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 clai ital@iDbG e AHNRICARI® HDELARIRAL ARsaMmiAECEYRRAS claimed in Claim 9
or 10. Inthe earlier European patent application 09012023.9 the basic problems which exist during

alignment are described on pages 1to 3.  Due to the 3D technology which is becoming more and
more important in combination with progressiripeuifitaianization, it is becoming more and more
important in bqnd processes to carry out a correct alignment process, especially coupled with a
so-Sled pre-bonding step which connects the wafers to one another by means of a separable
connection prior Thervertientarnsdorepnsatrh foridainporna o migmabprestvtehiBafmich alignment
accuracies of better than 2 pm for all locations on the wafer are desired. The importance and
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greatly for{%gsir d accuracies less than,1 m, especially less Eﬂan EMn or less than 0.25m.  Based
on the factifia HRRES'] eﬁ%%’&%?ﬁlgég‘raﬁ%ﬁse?%# sha ‘é“%?gu %rgov‘\r/gféﬁesu%ﬁefﬁlg%ame time are
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second substrate as claimed in Claim 4 and a method as claimed in Claim 8. Furthermore the
invention relates to a use as c}%aimed in Claim 9 or 10.
In the earlier European patent application 09012023.9 the basic problems which exist
during alignment are describe& on pages 1 to 3.
Due to the 3D technoiégy 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 correct alignment process, especially coupled with a so-called pre-bonding step which connects
the wafers to one another by means of a separable connection prior to the actual bond process. This
is important mainly in applicaﬁom in which alignment accuracies of better than 2 pm for all
locations on the wafer are desired. The importance and requirements for accuracy of the alignment
technology and of the pre-bonding process increase greatly for desired accuracies less than 1 pm,
especially less than 0.5 pm orless than 0.25 pm,
Based on the fact that .t:‘he structures are becommg smaller and smaller, but the_ Yvafers at the

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



Current technology is intended to record some alignment marks on one side of two wafers at a time
and to align the two wafers afterward using these alignment marks and to bond them. Here several
problems arise, depending on the respective technology which is used for the alignment. 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. The object of this invention is to develop a generic
device or a generic method such that higher detection relating especially to the entire surface of the
wafer for musrethexacthaiginiie of Bigehtatpdrbsn oviiteatletirodamottiheofgosiorsigmetenalignment
are minimized. In addition the object of this invention is to increase the throughput in the detection of
the positiorROEPRFTISESAEY FRehieaT Retrepdmally jpineddn preranatsidyenienhomterrilyiniaghef Claims 1, 4,
and 8. Advantageous ge elopments of the inventign are given in the dependent claims. All
combinatioﬁguﬁg’éﬁgg f’i\(}v% ?ﬂfg’ﬁ‘é”ﬂﬁfég e arehetheeshemrstip A tisshnelagies sPiReigures also

fall within the framework of the invention. At the given value ranges, values within the jndicated limits
will also be'd ig?:%gvg\g rggtﬁgﬁ%ﬁgﬁy@%ﬁg@d}ﬁaﬁ B g’lﬁ%%sd ﬁ?&é’,ﬁ%}%gﬁ%ﬁ{g{f@n{ gi?ﬁ{%mion is

based on thﬁéﬂ%ﬁ%&%ﬁ%i.ng position maps, strain maps and/or stress maps of the substrates,
especially wafers, before, during and/or after the alignment of the substrates, especially to observe

them through at leagt@PRAANSRAE HRHOR MBtdeast angnaltheaub sl atesiRNd ARligRslly to correct
the relative position of the two substrates to one another, especially in-situ.

at a time and to align the two wafers afterward using these alignment marks and to bond them. Here

several problems arise, depending on the respective technology which is used for the alignment.

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.

| The object of this invention is to develop 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. In addition the
object of this invention is to increase the throughput in the detection of the positions and the
alignment of wafers.

This object is achieved with the features of Claims 1, 4, and 8. Advantageous developments
of the invention are given in the dependent claims. 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.

The invention is based on the idea of recording position maps, strain maps and/or stress



Maps are defined as properties, especially values, 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 structures or groups of local
structures of the substrates. As claimed in the invention, a displacement map of the substrate or
the two substrates is prepared for the displacements caused by the joining of the substrates. The
displacements are caused especially by distortions and/or strains of the substrates. The basic idea
is to be abl&@tPh e Mo isnecaly el belvscturngmriloabendr migvdaed by thsiresbonding
step or joini%esﬁ&iis, especially at a plurality of local positions on the respective substrate, preferably
at positionsSERECAY B TR HSRISH HRoHS b #isast Q8p BRmRareniS a0t hisaslionm e fhe ABREREEY which has

actually been achiev fter the pre-bonding can pe measyred using the transparent window, but this
indicates, as de %ﬂ%@%% mcar?yrﬁlﬁ%eaﬁ%ooglﬂot‘ﬁ%Pﬁil%?lys/ T MERTPRST STPRRIE BrifirdWafer since

elow, onF

it is these distortiopg which.eande fﬂ%ﬁi%e L éﬂ]]l INGe, the wafers are not transparent to infrared
radiation, the alignmﬁt acguracy cgan ot ’ee(frgect )}/S mélgss’uar{eecgﬁgc%%rﬁloél%g%%in{cléﬁ?l%)nﬁg isis
estimated bygneansfatdetecting the stress maps and/or the strain maps. One important aspect is that

the apparatus as claimed in the invention (or measurement device) in one preferred embodiment is
provided separatefhénaidhiclgnaeenhie videaasordsindlepapdentanadile dr:ene ipsalertast

embodiment the module division is as follows:
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 structures or groups of
local structures of the substrates.

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

The basic idea is to 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 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 cannot be
directly measured. According to the invention this is estimated by means of detecting the stress

maps and/or the strain maps.

One important aspect is that 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)
alignment 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,
as claimed in the invention 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 thilgdegdnions arefaredreobbdimentis providstivmtetelis fomichs aip thestdsetcr @slavafer. In this
embodiment there is no "measured” position map, but only information or data about existing
distortions Hfdﬁﬂ?‘@iﬁfd‘é?ﬁ%kﬁelds and information on where these exposure fields are located on the
wafer. These datg are "read in" and would be known on the one hand from the wafer layout
(positions). The a e%&y"&%’éfﬁ GrfietmesHbemednls AAyisian iins iA¥Esurement device which is suitable

for this purpose (gener he lithography system is .used for this purpose)..  In this embodiment the
focus can be Iessglgrﬁn ﬁ%y% %r%r%{%cn ax%%/ by |g&r$)rﬁ%trr1a[)n(%]ﬁg O Sinipe o ding AhPs PR I red), but

only distortions szmﬁi%ﬁﬁ'z&;%%ﬁu‘%%@%é rggomg %E?%%%Qnmg{é% p%%gglwoﬁ%t%wagg is either

only coarse here (mechanical - edge to edge) or optic means o alignment marks which are

