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obj ect being to experience. at |east one preceding processing step

5 The

performed each by one 10 processing device out of at |east one set of
processi ng de- vices, the adjustnment in said processing tool being con-

trolled by a control unit. In sem conductol device. or flat pane

di spl ay,
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vices, the adjustment in said process1ng tool being con-

trolled by a control unit.

'In'semiconductor'devioeAor flat panel display, etc., manufac-

15 turing{'minimum structure sizes are intended to be ishrinked

continuously in order to achieve high den31t1es of patterns'q

and structures in integrated devices.

Currently, lithography for structuring such patterns bécomes

20 - increasingly challenging whenAextending to minimum structure

sizes equal_to or lower than 0.25 pm technologies. Strong re-

" quirements concerning critical dimension, overlay or allgn—

ment, etc., are to be fulfilled.

25 While limitations on minimum structure sizes can easily be

investigated and derived from the lithography part of the

semiconductor device manufacturing sequence of steps, such

challenging limitations may also be inferred from other'semi—

‘conductor device processing steps, in partlcular those pre-

30 cedlng the llthography step. For example, in the case of

semlconductor wafers, the step of chemical-mechanical polish-

ing (CMP) is known to affect the structure of aligﬂment marks

either by obscuration of suchimarks or by producing inclined

and offset, i. e. shifted, alignment profiles. Therefore,

the

35 abrading effect directly influences the alignment step prior

to exposing the following resist 1ayer.



35 abrading effect directly influences the alignnment step prior

to

exposing the following resist' layer. WO 02/088858 PCT/ EP02/ 04539 2 Thus,

si nce prewoau®sgssOCcessi ng becones i ncreasingly inpor- tantcr@mpror/bessgur rent

step adjustnent, nethods have evolved to statistically increase the yield

for the production of sem - conductor devices. As shown in figure 1 for the
exanple of 5 manufacturing .. sem conductor. wafers conbined into |ots,

sem - conductor wafers are provided to a processing tool, i. e.

t he

l'i thography tool in this exanple, and are.exposed and proc- essed with:a
set of processing paraneters such as alignnment shifts and scal es,
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t ages. me 1's ent by..processing a nunber of test.wafers in.

tool oxr 1ts control unit, respectlvely If the metrology re-

sults fail some SpeCLflcatlon, a new llthography run is done .

with new test wafers. To accomplish thlS, the metrology pa-

15 rameters like overlay, critical dimension, etc., are recalcu-

lated or reinterpreted by the control unit in terms of e.g.

exposure parameter adjustments. The adjustments performed on

the test wafers are then verified to be successful one more

time using said overiay tool. Using this feedback cycle, pro-

20 duction wafers eventually pass the metrology measurement in

order to be further processed.

The measurement results and the process parameter settings

are tYpically'stdred in a database for providing a calcula-

25 tion of those optimal parameter settings, which provide the

highest yield of wafers.

This method, although providing a closed-loop control cir-

'cuit, unfortunately comes togéther with several disadvan-

30 tages. Time is spent by - process1ng a number of test wafers in -

order to retrieve a productlon wafer, lithography tool capac-

1ty is reduced, test wafer material is consumed non-

productively, and the time to produce a wafer is prolonged.

In particular, the scatter in overlay measurement data of wa-

35 fers in . a lot statistically is still considerably resulting

in a reduced yield.



order to retrieve a production wafer, |ithography tool capac- ity is
reduced, test wafer material is consuned non- productively, and the tine to
produce awea2®Bssss prol onged. in particular,. the scatter POT/EPO2DIsay
measurenent data of wa- 35 fers in a lot statistically is still
considerably resulting in a reduced yield. WO 02/088858 PCT/ EPO2/ 04539 3
It is therefore a primary objective of the present invention to reduce the
anount of rework in manufacturing plate-like objects, e.g. sem conductor
devices or flat panel displays, thereby inproving the quality, and saving
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processing said plate-like 15 object, generating a token associated with
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processi pavieel olgi 89 hhelédbusbﬁd PEOCEESpPAEasE B Sdedbedbe trE M OF
pl ate-1i ke object  use n this docungnt.refers to deYicgs conpr|3|ng a

substratéuﬁEWﬁBttbanEégvgrQCEF?nguF8°l being cont

trol unit, comprising the steps of providing a plate-like ob-
ject to said processing device, processing said plate-like

15 object, generating a token associated with said plate-like
object, representing the processing device that has been used
for the preceding processing step, transferring said token to
said control unit, transferring said plate-like object to
said processing tool, adjusting the process parameters of

20 said processing tool using said control unit in dependence of
the processing device being associated with said token, per-
forming the process step on said plate-like object in said

processing tool using the adjusted process parameters.

25 The term of plate-like object used in this document refers to
devices comprising a substrate being to receive a structure
on its surface in a sequence of processing steps involving
critical variables (i.e. processing parameters), in particu-
lar semiconductor wafers, masks or reticles, compact discs,

30 or flat panel displays. The following description of the in-
vention concentrates on the case of semiconductor devices,
but is also valid for other embodiments of plate-like objects

as stated above.

