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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/reticie may vary between the different tools and the different reticies.
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‘ posure 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 previcusly stated, wherein additionally the fine structures, as
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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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basis of said first and second sets of alignment parameter values.

In a further embodiment the method further comprises generating a carrection 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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measurement positions is less than the first plurality of measurement positions.

According to a further illustrative embodiment of the present invention, a method
comprises defining a map of overlay data for a plurality of lithography tool/reticle
combinations for forming a first device layer and aligned thereto a second device
layer of a microstructure device, wherein respective two of the lithography
tool/reticie 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 cohtro!iing aligning, with respect to the first device
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In a further embodiment cantrolling said aligning comprises determining estimated overlay
data for said second plurality of measurement positions from said map of overlay data,
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 provi'ding a higher spatial coverage compared to
said estimated overlay data, and obtaining an overlay correction data on the basis of said
first and second sets of alignment parameter values.

In & 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.

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 vaiues is determined on the basis of said difference.
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I|thogra@mm9&g@@ppm@nsogmgo ferm a first device layer and one of

the lithography tools used to form the second device layer above the first device

layer.

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;



Figs Ib and 1 ¢ schematically illustrate a plurality
of lithography/reticle conbinations used for formng a
speci fied device layer; Fig id schematically
wo toogsbrsaes a top view of a plurality of exposuwrenor0074s3
fields for a conbination ofe two subsequent device
| ayers; Figs le and if schematically illustrate
spatially distributed nmeasurenment positions for
estimating reticle specific registration or placenent
characteristics and |ithography tool distortion
signatures with high spatial coverage according to

Figs 1bi andidesgbematieathoifustsates plirglity of ldhtgsenby/catidly combinations

used f0r|f+ [)é%tgée(ﬁlﬂ BLyiek 1sghene according to one

atrve od I ment” of the present invention; Fig
| h schematically illustrates a control 'scheme for

. all \Y/
Fig 10 SEREREAND (el RS LA br BRINGYEY Lot At ror
combingtidre whtwe subgequanisievisedayense generation of a
t wo- di nensi onal map of overlay data according to other

illustrative enbodi ments including additional
Figs 1ensad utfesatiematically itustrate spatigily distriputaddneasurement positions

for esthis t'%@é!é EEME”@%@U%QH". Bpa fl#enk‘sfzﬁﬁrta'cwls%cs and

] proce alnlng orrectlon I Cl ent
“thogra@b&otqﬂf ngistertioar pignetures uwith ahighe senbaid caeenageofaceording to

illustratRiCeRBbaifyR8L 1 on.

Fig 19 schematically illustrates a control scheme according to one illustrative
embodiment of the present invention;

Fig 1h schematically illustrates a control scheme for determining a two-dimensional
map of overlay data according to one illustrative embodiment;

Fig 1i schematically illustrates the generation of a two-dimensional map of overlay
data according o other iliustrative embodiments including additional measurement
activities; and

Figs 1j and 1k schematically illustrate flow charts illusirating 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
iltustrated 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
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actual device patterns of the respective layer represented by the reticles 181 may
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spatial reBaISUORNEREqYIPEHEST MEF Pt %é@%@d'f mEia%'Eer\'UP‘BSFfo%mg
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the resﬁ’%%%"&s &f C”i%f‘i’l@s SN Ghe afentralt BEPassSi nt by p:tih@:t aldustrative
embodintaits, Pei dirfespdnaiy) Tull B 98&RRirement 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 atgonthm implemented in the alignment
controlier 130,



