Measuring form changes of a substrate Specification This invention relates to a device for
determining changes in shape of a substrate parallel to its substrate surface as claimed in Claim 1 and
the corresponding method as claimed in Claim 9. Due to the ever advancing miniaturization in the
semiconductor industry, no longer is only the alignment of the wafers to one another critical, especially
with respect to the 3D technology which has become more and more important, but also the changes
in shape which occur due to treatment of the wafers, especially parallel to the wafer surface.

Mainly in bonding technology are alignment precision and thus bonding precision as high as possible
critical due to the structures whicH S HBE SRR GlBIasn ghRysebstiMée. The problem of exact alignment
of two structures prior to the bonding process to one another has already been successfully solved by
different techniques. But it has been shown that during the bonding process distortions of the touching
structures to one another can also occur. Furthermore structures based on other physical parameters
can be shifted relative to one another after a Bo }ﬁaé{%l}ocess has already been carried out. Due to
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distortions. The measurement of individual structures on the substrate surface e and after
treatmentie alignment of the wafers to one another critical, especially with respect to the 3D techmology
which has become more and more important, but also the changes in shape which oceur due to
treatment of the wafers, especially parallel to the wafer surface.

Mainly in bonding technology are atignment precision and thus bonding precision as high as
possible critical due to the structures which are becoming continually smaller. The problem of exact
alignment of two structures prior to the bonding process to one another has aiready been
successfully solved by ditferent techniques. But it has been shown that during the bonding process
distortions of the touching structures to one another can also occur. Furthermore structures based on
other physical parameters can be shifted relative to one another after a bonding process has already
been carried out. Due to these shifts or distortions a repeated or intensified deviation of the
previously very good alignment precision occurs, especially after an already completed bonding
process. Existing prior art encompasses mainly measurement devices which traverse two surfaces
with respect fo a coordinate system defined in a fixed manner, note the positions of the structures
on the surface, and after the corresponding bond process repeat the measurement in order to obtain

information about the distortions.

The measurement of individual structures on the substrate surface before and after treatment



The measurement of individual structures on the substrate surface before and after treatment of the
substrate is very complex and is associated with corresponding costs. The object of this invention
is therefore to provide a device and a method for deter, changes in the shape of a substrate parallel to
its substrate surface, with which the determination takes place promptly,high precision, reliably and
economically. This object is achieved with the features of Claims | and 9. 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 scope of the
invention. At the given value ranges, values within the indicated limits will also be considered to be
disclosed as bouhdasy:vakresnantindil lde:¢laimeddn anjicarmbinatiomface belthe ddsitddeanhdhis
invention is to determine, especially with a mechanical-optical measurement system, the relative shift
of two (omfibee)biruttusesivrarsiibstrates sevfacectorathecanatherd{distasiee dx"/dyn) by means of
optics as claimed in the invention (for imaging of two or more uctures distributed on a substrate
surface) and a détectipat widhnisiforidietecting thedvaged Gtrudturesawhichedred doadedimivig different
fields of view of two (or more) optics apparatus of the optics. This invention thus abandons an absolute
or fixed refergpedndhstdarior mudsurngaelvblative Shife(@istice wihy/dyioh dee tiratmportitie repeated
measurement for ascertaining changes in shape again the relative position between the two (or )re)
structuresabiftiipletaront getedtbighpersisionindd Mycrdbecrnpiatiie. to determine the relative shift of
the two (or inure) structures which has been caused especially by the working of the substrate or to
deduce the chandé pPitfé sHape GrmEstisdaatecsTidrbiore tiadeinbemiesnoas EapaediisHd
invention records the surfaces of n different or two different positions t the samee generally by moptics
apparatufii BEFHNEF S VeRiy v eptidsdsharatud! TAeBes iy i Katpeesbsedrsral n-images
or io images. The recording takes place especially by CCD detectors, analog cameras, etc.
Especially Yétde s reaikel vt Ssb dmbuidatiatietinait o rid e Rt 6 MeeVABIEcas
structures as claimed in the invention. For embossed structures pans of the_ embossing structures
which ha¥ BEE EMBOE SIS ety PR SIS SHECEPEar HEIRE P DF I dEsp et & Esessing
structure or sevgral embossing structures in combination are conceivable. A distance A between
the opticd o & Bt uﬁbﬁﬁéjzﬁ(ﬂi[’(%é@@r 7 i FIEHEBY %nd the surface of the substrate which is to
be measured deﬁer})ds.grhthei:)&operties of the Igrnsges used. .Tze distance is kngwn to one skilled the
art under the term wor GRg-ais SHed Y R LR S a1 S e TN R RS R working
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more structures distributed on a substrate surface) and a detection means for detecting the imaged
structures which are located in two different fields of view of two (or more) optics apparatus of the
optics. This invention thus abandons an absolute or fixed reference system for measuring the

relative shift (distance dx,/dy,), so that upon the repeated measurement for ascertaining changes in

shape again the relative position between the two (or more) structures which are to be detected is
determined in order to be able o determine the relative shift of the two (or more) structures which

has been caused especially by the working of the substrate or to deduce the change in the shape of

the substrate. Therefore the embodiment as claimed in the invention records the surfaces of n

different or two different positions at the same time generally by n-optics apparatus, in particular by

[



The terms "actual distance" (distance B) and "virtual distance" (distance dxiddyn) are defined below.
The actual distance is defined in the course of this invention as the eal distance between two
structures, thus as it would be determined by any other measurement method. The virtual distance is
defined as the distance (dx./dyn) between two structures in the detection field (camera space). The
virtual distance is dependent on the X-Y positions of the two (or more) optics apparatus to one
another, but independently of the X.-Y positions of the optics apparatus to the substrate to be
measured (sample coordinate system, see below). Thus he detection field as claimed in the invention
is not necessarily covered with a structure field which has at least one structure. A structure field can
be in particuiBrian epibossing skt reoviicly hassbeepoapplied il therstep and-capeatimeheod. There
can be several detection fields for each structure field and vice versa. The embodiment as claimed
in the inventiondisgisédsipimostreasely for @ beferefaftenmégstnemantid he use of the optics as
claimed in the invention is just as important for a determination of the relative distances of surface
structures in an indiWdul}; éspacialivasimbitaneoosmeadurement pravessiinorder woliarbistatistical
information about the relative distances of the structures on this one surface. In this way, before a
possible bewdcprosessistdtivabnforrniatio ot atedisiatess betwdahesimivties iswhtadned.
Third, an in-situ measurement during the deformation of the surface, therefore for example during a
bond proc&gschshesnbemamibossed Awpeiiiydn hethanave mitattmereod @ Suvistatrivtewobtisyiedordinate
systems. The optics coordinate system referenced to the optics, the sample coordinate system which
is associatEe it theSiipa e atROts BRSHEASGFE SHITHIEHTS FiREa e P Bubstrate or the substrate
chuck, and the laboratory coordinate system in which the device as claimed in the invention is located.
With one embodifh @Rt HSTATREYER thedRvertidhsrrtiedHIvAR o Cop e thassorithiéed shift
(US). The TIS is known to one skilled in the art. It is a deviation of a structure from the ideal, expected
location asS4 RSt BEIEISHAG SRS TAORS. B ERd A tie b PP AL DRI ED 4468 é&d not
always be %Q(mal to the surface which is }o be measured. In order to compute how Iarge the error of
the optical B FRERRVEHS I StbSH e St ke P pSSitiohest e StruEGr a8 EEitined as
claimed in the inéé%%ﬂon in a rotational sitiogngof fr. Afterwards the entire system is turned by 180 and

the X-Y poSHIBIFGIHAE SiTaHtYa B IHE SHNRCE et R B ByAECTHE FI S I B APSHE Wean of

the X-Y pos tia any. two structuy, ermined at 0 and 18Q. The TIS i the ideal case need be
determined %ﬁ'l?/l%d?}ihé: p%'arp e?ngcgéfnﬁ’\ ?’a%% SIS Iggﬁgl&fa"t%%%n ( oﬁ%%ﬂ%ﬁ% Ié%r@cﬁaegéch wafer
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in the art variation should be less than 20 pm, and at a 5-fold enlargement stage the DOF variation should be

less than 50 un.

