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to the field of fabrication of m crostructures, such

as integrated circuits, and nore particularly to a

technique for controlling alignnment accuracy and

pattern placenent precision during |ithography
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m crostructures, such as integrated circuits, requires
tiny regions of precisely controlled size to be forned

in a materi g gl gy oF PHEAPRETENPINYENTIGNLrate, such

as a silicon substrate, an SO (silicon on insulator)
substrate, or other suitable carrier materials. These
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material |ayer to be treated to define these tiny

regions. Generally, a nmask |ayer nmay consist of or nay
be formed by neans of a |ayer of photoresist that is

patterned by a |lithographic process, typically a
phot ol i t hogr &RGCHRIBIEQN. OBu Hﬁd’RK@Rp%gTol i t hographic

process, the resist nay be spin-coated onto the
substrate surface and then sel ectively exposed to
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surface and then selectively exposed to ultraviolet radiation through a
corresponding lithography mask, such as a reticle, thereby imaging the reticle
pattern into resist layer to form a latent image therein. After developing the
photoresist, depending on the type of resist, positive resist or negative resist, the
exposed portions or the non-exposed portions are removed to form the required
pattern in the layer of photoresist. Based on this resist pattern actual device
patterns may be formed by further manufacturing processes, such as etch,
implantation, anneal processes, and the like. Since the dimensions of the patterns
in sophisticated integrated microstructure devices are steadily decreasing, the

equipment used for patterning device features have to meet very stringent



fabrication processes. In this respect, resolution is

consi dered as a neasure for specifying the consistent
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of predefined manufacturing variations. One inportant

factor in inproving the resolution is represented by

the lithographic process, in which patterns contai ned

in the photo mask or reticle are optically transferred

eaurerh e i BsPUBE A AT ARFAST o, o vonve

fabricatiopt prozlespeopan tthiss redpdadie rés dlotighaishtonsidetednass acimeasure for
th of, focus and wavel engt h of

speciyiftdnp; isiBa Bk PR QMG SIgh MADES ERGSF soRitions of

predefm'eﬂagrﬁéﬁufa%t@r)iﬁé eVBhMtlbﬁPm@ﬁEt ifpofladt Fa&oY iy MABdving the
feature sizes. O | east. conparabl e i nportance,

resolutigfbiferepresentednay H&mfmgramtm;)mensﬁ imwhiglypatiernsoeontained in
the phoRP?r'l&koBF%fiEIet Hfe %?Llcﬁﬁ? t?%néf@?re%“{bsttﬁ@tﬁ{bs}_ﬁé‘?é%ygn optical

crostructures egrated circul
magmgfabstermt §Uebgifosegqlgeeai aﬂﬁo;tqoareemadeg ttmsteraddy inpeave, optical

proverid 5o {53415 e 5T S o ok, hBLBhPe Ao rocus

and waviebgrgttl ofrthe it seyveausedt eri al | ayer has to be
aligned to a corresponding pattern forned in the

previously patterned material |ayer within specified

The qua'h%%ﬁtﬁ@httﬁbrhﬁhi%ﬁﬁ%y ighsgrR ey |ﬁ$ﬂ0’ﬁérﬂrlntd?bﬁf|ﬁ§‘%/%?y small

are caused by, for exanple, a variation
feature gizesordispsieastagemparable ynpertanee agwetver is the accuracy with
; OFkz f e h a asS¢ s
which a{iﬁhiﬁ}géﬁgsgémﬁ ﬁoé|poﬁ88 "tqu??r%té’?ao%gur%é t@%s%bstd’a%e Typically,
microstranwrdevea;mm'neas crmheglraie@hscnrﬂutst,harerorfabncated by sequentially

pttornif AHRF A L5 A A 3522885 8 E08rs beor

spatial rtelmrcmseuxp $6 Soren anotieert & adhy pattem/ed)ifrﬁe’d ng 4 fsabséqggnofnatenal
ttenof he current: terlaeEﬂ ft%r to th

layer hag dRbdenAIBnRt, i < SRTSHRNGA8: BRHEET  oRBER: & s Rfeviously
patterneﬁoﬂh@ﬁ&léﬁb%r litHid¥specited ?e@ib%ﬂbhttbmﬂabscﬂ‘hb!fe registration

transferring the i mage of the photo mask onto
tolerancegafer gasedsdye fal eﬁam%?sac@ﬁaﬁ'%toé C] @hp[l@regtﬁtumqge on the

substrat@fdﬁé‘%'ﬂ&%dﬁ?‘o?%ﬁkﬂnlﬁ% rf:SFérh¥té?¥eé§ "i‘ésfsW%icﬂ-‘ﬁ@@ baking

such as I mper ections within a set o
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the previbusIgt forfhed material layer while photolithographically transferring the
image of the photo mask onto the substrate. Several factors contribute to the ability
of the imaging system to perfectly overlay two layers, such as imperfections within
a set of masks, temperature differences at the different times of exposure, a limited
registration capability of the alignment tool and, as a major contribution to
alignment errors, imperfections of the exposure tool itself, such as lens distortions,
in particular in combination with respective reticle imperfections. The situation
becomes even worse, when different exposure tools are used for defining
subsequent device layers, since then the inherent errors in the exposure system
exposure tool/reticle may vary between the different tools and the different reticles.