applied to I&gmwwlﬁmmg B&QW&%%@@&Qm%@gge@é/\g%\@rogeneralIy
rather low. The position maps are re-corded/detected in one advantageous version as in the
earlier applioationokia 12064 28238 WyhinhrsdesaiaethagainliBe&nown based on the wafer layout.
3) at least one measurement module for detecting the stress maps after bonding,
Aside from this application, as claimed in the invention another embodiment likewise
described below in ’_ﬁhe disqlosure is conceivable in which one of the two wafers is largely
unstructured, i.. has at maximum alignment marks. In this case it is a matter of being able to
estimate distortions of the structured 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 where these exposure fields 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 device which is suitable for this purpose (generally the lithography
system 1s 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 distortions of the structured wafer are relevant. The
alignment between the two wafers is either only coarse here (mechanical - edge to edge) or optical
(by means of the alignment marks which are applied to 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 'V-direction, which are references to at least one fixed, especially locally fixed
reference point ahBetPRIIaR Rk ars sarsedsiskoiedinaesad wntisrow veariaaea iy nesstiar the
corresponding.alignment keys. The position map can be recorded with the following steps.

arrangemeTPIFHrB 2B H %R & iRk deseriRed Rediiste and of the second contact surface in a
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positions of second alignment keys whic ated along the secon tact surfare and which
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movement of the second substrate by second detection means, alignment of the first contact surface
in a first aligngenbpasitiatonbiche segietninadbases ondbea-fistubrROBiHOAS @adsaligmment of the

second contact surface in a second

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 locaily 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 plane 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 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 a first alignment position which is determined based

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



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 #SEpEF RS HEVREhieHePprsd fetbn b carisct surfmp andrabignisidetermingith existing
technologies, conventionally only a very highly limited number of alignment marks is detected.
Conventionally thZShs ROt iE PBIHSHHy using 2 alignment marks. This can then result in the

above described ?gjv%ise effﬁ\cts that the a\iiagnmegt can é)e ?%{ood at the Jocations of the alignment
marks and in the regions Hirechy RaRCER I fREKHER AR AP PRt efﬁé’%%ﬁ’ e remaining

regions of th i te. .. Another problem consists in that depending,on the
selected bon%%?c{%éésg %&%ﬁ%&%@%ﬁgﬂ%ﬁ%ﬁ%@ and %1 0 ?ﬁﬁ%ihea?%ér%ﬁ E%coorff 15% wafers,

mechanicabeig{riansan ARRYRLAMLPRR QMR MaleisBish sanispd githerdesaly or even globally to

degradation of the alignment accuracy. The importance/effect of these distortions with respect to
successful alignnBnihektsbiadenrsoicane saithstheneapiradialignnaniiIessinnlyaspecially for
required accuracies better than 2 um. For alignment accuracies > 2 uni these distortions are small
enough notctmjrmptiesevittalsi grifiparchedeiohn it ihemiibmedtteasilitThesencis tartthnecconstitute a
problem not only in the bonding of two structures substrates, but can also lead to major problems in
bonding of &r st grate o Seearalentesacrrde AfienTstiucner & stbenndies T tsispelaiiiyithe case if,
after bonding, other process steps which require a very accurate alignment to the structured substrate

are to be catAEE 50 MHHAGTALHUB R ARG ETiFuh B PRIETEMREFETs of structures are to be
aligned to structures already existing on the substrate impose high gemands here. These demands
rise with decreasi%es?ﬁ’% lssﬁl% ‘H%Pne ‘%ﬁ?ﬁé@f’@‘ﬁ% %‘E?E}B%?Pﬂ?ﬁ LhprdeeAreedtor example
in the prod %i&m of.se-called "backside illummated CMOS image sensors”. Here a first wafer with the
already S'[I’LL}}EIU reagﬁgg&q E%ﬁﬂ?c?e*’? &je%ec{g@&wemm&%mig%mmt & Claarﬂf/q ou?owyuur? azf

eis d onto a carrier wa IS espec arge Sthictured. After

forming a permRARAMLRARCIEANARGHA MRS AbUIR WIREMaleIaLAL tagRimal e Rl s removed

so that the structured surface, especially the light-sensitive sites, become accessiblé from the back.

Subsequently $bid stitfarRatsist dvensubinaiad SaatheidRFARe SSRieNSep agGal thag rphviel order

for example to apply the color filters which are necessary for operation of the image sensor.
marks, while the alignment in the remaining regions of the wafer can be inadequate.

Another problem consists in that depending on the selected bond process both in pre-
bonding of the wafers and also in final bonding of the wafers, mechanical distortions can occur on
one or two waters which can lead either locally or even globally to degradation of the alignment
accuracy. The importance/effect of these distortions with respect to successful alignment of the
wafers increases with the required alignment precision, especially for required accuracies better
than 2 um. 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,



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 example 1.75 urn
or 1.1 um, the distortions allowable for an exposure field (up to 26 x 32 ram) 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 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 toatdheldoded sirergtpiates dntoedme efathie)surtdicebsdsastidnte akvedly Imatnthiséeparation
is conventionally possible until the bond connection is permanent, i.e. no longer separable
(non-reversigelyatehidisicegpedalytumcasedblefioy bapdingastbaypresiess stspmmvhiphnedniey #tmind/or action on
the wafers from the outside by means of physical parameters and/or energy. Here especially the
compressicif i ligares Mﬁé%%?%%?ﬁ%?é&%ﬂ@%?&%ﬁﬁéﬂ@ﬂﬂmg%ﬁh%% RS B certain

temperature or exposure of the wafers to microqwaye irfadiation are suitable, One example for this
ore-bond cSHHELHGHRTSLI B3 & SEANERGF Bt AISFEA ATEE SEF BN PR AR e oxide
and a wafer_surface with native oxide, van-der-Waals.connections between t rfaces occurring
nere ot roor o e B R e SR SRR

connections, oy {QRAEAE HRalP A AdwPOiaARC U BissR e hendig.sopagstions also allow

inspection of the bonding result before forming of the permanent bond connection. In the case of
deficiencies aseRERINENIOE tiisdoshnctionthe saRslatassaankRe.repr aledagpinapdidelginad.  In
the simplest embodiment the invention is a measurement device and measurement method which
enable detegtion afrtieevaifesskishiiiagemdaitl by dite yredoaneing ftefommiaguatemaneatwadidr pair. This
takes place by means of analysis of the stress maps before and after bonding. A stress difference map
is producedctmaestionymastol tieyatstatolibwi thy sostriplivnafer is Ehoeiesthaiffersmeturadp enables an
especially empirical estimate of the distortion/strain introduced by the pre-bonding step. A distortion
vector field SFrReHRernalighaTrsiays Mipkogcrrrpesesable diom thergark fubseauenedtisr field as
claimed in th%'%r{cvention make%%ifossible for wafer pairs in which only one ofe%Ee two wafers is

structured tS"HEE RN STHRFFERIB AIBHPIERS Jrot segiat carasepRsifoiderdepeamINedR the comers

of the exposure

flﬁl,d’o R)rreggélasbl %Bthg ,%Osétion%% thr% %Ililg(%r&%rgltn m%rk%Sfé)rr the lithography device, in
addition to tH& deviations from the idea scﬁgffg which alfea y Sxiethetore bonding.

