EVG 19889-WO au08 Measurement Means and Method for Measuring Layer Thicknesses and Voids
of a Wafer Stack Specification This invention relates to a measurement means for measuring
and/or acquiring layer thicknesses and/or voids of one or more layers of a wafer stack on a plurality of
measuring points which are distributed on the wafer stack according to Claim 1. Furthermore this
invention relates to a wafer processing device for processing a wafﬁé,gi%gﬁ%@ia%%o Claim 8 and a
method for measuring and/or acquiring layer thicknesses and/or voids of one or more layers of a wafer
stack at a plurality of measuring points which are distributed on the wafer stack according to Claim 10.
Development in the semiconductor industry is currently in the direction of wafer bonding processes
becoming increasingly importaﬂté Thus fort%ﬁmgleggﬁégﬂgg%p%uch as motion sensors and/or
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orientation sensors in cell phones an other portasbafe devices such as gamegconsoles are leading to a

rapidly increasing demand for rﬂicrglglFﬁt&m%ggagi %%%M%ﬁ?g}“&%g&t{s which can detect
acceleration and rotational speeélg. nother field with rapi growtlh IS components which are

produced as so-called 3D ICs. They include a chip system which consists of several layers with
transistors ("active layers") which are connected among one another by means of contacts which lead
through the silicon. These plated-through holes are called "through silicon vias" or abbreviated "TSVs"

in the industry. Specification

This invention relates to a measurement means for measuring and/or acquiring layer
thicknesses and/or voids of one or more layers of a water stack on a plurality of measuring points
which are distributed on the wafer stack according to Claim 1. Furthermore this invention relates to
a wafer processing device for processing a wafer stack according to Claim 8 and a method for
measuring and/or acquiring fayer thicknesses and/or voids of one or more layers of a wafer stack at
a plurality of measuring points which are distributed on the wafer stack according to Claim 10.

Development in the semiconductor industry is currently in the direction of wafer bonding
processes becoming iné;’easingiy important. Thus for example novel functions such as motion
sensors and/or orientation sensors in cell phones and other portable devices such as game consoles
are leading to a rapidly increasing demand for 1nicroe}ectromechanicai (MEMS) components which
can detect acceleration and rotational speeds.

Another field with rapid growth is components which are produced as so-called 3D ICs.
They include a chip system which consists of several layers with transistors ("active layers") which
are connected among one another by means of contacts which lead through the silicon. These
plated-through holes are called "through silicon vias" or abbreviated "TSVs" in the industry.

In order to produce these TSVs as economically as possible, as well as to be able to



In order to produce these TSVs as economically as possible, as well as to be able to implement other
desired advantages such as a small overall packing size, it is necessary to thin the wafers to a suitable
size before or after the TSV production or n the course of TSV production, Accordingly it is now
distinguished between so-called via first, via middle and via last processes. With respect to thinning of
the wafers, s g begn.faund inat e desired Laraeh ekneskss:are.np londer sulfigent g e able to
reliably move the water from one procgss step to the next since the mechanical stability or the wafer,
especially e urianiy.conventionsl 300 melsr, s o onast exiak, o Yiafers g ferefore
advantageously temporarily mounted on a carrier so that reliab e han Ing 6f the thih water which
conventiopally fiasa fickness. R Mool us Al A0 PRLANG SfiES B0 OLAXGN.S 50,8 IS
ensured. After co Bletlng the necessary process steps the wafet is again detached from the Carrier.
These g methods aiscalled (mMRAAR,LAnding, and deanding. 4. st pracess sige the
product wafer is'bonded onto The carrier by means of suitable bonding techriology which'is known to
one skllleld in the At Thﬁ) on n%st .pkgenerall take%pkaocle such that th,[ee flggt main ,?lgggecﬁ}gf_the

onger suimcient € able o relta mov ﬁl Wi M QIE PrOCESS S the nex
product Wa?gr onw ICP] e chip structure% are wT’t up is orlen?edpsuc?l ?hatpthls surFace COMes into

contact with {ne. tenparany adhiesive.and e, adhesie Iavar,subseguentl produces the qptact with
the carrier water. n almost all casés, withirm the framework of this rear side processing however
mechaniqal thinr;{ip%tof the product wafer takes place. This includes especially grinding steps in which

a defined thitkness Gf the product wafer is removed by grinding. Conventionally, in this connection

individual grindi eps with different grinding rates and/or grain. sizes of the grindin els are
ot Gerarmiy T B e e ane

a Second}%ﬂ@fljgégo%tlgg ’E‘ﬁ’}jitlhwaa s ri(r;ﬂactgi{ﬁifaeln{%rgaﬁ}/yaflgg%eﬂqic %e%':sl dergg)ﬁlm, but usually < 100 pm
and often < 80 or even < 50 pm is ensured. After completing the necessary process steps the wafer
is again detached from the carrier. These two methods are called temporary bonding and debonding.

In a first process step the product wafer is bonded onto the carrier by means of suitable
bonding technology which is known to one skilled in the art. This bonding step generally takes
place such that the first main surface of the product water on which the chip structures are built up
is oriented such that this surface comes into contact with the temporary adhesive and this adhesive
layer subsequently produces the contact with the carrier wafer.

In almost all cases, within the framework of this rear side processing however mechanical
thinning of the product wafer takes place. This includes especially grinding steps in which a defined
thickness of the product wafer is removed by grinding. Conventionally, in this connection
individual grinding steps with different grinding rates and/or grain sizes of the grinding wheels are
used. Generally there are a first grinding step with a higher material removal rate (coarse grinding)

and a second grinding step with a lower material removal rate (fine grinding),



In order to ensure the quality of the final chips and the integrity of the temporarily bonded wafer in
conjunction with the rear side process steps, it is necessary for the temporary adhesive connection to
satis certain quality criteria. In this connection there are a host of requirements for the adhesive
material which are known to one skilled in the art. They relate among others to the capacity of the
adhesive to be 3l R 1QIGIALG CRIL aﬁ{%%aﬁeﬁ&q%%&s gl GR0.AHPE A ORI Eohliggessing
They include among others temperature’stability, compatibility with- @ vacuum environnient (no
outgassi gf&t bél' 18{ tth&%gl%a 'g@r Ig} 'g 19 geqrt’g'%algguch as olfve ts, acids, and.bases,
compatik;}ﬁty Wﬁh étli)\[;ersce1 mec}ha?][{lca?ﬁégs%r %%écfrolﬁhhigﬁeﬁ%c\?\?g%%s% oF exar B%e 'r?aé‘ieef%ivoen with light
of a certag.waveiang ) andyaripussembinations Rlhese Raramelers. Inaddiien fo.he.demands on
the adhesivré mater?alf t lgt?/e is1 a}sédazﬁ%ygt 0[1? p%irametsers vr\llﬁ%:h rer&}ate toé%eogte%ttlr?%’tné%a and
mechanicgl iEQHLY A8 AdRSSIVE NG N PATICHIALIL S AL enoTmoUR ITPRKaNcs far. e suocess o
rear side processing that the adhesive layer has a precisely defined @nd reprodu |8eth|c(f<ness, and
no voids. 0. CORrastc Stllvgl{g %g@ i%qi:\fid%lg%lx%%{ Qg er in-the case of a temporarily bonded
wafer thecgg?ée}rpwf;#ger an% the agﬁesﬁve(iayer are located bé%l%éoe{rﬁf [teh%{?/vva‘{ é?%sﬁaﬁlp%}%ea%u zﬂ%eytaaﬁnding
means (gfi gin wh§el,§%}z..T@ the thic f hg rrier,wafer and of the adhesjve layer
together isrﬁugncceC St%légljn#o ﬁ?ﬁ/‘%‘%tﬁg()f?ﬁa?%&%%ﬁe ergt ugts%g\%%ﬁ >0 a%{r)é@gfgv it%:gr\{ 3 stated in
Summan ALIhAPEE S e Bl R RAREhhcanohand maniey (e unfori ol D fckness
of the adhesive layer and géneraily also the absolute thickness value in a production process. For
certain c d nding.en.th trol of the,grindi rocess it can also be necessary to.know the
mcknese BT P R AR S ST B o
stack. In any,case it is however necessary ;to ure a correspondi uaﬁ of the adhesiye layer
o resp LR O o e B SRS A TR R e MR YE Wi
respect tQ ? .voids,it halds that during,a grindi rogess and passihle subseguent polishing process
ey ol e s L R B R R
the wafer Qr at Iea§t. n nunifon%ities ?}‘ntpe waf%r thigglﬁless hich.is da?firqd dturigg thinning can occur.
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This nonunn‘gnnlty IS caused%yt e mechanical flexibility of fhe base which is %lnle]?:logy? ese voids. In