becones even worse, when different exposure tools are

used for defining subsequent device |ayers, since then
WO p@8iopi482 ent errors in the exposure system exPCBEEP207/007453

tool/reticle my vary between the different tools and

the different reticles. Al though the sane exposure too

m ght be used for imaging critical device layers, in
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socal | ed box-in-box marks are uSed, whi'ch are

defect. concentri cally patterned in each of the | ayers and are
nmeasured in view of their displacenent by an
i ndependent neasurenent tool, wherein typically 4 to 5
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layers and are measured in view of their displacement by an independent
measurement tool, wherein typically 4 to 5§ positions within one exposure field,
preferably located in the field corners are measured. However, a discrepancy
between overlay characteristics within a single die or exposure field and the
significantly larger structures of the overlay marks, which are typically located in
the scribe line of the substrate, may be observed, thereby rendering measurement
data obtained from the target in the scribe line and thus any control strategies
based on these measurement results is less reliable. Reasons for this discrepancy
are imperfections of the lithography tool and in the reticles used for imaging the

respective layers, as previously stated, wherein additionally the fine structures, as



the scribe line of the substrate, may be observed,
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WO 20090254Ph t he scribe |ine and thus any contr oPCT/EP2007/007453
strategi es based on these measurenent results is |ess
reliable. Reasons for this discrepancy are
i nperfections of the |ithography tool and in the
reticles used for imaging the respective |layers, as
: [ Y, { er, | t:hopal e n
are typiEgfiy (BT InRhE Fie IBFeEER, 40 it RRelbdeen ST enalloy, rench
|solat|om)$t|gmt|ereesl andrthéeleke $ay pshaldged mraﬂdfenemolnmrim)compared to
ruct ures like, may,be inmaged in a d'ffe e .
relativel g iRl Witheptss udgy Sos  Tokd e flaRE. s
pattern ahc diy®idependens phenomdridn oF er ditferent Wegreldios averlagris called
Si ze dependent phenonmenon of a dlfferent degree of

pattern B'@épwt &rA{AR%)- pattern placenent error (PPE). Thus,
nodern APC (advanced process control) strategies

strive to reduce respective errors on the basis of the
Thus, medelr eABRE (ashiancedoracess conirolr stiategies rsdrver ¢l reduce

respectlﬁgkbﬁ'['1 SRLES thd Bakid éf [Fregﬁagn?%ebﬁzgé@fsl égqnﬁ%g?% 'Weviously

e overlay fmar
measurexd daerbstrratésgemaiarsk mdrasur'emmﬁ ciesultdi catrespdrydingeto the overlay

measur enent data. for n nment _er.ror
marks IqGaRS % Ih6 §6abp dine: i or et o fbsid Badk W MiGhafdl| aiddled by the
measurémﬁnhwa afoprredlu@tn?/ehbemgmﬁum ewurcim Itrsetryé)ttcmtbs«rate to be
referred to as nod

redictive, control
processhgly b Gonsialiens MRKMAYR: REAHIEtE BRRAIGH awhich 18 typically
referred 284 MSO&EY p I%létl\)escbﬁﬁbf WP% Q\Hﬁcﬁq‘n ®eCednvenient when the

requi renents For exanp a Iar e nunber of
amount cweawaalﬁbimmeaswamﬁrﬁedaiaa@e@samt@gsdwetOecheés requirements.

For exaﬁ@‘?@sﬁ%% Igtfllgrg%nﬁu??@%{%ébc‘?v Hiaths %Lﬂﬁf_%ém@\llégcred across the

esen I ve overlay errors
entire ex;inbsymdlmd amiqwoudad begmieBsuead tpobtainsa representativeagnap of the

overlay ROl R, A MEVELH DI HId TBRLLE SBBIRART BBRERHE Wag guat may ot
be avairbW®enndér Wtﬁfﬂbtﬂtr&; c?%fdlmnsmir F&rtdllesmbr@umel provisisn of a
| e

h
correspyRafnRyaF JINBSY o1 aRpoerias GHsrlayn marks (dishiRedopcross the

entire etx gsafd Yrlid,pi.edutie RRYERS, NthayHBBSSibIyTRBYUR ORY e8dpetlRle design
C mechani sms reI on the nmeasurenent data obtai ned

imitations offrt Moo SERUR PrORIHaPREE déenGat MaMapEABentianal APC
mechanlE¥ R %tneﬁ'ne"ﬁ'e‘é% rerh ﬁt P‘a’gﬁsiﬂbﬁa‘i’neé"fﬁ% We sEﬁBetPﬁme marks

Separated Into |n I VI nment par aneters,
as magnification, translation substrate rotatlon

For gorFhU ultoBh-EF b BLBRAT abie, 308, eBsbteF covguer may ve
separateéd iintoi individealr atigremeht parametdrs, suth asaprpiification, translation,
substrate rotation reticle rotation, orthogonality, and the like. Consequently, a
corresponding exposure tool recipe for aligning the image of a reticle with respect
to a specified position of the substrate may contain respective manipulated
variables that correspond to the overlay parameters specified above. The
manipulated variables may represent so-called controller inputs, that is, any
process parameters of the lithography tool which may be adjusted by the controller
so as to obtain specified values for the above-specified overlay parameters or
control variables, such as magnification, x-translation, orthogonality, and the like.



to a specified position of the substrate nay contain
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techni que for enhancing alignnment

SUMMARY OF THE INVENTION

Generally, the present invention is directed at a technique for enhancing alignment
performance in lithography tools in complex manufacturing environments in which a
plurality of reticles or photomasks is provided, which may be used in combination
with a plurality of lithography tools. For this purpose, measurement data is
generated with a relatively high degree of spatial coverage of the respective
exposure fields defined by the photomasks or reticles, wherein a respective set of
measurement data may be generated for a plurality of combinations of lithography
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manuf acturing environnents in which a plurality of
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For this purpose, neasurenent data is generated with a
relatively high degree of spatial coverage of the
respecti ve exposure fields defined by the photomasks
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estimated overlay data for said second plurality of measurement positions from said overlay
map, determining a first set of alignment parameter values on the basis of said estimated
overlay data, determining a second set of alignment parameter values on the basis of at
least a portion of said overlay map, said portion providing a higher spatial coverage
compared to said estimated overlay data, and obtaining said overlay correction data on the
basis of said first and second sets of alignment parameter values.