35 The term processing tool refers to the manufacturing appara-
tus or arrangement, where according to the present method the

processing parameters are to be adjusted. Processing device



on its surface in a sequence of processing steps involving critical

vari ables (i.e. processing paraneters), in particu- |lar sem conductor

waf ers, maoke/0esssseti cl es, conpact discs, 30 or flat panelpcadieppb/oass? The
foll owi ng description of the in- vention concentrates on the case of

sem conductor devices, but is also valid for other enbodi nents of

pl ate-1i ke objects as stated above. 35 The term processing tool refers to
t he manuf acturing appara- tus or arrangengnt, where according to the
present nethod the processing paraneters are to be adjusted. Processing
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the processing tool under consideration. The differing proc-
essing conditions inside these devices generally vary from
15 processing device supplier to supplier, but even vary within

groups of processing devices of the same type.

Because e. g. the variations between the processing devices

depend on conditions inferred most probably from the time of
20 their construction, or system maintenance setups, these

variations are reflected by parameter offsets that are con-

stant for a time.

According to the method of the present invention, the semi-

25 conductor devices, e. g. wafers, which are commonly distrib-
uted over a set of processing devices performing the same
tasks preceding the step currently under consideration, are
each supplied with a token. The token consists of at least a
pair of data which is the wafer identification and the proc-

30 essing device that has been used in the preceding step. The
wafer identification is necessary in order to regain the in-
formation for the current process step under consideration of
which processing device has been used in the preceding step.
Typically, an identification is not physically marked on the

35 semiconductor device or wafer surface. Rather, the name of
the device carrier, which is used to transport devices

through the fab, and the slot number enable a re-



According to the nethod of the present invention, the sem - 25 conductor
devices, e. g. wafers, which are comonly distrib- uted over a set of
processi fgodewsssses perform ng the sane tasks precedi ng treTatrepo4say rent!ly
under consideration, are each supplied with a token. The token consists of
at least a pair of data which is the wafer identification and the proc 30
essing device that has been used in the preceding step. The wafer
identification is necessary in order to rggaln the in- formation for the
current process step under consideration whi ch processi ng devi ce has
been useddentifiécptéondpigast épdivigpatawbferanThdeafotecathentokenst
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devi ces QE%E§8§'in a preceding step according to the process- ing device
used. By t ot nunber of the corresponding de- vice in the device
carri®r, it is then known which processing 15 device had been active to
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I this ggggéeghgrocess in a preceding step according to the process-
ing device used. By the slot number of the corresponding de-
vice in the device carrier, it is then known which processing
15 device had been active to process the corresponding semicon-
ductor device or wafer inside said slot. In this case, the
slot number gives the wafer identification and a correspond-

ing token can be generated.

20 A main advantage of the present invention is, that the proc-
essing parameters of the corresponding processing tool being
under investigation can be adjusted for compensating the in-
dividual variations of said processing devices which affect
characteristics of the semiconductor devices which are used

25 to perform the current processing step. In the example of
chemical-mechanical polishing of semiconductor wafers in a
preceding step, an alignment mark that is constantly offset
in one of the CMP-apparatus, by identification of the semi-
conductor wafer the token is analyzed to give the identifica-

30 tion of the processing device of the preceding CMP-step, and
a control unit controlling the current lithographic process-
ing tool can apply a compensating adjustment of the corre-
sponding alignment parameters, if the constant offset of the
CMP-apparatus is known.

35
Preferably, these data are stored in a database connected to

the control unit. This adjustment advantageously leads to a



sl ot nunber gives the wafer identification and a correspond- ing token can
be generated. 20 A nmain advantage of the present invention is, that the
proc- esswiog2psssasret ers of the correspondi ng processi ng t @olT/EPe2/mF39 under

i nvestigation can be adjusted for conpensating the in- dividual variations
of said processing devices which affect characteristics of the

sem conduct or devices which are used 25 to performthe current processing
step. In the exanple of chemi cal-nmechanigal polishing of sem conductor
wafers in a preceding step, an alignnent mark that is constantly offset

in one ofedhetChp- @fparatustippli deattercafi vatvplear weasurevedudtof waf er
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WO 02/ 0888580cBEPLEPB2/ 04539 6 reduction of statistical scatter of
met rol ogy nmeasurenents of sanples of sem conductor wafers or other devices

such as flat panel displays. Mreover, since these variation effects can
be conpeRbaredoreedtbas ssydcendnararefanteeoprogesgingt neebd GvP- apar at us
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wast’® of Lpreceasi RELEESLVRAY ?g F@Sgcﬁgn effectively be reduced. In
si ngl e-waf er-tracki ng, or single-device-tracking, respec-

In single-wafer-tracking, or single-device-tracking, respec-
tively, each wafer is processed with its own token. Since
each token may reflect differing processing being used in a
15 preceding step for the current wafer, the processing tool, e.
g. the lithography tool, can have different adjustments of
processing parameters from wafer to wafer. Because the token
may be forwarded automatically and the control unit can ana-
lyse the token immediately, no operator efforts are necessary
20 to control the processing tool adjustment for individual wa-

fers or other semiconductor devices.

In a further aspect, the processing devices of the preceding
step are considered to be at least one of chemical-mechanical

25 polishing (CMP), etching or chemical vapor disposition (CVD).

Also, the processing tool in the case of semiconductor de-

vices being wafers, needs not to be restricted to lithography

tools. For example, it can be an etching tool while the pre-
30 ceding step preparing the etching is a developing step per-

formed in a lithography cluster, etc.