The termns “actual distance” (distance B) and "virtual distance” (distance dx,/dy,) are

defined below. The actual distance 1s defined in the course of this invention as the real distance

between two structures, thus as it would be determined by any other measurement method. The

virtual distance is defined as the distance (dxo/dy,) between two structures in the detection field

{camera space). The virtual distance is dependent on the X-Y positions of the two (or more) optics

apparatus to one another, but independently of the X-Y positions of the optics apparatus to the

substrate to be measured (sample coordinate system, see below). Thus, the detection field as

clairmed in the invention is not necessarily covered with a structure field which has at least one



The device as claimed in the invention is suited especially for determining the relative shift or the
"virtual distance" of two (or more) distant points on a wafer by means of several optics apparatus
which are rigidly joined to one another without the aid of a fixed reference system. If an actual distance
B in the X- and/or Y-direction is to be determined in addition to or instead of a shift, the optics can be
calibrated beforehand with a calibration wafer. On the calibration wafer, as structures there are several
marks, but at least two marks, of which the distance to one another is known with high precision.

These wafers can, be produced for example by methqds with high local resolution, for example an
cloctron DR aHAEHIBHGHS o o1 HBEA A AT 9 SONES TS HESb U A Erand are
fixed in t@?f:" i %,Ige%’( é@‘ﬁ%‘ﬁi.“fﬂ%y&e@ egulion as.caimedinine c'l"%‘%"%%%[‘ Sxacily Megsure points
which aré Tocated at similar distances by picture superposition. As claimed In the invention it is

decisive that th%Q&éi%ﬁo@ﬂ&é{%‘é8&%9&%\@‘%&@&%&@'&@@@9%@?_A%QSPQ’S%;@E%?Ureme”ts on the

same substrate no longer shift to one another. By means of the calibration wafer the embodiment as

claimed ip, the, In¥ention.can ferispd dOdelerping S olian eriorelwgen:sample holder and optics.
To do this two (for n-fold optics accordingly n) measurement points with an exactly known distance are

focused. dde:ptiGsranRR atUS A 6l aslvap Bueaus Yilaeatedicanarmiiralleai@ug the axis of rotation of
the sample holder or linearly to one anther. For n-optics apparatus the angle between two optics
apparatusatztisoesismastimdegreessHe redarecdrdingddeied iah)mitisthuctuhe sdakes place in the
rotary position 0 degrees. Afterwards the wafer is turned by 360/n degrees. A further recording is
made. Thirsainethe tptinumrease therecanefncre botidings,, Fhierobligeebobitid pof theskénioke holder
surface can be determined from the n recordings. It should be explicitly emphasized again that for
determinationnefichistbrtiohchyi sabefobelstsrssompasiscvidadibrbitioh of thelopiiteswedaimed in the
invention is not necessary. The combination of the two methods is likewise disclosed herewith.

From theddiéetcbe dehussbiniehas slaimEuHasdhoertdn SeiRg Vet Pesmp itaabis dablor statistical

methods all necessary information can be computed and/or determined about p%ﬂl?taions, distortion and
shifts of structur&E G S S S B o HE P B B G iR A NS S5y IFeRBSR preferably of

one substrate sface plane), before, durind and.after.any progess, n particular e bond process.
All data which have’béen obtaine prlor?oabon m@ process, can he transmitte {64 second device,
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relaying can take place within anin-line process chain in w several devices w Ifferent tasks are

designed; g raat A WAIRL SIS I SRAUSACRevice LCANARS IR SNARGEANSS AERecially Strains and/or

distortions which occur along the substrate surface, and which for example have been caused by heat

treatment of thepyafeh-RERRAIABLOR ABiARPH s Wi IS Sepafaalion dhghevicegs claimed in the
invention. The changes in shape which are relevant as claimed in the invention are less than 1000 nm,

especiallylagsdpim 50Q NMhestik betierdess dhak 200 nAke RrefRiablkiegs an 1PQMM fRen more
preferably less than 50 nrn.

the 1deal, expected location as a result of tool and optics faults. For example the optical axis or the

optical axes need not always be normal o the surface which is to be measured. In order to compute

how large the error of the optical axis is relative to the substrate surface, the X-Y position of the

structures is determined as claimed in the invention in a rotational position of 0°. Afterwards the

entire system is turned by 180° and the X-Y position of the structure on the surface is determined

again. The TIS is the arithmetic mean of the X-Y positions of any two structures determined at §°

and 180°. The TIS in the ideal case need be determined only once per device. In practice the TIS

=



The method is used preferably, but not in a limiting manner only, in wafers which have not yet been
back-thinned. These wafers have normalized standard thicknesses. Substrate are therefore for
example wafers especially with a thickness of less than 1000 pm, preferably less than 800 pm, still
more preferably 725 pm. Typical diameters of wafers are 200 mm, 300 mm or 450 unit The method,
strictly speaking, is independent of the wafer thickness. By the optics as claimed in the invention being
used in any case mainly for thicker wafers which have not yet been back-thinned, wafers which are
bonded poorly to one another can be again separated from one another in a later rework process. The
separation, therefore the "rework”, of wafers which have been poorly bonded to one another is

especiallpfeasiblerpilalcie ateahireaimenh stepwhishtakesiaas lates. iAllersueh anstep, generally a
strong permanent connection is produced between the two wafers such that they can no longer be
separategfigmpapeTandigaevlithtapemethole Tleemeth0 issoohbmitedstalapeaitaincyafgrimaterial.
Therefore all types of wafers from the most varied materials can be used. In the semiconductor
industry reaihiyavefers dfiscbleducter] inatérdiscare wsed.skbtdls fiomceramics, metals or plastics are
also conceivable, such as in particular: - Si Ge, CleAs, InP t - Cu, Au, Ag, Ti, Cr, etc... - polymers
ceramics The device as claimed in the invention is suited especially for determining the relative shift

or the "virtual distance” of two (or more) distant points on a wafer by means of several optics

apparatus which are rigidly joined 1o ore another without the aid of a fixed reference system. If an

actual distance B in the X- and/or Y-direction is to be determined in addition to or instead of a shift,

the optics can be calibrated beforehand with a calibration wafer. On the calibration wafer, as

structures there are several marks, but at least two marks, of which the distanice 16 one another is

known with high precision. These wafers can be produced for example by methods with high local

resolution, for example an electron beam writing method.

The optics apparatus are aligned using these two marks and are fixed in their position.

Afterwards the execution as claimed in the invention can exactly measure points which are located

at similar distances by picture superposition. As claimed in the invention it is decisive that the

optics apparatus of the optics after calibration and/or between measurements on the same substrate

no longer shift to one another. By means of the calibration wafer the embodiment as claimed in the

invention can be used to determine a rotation error between sample holder and optics. To do this

two (for n-fold optics accordingly n) measurement points with an exactly known distance are

focused. The optics apparatus are advantageousty located concentrically around the axis of rotation

of the sample holder or linearly to one anther. For n-optics apparatus the angle between two optics

apparatus at a time 1s 360/n: degrees. Here a recording (detection) of n-structures takes place in the

rotary position O degrees. Afterwards the wafer is tumed by 360/n degrees. A further recording is



composite materials In particular, alignment markings, electronic components on the wafer, dices,
IC structures and edges are possible as structures as claimed in the invention. Here the structures are
made differently, even more preferably complementary to one another. The detection apparatus as
claimed in the invention for detecting the distance can detect and assign the positions of the
aforementioned structures relative to one another, especially after focusing of the respective optics
apparatus on the corresponding structure. Components of the optics apparatus as claimed in the
invention can be especially prisms, mirrors (deflection means) and/or lenses. Advantageously the
prisms are made as reflection prisms and/or polarization prisms. The lenses have a magnification
factor greatasictli@md, mspeciailygreaterthanz; preferdnby greatéiithapsistitl oh oresprgferablyegreater
than 10, even more preferably greater than 100, most preferably greater than 1000. The lenses are
made suchithat aadistadice assiialiraspogsitolelipetween the lenses of the respective optics apparatus
and the respective substrate or the respective structure to be detected can be implemented. To the
extent beam pathsirddudespsedyboatepatt segnibntsocdnatsodpemeaitiagiclsimed in the
invention. Mirrors are used for deflection/ alignment of beam paths. The position and/or alignment of
the aforernefiiipidtl compPOReMtSAoPTNEOD pfi decaiBafidedridthiniths oitics (SheteforssatatVe to the
optics coordinate system). One aspect of the ivention is also that in particular by superposition or
combinatietiiERBoBEA pathsreihpds tvbkeplitsiappurdtigaribal distance between the structures is
not necessarily measured, but an imaginary distance or one which has been projected by the optics
apparatus, since B e RehEHRHSh snHAREEIHBE detehatos BItReCeRINGA M the distance
is what is important. ~ According to one advantageous embodiment of the invention is provided that
the devicéH4& cHibtiabRFHIOSR S ol eaBratiiATBRHRE Ardt ST Rl cBHG Shifes Hspakatis (or several

optics apparatus) relative to one another. Thus the device as claimed in the invention can be adjusted

to differerfSUBEE sfislogitrard Sl aiststaes on substrate surfaces (therefore especially in the X

and/or Y direction, preferably of one substrate surface plane), before, during and after any process,
in particular a bond process.