In a further embodiment the method further comprises generating a correction value for
each alignment parameter on the basis of a difference of a value from said first set and a
value thereof from said second set.
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combinaﬁons for forming a first device layer and aligned thereto a second device
layer of a microstructure device, wherein respective two of the lithography
tool/reticle combinations are used and wherein the map is based on a first plurality
of spatially distributed measurement positions. The method further comprises
obtaining an overlay measurement data from a first product substrate having
formed thereon the first and second device layers, wherein the overlay
measurement data is obtained from a second plurality of spatially distributed
measurement positions, wherein the second plurality is less than the first plurality.

Finally, the method comprises controlling aligning, with respect to the first device
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In a furthériérhbédinPli e HRhddiRNE cdtpfses Yenerating™ ¥éttét&iohYalue for
each alignment parameter on the basis of a difference of a value from said first set and a
value thereof from said second set.

In a further embodiment the method further comprises generating a correction value for
each alignment parameter on the basis of a difference of said estimated overlay data and a
residual overlay error determined on the basis of said map of overlay data, wherein said
first set of alignment parameter values is determined on the basis of said difference.



each alignnment paraneter on the basis of a difference
of a value fromsaid first set and a val ue thereof
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nmet hod further conprises geherating a correction val ue
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" DESCRI PTI ON OF THE DRAW NGS Furt her advant ages,
obj ects and enbodi nents of the present invention are
defined in the appended clainms and the foll ow ng
description and will becone nore

BRIEF DESCRIPTION OF THE DRAWINGS

Further advantages, objects and embodiments of the present invention are defined
in the appended claims and the following description and will become more
apparent by studying the following detailed description with reference to the
accompanying drawings in which:

Fig 1a schematically illustrates a control system including a database including
respective sets of overlay correction data according to illustrative embodiments of
the present invention;



apparent by studying the follow ng detail ed
description with reference to the acconpanyi ng
weleesiongs2 i n which: Fig la schematically ill usPCHERHOH007453
control systemincludi ng alflat abase i ncl udi ng
respective sets of overlay correction data according
to illustrative enbodi nents of the present invention;
Figs 1b and 1c schematically illustrate a plurality of
i thography/reticle conbinations used for formng a
specified device layer; Fig 1d schematically
Figs 1b Bhiud sctiermnaticalbpillustratefa pluplity afilitiyographyfresicteecombinations
fields for a %éral nat i on of two subsequent device
used forfo{mng aspgsif RUICela¥@hermatical Iy illustrate
spatially distributed nmeasurenment positions for
estimating reticle specific registration or placenent
Fig 1d Q:Crmfa@'tl@ﬁgst”t@éfaiﬂ&l a itepoyewpRy a abiralitys obaxpgsure fields for a

combinatio? G oe§u3‘ééiyoé}‘\c}%evz€@ié)@r scoverage according to

I'Tustratrve e I'g’ 1g schenatically
illustrates a control schene according to one

g 1o A TR RE) I P5Bbtbob O L REABb ARl P osivons

for estlﬁfétﬁfg(? retitge asbbﬁrf?d:: megssteatéidn map gfacxmmmtaycrtm'aatenstlcs and
' t trati, [ ; Fig 1li .
ithogradandaal | Salaron T sianatatess Wi §Feszargh evefade according to

,||ustrat,pé\@n%5@ﬁﬁ4rqgal map of overlay data according to other
l'ustrative enbodi nents including additional

measur enment activities; and Figs 1j and 1k

Fig 1g %?:ggggatﬂc%ﬂ& ngs'lrja@é ré‘t&rftF&WsEHé‘hES faF.EbHﬁF\?afd Hhe illustrative

taining correction coefficlen
embodiraenboﬂlhegp[esamnmmmm lustrative enbodi nents of the
present invention. DETAILED DESCRI PTI ON OF THE
I NVENTI ON Whi | e the present invention is described

Fig 1h swhbhartm‘aﬂyemﬁrat@stdneoatrbbdbhem%fomsjététmsﬁmguaeﬁvd-dimensional
followncc;%r%eta edd t{ptlon as,well as in the
map of %\f%[ﬁh@éta a¢ B@ed Wo8MBRHMERL ¢ ol | owi ng
detail ed description as wel I as the draw ngs are not
intended to limt the present invention to

Fig 1i sm@maagaw lusties thedenaratan aha dvardmensianalynap of overlay
data acéé’rtdhr?q tc? ﬁﬁﬁﬁfs‘tﬁﬁi@e' emBaiAEhseiRIRAAG Butifio M&r Mlesurement

~exenp evarious aspects of the preSent invention,
acnwhesh@n@cope of which is defined by the appended cl ai ns.

Figs 1j and 1k schematically illustrate flow charts illustrating a process for obtaining
correction coefficients according to various illustrative embodiments of the present
invention.

DETAILED DESCRIPTION OF THE INVENTION

While the present invention is described with reference to the embodiments as
illustrated in the following detailed description as well as in the drawings, it should
be understood that the following detailed description as well as the drawings are
not intended to limit the present invention to the particular illustrative embodiments
disclosed, but rather the described illustrative embodiments merely exemplify the



Generally, the present invention relates to an

enhanced technique for controlling an alignnent .
WQr@sHEHY2 wherei n microstructure devices are fRBEHEBR00T007453_

a conpl ex manufacturing endironnent, in which a

plurality of |ithography tools may be used in

conbination with a plurality of photonasks or

reticles. As previously explained, highly
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produCt substrates, since’typl
requmnmmrére@gregdzf acwecmlthaeeppcbm Mgnmmrrtemcuracy, may not

necess%rﬁzp&?tlﬂn}’agc ﬂ ttﬂlé ?ggtgg)@%é@l L’*é% %ﬁ‘sfqtog,,eq@&, r*Pue to tool

specific oamerretlolmcspeorfmjIlrynperfEetubes ethef abcmmpeot ioveridgVvof e¢espective
re.exposure field.