other WOFQ@&Q&W@E@ H{é’%&‘%g%% %%%‘é%pé%e E’g{‘o%%%‘%%”ﬁ%tt'a%s‘g%‘ééd@e du rép%i% finding. g0 %éﬁh‘ﬁd‘ess
substantial femoval would take place at theSe sites;this would subsequently resu R a{6ca y elevated
thickness of the t 'nngb%%?fﬁr. This gffect ylyiguld be stronger, the smaller the target thickness of the
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thinned wé’f‘éf?fnce it becomes more flexibie with decreasing thickness. Ultimately this can even lead

to fracture of the,wafer dufing dinning. These fiasure. eenis constituie.a maior risk for rinding
and/or polishing processes since the resulting relatively largé material pieces can entait further
damage to the entire wafer, but also of.the grinding wheels,and/or the polishing device, Aside from
these prol LR B R e B R R S e
remaining,iegr,side popess e uhRy dbenpladere onpas an example fhat gases endlosed in
these voids durfhg process steps which occur In vacuum chambers can lead to'the 't inned shilcon
wafers b gsgp% dgﬁﬁg r’{ ese pr cessfste S a% ﬁtlgﬁgaﬂtr(les%g% agc%t'%n tofthe loss of the chip located at
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this site this wodld also resuft in ?uurlt]ﬁgpgrgb(iems since u ?ﬁ] ‘ggrﬁcles would contaminate the

system used in which.the. bursting.took. place, and.under certain circumstances other production units
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thickness value in a production process. For certain cases, depending on the control of the grinding

process it can also be necessary to know the thickness of the carrier wafer - under certain

circumstances also that of the entire temporarily bonded stack. In any case it is however necessary



of voids, the reproducibility and uniformity of the adhesive thickness and to ensure as little scrap as
possible in the production or processing of temporarily bonded wafer stacks. This object is
achieved with the features of Claims 1, 8 and 10. Advantageous developments of the invention are
given in the dependent claims. All combinations of at least two of the features given in the
specificajon, the claim 51194? the figures alsa fall within the, fram rk]% f the inventipn. At the given
value ranges, \?:?ueso }i/v%tﬁn t le%ﬁg?c}é%%of f'm%s }V?I%I 'S8 reh?gé ggg%yg)st %oﬂlﬁgf)a%]%’a?fg%eand will be
claimed iﬂ]%r%;ée%g%%j%a%gan thgh%s%ﬁﬁ?actﬁdc a é)fst\b{!l?uLcnvention is on the one hand to recognize, in the
processing of wafers, deviations relative to the aforementioned quality criteria at a time as early as
possible '”.OrdGWﬂﬂTy}é@ 176,30V IORR A RIAECt W %rsaf%fimiias g‘%%@@ﬁhés S3b (?S%E%e‘”&%t
especially in that the layer thickness and/or voids of individua [&/Brs o the water stack are
measure%é‘i?sﬁﬁﬁ cdnand ﬁfég%% G858 %‘ﬂe“waﬁfe?ﬁf%i% the,uale -Eft%%‘éﬁs rond iz gshagally
important'to moriitor the geometrical parameters o the-carrier wafer smce it is used for mechanical
support of EQ%%;%%E%%%%V%‘H{;% %%?698{ N9ane 9 ﬂ%ﬁ?&%ﬁ?&eéﬁ WS ert%{ }S&ets’s?%v S Piéhg‘és% o
support which can be tsed as reference pefane or reference surface, and the grinding wheel. Close in

time in thg a.for(%mentioned sensermggggum?t in.the proceds,%in chai of.w§fﬁr
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wafer stacks &5 possﬁle in‘the processing chain betore the dicated Warer Stac : therefore between
the measyiementsispidsicaion sige Andincluding she.rnding,sien. Sspesialbs maximym,of five
preferably a maximum ofthree, even more preferably a maximum of one. K'can be Fﬁ‘owdecﬁ3 as
claimed W YSRenAl h MerRu el AFRUEICA 00 IARUE SAIUSAAULIO R, is would
measurement/detettion module (also metrology module) and the grinding step Is carried ou
separately in space. in an especially adiacent grindin dule. The measuremen! ste![{){érj1 tection step
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of the wafer stack.has been completed before the previous wafer has been completgly groun
thereforesl?éosntfﬁﬁh I%ﬁémg}rln%iﬁﬁg'3 ga%t%ﬁen %Ssrﬁ)é}gjs%% Wa e\é\is%trasé Cr%ﬁ}s%teﬁ?glr}e%w&ﬁﬁ%%%ltega@

advance. On one. es eciﬁ ' advantageous embodiment the surement step/detection step
decredsin Qﬁxlcl%lé%tsg t {yl%natc?g %%g cban cven R? 9 {Q%L C{‘l.lle gﬁﬁﬂW%%l}%%lﬂnlﬂ l}%hﬁ

takes place closetn e temporary bonding step. This results in that in ase & which
occur in the temporary bonding step, the ount %f misproces material is redu Eg. This offers the
Pcvantag R o B e G R e e A ot et b
supplied fg gwarking.can b reduced; (N snials ccenamical,and lodislical advaniages. In his,

connection, close InTime mearis that the measurement takes place in"any case Béfore gri alng Sf the

wafer. As already stated, the grinding. process gonstitutes irreversible process \‘/yég)ich lead to
catastropﬁ?ée?a%u s(%)rl; 3%’&%%??& t%%‘%jta }§§§ 0 ]iﬁﬁa?ﬁ%g}lsde "Warer stackE BUTE %%%nl% time
advantaggously means ha%""&é{?ﬁ%%‘ga u‘ﬁn]%ofgfgg%&%‘{?fﬁ%%%ﬁ%?il{‘éé’e%sbs‘%e%.*i?&%%d efore the
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than 7 or,still better 5 or 3. These numbers rela&e t%afgr%(lzgss sequence in whicmal bonded wafer

ere Only as an ex le that gases enclosed in 1t cess steps winich oceur in
stacks after the %mporary Hon iINgProcess, espema‘fy éﬁrecty afteriRetem rary(bon(fﬁlﬂg step, are

supplied to the measurement,step/detection gtef) as ¢l 'melgl in theénven%on. Thiséust descri ed
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reduction of thesé wafer stacks which are waiting for the inspection step in process Sequence can
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device which'executes the temporary bonding step Is located as near as possible in space tothe

measurement %evice as claimeld in the,inv ntion.téqlparti(%ular this c i(lgheﬂ:ilé:gieved % O’ﬁpe%%;rating the
nv
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measurement device In emporary ponding aevice. IS Integrated approach'is aIIy

called in-line integration or n-line metro in industry. This can b . .
ang unde? O 2L ey olgglypm&uctlon Xm-{s an poss1%1y would also entail quality
problems on other wafers which have been processed on this unit.