Two further aspects consider different mechanisms of feeding

quality measurements results to the control unit that needs
35 to know how to adjust a processing parameter for a semicon-

ductor device with a known preceding processing device due to

the token. In both aspects, the quality measurements are



tively, each wafer is processed with its own token. Since each token may
reflect differing processing being used in a 15 preceding step for the
current waanr/osg¢sse processing tool, e. g. the |ithographydnimroz/osan have
di fferent adjustnents of processing paraneters fromwafer to wafer.
Because the token may be forwarded automatically and the control unit can
ana- |lyse the token imedi ately, no operator efforts are necessary 20 to
control the processing tool adjustnent for individual wa- fers or other
sem conductor devices. In a further aspect, the processing devices of the
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or waf er rahetkeeddjustment for the wafer.

15 The control unit also may accumulate the data of wafers that
recently have been processed on the same processing device as
that of the current wafer. Such a method increases the sta-

tistical basis for establishing compensating adjustments.

20 While in the first aspect, the quality measurements of the
wafer are used directly to adjust the processing parameters
of the same wafer, the second aspect considers a situation,
where this is not possible. In case the metrology tool per-
forms the measurement after the wafer has been processed, the

25 measurement results can be fed back to the control unit of
the processing tool, e. g. the lithography tool, which fol-
lows a CMP-step. The prerequisite according to this aspect
therefore is that the knowledge of which compensation is nec-
essary for which processing parameter for the adjustment has

30 to be built up by the control unit priorily. This is provided
by the feedback mechanism of the metrology results. A follow-
ing semiconductor device, e. g. wafer, which has experience
the same preceding processing device as the current semicon-
ductor device, or wafer, essentially is adjusted by input

35 from the current, or preceding, respecting, wafer measurement
results. As in the previous aspect, data from just the pre-

ceding semiconductor device or accumulated data can be used



forwarded to the control unit. The control unit receives the 10 token of
the wafer, identifies the processing device that has been used, and

conpar es woa2messsgir enent results with targets. This conp@cTspo2/b4sen i s
converted into a new processing pa- raneter adjustnment for the wafer. 15
The control unit also may accunul ate the data of wafers that recently have
been processed on the sanme processing device as that of the current wafer.

Such a nethod increases the sta- tisticaIBbasis for establishing
conpensating adjustnments. 20 Wiile in the first aspect, the quality
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35 fromthe current Erec resgectln waf er neasurenment results.
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According to one aspect, simple fuzzy logic rules can be set
up to hold the system and do the calculation a straight for-
ward as possible and allow an improvement of the rules on a

20 day-to-day basis. If e. g. it is found that substantially one
processing parameter is related to one substantially one me-
trology parameter, i.e. measurement parameter, engineers may
adapt the relation according to the most recent results or
findings.

25
In another aspect, a more sophisticated relationship between
measurement results and processing parameters can be set up
by establishing a neural network. The control unit then com-
prises an essentially self-learning system that is improved

30 with each new quality measurement input.

The database, or database matrix, at least needs the informa-
tion of the individual semiconductor device identification,
the processing device number, and the adjusted values of the
35 set of processing parameters, or alternatively the measure-
ment results prior to being converted to adjusted values. In

a further aspect, the semiconductor devices, in particular



5 late the new set of values for adjusting the processing pa- ranmeters
conbi ning the netrol ogy neasurenent results and the token of a

sem conduwoar/osgster . 1 n a preferabl e enbodi nent, a datab@sa/EPar/niss9oi s set
up in which for each processing device the resulting quality neasurenent
results are noticed, and 10 from which by setting up a systemof rules or
formulas, a conversion fromneasurenent results into processing paraneter
adj ust ments or conpensations can be calcujated. Each new seni conductor
device quality neasurenment is attached to this database matrix for both
aspect s sémfieendtctomrdabersecdrpacknsidened hoelsbe pAstoudtwged ovbhle aspect,

si npl e fHzﬁxmhﬂgf&aﬁﬁksssgéasbsfsgéssueha@ @oiﬂdhne BYSl @R 80 A9 1 he
calculation a strai or- ward possi bl e an ow an 1 nprovenent of

the rul e4cbfi- ath® 8893%656591b%%?%te¥fm%asﬁre@t1?sm$E£%H°$ﬁaE°%%%stant|aIIy

one progpgesi BGc@ﬂéaﬁ&f@ich$a££j/ailﬁﬁofﬁa@@e Bhbsé Boté Al tlye Opfes@nt t r ol ogy
par anet e

aranmeter_, en t.the relation
accoﬁhln@eroghgaﬁﬁéFuf%EgﬁtQWBEﬂY?g e ?%%ﬁ&‘@%en %a?ﬁgg behEtg aspect, a
nore sopbhebecptreducekati onshi p between neasurenent results and processing
paranmeters can be set up by establishing a neural network. The control
unit then com prises an essentially self-learning systemthat is inproved
30 with &ach hewtheul Aspeabasthenenecespimg deeices apsee, inrtiatpbase

matrix, aédhﬁ§SEtQ§eQ§etBsngmaefaa tbi 8 ﬁ%oéégsiﬂglybéygl Seng comwpict or
device identifTication rocessi ng device nunber, and the adjusted

val uds OPPPHEaSBSse%1§F°§FéEE¥SFﬂalﬁar%ﬁ%te?% ape GPLBIRErEdefy Phe
measur e- pBBksEeaY| EBaRbelE b6 bRENGrCOOYErbEdthe pdpusteinyatsdds, In a

Lg}}EggzggﬁgégélsoecﬁggkggHQUCtgamgg¥l8§§iaé ggrﬁégglgéegm%ggég§§§58
by the inventors, or processing heads for holding a semicon-
ductor device in a processing tool like CMP-heads, etching

15 wafer chucks, hot or cool plates, coater chucks, etc.
Also for the latter devices, head-to-head variations result-
ing in differing metrology parameters have been observed and
can advantageously according to the present invention be com-
pensated by adjusting the processing parameters of each wafer
20 individually.