b d t ti
ayer  pREIOH BN BhoopBiostie el d0as" Fignicantio: peRgnEnen the
corresp@chahggnwﬁclencole&‘tﬁ)mmh@ﬂohf uBedhkor JeRRInYt iteat ?é’spAeDc@ve device
anced process control) strategies are used, %
layers, %@f%‘ﬂ fe Cd"’leeéﬁ@@a”lf:o‘ﬁ%rﬁtﬂg RRGGUrACiesi may not efficiently be
represef@idl byubstabyish8g h%b'sﬁ?@méﬁ?%r&béd@rré@ ?@glesﬁ@'ﬁa%nfg' the overlay

systemati c deviati ons may not appropria
accuracy é?jr%f%hlpééub?trﬁkﬁs neinsartypinallydenly adew me@sﬁremehheposntxons

e S k
may el B TR TR o Sy B e scrve
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product substrates in

| |
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systematic deviations may not appropriately be represented by the measurement
data obtained from the few dedicated overlay measurement marks. The present
invention therefore provides additional measurement data for respective tool/reticle
combinations of interest with increased spatial coverage, wherein the respective
measurement data are assumed to be more stable in time so that the respective
measurement data may be used for a plurality of product substrates in combination
with the respective updated overlay measurements based on the dedicated overlay
measurement marks. Thus, the corresponding additional measurement data of
increased spatial coverage may efficiently be used in appropriately modifying the



measur enent marks. Thus, the correspondi ng additi onal
measurenent data of increased spatial coverage may
webdosozsant |y be used in appropriately nodifyi nBCT/EP2007/007453
thecontrol algorithm for imstance by readjusting the
respective target values of corresponding alignment
parameter values, in order to obtain respective
corrected paraneter values, in which the respective
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I I of first
s%‘fﬁ@er*ww ISR A0ed R Pl 1 iy ey
represent a speC| fic device Iaygr t hat n;z tthgfelflnrgt
r
Fig 1a 5EhRLTRGEY ADSLAIEE S BRI b aRenRit 356 Romprising a

pluralitydeof cétfagraphgs, tostch 183, connient i KRyl i ﬂﬂﬁesgﬁi eanﬁ/ advanced
| i ke. Further rmre | east

Ph°t°“f%4e958f%h°3qe%¥#a?a$ (3udT a.seﬁeap@gs.oﬁte@wanem degiEesayartsethe like,
which aweonp mbrla&@Inythbufé@rf?)SQ% ﬂé’oe %Jsﬂrg field on a

as. to be precisely alig d
prewousr%pfo(gg'@fq eviget layefirs uftbﬁm‘JDE% @r mh(ﬁlmyrasksflr’mlretlcles or

photomdstkfss’f@ﬂh%)bSe B(/ﬁ:‘"éda\kﬁ htnﬁa& rte??%%@rb %@ﬁ&fﬁé&@gcx Iayer that

ferent reticles or oto
is, the figsd pratticles Qfephotomayles s1&tr angy dva\cbedormeﬁhmerem a respective

pattern |H96Fd%?‘f6 L 0% Fé% ?g‘?{g\q%ﬁpg%%?ésf é:?{ca §cgﬂguct|ve lines, gate
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electrodpaoaodetgbsllle& e Mh@rhwm dtuebbeoner SecdMte plurality of reticles or
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reticles or photomasks corresponding to respective device layers are provided in
the manufacturing environment 180 wherein, for convenience, any further types of
reticles and photomasks are not shown. Furthermore, the manufacturing
environment 180 may comprise an alignment control system 100 that is operatively
connected to the lithography tools 183 and is further configured to receive
respective overlay measurement data from substrates 184 that have been
processed by the plurality of lithography tools 183 on the basis of the reticles or
photomasks 181, 182. It is to be noted that the terms “reticle” and “photomasks”
may be used herein as synonyms, wherein it should be appreciated that in
sophisticated applications typically reticles are used which represent an exposure



processed by the plurality of |ithography tools 183 on
the basis of the reticles or photomasks 181 , 182. It
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" phot omasks" may be used hasein as synonyms, wherein
it should be appreciated that in sophisticated
applications typically reticles are used which
represent an exposurefield 185 that has repeatedly to
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further r#@v? F%; 186‘ i‘lﬁy represent any critical device
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t her device
Fig 1b schematlcally illustrates the plurality of substrates 184 that are to be

processed by the plurality of lithography tools 183 in order to form a first device
layer 186 on the substrate 184. The first device layer 186 may represent any
critical device layer, such as a layer including metal lines or any other device
regions, to which other contacts are precisely to be aligned. During processing of
the substrates 184, individual substrates or groups thereof may be supplied to one
or more of the lithography tools 183, which are also equipped with respective
reticles of the plurality 181, which are indicated as R;1 - Riy, wherein the first layer
186 is to represent a specific device layer i. Depending on the complexity of the



regions, to which other contacts are precisely to be
al igned. During processing of the substrates 184,
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supplied to one or nore of 1¢he |ithography tools 183,
which are also equipped with respective reticles of
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distortions created by the respective lithography tool/reticle pairs used for forming
the second layers 187, which is also generally indicated as layer j. In the present
example described above it may be assumed that the layers i and j, ie. the layers
186 and 187, may represent critical device layers so that the alignment of the
second layer 187 to the first layer 186 has to be performed with high precision.
Consequently, according to the present invention, the respective tool specific and
reticle specific characteristics may be obtained by providing respective
measurement data that provide for a high degree of spatial coverage for a
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paranmeter values for the alignnment process for the

Fig 1e StRemaaESIyNAUEtrafesFite Yticles 181 and 182 configured to provide
respective reticle specific information with a high degree of spatial coverage
according to illustrative embodiments of the present invention. The reticles 181
may comprise respective measurement positions 181a, which may be represented
by appropriately designed marks, which may have significantly different dimensions
and a different configuration compared to the dedicated overlay measurement
marks 185a. For example, a respective mark having a significantly reduced size
compared to the measurement marks 185a may be provided at a plurality of
positions across the entire exposure field 185, wherein an undue interference with
actual device patterns of the respective layer represented by the reticles 181 may



Fig l1e schematically illustrates the reticles 181 and
182 configured to provide respective reticle specific
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according to illustrative ambodi nents of the present
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any other measurement techniques may also be used, which allow the
determination of imaging characteristics of the respective exposure tool at a
plurality of specific measurement positions within a corresponding exposure field
created by the exposure tool. The generation of respective measurement data
having a high spatial coverage for a respective exposure field by collecting
respective reticle data independently from respective tool data, as is for instance
described with reference to Figs 1e and 1f, may provide for a high degree of
flexibility in appropriately updating or adapting the corresponding overlay correction
data to the database 120. For instance, when a new reticle is obtained in the
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With reference to Figs 1g — 1k respective control strategies performed by the
control system 100 as shown in Fig 1a will now be described in more detail with
reference to further illustrative embodiments of the present invention.