The object of this invention 1s therefore to optimize the quality criteria such as the absence



implemented according to this invention in combination with any temporary bonding approaches which
are known from the prior art. For example, it is also conceivable to integrate the measurement device
into a temporary bonding unit for thermoplastic or UV-curable adhesives, these units conventionally
containing one or more coating modules for the application of the adhesive and one or more bond

modules 9?5%%§,Qﬁ’¥'ﬁéﬁﬁoﬁlﬁci‘%‘%ft?ﬁ§n§?&?f@%ﬁﬁ?%%‘?ﬁ’e%%é&%‘%ﬂi@/ @?%Q&S%%a%%é?vﬂg%ﬂs‘iggﬁa% _

handling device which'is especidlly part of the unit. Depending on the type o eating

modules canAlte e AdUIRRRI RSB NG SYSEP AaIS ARG RAve the solvent outof he

adhesivelayer. It Is also advantageous vention integrate suitable alignment devices known to

one skilled In the @ fRILBNANIDANG VAP R AIAARIS SYRIRD & and?) AACHARARE RASIC Idea Ofthe

invention consists In cting voids in the adhesive layer and the adhesive layer thickness and

possible fluctialens of s %@Qﬁ%&é‘%}@é&reﬁm‘ﬁ REFRpendenl'd E“%@?‘ﬁﬂ%%ﬁr%ﬁ@%&ﬂé’ § %ﬂg%ﬁ fpat the

acquired va‘fue can be automatically evaluated as data in oraer to automatically ma ecision

about furthey PROGESS oa.Qr gl t?l\é%ggt'iﬁ%t\{é%f%g@%@%?Eti????l%f? 04150 ARINEEGRAtral aspect of

the invention consists Integratin € subject matter o € Inverttion Into an automatic processing
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each product warer w € ena thout reaucing the productivity rate of the processing device.
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provided according to one embodiment of the measurement'means as claimed in the invention that it

can be used in aafer, rACESPINA RYSISMS20R TRINITHIAG HEIE ARAOTHRY {9 he.yplSSh ater of

the invention there is a module-like structure of t
deviations relative to the aforementioned quality criteria at a time as early as possible in order to
minimize any loss of product wafers for this reason. This can be ensured especially in that the layer
thickness and/or voids of individual layers of the wafer stack are measured/detected, and especially
close in time before the wafer stack is ground. It is especially important to monitor the geometrical
parameters of the carrier wafer since it is used for mechanical support of the product wafers and
during the grinding process comes to rest between the water support which can be used as reference
plane or reference surface, and the grinding wheel. Close in time in the aforementioned sense
means that in the processing chain of wafer stacks there are as few wafer stacks as possible in the
processing chain before the indicated wafer stack, therefore between the measurement
step/detection step and including the grinding step, especially a maximum of five, preferably a
maximum of three, even more preferably a maximum of one. It can be provided as claimed in the
mvention that the measurement step/detection step is carried out in a measurement/detection

module (also metrology module) and the grinding step 1s carried out separately in space in an

especially adjacent grinding module. The measurement step/detection step and the grinding step



process modules which are located in-line for the process sequence or the process chain. Use in
conjunction with the following modules in a wafer processing system is especially advantageous: a

painting module for at least partial painting of the wafer stack, especially with a adhesive,

advantageously with a temporary adhesive a bond module for connecting the wafer Iayers of the

ling

wafer sta% ameas remen c aim nIthe myergro p]an inspection m dule
g aﬁe M=11NC as C anne Verio tcan also that t examinag 1onk e water S aAC,
means, especially with one or more ro aims, for transport of each wafer sta thin the wafer

processing sYSIem MmN P‘red[t{'eeptr%ét‘o%s“\%é s etéx‘%%%twpt‘et%??tg'rréy%rt‘&eé‘qereigr%‘%'£"s" LHithe

solvent.

grinding module. The measured wafer stack must then "wait" until it can advance.

On one especially advantageous embodiment the measurement step/detection step takes
place close in time to the temporary bonding step. This results in that in the case of faults which
occur in the temporary bonding step, the amount of misprocessed material is reduced. This offers
the advantage that the amount of material, especially the nember of bonded wafer stacks, which
must be supplied to reworking can be reduced; this entails economical and logistical advantages. In
this connection, close in time means that the measurement takes place in any case before grinding
of the wafer. As already stated, the grinding process constitutes an irreversible process which can
lead to catastrophic faults and especially to a total loss of individual bonded wafer stacks. But close
in time advantageously means that a maximum of 10 further wafer stacks have been bonded before
the inspection of a given wafer stack has taken place. It is still better if this number can be reduced
to less than 7 or still better 5 or 3. These numbers relate to a process sequence in which all bonded
wafer stacks after the temporary bonding process, especially directly after the temporary bonding
step, are supplied to the measurement step/detection step as claimed in the invention. This just
described reduction of these wafer stacks which are waiting for the inspection step in the process
sequence can be advantageously achieved by means of a configuration of the production
environment in which the device which executes the temporary bonding step is located as near as
possible in space to the measurement device as claimed in the invention. In particular, this can be
achieved by integrating the measurement device into a temporary bonding device. This integrated

approach is conventionally called in-line integration or in-line metrology in industry. This can be



If deviations are detected in this connection especially before rethinning of the product wafer, it is
possible to subject the product wafer or the wafer stack to a rework. This is constituted especially such
that the product wafer would be again detached from the carrier and the entire temporary bonding
process could be carried out again. For this detachment step systems which are intended specifically
for this purpgse or,{i -line od%JIetﬁ.can bet.used. In %artitcular ebondin s%ﬁst ms.are es?ec' Il

suitable fOF RS BUFBoSE A3 They Sr&" EERVEhtoTANY &R 167 A RCHTRE WD RN BFSHPEY WWSPET from the
carrier. Optionally process parameters designed for this purpose for this debonding, system can be
adapted t‘gh M g?%} {g%%%rnealir‘%so(?feé aﬁ?é)lcf’ | %:ttlgv%?eg; %‘fgﬁfﬁt@g Wolflbe&%et%} ined or which has
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not been completely thinned. This rework process is of great importance fqQr purposes, of .cost-effective
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which can be ex%ected fotr. thege 3Dt IC.wafer stacks ha\{e a v%%go%sic% rablegvatlue ig‘ his stage
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generally%ceeds 00 euros |gcp n even 10,000 eurps, Therefore jt is decisive as claimegd in the
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total loss of the wafer stack.and to ly them to a rework pracess before the .wafer stacks pass
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the grinding of the wafer stack for reducing the thickness can be regarded in any case as a step after
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product Waf(lér .To.the extent the ré]eqaﬁreme ns is made to work without mechanical action
e