All data which have been obiained prior to a bonding process, can be transmitted to a
second device, for example a bonder, especially via a data line and a corresponding frequency band.
Preferably this relaying can take place within an in-line process chain in which several devices with
different tasks are designed to treat a wafer system in sequence.

Changes in shape can be especially strains and/or distortions which occur along the
substrate surface, and which for example have been caused by heat treatment of the wafer,
especially on an apparatus which 1s separate from the device as claimed in the invention. The
changes in shape which are relevant as claimed m the invention are less than 1000 nm, especially
tess than 300 nm, still better less than 200 nm, preferably less than 100 nm, even more preferably
less than 50 nm.

The method is used preferably, but not in a limiting manner only, in wafers which have not

yet been back-thinned. These wafers have normalized standard thicknesses. Substrate are therefore



If the first and/or the second beam path (or accordingly several beam paths) is/are made adjustable,
the deviced in the invention can be used more flexibly, especially for different substrates or substrate
types with different structures on the substrates. Here it is advantageous if the beam path is adjusted
by adjustment of lenses of the respective optics apparatus, especially of one single lens per optics
apparatus. Here there are preferably 6 degrees of freedom, 3 degrees of freedom of translation and 3
degrees of freedom of rotation. It is especially advantageous if the first and the second beam path
are made able to be fixed relative to one another since then, especially between two measurements of
the distances of the first and second structures, adjustment not possible so that the accuracy in

determinadiogxohihe changs isctheydista neeid& RSPt Aa PORTIDIE:, preBeBOFRG ienaTather, aspect of
this invention it is provided in one advantageous embodiment that there is an especially
vibration-gdmped prtiobiheomaly ingutatethahuckiograppariusfonhoiding.ane jkiotynmauing of the
first and second (or other) optics apparatus relative to the substrate. In this way the optics apparatus
remain mavdike ixrsgiieebitik;svniepehdstalele platie telddives1® pie apother {therefonelin the optics
coordinate system). It is furthermore advantageous that the detection apparatus has a single,
especiallydigitaindzamerasedth wiyichsthedirst @nd:sgeondistsudtinielvan e gefectetaviatthenfidst and
second optics apparatus, especially jointly, preferably at the same time. The detection apparatus
acquires wdigitattortdigitiredepgeripttheposition whthefirst semrfordiwpositiomodfatie sésend
structure and deter.es from t a distance between he two structures, especially separately in the X
direction evehiK Becysdiféetioprr dnesretorsfiardcanmebwdyi.of waters which have been poorly bonded

to one another is especially feasible prior to a heat treatment step which takes place later. After such
a step, generally a strong permanent connection is produced between the two wafers such that they
can no longer be separated from one another with any method. The method is not limited to a
certain wafer material. Therefore all types of wafers from the most varied materials can be used. In
the semiconductor industry mainly wafers of semiconductor materials are used. Materials from
ceramics, metals or plastics are also concetvable, such as in particular:
- 81, Ge, GeAs, InP, etc. ..
- Cu, Ay, Ag, T1, Cr, ete. ..
- polymers
- Ceramics
- composite materials

In particular, alignment markings, electronic components on the wafer, dices, IC structures
and edges are possible as structures as claimed in the invention. Here the structures are made
differently, even more preferably complementary to one another.

The detection apparatus as claimed in the invention for detecting the distance can detect and

assign the positions of the aforementioned structures relative to one another, especially after



To the extent the first and second beam path can be aligned in particular by deflection means of the
first and/or second optics apparatus such that they run together for detection of the distance by the
detection means, a simultaneous detection of the first and second structure is possible with maximum
possible resolution in spite of the large distance between the two structures (therefore greater than the
detection region of each individual optics apparatus). According to another advantageous
embodiment of the invention is provided that a plurality of distances of detection pairs distributed along
the substrate surface (each with first and second structures) can be detected and can be assigned to
the respective detection pair by the device. In this way not only can individual changes in shape on the
substrate beusisgertainecsfout mapdwhtiachangets shapsomithesarual change vectors, therefore
stress and/or strain maps for the respective substrate can be determined whichbe used for further
processing of thE€supstrate of thekipganatenialssofsthe; patsafithevembodiméntascldimadsinsthe
invention are as invulnerable as possible to thermal stress. In particular, they have a coefficient of
thermal expansidtefeaiozerepinitirelbe strcaseAd coefficiesiy didipesmabexpadsionodfczeco. insthis
connection the use of InvarTm alloy should be mentioned. The possible applications of the optics
as claimeghifictheolimitiviompeimanyhTisesmeaseromeniiofithe Seustgrescoflaslirfavechélipmeaind after
the bond process is conceivable. In doing so the optics as claimed in the invention is combined with a
source whuselelsetreiagnereadiatiorcamperuaiatebiiaiete thwhith iyqo bereremfsinbl Bgamieasuring
structures before and after bonding, in the optimum case the measurement of two structures during
the bond PrscEEs riveteferadbbsrisatereismift S e lanses res rpdhudhbmard merefors gl distortion,
can be measured. The reason for this measurement is the alignment accuracy which is required and
more andPRISIESCRHPETEAGAHIES S8 BBt TT IRHGSHBPTHIS BetdmEsieore itiporiine! the smaller
the structures which are to be bonded to one another. If it is ascertained after one such bond process
that the diSTBFiBHS A6 18Rl ARE AR S PRI RENATaletp G hfoRer By R atlicscdsed.
According to one advantageous embodiment, between the substrate surface and the optics apparatus
(or more tH4M SRE SFPATARUSI 1 B S5 SR HtATHRAE A Be BB ToF chisHd gl e SR of
refraction during detection. . : .

alighment of beam paths. The position and/or alignment of the aforementioned components of the

optics can be fixed within the optics (therefore relative to the optics coordinate system).

One aspect of the invention is also that in particular by superposition or combination of the
beam paths of the two optics apparatus a real distance between the structures is not necessarily
measured, bul an imaginary distance or one which has been projected by the optics apparatus, since
as claimed in the invention only the exact determination of the change in the distance is what is
important.

According to one advantageous embodiment of the invention it is provided that the device
has calibration means for calibration of the first and the second optics apparatus (or several optics
apparatus) relative to one another. Thus the device as claimed in the invention can be adjusted to
different substrates and structure distances.

If the first and/or the second beam path (or accordingly several beam paths) isfare made

adjustable, the device as claimed in the invention can be used more flexibly, especially for different



Various filters can be installed in all optical paths. In one preferred version half-shadow filters and/or
polarization filters are used. Furthermore filters can be installed for complete intenuption of the optical
path in order to obtain easier identification of the structures in the picture space (or in the
superimposed picture in thedetection apparatus) by sequentially turning on and off individual beam
paths. All other filters which are known to one skilled in the art and which have suitable properties are
also conceivable. To the extent hardware features imply or describe method features, they are to
be considered disclosed according to the method and vice versa. Other advantages, features and
details of this invention will become apparent from the folJowing description of figures and the claims
and the petiinentfigumsikigyredashawsaplanviewsehasubsitade withr-detection figldsys it  Figure Ib

shows a detail view of a detection pair consisting of two detection fields with structures, Figure 2a
shows a gehiematierossisactidnatdjiewneficofievies aStictainedtinethgtinyventionuin dhedetigaiion of a
first distance between an image of a first structure and an image of a second structure, Figure 2b

shows a schemgtidevieperaipgiasinpage detBete dhbye the mefectibnbajsgaratusiimvdges hdepratingf to Figure
20 for evaluation and determination of distances of the images according to Figure 2a in a first
embodimiastiontad irmelation and 3 degrees of freedom of rotation.

1t is especially advantageous if the first and the second beam path are made able to be fixed
relative to one another since then, especially between two measurements of the distances of the first
and second structures, adjustment is not possible so that the accuracy in determination of the change
in the distance is as great as possible.

According to another aspect of this invention it is provided in one advantageous
embodiment that there is an especially vibration-damped and/or thermally insulated chucking
apparatus for holding and jointly moving of the first and second (or other) optics apparatus relative
to the substrate. In this way the optics apparatus remain movable in spite of fixing which has taken
place relative 1o one another (therefore in the optics coordinate systemy).