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 example 1.75 um or 1.1 um, the distortions allowable for an exposure field (up to 26 x 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
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 distortion vector field alternatively makes it possible, for wafer pairs with two structured wafers, to
predict which additional alignment deviations can be expected at the points detected in the position
maps in addition to the already theoretically expected (as a result of the selected ideal alignment
positions based on the position maps of the two wafers) deviation vectors. This yields a deviation
vector field or a displacement map. In one preferred embodiment this expected deviation vector
field is superimposed or added 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 ethppeassgefof atetem dsponttivelyndlonvidieh po ditiorsfnd flveplosititnidaiapmititothis result a
decision can be made whether the joined wafers are to be separated again. The invention is
furthermoreBsatieratseraslor eneviinte s ewoiddinfiy eomemsodnnfilivarafers byantresiefiment position
of the two wafers to one another can be determined, with which the set of all structures on the contact

surfaces of PIERFSTNRREr O AhssaTaR F@’%S@Fﬁﬁ?ﬁ%ﬂ%@ﬁdﬁ%@ﬁﬁ@éﬁ?@ﬁ%@ﬁﬂ‘?&éﬁg ¥hother.

This relati iti bt d il late with fect ali t of the ali t
maks o o ARH el I UB0AE A RAREIA A8 dhe RIEBLANAD %59%9% e optmum positon.

l.e. at least (GlAlive I NGHM FARGSI: aﬁﬁ@%@%ﬁfﬁ IGH Qﬁ‘}d‘% W %S‘?ﬁgf‘% ReHget.  for

already completed "prebond" process, therefore In & tate nw to separate the

two wafers fraie, QRe RAWARS dbGRAP/HIRREIN GG IR BHESRGS ﬁre%qeﬁlﬂemfepmeeendlng

step and the distortions which probably derive therefrom, espeC|aIIy mechanical distortions, are at an

acceptable siateeoahese@Ritde 8e Idiiseitetisad wepasdal ol RpRlikaians Rwhisiuriteneef the two
wafers is structured and the second wafer is largely unstructured. for already completed "prebond”

process, theréfaragerashtdtes¢rprrbinhlitdseiibpoasiiie siee papatadhefttvoboadegsrésairbefoezanother, it

can be checked whether the accuracy of positioning of the two wafers or of the individual structures of

the wafers tEoHaza S peratansih et comrestioond tee sprscifideficerritn asviertaingd ihthidisppaciments

which occur as the wafers mutually approach one another in the direction of the z-axis, or even worse,

deviations f%ﬁ%&%@%?ﬁﬁﬁ%l&%@éﬁﬁ%ﬁﬁ% the contact process, can be determined. In

particular, as a result of detectin §%fﬁ stre ses introduced in the re baondin st%g gredlctlons of the
B

expected distortio ORISR IBRE RS ﬁ%e?f&’é‘inb BLAREE &imated,
I th this d d thi th f iall
e i o A S S e s

<0.15 pm, pre era m can e accomplis

described d@%wﬁﬁmgpﬂmh@b&%%@%&@@&&@ﬁl%?ﬁ%@ RIPSSiRg,s, final bond

connection.
stress difference map is produced therefrom according to 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 in
which only one of the two wafers is structured to determine which distortions were produced at
certain positions, especially on the comners 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,



In other words, the device therefore makes available at least means 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. 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 pdiht disdrtivnyenaliie exgrtalighmekesof thestder dspuidipgraligtntent keys at least in
one X and Y direction, not only with reference to the positions of the individual structures, but also with

respect to tHEiciEghvERIrolouesie plosheaddigonal alignmeah denaationtisenibeernesisdaibe piptesented here

consist on the one hand in that the economicall% and/ar technically optimum alignment of all structures

of the two WERSERS Giroiifism B pldiioniatisalcadethsareiraliysraree it dmprises the
di f It f the st fthe t f fore th b ht together,
capocialy 20ERTRR T LETEP B SR BT B8 A e A SRS specially
in-situ monii%g' p({socgaggﬁ ﬁ@%c%?ﬁﬁ‘ﬁ%ﬂe ) ?&Eﬁ%ﬁy\fﬁa afers via alignment marks. For faulty
gkgde preabon t & ‘

prealignment a e generally very expensive structure wafers can be again separated from

one another and r&'@xﬁ@@%ﬁned edboAR AR vanAgea i eid Rant L dveniandh s Rigyded that

the apparatus is made to take into account first position maps of first alignment keys and/or second
position Mapsief GeREosk Aligahen keysl-rspacialid thedaterminalipniRrarauetoRimKeass.
Alignment keys are especially the alignment marks and/or structures applied to the substrates or one
of the substfaiesesults thiversthe sigindiarshiwhich psi@be wkitoathiderithverdifomltherresppaditigly inspection
side by reflection measurement, the radiation being reflected. In particular an average value of the
stress/straiprvidetrosiipss o ibrmesitios mep SN ab ke reaitiafdwisitionmbonade gibeibon e einedurface,
light infrared or from the respective back by transmission measurement is enabled as claimed in the
invention. IPR{Ea SR &hie SPRRITG RaiRed light or x-ray an average value of the stress or strain over the

detectable layer th’@knesstis determined. A str ss-strgin %5 iS. not ecessagily re}%) ded through the
transparent regions. er‘ﬂ‘ée‘bS’é’ifFo%’?’Fﬂ%f&%ﬁB i eggp CSiG BSRYGSAPP SHBRRSH TheRslirement,
preferably by ”S'”%ﬁ‘c’if]z'lﬁ'e o8 E%Itﬁe”t@vé%%ge@gt@% DpSHkeYSEHLOS ARIeclad JhigiRame
time, especially with the Same detection means, by the aforementioned measures.

set of all structures on the contact surfaces of the wafers to one another are economically and/or

technically optimum to one another. This refative position can, but need not necessarily, correlate

with a perfect alignment of the alignment marks to one another. Of course the alignment marks are

also almost always in the optimum position, i.e. at least relative to the um range in the immediate

vicinity, but even not necessarily perfect.

