Apparatus, Device and Method for Determining Alignment Errors Specification The invention
relates to an apparatus for determining local alignment errors which have occurred due to strain and/or
distortion of a first substrate relative to a second substrate when the first substrate is joined to the
second substrate as claimed in Claim 1. Moreover the invention relates to a device for detecting and/or
predicting distortions, especially the alignment of distortions which influence the substrates and of
substrates as well as a device for alignment and/or inspection of the alignment of the first contact
surface of a first substrate with a second contact surface of a second substrate as claimed in Claim 4
and a method as claimed in Claim 8. Furthermore the invention relates to a use as claimed in Claim 9
or 10.  In the earligpphFanemR-pitaniddvietoatifar DetiRGARLAlsbesidproliems which exist during
alignment are described on pages 1 to 3. Due to the 3D technology which is becoming more and
more important in combination with progressing miniaturization, it is becoming more and more
important in bond processes to carry out a cSmesgiedighment process, especially coupled with a
so-called presbonding step which connects the wafers to one another by means of a separable

connection prior to the actual bond process. This is impartant majnly in applications in which alignment
accuracies of bSaeIHERCP THAS AP RIRATMST G B aRs: ard Gfé@lﬁ%%“ %)[E%%??%{ﬁé}%st%aﬁfge and
requirements for accuracy of the alignment.techno and aof the pre-bondi r increase
greatly foP ORGP AR TFaD B S8 TEH R r%ﬁé%p%lg:%ltﬁ fgclg%‘fﬁ%)n%? S%ns%g}?eag%t %%%6925 um.

ased LRt hal e STy elues ACRSRAUI0 Al ol At ALy hipuwaleis ot the same

time are becoming Targer and larger, there can be structures which are very well aligned to one

another i he vicinit;of ligpmest mAsksp A A ReS0RN theualeshe Siuatutes have not

been correctly or at least not optimally joined to one another, in order to optimally join the structures on

both sideg,gfthennater ip aneRnetherVenssamplex-alipmanttechniipgiesteadptatstecreny well
monitored and optimized bonding technologies, especially pre-bondine technologies, are being

developegs the alzfrent dechipiomnisdniendedito intontszamwitlig mredtoniaiswofeed side of two
wafers at a time and to align the two wafers afterward using these alignment marks and to bond them.

Here sevetatqralisms avigeintepe Aiking Omtrenebpéetiviampehinoidep kHierigmeedor the alignment.

invention relates to a use as claimed in Claim Sor 10,

Tn the earlier Buropean patent application $9012023.9 the basic problems which exist
during alignment are describea on pages 1 to 3.

Due to the 3D technology which is becoming more and more important in combination with
progressing miniaturization, it is becoming more and more important in bond processes to carry out
2 correct alignment process, especially coupled with a so-called pre-bonding step which connects
the waters to one another by means of a separable connection prior to the actual bond process. This
is important mainly in appiicaﬁons in which alignment accuracies of better than 2 um for all
locations on the wafer are desired. The importance ané requirements for accuracy of the alignment
technology and of the pre-bonding process increase greatly for desired accuracies less than 1 um,
especially less than 0.5 pm or less than 0.25 pm,

Based on the fact that :éle structures are beconﬁz;g __s_maller and smaller, bt;t t‘newafers at the

same time are becoming larger and larger, there can be structures which are very well aligned to one.



The applicant with European application EP 09012023.9 has already filed a method using which it is
possible to measure the entire surface of a wafer in order to obtain information about the positions of
the structures on the surface: of each wafer. Embodiments of the invention disclose a generic
device or a generic method such that higher detection relating especially to the entire surface of the
wafer for more exact alignment is achieved and errors in the detection of positions or later alignment
are minimized. Embodiments of the invention increase the throughput in the detection of the positions
and the alignment of wafers. In a first aspect of the present invention, there is provided an
apparalus o leteraining jocal.aldoment.eu arsubich Daye acauteat duedarsteain andiox distortion of
a first substrate relative to a second substrate when the first substrate is Jjoined to the second substrate

with the follgyring fealuRs:-afEat SR AR QL SIAIN MRl UeSHIoRg Al sl coRiANL SHHage of the first
substrate and/or a first stress map of stress values along the first contact surface can be detected by

initial detegtiammeansANGRE arspcont:straiR Mapofeiaivpltesialong-a-5e60nd coptagisurface
and/or a second stress map of stress values along the second contact surface can be detected by the
detection meass wtlthevaltiati endrosanisJobevaly aithgotbe 4 skantoy secondsirathmiapgand/or the
first and/or second stress maps by which the local alignment errors can be determined. Ina
second aspactafgkevplaseént invention, there is provided a device for determining local alignment
errors which have occurred due to strain and/or distortion of a first substrate relative to a second
substrate when thafest Selsshedeiidysmisd orisestrand supsHarankipRpRe Wi feaktites: a first
initial strain map of strain values along a first contact surface of the first substrate and/or a first initial
stress mapfot gf?@%@/‘é?lBlé@%ﬁﬂ%@g‘ﬁ%ﬁ%ﬁ%%%ﬁ%éeﬁm%manﬁﬁ RRRS B8t &i6h means
and/or a secog%ilinit' | strain mieg of strain values along Ct%&seco?n cgnta}ctp §¥rf%?e nd/or a second
initial stresger‘ﬁ“ap% FREEAI c&%ﬂ%% SEERA oMY SBHARE A 5E qhtEt elé"&ef‘rﬁ'itim detection
means and the above apparatus, the first and/or. s initial strain maps.and/or the first and/or
second initial streqs%er@gsgagﬁan f%e faken in Dgé%{ga?}%pb%g%%%é\%égfig%% ?n&)\ég?legc:%r?ﬁ[@%e%ﬁ%ination of

the local a'@ﬁf&%@k?é%ﬁie 10 mAAHMAASREELALINE RIERER IVENLAR.IRSIRSAIQVIASE adevice for

joining s first contact surface of a first substrate which can be accommodated on a first platform with a

second contagtshy tee.eh-a-areORCIsURStIate WhiEh,£aN be accommodated on a second platform with
the following features: a first position map of first alignment keys which are located along the first

contact surface cail RS ARIRR'SH Y ROSHIRN ARISEOD I0RaNSaA RN ARSHION AR ShACRAN et
alignment keys which are located along the_ second contact surface can'be detected by position
detection rdelspiiontielaise\isnapishydauthe erfies spdve Qbthes esHiputaNSFREaRLIscakte ity afirst

alignment pgsitian efdhrifitstcontastisiaseans Aigesendaralignmentdasitaieldie seaend eantact

surface based on values of the.first position and the values of the second.position map alignment
vlimadity ot bt et ke R S R B e

nt position and of the second
contact surface into ¢hérsecped afigmentpositioniendireanfondohmectingatie firstetatrgsopieral
substrate. ;. 118 fOLED ARRECLRLIBE RS eRLITYSRIRN.HBRREdRBroMided.ammethad i dalgumiaing

local alignment errors which have occurred due to strain and/or distortion of a first substrate relative to
a second stsShtatERh Wit St stbstets jhinBatsete seeutasubibifard Wit RETSIRRIATERE s,
especially thet falloning sequencaldetecting ariirshsirainmap «f bt din valyesatoigeafifist costactyp
surface of e frs! subsirate Andiar A fist.sless. map of sessaaluss alond hs sl contaet suifags by
detection means and/or detec INg a second strain map of strain values along a second contact surface
and/or a seéeiinetrest Wiip vilstredsnsaiuesaibnerthd sederdeesiattetmdcaty dereetisicmaahssand

evaluating fhe firstand/an seeaRd siFaiR MaPs.andiekthe fikst angdlarserrnsk Sthass/aaps Dy exaluation
means and determination of local alignment errors. a fifth as%ect of g;% resent inventilqcr:’ii H;ere

In
is provided AL SPthE SEBFHETEIRBY Y57 B MG AFe FROWHIH RER B85 8 BIRVIER B 5%e

reworked. local alipnment errors can be determined. ‘

By



All combinations of at least two of the features given in the specification, the claims and/or the figures
also fall within the framework of the invention. At the given value ranges, values within the indicated
limits will aloheseinglemsdt f Hepmaryt VaRTat an dal %@&é}ﬁﬁé&iaeaw EonssirmatipRe local

Embﬁ?gﬁﬁ%%%?%ﬁ?%ﬁg&? RHEN RLRbasad0n hiriideadnfracesdisg positien mBpstsHkditvaapa and/or
stress maps of the substrates, especially wafers, before, during and/or after. the ali .of the
subsifRad sEEEL AL Bh é%‘ff%té?ﬁet ABUSH 5t 18 She ngéggrgﬁ%%%%ﬁoﬁ% %%?s%%c%h% of the
substratésijiaint-aptionalijsteivoriect thegel Sivepositionfefehé thy Srstibrrsse/ ool sy,
espegially in-Sitess MaPS.Aie (RfiRRM A5 RIOREHIR S L RREIRUL VBIURSIALasHRAINNEYsRasItENS of the

substrates afong asurface. "The basic idea is to determine at least gne strain Enag).of strain values
along HEEsHEie BRIACSHEFERYS WiteiBitiag 1T CIFSRIRAE S HRER A tha WEIBAITHES LiF3n values
localaligBmenisernks sraddelenminedad codbalignrhent-exorshiel stz pdefetablynterioend Steuctures or

groups of 10281 SULGures OL I SURSHRGR: A5 A MER 1B TBPARBRNE SLINCINERHRD. fess
displacement map’o the Substrate or the two substrates is prepared for the displacements caused by

the joiingeof firctakissPatascTie BisPiacemiaHe dreea B d8eSpeEaIRray ofidtsr it difdritains of
the sybslrates.

In a third aspect of the present invention, there is provided a device for joining s first contact
surface of a first substrate which can be accommodated on a first platform with a second contact surface
of a second substrate which can be accommodated on a second platform with the following features: a
first position map of first alignment keys which are located along the first contact surface can be detected
by position detection means, a second position map of second alignment keys which are located along the
second contact surface can be detected by position detection means, the above apparatus or the above
device, computation means for determining a first alignment position of the first contact surface and a
second alignment position of the second contact surface based on values of the first position map and the
values of the second position map alignment means for alignment of the first contact surface into the first
alignment position and of the sccond contact surface into the second alignment position and means for

connecting the first and second substrate.

In a fourth aspect of the present invention, there is provided a method for determining local
alignment errors which have occurred due to strain and/or distortion of a first substrate relative to a
second substrate when the first substrate is joined to the second substrate with the following steps,
especially the following sequence: detecting a first strain map of strain values along a first contact surface
of the first substrate and/or a first stress map of stress values along the first contact surface by detection
means and/or detecting a second strain map of strain values along a second contact surface and/or a

. second stress map of stress values along the second contact surface by detection means and evaluating the
first and/or second strain maps and/or the first and/or second stress maps by evaluation means and
determination of local alignment errors.

In a fifth aspect of the present invention, there is provided the use of the above method for
bonded wafers which can be reworked or which are to be reworked.

All combinations of at least two of the features given in the specification, the claims and/or the
figures also fall within the framework of the invention. At the given value ranges, values within the
indicated limits will also be disclosed as boundary values and will be claimed in any combination.

Embodiments of the invention are based on the idea of recording position maps, strain maps

and/or stress
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The basic idea is to be able estimate how seriousdistortion vectors) the distortion introduced by the
pre-bonding step or joining step is, especially at a plurality of local positions on the respective -
substrate, preferably at positions dictated by a position map of the respective substrate. The alignment
accuracy which has actually been achieved after the pre-bonding can be measured using the
transparent window, but this indicates, as described below, only little about the actually achieved
accuracy on the entire wafer since it is these distortions which can degrade the result. Since the
wafers are not transparent to infrared radiation, the alignment accuracy -annot be directly measured,

Aecordingda.Smngimeiact e veaten. sl astmalea braeAla el deleaing s%%t.?%{e%ss maps

and/or the sttain maps. One e ent of the apparatus as claimed irnthe invention

measurement deviselis-Rovdadseparataly fem.ths.allgnment deviea as AR indemendent module. In

one preferred embodiment the module division is as follows:
and optionally to correct the relative nosition of the two substrates to one another, especially in-siti

Maps are defined as properties, especially vaiues, at certain X-Y positions of the substrates
along a surface,

The basic idea is to determine at least one strain map of strain values along at least one of
the substrates after joining the substrates, and with the determined strain values local alignment

errors can be determined. Local alignment errors relate preferably to local stuctures or groups of

local structures of the substrates,

As claimed in embodiments of the invention, a displacement map of the substrate or the two substrates is
prepared for the displacements caused by the joiﬁmg of the substates. The displacements are
caused especially by distortions and/or strains of the substrates.