Further aspects and advantages are evident from the dependent

claims.

25 The invention will be better understood by reference to the
following description of embodiments of the invention taken

in conjunction with the accompanying drawings, wherein

figure 1 shows a method for adjusting processing parameters
30 according to prior art,

figure 2 shows an embodiment of the present invention for
adjusting processing parameters in a lithographic
tool by feeding back metrology measurement results,
35
figure 3 shows an embodiment according to the present inven-

tion for adjusting the processing parameters of an



9 sem conductor wafers, are considered to be structured with m ninmum
feature sizes of less than 0.14 m For these prod- ucts, the statistical
scatter nwesnnessss n netrol ogy tools have becone parti cul &cTyEPOPGES ant .
Therefore, the present 5 method particularly inproves the yield when

manuf acturing these products. In a further aspect, the processing devices
used in the pre- ceding step are considered to be processing tools, e. g.
CVP- 10 apparatus, lithography tools, etg.0 or are considered to be
processi ng chanbers of one or nore of thé processing tools, since also
chanber - t o- chanberetvahiag i tosl hay ef eedingbterwadd hyt tdibogwyvesasrss - or
processi ng heads fg n@°£€%@9t _sem con- ductor device in a processing tool
| i ke CMP-heads, etching waf er chucks, hot or cool plates, coater chucks,
etc. Also for the latter devices, head-to-head variations result- ing in

di fferi ngnaehephedyopakayBLet Sghg¥yecbssingbseryfdand ofan adviadt ageously
according to the present i nvention g; %on} pensated b wﬁdiﬁsﬁln t he
2 rthe

processi H§2Bat SnkPert s28f 2BathaWRt &r r?ﬂﬁi@?ﬁuh?l?hg 1g¢hect s and

advant aggassaeeieui 8enk Eeguehbe deppndesssingastdps 2bofheahvfeatupingi || be

better understood.b refergnce to_the. ffilomﬁn description of -eghodi ments

of the i RvERPTERICHRERT VR EbnPUREITEHCHETR CRADEEEORpARTT REP P S is,

wher ei n apgarettsshaws2h frel howeflobyatheastingoprapkssi hgopat amelrerls 30

accor di ng gl @oRfLAEAAE: ahi GYEE12ySBYE 3N ENBAGLIESh, Ofobhe; Pl esegh-
agjustrn Y n ¥|t%

i nvention for g process ng Earaneters [ hographic  tool by
feedithg bzekledt byl 8ggonrbasdr BRekt S5r BQurhich 3ttachedels ahéukahapse

enbodi negt according to the present inven-

A lot of semiconductor wafers 20 is input to the CMP-
apparatus 2a, 2b for processing. The lot of wafers is com-
15 bined into a semiconductor wafer carrier. After polishing
semiconductor wafers 20 are loaded back into the device car-
rier and transferred to the lithography tool 1. From preced-
ingly processed wafer lots, the control unit 5 gained infor-
mation, which is stored in database 6, how to adjust the 1li-
20 thography parameters exposure dose, focus channel and align-
ment parameters in order to retrieve the highest lithography
step yield with respect to critical dimension and overlay
specification. Implicitly, the control unit compensates for
an average offset of all CMP—apparatus present and actively

25 processing in the fab.

After carrying out the lithography step, the wafers are
transferred to the overlay tool 3 performing the critical di-
mension and overlay measurement. If the wafers 20 pass the

30 metrology examination, they are moved forward for further
processing. If the wafers 20 failed to lie within specifica-
tions, they are moved into rework into lithography tool 1.
The corresponding measurement results in any case are sent to
the control unit in order to improve the databases on which

35 an adjustment is decided.



tion for adjusting the processing paraneters of an WO 02/ 088858

PCT/ EPO2/ 04539 10 etching tool by feeding forward netrol ogy neasure- nent
resul ts. woezmstssod of adj usting processing paraneters of paTiEPDE®4539 gr aphi ¢
tool as an exanple of prior art is shown in figure 1. A section of a
sequence of processing steps for manufacturing a sem conductor wafer
schematically conprises a group of CMP- apparatus 2a, 2b followed by the
l'ithographic tool 1, which is followed Ry an overlay tool 3. Lithography
tool 1 is con 10 trolled by a control_unit 5 to which attached is a
databaseIn69r¢@FOFOOFr¥eﬁPgoﬁdE%§%@nﬁﬁlﬁr%u?ﬁsi§°¥nbh? PEOERSS ENp-pa-

appar at Upadace2B, f pesPrRaesesngl dhe Latedf aMafgrscésse@nridstbinediinto a
sem conduct or fer cgrrler. Adtei gol|s |$g sem conduct or wafers_20 are

| oaded bRRRIFAPBYt heClelr cERcAYSTTR%r QR 1 r BRSY eFFBdRE t FEA T RAB gt Aphy
tool 1. &raerptecedriEfpgtyepeoressedesafef thésprobesgoparahetiert 5 gai ned
i nfor- mation, ich is,stored in t e 6. how. to adjust .t i 20