, 1
Adpdve dseghivnoth 4 SSTHE TSR S et SILRETRBSHY SQRYFANBR etection can

on the wafé
take place especially carefully by the measurement meaps, especially without contact, When using
UltrasonidTAUAS HHE S ALE Rl A58 RIS A QN e b B RS RALHHES between
the Waferfﬁtack and the measurement means via a fluid agent which is provided on the wafer stack

and whicH'FSSUHEABIE for transmission of ultrasonic waves. In this case, according to one preferred

version it can be prqvided that between fluid agent and the wafer. stack there is g separator,
especially a metGI IO RS TR P IHBS TSP TRA SN HhATIGRIAE PR L a TLE B& suitable

for transmission of ultrasonic waves. The space upderneath the membrane can preferably be
evacuate%ngfﬁ'ﬁg?1 Y r"ﬁ%%‘?gﬁggspgﬁﬁ%i P RIP ggt ‘ngﬁ?élg?i?ﬁg f&P<tack. The use of
a negative pressure js indispensable since only the ambient pressure provides for the membrane to
completely dling BN HHTEN Stk B IR e e Ssrmalieinides B Afalle cdled os
measurement r%ﬁ%t since air would at least la coustic waves. cording tg one

largely reflect A
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transmitter ang receiver, can be used at the same tune for detecting layer thicknesses and voids,
especially" ¥t %{%?Stse‘g@fﬂ’tion of< 10 um, preferably < 1 um, even more preferably < 0. pm. As
claimed in the inyentjon it is moreover. conceivable to use several transmitter/receiver unitﬁ at the
same time, espedifii efo%egféag]?igé’ﬁfw% & BNERHEP SANSKIR Pl AR (o s SaN e iapethe

correspondingly more quickly. The Ia%/er_res lution is meant in the transverse direction. to the reference

plane R, tREFRYSILBE fth PAEBIEND R B GeltE AP YESoRt b BrIRICKR R s RiRsACuct walers. In this

way an analysis as complete as possible of each product wafer will be enabled without reducing the
productivity rate of the processing device. Detection/measurement thus takes place "in-line",
therefore as "in-line metrology". Accordingly it is provided according to one embodiment of the
measurement means as claimed in the invention that it can be used in a wafer processing system,

especially in-line.



The diameter D of the measurement signal is advantageously between 1 um and 100 um, especially
between 5 pm and 50 um, preferably between 10 um and 30 um. For a laser beam the aforementioned
diameter D corresponds for example to the diameter of the laser beam. In another advantageous
embodiment of the invention it is provided that adjacent measuring points can be measured by the
measurement means within & gL R with, 8 distanes X and ol ess than & mmgpreferably jpss than 3
mm, even more preferably less than T°'mm, most préferably less than 0.5 mm. Therefore blanket,
grid-like sensing of the entire waf rsia kt_?.ke : Iglc.e so that essentially, all voids can be detected as
eamiesdl S e A B O Tt L SECh e S S ot ST VAo,
therefore parallel to the reference.plane R is advantfalgeousl .between 0.1 pm.and %0 um, especially
petween 1RV SAd 30 e prIRTALR BAEER 10 A R0 L R 125 BRAR S LIS B measure
for example at a_certain measuri int. It will however not hit t?e neasuring. point exactly, but will
doviate by deltaS L R A P e 1 e e e R R i
resolution especiﬁilé/ Ehe extlensi n Eherefore width. or diameter of a void, is acquired. The better the
. . advantagcous %Wl 4 temporar aé leSlVﬁk . .
width resolution, the' more measurements must be taken. Therefore as much as possible an optimum
must be set between rapi En%asurement atrﬂd de%ec}ion ofia many v idﬁ as possible. The thinner the
L a ({Hd OguIC TOY CONNeCiin .ﬁ{wa CT 1ayers O ﬁuew TS%C .
target thickness of the water or waier stack, the more-critical small voids already are. According to
one preferred embodiment o{ the inven{ion it.is Qfovided that the meas remergltlietection is two-stage,
. - f'i! n}ﬁﬁis e_‘men %qean as claimed in'the mvent*on 11 a1l mspection modu ?, !
especially by a first high-speed and coarse measurement means and an optional’second, very precise
measurement means,, Only wafer stacks which have been rated as possibly critical in the first
easuroment e S G et Rt e RO R TR R o
means is not pr%%gledthré-lmg so that as mu%h aﬁgrg%%gln%%l&g%%sg flgw‘lﬁ not disrupted. A wafer

stack which is possﬂ:ﬂy ratea ad Criticar T ine Hrst measurement means ?/nt e evaluation unit is

therefore at least temegrariy.2eRaraied fom e pIocesasedyence.

If deviations are detected in this connection especially before rethinning of the product
wafer, it is possible to subject the product wafer or the wafer stack to a rework. This is constituted
especially such that the product wafer would be again detached from the carrier and the entire
temporary bonding process could be carried out again. For this detachment step systems which are
intended specifically for this purpose or in-line modules can be used. In particular debonding
systems are especially suitable for this purpose and they are conventionally used for detaching the
thin product wafer from the carrier. Optionally process parameters designed for this purpose for this
debonding system can be adapted to the requirements of debonding of a product wafer which has
not been thinned or which has not been completely thinned. This rework process is of great
importance for purposes of cost-effective production. In particular product wafers or wafer stacks
which have a very high degree of complexity, which can be expected for these 3D 1C wafer stacks,

have a very considerable value in this stage since they have already progressed far in the production



The relationship between the point grid distance, the diameter D of e measurement signal and the
width resolution is shown in Figure 9. This method can be used in situ and/or in-line. In-situ means
the use of the method during a technological / physical / chemical processing step. Here for example
the rethinning of a structure wafer or the edge zone etching in a chemical bath should be named.

In-line is defin (i” L%S of the meth dina cess 0%15% which.is u strea ﬂownstream of
CV& 9]

another proce SHrehsacts s ea oAding stafion in'oRe emb 48 %aimed in

the inven he foIIo moduyle w uId hen in this case |n a typical emb dlment the
measurei%ﬁF feaags SRR R i ORI RERS  SHih YRR Rl Sl water
stack is bond t] statl m ure nt station o heW fe stacks bonded
seorehaht e § ﬁ{l‘f T T e R S gt Wifidas posse
according gﬁ e afore tlon Iana ions for the tenn close in ti Ci er stack
Ponded HEHTELEN) BoreT AR A oh St S NS hAIRE TR dTHArS e BRA B o
separation of ethod as cI he invention takes ace 0|ts odule hICh owever has
g;?ggw o jpkes pla

been sys%?ﬁ1 PAked r?tgogsl oCes }hggc%%‘?ﬁﬂ\f\)/nth StRer pr eslen‘é’asFeﬁga Ongvﬁ 8usly itis

furth id d t th t lai th ti d
oreforabl) TR AEFEAGH a%ﬁsrf%?%?%?%%%%sﬁﬁ R U QSSERAh, 9% VRGP e

receiver, es ite light |nt rometer for its, distance to one surface on at least one
of the me%\%%%ﬁ %‘gl ré 3¥8F ﬁeﬁgﬁle% ?é%ﬁt@ﬁ ?% % nlgﬁ described for the
measurement mﬁ) the eg%Xt the measurement means is made to work without mechanical action on the
wafer stack, especially with a distance H from the wafer stack, the measurement/detection can take
place especially carefully by the measurement means, especially without contact. When using
ultrasonic waves, the contact necessary for propagation of the ultrasonic waves takes place between
the wafer stack and the measurement means via a fluid agent which is provided on the wafer stack
and which is suitable for transmission of ultrasonic waves. In thie case, according to one preferred
version it can be provided that between the fluid agent and the wafer stack there is a separator,
especially a membrane, for shielding of the wafer stack from the liquid. The separator must be
suitable for transmission of ultrasonic waves. The space underneath the membrane can preferably
be evacuated so that the membrane rests as uniformly and flat as possible on the wafer stack. The
use of a negative pressure is indispensable since only the ambient pressure provides for the
membrane to completely cling to the wafer stack 8. If this were not so, air-filled cavities could
adulterate the measurement result since air would at least largely reflect acoustic waves.