The basic idea is 1o be able estimate how serious (— distortion vectors) the distortion

introduced by the pre-bonding step or joining step is, especially at a plurality of local positions on
the respective substrate, preferably at positions dictated by a posttion map Qf the respective
substrate. The alignment accuracy which has actually been achieved after the pre-bonding can be
measursd using the transparent window, but this mdicates, as described below, only little about the
actually achieved accuracy on the entire wafer since it is these distortions which can degrade the
rgsui:; % 0 ﬂqe wafers are not u'apspargnfp_ﬁo lfln.frarf:_d rad%at%pr? .the ra‘{%igm_nent accuracy cammot be

e Koo g e e

directly measured, According to embodiments of the invention, this is estimated by means of detecting the stress

maps and/or the strain maps.

One embodiment of the apparatus as claimed in the invention (or measurement



1) module for detecting a stress and/or strain map before joining (bonding or pre-bonding) 2)
alinment module especially according to European patent application EP 09012023.9. But wafer
alignment could also take place using only two alignment marks. In this case the position maps would
not be detected by real measurement, but would be known based on the wafer layout, 3) at least.
one measurement module for detecting the stress maps after bonding. Aside from this application,
another embodiment likewise described below in the disclosure is conceivable in which one of the two
wafers is largely unstructured, i.e. has at maximum alignment marks. In this case it is a matter of being

able to esgg;}%tg fiig;gcﬁic?eﬁ%%&}Q%@%ﬁ%@ﬂﬂﬁ&%&éfaét}iée%modimem there is no "measured" position

map, but only information or data about existing distortions of the exposure fields and infoination on
where thegeigpasiradiales are located, on the wafer. These data are "read in' and would be known
on the one hand from the wafer layout (positions). The already existing distortions are measured with.
a measurement devieerafhich tanbudtable fier thidnpuiposen(genésidiythe lithomaphy system is used for
this purpose). In this embodiment the focus can be less on the alignment (exactalignment) (one of
the wafers is largelyehstioctisredinon argsiwrdistottimn snep Beéostiotineebondiier arprediovang) The
alignment between the two wafers is either only coarse here (mechanical - edge to edge) or optical (by
means of the aligh AR AR BLARSTETD TaF e an sHacaraicoise ) (e temands on the

optical alignment are, hoque{*ﬁenerajly rather low. The position maps are recorded/detected in
one advag%é‘@é@ SRR 48 tre %?lfé?caﬁﬁﬁéﬁféﬁté’%aéfm%%v\%. whickisHe&a st dgain here.

maps would not be detected by real measurement, but would be known based on the wafer layout.
3) at Jeast one measurement module for detecting the SUress maps afier bonding.
Aside from this application, another embodiment likewise
described below in the disclosure is concetvable in which one of the two wafers is largely
unstructured, i.e. has at maximum alignment marks. In this case it is a matier of being abie 1o
estimate distortions of the structared wafer, In this embodiment there is no "measured” position
map, but only information or data about existing distortions of the exposure fields and information
on whers these exposure fields are located on the wafer. These data are "read 1n" and would be
Inown on the one hand from the wafer lavout (positions;. The already existing distortions ars
measured with a measurement device which is suitable for this purpose (generally the lithography
systemn is used for this purpose).

In this embodiment the focus can be less on the alignment {exact alignment) (one of the
wafers is largely unstructured), but only distorfions of the structured wafer are relevant. The
altgnment between the two wafers is either only coarse here (mechanical - edge to edge) or optical
(by means of the alignment marks which are applied o largely unstructured wafers),

The demands on the optical alignment are however generally rather low.



It describes a method in which the X-Y positions of alignment keys of two substrates which are to be
aligned can be detected or measured in at least one X-Y coordinate system which is independent of
the movement of the substrates so that the alignment keys of a first substrate can be aligned by
correlation of the pertinent alignment keys of a second substrate into the corresponding alignment
positions. Thus a position map of each substrate which is to be aligned is prepared. In other words:
The device makes available means for detecting the movement of the substrates, especially
exclusively in an X- and Y-direction, which are references to at least one fixed, especially locally fixed

reference point jﬂ%&@@%ﬁ;@%& N Q0% uRAC! W IEUAN.aRBRIG. R ¥ACL aligoaiens of the

corresponding aligrimen e position map can be recorded with the following steps:

arrangement.of thedirsheontacs surfacednaifitst.Xa¥ miane and of the second contact surface in a

second X-Y plane which is parallel to the first X-Y plane, detection of X-Y positions of first alignment
keys which are lpgajachalongthr firsisantack suHaseoin arfilsintftteordinatesaysters which is
independent of the movement of the first substrate by first detection means and detection of X-Y
positions ef-36eeatizaligumeatiieysdvhickaredicatécalorgiiccenimtcusitactdiface and which
correspond to the first alignment keys in a second X-Y coordinate system which is independent of the
movemenindéttelss oot Rubsmeteobihssdud cortnonad sl gnie aiBF HBWEE c8hbsct surface

in a first alignment position which is determined based on the first X-Y positions and alignment of the
second careneddyrearalanon alibs pertinent alignment keys of a second substrate into the corresponding

alignment positions. Thus a position map of each substrate which is to be aligned is prepared.

In other words: The device makes available means for detecting the movement of the
substrates, especially exclusively in an X- and Y-direction, which are references to at least one
fixed, especially locally fixed reference point and thus at least in one X- and Y-direction enable an
exact alignment of the corresponding alignment keys.

The position map can be recorded with the following steps:

- arrangement of the first contact surface in a first X-Y plané and of the second contact
surface in 2 second X-Y plane which is paraliel to the first X-Y plane,

- detection of X-Y positions of first alignment keys which are located along the first contact
surface in a first X-Y coordinate system which is independent of the movement of the first
substrate by first detection means and detection of X-Y positions of second alignment keys
which are located along the second contact surface and which correspond to the first
alignment keys in a second X-Y coordinate system which is independent of the movement
of the second substrate by second detection means,

- alignment of the first contact surface in & first alignment position which is determined based

on the first X-Y positions and alignment of the second contact surface in a second

(8]



alignment position which lies opposite to the first contact surface and which is determined based on
the second X-Y positions. This also applies especially to the recording and movement of wafers on
the platforms and the coordinate systems and their relation to one another which can also be used for
recording’ detecting the strain maps and/or stress maps if nothing to the contrary is described here.

By the combination of positions maps, strain maps and/or stress maps, especially in conjunction with
the transparent regions, it is possible to detect faulty alignment which occurs after or due to contact of
the wafers, especially after or during the pre-bonding step and to separate the wafers from one
another again or.to separate.them.from the production process. ' ith existing
technologies, cc?%%%rﬁﬁ%r?é)ﬁilug%@éc@é%%%#ﬂ% ﬁ%%‘gﬁ%?ﬁ)g%ﬁgygﬁ%%%n%e%g@a%% IS etee@(/:ted.

Conventionally the I&qgé%négg _r{j g g%g)nly using alignment marks This can then result in the
above describe(%ag%%erse eﬁectﬁa?’tﬁe alignment can be good at the locations of the alignment

marks and in theyRgiQns, i&%&%ﬁéﬁﬁﬁ%ﬂh&%@&@@&m%@ﬁéﬂ@mﬁi&m@mgmﬁm& imdhe remaining
regions of the wafer can be inadequate. Another problem consists in that depending on the
selected hpnehpeasassykethsirpre:honding withewalersand alsaindinatbandngrdhthe wafers,
mechanical distortions can occur on one or two wafers which can lead either locally or even globally to
degradatideiafitiyaialigninentpaccdiracy:st nepriporthigstefe coufatves dedlistordione with respect to
successful alignment of the wafers increases with the required alignment precision, especially for
required accuradisdhbettebhriionofpesifersaligniERiraneny eiks St iRrpResREiRBiflons are small
enough not to represent a significant effect on the alignment result. These distortions constitute a
problem n%ﬂ%‘m%m“ﬂﬂ%ﬁaﬁép%/ﬁ%ﬂ‘ﬁcfhﬁsé?éﬁb%%@gﬁaﬁﬂ%’ BIETERE 10 A5 ABrbblems in
bonding of a structured s(g strate onto a | %t;éruor}s&ructutﬁ?d rsut%'?}t ate. This d e aer%jc@lt'%the case if,

s
after bondf G oA SPPE e EEERER Fea e & Ve actUTate a |gﬁrsr1t'?f\?l%osﬁ[?1see%structured substrate

are to be Cagfi?dﬁ%lxj‘;;[' IQ: B&%%%’%%A‘B@?@g%%%%%?&é%%’ﬁisgééﬁ{%ﬁ%h@@s of structures are to be

aligned to‘grﬁc:stures%rireaay existing on the substrate Impo demands here. These demands

rise with decreasing SRR Siz8.0% R SHUStUIES ta-be praduisedy Hhis arplcasioniaises for example

in the production of so-called "backside illuminated CMOS image sensors". Here a first wafer with the

already strygtisedstifacenshended-ante; aceardanwalermhicihis-espeataby dargaly whstouctured. After
forming a permanent bond connection, most of the wafer material of the structured wafer is removed

so that thessiatureshaurtige caspecialyithaligitese dsitivibesiteserkediinte thechs sifderfronathe back.
Subsequently this surface must be subjected to other process steps, especially lithography, in order
for examplestgoapplyitheetionsfifdrs Aot manecasbanpiorBperditsioidaeciiadge sbggpemt
Distortions of these structures adversely affect the alignment accuracies which can be achieved in this
lithographyrekp. Feletthe sigrarnganks ErpRrstE falesiie rafHtinBiRereR 8D  for example 1.75 p.m
or 1.1 urn, the distortions allowable for an e&osure field (up Iio Zeg%( 32 mm) of at.hsteg and repeat

ecied vo! oth m pr

exposure system 3G RIARFTOETSHE Qi BSRRTAPE P BE T nd process b e

bonding of the wafers and also in final bonding of the wafers, mechanical distortions can oceur on
one or two wafers which can lead either locally or even globally to degradation of the alignment
accuracy. The importance/effect of these distoriions with respect fo successful alignment of the
wafers increases with the required alignment precision, especially for required accuracies better
than 2 pm. For alignment accuracies > 2 um these distortions are small enough not to represent a
significant effect on the alignment result.

These distortions constitute a problem not only in the bonding of two structures substrates,




Pre-bonding in this document designates bonding connections which after the completed pre-bonding
step still allow separation of the substrates, especially of the wafers, without irreparable damage of the
surfaces. Therefore these bond connections can also be called reversible bond. This separation is
conventionally possible based on the fact that the bond strength/adhesion between the surfaces is still
relatively low. This separation is conventionally possible until the bond connection is permanent, i.e. no
longer separable (non-reversible). This is especially attainable by the passage of a certain time
interval and/or action on the wafers from the outside by means of physical parameters and/or energy.