- for already completed "prebond" process, therefore in a state in which it is still possible 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 acceptabie order of magnitude. This is used especially in applications in which

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




According to another advantageous embodiment of the invention, it is provided that the alignment of
the substrates during contacting and/or bonding of the substrates can be checked, especially in-situ.
The in-situ checking entails the advantage that alignment errors caused especially by movement of the
substrates during contact or bonding can be precluded. 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 substrates to one another can also take
place. Other advantages, features and details of the invention will become apparent from the following

description-of prefarsaehéxemiplard epadbodihpteattlensing ihesdtawirgscibigssellpasthiows a
schematic cross sectional view of a wafer pair which has been aligned as claimed in the invention,
Figure 1 Ib shawis theseherbticimopent aidieupren heafercké divdotizicthp aicaecorfingitorigete 1 |a,
Figure 11c shows a schematic aspect of a lower wafer of the wafer pair according to Figure

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 occur as the wafers mutually approach one

another in the direction of the z-axis, or even worse, deviations from the ideal 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 methéd alignment accuracies of <25 um, especially <0.15 um,
preferably < 0.1 pm can be accomplished with good reliability and yield by the above described
distortions being controllable and correctable optionally before producing the final bond
connection.

In other words, the device therefore makes available at least means 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 info the
wafer during the pre-bonding step.

In another embodiment, especially for the inspection and/or alignment of two structured
walfers, 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 Y direction, not only with reference to the positions of the individual structures, but also with

10



11; Figure 12a shows a schematic view of the process step of detecting a first wafer as claimed 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 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 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,
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 optimum alignment of all structures of the two wafers to 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, especiaily according
to earlier European 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 alignment marks and/or structures 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 reflected. In particular an average value of the
stress/strain over the layer thickness is not enabled, but information about regions near the surface,
light infrared or from the respective back by transmission measurement is enabled as claimed in the
invention. In measurement with infrared light or x-ray an average value of the stress or strain 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 same detection means, by the aforementioned measures.
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Figures 15a to 15c show one alternative method for detecting the alignment of a wafer pair and
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
Ik, 2k. The structures 50, 50' can be for example cavities in which there are MEMS devices. In the
case of 3D integrateddhiptstaciisthdvatitagione smadithals o ke inetatistyrfcis psowitiedhhar éheised for
producing electrical connections. For the sake of simplicity the structures 50, 50" are shown as black
rectangles atigorers of theambisiatesshong thatackifeced/v, lpadiiglé thenbaarss carchetheckedfer 2 has four
regions 40 with second alignment keys 4.1 to 4.4. The regions 40 are transparent to
electromagtfetRiddniagih Shaiesitrhcriite ittty adveataemnbaliengihe Ry euscsirsperabttion
means 7, especially optics, can correlate the first alignment keys 3.1 to 3.4 of the first wafer 1 with the
corresponol?ﬁéngé“é%ﬁ 3ﬁé‘ﬁﬁ’?@ﬁf ng f8TG W%ﬁ@q}:&r%f)é?é) ‘regions 40. Advantageously

these transparentfegions can be made available for silicon wafer, doping of the, silican being
ot forhoes TEHEASE R ENR AV IS kol RN CGRINE el 10

ayers beingaRRlcg: GG 45190585 FRRRAEUHIRIBHNE IEM Rk SRS BRiP Produced. This
can be achieved for examplein tha
position of the substrates to one another can also take place.
Other advantages, features and details of the invention will become apparent from the
following description of preferred exemplary embodiments and using the drawings.
Figure 11a shows a schematic cross sectional view of a wafer pair which has been aligned
as claifned in the invention,
Figure 11b shows a schematic aspect of an upper wafer of the wafer pair according to
Figure 11a,
Figure 11c shows a schematic aspect of a lower wafer of the wafer pair according to Figure
11a,
Figure 12a shows a schematic view of the process step of detecting a first wafer as claimed
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 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 alipned and
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only the alignment marks and possible pertinent structures which can consist especially of metal are
placed in the transparent regions. With adherence to these prerequisites silicon is transparent to
infrared light with a wavelength of > 1 pm, especially > 1050 nm The structures 50, 50' can project
over the surfaces lo, 20 or can be set back relative to them, for which reason the contact surfaces 1k,
2k need not coincide with the surfaces lo, 20 of the wafers 1, 2. Alignment keys 3.1to 3.nor 4.1to
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 aspplesisibiaferfrag,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 and/or structures 50, 50' or parts of the structures 50, 50' on the
surface of the wafagirg 14 showspap eplsrgoreshh Dot RECEBSH shrtrdts cndmstierdsaigaed aslof the first

wafer 1 by the optics 7, therefore the recording, of a first position map Positions of the first alignment
keys 3.1 to®SHPSE WREERAEY S BRI @W%?%ﬁﬁysgﬁﬁ&?ﬂ% W' BEGIHLTE Prelative to

the optics 7borai§heeg gi&? zn%%Q moved relative to the wafer 1.1n one preferred embodiment the
optics 7 are ?ixe%l, whil e Whfer 1 is moved relative to the optics 7, fixed on the recording means 12.

In 2 second step whighssperiRifoliane dsisksten el whichRraceeds simulBnegushoait i

according to Fig. 12b the same process is carried out with the top 2o of the second wafer 2 by means
of a second,gletection means, especially optics 8.

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 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 11c show the surfaces 1o, 20 of the two wafers 1, 2. The wafer 2 has
four regions 40 with second alignment keys 4.1 io 4.4.

The regions 40 are transparent to electromagnetic radiation of a certain wavelength or a
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
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Since in this measurement process the recording of the position map is what is important, it would also
be conceivable to use only the optics 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 latex
alignment and bond step then one of the two wafers 1, 2 would be flipped and fixed on its recording
means 12 or 22. According to the above described steps, the device now knows the X-Y positions
of all recorded 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, especially also the positions of the structures 50, 50' relative to
the first anevaiigislathatitiomenifdehs iitg o theatitbeh benglanoilibdfpatiestmgoniotisspkstatizof a first
position map for the first substrate 1 and in the form of a second position map for the second substrate
2. Duritg thgrreadisopip brins kept adatiedin ooy isnée moahiryersiheng anphee HidesesEerdiid position
map, but especially in different modules or at the same time in one module, also first and second initial
strain and/@ﬁ%ﬂ%lm‘fﬁﬁ%@%@ﬁ%Q%WP%%CWMW@VFéﬁ%%Mﬁ@%e basic

stresses or initial stresses of the substrates 1,.2. Here it is the.r cording. of straiFrjl ang/or s]tress values
c%c i 1 metal are

as a functidhiB iR erpeb BaTs ERREIRg R5 RE HBRIGSH R R SR enCuBVice Which is
bl d i / ' ] lved . " ' ' d [
e 1 e e S O R IR IPERRLIEL R, RO YRS s SPR BN HlIRiGd measuring

. ac
devices. M85Stirémen are base aman spectroscopy are especially

advantagequsly 4s t@}ﬁ?gﬂg&%@yﬁoﬁbﬁn&%@p@g&ﬂ vepiin.the infrared method "Grey-Field

