 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)



[0029] FIG 10 shows a flow chart depicting a calibration nmethod accordi ng
to ‘enbodi ments of the present invention. [00301 FIG 11 shows a flow chart
depicting a calibration nmethod according to enbodinents of thdlagh@8®ht

i nvention. [00311 The present invention_w ||l now be described wth reference
to the acconpanying drawings. In the dawi ngs, like reference nunbers

I ndicate identical or functionally simlar elenents. Additionally, the

| eft-nost digit(s) 8 March 2007 of a reference nunber identifies the
drawing in whi«fh t he reference nuober first appears, DEIA LED DESCRI PTI ON OF
THE | NVENTI ONOT G EiRIRTiSh, e sserils, the d51ine h e L e el Tvo S DR & ret ol o
I s popul at ed \ﬂrét*&pbéi?d?t I cal structures possessing a critical dinension (CD)
near a resolution capability of a stepper being used. The structures are
densely spaced, covering the entire exposure field. The reticle is exposed
such that the imge fo t - ' jection optics is
tilted wth respect tobﬁ%&pépﬁgﬁgﬁﬁgéﬁs%f& he reticle inage
onto atilted wafer is that only a portion of the reticle inage wll

resol ve upon the wafer within the usable depth of focus (UDOF) of the
exposur e t ool Owiviein t he UDOF, the structures will print in the

phot oresi st. However, the structures falling outside the will not
-adequately resolve and the incident light will be adequate to clear away all
of the gheswr esi st ' ; SH vi si bl e
band of IC[|ct:])at2:],erned %cgﬁ{c%:?‘g;tgﬁg?ﬁ%?ﬁﬁ?zgh&rﬁ%%ﬁtuﬁ%%%@%%%?ﬂcﬁen resi st
properties andtragtpres possessimgla ciiticad dineermion (E8)gtcand resohdioachpatillityiafs of t he

t be deternined b band | ocati d_width The Iocati
oF "t he band | & THRFRPPRG WSF o 16t PVEITER BF A SPB e SOVEEE the RS T 1 gt

- the band i expeRender IRe trktidle id/Bfosed %ﬁélﬁ%ha%%@%h%é fofmed yP@gUr € dose,
and other factors. The contrast between the patterned band and”™ the bare

silicon waf er espesubestodEs projestion ppticsiisfilied whthgespeettto aywifenn Thafreslt afhe
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
(UDQF) of the exposure tool. Within the UDOF, the structures will print in

EEE R o therphisioreist - However, the structures falling outside the UDOFwill not

adéquately resolve and the incident light will be adequate to clear awéy 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 eprsure conditions remain constant
\ characteristics of the system can be determined based on a band locati_oh_and
C width. The location of the band is primarily a function of the focus_qfféet -and
tilt. The width of the band is dependent on tilt, UDOF, resist sensuwlty,
eprsure dose, and other factors. The contrast between the patter'ned band and
the bare silicon wafer can be detected by a wafer alignment system. | _fA’fter ihe
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 exp_oisur.e‘step.
The methods can also be extended to monitor stepper characierization, of Z,

Tx and Ty focus etrors,



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 gnment system The | ocations of the bands can be used to c&Muthi®7t he
focus offset and focus tilt errors that were present during the exposure
step. The nmethods can al so be ext ende®t o nonitor stepper characterization,
of Z, Tx and Ty focus errors. 8 March 2007 -6 -0034] FIG | shows a
portion 100 of an exposure section of a |lithography tool according to

nmbodi f th nt FIG | sh ' field
of i ew (ROYT o FRGE Bovs SHAFOICD of0 SuRspen L0 pHBOBERHBL pl ane
104 formed by a@éo?dhﬁ%ﬂ% @9‘{%@&‘%&@ of R Fgire?sef?tr i@AP&itoh, TFGUS Hows B sfd'&'v?ew

configuration, an | rints properly over an entire length of a slot
(not shown) of adieldof view (erggta fitldvan)a smnfaoe)smbstvmfﬁn K12 wherm aaritage | engt h of

the field. [00 escr.ibed helow, a tilted gratin ni,t o met hod
according to @S d Ry PrRIegion satics | 10Gets: Prower 1&%@‘§336n gf‘gl%

principl e of esol ve
when printed SB{IEQ?&?H?{IUS 10%%5 r%?%éﬂg’r appli Igéu%g%%bfl%ﬁgegm?ocus S
positive or nebmm)mﬁ'arhmlaﬁidtyhowvafoato sub&antiallyomi entireldngth ofi¢hd fiell ane wit h
I mge pl 04. For Ses 0o di scussi an, | oyi ng a
lithogr a§H6 scanné¥ éﬁsFlP W3 I}@c&gratlﬂgv}g%yorpﬁéngtgpgp ﬁ‘lggdﬂg m?ly be
extended to a 0036
WE&J&MPE‘B%&?@ fifon QA0 BAiE bt T R 90 oL 0