Here especially the compression of the wafers by means of a compressive force or the heating of the
wafers to%ﬂ?t@?ﬂﬁ%%ﬂé’@’@%&&?@%ﬁ’%@n WERHE S Smulgtrrg%/g\%o ﬁ?g&ezfﬁ%m g?g%suﬁ%[able. One

example for this %?@g%\r%g Pgﬁ&?%%%%&‘s g\t/ﬁunla?pgog {g%rég%%g%pope%g\/&% %M%q%g@g@with thermally

produced‘q’fﬁ’(ﬂf@t surface wi Ive oxide, van-der-Waals connections between the

surfaces Qecying are o 1901 eIRATAIE: THESE: DO SFSRSS AR S R GRRHPKOR 10

COUra .
permanenat Bon nections by temperature treatment. Advantageously these pre-bonding
connectiops;also allgusinseegliemehie Rondingikesuihelore-fouming efitiagerhanentiond

connection. In the case %?deficiencies ascertained in this inspection the substrates can be separated
again andigigipatih dedbrihercifpless embotlimentithecnventipsristaremeasdtbesentiisyite and
measurement method which enable detection of the stresses introduced by the pre-bonding step in a
wafer or abwafedupedr Thhispiikesoplatebiprasandesh dratysisobie stredisdnbgskiisiore and after
bonding. A stress difference map is produced therefrom according to the following description. The
stress diffdtembmindpP\EPa blegenserediang cimialr adhsa et &G SHetam B%uced by
the pre-bonding step. A distortion vector field or a distortiongrgﬁ é%train magnj%grq:dbucgd therefrom.
This disto®ish EETSF Hefg X4 ichinreReTA o RS HURTARE § SRS forSwater pairs in which only

one of the two wafers is stryctured to determijne which distaortions we reduce GEeLain positions,
especially Wﬁ%‘%ﬁ?@?&ogﬁ}%g%?%%ﬁ?g f‘l}rgljtg?ﬁ%él g%raeéjl‘ng?rtﬁser%%%‘i’é%#s of t egg%nment marks for

the ithography, device, i, addiania lne.dexallens omeddesl shage dish lkgagiexist before

bonding. ortion v ernatively makes it possible for wafer pairs with two

structured wafets {0 predisb i aiellional ala et deviatipnaiambriopestasit the points
n the I

detected i position maps in addition to the already theoretically expected (as a result of the
selected idgalalignment ROSIRES hasedear-ite: ppsaiin sidpsaiibe-tue wafers) deviation vectors.

This yields a deviation vector field or a displacement map

Distortions of these structures adversely affect the alignment accuracies which can be
achieved in this lithography step. For the current generation of image sensors with a pixel size of
for exarnple 1.75 pm or 1.1 pm, the distortons allowable for an exposure field (up to 26 % 32 mm)
of a step and repeat exposure system are roughly 100 nm, still better 70 or 50 nm.

Pre-bonding in this document designates bonding connections which after the completed
nre-bonding step still allow separation of the substrates, especially of the wafers, without
irreparable damage of the surfaces. Therefore these bond connections can also be called reversible
bond. This separation is conventionally possible based on the fact that the bond strength/adhesion

between the surfaces is still relatively low. This separation is conventionally possible untii the bond

connection is permanent, i.e. no longer separable (nor-reversible). This is especially attainable by



111 one preferred embodiment this expected deviation vector field is superimposed or WI ded to the
deviations which. have been determined based on measurements in the transparent windows. This
results then in the alignment result which is to be ultimately expected. for all. correspondingly provided
positions of the position map With this result a decision can be madé whether the joined wafers are to
be separated again. An embodiment of the invention is furthermore based on the idea of devising a
device and a method in which each alignment position of the two wafers to one another can be
determined, with which the set of all structures on. the contact surfaces of the wafers to one another
are economically and/or technically optimum to one another, This relative, QDsition car%,but need not
necessarflje REFErREARTHE PRREEeRpHeMrTHE SighAEh ERR %%t%‘%e ARG’ Of course the
alignment marks are also almost always in the optimum position, i.e, at leas reJrsz' the um range
in the imnRBCAGHL RFRTATSTSEREL S EFTRSt HeeSSReal Har eoé%pre‘c’s1 groalreeavdwgf%(s)tpﬁfp etéé{gq%?ebond"
process, therefore in a state in which itis stil i ﬁgﬁ@g;@lﬁ another, it
can be ch&R& S%‘f“?&ﬂ%r%%% fesses 6%8&”[%%[95% |8nsa t%g%%e- ndi?lgégt?eggﬁagr%eﬁﬁiﬁ%#oafs which

probably derive therefrom. especially mechanical distortignscale dheRiaserptableorder of magnitude.

This is used especially in applications in which only one of the two wafers is structured and the second
wafer is laggely-tnotartaredyater siohalreadieompleteshipiehuhdiprosakssitferefdtedaiacstate in
which it is still possible to separate the two wafers from one another, it can be checked whether the
accuracy ekpesiinangaiiheatvaiécrsesofithenifdisicualsigisngrasehhiernetdis 1disie another
also in fact correspond to specifications. In this way, the displacements which occur as the wafers
mutually apprbaehoiearmthe cinviredireuImatth 8oksIsne ey B Y fEHEHE from the ideal
position which occur during the contact process, can be determined. In particular,%?és agzi,esult of

' detecting thdvetiegsusliribeseinteRP i RO SHon, BrRthitd AL HECREIEMA M Sortions and

the resulting deviations from the ideal position can also be estimated, especially.empirically. With
this devicé%ﬁ@&ﬂé%?éﬁ@&%ﬁ@ﬁ?ﬂ%ﬁ?%ﬁﬁ?&cﬁ%%‘%@%%%gﬁfegggégfgﬁﬁﬁgy u%?%?g%?ébly <0.1um
can be accomplished with good rgl(’iab%t}/ a&gle . iﬁ!: by the above described distortions being
controllabld &M TEGIFe SRR BT TBhaRaie Before producing the final bond connection.  In other words,
the device thereigye, Mpkgs.avalabical lEasl@eans indRIeGHon lagsliees-eianasiias of the wafers

e pre-

before arid/or after bonding step. Based on the knowledge of these stress properties and

especially g capRatisonaf thestiess prenedies beforeans aftesthe piehending.etp opredictions can
be made about strains/distortions which have been introduced into the
wafer pair. This takes place by means of analysis of the stress maps before and after bonding. A
stress difference map is produced therefrom according 1o the following description.
The stress difference map enables an especially empirical estimate of the distortion/strain
introduced by the pre-bonding step. A distortion vector field or a distortion map/strain map is
produced therefrom.
This distortion vector field as claimed in the invention makes it possible for wafer pairs 1n
which only one of the two wafers is structured to determine which distortions were produced at
certain positions, especially on the comers of the exposure field, preferably at the positions of the

alignment marks for the lithography device, in addition to the deviations from the ideal shape which

already exist before bonding.



wafer during the pre-bonding step. In another embodiment, especially for the inspection and/or
alignment of two structured wafers, the device makes available means for detecting the movement of
the substrates, especially solely in one X and Y. direction which are referenced to at least one fixed,
especially locally fixed reference point and thus enable exact alignment of the corresponding
alignment keys at least in one X and I' direction, not only with reference to the positions of the
individual structures, but also with respect to the strain and/or stress properties. The features of
the invention which is presented here consist on the one hand in that the economically and/or

technically optimymalignmentpiilisielies,olihe o walersla.ene kel can be determined
e

measured and/or checked. This comprises the recording of a position map of the structures of the two

wafers before the wafers ase browsiat ipasther aspesialivasseiding o spetien Btepeanspatent

application 09012023.9, and a continuous, especially in-situ monitoring process of the displacement of
the two walgrs.via aligneent:masks «Entdautpiealitinitentteni prebeati(the gereréthe very expensive
structure wafers can be again separated from one another and re-aligned. In one advantageous
embodimentafihe-inventienibisiprovided thahthesppersusisimadeveltakddaiacvetieifirst position
maps of first alignment keys and/or second position maps of second alignment keys, especially in the
determinaficn Byldvaleatiom meeanield ligarienereyEibréespecially the alignment marks and/or
structures applied to the substrates or one of the substrates. The stress and/or strain maps are
recorded either froprethsirEsp ERRYETHEHEEHETPERRS B@"F@P@bﬁﬁ@ﬁf&%ﬁ%@ﬁ?ﬂﬁﬁéﬁr‘%ﬂﬂé}ﬁgn being
reflected. In particular an average value of the stre%%/strain over the layer thickness is not enabled, but

informatiof® AR KIS R TR Sh B SR AP E S oM The PeSh Sative Back by fransmission

measurement is enabled as claimed in the invention, In measurement with. infrared light ar x-ray an
average varie 8t etp%ﬁ'é%a@‘br LA OVer r‘fgueké%se?c?a%lg?gf/ge%ghglﬁness is determsgr)led. ,g’gtress-strain

map is ot necessaily secoled uanc. e raspaLant egions e Rsilonmaps e detormines

especially eflection measurement, preferably by using visible light. The first and second

alignment Wéé@@@gﬂ%ﬁﬁ{@@%}he same time, especially with the same detection means, by the
aforementioned measures. ccording to another advantageous embodiment of the invention, it is

provided that thg alignmentafiihe subsiaies.ALing conacting.andior handing @ftbe.sabsteatasicatich
be checked, especially in-situ. The in-situ checking entails the advantage that alignment errors caused
especially by movemeniafthesihstidits duringcontact endibndmgedrdaiprdchidedhich the
cet of all strucares on the contact surfaces of the wafers to one another are economically and/or
techricaliv optimum to one another. This relative position can, but need not necessarily, correlate
with & perfect alignment of the alignment marks to one another. Of course the alignment marks are
also almost always in the optimum position, Le. &t least relative to the pm range in the irmmediate
vicinity, but even not necessarily perfect.
- for already completed "prebond” process, therefore in 2 state in which it 1s still possibie to
separate the two wafers from one another, it can be checked whether the stresses produced in the
pre-bonding step and the distortions which probably derive therefrom, especially mechanical
distortions, are at an acceptable order of magnitade. This is used especially in applications in winch

only one of the two wafers is structured and the second wafer is largely unstructared.




To the extent four corresponding alignment keys are provided for checking, checking taking place
especially through transparent regions, simultaneous in-situ monitoring of the relative position of the
;ubstrates to one another can also take place. Other advantages, features and details of the
mventic_)n will become apparent from the following description of preferred exemplary embodiments
and using the drawings. Figure 1 la shows a schematic cross sectional view of a wafer pair which has
been aligned as claimed in the invention, Figure | Ib shows a schematic aspect of an upper wafer of
the wafer pair according to Figure | la, Figure | Ic shows a schematic aspect of a lower wafer of the

wafer pair according to_ Fi i i :
first ngef as cl ﬂ‘rf’g’& ady c%r%%?eteg p'ié ond” Igr%csers]s? 3 &sehematle view,af £ DRAERIMRALT detecting a

separate the two wafers from one another, it can be checked whether the accuracy of positioning of
the two wafers or of the individual structures of the wafers to one another also in fact correspond to
specifications. In this way, the displacements which oceur as the wafers mutually approach one
amother in the direction of the z-axis, ar even worse, deviations from the idea! position which occur
during the contact process, can be determined. In particular, as a result of detecting the stresses
introduced in the pre-bonding step, predictions of the expected distortions and the resulting
deviations from the ideal position can also be estimated, especially empirically.

With this device and this method alignment accuracies of <25 pm, especially <0.15 pm,
preferably < 0.1 pm can be accomplished with good reliability and yield by the above described
distortions being controliable and correctable optionally before producing the fina! bond
connection.

In other words, the device therefore makes available at least meaﬁs for detecting the stress
properties of the wafers before and/or after the pre-bonding step. Based on the knowledge of these
stress properties and especially a comparison of the stress properties before and after the pre-
bonding step, predictions can be made about strains/distortions which have been introduced into the
wafer during the pre-bonding step.