WD 2008/ 025492PC T/ EP2007/ 007453 20 of resolution of
the correspondi ng map may be sel ected on the basis of
process requirenments. Simlarly, in block 143 a
vwooragspondi ng | ens distortion signature or aay/EpbddenoTsss
characteristic of an exposuyre tool of interest may be
determned, as is for instance previously described
with reference to Fig 1d. In block 144 a "full field"
di stortion representation D(x,y; k) nay be determ ned
for each exposure tool k of interest, wherein in one
illustrative enbodi nent the distortion representation
Thus, dringepraatiay abéheBystemedOdnthendigrasent eintepliar 11861 which may
0 I i,@n nc,
be prog%%‘uat ﬁgnfhlé Q%rlﬁ '09 ﬁ@é&tﬂé@&a‘f&& AE’? éﬁﬁi{ﬂ rE% receive the
corresm@m d@yérGOWSameaaur@menbuatarfr@m th@rm@tr@peaht{) scdnmay

retr|eves3é iatdNERE ok 4ab8s & 128N B P in Q é‘é@h%é form of an
E Fd% Ft% overﬁ}

e a se neasu I ément
overlayrcta;@emﬁpvés @é@éwﬁmnpiap’t@ or @hagy oyher meemanuméated form

or evelfOh! ﬁ?&qagﬁn& il %ﬁ%@[ Str%ateM Pﬁta%ﬂgerﬁeﬁ?r?fafac‘e&t high spatial
corresponding paraneters transla Fagni T cat
coveraget whitgin alii¢ dateeof dbal database i 120 heay gelads |d0nthen¢pollretlcle

combinQLéﬁsCLEé’é‘ for ! QQ\}e‘?Q Igy B%@Sdi{b%gatﬁggé 1w3_gfé?a sgﬁs% 95htroller

e correspon I Ng nMeasur enen
130 mayppicypte gpproppatmpaeamelsr valliesi t@m@tgrmmﬂ ;mamem wherem

in one giﬁlk@FanvteeSm'ogHﬁéht flaerd cﬂ\lr'@ltafﬂeeqc\?%?% drb" 84FivEntly the

ey be determ ned an may represent
corresp@aﬂmsﬁkﬁ‘ﬁmw belwesnt agually masmuh@d @¥posyresrarsaibtainad from

the "fox#%rr‘i@ra%’éa?é@?é‘rheﬁi &&a(ﬁé‘%{%e c%??%sﬁ;&%ﬁx}g g%x%lu% HHreof may

representatlon
be adjysfed,gceerding '@ abcdfsed etemeingd i H@j“stﬁbl@r d@eawement data,

therebyoﬁfcﬁkﬂbrﬁtlﬁtf%ﬁ@%fo\‘ﬁah@ﬁ aéndoﬂ@@ rth%?&ladmi’d’?ﬁé %sﬁ’éﬁtﬁ'e control

wherein onent accord Ing t

algorithmopegoined By ihe B mﬂmqw%"efﬂﬁolvl D(x,y; k) =l k)(2)

Fig 1h schematically illustrates a procesé flow for obtaining the map of overlay data
140 according to one illustrative embodiment of the present invention. In this
embodiment, the "stable” measuremént information, that is, the portion of the
measurement data 101 relating to tool and reticle specific characteristics, may be
obtained independently for the reticles and the lithography tools, as is for instance
described with reference to Fig 1¢c. Thus, in block 141, reticle placement
characteristics may be determined for any desired critical reticle, for instance for
each reticle to be used in the manufacturing environment 180 for a specific device
layer. With respect to appropriate techniques for obtaining the desired information
with a required degree of spatial coverage of the corresponding reticle, it may be
referred to the embodiments as described with reference to Fig 1c. According to
block 142, a “full field" representation, also indicated as RETi{x,y: ) may be
obtained for each reticle | for a specific device layer i, wherein it should be
understood that the “full field” representation may represent a map of closely
spaced data points, which may represent measurement values when a
corresponding high number of measurement values is available, or which may
represent corresponding calculated or interpolated data points, wherein the degree



wherein OVLi (Xx,y; |,k) indicates the total inner field
pl acenment error in the layer i forned by reticle | and
t he exposure tool k. For conveni ence, corresponding
wapHbseraishons of exposure tool/reticle (I, K) pp¥phB7/007453
i ndi cated by index G, whefgein C corresponds to Ci,