It is to be appreciated ,
waf er either |t}mtpsnmﬁd‘eatnresw¢1ﬂmdtpmmtmmemém“rhm prifted @it pf foves.oThishe f ocus

optics can be ornmed apd, us r other,.litho h For
gram e Fiole TEPe W BHRE Ga AERCus ORI Db NP BRI, wafer
aracter ' St ' Cl%]ZﬂQ%EﬁtedRﬁrb'&”ﬁtﬁﬁﬁe Qhthtiffipk lﬁ&fé 004, ¢ F8r Rl EﬁrpBEHs dpny

different lithographic related " reasons. It brati ng a Focus Portion Based
on Measuring FissussiorRanagramples employin@ra liftwigtaphivestaBagrawill be described.

However the same technique may be exiended 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
Codgheen L yafereither-dte plane-or tilted with respect to a-foeal plane of fue-fosus dfptlcs -
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.

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

[06037] 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 aﬁd bottom edges (e.g., afeas 202) of the ﬁeld



[0037] FIGs. 2A and 213 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 fea8Meaesh200he
presence of printed features only in 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 FlGs.
2A and 2B, an X-axis runs into the page in FIG 2A as does the scanned

h he X-..axi I duci L b he X- axi
o Tows & cont 8 S3BeCRERENercn BteT aselnaf Aol i Balimad B VE, "and

bot t om edges (il thedbyPaRi Rkl @l [ofhs 2DP) of hofridtelerh 2007 -7 go out of
focus. Gven a limted depth of focus, fi'ne features do not resolve well at

the top 40@88hot t onFI@. Jshowaraeiiow 2igz depictinpe tilted rratthgfmenitbringoodyd FI G 3
h fl t depicti tilt ] i tof] hod . 300

according o dlbatorune L srbefwens of Bibrrisub vl b St FFhG¥ vaf o

(e.9., wafer 200) wa?elrtmbj %dﬁl}_mtz?(x((x@g% RV FIG.FA éd) a homiap nom nal

i'mage plane (€.9., plane 104) in an e sure section. ‘At step 304, a grating
reticle (e.g. imsgapting (e .f plahe d04) inranfaxpesure stativas )At seppd8d.ta gnatingt o expose
the wafer. At _step 306, fi , surface of. r 200) 1S exposed
during scannirﬁﬁtl%re‘g'hél Vﬁ?lgrﬁg%o@%% %“3_% si_ls 'PH@“P%?B‘{ ?‘b&ﬁ%%% fie top and
bottom regi ORgmfée. At steﬁ‘:SF@,Sa 261 (e, £aftuch lofhwh02013 iPlekpdsed daphgof focus.

This results in the sna l'ines of the grating not resolving at the top and
bottom (e. g., seanping of2be)wafemyalong thef Xtais. f The titvaausestthe topeandsbotfan g. |

positive resist). in these I Qns f..the fiel et.cleared a s After

et ng avey dieleisdian 208, ctsa fog b btz it et i ¥ an "Lt o
potion (e.g., tROEhAIPineg080) thefordthhe ot eésdivii atStheRop 208 boflorf Q¥ @l, AREERNt process
Is perfornmed on the wafer to clear resist Trom regions (eg. areas 202 where

the image di d 288} regidnatof ¢hecfield wheh s rssis{ GaBoposikivetresist) dn theseregipnsn to FI Gs.

2020025, R gAARE UShaf bR B, { Sl

band 204) remains in a center potion (e.g., portion 206) of the field. At step

308, a development process is performed on the wafer to clear resist from .
R S ?fi‘egidnsv{@;gwé..aréaﬁﬁﬁ*ﬂ%}fwhere the image-did-not print-due to defocus: et :
[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 ﬁrecisely band 204 is centered along a Y-axis of the field is
dependent 6n how well a focus system (not shown) established Z while
exposing. Also, how precisely width W of band 204 is generated is related to

C how well the focus systems control Theta-X. Thus, by meétsuring these
characteristics of band 204 with an alignment systems metrology sysiem,
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.