Tn another embodiment, especially for the inspection and/or alignment of two structured
wafers, the device makes available means for detecting the movement of the substrates, especially
solely in ope X and Y direction which are referenced to at least one fixed, especially locally fixed
reference point and thus enable exact alignment of the corresponding alignment keys at least in one

X and Y direction, not only with reference to the positions of the individua! structures, but also with
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in the invention, Figure 12b shows a schematic view of the process step of detecting a second
wafer as claimed in the invention, Figure 12c shows a schematic view of the in-situ detection of e
alignment of the wafers as claimed in the invention when the wafers make contact, Figure 13 shows
an enlargement of one alignment mark for a perfectly aligned and contacted wafer pair, Figure 14
shows an enlargement of one alignment mark for an imperfectly aligned and contacted wafer pair with
an enlargement of corners of two structures of the wafer pair which are to be aligned to one another,
Figures 15a to 15c show one alternative method for detecting the alignment of a wafer pair and

respect 1o the strain and/or stress properties.

The features of the invention which is presented here consist on the one hand in that the
economically and/or technically optimum alignment of all structures of the two wafers 1o one
another can be determined, measured and/or checked. This comprises the recording of a position
map of the structures of the two wafers before the wafers are brought together, especially according
1o earlier Furopean patent application 09012023.9, and a continuous, especially in-situ monitoring
process of the displacement of the two wafers via alignment marks. For faulty prealignment and
prebond the generally very expensive structure wafers can be again separated from one another and
re-aligned.

In one advantageous embodiment of the invention it is provided that the apparatus is made
to take into account first position maps of first alignment keys and/or second position maps of
second alignment keys, especially in the determination by evaluation means. Alignment keys are
especially the alipnment marks and/or sé:rﬁcmres applied to the substrates or one of the substrates.

The stress and/or strain maps are recorded either from the respective inspection side by
reflection measurement, the radiation being refiected. In particular an average value of the
stress/strain over the layer thickness is not enabied, but information about regions near the surface,
light infrared or from the respective back by transmission measurement is enabied as claimed in the
mvention. In measurement with infrared light or x-ray an average value of the stress or sirain over
the detectable layer thickness is determined. A stress-strain map is not necessarily recorded through
the transparent regions. The position maps are determined especially solely by reflection
measurement, preferably by using visible light. The first and second alignment keys can be detected

at the same time, especially with the sarme detection means, by the aforementioned measures.



Figure 16 shows a schematic of the determination of a displacement map as claimed in the invention.
In the figures the same components and parts with the same function are identified with the same
reference numbers. Figure 11 a shows a typical wafer system consisting of a first substrate 1,
especially a wafer 1, with a surface lo, and a second substrate 2, especially a wafer, with a surface 20.
On the surfaces lo, 20 are different structures 50, 50" which are to be bonded to the contact surfaces
lk, 2k. The structures 50, 50 can be for example cavities in which there are MEMS devices. In the case
of 3D integrated chip stacks the structures could also be metal surfaces which are used for producing

electrical connections, For the sake of simplicity. the structures 50, 50" are sho ck rectangles.
Figures 1 1b and F1EURBID ?ﬂ%&é%ff%‘(f:aéls efg) oergFﬂwe %gov%;/%f:’elr%v?ﬁtgn’r%g %a‘f}éxr%%%%?f%ur regions 40
with second gl gl{;a?ﬁgﬁ‘%é{&ré‘fe% é%rfﬁ\'étontiacgﬂ IR0I0RS:A0, 218 HansRARALIQ wleatipEaagnetic radiation

of a certain Wavelength or a certain wavelength range. A first detection means 7, especially optics, can

correlate the firstAlianment keys ki 4nhibadist walerdavithHhecaresparsingseapnd

alignment keys 4.1 to 4.4 through the transparent regions 40. Advantageously these transparent

regions cap hevaade -availableder siliceravaiers byrndoiping ot tieckiliebn being avoided for these
regions or especially the degree of doping being kept relatively low and no metal layers being applied

in these regions 1y kspeeialiyralativeynitw metalstrictusespoeingddiodsitheTtisckag biirchieved for
example in that only the alignment marks and possible pertinent structures which can consist
especiallyridoneszrcally Siamet inramminegererrolionssifithiadrerones bR edeifterequisites silicon
is transparent to infrared light with a wavelength of > 1 um, especially > 1050 nm. The structures
50, 50 carPpyREe Ve FPETEEHEES RIS GRRAN RSB CK relative to them, for which reason the

n rf Ik, 2k n n incide with th r o, f the wafer 2.
contact su acesOtﬁer adv%gggesobtfgapturgsggd da;[taﬁs gf%egggeexf’no% v\%ﬂ gectorge a;%)f?re%t omh the

following description of preferred exemplary embodiments and using the drawings.
Figure | la shows a schematic cross sectional view of a wafer pair which has been aligned
as claimed m the invention,
Figure 11b shows a schematic aspect of an upper wafer of the wafer pair according to
Figure 1 ia;
Figure 11c shows a schematic aspect of a lower wafer of the wafer pair aceording to Figure
1la,
Figure 12a shows 2 schematic view of the process step of detecting a first wafer as claimed
in the invention,
Figire 12b shows a schematic view of the process step of detecting a second wafer as -
claimed in the invention,
Figure 12¢ shows a schematic view of the in-situ detection of the alignment of the wafers as
claimed in the invention when the wafers make contact,

Figure 13 shows an enlargement of one alignment mark for a perfectly aligned and



Alignment keys 3.1 to 3.n or 4.1 to 4.n can be also be the structures 50, 50' or parts of the structures
50, 50" The method begins with the recording of the position maps. A position map is defined as
the position detection, spatially as complete as possible, of as many structural elements as possible,
especially of the first and/or second alignment keys 3.1 to 3.n or 4.1 to 4.n andlor structures 50, 50' or
parts of the structures 50, 50 onthe surface of the wafers 1.2. Figure 12a shows the position
detection of the surface lo of the first wafer | by the optics 7, therefore the recording of a first position
map. Positions of the first alignment keys 3.1 to 3.4 are measured on the top lo of the wafer 1 by either
the wafer 1 beitgg Vr,.’na%)\ll‘e(EzllirreIative to the optics 7 or the optics 7 being moved relative to the wafer 1. In
one prefe‘r"'{r}é]%cembocﬁrﬁen’t the optics 7 are fixed, while the wafer 1 is moved relative to the optics 7,

fxed on the recording GRS APenirolSESADd SRS eSPECIRL falans e B Step o which

proceeds simulta sly with it, according to Fig. the same process is carried out with the top 20
of the secopd.afenR: By neans aliiasscardt deipslionmeansurspeaialy.aples Shich aSince in this

measurement process the recording of the position map is what is important, it would also be
conceivable :uset@Bhy tAstaptics 7 as the detection means, therefore to omit the optics 8, and to
measure the two wafers 1,2 with their structured tops lo, 20 in the direction of the optics 7. For later
alignment and bBipdrsté pathelb osterobieltwoiivafmeind Jondutdtive hippisiand dhéewaéi S recording
means 12 or 22. According to the above described steps, the device now knows the X-Y positions
of all recordéd structures 50, 50 or recorded first and second alignment keys 3.1 to 3.n and 4.1 to 4.n

on the tops lo, 20 of the wafers 1, 2, es,peciallc)( also the poii.;[i%%)iof the structurFs 5 5% relative to
the first and secEHIEIIGTIRSFAGHEHAC £ B LERTURIS AT ST APe L IBR A iR e Torm of a first

position mgeegoahe first substrate 1 and in the form of a second position map for the second

In the figures the same components and parts with the same function are identified with the
same reference numbers.
Figure 11a shows a typical wafer system consisting of a first substrate 1, especially a wafer
1, with a surface 1o, and a second substrate 2, especially a wafer, with a surface 20. On the surfaces
1o, 20 are different structures 50, 50' which are to be bonded to the contact surfaces 1k, 2k. The
structures 50, 50' can be for example cavities in which there are MEMS devices. In the case of 3D
integrated chip stacks the structures could also be metal surfaces which are used for producing
electrical connections. For the sake of simplicity the structures 50, 50' are shown as black
rectangles. Figures 11b and 11ic show the surfaces 1o, 20 of the two wafers 1, 2. The wafer 2 has
four regions 40 with second alignment keys 4.1 to 4.4,
The regions 40 are transparent to electromagnetic radiation of a certain wavelength or &
certain wavelength range. A first detection means 7, especially optics, can correlate the first
alignment keys 3.1 to 3.4 of the first wafer 1 with the corresponding second alignment keys 4.1 to

4.4 through the transparent regions 40, Advantageously these transparent regions can be made



substrate 2.  During the measurement step as claimed in the invention, not only the first and second
position map, but especially in different modules or at the same time in one module, also first and
second initial strain and/or first and second initial stress maps will be recorded and are representative
of the basic stresses or initial stresses of the substrates 1, 2. Here it is the recording of strain and/or
stress values as a function of the X-Y position according to the position map. Each measurement
device which is able to determine stresses and/or strains locally resolved, can be used, especially
infrared measuring devices. Measurement devices which are based on Raman spectroscopy are

especially agdvantagequsly used. Alternatively as claim 'ni j ' iof thod
orey i R 4 S B T e D B B e el
polariscope: L1901 IDLIARASISSRANANRE IR QB IRCioRRRbaR @Ay dexiegieanbe used

The stresSand/or stral aps-are recorded in turn by relative motion of the optics 7, 8 to the wafers 1,

2.1n one g;%gam@qa%@mmm@ isiseparaieONties er Bpligseactitonaliyinteghated in the

optics 7, To the extent only strain maps or only stress maps are prepared for optimization of the
detection 5@%%@1&%&&% ganbeisrpned intacthescotiaspondingistrpsnainpiineriasns of the
fundamental equations of elasticity theory and vice versa. A mathematical, especially numeric
conversiopiapse fetablymitirstarggpdiitsadooendirg tethprermstheit ol fmdssremertsi& conceivable as
claimed in the invention. For devices which have been optimized for the especially precise
detection ofitiredjimsitionhmapscingiopistrhmrrapaciaiio difféféit detection means are used for detection
of the position maps and/or stress maps, According to the inventi%n ang f%rreigicl;%sti{)on of other fault

sources it is proviBeeErHsareh &ls e SaRARS SIFARGRERS B uetEE Bl Btording 16 the alignment of the
substrates 1, 2. The respective detection means for recordin Iti S+
advantag és% é%ﬁﬁﬁ?&ﬁ%ﬁﬁ%?ﬁfg%ﬁ acesrﬂ(.%l nee(li ff?e c&aéx%m@e%ﬁh%g Mﬁ%ﬂ% 30 ke

ime comprise ection means for detection of the stress
and/or stra)ixr#naf)szso that movement of the respective detection means with the same drive takes

place. 8};?1a“tlvely, for the accelerated and in this respect more cost favorable embodiment it is

conceivable to prﬂ@%&?ﬁ%@%ﬁ of 1he,slress andiansURINARSH-ARS OF, TDER SeRarkde modules,
especially with respectively Separate wafer handling means, preferably robot arms.

structures 50, 50"

The method begins with the recording of the position maps. A position map is defined as
the position detection, spatially as complete as possible, of as many structural elements as possible,
especially of the first and/or second alignment keys 3.1 t0 3.0 or 4.1 to 4.n and/or suctures 50, 5¢°
or paris of the structures 50, 50' on the surface of the wafers 1, 2.