According to one advantageous embodiment of the invention it is provided that the

measurement means, especially the transmitter and receiver, can be used at the same time for



accordingly to the device as claimed in the invention and the method as claimed in the invention. Other
advantages, features and details of the invention will become apparent from the following description
of preferred exemplary embodiments and using the drawings. Figure | shows a measurement means
as claimed in the invention in a first embodiment, Figure 2 shows a measurement means as claimed in

the inventjon in a second embodiment, .Eigure 3. shows,a measurement 2ans as claime iné.e
vamtion e e B T o o PR et eion in

a fourth embodiment, Figure sQo 1s an RIusfratioE .of possible. uz%litsy defects of a wafg{ %tack,
. 111,6\/’61%1110{'6 R?e I }% q\/gm s clamed m the v n}(()h]l 1 mOI'FOVQ CONCeIvanic 0/1186 .
Figures 64 > 6C Show diffrent metho sequences as claimed in the invention for measuring/sensing

several cteral hihb i&%/receiﬁég e 4 %@%’é’%&%‘é’tﬁ%ﬁa&’é@f{ acﬂgi%'ésﬁ%r‘{%@mﬂ?e?siﬁ %?cﬂersﬁnsed
by infrared signals with the measurement means as ¢claimed in the invention, iguré /b shows a

diagram gf mcasuIemenYseRsing ofa waler surtace 2t CRimed IR e INERNON. - contin the

transverse direction to the reference plane R, therefore depth resolution or vertical resolution or
thickness resolution.

The diameter D of the measurement signal is advantageously between 1 pm and 100 um,
especially between 5 pm and 50 pm, preferably between 10 pm and 30 pm. For a laser beam the
aforementioned diameter D corresponds for example to the diameter of the laser beam.

In another advantageous embodiment of the invention it is provided that adjacent measuring
points can be measured by the measurement means within a grid R with a distance X and Y of less
than 5 mm, preferably less than 3 mm, even more preferably less than 1 mm, most preferably less
than 0.5 mm. Therefore blanket, grid-like sensing of the entire wafer stack takes place so that
essentially all voids can be detected as seamlessly as possible.

Width resolution of the measurement signal in the lateral direction, therefore parallel to the
reference plane R is advantageously between 0.1 pm and 50 um, especially between 1 pm and 30
um, preferably between 10 um and 20 pm. A laser beam is intended to measure for example at a
certain measuring point. It will however not hit the measuring point exactly, but will deviate by
deltaX/deltaY . Here deltaX and deltaY correspond to the width resolution. With width resolution
especially the extension, therefore width or diameter of a void, is acquired. The better the width
resolution, the more measurements must be taken. Therefore as much as possible an optimum must

be set between rapid measurement and detection of as many voids as possible. The thinner the
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Figure 8 shows a schematic of a device as claimed in the invention for processing of a wafer stack,

Figure 9 shows a schematic of the detection of a void of a wafer stack, Figure 10 shows a

photograph of a wafer stack which has been sensed by ultrasonic signals with the measurement

means as claimed in the invention, Figure 11 shows a schematic of a device as claimed in the

invention or pracessin ?gj wafer stack and _Figure 12 ShOV\{S a measurement means as claimed in
AR 2R fisgrd

the invenfibRin A HRR EMEERTAET THEEHE e ST PHE SR KRLAHS Hith RS action are
e W g At Oae prefeired Sbodiment Ot e imvention it is provided that the

measurement/detection is two-stage, especially by a first high-speed and coarse measurement
means and an optional second, very precise measurement means, Only wafer stacks which have
been rated as possibly critical in the first measurement means pass through the second measurement
means. The second measurement means is not provided in-line so that as much as possible the
process flow is not disrupted. A wafer stack which is possibly rated as critical in the first
measurement means by the evaluation unit is therefore at least temporarily separated from the
process sequence.

The relationship between the point grid distance, the diameter D of the measurement signal
and the width resolution is shown in Figure 9.

This method can be used in situ and/or in-line. In-situ means the use of the method during a
technological / physical / chemical processing step. Here for example the rethinning of a structure
water or the edge zone etching in a chemical bath should be named.

In-line is defined as the use of the method in a process module which is upstream or
downstream of another process module. The first module can be a bonding station in one
embodiment as claimed in the invention. The following module would then in this case in a typical
embodiment be the measurement means which has been described here in order to measure a wafer
stack. While a wafer stack is bonded in the bonding station, in the measurement station one of the
wafer stacks bonded beforehand, advantageously a wafer stack which was bonded beforehand as
close in time as possible, according to the aforementioned explanations for the term close in time,

especially a wafer stack bonded immediately beforehand, is measured/sensed. In-line therefore
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Figure 8 shows a wafer processing device as claimed in the invention for processing of a wafer stack 8
which consists of one structure wafer 1, one connecting layer 2 and one wafer 3. The structure wafer 1
at a transition 15 between the structure wafer 1 and the connecting layer 2 has contacts 14 which have
been introduced into the surface of the structure wafer 1 and bumps 13 which project from the surface
and whiccan eqnsict ot metal alloys, Jhe siricturewaler 4 san.alsabe made winout stugirgs, in
the same way as the warer 3 can be made with structures. e warfer stack 8 is fixed itstlat side
opposite then%ggf%(fg\% th structui%e V\{)afer 1 cin a.s rfa}?c!;he 16,0f a mount 12C,ﬂhere. g%hjeck [sic]. Fixing

oW ich hpwever een systep-integrafed 1nto a processing cham with T
takes place via vacuum pa RS TL?O at%e moun Eb g e conné’cﬂng ayer ? IS Madade as temporary

adhesive %1(9 Sk%}/nmeigmss of the latter the structure wafer 1 is temporarily bonded onto the wafer 3. A
further tr&nsition €8 18 accordingly between the connecting layer 2 and the wafer 3. The device

furthermore has measurer?ergt means 11 which. an moye relative to the wafer stlack alqﬂ a
Vﬁta COLE it 18 Turt ﬂnf)re\}:)rova ed tF %\C measurey ﬁn’[ neaits as ciglim
reference plane R. egper ormance of relative motion is decisive so that a movément of the wafer
stack 8, cepeciallv.y.moving e mount 2. ds dike se.conce, vable, Here I s defisive that the refative
motion betwéen the'measurement means-11 and the warer stack 8 Can be sensed, 10r example in a
X-Y coordinateﬁ %teth ¥vhich ansdtqe reference plane R. . . Thﬁ oper tion of the measuremgnt
eCra ‘%0. e nsmi? er and the reﬁeivel es emaﬁy hiteh§ tanter e{ome er, %r meaS%rI‘lnﬁ]1 8 .
means 157 sKown’in different vers ons n igures 110 47 Figure 5 shows the possible problems which
can arise d'{‘ztah‘éé%’é%??s?é t\élvcaf((a)glsz.ﬁF(ﬂ)a{sg[axgm(ﬂl81the cé(s)lri'lr%ectig%]lsayer 2 can have a nonuniform layer
thickness. Th 1116 i08ar case the warers 1. 3 would & eqd%]ﬂy Ick everywhere. Figure 5 shows that the
wafers 1. 3 can glso have aponuniorm thiskness distribyiion. urihermare (he walers can haye
so-called voids" 4. /gccoré)lng to Fi'flllgure e measurement means 11 COnsisis of a ﬁouéﬁ'ﬁd’S in