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

exposing. Al'so, how precisely width Wof band 204 is generat eghj,snhehated to
how wel | the focus systens control Theta-X. Thus, by neasuring these
characteristics of band 204 with an al ifgnment 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 invention. In these figures, wafer 400 is created with the sane

Theta- X004 as FFEss. SAnandn3B sliow Bovafer 300 aseordling fosembodimenis obdheced. Thi s
h i Nt ed. f . A% e T f
CHR09® 2 pftshl: fRYaiioR” Waft S0 BY Hobi Fikeb® Wil ey’ giised Bonf] | °002

the field. Theomimlathichsikce Peidaednotiund SpRsiA vemicaingidithw of gidieet is a
function of the induced Theta-X tilt. 8 March 2007 -8 [0041] FIGs. 5A and

5B show a waf ®andG02 s8u ¢isgi bryaffestechby dirprsat paremetans sush easednse resisht i on.

Waf er 500 has X ed wi,t h Theta of f:set nQimpal ich affects
a wdth W of gg%?ﬁg%sggr }\o&cglm%n&%imqé.ﬁ?&(%ﬁgdw?@g}}ﬁ?gw@a% al so be
af fected by pmes@ss vdathodmat width W2 alaydie &l9ddth dabsddShy thdhisdveefastorsand resi sts
choi ce anong others, For exanple, width W1 may be a nomnal w dth and

width W may Ddisamakes i diffigulsdo wytabligh aseale facsen ards nomingl geadingssfor t
difficult to ' al-e factor and. ' [ I.n for. _Theta-X to
band si ze. To@%%%g%gm}%h%' ﬁf%@gcﬁﬁeyﬁgﬂhfgg%% %ﬁﬁ%mgﬁtg é‘ﬁsé"s“&& bel ow
expose and measlomeepobd hitl Meddarimultipld bantyovidatvas basR s bftkely as agn  exanpl e
enbodi nent. Calibrating a Focus Portion Based on Measuring Focus Paraneters
ith Ml tipl e cpamplecrbedmantis [ 0042] FIGs. 6A and 6B show two exposure
ositions for a wafer 600 according to enbodi nents of the present
I nvention. Wafer 600 includes two pattern areas or bands 602 and 604. Band
602 is formed when Gwibeatif®Oai Focus Portien 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 ix_;ventidn. Wafer 600 includes two

W ooa

" ‘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

C 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
ateas of wafer 600). ' |
[0043] | FIGs. 7Ar'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



positioned at Z offset 2 and band 604 is forned when wafer 600 is positioned
at Z'offset 1. FIG 6C shows a scanni ng beam 606, which can cone from an

al i gnnent systemin the |lithography tool, that scans al ong a Y8 Muaich 2007
detect bands 602 and 604. FIG 6D shows a graph generated from detection of
reflected Iight fromwafer 600. As is s¥own, 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 al,so ,be det e The reflectjvity and/or scattering effects of
light are basdf RbANIPHEIN ?f(%h'?A'hint' Ry Wéf?ﬁﬁoéu? fistance &£ ghift Famoz 602 and

604) conpared 4@l fdhgcit i Ercle t~) t her
surface (e.g. ,ﬂogxrt]%g?:%’gvrageggb@,aéaggg7(?% %@gfﬁg%ﬁe&%gﬁ H’&%gé@%nd 7B show
two exposure pdbchangesedpoctivelyeh erafef¥00. accordi ng to enbodi ments of the

present i tion. fer 700 includes two pattern, areas or bands 702 and.
704. Bano{w i s fdifedSanan B show dwo; exposwsi pesifinns ¥ wles 8002 and band

posi tron T or s aringap Smbbiibarts AL piB i dlip, MAEER0dinclifs WOCT

phantom i n Fl Qaitéf. ar&s ortbandgR0Bée) 3040 0Bandl}0x Brfoemed sitieh twalfércd800as posi tion
of wafer 600, bands 702 _and 704 are_ shifted u&fards Yl change_and_ Y2
change, respediosiiansd at, ofiat 2rand iand Berhisformedwherswafes 308 s Rofifinedo exposur e