Polariscope” Review of Scientific Instruments 76, 045108 (2005) "Infrared grey-field polariscope: A

tool for rapid stresg,analysiednanioregiestianisvrmaletiatacendo dRwices waRibackseldtiTdw stress and/or
strain maps are recorded in turn by relative motion of the optics 7, 8 to the wafers 1, 2. In one

advantageatengmbediotasisdicie iomepanstespliczkorapticscanidiowaiytinsedeate ddnithef tstics 7, 8.
To the extent only strain maps or only stress maps are prepared for optimization of the detection time,
the stress nvabetsah be converted into the corresponding strain map by means of the fundamental
equations of elasticity theory and vice versa. A mathematical, especially numeric conversion,

preferably with staMigasoiieyadddrdptd-He fetrpbre almeda smeniesidl oA BivaeHiclaimed in

the invention. For devices which have been optimized for the especially precise detection of the
position maﬁ’é“ﬁ‘ﬁ‘% trdin maps, two different detection means are used for detection of the position
maps and/or stres, maps. to the invention and for exclusion of other f L sQurces itis

provided that the stréss ar?al?)e ic?ca%}g]g‘:%%[{gcglém&e%?e%{ee%ogc% rd ﬁ% % Séugﬁ%?ﬁ ésn%%?!&e substrates
1,2 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 and/or structures 50, 50'
or parts 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 a first position map. Positions of the first aligﬁment keys 3.1 to 3.4 are
measured on the top 1o of the wafer 1 by either the wafer | 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 20 of the second wafer 2

14



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 strain 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 it is conceivable to provide detection
of the stress and/or strain maps in one or more separate modules, 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 covegarexming stedsidi@:Retdh ;imtnespaiiacpyargpping. 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 produadsin iy feetlytinainipag@esr e tdkontihp eiths pdiidost atgp frowhd igirp@taasidts. In
actuality the structures 50, 50" cannot be so exactly produced. Even if they were so perfectly produced,
the wafers woRldjelsmbeteracgpsidaishipsronkshempiidsileas chmdieigehito oo dierebutdnaovethelative to one

another. In the pre-bonding step additional strains can also be introduced into the wafer which lead to

strain/distoRR5s SARAAS HerTHR dre BB Ers led Yoty dwinfEhtwmsHPRid SadainiigRirrshengs Braimed in

the invention, a ege t alignment at i dighdual ositions.is accordingly not necessarily the objective.
Rather as CPHIFGA HFHEETAUERTEH M SRR £I6EH ot M EbTb bpo A S IBRER%0, 50" on the
wafers 1, 2 are,aligned altogether with regard to economic and/or technical aspects such that for each
wafer pair Vﬁ’f;‘é%fﬁ%&%“&‘é’é%&éﬁ“ﬁﬁg ?iﬁi%%ed dice scrap is as little as possible. Since the positions

of all detected stryg 0 R0 285 LB MU ARKSREORSLAIIIRGRIKSY BoditholR Srdiand 4.1 to 4.4

of the two wafers 1,2 are known, the optimum relative position of the wafers 1, 2 or of all structures 50,
50 to one apeH@IGENRSSteRTiBEdBMSPMRHRIRBMEANSMERIkdRKeS RI3GeRY Arteumining a first

alignment position of the first contact surface 1k and a second alignment position of the second
contact surfteeopk lloasedf die theferal @ sesietlid lfirdtphsifaitioiapihe shasetbo {56’ vdities tof the second
position map This relative position of the wafers 1, 2 to one another and/or the first and second
alignment pisifishandnebend ahignmenidisyehddkéchimsitl fordoorTeenessatedingharidmlsbaditer contacting
and during as well as after the bonding process by the optics 7 and through the transparency regions
40. In this wWegyitiea wap fenbstEssbsteterrtindbsiform of T reedineriveananier BssrioADf the two
wafers 1, 2 or of the structures 50, 50' to one another arises for example by computing a minimum
sum of the é‘%%@fﬁl?y guadratic deviations of the respectively corresponding structures 50, 50' from

one another 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 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 tool for rapid stress analysis in microelectronic materials and
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As claimed in the invention, it is likewise conceivable to allow economic aspects to also be included in
this computation of the ideal alignment position. Thus, in many areas of the semiconductor industry,
especially in the memory industry (for example, RAM, NAND Flash) it is conventional that chips on
certain regions within the wafer, especially in the region of the wafer center, have less variance of the
guality-relevant parameters. 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 into account (this process is known as "binning"). Advantageously therefore as
claimed in ghaideyentibendie. Trakaligandenspasitas afdhaesvade is isncbymplatizd motionbf thased on the
position maps of the two wafers, but an economic computation/weighting is also included here, in
which espegiath/7care tis takfers io Zdhievedvhigigenyieibiditnenatiezeos shpatalglosticyaaligtichips,
especially at the cost of a lower yield in the region of the lower value chips. Figures 14 and 16
show a diffedditioralle trsematedhiciieopititidtds 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 thel PR ERt SN ESFABUTRDA SPERI B EIBR Heerast (BT RE WA bR fhe transparent

regions 40 ts own differtﬁence vector u can beV re%)glngz d. Ifrr at t(r)lrilﬁigoisrtlrt altg% twg V}/I?ferso?ﬁgroach one
another, th& SR RRE TEIFE AR S Tott HO TS B CRET RSy dhange. durng the approach or

during conAGiAg APoRARS, BRNRIONIAN I e lRiInethuslativgRoalion.l ihsbyo wafers 1, 2 o

one another takes place. Even if t rs 1, 2 make contact, the opt ¢an still check at least
the four diff@o&%ﬁ@o&%mgwg@ﬁm HansRai&aRy teaiens:Aq bafiee cantast & dawatacshould be
effected which is too large, the wafers 1, 2 are immediately separated in order to carry out alignment
and the preReNERiORAES r@aildaln order to implement a simultaneous checking of several
transparency regions 40, for each transparency region 40 there is its own optics 7 so that the
throughput duringfbodidiioes isiici hedtioed dytithieeihfsithaegeciily pletire dtigetiment the pAditamatively it is
also conceivable as claimed in the invention to carry out the checking step after pre-bonding in a
separate mudpiandiortkizinieatsy btigHisteror deteciiigrmeant arraiad fandetsttion Privbpaseing bt ule is not
reduced. The possible separation of the wafers after the checking step can take place either in the
module int ToFsE MEBking or however likewise in a separate module. It is also conceivable that not
all modules are connected in a single.device, but form separat 1evices, especially with wafer
handling means whieF P& @eﬁ%f'ﬁ\%%?ﬁ@aﬁﬁre@c{mﬂb 8?&%‘ g?‘i‘ TRRTRCRH SRR %%g}?f }le\iee near
region of the alignment marks 3.1 and 4.1, In orger to.be able to.d situctyres 50 and 50
during supesr%eg’g%@r/ﬁrgﬁﬁ}ntﬁg%ﬁ%ge eacff]g %cécgﬁgs r.t‘)(\)/vﬂr}".3 %%tﬁg};ﬁ]g tgﬁgg%trﬁctdrés 50 and 50' were

oriented perfectly 49006, anQINGL-A06h RRHRCHY 1R i A FASRLAIRS 13- dn@ Bk AniheBoRE  fECt Covering

of the two structures 50 and 50 would be established ih a bond process. Figure 14 shows the

sample casgdinyieiddRetR ahe naverageRithasitusireanta i@l opdhas st endligrmeant marks