CN, where N indicates the total nunber of conbinations
of interest. Based on the respective total placenent
error for each layer, "non-correctabl e" overl ay
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RETi{x yathM T%ﬂ‘h’e K) 17 Q¥LiEYseenbodi MInt shown in Fig 1i,
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also ST i) FiBed8l Lifion I APPESR odd| e ibega SrbRSiment, the
reference to Fig id, the map 145 nay be obtained in
other illustrative enbodinents by directly neasuring
the resulting total placenent errors OVLI (Xx,y; Cn),
OVLj (x,y; Cn) for each layer i, |
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the correspondi ng map 145 nay be obtai ned by

subtracting the respective |ayer contributions, ie.,
Wokdodasyz On) - OVLI (x,y; On), as is previ opgidir2007/007453
described with reference tf the map 140. In this way,
enhanced accuracy of the correspondi ng overl ay data

140 may be achi eved, while only noderately increasing

t he anobunt of neasurenent activity required. Wth

I lgs 1] and 1k, respective process flows
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next laysfbi mayi crestofa sespeictio olhcashtdet8Pln kne Wné’?i(i)r‘é?ﬁﬁgn at a

e N ; in.order toq determ ne respective
zp?cmgopgégﬁhoégh ayCSPF%qqu\yue%V Hefipig e Hpar@spoading difference
etwegrpalh@semtwo postributioss 6f behChyalsq fﬁ?e&irﬁga 'hfdﬂ@ .
£ " nt_  dat be "obt ai red on Padjs non-
correc%?l%f@gg%f??@g%%gﬁp@gﬂé%%sgrggq,d@,hlﬁgw Bawhevidad ks the form of
the mapdHOasAs memumsed:gf?gg&\, g@p%@ﬁ}dﬁ?%%égégﬁﬁgg)m Figs 1e
- , S. (X- Y- :
fmd ng'%%”uf’%&g%pérjg'@?’a{%?e ﬁé&@&”?’s ihaePanael¥ ebtaispgmeispgctive
full ﬂeﬁtr@aregefMMrffenthqomictésmﬂtSint@ﬁstVeg?d’ fogﬁ@‘?@é’ﬁeflﬁiv@%istortion
) n respective dedi cated overlay
charac%egggrgziﬁe drty nao%?gwf%oibqsfde@rggtz l?térgﬁ)%'e}qreesmeathgtrespective

callectipn| aeshe ofespretivormeanmadieny ddth IMBFNbe g & Sn n?yhighty
a respective nodel and the

d i ned si,.s _of r > T
eco‘fpgﬁdr ?@%ﬁ*&%‘ﬁi %r%né;égrr%r"‘g@”@PPoP‘e\?éP efedElivtinedman seasily be
coordznfgqc__i Wi rmanpto_ethaaocma:llqa‘pcesﬁ P@qdmee:;rr@%n '1@% rPanufacturing
. y tk Lgnhent. control ler or
B O R FSi T o HhBRE o\aP Ualebi Svariay correction ata
i requr,r@@,@@pﬂ@épp@diam@a&rmnbpr?&ed,m&\flﬁégﬁéﬁdrhﬁad with respect
to tool GRIIABRANIkG. " ment . val ues" nm e represente
> 100 by tzﬁggg’o??ig%ow%gn" ¥'oapdc@‘ren@fe* Wﬁ%gu\:ﬁ‘é’ﬁﬂ@d affgcting the
overall gfasgss §lpw ipdheiamyiranment 480or r espondi ng nodel and a

respective optim zation techni que as described with
. _reference to equation (1) may be used in order to
Fig 1i seneinaticalyoiiustipesdangrqrasantderinvahled. tHa rebp&divEO e of

vy ey oy oo SEEERAT LInEE U ninsidey | seging ar
1ncreasq£§m9éxng)g§é@pmtiv@@veﬂay data.elrdtheoMesirative embodiment shown
in Fig 1i, a respective reduced map OVL*i,j(x,y; Cn) may directly be measured for
all fayer combinations of interest and for alf tool/reticle pairs of interest. For this
purpose, the respective reticles and toois may be used in forming the respective
device layers i, | 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 embadiments by directly measuring
the resulting total placement errors OVLi(x,y; Cn), OVLj(x,y: Cn) for each layer i, j



error values 140 in order to obtain correspondi ng
paranet er val ues representing WO
20081025492PCT/ EP2007/ 007453 23 the influence of the
waotmanfsiel d characteristics on the correspon@ii@reo7007453
process for obtaining updated paraneter val ues. For
exanpl e, respective paraneter values nmay be cal cul ated
for a plurality of intra field positions and the
correspondi ng paraneter val ues nmay be averaged in any
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In block 153 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
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operation of the alignnent system 100, the controller