{ hoornpna paP ankPerbualhle b e solats; BRA2 g ARMeeRR0 'Sha' O,

par amet ewbole deodeoftwafersi 20eishpracghesd withoghepaypasampterel drwith
respect %881@&15%&9@' of eagfsggﬁ_ggga%e&gaus pﬁ&fé#&gf??é‘baﬁ lighfly, the

control Uni npensat es fc average offsel o CMP- appar at us
present Wadcxrst 20epyilRsipibcEesPAgS| Riehevenbay AFPRErehr r TRAgSBEECERe

l'i thogr aghytgtepurtBatWaEer srapeoctsanahepsaméOetbei SVRGLAN £80koB-
perforn1ng@&he critical di- nension and overlay neasurenment. |If the wafers

20 pdks FREL3BHEt Pol ogy examination, they are noved forward for further

processing. If the wafers 20 failed to lie within specifica- tions, they

are aneg kgggtrg 5 i%gkg EEEQQSESQhXOtQRE %éthod of the present in-
vention revealing the aspect of feeding back metrology meas-
urements is shown in figure 2. The same sequence of process-

15 1ing steps and devices as shown in figure 1 are displayed.

After being processed in CMP-apparatus 2a, 2b, the semicon-
ductor wafers 20 of a lot aré associated with a token 10a,
10b each, generated and performed by the fabrication-wide

20 CIM-system. The token is a data string containing the lot
number, the slot number in the wafer carrier, and the proc-
essing device number. If occasionally wafers 20 are unloaded
and loaded to a new carrier, a possible new slot number for a
wafer is tracked and the token is updated. The token is then

25 submitted to the control unit 5 of the lithography tool 1. A
database 6 is made available to the control unit 5 comprising
information, i. e. a database matrix, of what compensation in
terms of lithography parameter adjustment is necessary for a
wafer 20 depending on which processing device 2a, 2b has been

30 used to polish said wafer 20.

Eventually, the wafers 20 subsequently are introduced to the
lithography tool 1, and by unioading the wafers 20 from the
carrier, the control unit retrieves the wafer identification,
35 i. e. the lot number and the slot number. The control unit 5
evaluates the corresponding token, which also has been stored
in a database table, and thereby retrieves the CMP-apparatus



The correspondi ng neasurenment results in any case are sent to the control
unit in order to inprove the databases on which 35 an adjustnent is

deci ded. W0 002888858 PCT/ EP02/ 04539 11 In order to try eaa/Epoyvessonabl e
guess for the processing pa- ranmeters, test wafers 21 are added and
processed first in li- thography tool 1. In overlay tool 3 they are then
examned in order to verify the correctness of the process paraneter 5
guess. Eventually, the guess that was squpssful and the whole |ot of
wafers 20 is processed with these paraneteéers ir- respective of the

CMP- appanaedsbysttibeWafer . PEbbabbptrebnenihabetrbenoadjustsfaheé 1od-pass the

overl ay EﬂegggiﬁhyTgsoiuggféaeteg é@@tEH?éGBE %?igﬁ&eﬂfocgﬁﬁbwrepar anet ers

is noted to first enmbodi nent accor to the met hod
of the pfesentand- Loenei eRapBeealRngrefE BIpeeTrersieediay %%%klﬂ%%rology

nmeas- ur@iBOLAS tRpSBeWN-bRfEEEYr 8r2valigr $8A8. sequence of process- 15 ing
steps and devices as shown in figure 1 are displayed. After being processed

in - appar atus 2a, 2b, the semicon- ductor wafers 20 of a lot are
associ at rdtert bha Lokhogt8phy 4bbpeathe gembcahédcand pefépsned byet he

fabricat'on de_ 2 I sfem, The en | a ring,.containing the
ot nunber SRR FonEREer T Tt bt o7 - clpPrhrbexEarpRar B o P RLeY g
devi ce nanﬂecrltﬁceécdsmenahby ma&ense@enareDuﬁlbadEUe apuptnagedono a new

carrier, @p9§§éh9hge”§ét§5ﬁ%nﬂg”@Ef ng ¥ere&@58 éﬁdtiéc§89tﬁﬁgu£8 token

S update he token 1st d control unit 5 o t he
| i t Hoyr aplyunespested eyanhBasenesesvWihlebavapraunicabedheocbierePiunit 5

conpri si pgo1i BhOENBt hAA, the Qatabdatahege. n@hibxma9fré@@ltcﬂﬂpﬁﬁsé&LOn in
terns of I|tha%ﬁaﬁ garaneter gd%ustnent i's necessary.for mafe{
dependi ng*6/° O%F EELOPNYLEBY R cECERI TOBCRE ST BERD 1neer1n9 analy-

sis of result, or an action notification sent to an engineer
requiring an action or a disposition.

15
According to figure 2, the overlay measurement is considered
to be successful and the metrology measurement results are
fed back to control unit 5 to be stored in database 6. There,
with the help of neuronal network, a suitable relation is

20 formed, and improved between compensational adjustment and
metrology measurement result. This relation can be estab-
lished since the tokens 10a, 10b remained active and were
still known to overlay tool 3. The newly calculated CMP-
apparatus dependent exposure pérameter settings are then used

25 for the next wafer lot as input in lithography tool 1.