It is furthermore advantageous that the detection apparatus has a singte, especially digital
camera with which the first and second structure can be detected via the first and second optics
apparatus, especially jointly, preferably at the same time. The detection apparatus acquires a digital
or digitized value for the position of the first and for the position of the second structure and
determines from it a distance between the two structures, especially separately in the X direction
and in the Y direction, therefore a dx; and a dy,.

To the extent the first and second beam path can be aligned n particular by deflection

means of the first and/or second optics apparatus such that they run together for detection of the

distance by the detection means, a simultaneous detection of the first and second structure is



Figure 3a shows a schematic cross sectional view of a device as claimed in the invention the detection
of a second distance between the image of the first structure and the image of the second structure
after one treatment step, Figure 3b shows a schematic view of an image detected by the detection
apparatus (with the images according to Figure 3a) for evaluation and determination of distances of
the images according to Figure 3a, Figure 4a shows a schematic cross sectional view of a second
embodiment of the invention with three optics apparatus, Figure 4b shows a schematic view of a
picture detected by the detection apparatus (with the images according to Figure 4a) for evaluation
and determination of distances of the images according to Figure 4a, Figure 5 shows a schematic
cross segiigpidivieinh of e itnirch nskibtimeesitobthe spirenfidr with tiwaopticsappatatuscand:filtess
apparatus and Figure 6 shows a schematic perspective view of a fourth embodiment of the
invention{witizioptigsaeniiectéd fesudoessiom of eadhiedamhe cgmpongatstor components with the
same action are identified with the same reference numbers in the figures. Figure la shows a plan
view of a substrateediface 18shef adsulyspares tevidrzplufalitofedetecti orpfieided fiatwo detection
fields 17 funning one detection pair 18. Detection pairs 18 can be any two (or more) detection fields
17, but preferkiblybdfioent dedseivaripids dizy Oviehidhnddbectibrifialduiae! @hehdetddion pdir 18
according to Figure Ib there is at least one structure 14 15 at a time. On the left detection field 17
accordingaePFiguRecttr ehisrenseifiiestadrindgre haaamanea thihe respective detection pair by the

device. In this way not only can individual changes in shape on the substrate be ascertained, but
maps of the change in shape in the form of change vectors, therefore stress and/or strain maps for
the respective substrate can be determined which can be used for further processing of the substrate.

The materials of the parts of the embodiment as claimed in the invention are as invulnerable
as possibie to thermal stress. In particular, they have a coefficient of thermal expansion near zero, in
the best case a coefficient of thermal expansion of zero. In this connection the use of Invar ™ alloy
shouid be mentioned.

The possibie applications of the optics as claimed in the invention are many. The
measurement of the structures of a surface before and after the bond process is conceivabie. In
doing so the optics as claimed in the invention is combined with a source whose electromagnet
radiation can penetrate the wafer which 1s to be examined. By measuring structures before and after
bonding, in the optimum case the measurement of two structures during the bond process, therefore
in-sity, the shift of the structures to one mother, therefore the distortion, can be measured. The
reason for this measurement is the alignment accuracy which 1s required and more and more
compelled in the semiconductor industry. This becomes more tmportant, the smalter the structures
which are to be bonded to one another. If it is ascertained after one such bond process that the

distortions are too large, the wafers can be separated from one another again and re-used.
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right there is a second structure 15. The first structure 14 is shown as claimed in the invention
differently, especially complementarily, to the second structure 15 so that differentiation/identification
of the structures 14, 15 is more easily possible. The structures 14, 15 can however also have the
same shape and/or size, therefore can be congruent. The more detection fields 17 or detection
pairs 18 with one or more structures 14, 15 are distributed on a substrate surface | 60 of the substrate
16, the more accurately changes in the shape of the substrate along or parallel to the substrate
surface 160 can be ascertained. The detection Fields 17 could be especially dicing sheets, and
reference narks of the dicing sheets would he used at the same time ass 14, 15. They are regions
which are separated:fimmtonecaniotiercadaderbadkrend iprocessiby separatingomeean the offihe
schematic representation in the figures is not to scale, so that the function of components of the device
as claimewbinarthes yentiore chan bamappereasilsnopspspedy Honithisiidasohs fortdecdé Soriptiogiog the
invention less relevant or irrelevant components or components whose function is known are not
shown in #hiefiglrelsacTionsiufdreseienpiara substrate chuck is not shown since known substrate chucks
can be accessed here. Furthermore no frame or housing for the device is shown since known frames
can also be acc¥ssstHéfersegpgialyaitréohebrpii pobot Brindordoisihycanergesitbatiay of optics 1
with a chucking apparatus 3 for holding and jointly moving a first optics apparatus 4 and a second
optics app4eatEs mﬁiwﬁéﬂtﬁéiﬁiﬁaﬁﬁa@@@@%ﬁé@m ihairats] B Heabah &FaeEpla6o. The chucking
apparatus 3 can nclude in particular a robot arm.  The first optics apparatus 4 is equipped with a
lens 6 andSTHHSIASYHE RISS g arle (6 Puanghed idcarEetan &Eé}@xﬁfﬁi@ﬁéﬁﬁ%@ﬁﬁ@f&? almost
(distance A) to the first structure 14 so that the detection field 1.7 which contains the first structure 14
can be dé‘f@&?e‘a“dﬁ|é’£s*&lﬁa?8?a?@ﬁ?fbwib‘ﬁém the detection apparatus) by sequentially turning on and off

individual beam paths. All other filters which are known to one skilled in the art and which have
suitable propertics are also conceivable.

To the extent hardware features imply or describe method features, they are to be
considered disclosed according to the method and vice versa.

Other advantages, features and details of this invention will become apparent from the
following description of figures and the claims and the pertinent figures,

Figure 1a shows a plan view of a substrate with detection fields,

Figure 1b shows a detail view of a detection pair consisting of two detection fields with
structures,

Figure 2a shows a schematic cross sectional view of a device as claimed in the invention in
the detection of a first distance between an image of a first structure and an image of a second
structure,

Figure 2b shows a schematic view of an image detected by the detection apparatus (with the
images according to Figure 2a) for evaluation and determination of distances of the images

according to Figure 2a in a first embodiment of the invention,



beam path 12 of the first optics apparatus 4 in its detection region 19 (field of view). The beam path 12
runs through the lens 6 which is made especially as a collecting lens and which is used for
enlargement and parallelization of the nonparallel light waves which are incident on the lens 6 from the
substrate surface 160. The first optics apparatus 4 can be focused on the first structure 14 by a
control apparatus of the device which is not shown. The prism 5 and/or 8 can be especially a
glass prism which is preferably at least partially amorphous, even more preferably on its oblique
surface 5s and/or 8s. It allows at least partial reflection of light waves which have been reflected by the
structures 14, 15 and which have been generated by a light source on its oblique surface 5s, 8s. In this
way the light waveg¢BeahrpathsdBmeflected by thaastrigetute: 1svaredfirdrdafibotéd ornvthawoblique
surface 8s into the beam path Il (by at least parreflection). The light waves of the beam path 11 are
deflectedhefleicrsgmeiaase patdiignrs teesenthqiahet 0lohethes ohitigtesuridbe Mhgdightsource can be
located indetection apparatus 2, in addition to the embodiment as claimed in the invention, or under
the substiEI W Hiektisaslss pneHseFeentifahe second case the light is therefore emitted laterally, in th.e
third case the substrate to be measured must be transparent in thetsponding wavelength range of the
light source.  Figttrdlsdinastimehamatighiewabes WhrsCrsve bR RssrissiEn Byntaistietirda 4
(beam path 1.2) on the oblique surface 5s (reflection surface) pass into the beam path 10, deflection
as small APBESSHEI Bl ABIF nd) detipaion Ry praanationH jéstirnechrdt Bpifeaspparatus 4 forms
the field of view which encompasses the structure 14 on the detection apparatus 2, the structure 14

being defEcPAHRe 48 HRUIRdRe 14 by the detection

Figure 4a shows a schematic cross sectional view of a second embodiment of the invention
with three optics apparatus,

Figure 4b shows a schematic view of a picture detected by the detection apparatus (with the
images according t¢ Figure 4a) for evaluation and determination of distances of the images
according to Figure 4a,

Figure 5 shows a schematic cross sectional view of a third embodiment of the invention
with two optics apparatus and filter apparatus and

Figure 6 shows a schematic perspective view of a fourth embodiment of the invention with
optics connected in succession.