3.1 and 4.1 have been perfectly aligned to one another. In the enlargement of the structure 50 and the
correspondimgpstssigisti@denitns setrgaipaliie: dericthe: differenik tesintoudhastaee placand one Y-
component which can be used for vector computation.
Alternatively, for the accelerated and in this respect more cost favorable embodiment it is
conceivable to provide detection of the stress and/or strain maps in one or more separate modules,
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 50, 50' on the two wafers 1, 2
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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 pit-bonding

process cawiffrdRessktehaniheiesaling eiresamdistoriian savcheclgieawines wetionsted/predicted

or advantageously computed, especially based on empirically determined relationships. Although
the inner regopsfedtthmdyaterssih2 gan haidiiger becsibswbdaetithlith ¢he ptiosuresS0s i eatinetbeare no
transparent regions in this region, conclusions can be drawn about the state, the position or the
deformatioppiexesity esgiupeiyEtren Hirzdn werd forpstfesly madanett, fbe ardmspleliduong thegiomoacktress
prevails which exceeds a critical value, for example the value of a comparison stress, this region can

be automaBEARySIPEakEE Seraits BRI Esh CHYLBAYEAFBL TR E aReebardRitsrERtIRATEd fo quality
classes. Diceg with low inherent stresses haye a good. qualjty class as we]l as Jong service life, while
oo with FOR CIPL S0 R o P IS0 S O D AR AT OB Bion thse
stress/strain_maps. for the entire wafer surface.and all structyres present.on it the align t accuracy
arnieh b B B B R PR e

practice. L) betertingRffiEsliane SeRpings o BaRs SaHesH RN’ indhs firghrag.second

wafers as described above. 2) Computing the ideal alignment position based on this first and
second poSHioRVAMAPGES sHEMGH 10 terkinicalAndialpeRnRBiniites sy, Fiscampatalion likewise yields

the ideal alignment positions and the corresponding deviation vectors for the alignment marks in the
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 to 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 or of all structures 50, 50' to one another can be determined by computation means. This
takes place by determining a first alighment 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 a minimum sum of the especially quadratic deviations of

the respectively corresponding structures 50, 50' from one another.
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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 v* 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.
Here preferably sites at which there are no structures 50, 50' are left out in order not to adulterate the
measurement result. They are for example the locations of the alignment keys 3.1 to 3.4 and 4.1to 4.4
since there are aligratamdiratHesithentom dtsdkafistonsresbBOp Blow ecor@nieasnsdisgohleofivat and
second initial stress map corresponding to the first and second wafer before the pre-bonding step,

especially preiafed i hisranrebened hesdes alisarsatppatnp i afn manyasas Biifding of wafers with a
suitable methad. These methods are known in basic form to one skilled.in, t the most varied
bonding cotfuceRsiygtor md%ﬁ%e‘i%’c?ﬁf‘?&%ﬁé%’?&%?%@ﬁ&ﬁ% g@cﬁﬁ@dqwﬁgﬁggfé%ﬁgéﬁons 40 and
determining the gctual deviation vectors u in the trapsparent regions 4Q. 6) Determiping the
difference %8?%%%8"&?&%%%5? 8%\9?8%6nnr%%%%eﬂt}l?r§lr%v¥ﬁt§régs pﬁagléal%%l\?iée r01}1 v%%%’gr‘g or the

transparenb LR ess Wil SERSARIRY QLG ARIGHRIN e RO ERADR ARAUHRGUTTerence

vector map v" can be computed in which for at least the predominant number, especially for each

position coptgingsk i thg firah anmaero frResiamMdR R ISasH pMatianivasiahipd Rese deviation
vectors u which correspond to the individual position are now adapted by a correction vector which is

computed faradchadndivideatpodifkrmnapaliphatkadeadionvectonatdtie pruossiskstermtem 6 and the
coordinate position of the respective point and the coordinate positions of the transparency fields.
"binning"). Advantageously therefore as claimed in the invention the ideal alignment position of the
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 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. 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
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8) Detecting the first and second stress map after pit-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 here [in) the vector field predicted based on the computation in
point 11 foagam de vdbon iesitarenin sheuhdistds elqekint s tevaspoadsaasdyatpiontolte dhralbgical and
economic success criteria or whether reprocessing/separation of the wafers is to be carried out.

For wafer stacksuenvyigipore therb othiswafeostive fbse thattiecthtinghpit viuring pdodingrisapecially no initial
stresses or for which the initial stress before bonding is known because it is subject for example to
only very |o®fvesddrycdbeimsitidetsetionetitn 2BenBe. 3, the detection of stress maps before bonding for
purposes of optimization of the throughput and the costs can be omitted. It is also&% sible as claimed

in the invention, eSHERAIK it 5 serEr KRl st in AP WYRRECRLS BTy FidkG S8 subject
only one part of the wafer to detection of the stress maps before bonding. In_this con ion, low
stresses ar Sreﬁ{ﬂegb %%nﬁ%gée\?a ted \93#0 sgiéafn%?gaﬁ{ﬁ%%g uggitgp%gg oe{ﬁén %??éggce{]g%glrﬁgduced in the

pre-boncing,siea TS SRRl offe URR s A A DUdbociand pigferadl by the

factor 5 or even bet e factor 10. With respect to only partial measurement of the wafer stack it

is especiallyfeagibiefoM@mRie (paubisenhe fistiraddberRstWaleksiaskioh spatebrirdarpection

and for the remaining wafer stacks to adopt the stress map determined for the first wafer stark for the

computationss Klis adgeehapieehsahledomadieout hareompuilatipak difdet, butifosnsepiiges to then base
the computation on the averaged stress maps for example for the first and last wafer stack. In this

case it is aldevaavantadgeivsiyhpodsibiediradociomatichrepsgiactieet thaf@sstacks in order to achieve
higher reliability in the computation of the average value. According to the described procedure it is
also possible to subjrs bhijoovdnaneriargangafbesohlegidn phthsaligamansaakyd. Hare &ibrrof the

stress maps. This is especially advantageous when only one of the two wafers does not meet the

above descABEHTR A AT IRERT ARG SRS BrtHes SRFRPHERBC AR 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 X~ and one Y- component which can be used for vector computation.