Another embodiment according to the method of the present in-
vention revealing the feed-forward mechanism is shown in fig-
ure 3. Semiconductor wafers 20 are introduced to a deposition

30 process in CVD-tools 2a, 2b. The sequence is followed by a
thickness measurement step in ellipsometer 3 and - among
other lithography steps - a developing step in lithography
clusters 2a', 2b' being a combination of exposure tool and
photoresist track. This is followed by a metrology step in

35 overlay tool 3'. In an etching step, the processing parame-

ters of a processing tool 1, i. e. etching tool, are to be



30 used to polish said wafer 20. Eventually, the wafers 20 subsequently are
introduced to the Ilithography tool 1, and by unloading the wafers 20 from
t he carrweroz/osdsss control unit retrieves the wafer identi fPicaapPonms3Bs 1. e.
the | ot nunber and the slot nunber. The control unit 5 evaluates the
correspondi ng token, which also has been stored in a database table, and
thereby retrieves the CWVP-apparatus WO 02/ 088858 PCT/ EP02/ 04539 12 used by
this wafer. The control unit 5 then adjustss the |li- thography tool

paraneter settings of alignnment, exposure dose, and focus chapnel in order
to conpeAdatetedr LoKeepRbi WafPduaFOCKPIPEBFabEf E8FsVAriohiPAe HRSM 5 After

the |ithegpapbylstepcvbheosenhaandusinodewsieper28upr eo Geassbperedupo the
overlay tool 3, which perfornms the overlay and critical dinmension

measurenent. Due to the conpensation inprovenent, re-work is strongly
reduced @hd ilstcast sphitedntd aogunerpeft €WDetenls. 2ahe8k, wahdl bach

commini cabed.! 95! BEEITeal LoknUBbkeRsaR8al N2oHAl 3RASE,POGCHy TRhS FBY. M esUl!
in am ad-" Fti onal’ BOrFect I on w a requi renent for eng|ne¥r|ng analy- sis
of resul wider Ca3M-syekem-notification sent to an engineer requiring an
action or a disposition. 15 According to figure 2, the overlay neasurenent

is considered to be successful and the netrology measurepent results are
fed backThE EBAFKBESEnMEaSUEETEBLSEEFEAEENPRALSRESE BY ?ﬁgﬁE?omﬁF?ﬁ fhe

hel p of geur gaalvar@edOKkl, canswbllabhetr 8, abhon iresd0tf benrd, canfleespdoved
bet ween ens%tion j;ust ment a

| ad d | . Thi
rel atd on ga gL&&t 3 ?D$F§ﬁ88t§PHCeQPﬁsggngﬁggiégg%%gégFgﬁ%i%ggggé?iIe!an

were stihl akdawabaseowatirayx ool 3. The new y cal cul ated CMWP-

Meanwhile, semiconductor wafers 20 have entered a group of
lithographic clusters 2a', 2b' being split to be manufactured
15 1in parallel.

After being developed, each in one of the developer cups
within the lithography clusters 2a', 2b', the processing de-
vice numbers corresponding to the lithography clusters, or

20 developer cups, are added to the first tokens 10a, 10b to
give increased tokens 10a', 10b', 10a'', 10b''. The tokens
now comprise the wafer identification, the CVD-apparatus num-
ber, and the developer cup number. The wafer identification
consists of the lot number or the carrier number, and the

25 slot number in which the corresponding wafer resides.

A critical dimension measurement in overlay tool 3' is then

performed and the measurement results are submitted to the

control unit 5. Eventually, semiconductor wafers 20 are in-
30 troduced to the etching tool 1.

The database 6 now comprises the following table:

Wafer: 1 2 3 4 Ce . 25
CVD A B A B ... B

cham-




appar at us dependent exposure paraneter settings are then used 25 for the
next wafer lot as input in |ithography tool 1. Another enbodi nent

accor di ngwom2tokssssret hod of the present in- vention reveal iPOg/HP0O®04539
feed-forward mechanismis shown in fig- ure 3. Sem conductor wafers 20 are
introduced to a deposition 30 process in CVD-tools 2a, 2b. The sequence is
followed by a thickness neasurenent step in ellipsoneter 3 and - anong

ot her lithography steps - a devel opi ng stgp in lithography clusters 2a',
2b" Dbei phati-on—of—expoesure—toel—an photoresisttrack— s i s
foll oweflbdéy:a netfrol ogy step in 35 overlay|tool 3 In an et ¢hing step, the
process rang- ters of,a processing togl, 1, 1. e. etching,tool, afe to
be VE)OZ$%§§QB8 3ET/EPOZIUHSBQ 13%§djustec1for each "waf er, 1% conpengsat e
for varjapeons ffom CVD-fool to QVD-tool gnd from devel oper|cup to
develope&ugyp. The ot is split qnto a grqup of CVIp-tools 2a, 2b, angd each
5 waf er (rs=supptHed—wtih—tokens—10a—tob,—generated by thefab—wde"
Cl M syst{erfhThe tRickness|feasure t resull®s perforfed by el¥ipsonmeter 3
are foryagded tofcontrol pnit 5, each resulit being gonnected| 10 to a|wafer
identifitation. Conmtror unit 5 STOres the resufts 1N a database natri x 6.
Meanwhi | e, sem conduct or wafers 20 have entered a group of |[|ithographic

El _ustegI STﬁlél' Cvgb'chbﬁjﬁégssélnbllo?édﬁﬁegﬁnulfachumed “AB, | nﬁparajﬁdieiltheAfter )
ei ng deyel oped, each in_one of t yel gper s w.thin the |ithography
clustersﬁﬁge?°§sr,cPH§ BFSCEE@Lﬁﬁege-fviceBnUnggggecﬁ?r%gﬁgnﬂ?%geggh?he

| it hogr aphyg tboit sesmedo*X20 devel oper cups, are added to the first tokens
10a,!§ob to give increased tokens 10a', lob', 10a'', lob''. The tokens

now conprise the wafer identification, the CVD apparatus num
The CVD-chamber and the developer cup have daily checks per-