Fig 1g schematically illustrates a control scheme of the system 100. In this scheme
it may be assumed that measurement data 101 that are available for the alignment
controller 130 may be separated into two contributions, as previously explained.
That is, the measurement data 101 may comprise respective “in line” measurement
data obtained in a standard fashion on the basis of the respective dedicated
overlay measurement marks, such as the marks 185a, which are also indicated as
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spatial resolution is required for the respecﬁtive values, for instance for performing
the respective calculations during the control process. In other illustrative
embodiments, the corresponding “full field” measurement data may be processed in
accordance with any appropriate technique, such as processes as will be described
later on in more detail, so as to obtain appropriate correction values that may be
stored within the database 120 and which may directly be used as respective target
offset values for a corresponding control algorlthm implemented in the alignment

controlier 130.
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block 142, a “full field” representation, also indicated as RETi(x,y: I) may be
obtained for each reticle | for a specific device layer i, wherein it should be
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represent corresponding calculated or interpolated data points, wherein the degree



thereby incorporating the information encoded therein
into the respective control algorithm perfornmed by the
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illustrates a process flow20or obtaining the map of
overl|l ay data 140 according to one illustrative
- enbodi nent of the present invention. In this
enbodi nent, the "stable" neasurenent information, that

o osotn SHnECEH) 8bSFah QoAU HE bR, 3P b L proces

reqmrenﬂiﬁt@l r@ﬁmlan@enanﬂlenklwi @rcdbrfnespemdlogelenarwstdnaon S|gnature or
|thograph tools, as i tf i.nst ance descri

any other SNArEREASS 9 31 BXPOTHFSIO! 9 ITEERStREY < gpfemihed. as is for

unstancepb g derdeidevitht #éféré@e R Fig e mlrli‘QﬁoélOﬁ 4any “full field”
sired Critical reticle, for instance for eac

d|stort|on mepcqeeenteuge Déey khmaik beadeliesmingd fier each rwe tool k of

erest, Yol i oBRELAS SUAESRAANRS ind YoRRERGIebantaton or mas

D may bmbbtaméd on thiet basisrafoan ailab|el mpdals off tbpaaligamentveiosgss. For
responding reticle, it my be referred to

instance, ﬁ@“@ﬁﬂ d{ ments as described with reference to Fig 1c.
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RETi(x,y; 1) M + D(x,y; k) = OVLi(x,y; |,k) (2)

wherein OVLi(x,y; |,k) indicates the total inner field placement error in the layer i
formed by reticle | and the exposure tool k. For convenience, corresponding
combinations of exposure tool/reticle (I,k) may be indicated by index Ci, wherein Ci
corresponds to C1, ..., CN, where N indicates the total number of combinations of
interest. Based on the respective total placement error for each layer, a “non-
correctable” overlay error may be obtained in order to determine the map 140, as
also shown in Fig 1g. For this purpose, in one illustrative embodiment, the
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such as | east square techniques, the residual
pl acenent errors eX ey may be determ ned and may

; . ! : o
respec@f%&?fﬂng{afggfnq% ;&F@E@%‘ﬂ;ﬁgﬁgﬁﬁé@%@% igil)fér §3IWQ subsequent
layers odrinesieendnag béubinfrheled’ ey 8ahet! He RRIARE Bmed Iayer,

rding to one illustrative e !
i”dicatﬁlﬁ/‘ﬂ?ﬁéaﬁi’ﬁaﬁ FoRgderechias airefespraes layerthaving iancerain degree

: ) ' nent be ... .
o skt @1 bk o716y D ARETER QBN 1 o,

principlg) thve plagement ieyror @\vitig sreferenke) 14par Wﬁfa]:y?blédreduced when the
I nher |1 e

next laffh ] el crepl®, A PRtidtuReaplicarted aiidrap it same sirsation at a
specifict ipositiqros(x;yg. t 0GlonseqbentlFOomiE ety foéiﬁéﬁ;gé‘r‘i’%iﬂg difference
ogbi natj ons of exposure tool/reticle (I,Kk) y be”
betweeﬁn&'?%?ﬁe %yc?'ﬁ'&w@iﬂ? Wiebsth layeesriespandsortasponting “non-