Figure 12a shows the position detection of the surface 1o of the first wafer 1 by the optics 7,
therefore the recording of & first position map. Positions of the first alignment keys 3.1 1o 3.4 are
measured on the top 10 of the wafer 1 by either the wafer 1 being moved relative to the optics 7 or

the optics 7 being moved relative to the wafer 1. In one preferred embodiment the optics 7 are
fixed, while the wafer 1 is moved relative to the optics 7, fixed on the. recording means 12.
In a second step which especially follows the first step or which proceeds simultaneously

with it, according to Fig. 12b the same process is carried out with the top 2o of the second wafer 2
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Figure 13 shows perfectly aligned first and second alignment keys 3.1 to 4.1, as well as perfectly
aligned structures 50, 50, the structure 50' being covered by the structure 50 due to the perfect
overlapping. The case is unrealistic in which all structures 50, 50' on the two wafers 1, 2 with
reference to the alignment keys 3.1 to 3.n and 4.1 to 4.n have been produced so perfectly that in a
perfect bond process the state from Figure 3 results. In actuality the structures 50, 50' cannot be so
exactly produced. Even if they were so perfectly produced, the wafers 1, 2 during the approach
process or while "coming into contact” could move relative to one another. In the pre-bonding step
additional strains can also %e introduced into thaﬁ Wa{,eg é/vhich lead to strain/distortions and as a further

consequER RS R iSRS HrE IR & RABA SR e Rt AS claimed in the invention, a perfect alignment at

individual positigns is accordingly not nec I jective. . as ¢laimegdo-the ivention care
5 m%ﬁlcs meas‘gé{ngmamce%ﬁ% uy&p&gowg\%%ﬁﬁg%pl, 2 are aliésned altogether with

should be taker that &l corresponding structures 50, 50" on t
regard to economiandiarieehnical aspectssish thatdareanh walas pairenhich dmiaike bonded and
aligned dice scrap Is as little as possible. Since the positions of all detected structures 50, 50'
and/or of the dirst.an¢h seeqnd @lignmentkeays ik i drandrddkdms 4o} Df ihetwioewiatess ths2 are known,
the optimum relative position of the wafers 1,2 or of all structures 50, 50' to one another can be
determineghiy corspitatitgrmnesansd Bhisl takebdlasediyhdetermifing vt fimoeat passition of the
first contact surface Ik and a second alignment position of the second contact surface 2k based on the
values of thedicstipositomgmageznd baged on the values of the second position map. This relative
position of the wafers 1, 2 to one another and/or the first and second alignment, 0Si gﬁ can be

continuously cheiskeinsiiToresr et HEEs dermbar sy SoP RS REAINF ANt LRIy as well as after
the bonding process by the optics 7 and through the transparency regions, 40, In,thi the
alignment€&eidse Trste -t recorﬁf{e%(’i t%%ﬁ%c?%ﬁg% p%nst%oyﬁegfg Ozj tr\}va()n%%mt?swfénor of the
S B i s e SREL T e (LS APIE R Ao 9g Gpiim sumialibe especialy

guadratic ?iﬁolﬁs iR fheer‘é’sﬁresc ivéﬁ/*correépon structures 50, 50' from one another. As

claimed in gheIavenion, s dissuisg conceablada alowecanomicaRpasiaia-Aseraicluded in this

computation’ alignment position. Thus, in many areas of the semiconductor industry,

especially jp the memepsingustondar-cxamplentom oNANR:ipstiithimes forentienatdhat chips on

certain regions within the wafer, especially in the region of the wafer center, have less variance of the
quglity-releyagtsparameters. Therefore the chips which originate from this region attain higher sales
prices so that the sorting process in which these chips are intentionally divided into different quality
baskets is taken inte:acbourt{hisprotgsss iddmodit &S Mhiemioy oruvafagebtsy¥defore as
claimed in the invention the ideal alignment position of the wafers is computed not only based on the
position mapsithamiet wafsiabairars IntHE COAThtEmR/IRgA oRg R4 Hhadtaere, in

which especially care is taken to achieve a higher
second initial strain and/or first and secomn

mitial stress maps will be recorded and are
representative of the basic stresses or initial stresses of the substrates 1, 2. Here it is the recording of
strain and/or stress values as a function of the X-Y position according to the position map. Each
measurement device which is able to determine stresses and/or strains locally resolved, can be used,
especially infrared measuring devices. Measurement devices which are based on Raman
spectroscopy are especially advantageously used. Alternatively as claimed in the invention the

infrared method "Grey-Field Polariscope” Review of Scientific Instruments 76, 045108 (2005)

"Infrared grey-field polariscope: A too] for rapid stress analysis in microelectronic materials and

=
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yield in the area of the higher quality chips, especially at the cost of a lower yield in the region of the
lower value chips. Figures 14 and 16 show a difference vector u which constitutes the difference of
the X-Y positions of the corners of an upper structure 50 from those of a corresponding lower structure
50. The difference vector u arises for example from the minimization computation of the position maps.
Of course in each of the transparent regions 40 its own difference vector u can be recognized. If at this
point the two wafers approach one another, the difference vectors u are continuously checked. If they
change, during the approach or during contacting or bonding, a deviation from the determined relative
position of the two wafers 1, 2 to one another takes place. %Vdelig}gf‘tﬁg‘]ﬁ twi%wafersf. 1ﬂ2 IrH%ke contact,
the opticsIPvisER" SaM eitselk APRHEEBY T B P ES/EE5rE SRR S5 Arency regions 40. If
after contact a deviation should be effected which is tpo.large,.the wafers_ 1, Immediately
separateHiSrady g Ea Bsu%&ng‘h%‘% BHETHES p?%S%ﬁ%%@ggeslsg%Daafﬁél ﬂg‘g?cgi%}rl%%plement a
simultaneo{kfﬁ%%kr@?kin}g of cs&ei\{lethal tr%nspag'ency regions 40, for each transparency region 40 there is its

own opticg arthe roug %ﬁ?dﬁnﬁg‘ bonding is not reduced by the in-situ detection of the

alignment.  Adternatively jhis Alse £RACGIVaRIeas: Glalmed Rdhe-invephianitarearsytaut the checking

step after pre-bonding in a separate module, so that the throug_hput of the alignment means and of
the pre-bondingmeduledshel regusete Thearasibleiseparaionioftheinaferdafterthel 8recking step
can take place either in the module intended for checking or however likewise in a separate module. It
is also corasivakit:thaliohalfriediciesiarecodnéatadin. a snglerdbvicestwidbrmseparate devices,
especially with wafer handling means which are separate at the time. Figure 13 shows in an
enlargementtesinearaegion whtrrealigmmishtasarkestd hamahodipf SrisclensaaisieorsdeRltt the
structures 50 and 50 during superposition, only the edges have been shown. If at this point the
structures BClaieG 0 Weke Biehted perfectly to one another, and perfectly to the alignment marks 3.1

and 4.1, a perfect covering of the twg structures 50 and 501 would be established,in d process.
Figure 14 shows tAeiSarpRehdeTs Wﬁ?c‘??%?%gg’hél%g%%%% Brthe % %%%%I}é%%%pa%ﬁ%‘%go, although
the alignment marks 3.1, and 4. haxe beeneriseticalloned o paanaher- dn tseslargament of the

structure 58 ARET 8’:5%%%168151 Ing structure It IS recognizable that the difference vector u has one
X-and oneat\l(d—j (%_osr&gg&g&t which can be used for vector computation.

According to the invention and for exclusion of other fault sources it is provided that the
stress and/or strain maps are detected according ﬁ} the alignment of the substrates 1, 2.

The respective detection means for recording the position maps in one advantageous
configuration at the same time comprise the detection means for detection of the stress and/or sgain
maps so that movement of the respective detection means with the same drive takes place.

Alternatively, for the accelerated and in this respect more cost favorable embodiment 1t is
conceivable 1o provide detection of the stress and/or strain maps in One or MoTe separate moduies,
especially with respectively separate wafer handling means, preferably robot arms.

Figure 13 shows perfectly aligned first and second alignment keys 3.1 to 4.1, as well as
perfectly aligned structures 50, 50, the structure 50" being covered by the structure 50 due to the

perfect overlapping. The case is unrealistic in which all structures 56, 50' on the two wafers 1, 2



An important component of this invention consists in that the aforementioned measurement
instruments or measurement instruments provided in a separate module can be used for stress and/or
strain measurement after prebonding or bonding in order to determine the stress and/or strain maps of
the bonded wafer stack. By measuring the initial stress and/or initial strain maps of the wafers 1, 2
before bonding of the two wafers 1, 2 to the wafer stack and the measuring the stress and/or strain
maps of the wafer stack, conclusions can be drawn about the deformation at the instant of contact or
shortly afterwards can be drawn. In other words, therefore the stress introduced by the pm-bonding

process can be measured and the resulting stress/distortion can be determined/ stHn%;[etd/predicted
or advanﬁﬁ@bﬁf@%%?ﬁﬁlﬁmﬁﬁﬂﬁ%gééﬂ ?}?iiérﬁfﬂr‘%&éﬂ?"ﬂ%@ﬁﬂmgﬁﬁfgﬁgﬁs ips->  Although

the inner regions of the wafers 1,2 can no longer, be viewed wi t[%\e tics? %i(gz% e(e are no
transpare’ﬁtaréi}'ﬁ?ﬁsbﬂﬁ‘qm@?%séi%‘ﬁ,St&?r%?&%d T ﬁeﬂgtsd\%v%mﬁg u ?r%ﬁls?ta e éf%’e pog?ti%n or the
deformation in this region, by the.strain and/or stress maps. I{for examplesin one Jegian.@ stress
prevails vﬁﬂi%ﬁa%%%rggécgd critica %ﬁgﬂ 8?%3 am% ;[,E% value of a com’pariso%rgéﬁé, this region can

be automatically marked a5, PERbISM.ZoNGRY selvats-T hesdicessauld thusdedividedinto quality

classes. Dices with low inherent stresses have a good quality class as well as long service life, while

dices with,higihysress:consenisalioncankeisiassifieddninian puiquatisincliasstions Based on these
stress/strain maps, for the entire wafer surface and all structures present on it the alignment accuracy

which hastheen aekigregdsentimmteciandienitidcdityrdete inidehihigicanvsetidoreagedllows in
practice. 1) Detecting the first and second position maps, corresponding to the first and second
wafers as aesordoest aldovenal positions is accordingly not necessarily the obj ective, Rather as claimed in
the invention care should be taken that all corresponding structures 50, 50" on the wafers 1, 2 are
aligned altogether with regard to economic and/or technical aspects such that for each wafer pair
which is to be bonded and aligned dice scrap is as little as possible.
Since the positions of all detected structures 50, 50" and/or of the first and second alignment
keys 3.1 10 3.4 and 4.1 to 4.4 of the two wafers 1, 2 are known., the optimum relative position of the
wafers 1, 2 orof ail structures 50, 50" to one another can be determined by compugation means. This
takes place by determining a first alignrent position of the first contact surface 1k and a second
alignment position of the second contact surface 2k based on the values of the first position map
and based on the values of the second position map. This relative position of the wafers 1, 2 to one
another and/or the first and second alignment position can be continuously checked in-situ for
correctness during and also after contacting and during as well as after the bonding process by the
optics 7 and through the transparency regions 40. In this way the alignment can be checked in-situ.
The optimum relative position of the two wafers 1, 2 or of the structures 50, 50" to one

another arises for example by computing 2 minimum sum of the especially quadratic deviations of

the respectively corresponding structures 50, 50 from one another.



2) Computing the ideal alignment position based on this first and second position map according to
technical and/or economic criteria. This computation likewise yields the ideal alignment positions and
the corresponding deviation vectors for the alignment marks in the transparent regions 40. That is, the
alignment marks in the transparent regions 40 need not necessarily be perfectly aligned in order to
achieve the optimum result viewed for the entire wafer. Furthermore, based on this computed desired
alignment position a two-dimensional difference vector field ti which can be expected for this reason
(see Figure 16) with individual difference vectors for at least the predominant number, preferably all
positions contained in the position maps, is.computed..H ref ' [ are no
structures 50, 503 SHIREHTLUE ITGPEEF Aot ?g%‘gu?tg?g 81¥%gr§e§§ag%%§§%ﬁ%h%g%%ﬁor example

the Iocatiﬁﬁé Eﬁge @é%g%gq}%{g%@ %eli&g)aﬁaﬂgﬂglgrﬁ&%‘&%m%m%?@%@ﬁwent marks there

instead o etecting the first and second initial stress map corresponding to
the first and second waferbefore thenreranging sepsRspacalha sl bl dsieclich)dfithe first and
second position map. 4) Pre-bonding of wafers with a suitable method. These methods are known
in basic foupiogne skillegrindheastderthe missh\arieddonginglbontectiars of they@atecting the
actual alignment accuracy In the transparent regions 40 and determining the actual deviation vectors u
in the transpasentveRianaritcs of 16 Mdierminng treuifferehbederiberipevditiangediation vectors u
from the computed deviation vectors for the transparent regions  7) With consideration of the
determinefigiftetenrgritiaae Sifingaifioresice Vet ibe MEPS PS8 BRs8 SHRVATEN for at least the
predominant number, especially for each position contained in the fir F#gnd secon Qosigson map, there
is a deviatiotenyissdly @ﬁé@é%@ﬂﬁ?ﬁﬁ?\%&?@ﬁ%ﬁ&%ﬂ@%%@%f FRdRidualposition are now

e sty Helore o8 Chatmed 8 i veron 16 2R AHHRRPRRALOR dhigeceviation

wafers is computed not only based on the position maps of the two wafers, but an economic

computation/weighting is also included here, in which especially care is taken to achieve a higher
vield in the area of the higher quality chips, especially at the cost of a lower yield in the region of
the lower value chips.