130 may retrieve the correspondi ng corrected paraneter

wabwgotssom t he dat abase 120, or the control | Q@B me¥s;

performthe respective steps of blocks 151 - 154 at

any appropriate point in time on the basis of

appropriate overlay data having a high spati al

coverage, such as the overlay map 140. It should be
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equation (3), the first term on the right side and the corresponding parameter vaiue
obtained in block 152, ie. the second term in equation (3).

Txcorr = T,(OVL],i(x,y) - T.(OVL},i(x-corner,y-corner}) (3)



25 map 140, as is for instance described in Fig 1j in
bl ock 151. Thus, nodified "four corner" overlay val ues
are obtained in which the corresponding intra field
vomabgHBwki on is taken into account. Based oOBciR®2007/007453
corresponding nodified "fowr corner” values of block
157, respective paraneter values nay be obtained in
bl ock 152a, which substantially corresponds to bl ock
152 in Fig 1j, wherein however the nodified "four
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map 140, as is for instance described in Fig 1 in block 151. Thus, modified “four
corner” overlay values are obtained in which the corresponding intra field
contribution is taken into account. Based on the corresponding modified “four
corner” values of block 157, respective parameter values may be obtained in block
152a, which substantially corresponds to block 152 in Fig 1j, wherein however the
modified “four corner’ data are used. Consequently, the corresponding parameter
values obtained in block 152a may differ from the corresponding parameter values
of block 162, since the corresponding intra field contributions are included to a
higher extent compared to the parameter values of block 152. Thereafter, block
164 as also explained with reference to Fig 1j may be performed in order to obtain
appropriate correction values, for instance respective differences of the
corresponding parameter values of block 152a and of block 155. Thus, in this
tllustrative embodiment, the intra field components may be taken into consideration
for the determination of the respective correction values with a reduced
dependency on corresponding control algorithms, that is, on corresponding
optimization technigques.

As a resulit, the present invention provides an enhanced technique for controlling
alignment processes to be performed when forming subsequent device layers of
microstructure devices on the basis of a plurality of exposure toals and a plurality of
reticles, wharein one or more reticles of the same type may be used for a
respective first device layer and wherein one or more equivalent reticles may be
used for the second device layer. While in conventional techniques typically
advanced APC strategies are performed on the basis of overlay measurament data
having a moderately 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 maoving 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
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layers. Since the corresponding correction values may be available for any desired
combination, even highly complex process situations may be covered by the
corresponding database entries, wherein a high degree of flexibility is
accomplished, since the corresponding datébase may readily be extended with
respect to any new process situation, which may for instance occur when an
additional reticle, a8 new exposure device, and the like, are introduced into the
respective manufacturing environment. Since the corresponding determination of
the respective parameter correction values may substantially be decoupled from the
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 carrection
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



4. The method of claim2, wherein generating said

i magi ng distortion data sets conprises determning a

| ens distortion signature for each of said plurality
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5. The nethod of claiml, wherein generating said
overlay correction data conprises form ng said
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correction data conprises determ ning an overlay nap
on the basis of said first plurality of neasurenent
positions, determning estimted overlay data for said
second plurality of neasurenent positions fromsaid
overlay map, determning a first set of alignnent
par aneter val ues on the basis of said estinmated
overlay data, determ ning a second set of alignnent
paraneter values on the basis of at |east a portion of
said overlay map, said portion providing a higher
spatial coverage conpared to said estinated overlay
data, and obtaining said overlay correction data on
the basis of said first and second sets of alignnent
par anet er val ues.