which on its bgtto[’n there are a traqsmit r 9.and a receiver 10. Ttﬁecy are ali ngd iqthe dir?ction of the
ackc%r 53] %t(; %&c ev1Cﬁ: s clame %n the mvelftlon c{lt &method as ¢ aigte ]611161 venilon. .
wafer stack's, esﬁb cially paraliel'to the teference plane R. Thé measurement is based oh waves being

injected into the ndeéiw fer stack 8 b ans of.the transmitter.9 and on the reflections on the
inivicual ransiTE T LSt SO Bid UIEN HAE S DaIhG ULSET AR FALGNr 10, The
receiver ]fo‘ IS made as. a_.sign Id%tect(?r for dFtectiogogf the sid%rhals.in tt e foxut of electromagnetic

waves or 8{?‘;%18 descniption of preferred excmplary embodiments and using the drawmgs.
Figure | shows a measurement means as claimed in the invention in a first embodiment,
Figure 2 shows a measurement means as claimed in the invention in a second embodiment,
Figure 3 shows a measurement means as claimed in the invention in a third embodiment,
Figure 4 shows a measurement means as claimed in the invention in a fourth embodiment,
Figure 5 shows an illustration of possible quality defects of a wafer stack,
Figures 6a - 6¢ show different method sequences as claimed in the invention for
measuring/sensing several measuring points,
Figure 7a shows a photograph of a wafer stack which has been sensed by infrared signals
with the measurement means as claimed in the invention,

Figure 7b shows a diagram of measurement/sensing of a wafer surface as claimed in the

invention,
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In particular electromagnetic waves with a suitable wavelength at which there is sufficient transparency
of the wafers 1, 3 used and of the adhesive material of the connecting layer 2 are suitable as signal
waves. For silicon wafers this can be for example light in the infrared range or x-radiation. For glass
wafers light in the visible range and when using suitable glasses also in the UV range would be

netic radiation can be.located especially i
gg?%l?:r 1atl a pe g{

itable. The.si | for the elect n the
Potane 5, csmeb B e AT S AT T SR s R e 2Tt

waves are suitable, especially waves in the ultrasonic range from 100 kHz to 800 MHz, preferably 100
MHz to 400%KHz. The use of a light source with electromagnetic radiation in the infrared range,

especially 1050 nm to 10 um, preferably 1300 nm light wavelepgth, is preferred. The optics of the
measurement m%gﬁléa i%l%@%f@%)égh ilcianist tt%ﬁéj%tg%fg "ot ealé]é:ﬂ‘g gg‘?@t%:% es can be focussed and
routed onto the wafer stack 8. To the extent the transmittey 9 and the receiver 10 or the housing 5,
i the exemp R LOH SR AEIENG D v e EEAeEra YEL At B eator
stack 8 or a liguid 7 which has been a@plied to the wafer, stack 8, measurement/sensing takes place by
contact cgvlﬁ%’li ﬁ.nﬁﬁ?fffﬁg%fl&?ﬁfaﬁ 8%%6’@%‘5"&5&0@35 claimed in the invention mainly when

ultrasonic waves.are used. When usin elcactr.omagcﬁwetic gvav%s there is a.distance. H between the
transmitter-rec e‘:k"} n%sll SRAYRE S5 %8}31&%3&38 evice as claimed in the mvention Tor processing of a

wafer stack and

Figure 12 shows a measurement means as claimed in the invention in a fifth embodiment.

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

Figure § shows a wafer processing device as claimed in the invention for processing of a
wafer stack 8§ which consists of one structure wafer 1, one connecting layer 2 and one wafer 3. The
structure wafer 1 at a transition 15 between the structélre wafer 1 and the connecting layer 2 has
contacts 14 which have been introduced into the surface of the structure wafer 1 and bumps 13
which project from the surface and which can consist of metal alloys. The structure wafer 1 can also
be made without structures, i the same way as the wafer 3 can be made with structures.

The wafer stack 8 is fixed its flat side opposite the surface of the structure wafer 1 on a
surface 16 of a mount 12, here a chuck [sic]. Fixing takes place via vacuum paths 17 of the mount
12.

The connecting layer 2 is made as temporary adhesive and by means of the latter the
structure wafer 1 is temporarily bonded onto the wafer 3. A further transition 18 is accordingly

between the connecting layer 2 and the wafer 3.
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In the case of the ultrasonic measurement shown in Figure 3 by means of the liquid 7, it is applied to
the wafer stack 8 before the measurement and the housing 5 with the ultrasonic transmitter is
immersed into the liquid 7 in order to transmit the ultrasonic waves to the wafer stack 8 and to enable
a measurement by the transmitter 9 and the receiver 10. The transmitter 9 can be made here as an

ultrasonic transmitter. The liquid 7 is generally applied through the housing 5. The housing 5 has a
feed line 25 via WHTCICHS SUUERGF CORGHUGHS IS BETERA 7RSI TR BEENb I LRSG Hhce.

In the embo%ir%e tacco?rﬁin tog'%gu%%%dt is moreover proyided that between the liquid 7 and the
wafer stat R thard s HErETE's BRI THBAREHET SR B AR IRTEY &Sortia fhembrane 6 is
so elastic that it can pe matched to the topography of the surface of the wafer stack 8. The liquid 7 is
applied SRR W r e %%ﬁé%%ﬂ%ﬂ‘é’rﬁ‘&ﬂﬁé@fé%@ﬁ‘?ﬁ?&é@&?ﬂ’%& & fiquid
and through the. membrane 6 into the wafer stack 8. The space underneath the membrane 6 can
preferablyf HEAVAC LU SIS SRR B S LD PR RT kb e Ve A ARG Hithe
advantage tfg&t e air pr ssure;{{)%thegsig% of the hOl:Ej g 5 presses the membrane 6 onto the surface
of the watSPSOTINE BALNEL At the REHBIE TS EoV S A SRR e ofetracw AR R without forming
cavities and thusrﬁignal injectign takes place only via solids and/or liquids, especially without a
gaseous phase. |5 SGHIESHALI NG A AHELJEOHS voriSH P SOt e RoBdH RS Bidure 4
the membrane 6 is used as a liquid reservoir by a trough-shaped liquid reservoir 27 being formed by a
peripher DAY Ll DR A T&a&gﬂgﬁw&m&ﬁf%%%?&g&f SonTsVABIE AT Rialfted in the
invention for there to be a closed circuit between the liquid rese oir 27 and the feed line 25. In this way
a very cléARUXEEGt Bt 8 Ria A FHERTRE 1A CpBEnTR the Rl sree dBp 8@k hriférred e
embodiment it is also conceivable, for the device to contain only the trough-shaped liguid reservoir 27
with resp8RPYiHRT REFATHG Eridddica SR Rattihe W&%?&B tb g@ﬂdbﬂ?ﬁ@ﬁ@%ﬁlﬂﬂf&ﬂfﬂ&&@%&
least during ttl?? meagurement process, The feed and drainage of the liquid to/from the liquid reservoir
27, Whicfgﬁﬁtgi ey \’r@%’éﬁe&l}ﬁ%ﬂﬁ APk AR ratRitstidg maintenance efforts, take place in

this case by suitable means which are not shown in the figures for liquid supply and liquid discharge.
According to Figure 1 the measurement means |1 1 consists of a housing 5 in which on its

bottom there are a transmitter 9 and a receiver 10. They are aligned in the direction of the wafer
stack 8, especially parallel to the reference plane R. The measurement is based on waves being
injected into the bonded wafer stack 8 by means of the transmitter 9 and on the reflections on the
individual transitions 15, 18 between the different materials being acquired with the re.ceiver 10.
The receiver 10 is made as a signal detector for detection of the signals in the form of
electromagnetic waves or ultrasonic waves.