Figures 14 and 16 show a difference vector u which constitutes the difference of the X-Y
positions of the comers of an upper structure 50 from those of a corresponding lower structure 50,
The difference vector u arises for example from the minimization computation of the position
maps. OFf course in each of the transparent regions 40 its own difference vector u can be recognized.

If at this point the two wafers approach one another, the difference vectors u are continuously
checked. If they change, during the approach or during contacting or bonding, a deviation from the
determined relative position of the two watfers 1, 2 to one another takes place. Even if the two
wafers 1, 2 make contact, the optics 7 can still check at least the four difference vectors u through
the transparency regions 40. If after contact a deviation should be effected which is too large, the

wafers 1, 2 are immediately separated in order to carry out alignment and the prebond process



the coordinate position of the respective point and the coordinate positions of the transparency fields.
8) Detecting the first and second stress map after pre-bonding. 9) Comparing the first stress map
before and after the pre-bonding and the second stress map before and after the pre-bonding. 10)
Predicting the additional alignment errors / deviation vectors which can be expected for individual
points based on the stress differences before and after the pre-bonding. 11) Adding the additional
deviation vectors caused by the stress introduced in the pre-bonding to the deviation vectors which
can be theoretically expected and which were computed in point 7.  12) Deciding whether the

alignment accuracy to be expected.he %#ér%#(?[g vector if!s%lf% Iergﬂglxllcs:;ted based on AIB'.%%O utation in

point 11 fa¥afe HeRIH HPTRSPE 1 KBRS CoTresponds as befors to'technological and

economic success crLtegig AQruhether @groggﬁisncgé?%%r '&%ﬂg‘ﬂmfﬁgﬁé%%{carried out.  For
wafer stalPERRRIBRa Or Both witers Batore pre-bonding Rave onlylow or éspecially no initial
stresses Q[ J%%%%é&%i@ﬂ%é%s&*&E‘Eﬁsaﬁfaﬁﬁing is icnown because it is subject for example to

only very fow variance in mass production, on step 3, the detection of stress maps before bonding for

purposes of optigyizatiareafitheathy esghrubiand dhrreasisieanvbariemitted:ylbis tatschpiissiblepas claimed
in the invention, especially in the case of stresses which are subject to only a low variance to subject

only one pa-ofhenvatentosdeientinndofdhe tirass tnapghefof trbdrmingniimatis adrmidetion, low
stresses are defined as stress values which are insignificant compared to the stresses produced in the
pre-bondingestepiifhinitie spexiafyde Taseosismseharation of the wafers after the checking step

can take place either in the module intended for checking or however likewise in & separate module.
It is also conceivabie that not all modules are connected in a single device, but form separate
devices, especially with wafer handling means which are separate at the time.

Figure 13 shows in an enlargement the near region of the alignment marks 3.1 and 4.1 in
order to be abls to detect the structures 50 and 50' during superposition, only the edges have been
shown. If at this point the structures 50 and 50' were oriented perfectly to one another, and perfectly
to the alignment marks 3.1 and 4.1, a perfect covering of the two structures 50 and 50" would be
established in a bond process.

Figure 14 shows the sample case in which there is no coverage of the structures 50 and 50,
although the alignment marks 3.1 and 4.1 have been perfectly aligned to one another. In the
enlargement of the structure 50 and the corresponding structure 50° it is recognizable that the
difference vector u has one ¥~ and one Y- component which can be used for vector computation.

An important component of this invention consists in that the aforementioned measurement
instraments or measurement instruments provided in a separate module can be used for stress
and/or strain measurement after prebonding or bonding in order to determine the stress and/or strain

maps of the bonded wafer stack. By measuring the initial stress and/or initial strain maps of the

s



stresses differ by the factor 3, preferably by the factor 5 or even better by the factor 10. With respect to
only partial measurement of the wafer stack it is especially feasible for example to subject the first and
the last wafer stack of a batch to inspection and for the remaining wafer stacks to adopt the stress map
determined for the first wafer stack for the computations It is also conceivable to carry out the
computations offset in time in order to then base the computation on the averaged stress maps for
example for the first and last wafer stack. In this case it is also advantageously possible to additionally
inspect other wafer stacks in order to achieve higher reliability in the computation of the average value.

According to the described procedure it is also passible to.subject o e Qf -Sgﬁjggv&gggfers which
form the Wﬁfé?séa%ﬁgﬂg?@éﬁ&?%tpﬁ*‘é’%ﬁg@ |ln§pt§. ‘l%a%e%%g%?éq@(egﬁvantageous when only one of
the Two wafers does not meet the aboye descri itera whigh juslifydhe.amisslangheiress map
detection.andmﬁmblﬁﬁ%\%% § Wla?v?l %ﬁY‘b%%{%uﬁleg‘g%%% two wafers is structured the method can

proceed Si{?ﬂ?ﬁ%&ﬁﬁ%ﬁé‘rﬂi”Qﬁ%l-ﬁéf&%ﬁ&&‘ﬁé%%@ﬁ@’&%%%@f@é%@f&ﬁ%r@fa@mﬁ;mItgm in this

embodiment: etegting the already existing distortion/deviation vectors of the individual

exposure figlds lacated aathe siruetwied water froanitasidealishane bynduiteliendetéction means In

particular step and repeat exposure system which are also intended for later processing of the bonded
wafer enahle thismeaswementuithdheiaidapauitabledeiitesdvolympitestnigsREITPRis deviation
from the ideal shape is represented in the form of a vector field and is stored for further computation.
In particulaeitisnvieigtor field contains vectors for a major part, especially all positions of the alignment
marks, which are conventionally located on the comers of the exposure fields

i | Zé.D?ei?ting the
initial stress map Atithelsthecnms ceaianepisbsoralitre! preBIRdMEHRSATY s G tettion memts
from the side opposite the contact surface Ik (if wafer 1 isithe struc rﬁgﬁ%&é}lﬂé‘gﬂg Wafer 2 is the
structure waifep)here BF A GRATEFRPEIERETID WarSRh SREEHSthEFWith The aid of suitable detection

means for t}?oiﬂ\:/ivo%fgrr e(:) ﬁg gnnan at%jn?xlrl %5‘@%‘5&’%? AW train and/or stress maps. If for example in one

region a stress prevails which exceeds a critical value, for example the value of a comparison stress,
this region can be automatically marked as a probiem zone by software, The dices could thus be
divided into quality classes. Dices with low inherent siresses have a good quality ciass as well as
Jong service life, while dices with high stress concentration can be ciassified into & Io\if quality
class.

Based on these stress/strain maps, for the entire wafer surface and all structures present on it
the alignment accuracy which has been achieved is estimated and empirically determined. This can
be done as follows in practice.

1) Detecting the first and second position maps, corresponding to the first and second
wafers as described above.

2) Corputing the ideal alignment position based on this first and second position map
according to technical and/or economic criteria. This computation likewise yields the ideal

alignment positions and the corresponding deviation vectors for the alignment marks in the
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4) Pre-bonding of the two wafers. 5) Detecting the stress map of the structured wafer after the
pre-bonding step by means of suitable detection means from the side opposite the contact surface 1k!
2k. 6) Determining the difference between the stress map before the pre-bonding step and after the
pre-bonding step. 7) Deriving the distortion vectors to be expected! the distortion vector field to be
expected based on the stress difference determined in point 6. Advantageously the vectors in this
vector field are determined for positions which correlate with the positions of the vectors from the
vector field which has been determined in point 1, especially at least largely agree. Advantageously

this agreement is better than500 Ut more idea han 489, Addi
Y ' AUeLRAR: Hm 3 ing the
distortion VEtST fiefd With h%h\?egt%géffeﬁ)} n%termlne(kkﬁi/%l}%point 1. 9 %gr%ecking \?vhether the vector

field res“&é@%&ﬁg‘b@%ﬁ%ﬂ?%@}iﬂ%mﬁ% 8.EQUeaReREs A halerededeshneleaisalatigd economic
success criteria or whether’separation and reprocessing of

Furthermore, based on this computed desired alignment position a two-dimensional difference

vector field v which can be expected for this reason (see Figure 16) with individual difference

vectors for at least the predominant number, preferably alt positions contained m the position maps,

is computed. Here preferably sites at which there are no structures 50, 50 are left out in order not to

adulierate the measurement result. They are for example the locations of the alignment keys 3lto

3.4 and 4.1 to 4.4 since there are alignment marks there instead of structures 50, 50',

3} Detecting the first and second initial stress map corresponding to the first and second
wafer before the pre-bonding step, especially parallel o detection of the first and second position
map.

4) Pre-bonding of wafers with a suitable method. These methods are known in basic form 1o
one skilled in the art for the most varied bonding connections.

5) Detecting the actual alignment accuracy in the transparent regions 40 and determining the
actual deviation vectors u in the transparent regions 4.

6) Determining the difference between the actual deviation vectors u from the compuied
deviation vectors for the transparent regions.

7) With consideration of the determined difference the resulting difference vector map v"
can be computed in which for at least the predominant number, especially for each position
contained in the first and second position map, there is a deviation vector. These deviation vectors u
which correspond 1o the individual position are now adapted by a correction vector which 18

computed for each individual position based on the deviation vectors determined under itern 6 and

2
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the wafers are to take place. The aforementioned statements with respect to omitting the detection of
stress maps before bonding or the only partial detection of the stress maps for selected wafers anclior
wafer stacks apply analogously here. Deriving the distortion vector field from the stress maps and
especially the maps for the stress difference between, prior to and after pre-bonding can take place as
claimed in the invention based on a plurality of suitable methods. It is apparent from the detection of
stress maps and especially the stress difference beforehand/afterwards whether in certain regions of
the wafer a pressure or tensile stress during bonding has been additionally produced. On this basis

conclusions can be drawn about the direction toﬁ]}ép% indi¥i rllja%é vgs%%r% gftﬁg% ég;e I,/,};he wafer. The
level of tH¥ SHUSTFRALHRIL ?I’éeﬁﬂ?ﬁil/‘l’gﬁgﬂeglonse Which s kewise nown#)r9 m §[11’6 measurements
and/or thﬁj mputation allows conclusions about the amount of the vector. These relationships are
however Mot hecessarily linear since the individual component regions of the wafer are conventionally

surrounded by gther regions which-additienaliy inflense.hecatiain/distortion of the wafer. Therefore

complete computation models which are suitable in practice must be used to be able to estimate the

actual amounts g dirgalions REthevesker seidroteirrosaibilitydaiiceataithouttine sosmitions (certain
stress values, etc.) is also the use of empirical methods in which the findings from tests done in the