o 0 1 PG 1% SR G ERPRH IERCR B BASIEIE, o
202,15 Lo el Sty omegral o T ey, 04
jorer 000 Prlls o8 ol Wi B e ol S Sl r o
sh;i fted upwar Sgiélﬁﬂgﬁ’aﬁﬁaéebgﬁ%ﬁcfgﬁﬁr@ Y2- change, re,spect I vely, on wafer
800. [004WU43 Gs. EHIGsshBwhoivethe aee of a doubdel kilted grating dechnaquierthatthelgsni que t hat
hel ps 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
~4#:  be formied and mieasured without departing froits the scope of the inventios. T . . ¥ ‘
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
C\" 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:



to uncouple Z and Theta-X fromthe issues that affect band size, as

.di scussed above with respect to single band wafers. Although these

enbodi nents are shown with two bands, it is to be appreciat edMagh W0hber of
paral | el bands can = r be forayed and asnted w thout departing from
thescope of the invention., . enbodinments showi ng the double 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 ﬁ';lt'ng to the top and bottom of
the field. This results in two mg@nbﬂ_ézﬁﬁhmt ed. Thus, the doubl e band
tilted grating test uses a Z focus of f s8n(fhataXdonbi nati on with a known Theta
Xtilt to print  a set of grating bands that is offset fromthe center of
the field. Inthﬁn@hmséﬁsngﬁ@“@ﬁ%m,eqw@ﬁSﬂm@lﬁﬁsit%i exposed twice, once with
a positive Z offset and once with a negat offset. The result is two
bands, one in the top half of therkghd= %he in the bottom half of the
field. [00461 In sone enbodi nents, the folAewd ng fornmulas are used to
determne Z ot her known fornulas for

d Theta X. It is to be reci ate
det er ni ni ng %E@F‘Eﬁe@%ﬁﬁeé’?@&’%@@%ﬁ?@?ﬁ%ﬂ EOHSon of the center of
each band in the field (such as shown gpsfdGa®fB) is referred to as Y
Position, which can be defi ne&ﬂwifhhe'%;%%ﬂ formula: 1 8 March 2007
-10 ZzOfset YPosition = Sin(ThetaX) t p angles, Sin(0)x0 so the
equation si mhirhdEazlag ATHRS e Rem BEL! s, TORbALS ad bafitish 8P dapRuS errors
t fset+ :

are incorporated, e equati on beécones:
of the two bands results in:
C - Z,+AZ Z,+AZ
Y, = Y, =
Tx+ATx Tx +Alx

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 =¥ (Tx+ATx)-Z, ATx=

2.‘

Substituting one into the other and solving gives us our final equations for the
system focus errors:

KZi-hZ g %7
-, v,

AZ -Ix

In these formulas, the delta Z and Tx system focus errors are not affected by
C 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 rﬁeasured (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.



YPosition = ThetaX + ATx Wiere AZ and ATx are the system focus errors.
Creating an equation for each of the two bands results in: (., _ ZI _ +AZ Y_
Za+AZ _ Tx+ATx 2 Tx +ATx Notice that the sane system focus err @Maran2hoTx

of fset apply to both bands. Solving the first equation for AZ and the
second for ATx gives: f1 AZ =Y, (Tx +'A1I"x)- Z, ATx=Z2YAZ -Tx Substituting
one into the other and solving gives us our final equations for the system
focus errors: AZ=Y Z2-Y2 Z, ATx=Z2-Z,-Tx Y2-Y, Y2-Y, In these fornulas, the
delta Z and Tx system focus errors are not affected by the width of the
bands. Therefore, tMsfhodsof CalibpatingRecust process effects, to a first order
approxi mation. [0047] In sone enbodi nents, the |location of the bands is
determined with a |[|,l native alignnment systemin a |ithographic exposure
tool. As {E8lssed Bltave,showy £ ¢lannichgt aepiclingiai firthodnoi® avtdring 16C) al ong
the Y axis and gﬁ&?uri ng the diffraction efficiency or reflectivity of the
waf er surf ace, StRedimsatsof Sigpregent myentionn Ak sten 0B valss i expoped 10 thaD) . | n

thi s fashion, e €:.84 N E] t] devel waf er,
and have it scgﬁé‘% f} ]?%%é i Pﬁg(gr ap iréépgg\'(tpgosgﬁég ‘{'éo}g'f' tglgdsggegélpegdne or nore
focus perfor masmbodiaghi e tiliing darl B¢ hposed Yasgdiodkeohellingr wileeBtagé Rese

factors can be easily_used to generate, conpensation values to calibrate the
|i t hography t ot the,Wafer.s Qfhessan ents giclpde cantpelling theretigle: siagedto dilt