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

19



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 individual exposure 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 containgafsectobbidira bonajoiz péthe especiilly 1al pobitiontoifitticant gnnematwriaghtbs sikish are
conventionally located on the corners of the exposure fields. 2) Detecting the initial stress map of
the structureativaseaibsfepecftheprefystadingoprbuiss ey bairableatierttioleioTerfion e hetistaite
opposite the contact surface Ik (if wafer 1 is the structured wafer) or 2k (if wafer 2 is the structure
wafer).  f mmépshoeshostyridamerdssrrtedrame Irahseraits thackre dhstiesbismdisetsh hfeans for

the wafer position and alignment means. 4) Pre-honding of the two wafers. ,gggg)etecting the
stress map BREERESREBIGrERS GRRA FAST RIS b RS BHIRE STESSAUSINRSR S B S AEABIE Wétection means

from the Sldeest?lg tggll;t)e l{]c?e& %P %%%1%2%‘&%' léo/n%plﬁted, especially based on empirically determined

relationships.

Although the inner regions of the wafers 1, 2 can no longer be viewed with the optics 7, 8,
since there are no transparent regions in this region, conclusions can be drawn about the state, the
position or the deformation in this region by the strain 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 problem zone by software, The dices could thus be
divided into quality classes. Dices with low inherent stresses have a good quality class as well as
long service life, while dices with high stress concentration can be classified into a low 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) 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

20



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 than 500 nm, but more ideally better than 200 or 70 p.m. 8) Adding the
distortion vector field with the vector field determined in point 1.  9) Checking whether the vector
field resultirigspenentreicondfulanios, ihenbignreeeonukporibe tantnstenéresicagHhorsdieall and economic
success criteria or whether separation and reprocessing of the wafers are to take place. The

aforementiéiesastytbemerestivalionsd e erdy braskists the attesmor olsired fRaps B 4H8nding or the
only partial detection of the stress maps for selected wafers and/or wafer stac ly analogously
e, Do B S 1 S R e Gh L L R R L S LR the St
difference between, priar.tp and after nre-bonding can take. place-as.glaimed in the. invention based on
o harali SraH e DL GG LB e e C RP RCRRAAIIEAR BN O

stress difeiggs helRieliea alsMRIENIRLISHIRARIAN 1odRNS AhibRYAIRAMRRAUSS! tensie

stress during bonding has been additionally produced. On this basis conclusions can be drawn about
the direction @hibgdndivid yalivasiptaatanyipeintehib sovaietuth siexehehithastissreifisrence in the
individual regions which is likewise known from the measurements and/or the computation allows
conclusionsdaheui=tthe arasemheittheulieThey. aihsexeiptionshipaiaim telpnnehriegeddanly linear
since the individual component regions of the wafer are conventionally surrounded by other regions
which addifidref4ihfiuédcintheheteam/digtortiamofihbarafmtedhefrsiforarcs Mpféie computation models
which are suitable in practice must be used to be able to estimate the actual amounts and directions of

the vectors. AnotAbPpeasiths et audesronlimtal sprmensqrerpamisg&sbs drseadseeynd also the use

of empirical methods in which the findings from tests done in the past are exgloited .
water before the pre-bonding step, especially parallel to detection of the first and second position

map.

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

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

6) Determining the difference between the actual deviation vectors u from the computed
deviation vectors for the fransparent regions.

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

computed for each individual position based on the deviation vectors determined under item 6 and
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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 15a to
15c. The examples of Figures 15a to 15¢c 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
The alignment marks 3.1 to 3.n are correlated with the alignment marks 4.1 to 4.n by already Imown
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 stratire ietddbnitheétipof diethepactiferpdinamb eenveariined pitikmbyftte tapiescBewhile the carrier
wafer 1 has been removed from the visual region (Figure 15b) or by the optics 7, if the electromagnetic
radiation uSeldscan 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 stfodeiising thelisy ardrerrbirsamalicissedamdisttess gradients in the layer
thickness). For the measurement of the strain and/or stress fields on the surface lo of the carrier wafer
1', the above destHb¥HPARPRCE T TTEtRaR R oyl DR DR RGE fEsPAMYTES Figure 15c¢.
After the res%ga t(?(/)e ini '%Iﬁstr%in an ég&istress fields have been measured, the two wafers 1', 2' can be
aligned and Bonded. Aftér the bond 15 c%pleted, the strain and/or stress fields are determined by
means of the optis, g andiR & AHEEBRNARGeRYARe AREEHAVSIIRIARL NS EMRRkahhe strain

and/or stress fields of the surfaces lo, 20 ispossible since the electromagnetic radiation must

penetrate thAMRAVEIEIS bastd dheraiare mm@m%MMffﬁ,@@gm%ﬁgtween transmission and

reflection measurement is preferred. For better comparability as claimed in the invention the
transmission meadyraeddanttis: pdefesmaediciftnsrissicaumensuienienidmpduetiestapracasurements
should yield similar strain and/or stress maps, it can be concluded that the strain and/or stress fields
are only onbtivding tfetbe sidviafionarcdtserbicr ean bsthesstiprildiexpecmdenthehibickers sonPasdbisforehand/
afterwards comparison then in turn allows a conclusion about the change of the strain and/or stress
fields and &@@hélusion about possible weaknesses of the system. If extreme strain and/or stress
regions or those exceedjng a comparison value are discovered, the wafer system can again be broken

down into the inditAPSFITREPERAEH e AligaFat e at dhhs Berdetbedid Bnsasier el structured

WS W B R e S S MY G MRy S 01 L tividtual points

corresponds as before to technological and economic success 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 only 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. Tt
is also possible as claimed in the invention, especially in the case of stresses which are subject to
only a low variance to subject only one part of the wafer to detection of the stress maps before
bonding. In this connection, low stresses are defined as stress values which are insignificant

compared to the streésses produced in the pre-bonding step. This is especially the case when the
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the stress maps, a reflection measurement can be preferred since thus the transparency of the
structured surface of the wafer, especially the contact surface |k 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 paekicldirrd e aisctionstaeerthillaieta! faitass diatden Wikecbg ditabiotei rimii exteasion are
needed to cause significant distortions benefits the accuracy. It can be expected that stress fields in

the lateral dirextiqiar@l/ Yipanuembaved te leafst Sauk § Srespsciptylfabiple femepSionditiites the
extension relative to the wafer thickness to lead to relevant strains/ distortions. The most important
wafer matefisst sshtbsitastivatnencihot abaseh tsinspediefeinddien theremaipinsivafastackiicdo’ au, hybrid
bonds, Si, Ge, InP, InAs, GaAs; and combinations of these materials and the respectively assignable
oxides for rFERSTEE FHTERRSIIRT thesirst wefe SRekifstbestrammuair et dds Aa prust el o S8 Mntageously

to the same X-Y coordinate system. Thus the vector computation is simplified, especially in the
determinati8ff Wt?loénﬁ}‘l&“e?ﬁﬁly SR RGN ?{tt%é’a i% ¢ HRSIRE 8?m1|1r{‘§1 i%ﬁf?rgg?ﬁcég 5|ggsplacement

jSgt?;fgd&%%st?of Sureid B REIFLCACA MRS IRk T SURRYAIG U AoRGkS HlasRAgecond
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 possible to subject only one of the
two wafers which form the wafer stack to detection of the stress maps. This is especially
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 individual exposure
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 thé 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, especially 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
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2ksecond contact surface 3.1 to 3.nfirst alignment key 4.1 to 4.nsecond alignment key 7first detection
means 8second detection means losurface 2osurface carrier wafer

suitable detection means from the side opposite the contact surface 1k (if wafer 1 is the structured
wafer) or 2k (if wafer 2 is the structure wafer).