past are exloiirsk and MMbthetirt-ans@iagent regions 40 the in-situ measurement of the alignment during
contacting and/or bonding is limited to the measurement of the strain and/or stress fields, as is shot in
Figures 15a to I5)PEetewthepibtitonaligigesrberto sl S sHsw ARSI PHBREESh Which instead
of two wafers 1,2 which are both completely structured, one structure wafer 2" is aligned
individual points based on the stress differences before and after the pre-bonding.
11) Adding the additional deviation vectors caused by the stress introduced in the pre-
bonding to the deviation vectors which can be theoretically expected and which were computed in
point 7.
12) Deciding whether the alignment accuracy to be expected here {in} the vector field
predicted based on the computation in point 11 for the deviation vectors in the individual points
corresponds as before to fechnologicai and economic sucecess criteria or whether
reprocessing/separation of the wafers is to be carried out.
For wafer stacks in which one or both wafers before pre-bonding have only low or
especially no initial stresses or for which the initial stress before bonding is known because it is
subject for example to onty very low variance in mass production, on step 3, the detection of stress
maps before bonding for purposes of optimization of the throughput and the costs can be omitted. It
is also possible as claimed in the invention, especially in the case of stresses which are subject to
only a Jow variance to subject only one part of the wafer to detection of the stress maps before
bonding, In this cormection, low stresses are defined as swress values which are insignificant
compared 1o the stresses produced in the pre-bonding step. This is especially the case when the
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relative to a carrier wafer 1. The alignment marks 31 to in are correlated with the alignment marks
4.1 to 4.n by already known optical systems being used, The optics 7 and/or 8, if they have the
corresponding sensor means which were mentioned above, can be used for measurement of the
strain and/or stress fields. The stress and/or strain field on the top 20 of the wafer 2 can be measured
either by the optics 8 while the carrier wafer 1 has been removed from the visual region (Figure 15b)
or by the optics 7, if the electromagnetic radiation used can penetrate the structure wafer 2'. It must be
considered by the computation means that in the transmission measurement by the optics 7 an
averaged strain and/or stress value can be obtained if the stress alon tf%e%la e t&; kness changes
(so-calledsEasss Hrahs e ﬁ??‘ﬂfej’45%?%@&%5@%&%%?@3%%%&? tﬂ{)gi'traf%‘ LRR73r stress
fields on the surface lo of the carrier wafer I', the above describ lies, the neces changes
having beBrPRNBRIE REFHRGTS fl%}i’ﬁg grcs.mg( ARSF ?ﬁ%aigfs%%sé |\‘/§aei%|£?|gﬁh E%af)nsg%%%%%/tress fields
have been.measured, the two wafers I', 2 can be ali ondes I pleted, the
strain and%?t‘r'sat?ésse ﬁaesf afér g"cilcvt\a{(t O?asbatcgl E’ymri’f) &t%{g%l%ﬁcg%? q%%% RERW AT

s are determine eans of the optics 7 and/or 8. After bonding, only one

more ransission MEASHETERLALGE, salband/orsisess el of e susiaeasrlca dans possible
e

since the electromagietic radiation must penetrate the two wafers I', Z. Therefore the aforementioned
differentiatignpetyesntansmissionangd wilectionmeassementisiprefetred.forbatter comparability
as claimed in the invention the transmission measurement is preferred. If transmission measurements
and reflecigpdnaasuseientms oy khyiald wifiasctraitandéoistrass ahapegitvan pedntiuded that
the strain and/or stress fields are only on the surfaces lo, 20 and there are no stress gradients over the
thickness. aidéi refbrelsprtshteraEr dedorinsadson aéeyehighe slishilt i dhreroamWasnat the change
of the strain and/or stress fields and a conclusion about possible weaknesses of the system. If extreme

strain and/hegvaeseraioricer e Secdaaing ATostNEs ARESERIG 'L Aol IR Waer system

can again be broken down into the individual %gffers Iti))ffore theé%re Qﬁ{maergentlxubonded to one
another. FEFeHARTS RIS HERRRMERETEHAT RERUSR B TS THE Bidroiat

romag fetc waves used to detect
advantageous when only one of the two wafers does not meet the above described criteria which
justify the omission of stress map detection.

For applications in which only one of the two wafers is structured the method can proceed
similarly to bonding of two structured wafers. Specifically the process is as follows in this
embodiment:

1) Detecting the already existing distortion/deviation vectors of the mdividual exposurs
fields located on the structured wafer from the ideal shape by suitable detection means. In particular
step and repeat exposure system which are also intended for later processing of the bonded wafer
enable this measurement with the aid of suitable devices such as test masks. This deviation from the
ideal shape is represented in the form of a vector field and is stored for further computation. In
particular this vector field contains vectors for a major part, especialiy all positions of the alignment
marks, which are conventionally located on the corners of the exposure fields.

2) Detecting the initial stress map of the structured wafer before the pre-bonding process by



the stress maps, a reflection measurement can be preferred since thus the transparency of the
structured surface of the wafer, especially the contract surface Ik or 2k, does not play a part. For these
wafers with the absence of transparency the stress can also be advantageously measured on the
surfaces opposite the surfaces lo and 20. In order to achieve better comparability of the measurement
results, it is a good idea to measure both before and after the pre-bonding and/or the bonding step on
these surfaces. Since the stress fields in the wafer viewed in the lateral direction compared to the
wafer thickness have a must larger extension, this version of the measurement also yields very good
results. In particular, the circumstance that lateral stress fiel gﬁvgg]ﬁl c%réra'nlsrmgi (gl]n%étension are

needed teuabiseigtificarang iSea s ds SRRtLeiRE SORE & &

e expected that stress fields in
the lateral direction E}(/Y) must have at least 3.to 5 times, probably even 10, 15 or 20 times the
extensiorPrskaYiveloltuafsatc? thicRHENE 83884 to relevant strains/ distortions.  The most important

wafer material combjinations which can be used mﬁq}mgﬁmﬁﬂﬁ%@gﬁﬁ%&gf&u-Au, hybrid
bonds, Si, Ge, Iﬁbﬁ%ﬁeﬁ?ﬁc&\ ¢ and cocrlﬁgfn% ?oan§§%? these materials and the respectively assignable

oxides for materials V\{hiCh gl[ﬁw mearlN€ POsition, strain and stress maps all relate advantageously
to the sani§ X’?ézr Ordmate sy} tem. Thus the vector computation is simplified, especially in the

determinatiqn 0f4tﬂ€_réig§)5@lgg 8GR aligament pc_)sitic_)ns and the dete_rmination of the displacement
map according to Figure 16. Reference number list Ifirst substrate Ikfirst contact surface 2second
substrate 5) Detecting the stress map of the structured wafer after the pre-bonding step by means of
suitable detection means from the side opposite the contact surface Tk /2k.
6) Determining the difference between the stress map before the pre-bonding step and after
the pre-bonding step.
7) Dexiving the distortion vectors to be expected / the distortion vector field to be expected
based on the stress difference determined in point 6. Advantageously the vectors in this vector field
are determined for positions which correlate with the positions of the vectors from the vector field
which has been determined in point 1, especially at least largely agree. Advantageously this
agreement 1s better thanl 500 pm, but more ideally better than 200 or 70 pm.
8) Adding the distortion vector field with the vector field determined in point 1.
9) Checking whether the vector field resuliing from the computation in point 8 corresponds
as before to technological and econormic suceess criteria or whether separation and reprocessing of
the wafers are to take place.
The aforementioned statements with respect to omitting the detection of stress maps before
bonding or the only partial detection of the stress maps for selected wafers and/or wafer stacks
apply analogously here.

Deriving the distortion vector field from the stress maps and especially the maps for the

o



2ksecond contact surche 3.1 to 3.nfirst alignment key 4.1 to 4.nsecond alignment key 7first detection
means 8second detection means losurface 2osurface carrier wafer 2'structure wafer

stress difference between, prior to and after pre-bonding can take place as claimed in the invention
based on a plurality of suitable methods. It is apparent from the detection of stress maps and
especially the stress difference beforehand/afterwards whether in certain regions of the wafer &
pressure o tensile stress during bonding has been additionally produced. On this basis conclusions
can be drawn about the direction of the individual vectors at any point of the wafer. The level of the
stress difference in the individual regions which is itkewise known from the measurements and/or
the computation allows conclusions about the amount of the vector. These relationships are
however not necessarily linear since the individual component regions of the wafer are
conventionally surrounded by other regions which additionally influence the strain/distortion of the
wafer. Therefore complete computation models which are suitable in practice must be used to be
able to estimate the actual amounts and directions of the vectors. Another possibility for certain
outline conditions (certain stress values, etc.) is also the use of empirical methods in which the
findings from tests done in the past are expi oited.

Without transparent regions 40 the in-situ measurement of the alignment during contacting
and/or bonding is limited to the measurement of the strain and/or stress fields, as is shown in
Figures 152 to 15¢. The examples of Figures 152 to 15¢ show a method and a device in which
instead of two wafers 1, 2 which are both completely structured, one structure wafer 2' is aligned
relative to a carrier wafer 1'.

The alignment marks 3.1 to 3.n are correlated with the alignment marks 4. 1. to 4nby
already known optical systems being used. The optics 7 and/or 8, if they have the corresponding
sensor means which were mentioned above, can be used for measurement of the strain and/or siress

felds. The stress and/or strain field on the top 20 of the wafer 2 can be measured either by the
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40transpafe_nt regions '_50, 50'structures d_ifference vector deviation vectors Claims 1. Apparatus
for determining Io<_:a| alignment errors which have occurred due to strain and/or distortion of a first
sugstrate (1) re_Iatlve to a sgcond substrate (2) When_ the first substrate (1) is joined to the second
su 1:strate (2) with th_e following features: - a flrs_:t strain map of strain values along a first contact
surface (1K) of the first su bstrate_ (1) and/or a first stress map of stress values along the first contact
SlIJI’ ace (1k) can be detected by initial detection means and/or - a second strain map of strain values
g or;g att second contact surface (2k) and/or a seco_nd stress map of stress values along the second
f'or; acdeﬁ{ﬁ:‘é% (Al canchedeigetacthbyha feteaidiomn eane antkeptya(tigtion fhparts fbr evaluating the
irst and/or second strain maps and/or the first and/or second stress maps by which the local alignment
errors cap,pesdetefipilegomagnetic radiation used can penetrate the sgucture wafer 2'. 1t must be
considered by the computation means that in the transmission measurement by the optics 7 an
averaged strain and/or stress value can be obtained if the stress along the layer thickness changes
(so-called stress gradients in the layer thickness). For the measurement of the strain and/or stress
felds on the surface 1o of the carrier wafer 1', the above described applies, the necessary changes
having been made. according to Figure 15c.
After the respective initial strain and/or stress fieids have been measured, the two wafers 1,
7' can be aligned and bonded. After the bond is completed, the strain and/or stress fields are
determined by means of the optics 7 and/or 8. After bonding, only one more transmission
measurement of the strain and/or stress Tields of the surfaces 1o, 20 is possible since the
electromagnetic radiation must penetrate the two wafers 1', 2. Therefore the aforementioned
differentiation between transmission and reflection measurement is preferred. For better
comparability as claimed in the invention the transmission measurement s preferred. If
transmission measurements and reflection measurements should yield similar strain and/or stress
maps, it can be conciuded that the strain and/or stress fields are only on the surfaces 1o, 20 and
there are no stress gradients over the thickness, The beforehand/ afterwards comparison then in turn
allows a conclusion about the change of the strain and/or stress fields and a conclusion about
| possible weaknesses of the system. If extreme strain and/or stress regions or those exceeding a
comparison value are discovered, the wafer system can again be broken down into the individual

wafers before they are permanently bonded to one another.