» i Ak | Lnati ons
correctfile piatemnt BELF P bl Yorldid ity bl FRIALEAIN RS form of
the map, 146 A5 PEAWRUSHYexplainedoiheopranssabliaw aw/ elelserbedrinr Figs 1e

i ned: | . ine th 40, as .
and 1f fg?goﬁgﬁfg\?hﬁ%fn@ﬁ{dyggéﬁgf ﬂ?gﬁﬁgﬁ%[ﬁ Egg@’raet@waggémmg respective
"full field] represantationsniesdhewaticles afrintarest ane foOiHY re¥paedive tistortion

a ' i, t subsequent .
charact LRSS of S0/l B8V BL 8854 FaimbiBore conaape respective
collectiarheofi tha i ralsppcfioe measayement nititaahiy ded Peformed™N a highly
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environmgt, 48 \Aﬁgh'rlsfﬁ%’_‘%x'f anayedate ofathectsdable” a)weebaggattf:ane/etlon data
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position (x,y). “Consequen . ! .
to tool g&}n;@%ngem@edava@tyhtye ard vwhen likbe dthout ung_uly affecting the
' ' 0 i, ] a corresponding
overall q'}ggﬁgéo?ch?'gﬁ‘leeémgréa@g%@%%@r ror may be defined, which

ided in the formof the map 140. As _
Ty e P! ess. fl ow as described in

Fig 1i s%{h%ﬁ%ébﬁﬁdﬁﬁgt%@segq o&;féﬁ:g@%ﬁﬁgg_ IR grhiskgihee respective map of
overlay fdatai b40 mayi besebedintal h Plrabfl PEIrLEEPRENE bl beating an
: field epresentations for the reticles of I'nte _

increaseg gmpypt Pﬁé""?%%‘ﬁlé’& Pveriay data-t inthe itysitatine embosliment shown
in Fig 1iaRyredpeetve aedeed thab OFLeS(x,y P Ra]difsctl BSSmbaSured for
all layerrc%srﬁgi(r:\talti\éﬁs of interest and for all tool/reticle pairs of interest. For this
purpose, the respective reticles and tools may be used in forming the respective
device layers i, j and the corresponding overlay errors may be determined in a
plurality of intra field positions (x.y), wherein, depending on the density of
measurement points, an appropriate data manipulation may be performed, for
instance interpolation and the like, in order to obtain the “full field” map 140 having
the desired spatial resolution. As previously explained with reference to Fig 1d, the
map 145 may be obtained in other illustrative embodiments by directly measuring

the resulting total placement errors OVLi(x,y; Cn), OVLj(x,y; Cn) for each layer i, j



collection of the respective neasurenent data may be
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e "full field" ove

correqu?ﬁfélg%’@%gﬁ a%élgigktlli@n@ﬂ'?o‘l}é‘? sfatke 2WEREpt controlier 130 for
determining updated parameter values for the respective parameters may be used,
wherein the corresponding “measurement values” may be represented by the
corresponding “four corner” data created in step 151. For instance, a
corresponding model and a respective optimization technique as described with
reference to equation (1) may be used in order to obtain a corresponding parameter

value.

In block 1563 a corresponding process may be performed for obtaining appropriate
parameter values, wherein the modelling may be based on the “full field” overlay
error values 140 in order to obtain corresponding parameter values representing



OVLi,j(x,y; Cn), Cn representing one of the
conbi nations of areticle | and a tool k, may be used
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measur enent positions, at which also respective "four
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reference to equation e used in order

to
such as §he 4PH" SOMTRAIBIRS. n\glgwfamam@wu\éalueﬁ ahtaiednigblgek 153
take mt&ebﬁﬁae%ms d?gﬁi‘ﬁ%%ﬁt Berna?op%emfaﬁﬁa i bﬁba'ngfb the map

ropriate nmet er val ues rein t
140, wfmra ltﬁe lb&%léd aaed hon" faul pluralily dof oindra afyeldr moeasuiemsant data.
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resent i ng uence of
152 andcther“amall Gelcﬁ’tpmnmeter valuway ot blowkd 53) desordbs thé affect of the tool
.0bt ai n| ar anet er vaI . _For.,.exampl, e . .
and retifs, 3pBEHE, CRARGEHEES T e \AtET algBinfiT dRugt, copsideration,
which ispperfédnméd off tHenbasislf oethe peidddonambed dffieasurement positions,
correspondin ﬁaraneter val ues may he averaged in a

ie. the “f4yr epmest & s(ﬁqy@,ntlga§@§edaoraéggrrgépectlve p%rameter
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obtained in blocks 152 and 153 may be used as a corresponding correction value.
Equation (3) illustrates a representative example for one alignment parameter, such
as the x-translation, wherein a corresponding offset value TxCORR is calculated on
the basis of the corresponding parameter values obtained in block 153, ie. in
equation (3), the first term on the right side and the corresponding parameter value
obtained in block 152, ie. thé second term in equation (3).

Txcorr = T,(OVLj,i(x,y) - T«(OVLj,i(x-corner,y-corner)) (3)



152 and 153 may differ from each other, since the
paranet er val ues obtained in block 152 reflect the
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posi tions, such as the four4corner positions, while
the paraneter val ues obtained in block 153 take into
consideration a significant portion of the information
encoded into the map 140, which is itself based on a
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correspondl ng correction value. Equation (3)
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avai | abl e. Consequently e correspondin rF? %
parameter values obtained m block 155 and the corresponding “full |e|cp overlay
data 140. Thus, the respective residuals obtained in block 156 may represent the
corresponding overlay errors that may still be present after selecting “optimal®
parameter values based on the corresponding input “measurement data”
representing the contribution of the corresponding reticles and lithography tools
used. Thus, in block 157 this “non-correctable” baseline of overlay errors may be
superimposed on the corresponding “four corner” measurement positions, for
instance by subtracting the corresponding residuals from the corresponding four

corner overlay values, which may have been obtained on the basis of the overlay



value itself, or any internedi ate data thereof, may be
stored in the database 120 and nmay be retrieved from
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correspondi ng control actiwsty. Fig 1k schematically

illustrates a process flow for obtaining appropriate

correction values for the alignnent paraneters

according to still another illustrative enbodi nent.
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optimizatioerteakinguesr s may be superinposed on the
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having 8ahadeiately low spatial coverage of the corresponding exposure fields,
since for instance only a few positioned within an exposure field may be subjected
to measurement, wherein a damped moving éverage is used for trying to minimize
the difference between the actually used parameter values and respective target
values, the present invention takes into consideration intra field effects caused by
tool and reticle specific contributions by providing appropriate correction values for
each of the alignment parameters. Since corresponding tool and reticle specific
contributions may be relatively stable over time, respective measurements may
have to be performed with low frequency, thereby not unduly increasing the overall
measurement effort for obtaining the required intra field measurement data. In



val ues obtained in block 152a may differ fromthe

correspondi ng paraneter values of block 152, since the
W@ sezpehdi ng intra field contributions are i PCT/BBMA7/007453

to a higher extent conparedéto the paraneter val ues of

bl ock 152. Thereafter, block 154 as al so expl ai ned
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obtain approprlate correction val ues, for instance
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actual control process during a production situation, any negative influence on the
performance of the control process with respect to operating speed may
substantially be avoided. Consequently, on the basis of the respective correction
values for the individual alignment parameters, the respective control algorithm may
be modified by shifting the corresponding target values, wherein the corresponding
shift or offset may represent the influence of the intra field contributions to the
overlay errors and placement errors.