Cal i brating FogusfJ04R{tby 504, e DRMPisellIONeC Y step™R EhdridefiridEbfOd 900

according to

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
C' 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.
TS {06491 FIG: 107 shows ‘a flow cfart "ciepibting a method 10003300r<img fo R
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
C" band width and/or band location of the tilted patterned image. At step 1008,
focus parameters are detennined 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 antomatically 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 ments 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, the tilting can be inposed based on controlling a8Mafcb20&t age to
tilt the wafer. O her enbodi nents incl_ti e controlling the reticle stage to
tilt the reticle. At step 904, the wafé&r is devel oped. At step 906,
characteristics of the tilted patterned i mage are neasured with a portion
of the lithography tool to determ ne focus paraneters of an exposure

system The SUr i NG St can ,. neasure, band w dt h..and/ or .band |ocation of
the tilted pat eWﬁ%’di?ég@gg claf’i‘ebe WS&%&%F‘;%P%&?%%%SU?%% e’tf?ﬁ errors
and/ or focus ekirffle, AtQlcpeMopPthe wal¥r is 36RILPRAS Atlshtd fO8UsShRPRiGEEESr S are

used to performcalibration. Calibration is done Dy either automatically or
manual | y ent eof Al pattayegts mdgos acamgasiiréd withhae wafes aligneent sytlempdhenet er s

into the lithography tool. 0045 . . Fla 16 'sho a # chart depicting
et hod 1000 EReRSR HEP cin Menmua vaeh il Tudter pEdCRethe o b SR A 1 cp
1002, a waf er paierf¥PanaR. 9@ stdpet110afdeas paanRtd B feabsrell Habonbdith r espect
to the wafer. The tilting can"be 1nposed based on controlling a reticle
stage, for examgaswingisteptBe o0 panamstersvatre be jfocuschilt lcopes andier facap 1006,
characteristicsg.of .t he patterned i e are asyred with a fer_alignnment
system The n@i@ﬁtrfcﬁﬁx#“@ﬁ c Stﬁ%i%@ fg%‘ﬁr?& n(#rﬁne?ﬁa?%?e Beé’ﬁgnlogéati on of
the tilted patiigigthyl t6BI0R- calibrafddhasd® @R, said AGtetniRiAE®. CCalibadtndgt er m ned
based on the measuring step. The focus paraneters can be focus tilt errors

and/ or focus ¢longby eitiiesauionatipally orapamgiel) entgtingcompengation yalwesifonthef an
exposure secti o] | i thoaraphy teool..is calibrated based on the
2t er m ni ng stng%’.smrég??cﬂfB?’ia'glﬁ%?ss%?otﬁgngf’g@”@ﬁé?‘)l‘aut omatically or nmanually

nt eri ng conpensation values for the measured focus paranmeters into the

| i thography tool. [0050] FIG 11 shows a flow chart depicting a nethod 1100
according to (msbsioRents of the present invention. At step 1102, a wafer is
stepped along a predetermned axis. At step 1104, the wafer is exposed at
two or nore points along the predeterm ned axis so that patterned inmages

are tiltgoostjth reswhilé vabious embodiments of the present invention have been
described above, it should be understood that they have been presented by way

oo ookl example only, dnd tiot-limitation. . Tt will be apparent to persons skilled ins-io i

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.

)



1108, characteristics of the patterned i nages are measured wg Q\%}. 4 er
or

8 March 2007 12 the wafer. The tilting can be inposed based on controlling
areticle stage, for exanple. At step 1106, the wafer is devel oped At step

alignment system The neasuring step can neasure band width an and
| ocation .of the tilted patterned inmagg- At step 1110, focus paraneters are.
nmeasured based on said neasuring step. The focus paraneters can be focus
tilt errors and/or focus offset, for exanple. At step 1112, a focus portion
of an exposure section of a |I|ithography tool is calibrated based on said