In particular electromagnetic waves with a suitable wavelength at which there is sufficient
transparency of the wafers 1, 3 used and of the adhesive material of the connecting layer 2 are
suitable as signal waves. For silicon wafers this can be for example light in the infrared range or x-
radiation. For glass wafers light in the visible range and when using suitable glasses also in the UV

range would be suitable.
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The signals reflected on the transitions 15, 18 and on the mount surface 16 in the form of
electromagnetic waves or ultrasonic waves are evaluated by means of one suitable receiver 10 at a
time and with consideration of the propagation velocity of the waves in the various materials of the
structure wafer 1, the connecting layer 2 and the wafer 3 allow a precise conclusion about the material
thicknesses dl oﬁ_{he Wafﬁl‘ 3or %)2 cif the connecting layer.2 and %3 of the structure wa‘lﬁé 1. Thus
precise detectior &F tHE ThiSRATS L S ?H@'ﬂﬁgﬂﬁté%?%ﬂﬂ%ﬁ% i el etResthe VR P tieR 8,

therefore pf the structure wafer 1, the connecting wafer,2 and of the wafer 3 is possible. By moving the
measureePRLNATBEA L B AT Elak d PRATEN G AI5F G S HOL LASRE b e Sy er

thicknesses can pe determined at the corresponding measuri ints with local resolution. ~ As
describod ROURO oSSR O PR BE ORIt oY 4 BRI o And
the receié%iég t%ﬁﬁl@ce. This can be achieved either by moving the wafer stack 8 or the

- transmitteY-TEcd Br a combination of the two movement possibilities. Preferably an

arrangement is ghosen in.which as few axes as possible are required, especially by a travelling means

for oving the Wacr@?eslfé%ﬁréﬁi] §JIGRE"SE 3R 6 5@-@?@,%%%?&%05&%?@ T FangeieepiElie R. The

measurement means is preferably rigidly mounted. In Figures Ga to_6c the most important

scanning HIRHHERL IO RofiE T it Rl Al 8 ORI gk BAISE ARG taking place in

a meander font. Meandering scans have the advantage that the sensing distance can be very quickly
Jelchisma: e

traversed " SEVEFSRRHECIOSR HEFREOMRTY PR MR TP S AL BRfing to

Figure 6b. Thig %Ee of scan can be accomplished by a linear drive, possible play of translation units of
the linear"dAve < ?)&‘?éﬂé?&%?&gplay, being minimized. This version is particularly advantageous

especially in the abﬁgve descrg?ed two,—stag%ﬂe surement method, particularly in the second
measurement mEAHE RAGhEE Lo e cHMSISR AT LEHS A AT RAPRLS S HbBEIAYE WA the wafer

stack 8 rota%n toward the center of the wafer stack 8. This yields helical sensing. It is common to the

aforemerfBASIEERR MEFUAL R EIEHE STah iy 1 AkR  Siked CoriaRuBLR (roMRl Eottiiubers? quid

measurement.sigﬁilnal of the in(aivicgjal m asurin%wpoints are converted and evaluated accordingly by
ag Hh

an evaluatiSHiGhRar REHAISH &8 BRBIE At LB SHREMI ST MeFRAYiIREGKted

measurement means as . . . . . .
coupling. This type of contact coupling takes place as claimed in the invention mainly when

ultrasonic waves are used.

When using electromagnetic waves there is a distance H between the transmitter-receiver
unit and the wafer stack 8.

In the case of the ultrasonic measurement shown in Figure 3 by means of the liquid 7, it is
applied to the wafer stack 8 before the measurement and the housing 5 with the ultrasonic
transmitter is immersed into the liquid 7 in order to transmit the ultrasonic waves to the wafer stack
8 and to enable a measurement by the transmitter 9 and the receiver 10. The transmitter 9 can be
made here as an ultrasonic transmitter. The liquid 7 is generally applied through the housing 5. The
housing 5 has a feed line 25 via which the especially continuous inflow of liquid 7 from a liquid

reservoir takes place.
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claimed in the invention is less than 180 seconds, preferably less than 100 seconds, more preferably
less than 60 seconds. For measurement means which are not integrated in-line and which are
provided especially in addition to a measurement means which is integrated in-line, especially
measurement means which are used for detailed inspection of especially separated wafer stacks, the
inspection times can also be much longer. It js quite canceivable for these measurement processes to
last longer than Eb%}ﬁiﬁﬂgeoégﬁﬂemé‘ﬁﬁoé D8RV Torder (RO TRFEE TSP R e D9%here are
voids 4 in the adhesive layer 2 (Figure 7a), within this void 4 relaying the injected wave is either not
possible APRNG 8 BH SRS Eiee o e ENiG Bt PG DBIERG s U AL WAL AGLIE waves
their propagation in voids 4 is.as well as completely prevented sq that conclusions can be very clearly
o 2B NG i HERTe RV D A eraony b L St ST et

waves an pecially_infrared ljght, the measurement device detects the various transitions or
iteracctin HRRGET " PRI RS TR EATICE RS ol OREINTENS B ha iy apected

thicknesses dl, d2, d3. The determipation of Jayer thicknesses.dl, d2, d3 takes place indirectly via the
detection%ﬁ%‘@gééﬁﬂgﬁﬁaﬁi‘& i %"%B?/%ﬁfgﬁ &N BRGSO YR EPAT Y FERS %tﬁ@se peaks
the thickness of the respectjve layer which is limited by the transitions 15, 16, 18 can be computed.
The eval BT HTRRAIRANY PEAUIIE R ELMBUIHISH PRRES T h DSeoE e e RlE e

measured_ layer thickness is linearly dependent on the index of refraction of the layer. This is because
the eIect%ﬁ?ﬁ&ﬂé‘ﬁ’c%@&aﬁ%ﬁtﬁgfﬂaﬁ%ﬁgr@i?fsgffe%rﬂ 'fhS ﬁ@fé%?%ﬁ&fé‘??a?s?@ﬁ?ﬁﬁléesignal transit