The same components or components with the same action are identified with the same
reference numbers in the figures.

Fgure la shows a plan view of a substrate surface 160 of a substrate 16 with a plurality of
detection fields 17, two detection fields 17 forming one detection pair 18. Detection pairs 18 can be
any two {or more} detection fields 17, but preferably adjacent detection fields 17. On each detection
field 17 of the detection pair 18 according to Figure 1b there is at Jeast one structure 14, 15 at a

time. On the left detection field 17 according o Figure 1b there is a first structure 14 and on the
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apparatus 2. The light source (not shown) can be made as a reflection light source, especially
genera scattered light. Alternatively there can also be a light source which transmits through the
substrate 16. The light source can be assigned especially to the camera (detection apparatus 2).

The second optics apparatus 7 analogously to the first optics apparatus 4, provided with a prism 8 and
a lens 9, and a beam path 13 of the second optics apparatus 7 can be arranged such that the second
structure 15 or the detection field 17 which has the second structure 15 or a detection region (field of
view) hereof can be detected. The prism 8 which is provided in the second optics apparatus 7
deflects the beam path 13 into a deflected beam path 11 in the direction of the prism 5 of the first
optics appéghittiswhrredhobeamiprathdl Ths Gobbinadovithishédonm Pathetidninto weomenon beam
path 10 and is incident on a detection apparatus 2 in the form of a preferably digital camera with a high
resolutiondsitaisrel setsseriafiisdepietionaibp ardtis acqdiresupicilire thich is shown in Figure 2b and
which at the same time contains the enlarged image 14 of the first structure 14 and an especially
correspontitiiraiargeaTiisgecrioheegseshd Sthoistirera sasily posrblpriSis SrirEiguld 28 can also
be replaced by a mirror since a further transmitted beam path is not required in the embodiment shown
there.  “HnPaligHRm KRS stBptibarappaidttiscs T mierfirspdipieRFdct®: and an alignment of the
second optics apraratus 7 to the second structure 15 are necessary only to the extent that the
structures 14, 15'aFEBRAGRITHEEE L By TS HER BEEHVE BN GPPERARNUC Y Einlthe Hdkection
region or field of view). The ali2nment takes place preferably by moving the substrate 16 (or the

substrate SHEEREH ShIOTHR i SHBERRIE %) il e o Pl BpEATEIE %Y drnssett Hisiigre

of the substrate along or paralle] to the substrate surface 160 can be ascertained.

The detection fields 17 could be especially dicing sheets, and reference marks of the dicing
sheets would be used at the same time as structures 14, 15. They are regions which are separated
from one another in a later back-end process by separating means.

The schematic representation in the figures is not to scale, so that the function of
components of the device as claimed in the invention can be more easily grasped. For this reason,
for the description of the invention less relevant or irrelevani components or components whose
function is known are not shown in the figures. Thus, for example a substrate chuck is not shown
since known substrate chucks can be accessed here. Furthermore no frame or housing for the device
is shown since known frames can also be accessed here, especially in concert with a robot arm for
holding and positioning of optics 1 with a chucking apparatus 3 for holding and jointly moving a
first optics apparatus 4 and a second optics apparatus 7 relative to the substrate 16, especially
parallel to the substrate surface 160. The chucking apparatus 3 can include in particular a robot arm.

The first optics apparatus 4 is equipped with a lens 6 and a prism 5, the lens 6 being abie to
be aligned in direction and with one face side 4s almost (distance A) to the first structure 14 so that

the detection field 17 which contains the first structure 14 can be detected at least partially from one



alignment. It is conceivable as claimed in the invention to divide the alignment of the different
directions (X, Y, Z and optionally rotation) between the optics apparatus 4, 7 and the substrate chuck.
An exact alignment of the optics apparatus 4, 7 relative to the structures 14, 15 for ascertaining the
absolute position of the structures 14, 15 can be omitted, in which one important advantage of this
invention consists. The supeposed picture of the two detection regions of the optics apparatus 4 and 7,
which picture has been acquired by the detection apparatus 2, can be evaluated with images 14', 15’
according to Figure 2b such that a distance dx, of the image 14' of the first structure 14 to the image
15' of the second structure 15 can be determined in one X direction. Likewise a distance dyi in one Y

direction whigh fiips PB‘MQ‘i’ﬁ‘é’l'%H&“ﬂﬁgaéﬂlf?%%‘?MBQ{@WE@&%@@&éﬁl&t@@ﬁﬁ@%a PRkgan be

determined. The distances dx, and dy, generally do not corres to the actual distances of t

structures; 54,1500 (b SURSI LS SRITACH B LspeciaRPLionally.ths Aeial distanee:B Lgtyeen the

structures 1.4, 15 can be computed via a prior calibration of the firSt and second optics apparatus 4, 7

to one anqihgn by dhe.Aplical parametera.Ssngaialiy the.lenath Lok thedeflected,beam paih:ld, being

determined. The length L is preferably three times,more preferably five times, still more preferably ten
times, most.prefarably.fifiesngimes larger than the length and/or width ofield of view region. To the
extenthe Y direction the beam paths 12, 13 are not deflected and the beam path 13 has been

calibrated or alignediexagibepasaiiatuthedistamseushd crsideriromiracRessibly engreamanthudbe lens

9, corresponds to the actual distance or offset of the structures 14, 15 in the Y direction. But due to the
relative detersinatianiof thadlistanee dx", dy, this is not necessary as claimed in the invention so that
the alignment of the optics apparatus 4, 7 need take place as claimed in the invention only roughly in
order to be able Thhanemfdidous cardeieciian) e girgidseswikhinsthefdetaotiorspaaa:afhe optics
apparatus 4, 7.
amorphous, even more preferably on its oblique surface 5s and/or 8s. It allows at least partial
reflection of light waves which have been reflected by the structures 14, 15 and which have been
generated by a light source on its oblique surface Ss, 8s. In this way the light waves (beam path 13)
reflected by the structure 15 are first deflected on the oblique surface 8s into the beam path 11 (by at
least partial reflection). The light waves of the beam path 11 are deflected/reflected at least partially
to the beam path 10 on the oblique surface Ss.
The light source can be located in the detection apparatus 2, in addition to the embodiment
as clatmed in the invention, or under the substrate which is to be measured, In the second case the
light is therefore emitted laterally, in the third case the substrate to be measured must be transparent
in the corresponding wavelength range of the light source.
At the same time the light waves which have been reflected by the structure 14 (beam path
12) on the oblique surface 5s (reflection surface) pass into the beam path 10, deflection as small as
possible, preferably no deflection, taking place.
Thus, the first optics apparatus 4 forms the field of view which encompasses the structure

14 on the detection apparatus 2, the structure 14 being detectable as an image 14" by the detection



For calibration or adjustment of the optics apparatus 4, 7 at least the second optics apparatus 7 can be
moved in the X and Y direction so that the optics apparatus 4, 7 can be positioned relative to one
another such that the structures 14, 15 are in the respective beam path 12, 13 and can be detected.
The second optics apparatus 7 is moved relative to the chucking apparatus 3, while the first optics
apparatus 4 is fixed relative to the chucking apparatus 3. The first optics apparatus 4 can be moved by
moving the chucking apparatus 3 in the X and Y direction until the first structure 4 is detected from the
beam path 12 and ties in the detection region 19 of the first optics apparatus 4. Then the second optics
apparatus 7 is moved as described above until the second structure 15 is located in the beam path 13
and a corrgspapding detection region 19 (field of view). A movement in the Z direction takes place
by moving the chucking apparatus 3 for adjusting an as small as possible, especially standard (flush

alignment of thefaeg side, dswitbiadass) slents:ahthe seqandaptios aRparatus dhidisancaakthe
optics apparatus 4, 7 to the structures 14, .15 in the detection of the structures 14, 15. The ove ntin

the z diregtipn.isiussd oRdisstdhatacusandioethe wotking distancasuhichiscagvi taengrskilled in
the art in the field. The actuation of the optics apparatus 4, 7, of the detection apparatus 2 and of

the chuckingarpaatiusocef tbassybstraip-chuckd akes:plagedda didve fpeans which are not shown,
controlled by the control apparatus. The second optics apparatus 7 can be fixed relative to the first