- determ ning SWEAT BCLADAEDOIS: i s done by either automatically or manually
~entering conpensation values for the neasured focus paraneters into the

l'i thography tool. Conclusion [0051) Wiile various enbodiments of the
present invention havey l&g togp%g AeBRdWadpiisingak t hat
they have been pr esent egﬁﬁﬂt)dgpéﬁl% gxagrrpi{ y, and not Ilgnﬁ)t at |gon It
rill- be appag@stoft 0 persons skl Il ed |n t he reI evant art that various
changes in formand detail, can therel n depar.t ing.f t he
spirit and scope of th‘iﬂi*‘ljl(’ﬁ‘%‘ér?fWﬁ‘?e ’E‘F‘é“lﬁlnéé’&h eéﬁ@ m)gl%? ;@E
present inventi Or%e?#:%‘c’{ ?%ﬁé}e Ilmted by any of the above- described

exenpl ary. embodi ne oll d be defined only in accordance with the
follow ng clains and tdlreﬂetopﬁtgmhvakmbéwa&rjvarch 2007 -13 WHAT | S CLAI MED -

Loeps of  "expesi ng o viEpenreg chupestinba bt 1ot *Blid PRI iafO R PhO (e
with respect to ‘%‘Qﬁﬂl\&@? %Brtmgueéﬁeﬂhg qm&l%réﬂ?ﬁ‘y t%élpfésg‘ﬂe%@é flcus @”Eﬂﬁgtdrﬁl of an

characteristics o lted pattern I age w
' exposure system; and

B C ' ' ' - using the focus parameters to perform cahbratlon 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

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
determnnng 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.



metrol ogy portion of the lithography tool to generate focus paraneters of an
.exposure system and using the focus paraneters to performcalibration of
the lithography tool. 2. The nethod of claim1, further conp$Msiohg0®he step
of determning focus tilt errors of tE exposure system based on said
measuring 3. The nethod of claim1, fufther conprising the step of

determ ning focus offset of the exposure system based on said neasuring
step. 4. The nethod of claim1l1l, wherein said nmeasuring step conprises the
step of neasuring band, | ocati.,o f th ilted patterned i e. 5. The

met hod of claim1, ?f urtﬂléfi’mE&’RﬂP?§ar‘?B %ﬁé}ﬁgﬁ@plgf’nggﬁg?‘?‘r?ﬁ?‘ﬂ’d‘qgocus of f set
and focus til theQkdfey slory a prifeteiifstixts St RHIRABEAnS Step TR ARG | N9 St ep.
6. The nethod of claim™, further conprising the step of tilting a reticle
st age hol di ngonthadditinnabtiléed patternpd seagelon the wafer.8 March 2007 -14 7. The

met hod of claim11, further conprising the step of noving the wafer along a
predeterm ned axis during said exposing step to format |east one

addi tional tilted patterTRedniiiBgCoORIalMC 7 ah@her SomPhGngBMROGepf of | @I M 7,
further conprising the step of determning focus tilt errors of the

exposur e syst detetmiving foensstilt drromaddhe exposwre epsterd. bagtrbomssid aueastring ai m 7,
further conprigsing the step of determning a focus offset of the exposure
syst em based 5%p"sai d measuring step. 10. The nethod of claim7, wherein

sai d neasuring step conprises the step of neasuring a distance between the

tilted patterned inmages. 11 The nethod of claim?7, wherein said neasuring
step conprises th8. stefhofmathaduof mipim @i Sfiethere compeisivgnther stepi of of t he

tilted patter ﬁgt%r&lﬁlﬁ%eg focus offset of the exposure system based on said measuring

C ' step.

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

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

117 - The method of clainy 7, wherein said méasuring 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

C 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.




froma center axis of the wafer. 12. The nmethod of claim7, further
conprising the step of determning focus offset and focus tilt errors of

t he exposure system based on said nmeasuring step. 13. The net&pgcah0ed ai m
7, wherein said neasuring step conprises the steps of. neasuring a distance
between the tilted pattered i mages; and neasuring a distance of a center
axis of the tilted patterned i mages fit®m a center axis of the wafer. 8
March 2007 -15 14. A nethod of calibrating a |ithography tool, the nethod
conprising the steps of: exposing a wafer so that a resultant patterned
image is tiltedip tharashesbof EAibritigy AafheErapkeiRl,ARé RidtHoatopPRERGhYaT er ;
perform ng an aut omated neasurenent of characteristics of the tilted
patterned bepyefiwith a portion of the |ithography tool to generate focus

pararet ers of g SXBOUEE SYSLET LA SRS rde N R A LS 19 PTT O™
the wafer;
developing the exposed wafer;
performing an automated measurement of characteristics of the tilted
patterned image with a portion of the lithography tool to generate focus parameters of
an exposure system; and

using the focus parameters to perform calibration of the lithography tool.