Further modifications and variations of the present invention will be apparent to
those skilled in the art in view of this description. Accordingly, this description is to



under consideration and the respective reticles,

thereby providing for a high degree of flexibility
WQRR/02e8pbect to process internal requirenment SPCHERI08W007453

of tool availability, retielfe availability,

i ntroduction of newreticles and tools, changes in the

tool configuration, and the like. In other cases, a

hi gh degree of accuracy and reliability of the

oe consiTRECE} AN anhEads JE TR PRlpdsh Br Kdoig tose skiled in

the art hbémgenetmemmerdbfstmtymg sugnhéupresemd invention. it is to be

underst i A83F it e & heainvenian SHRWE 200 BRSCHRSA Bierein are to be

taken aéﬁﬁPﬁ@ééﬁﬂ e‘féﬁ‘r@d@?ﬂ@@@n%éﬂk thereby al so providing

highly reli"able correction values for the respective

al i gnnent paraneters. During the alignnent procedure
the standard neasurenent data nay be received by the
correspondi ng control Il er, which may, according to the
present invention, additionally access a correspondi ng
dat abase for obtaining the correspondi ng correction
val ues for the respective tool/reticle pairs that are
involved in the formation of the correspondi ng device
| ayers. Since the corresponding correction val ues may
be avail able for any desired conbination, even highly
conpl ex process situations nay be covered by the
correspondi ng dat abase entries, wherein a high degree
of flexibility is acconplished, since the
correspondi ng dat abase may readily be extended with
respect to any new process situation, which may for
I nstance occur when an additional reticle, a new
exposure device, and the |ike, are introduced into the
respective manufacturing environment. Since the
correspondi ng determ nati on of the respective
par anmeter correction values may substantially be
decoupl ed fromthe actual control process during a
production situation, any negative influence on the
performance of the control process with respect to
operating speed may substantially be avoi ded.
Consequently, on the basis of the respective
correction values for the individual alignnment
paraneters, the respective control algorithm may be
nodi fied by shifting the correspondi ng target val ues,
wherein the corresponding shift or offset may
represent the influence of the intra field
contributions to the overlay errors and pl acenent
errors. Further nodifications and variations of the
present invention will be apparent to



those skilled in the art in view of this description.
Accordingly, this description is tobe construed as
WO R00go2592 i ve only and is for the purpose of tREEHEPI9G7/007453

those skilled in the art th® general manner of
carrying out the present invention. It is to be
understood that the fornms of the invention shown and
descri bed herein are to be taken as the presently
preferred enbodi nents. Cyikkﬁ%é A met hod conpri si ng:
generating overlay corre data (140) for a
plurality of different conbinations of a first device

%ﬁ % . and a second device |layer ( 187) of a

B EPIPIISING: devi ce, said first device | ayer (186)

belng defined by one or nore first photomasks ( 18 1)

, said second device | ayer & 187) being defined by one
genenating se\siiay prefrertiens datagsfj40kxafar fa rﬂUf@"t.V%?f different
d b Syl
RRIRFIRcof & et AEviceRalb el B de) S d% S ELdRS oBVickiafer f1e7) of
a qoicpestautti o dexice, (sadld)flrstbdavunedaﬁerom&s)fbemg defined by one or
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a§403) Bate Beda ot hy dring 13 Puiralily REJRARGARIb ISl (183),
sé(|a8%)/erlé9dc@lﬁp@'ﬁ'sﬁﬂoﬁ”@aﬁé (aauogi S5MEY pﬂa@horaaslﬁt plurality of

82), used in one of said plurality of |ithography
megsHEementpysitions48d a) within said Eiesti and secand)phatemagks (181,
1@€ysaid first product substrate ( 184) by using said

érlay correction data (140) and an overl ay
neasurenent data ( 1 10) obtained froma second

ot 5o 7, BERBAETER 195 2553 B sbbohare 100 using

orseuo:f saidsfirsarphctemasis| @8 sand ank ot Gaidl hratity iofithbgraphy
{ é){g ment, positions ( 185a) being |less than said

°I°| @I' and ity of measurenent positions ( 18 la). 2.

The nethod of claim 1, wherein generating said overlay

correction data (140) conprises %eneratl ng (142) a
alignypg one ef $aid RRAeMaskst(IB2padsebn §aed>ffs|a¢%p!urahty of

lutﬁaarw%lamfe@?ﬂ%%a d kst defith ﬁdg‘érg(ﬁg Esfglhﬂgd(aﬁl@ald first

anlmaln? distoftion data set for _
preduchisubgtrate (il BAb Pyapsingt sRIHsoBeriatheomectiod @dtac(t4dh and an

\ge #‘%gbgupeerﬂ%?tdé‘t% (498} SBInLESROR ' ¥€ sBLBRE ™ Nrality of
measurement positions (185a) of a previously processed substrate having
formed thereon said first and second layers, said second plurality of
measurement positions (185a) being less than said first plurality of
measurement positions (181a).