-

Q.

formed to give default values of all devices. Tool-offset

values reflecting the compensation necessary to perform, are

then:
10
A = thickness daily check + 5 nm
B = thickness daily check - 2 nm
1 = CD daily check + 9 nm
2 = CD daily check + 3 nm.
15
The process parameter to be determined and adjusted in the
etching tool 1 is the etch time. A rule is set up with
X = f(CVD-chamber, developer. cup).
20

The function f is periodically improved by fuzzy logic. For
each wafer introduced to the etching tool 1, the wafer iden-
tification, i. e. slot number and lot number, are read out by
the control unit 5 and the database entries in the above ta-
25 Dble are then used in combination with the formula for the

etch time to adjust the etch time for each wafer individu-
ally. Since all quality measurement results are fed to the
control unit 5 forwardly, even individual wafer effects in

said processing devices can be compensated by the adjustment.



ber, and the devel oper cup nunber. The wafer identification consists of
the I ot nunber or the carrier nunber, and the 25 slot nunber in which the
cor r esponwiong/ossster resides. A critical dinmension nmeasur ePEERO03Lr | ay
tool 3" is then perfornmed and the neasurenent results are submtted to the
control unit 5. Eventually, sem conductor wafers 20 are in- 30 troduced to
the etching tool 1. The database 6 now conprises the follow ng table:

Wafer: 1234 .. 25 CGWDABAB ... B ;¢gham W 02/088858 PCT/ EP02/ 04539
14 ber: devel- 1121 ... 2 oper cup: etch x X X X X X tool: The
CVD- chanffeesyéaptoyedativratageonahpdimprove®  andnthe hguatigével eper cups are
numberedy,21'.4"2". There is just one etch- ing tool naned "X". 5 The

CVD- chanber —and t he devel oper cup have daily checks per- formed to give
default values of all devices. Tool -offset values reflecting the
conpensati on necessary to perform are then: 10 A = thickness daily check
+ 5 nm B = thickness daily check - 2 nm 1 = CD daily check + 9 nm2 = CD
daily check + 3 nm '



15 The process paraneter to be determ ned and adjusted in the etching tool
1listhe etch tinmne. Arule is set up with X = f(CVD chanber, devel oper
cup). 20woOhe/ossssgtion f is periodically inproved by fuzzydimpozo4sBor each
waf er introduced to the etching tool 1, the wafer iden- tification, i. e.
sl ot nunmber and | ot nunber, are read out by the control unit 5 and the

dat abase entries in the above ta 25 ble are then used in conbination with
the formula for the etch tinme to adjust the etch tinme for each wafer
individu- _ally. Since all quality neasurenent results are fed to the
control GARE™S:forwardly, even individual wafer effects in said processing
devi ces can be conpensated by the adjustnent. WO 02/088858 PCT/ EP02/ 04539

15 The vyield EQ%QVanta eouslx ingroved.and the allt en- ganced. WO
02/ 088858 -PUFLBEG2F 675351 UsE 118 RFREESF1nFLPROATE ?r§d¥Gs?Fn e3FbcBEEi ng
par anet epd atk -ati kee abtj eane (2p) atie- ki peoobpedhg(26pli 1d, psaﬁéspnagetool

(1), 20 d iRty eacl (58)0Bedtl (BOL:BELELER EPELLENCE,E! oLeash; RES
precedlng proc S|ng Step pérFfornme ac By one processin ?Za) out
of at |e@sbcessisgt sbepppecéosinad edechcby (e, pszessheg ddyusenéaa in said

processi gt ggl a@l)lgagwcnangoeteeob&egrwegmﬁgnaé%c@e' (363) spgorpaLsing the

steps of 10 - provi at e- % to said processing de-
vi ce (2a?d3u85ﬂ@@ésénn§a§é|erepgﬁélngkéOQ%J edng cogexelaefingyaat oken
(10a) asgegitatad unith (33i,dcBhpieslinkethe steps of

10 - providing a plate-like object (20) to said processing de-
vice (2a),

- processing said plate-like object (20),

- generating a token (10a) associated with said plate-like
object (20), representing a processing parameter offset of

15 the processing device (2a) that has been used for the pre-
ceding processing step,

- transferring said token (10a5'to said control unit (5),

- transferring said at least one plate-like object (20)Vto a
metrology tool (3),

20 - performing at least one of a critical dimension measurement
or overlay measurement,

- forwarding the metrology results of said measurement to the
control unit (5),

- transferring said plate-like object (20) to said processing

25 tool (1),

- calculating a new set of values of said process parameters
in response to said metrology measurement results and said
token (10a),

- adjusting said processing tool (1) using said new set of

30 values of said processing parameters,

- performing the process step on said plate-like object (20)
in said processing tool (1) using the adjusted process pa-
rameters.