3) Alignment of the two wafers to one another with the aid of suitable detection means for
the wafer position and alignment means.

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 than 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 resulting from the computation in point 8 corresponds
as before to technological and economic success 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
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2'st_ructure wafer 40transparent regions 50, 50'structures difference vector v', v'deviation vectors
Claims 1. Apparatus for determining local alignment errors which have occurred due to strain

gr)d/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:

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 of the individual vectors at any point of the wafer. The level of the
stress difference in the individual regions which is likewise 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 exploited.

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 13ato 15c. The examples of Figures 15a 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 stress

fields. The stress and/or strain field on the top 20 of the wafer 2 can be measured either by the
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- 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) can be detected by initial detection
means 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 (2k) 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 the first position maps of first alignment

keys (3.1 tgphypnriionsesend nasitiondmaasahseatianaligvsen kays (Melrtol Sondr gecially in the
determination by the evaluation means. 3. Device for determining local alignment errors which
have occursgtkslRefithstiaitonngietidisiiatianusédciitsesesirttesthicralatabné diseedhd substrate (2)
when the first substrate (1) is joined to the second substrate (2) with the following features: - a first
initial strairconsigestdsiyahe vahputtitomesensitbetdo the beranismen(mRyGremen it Be BRI ¥1) and/or a first
initial stress map of stress values along the first contact surface (1k) can be detected by initial

detection niegmEcd sty and/or steesscrEI ARG PREIRT FES ST alre 5 Y i gngRe S tBRgF  ontact

surface (2k) and/or. a second initjal stress ma %ES?F 0;aéhvalues alonl%g%%gecond ntgt(r:etsgurface (2K)

can be det agallgg} SHESS, s Jayss & measureme strain and/or

fields on the surface 1o of the carrier wafer 1', the above described applies, the necessary changes
having been made, according to Figure 13c.
After the respective initial strain and/or stress fields have been measured, the two wafers 1',

2' 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 fields 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 is preferred. If
transmission measurements and reflection measurements should yield similar strain and/or stress
maps, it can be concluded 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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- the apparatus as claimed in Claim 1, the first and/or second initial strain maps and/or the first and/or
second initial stress maps can be taken into account by the evaluation means in the determination of
the local alignment errors. 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
substrate (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 kieysréds ntpd arefi@tivmichaatenenadadhalpeiites secohoschntaatsmiageik) can be
detected by position detection means (7, 8), - the apparatus as claimed in Claim 1 or 2 or the device
as claimedsimGiméxhs8tface of termplaatismankathe fontdetamacing o Akstiedigrnmlay ppitiber of the first
contact surface (1k) and a second alignment position of the second contact surface (2k) based on
values of tHes Stafs i theabsang ehEPaRIERQT Hisstse 6R ot sAvarigeously g #WPmeans for
alignment of the first contact surface (1k) into the first alignment position and of the second contact

surface (2KFTATES QBBGTHE FGHFRSHR IHRIHOR: Mo orr RS S L TR APY R R4 BR cond substrate

(1,2) and 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
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 all 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. 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), especially in-situ. 6. Device as claimed in Claim 5, wherein
checking takes place through transparent regions (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 a time 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 substrateR¢Hrembemthieefilst substrate (1) is joined to the second
substrate (2) with the following steps, especially the following sequence: - detecting a first strain
map of strdin values along a ffist sihstagst 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

1k first contact surface

2 second substrate

2k second contact surface
3.1t0o3mn first alignment key
41to4n second alignment key
7 first detection means

8 second detection means
lo surface

20 surface

I carrier wafer

2 structure wafer

40 transparent regions
50, 50' structures

u difference vector

v, v deviation vectors
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- 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 and/or second strain maps and/or 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 in, 50") 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 along a first contact stifaee (1k) and/or a first initial stress map of stress
values along the first contact surface (1k) by initial detection means before joining and/or -
detecting a second initial strain map of strain values 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 joiringyrapgtus for @ﬁ?@ﬁgﬂﬁ%@é&&ﬁﬁ‘?ﬁ@ FESEBNHIOY st 8 idPstPaiaps and/or the

first and/or second initial stress maps by evaluation means in the determina io%rof Iobcal ali(q?ment
errors and/or distortion of a first substraté (1) relative to a second substrate (2) when st substrate

is joined to the second substrate (2) with the following features:

- 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) can be detected by initial
detection means 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 (2k) 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 the 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 detection means and/or
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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 (7, 8) before joining, - detecting a second position map of
second alignment keys (4.1 to 4.n, 50) located along the second contPct 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 (2k) based on values of
the first position map and the values of the second position map by computation means, - alignment
of the first contact ssediaakiriti) st thepfiréttaligriventlpusitisnendd ofaticwésefiekeendigrsurface (2K)
into the second alignment position by alignment means and -joining of the first and second substrate
(1, 2). 12. Methdihiiisistaisn oureirese vaanniers the rcond spalackiserac Gk FIBWIRGFERRer step: -
checking the first and/or second alignment positions during joining of the substrates (1, 2), especially

in-situ, by detisbdeisctiraanangdpdeially through transparent regions (40) of the first substrate (1) and/or

of the second SUQSti[lreaggpga?fus as claimed in Claim 1, the first and/or second initial strain maps and/or the

first and/or second initial stress maps can be taken into account by the evaluation means in the
determination of the local alignment errors.

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 substrate (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.n, 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 alignment of the first contact surface (1k) into the first alignment
position and of the second contact surface (2k) into the second alignment position

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

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

5. Device as claimed in Claim 4, wherein there are detection means for checking the first



13. Use of an apparatus as claimed in Claim 1 or of the device as claimed in 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 Claim 8 for bonded wafers (1, 2) which can be reworked or which are to be reworked.

and/or second alignment positions during joining of the substrates (1, 2), especially in-situ.

6. Device as claimed in Claim 5, wherein checking takes place through transparent regions
{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 1o 4.4) at a time 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 (2k) 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.

9. Method as claimed in Claim 8, wherein in the evaluation first position maps of first
alignment keys (3.1 to 3.n, 50') 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 along a first contact surface (1k) and/or a

first initial stress map of stress values along the first contact surface (1k) by initial detection means

before joining and/or



- detecting a second initial strain map of strain values 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 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 (7, 8) before joining,

- detecting a second position map of second alignment keys (4.1 to 4.1, 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 (2k) 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 8 to 11, wherein there is the following further step:

- checking the first and/or second alignment positions during joining of the substrates (1, 2},
especially in-site, 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 in Claim 4 for

3.2 R



bonded wafers (1, 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.
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