optics apparatusi#assednpscthemabave Heatohedipositiofisshaye-begnreachgdotiiedenses 6 9 of
the first and second optics apparatus 4, 7 are preferably provided with 'x degrees of freedom in order
to enableaifac@singadm Oxact adjustmentiGalintatiencat theibeampaths 12 d-imtheditettion of the
prisms 5, 8. The beam paths 12, 13 preferably run parallel to one another and orthogonally to the
substratetsurtacedGoupito theptisnisdsi8n Whiléthéiobdm pathe-dpassasithibugh theq@iism 5
without changing the direction into the beam path 10, the beam path 13 undergoes a change of
direction ieghe drddtidmiottHebearmpatiel2tinithe form of the beam path 11 which has been
deflected by the prism 8 (or mirror). The deflection takes place preferably orthogonally to the beam
path 13. The prism 8 which is provided in the second optics apparatus 7 deflects the beam path 13

into a deflected beam path 11 in the direction of the prism 5 of the first optics apparatus where the

beam path 11 is combined with the beam path 12 into a common beam path 10 and is incident on a

detection apparatus 2 in the form of a preferably digital camera with a high resolution picture

sensor. The detection apparatus 2 acquires a picture which is shown in Figure 2b and which at the

same time contains the enlarged image 14" of the first structure 14 and an especially

correspondingly enlarged image 15" of the second structure {5,

The prism 8 in Figure 2a can also be replaced by a mirror since a further transmitted beam
path is not required in the embodiment shown there.
An alignment of the first optics apparatus 4 to the first structure 14 and an alignment of the
second optics apparatus 7 to the second structure 15 are necessary only to the extent that the
structures 14, 15 are completely detected by the respective optics apparatus 4, 7 (in the detection

region or field of view). The alignment takes place preferably by moving the substrate 16 (or the

substrate chuck which holds the substrate 16) while the optics apparatus 4, 7 are fixed during
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The deflected beam path 11 in the region of the emergence of the beam path 12 from the prism 5 or
the transition of the beam path 12 to We beam path 10 is incident on the pris 5 and is deflected there
such that the beam path 11 converges with the beam path 12 into the beam path 10 in the direction of
the detection apparatus 2. The beam path 10 is preferably orthogonal to the beam path 11. In this
way the structure 14 and the structure 15 can be combined into a superimposed picture on the
detection apparatus 2 and evaluated. Evaluation takes place by a control apparatus which is
integrated especially into the detection apparatus 2 or in a control apparatus which is logically
connected to the detection apparatus. Accordingly a plurality of detection pairs 18 can he detected

along the gubstiate purface.t 6eiend dhgrespentive rlaive dislanars,abie GoFaspanding, first and

second structures 14, 15 to the respective detection pairs and their position on the substrate surface

160 are stgredions (T Re he subskaie 16,60 PasdhraLepROS PGS eaiment siapsvhich
possibly lead to a change in the shape of the substrate 16, especially in the X and Y direction. In this

case thergraxe. slraiRs/Oistartiensef the dpitheppathod step-whichdsshewainFiguigsaa and 3b,
according to the above described detection of the distances dxj and dy, the possibly altered distances

dx, and cly2efdhe.stacethdetechiompaics h8 arecdeterminedahipi@dtisenohGriticalhnnrepsaary that
theoptics apparatus 4 or the second optics apparatus 7 relative to the first structure 14 or the second

structure iSvaneggeithpositioned estically. What is important is only that the structures 14, 15 can be
detected by the optics apparatus 4, 7 in the respective detection region 19, 191 (field of view). It is
moreover decisit@dRapttieippitdpappardtis 4y 7 @ssuimerthesasiehpositicnipenesanoitar and the
beam paths 12, 13, 11 and 10 run identically as in the first detection according to Figures 2a and 2b
for detectiwmpitheidistaheebeadxBequired by the detection apparatus 2, can be evaluated with images 14°, 15

according to Figure 2b such that a distance dx; of the image 14 of the first structure 14 to the image

15" of the second structure 15 can be determined in one X direction. Likewise a distance dy, in one

Y direction which runs orthogonally to the X direction {(both paraliel to the substrate surface 160)

can be determined. The distances dx; and dy; generally do not comrespond to the actual distances of

the structures 14, 15 on the substrate surface 16o.

Optionally the actual distance B between the structures 14, 15 can be computed via a prior
calibration of the first and second optics apparatus 4, 7 to one another by the optical parameters,
especially the length L of the deflected beam path 11, being determined. The length L is preferably
three times, more preferably five times, still more preferably ten times, most preferably fifteen times
larger than the length and/or width of the field of view region.

To the extent in the Y direction the beam paths 12, 13 are not deflected and the besm path
13 has been calibrated or aligned exactly paraliel, the distance dy,, aside from a possible
enlargement by the lens 9, corresponds to the actual distance or offset of the structures 14, 15 in the

Y direction. But due to the relative determination of the distance dx,, dy, this is not necessary as

claimed in the invention so that the alignment of the optics apparatus 4, 7 need take place as
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After detection of the distance dx,. dy2 the respective change can be computed in the X direction (6x =
dx, - dx1) and in the Y direction (6y = dy, - dy,) and changes in the shape of the substrate 16 along the
substrate surface 160 can be deduced from the computed vectors. Therefrom, by determining several
change' in distance on several detection pairs 18 a map of the change in shape or strain map ancUor
distortion map of the respective substrate 16 can be prepared. It can be used for funher treatment of
the substrate 16, especially for exact positioning and alignment of the substrate 16 relative to another
substrate surface. Thus. the yield can be greatly increased. The structures 14, 15 are preferably
located at the focus of the optics apparatus 4, 7, especially the lenses 6, 9. The device as claimed in

the inV?“Hﬁ&ﬁ%ﬂ%@ﬂ%EﬁEﬁﬁk Wit RBQEEI iiz@Hﬁf&%r adigfion, %%‘5@8‘ iﬁﬁ@@{%ﬁﬁ&é&ﬂﬁﬁt{% or
transmission mode, limited only by the reflection and/or transmission properties of the substrate

material us@ekJReLorresparding detestoisiand/oslightaeurees which are used with the optics | as
claimed in the invention can therefore be located on the same side or on the respectively opposite

side of the system;ten e meastiets\Wbenpsinginfamedradiationy tewavelengthdseeeigsahlygreater
than 1000 am, more preferably greater than 1050 rum most preferably greater than 1700 nm and

especially smallemthan X dndoydispeciabe mhapinpntdhepeptiesicanr henpatkbioaccoriannal
microscope, in particular of a confocal laser raster microscope. Lasers can be used as light sources for
special applicationier sucH et distanceste of 4hesche okihg pparattse3ropahthe Dptics @pparatus 4, 7
from the face sides 4s, 7s to the substrate surface 160 in the detection of the structures 14, 15 is
preferablysmaiie Tthardirel agtualgistance’ Bs betweianitheestrvictutes idg ifpdFurthemviorethe distance
A is smaller than the length L of the deflected beam path 11. In another mbodiment as claimed in
the invention gecoraing to:Higuies:d echindodb ihewhichitizepptivsd cdinplisesporepthantwbddher three)
optics apparatus 4, 7, 21, in one step several images of 14', 15", 20' structures 14, 14,20 which have
been protaced by theroptigshicchndsagimpitanesuslihdetected dirthecdetadtibn apparatts2land their
distances or changes in distance can be determined more promptly. The function of the third
optics apgetcated 2arwih telehsa8 langd!srsmiiz2¢icnanregiwithh anh bbiytiosirface @2s1ér deflection
of a beam path 27 into one beam path 26 is analogous to the second optics apparatus 7 which is
described bV f6F g QPESSIRPIEIIUA [BOHIE Hedinypth 26 cointldingecishstysarally with the
beam path 11 after it has at least partially passed through the oblique surface 8s of the prism 8. Thus

the pictur@@Hesiin PR UB 1S Movhicd s PR detedtisr appatus X s WhRicHere

A movement in the Z direction takes place by moving the chucking apparatus 3 for
adjusting an as small as possibie, especially standard (flush alignment of the face side 4s with a face
side 7s of the second optics apparatus 73 distance of the optics apparatus 4, 7 to the structures 14, 15
in the detection of the structures 14, 15. The movement in the z direction is used to adjust the focus
and/or the working distance which is known to one skilled in the art in the field.

The actuation of the optics apparatus 4, 7, of the detection apparatus 2 and of the chucking
apparatus 3 or of the substrate chuck takes place vie drive means which are not shown, controlied
by the control apparatus.

The second optics apparatus 7 can be fixed relative to the first optics apparatus 4 as soon as
the above described positions have been reached.