35

\S]

. Method according to claim 1,

haracterized i n . that

0



object (20), representing a processing paraneter offset of 15 the
processi ng device (2a) that has been used for the pre- ceding processing
step, - twanefoesssg ng sai d token (10a) to said control uni tPCTEP02/04539
transferring said at | east one plate-like object (20) to a netrol ogy tool
(3), 20 - performng at | east one of a critical dinension neasurenent or

overlay neasurenent, - forwarding the netrology results of said neasurenent
to the control unit (5), - transferring ﬁ@id pl ate-1i ke object (20) to
said processing 25 tool (1), - calculating a new set of values of said

process pafameteplateénlikepobjecto(3@) daseocbhbgy weelsuaefibnst reskéns and
said tokehal198)ag Hgggasmeﬂ §a£9r8£0§§§36£‘9v598% s (4 n,g%ggséa%g' new set

of 30 v rocessin ar ane cess step
on said paaeeerskendbpe@ecpeé)p aﬁeshlhep@bl%@glh@otbo$5%qylﬂ%¢@gW%hb

adj ustedapggeeﬁa eekeﬁara?bsysls?éd usé@&hwﬂ ﬁcgogébaﬂdtgegléf Rdiugsh a r a
cter WO 02/ 088858 PCT/ EP02/ 04539 17 first

platéillﬁé BEF@@FS(EB¥a§§§BEFat%ﬁlﬁn%ﬁc%nél?%? ?BkéﬁlufﬁcﬁﬁlP% d#f ust ed
with a fresbnseEremh ¥aligesioktpsecess patueaneters and a second plate-1like
object (20') associated with a second token (lob) is adjusted with a
second set of values 5 of process paraneters, said second set of val ues
bei ng di 8- Methotl &coordand forshyseé of whaims.13orMethod according to

anyone of glaipgs 1 or 2, . ¢ b agag} efpigz edi nthat

10 said processing device (20) is a semiconductor wafer, said
processing tool (1) is a lithographic tool, and the preceding
processing step is at least one of the following:
- chemical mechanical polishing,
- etching,

15 - chemical vapor deposition,
- diffusion,
- wet processing,

- thin film deposition.

20 4. Method according to claim 1,
characterized in that

said calculation is performed by use of fuzzy logic rules.

5. Method according to claim 1,
25 characterized in that

said calculation is performed by use of a neuronal network.

6. Method according to anyone of claims 1 to 5,
characterized in that
30 said control unit (5)

- stores the new set of adjusted process parameters as an en-
try in a database, which comprises for each plate-like ob-
ject (20) at least the individual plate-like object identi-
fication, the processing device number, and the adjusted

35 values of the set of process parametérs,
- performs said calculation from information stored in said

database.



10 said processing device (20) is a sem conductor wafer, said processing
tool (1) is a lithographic tool, and the preceding processing step is at

| east onewofo2tobsssg ol | owi ng: - chem cal mechani cal pol i shi rgT/EPo2/@t56Hi ng, 15
- chem cal vapor deposition, - diffusion, - wet processing, - thin film
deposition. 20 4. Method according to claiml1l, char acteri zed

n that said calculation is perforned by use of fuzzy logic rules. 5.

Met hod according to claiml1l, 25 c har gt er i zedi nthat said
calculation is perforned by use of a neuronal network. 6. Method according
to anyone of clains 1to5 characteri zedi nthat 30 said

control 4ni Methbd- agbera@sngheonanysne of allhausted poogess parameters as an
en- try in_a database mhlch conprises_for_gach plate-like ob- ject (20) at
| east thE Pndi ¥i Bubl EpPafel IFkSngbje&tnideﬁﬁ fication, the processing

devi ce nuhbeproaadstparaMpuarsdte5beahd§esbédtﬁersetsemipondeesopawaneters

021 obeshepchrErsar BHsdob 588, Thos BbEssLAb deb BB Ty CBra gE e, [T
6, c h aemss one efrekpegsurdg fogethaligheeptosessipasanerefecus be

adlustedckehnalgeakcan@geaegrgehlé Esblpr@?edlngly processed in a
processing device (2a) are at | east one of exposure dose, alignnent

settings, or focus
8. Method according to claim 3,

10 characterized in that
the patterns structured on the surface layers of said plate-
like object (20) have a minimum resolution width of less than
0.25 pm.

15 9. Method according to claims 1 to 8,
characterized in that
said processing devices (2a, 2b) are either one of processing
tools, or processing chambers of a processing tool, or proc-
essing heads for holding a plate-like object (20) in a proc-

20 essing tool.



channels of a lithographic tool (1). 8. Method according to claim3, 10 ¢ h
aracteri zedi nthat the patterns structured on the surface

| ayers ofweanadsgsat e- |i ke object (20) have a m ni mum r es®@CaiEpor04sBelt h of
less than 0.25 m 15 9. Method according to clains 1 to 8 <c¢char act
er i zedi nthat said processing devices (2a, 2b) are either one of
processing tools, or processing chanbers of a processing tool, or proc-
essing heads for holding a plate-like Obkﬁft (20) in a proc- 20 essing
tool. WD 02/088858 PCT/ EP02/ 04539 20 Li'st of reference nunerals: 1
processi hgstoolf, reifelregcephiumetredb:2, 2a, 2b processi ng device, perform ng
preceding step 5 3 netrology tool 5 control unit 6 database 10a, |ob
token 20 plate-like object, sem conductor device or wafer 10 21 test

waf ers, flest pl ate-PrrReesdjegt §ool, lithographic tool

2, 2a, 2b processing device, performing preceding step

5 3 metrology tool
5 control unit
6 database

10a, 10b token
20 plate-like object, semiconductor device or wafer
10 21 test wafers, test plate-like objects