The method of claim 1, wherein generating said overlay correction data (140)
comprises generating (142) a respective placement data set for each of said first and
second photomasks (181, 182) and generating (144) an imaging distortion data set
for each of said plurality of lithography tools.



sets conprises providing a placenent neasurenment mark

at each of said first plurality of neasurenent
Weoesireps (18la, 182a). 4. The method of cl ai PET/EP2007/007453

wherei n generating said oveflay correction data (140)

conprises formng said plurality of different

conbi nations of first and second device | ayers by

usi ng di fferent |ithography tool/phot orrask pai rs and
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The metpod o olpimfl, whieraiagenaraling saidovargy gorreglion data (140)
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orm n evi ce al 1 gned
layehebpusing difterentlitdegrapby teolphotoh®ask pstirsaand measuring and

crostructure devic
me3SHBG BT o8 Teeen SRR & ddRetinelfhdbitgns for
eabRicohbifgtied. on a first plurality of spatially
di stributed neasurenent positions (18la, 182a);
obt ai ni ng overl ay neasurenent data (1 10) froma first
TH%WHQM%B o%té% r1a%e€é|ﬁ%)aad1@\>érlag dofricttish 84tar(290) determines an
first and second device | ayers (186, 187), said
offsetef atargetaalies/) otan ahqr!nqm)p%@mﬁ@ré@ﬁa.aﬁéjmﬁﬂwaéed
t ed measur enent
vl R0 rioMlopiaei aIgRg bF sl sEpad [VEE (' 5235 her ng
| ess than said first plurality (181a, 182a); and
L] 30) aligning, with respect to said first
Afﬂﬁh%g §§&%186) formed on a second product
substrate using a first lithography tool/reticle
conbi nati o

OO B g el P S ekbin e (sl

(189, 182)ceniBxhtions forseraing d rrtsh@émw et (186} aatiatigeed thereto a

conbi nat| on con%»l sing a reticle é} for sai d seco r}
segend devicajayer (1872)0f grimicrestiigtire d@rﬂcg SNGFESPEatiG) twarof said
htﬁé@ébﬁ\)’to@ﬁi@c ah%ldgﬁée Wh@}fnﬂﬁ @éﬁ{gbﬁhﬂdaor{éﬁﬂs)tpﬁjrahty

erein i ni said

of(spat‘hallyoilstubeteldapeawem@nt DQSItbmsaU@éﬁp‘r&@gs det er m ni ng
pl acenent data (141 ) for each reticle of said
plurality of l|ithography tool/reticle conbinations on

obtaieingemiesiapingdsaicementtdata (110) from a first product substrate (180)

having formed thereon said first and second device layers (186, 187), said overlay
measurement data (110) being obtained from a second plurality of spatially
distributed measurement positions (185a), said second plurality (185a) being less
than said first plurality (181a, 182a); and

controlling (130) aligning, with respect to said first device layer (186) formed on a
second product substrate uéing a first lithography tool/reticle combination comprising
a reticle (181) for said first device layer (186), of said second device layer (187) to be
formed by a second lithography tool/reticle combination comprising a reticle (182) for
said second device layer (187) on the basis of said map (140) of overlay data and
said overlay measurement data (110).



10.

measurenent positions (181 a, 182a) providing a higher

spatial coverage conpared to said second plurality of
worges2epnt positions ( 185a), and det erm ni nBCHEP29AF007453

di stortion signature (143) 3or each |ithography too

used. 8 . The nethod of claim7, further conprising

determning a registration map (142) for each of said

reticles on the basis of said placenent data. 9 . The

met hod of claim8, further conprising determ ning

resi dual placenent errors on the basis of an alignnent
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reticle ( 182) defining a second device |ayer (187) to
be aligned to said first device layer ( 186), each set

THe nSéth@dowe cidivn Gorﬁuemdromrdphsm(gléalerhaningg aarégigtration map
sgatl al coverage of an exB ur e f qg 185 %ared
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marks (185a) forned in each of said first and second
reticles ( 18 1, 182); and a contraller (. 130)
Thepenethiodept; chairm & tfurthes comerisiagadatasminipg) r%ﬁual placement

erp& sCSh ltP(@'b‘ég[ﬂer %ﬁ‘ﬁj@gﬁeﬁ%ﬁbﬁi ‘éﬂg}%ﬁd ?én@ﬁ?s"tbﬂYon signatures

correction con to receive
(143§erdrm]daftm'aunmgeatdksmraloo mapoj 144t an rtbe basim efasaid residual
| g neasurenent marks ( 185a) of previously
pﬁ?%@&? EY°Lbstrat es ( 184), said controller ( 130)

being further configured to provide values for a

| t f al t t , t th
Aballpimsn cgny3bsHReR (HEBLETBRERTIE 2 ( 1°10) and sai d

specified set of said overlay correction data (140)
sai d specified set corresponding to one of sai

a diatakase phs0) beluding B s§spRctive aetcehema?m%r%m flgta (140)
fof"{ {plé@llg%fdfr ﬁl‘hlog‘?%bq)g tbaV (Bjéflo fccl)?‘mqssglngl&;z‘e)cgﬁhﬁnatlons at
ledst/i are | figadr retume7)(1ana>vdeﬁairm fa r itstd@evice |layer (186) of a
mSc]rggt)ructure and at least one second reticle (182) defining a second device
layer (187) to be aligned to said first device layer (186), each set of said
overlay correction data (140) having a higher spatial coverage of an
exposure field (185) compared to a spatial coverage provided by overlay
measurement marks (185a) formed in each of said first and second reticles

(181, 182); and

a controller (130) operatively connected to said database (120) for selectively
retrieving a specified set of overlay correction data (140) and configured to
receive overlay measurement data (110) obtained from said overlay
measurement marks (185a) of previously processed substrates (184), said
controller (130) being further configured to provide values for a plurality of
alignment parameters (mag, rot) on the basis of said overlay measurement
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data (110) and said specified set of said overlay correction data (140), said
specified set corresponding to one of said lithography tools (183) of said
combinations used to form said first device layer (186) and one of said

lithography tools (183) used to form said second device layer (187) above
said first device layer (186).