The lenses 6, G of the first and second optics apparatus 4, 7 are preferably provided with six
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14', 15" and 20' are detected and the distances ancUor the change in the distances between the
images 14', 15' and 20' are detennined therefrom especially by the control apparatus. In another
embodiment which is not shown, the beam path 10 of the (in this case central) optics apparatus 4
passes preferably through the center of mass of the optics, the other optics apparatus of the optics
being preferably located symmetrically around the central optics apparatus 4. By using this n-fold
optics then a total of n locations could be analyzed at the same time. In this way, by before/after
recording, corrections with respect to the rotational imprecision o holder with reference to the optics
can be deteLmined and computed. Accordingly it is possible by corresponding correction measures to

enable a jelatie Fatalion-NEWEaNdRR.ARICR Bng-sammple Aoldarwhich 15 pravided ndth.am ghegr which
is as small as possible. The possibility of illumin"1" each optics individually, especially in systems with

n-fold opties; is;Alse Giselasesk the pridi@ embodiment as claimed in the invention stores the
superimposed pictures preferably digitally in order to digitally analyze and/or rework them (especially

to increase the gopthash).phite use ohdigitally algreehnigiares-evalyation and.censitioning for increasing
the resolution by corresponding software algorithms is herewithlikewise disclosed. In another

embodimenteithainenten@soshonms ins Bigur G winieb-aanhe combinechin:partieylaswith the above
described embodiments, there are filters 24, 24, 25' for optimization of detection. They can be made as

half-shadenhand/espalgrizativecfiieiadae sxample thassigethedinag eadbdsodda (@ageepionally 20°) to
the corresponding structure 14, 15 (and optionally 20) a filter 24, 24, 25 can be moved into the
respectivéiteedwn padie 10edilgnl& (b3 {amd edtiodallyh260:2v)f Ll therdilletly isthdved bHate: the beam
path 12 (or activated), in the picture of the detection apparatus 2 only thegel5 is visible. The image 14’
is "swallode8et by thefilpersdB dndnisron)y Misitddagaintds sporeascthafilfer@4das! lyeenhmoved out of
the beam path 12 (or deactivated). This applies analogously to the filter 24" or 25 for the beam paths
13 or 11.path I3.
The deflected beam path 11 in the region of the emergence of the beam path 12 from the
prism 5 or the transition of the bearn path 12 to the beam path 10 is incident on the prism 5 and is
deflected there such that the beam path 11 converges with the beam path 12 into the beam path 10
in the direction of the detection apparatus 2. The beam path 10 is preferably orthogonal to the beam
path 11.
In this way the structure 14 and the structure 15 can be combined into a superimposed
picture on the detection apparatus 2 and evaluated. Evaluation takes place by a control apparatus
which is integrated especiaily into the detection apparatus 2 or in a control apparatus which is
Jogicaliy connected to the detection apparatus.
Accordingly a plurality of detection pairs 18 can be detected along the substrate surface 160
and the respective relative distances of the corresponding first and second structures 14, 15 to the
respective detection pairs and their position on the substrate surface 160 are stored.

Then the substrate 16 can pass through one or more treatment steps which possibly lead to a

change in the shape of the substrate 16, especially in the X and Y direction. In this case there are



In one special embodiment, several of the above described optics as claimed in the invention can be
combined in a new embodiment by several optics I, ', 1" being connected in succession. Here the
superimposed beam paths 10, 10 of the two lower optics 1, I' are combined to one new output beam
1211, 13" for the optics 1" (Figure 6). It is built analogously to the optics 1, and lenses (analogously
lens 6, 9) can be abandoned. Thus, in the illustrated embodiment four different, especially adjacent
detection regions 17 are detected and their structures 14, 15,20 (and one other, not shown) are
imaged onto the detection apparatus. The picture can be evaluated analogously to the aforementioned
statements, optionally combined With filters according to Figure 5. More than two structures can be
detected atihe/gameitime with this stacked "multiple optics”. Reference number us 1, 1', I"optic
detection apparatus

In the method step which is shown in Figures 3a and 3b, according to the above described

detection of the distances dx; and dy, the possibly altered distances dx, and dy; of the stored
detection pairs 18 are determined. Here it is not critically necessary that the first optics apparatus 4
or the second optics apparatus 7 relative to the first structure 14 or the second structure 15 are again
positioned identically. What is important is only that the structures 14, 15 can be detected by the
optics apparatus 4, 7 in the respective detection region 19, 19" (field of view). It is moreover
decisive that the optics apparatus 4, 7 assume the same position to one another and the beam paths
12,13, 11 and 10 run identically as in the first detection according to Figures 2a and 2b for
detecting the distances dx, dy,.

After detection of the distance dx.. dy; the respective change can be computed in the X
direction {0x = dx - dx¢) and in the Y direction (8y = dy; - dy;) and changes in the shape of the
substrate 16 along the substrate surface 160 can be deduced from the computed vectors. Therefrom,
by determining several changes in distance on several detection pairs 18 a map of the change in
shape or strain map and/or distortion map of the respective substrate 16 can be prepared. It can be
used for further treatment of the substrate 16, especially for exact positioning and alignment of the
substrate 16 relative to another substrate surface. Thus the yield can be greatly increased.

The structures 14, 15 are preferably located at the focus of the optics apparatus 4, 7,
especially the lenses 6, 9. The device as claimed in the invention can be operated with optical light,
infrared radiation or X-radiation in the reflection or transmission mode, limited only by the
reflection and/or transmission properties of the substrate material used. The corresponding detectors

and/ar light sources which are used with the optics 1 as claimed in the invention can therefore be
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chucking apparatus 4first optics apparatus 5prism 5soblique surface 5soblique surface 6lens
650blique surface 7second optics apparatus

located on the same side or on the respectively opposite side of the system to be measured. When
using infrared radiation, 1ts wavelength is preferably greater than 1000 nm, more preferably greater
than 1030 nm, most preferably greater than 1700 nm and especially smaller than 10 um. In one
special embodiment the optics can be part of a conformal microscope, in particular of a confocal
laser raster microscope. Lasers can be used as light sources for special applications.

The distance A of the chucking apparatus 3 or of the optics apparatus 4, 7 from the face
sides 4s, 7s to the substrate surface 160 in the detection of the structures 14, 15 is preferably smaller
than the actual distance B between the structures 14, 15, Furthermore the distance A is smaller than
the length L of the deflected beam path 11.

In another embodiment as claimed in the invention according to Figures 4a and 4b in which
the optics 1’ comprises more than twe (here: threej optics apparatus 4, 7, 21, in one step several
images of 14', 15, 20" structures 14, 14, 20 which have been produced by the optics 1’ can be
simultaneously detected in the detection apparatus 2 and their distances or changes in distance can
be determined more promptly.

The function of the third optics apparatus 21 with a lens 23 and a prism 22 (or mirror) with
an oblique surface 22s for deflection of a beam path 27 into one beam path 26 is analogous to the
second optics apparatus 7 which is described above for Figures 3a, 3b, 4a, 4b, the heam path 26
coinciding at least partially with the beam path 11 after it has at Jeast partially passed through the
oblique surface 8s of the prism 8.

Thus the picture shown in Figure 4b is formed in the detection apparatus 2 in which the
images 14', 15" and 20" are detected and the distances and/or the change in the distances between the

images 14, 15" and 20" are determined therefrom especially by the control apparatus.

20



8prism (or mirror) 8soblique surface 9lens 10, 10, 10"beam path 11.11. 11"beam path 12, 12. 12"beam
path 13, 13', 13"beam path 14first structure

In another embodiment which is not shown, the beam path 10 of the (in this case centrai)
optics apparatus 4 passes preferably through the center of mass of the optics, the other optics
apparatus of the optics being preferably located symmetrically around the central optics apparatus 4.
By using this n-fold optics then a total of n locations could be analyzed at the same time. In this
way, by before/after recording, corrections with respect to the rotational imprecision of the sample
holder with reference to the optics can be determined and computed. Accordingly it is possible by
corresponding correction measures to enable a relative rotation between the optics and sample
holder which is provided with an error which is as small as possible. The possibility of illuminating
each optics individually, especially in systems with n-fold optics, is also disclosed.

The embodiment as claimed in the invention stores the superimposed pictures preferably
digitally in order to digitally analyze andfor rework them (especially to mmcrease the contrast}, The
use of digitally stored pictures, their evaluation, and conditioning for increasing the resolution by
corresponding software algorithms is herewith likewise disclosed.