For structured wafers which are not transparent to-the electromagnetic waves used to detect
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2. Apparatus as claimed in Claim 1 is made to take into account first position maps of first alignment
keys (3.1 to 3.n) and/or second position maps of second alignment keys (4.1 to 4.n), especially in the
determination by the evaluation means. 3. Device for determining local alignment errors which
have occurred due to strain and/or distortion of a first substrate (1) relative to a second substrate (2)
when the first substrate (1) is joined to the second substrate (2) with the following features: - a first
initial strain map of strain values along a first contact surface (1k) of the first substrate (1) and/or a first
initial stress map of stress values along the first contact surface (1k) can be detected by initial

detectionpeans KRR/ reflectid:SREMNEINIIaLaFAIpERAROfistainyflt esmejargeq slitond contact
surface (2k) and/or a second initial stress map of stress values along the second contact surface (2k)

can be detagiegdyititiobtiateatian aeankyahdcontadheréppdiatuzkadoekaimetiin Biaifrel, the first
and/or second initial strain maps and/or the first and/or second initial stress maps can be taken into
account bijieteevaizai watichernbanesiof thestatarmihatiorrotah elio ba ratrerasismsasured o Device for
joining a first contact surface (1k) of a first substrate (1) which can be accommodated on a first

platform (thewwiteea emesiiieoHERES LPrAE22 k) P04 SR ATHEVE DL AP AR I AR be

accommodated on a second platform (20) with the, f%}\{f\(ﬁ'n%fe?%res: -a fi&st 03}&9 map of first
alignmenfRETE TR RS 565 Hneh R R ANy TR i Ht LT “(5%5 can be detected

surface
e n v e R AR e sl B L
means (7’(§c)rhpared to the wafer thickness have a must larger extension, this version of the measurement also
vields very good results. In particular, the circumstance that lateral stress fields with a certain
minimum extension are needed to cause significant distortions benefits the accuracy. It can be
expected that stress fields in the lateral direction (X/Y) must have at least 3 to 5 times, probably
even 10, 15 or 20 times the extension relative to the wafer thickness to lead to relevant strains/
distortions.
The most important wafer material combinations which can be used as claimed in the
invention are: Cu-Cu, Au-Au, hybrid bonds, Si, Ge, InP, InAs, GaAs; and combinations of these
materials and the respectively assignable oxides for materials which allow this.
The position, strain and stress maps ali relate advantageously to the same X-Y coordinate

system. Thus the vector computation is simplified, especially in the determination of the first and

second alignment positions and the determination of the displacement map according to Figure 16.
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- the apparatus as claimed in Claim 1 or 2 or the device as claimed in Claim 3, - computation
means for determining a first alignment position of the first contact surface (1k) and a second
alignment position of the second contact surface (2k) based on values of the first position map and the
values of the second position map - alignment means for alignment of the first contact surface (1k)
into the first alignment position and of the second contact surface (2k) into the second alignment
position and - means for connecting the first and second substrate (1,2). 5. Device as claimed in Claim
4, wherein there are detection means for checking the first and/or second alignment positions during
joining of the substrates (1, 2), especiallyRigfesite numBerdstvice as claimed in Claim 5, wherein
checking takes place through transparent regions (40) of the first substrate (1) and/or of the second

substratet (2). 7. Device fsteldistretd in Claim 5 or 6, wherein there are at least two, preferably four
corresponding alignment keys (3.1 to 3.4, 4.1 to 4.4) at a time for checking.

ik first contact surface

2 second substrate

2k second contact surface
3ito3n first alignment key
41t04n second alignment key
7 first detection means

8 second detection means
io surface

20 surface

1 carrier wafer

2 structure wafer

40 transparent regions
50, 50 structures

u difference vecior

deviation vectors
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8. Method for determining local alignment errors which have occurred due to strain and/or distortion of
a first substrate (1) relative to a second substrate (2) when the first substrate (I ) is joined to the
second substrate (2) with the following steps, especially the following sequence: - detecting a first
strain map of strain values along a first contact surface (1k) of the first substrate (1) and/or a first
stress map of(3uiess values along the first contact surface (1k) by detection means and/or -
detecting a second strain map of strain values along a second contact surface (2k) and/or a second
stress map of stress values along the second contact surface (2k) by detection means and -

evaluating the first andir secend sl Maps AndRLHLG () ROCIRIaRGART SHEss figPs by evaluation
or1ocC S

means and determination al alignmént errors. 9. Method as claimed in Claim 8, wherein in the

evaluation firs,RRsiigRmans. aldisstalignmenikeysBcbie Sl Y andonsasondspasitipn maps of
second alignment keys (4.1 to 4.n, 50), are considered especially in the determination. 10. Method

as claimed in ElaimsBomhs swwheieibthere Areithehfofidwirigeddditional steps: - detecting a first initial
strain map of strain values along a first contact surface (1k) and/or a first initial stress map of stress

values along trefifi¥strasmareisira ey By i rereciorrmBans Befoieybitrg aasre -
detecting a second initial strain map of straip values along.the seco ntact surface (2k) and/or a
CPRTER B e L e e S er e Py e

second initial ong the secon Cct surface 'gilt e initial detection

means before Qining and, and/or

- a second strain map of strain values along a second contact surface (2k) and/or a second stress
map of stress values along the second contact surface (2Kk) can be detected by the detection means

and
- evaluation means for evaluating the first and/or second strain maps and/or the first and/or second

stress maps by which the local alignment errors can be determined.

2. Apparatus as claimed in Claim 1 is made to take into account first position maps of first
alignment keys (3.1 to 3.n) and/or second position maps of second alighment keys (4.1 to 4.n),

especially in the determination by the evaluation means.

3. Device for determining local alignment errors which have occurred due to straim and/or
distortion of a first substrate (1) relative to a second substrate (2) when the first substrate (1) is
joined to the second substrate (2) with the following features:

- a first initial strain map of strain values along a first contact surface (1k} of the first

substrate (1) and/or a first initial stress map of stress values along the first contact surface (1k) can

be detected by initial detection means and/or

29



- taking into account the first and/or second initial strain maps and/or the first and/or second initial
stress maps by evaluation means in the determination of local alignment errors. 11. Method as
claimed in one of Claims 8 to 10, wherein there are the following further steps: - detecting a first
position map of first alignment keys (3.1 to 3.n, 50') located along the first contact surface (1k) by

position detection means S?, 8;?25%%%%2)?5%%m Vafuedsea%%igg?ggl? ggrtléj dg@%g@{ggﬁgg second

alignment keys (4.1 %R, g the ‘Second €ontact surface osition detection

means (7, 8) Refare ainNings; map dRRIDIAING AdishalignmentResiiianehihadisigantasy surface (1k)

and a second alignment position of the second contact surface (2k) based on values of the first
position map anddhriatuemefthesecond position map by computation means, - alignment of the
first contact surface (1K) into the first alignment position and of the second contact surface (2K) into the
second alignment poSitiarpdsgtaligdlriresd imShin lafe fieiamdortbrd firsebivaisaeprddeibitrate (1, 2). 12.
Method as claimed in one of Claims 8 to 11, wherein there is the f IIowing{further step: - checicing

the first and/ofSLESHY SRgHHIEHY SHESIHBHS TRAGEHINR S ML SUBSFALPE s 4y %ially in-situ, by

detection means, es&qﬁ)iglcl)}t t&%r%%%haf{g&%&@%%gegions (40) of the first substrate (1) and/or of the
second substraié (2). )

4, Device for joining a first contact surface (1k) of a first substrate (1} which can be
accommodated on a first platform (10) with a second contact surface (2k) of a second substraie (2)
which can be accommodated on a second platform (20) with the following features:

- a first position map of first alignment keys (3.1 to 3.n, 50" which are located along the first
contact surface (1k) can be detected by position detection means (7,8),

- a second position map of second alignment keys (4.1 to 4.1, 50) which are located along
the second contact surface (2k) can be detected by position detection means (7,8),

- the apparatus as claimed in Claim 1 or 2 or the device as claimed in Claim 3,

- computation means for determining a first alignment position of the first contact surface
(1k) and a second alignment position of the second contact surface (2k) based on values of the first
position map and the values of the second position map

- alignment means for atignment of the first contact surface (1k) into the first alignment
position and of the second contact surface (2k) into the second alignment position and

- means for conmecting the first and second substrate (1,2).

5. Device as claimed in Claim 4, wherein there are detection means for checking the first
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13. Use of an apparatus as claimed in Claim 1 or of the device as claimed in Claim 4 for bonded
wafers (l. 2) which can be reworked or which are to be reworked. 14. Use of the method as
claimed in Claim 8 for bonded wafers (1,2) which can be reworked or which are to be reworked.
Apparatus, Device and Method for Determining Alignment Errors Abstract The invention relates to
an apparatus, a device and a method for determining local alignment errors which have occurred due
to strain and/or distortion of a first substrate (1) relative to a second substrate (2) when the first

substrate (1) is joined to the second substrate (2) and for align of twa wafers by means of position
maps, st@ﬂ%%@“éﬁé‘%‘ﬁ?ﬁ%@‘ﬁ?&ﬁ W@fg&m%ﬁ wgt% Egd - §ERTNG ARa73F after alignment of

ine efaive posk OO THE I AT PYG o Rt DU AB PLe DLt o R Eets. optonaly
(40) of the first substrate (1) and/or of the second substrate (2}.

7. Device as claimed in Claim 5 or 6, wherein there are at least two, preferably four
corresponding alignment keys (3.1 to 3.4, 4.1 to 4.4) at atime for checking.

8. Method for determining local alignment errors which have occurred due to strain and/or
distortion of a first substrate (1) relative to a second substrate (2) when the first substrate (1) is
joined to the second substrate (2) with the following steps, especially the following sequence:

- detecting a first strain map of strain values along a first contact surface (1k) of the first
substrate (1) and/or a first stress map of stress values along the first contact surface (1k) by
detection means and/or

- detecting a second strain map of strain values along a second contact surface (2k) and/or a
second stress map of stress values along the second contact surface (2Kk) by detection means and

- evaluating the first and/or second strain maps and/er the first and/or second stress maps by
evaluation means and determination. of local alignment errors.

9, Method as claimed in Claim 8, wherein in the evaluation first position maps of first
alignment keys (3.1 to 3.n, 507 and/or second position maps of second alignment keys (4.1 to 4.n,

50), are considered especially in the determination.

10. Method as claimed in Claim 8 or 9, wherein there are the following additional steps:

- detecting a first initial strain map of strain values atong a first contact surface (1k) and/or 2
first initial stress map of stress values along the first contact surface (1k) by initial detection means

hefore joining and/or




Figure 1 la in this-respect

- detecting a second injtial strain map of strain vatues along the second contact surface (2k)
and/or a second initial stress map of stress values along the second contact surface (2k) by the initial
detection means before joining and

- taking into account the first and/or second initial strain maps and/or the first and/or second
initial stress maps by evaluation means in the determination of local alignment errors.

11. Method as claimed in one of Claims 8 to 10, wherein there are the foliowing further
steps: |

- detecting a first position map of first alignment keys (3.1 to 3.0, 50"} located along the first
contact surface (1K) by position detection means (7, 8) before joining,

- detecting a second position map of second alignment keys (4.1 to 4.n, 50) located along
the second contact surface (2K) by position detection means (7, 8) before joining,

- determining a first alignment position of the first contact surface (1K) and a second
alignment position of the second contact surface (Zk) based on values of the first position map and
the values of the second position map by computation means,

- alignment of the first contact surface (1k) into the first alignment position and of the
second contact surface (2k) into the second alignment position by alignment means and

- joining of the first and second substrate (1, 2).

12. Method as claimed in one of Claims § to 11, wherein there is the following further step:

- checking the first and/or second alignment positions during jomning of the substrates (1, 2),
especially in-sitw, by detection means, especially through transparent regions (40) of the first
substrate (1) and/or of the second substrate (2}.

13. Use of an apparatus as claimed in Claim 1 or of the device as claimed m Claim 4 for



bonded wafers (1, 2) which can be reworked or which are to be reworked.
14. Use of the method as claimed in Clairn 8 for bonded wafers (1, 2) which can be

reworked or which are to be reworked.



Apparatus, Device and Method for Determining Alignment Errors,

Abstract

The invention relates to an apparatus, a device and a method for determining local
alignment errors which have occurred due to strain and/or distortion of a first substrate (1) rejative
to & second substrate (2) when the first substrate (1) is joined to the second substrate (2) and for
alignment of two wafers by means of position maps, strain maps and/er stress-maps of wafers
which are recorded during and/or after alignment of the wafers, especially through at least one
transparent region of at least one of the wafers, optionally the relative position of the two wafers to

one another being corrected especially in-situ.

Figure 11a mth;smspect :
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