7. The nethod of claim®6, further conprising

generating a correction value for each alignnent

paranmeter on the basis of a difference of a value from

said first set and a value thereof fromsaid second

set. 8. The method of claim®6, further

conprising generating a co¥ection value for each

al i gnnent paraneter on the basis of a difference of
Whehis¢lagned:mat ed overlay data and a residual overlay

error determ ned on the basis of said overlay map,

wherein said first set of alignnment paraneter val ues

i s et erArandtbdpeonigisingasi s of said difference.
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defined by one or more second photomasks, said first and second device layers being
formed by using a plurality of lithography tools, said overlay compensation data obtained
from a first plurality of measurement positions within said first and second photomasks;

forming said first device layer on a first product substrate using one of said first
photomasks and one of said plurality of lithography tools; and

aligning one of said second photomasks, used in one of said plurality of
lithography tools, to said first device layer formed on said first product substrate by using
said overlay correction data and an overlay measurement data obtained from a second
plurality of measurement positions of a previously processed substrate having formed
thereon said first and second layers, said second plurality of measurement positions being

less than said first plurality of measurement positions,

2. The method of claim |, wherein generating said overlay cotrection data
comprises generating a respective placement data set for each of said first and second
photomasks and generating an imaging distortion data set for each of said plurality of

lithography tools.

3. The method of claim 2, wherein generating said respective placement data
sets comprises providing a placement measurement mark at each of said first plurality of

measurement positions.

4, The method of claim 2, wherein generating said imaging distortion data
sets comprises determining a lens distortion signature for each of said plurality of

lithography tools and determining residual placement errors for said lens distortion
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he nmet hod of claim 11, further conprising
valigat ermining a regi stration map for each of said
reticles on the basis of said placenent data.

7. The method of claim 6, further comprising generating a correction value
for cach alignment parameter on the basis of a difference of a value from said first set and

& value thereof from said second set.

8. The method of claim 6, further comprising generating a correction value
for each alignment parameter on the basis of a difference of said estimated overlay data
and a residual overlay ervor determined on the basis of said overlay map, wherein said

tust set of alignment parameter values is determined on the basis of said difference.
9. The method of claim |, wherein said overlay correction data determines an
offset of a target value of an aligniment parameter used as a manipulated variable for

controlling said aligning of said second layer.

[0. A method, comprising:



13. The nmethod of claim 12, further conprising
determ ning residual placenent errors on the basis of
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17. The method of claim 16, further conprising

generating a correction val ue

tE. The method of claim 10, wherein defining said map of overlay correction
data comprises determining placement data for each reticle of said plurality of
fithography tool/reticle combinations on the basis of placement measurement positions
providing a higher spatial coverage compared to said second plurality of measurement

positions, and determining a lens distortion signature for each lithography tool used.

12, The method of claim [1, further comprising determining a registration

map for each of said reticles on the basis of said placement data.

[3.  The method of claim 12, further comprising determining residual
placement errors on the basis of an alignment model and said lens distortion signatures

and determining a distortion map on the basis of said residual placement errors.

4. The method of claim 13, further comprising combining said distortion
map and said registration map for each of said lithography tool/reticle combinations to

define said map of overlay data.



for each alignnment paranmeter on the basis of a
difference of a value fromsaid first set and a val ue

t hereof from said second set. 18. The net hod of
claim 16, further conprising generating a correction
val ue for each alignnment paranmeter on the basis of a

di fference of said estinmat®d overlay data and a

resi dual overlay error determ ned on the basis of said
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l'ithography tool/reticle conbination.
16.  The method of claim 10, wherein controlling said aligning comprises

determining estimated overlay data for said second plurality of measurement positions
from said map of overlay data, 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 an
overlay correction data on the basis of said first and second sets of alignment parameter

values.

7. The method of claim 16, further comprising 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.

18. The method of claim 16, further comprising 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.

19, The method of claim 10, wherein said first device layer of said first
substrate is formed using said first lithography tool/reticle combination and said second
device layer of said first substrate is formed using said second lithography tool/reticle

combination.