In another embodiment of the invention as shown in Figure 5 which can be combined in
particular with the above described embodiments, there are filters 24, 24°, 25" for optimization of
detection. They can be made as haif-shadow and/or polarization filters. For example, to assign the
images 14, 15 (and optionally 20') to the corresponding structure 14, 13 (and optionally 20) a filter
24, 24', 25 can be moved into the respective beam path 10, 11, 12, 13 (and optionally 26, 27), If the
filter 14 is moved into the beam path 12 (or activated), in the picture of the detection apparatus 2
only the image 15 is visible. The image 14" is "swallowed" by the filter 14 and is only visible again
as soon as the filter 24 has been moved out of the beam path 12 (or deactivated). This appiies

analogously to the filter 24" or 25 for the beam paths 13 or 11.
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15second structure 16substrate I6osubstrate surface 17detection field 18detection pair 19,
19'detection regions 20other structure

In one special embodiment, several of the above described optics as claimed in the
invention can be combined in a new embodiment by several optics 1, 1', 1 being connected in
succession, Here the superimposed beam paths 10, 10' of the two lower optics 1, ' are combined to
one new output beam 12", 13" for the optics 1" (Figure 6). It is built analogously to the optics 1, 1,
and lenses {(analogously lens 6, 9) can be abandoned. Thus, in the illustrated embodiment four
different, especially adjacent detection regions 17 are detected and their structures 14, 15, 20 (and
one other, not shown) are imaged onto the detection apparatus. The picture can be evaluated
analogously to the aforementioned statements, optionally combined with filters according to Figure
5.

More than two structures can be detected at the same time with this stacked “multiple

optics”,
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21other optics apparatus 77prism (or mirror) 27soblique surface 23lens 24, 24filter 25filter 26beam
path 27beam path

Reference number Hst

L, optics

2 detection apparatus
3 chucking apparatus
4 first optics apparatus
5 prism

58 oblique surface

5s oblique surface

6 lens

63 obligue surface

7 second optics apparatus
8 prism (or mirror}
88 oblique surface

o lens

10, 10, 10" beam: path

13,11 180 beam path

12,125 12" beam path

13,13, 13" beam path

14 first structure

15 second structure

16 substrate

160 substrate surface
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dxl, dyifirst distance dx2, dy2second distance Adistance distance diameter length Claims 1.A
device for determining changes in the shape of a substrate (16) parallel to its substrate surface (160)
with the following features: at least one detection apparatus (2) for detecting images of structures (14,
15, 20) which are located on the substrate surface (160),

17 detection field
18 detection pair
19,19 detection regions
20 other structure
21 other optics apparatus
22 prism (or mirror)
22s oblique surface
23 lens

24, 24 filter

25 filter

26 beam path

27 beam path

dx;y, dy; first distance
dxz, dya second distance
A distance

B distance

D diameter

L length
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optics consisting of at least two optics apparatus (4, 7,21) with at least two different beam paths (10,
11, 12, 13, 26, 27) for imaging of the structures (14, 15, 20) on the detection apparatus, the device
being able to determine distances (dxl, dyl, dx2, dy", dx", dyn) of images (14', 15, 20") of the structures
(14, 15, 20) and/or changes of the distances (dx1, dyi, dx2, dy", dx", dyn). 2. The device as
claimed in Claim 1, wherein the device has calibration means for calibration of the optics to the
substrate surface (160) or to a substrate chuck which holds the substrate (16). 3. The device as
claimed in one of the preceding claims, wherein at least one of the beam paths (10, 11, 12, 13, 26, 27)
is made adjustable. 4. The device as claimé&tkirmbne or more of the preceding claims, wherein the
beam paths (10, 11, 12, 13, 26, 27) are made fixable relative to one another. 5. The device as
claimed in one or more of the preceding claims, having an especially vibration-damped and/or
thermally insulated chucking apparatus (3) for holding and especially jointly moving the optics

apparatus (4,7 21) feR/ETdREiBE Fatazes 8) the shigepha Hbviete ALMRARILD 'hibrERSF #fore of the

receding claims wherein thedetection
P s%rfjacenz -6\36 wxr‘%:g the fol ow?ng ?eatures:

- at least one detection apparatus (2) for detecting images of structures (14, 15, 20) which are
located on the substrate surface (160),

- optics consisting of at least two optics apparatus (4, 7, 21) with at least two different beam
paths (10, 11, 12, 13, 26, 27) for imaging of the structures (14, 15, 20} on the detection
apparatus,

the device being able to determine distances (dxy, dyy, dxy, dyz, dx,. dyy) of images (14, 15, 20 of

the structures {14, 15, 20} and/or changes of the distances (dx;, dy,, dxg, dyz, dxn, dvak
2. The device as claimed in Claim 1, wherein the device has caltbration means for

calibration of the optics to the substrate surface {160) or to a substrate chuck which holds the

substrate (16).

3. The device as claimed in one of the preceding claims, wherein at least one of the beam
paths (10, 11, 12, 13, 26, 27} is made adjustable.
4. The device as claimed in one or more of the preceding claims, wherein the beam paths

{10, 11,12, 13, 26, 27) are made fixable relative to one another.

5. The device as claimed in one or more of the preceding claims, having an especially
vibration-damped and/or thermally insulated chucking apparatus (3} for holding and especially

jomtly moving the optics apparatus (4, 7, 21 refative to the substrate (16).

6. The device as claimed in one or more of the preceding claims, wherem the detection
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apparatus (2) has a single, especially digital camera with which the images (14, 15,20) of the
structures (14, 15, 20) can be detected, especially jointly, preferably at the same time, 7. The
device as claimed in one of the preceding claims, wherein the beam paths (10, 11, 12, 13, 26, 27) can
be aligned especially by deflection means (5, 8, 22) of the optics apparatus (4, 7, 21) such that they
converge for imaging of the structures (14, 15, 20) in the detection apparatus (2). 8. The device as
claimed in one or more of the preceding claims, with which a plurality of distances of detection pairs
(18) of structures (14, 15, 20), which pairs are distributed along the substrate surface (160) can be
detected®BAIEE b StGretrisSigRea todRsy sapstivEatectits ey 15 9 rhéeevice as
claimed in one or more qf the preceding claims, wherein the optics apparatus (4, 7, 21) are arranged
or can b RITHHGEE I SRS QHTIE S5eEAIP BEPa Rt e L st Witface (160), at least on

one face side (4s,./s, 21s) whijch faces the substrate, surface (1 0. A met r determining
.S*Th ¢ ag f % § ]

changes in the shapeea of & Sub&trae 1&%3663? il 1o itd'st qéq}sat‘é%s%%%}éi %%83 %ﬂﬁ ?P?Cg I llowing steps,

n erledar e ey no e e lGATEDL ol S conslan L s e gale aopeaus

(4, 7, 21) wit two rent beam paths ( rimag tructures (14,

15, 20) on e eisciop appaes (2. SrHRALASES. (4 A9 APRAEITRAL 45, 20) it

the detection apparatus (2),

8. The device as claimed in one or more of the preceding claims, with which a plurality of
distances of detection pairs (18) of structures (14, 15, 20), which pairs are distributed along the
substrate surface (160) can be detected and can be stored assigned to the respective detection pair
(18).

9. The device as claimed in one or more of the preceding claims, wherein the optics
apparatus (4, 7, 21) are arranged or can be arranged flush to one another, especially parallel to the
substrate surface (160), at least on one face side (4s, 7s, 215) which faces the substrate surface
(160).

10. A method for determining changes in the shape of 2 substrate (16) paralle] o its
substrate surface (160) with the following steps, in particular the following progression:

alignment of optics consisting of at least two optics apparatus (4, 7, 21) with at least two

different beam paths (10, 11, 12, 13, 26, 27) for imaging of structures (14, 13, 26) on the

detection apparatus (2),

- detection of images (14", 15, 20} of the structures (14, 15, 20) with the detection apparatus

()

- treatment of the substrate (16),

- detection of images (14, 15", 20") of the structures (14, 15, 20) with the detection apparatus



treatment of the substrate (16), detection of images (14', 15', 20") of the structures (14, 15,20) with the
detection apparatus (2), and determination of distances (dxi, dyk dx2, dy2, dxn, dye) of images (14, 1
20" and/or changes of the distances (dx dyl, dx2, dy2, dx", dye) before and after treatment of the
substrate.

(2), and
- determination of distances (dx,, dy,, dxg, dys, dx,, dyys) of images (14, 15, 20 and/or
changes of the distances {dx., dyy, dxs, dys, dx,, dy,) before and afler treatment of the

substrate.
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