time throu kllﬂibe layers Iinﬁarlya}nflueg es t?gﬁl)log_ﬁ%on / the interval of the peaks which haye been
detected B% SPUCRIVRP WESTHE YTt PE BHbOdIME AWt SR LB raSPORMIR g oTrebicHthE 1y er
thickness meas r%d f%rlpon layer seems higher for layers with higher index (n) of refraction by the
factor of the THHE (S DPHAYSGE cavitiesp R RS H D BKCRRIAr RN Ea SRS HWFsive layer
with a thickness d2 in the region of the adhesive would be d2 n, while the measured layer thickness in
the region BF PHSSIAS V61 AL H BREFEAMTSN the adhesive layer would be d2 * 1. This is based on
the fact that air and vacuum [ga}\éa an index of rgfracté\?ﬁ of rou%h!}y 1. The index of refraction (n) for
different materiais ¥R HAIE AT PRI STRS G WhtArhedinsieeruhiecdrifaarns thidrt,
Convention?al?lg these values ar% a%iséj) dgpendent on the wavelength of the electroma%netic signal used.
For IR lightRIPEUFSSEHD! 1956 FRFHYT RIGHSH ARG HENEUREh N SEIAs i Bl ddides can
be for example iglthe range between 1.2 and 2.5, but mostl¥ between 1.3 and 2, but even more
typically tpgfwgglhi f%lghaali(_:gyall 26. In this special embodiment it 1s therefore conceivable as claimed in

the invention for there to be a closed circuit between the liquid reservoir 27 and the feed line 25. In

this way a very clean execution of the measurement/sensing is possible.

In one especially preferred embodiment it is also conceivable for the device to contain only

the trough-shaped liquid reservoir 27 with respect to liquid handling and for a circuit for the liquid

to be completely omitted, especially at least during the measurement process. The feed and drainage

of the liquid to/from the liquid reservoir 27, which drainage is intended optionally, in particular for

facilitating maintenance efforts, take place in this case by suitable means which are not shown in

the figures for liquid supply and liquid discharge.

The signals reflected on the transitions 15, 18 and on the mount surface 16 in the form of

16



In the measurement result for the adhesive layer thickness the above described effects lead to an
abrupt drop of the measured layer thickness (Figure 7b, Figure 7c) in the region of a void; this allows a
conclusion about the void 4 by means of suitable evaluation algorithms. The X-axis of the
figures/diagrams from Figures 7a to 7c¢ constitutes the respective distance to the left edge of the wafer
stack. pne examp le of the GX%([:U'[IOH of an evalua |onegl orithm is hown Flgure 7c16|'he
evaluatiofl Tt Igaggg.gn\gavg ChEP & ety detinad eu\‘rilvm I HiohitorS s Sr‘ﬁonl Sring Tegion 21 within
the measurement re ion. If Si nals;nter the monltor gﬁ ggo;ﬂ 21, a cor spondlng?llactlon |s§ t. This

is explain®d U Ee BRAIRITOER IPS PRORBRERILISY F hin AL g TeKmale
ti 2 ti f the dist t k8 tl th I thi k
S?R?f‘éé”?xasﬁ%m,g%“ﬂ‘ié«?” 8%% R SRR

It | thick thqut th d f
case s e e neseS e athephe s o cpe e B el
the illustrated thick lue by t dfftl l.embodi ts it
e s Bgﬁ%m%%%@nz%ﬂz S T S

depth/thlckne s,/ si naI eviations. Here. all correspondin aI or |nte d d whic detect

ol dhao s e T %%fsﬁ A O L s AN dr P e bmes

with suitable ?%gl rithms which for exa g ﬂlso consider the sg %ﬁ]?l ex{ensgn of.these v0|dsRThe
datior

superficidl'&x 86“8?%%@8%?8&%5 GRS AIRS Bl ARSI R R ues
inthe X/Y oord stem to the just described evaluation techni ssible.
MBI ity st el oot e a&@a%faa%%ﬂ&wénase@ﬁﬁa%a&q igyplution.
interpolation. r infrared measurement.or Itraso rement the measurement / acquisition
takes place mdefb%ﬂa%ﬁw% PR QTN B SN P I o fﬁéﬂceéﬁéerm%‘)ﬂa S (odbs: ok 8
since the measure s for the t ckness s of the individu Il%yg Iace |ffer nce
calculatloﬁaﬂgggﬁ% TSEHOTS t‘Hﬁ%s 8ivid Ft?%.‘?’]gﬁ%%é ‘ﬁli lSF 9?8‘68 fe'td 8‘e§§1ﬁl?1lne

the thickness distribution of the individual layeys to.be sured over the entire wafer, it.is necessar
o aceomi it *élﬁrﬁfaﬁfy%%eﬁ#gaé% R SRS DU e SRRV R g

measuring points are ar ed in a suitable coordinate, system (see Figure this Iate facilitates the
atysis ST CLERETS EADU B S HS RSO EhE Sy TP Lk Mg At dequistion

corresponds to a local
P means 1%1‘ moving the wafer stack along one X and one Y -axis, therefore parallel to the reference

plane R. The measurement means is preferably rigidly mounted.

In Figures 6a to 6¢ the most important scanning methods for sensing the entire wafer stack 8
are shown, in Figure 6a sensing taking place in a meander form. Meandering scans have the
advantage that the sensing distance can be very quickly traversed. adverse effects on the recording
[sic]. Another type of scanning is a line scan according to Figure 6b. This type of scan can be
accomplished by a linear drive, possible play of translation units of the linear drive, especially
reverse play, being minimized. This version is particularly advantageous especially in the above
described two-stage measurement method, particularly in the second measurement means. Another

alternative consists in constant advance of the housing 5 with the wafer stack 8 rotating toward the
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coordinate system which has been assigned to the wafer which is to be inspected. Suitable coordinate
systems would for example be a Cartesian coordinate system or a polar coordinate system.
Advantageously the measuring points are placed close enough to one another to detect defects
(voids) which can be typically expected with appropriate reliability. In particular it is desirable to detect
defects of a size which would result in the apqve described catastrophic fault cases in the subsequent
processir?&ltﬁﬁsfﬂvewé@g&raﬁ%ﬁ-%ﬁﬁ%@%ﬁ%ﬂ&*ﬁstﬁéﬁwaﬂ%m }Mﬂl‘%‘?@tlﬁr@fﬁf%}y better
than 1 um, most preferably better than 0.1 pm., Tpe,_ iameter D of the measurement signal
accordin@nf&@fbiﬁ@ffb%fa%a@%@@w&w&maﬂ% Y B OO HY, TREBHERIR ORISR and 50
um, preferably between 10 um and 30 um. Faor a Jaser beam the aforementioned diameter

correspoitfs FOFRhERSIERS %ﬂ&ﬁé}ﬁ&%ﬁﬁﬁ@%@@ﬁ@ oo g A SRS Srthd e
measurement signal in the lateral direction, therefore parallel to the reference plane R, is between 0.1
um and SEYMCSBRUIMA LG RBHS T 2B SE b O p FTER Sl SRS RCR T TR S P SR
Analogously to the praocedure with respect to voids the wavelengths of the thickness fluctuation which
typically GERT4rE g?waﬁfaa%eﬁsw%%a b S AR Ao HifG* POIREGIPTS Rt 2B sed
on the above described consjderations it has proven advantageous to set gne measuring point roughly
every 1 t&°S AR GH SieRd o iy am@%zsem%%mm@&awg DRSSPI e Fto set one
measuring paint every 0.8 mm or every 0.5 mm or even better every 0.25 mm. For especially sensitive
applicatidhS Wit GRS IR ATGEIARAS et TERHERSES RBN WHEHS MRRAEEIS 16 88tBhe
measuring point every 0.1 mm. |t is very aoften such that certain_electromagnetic rays such as for
example TRFAIFEETLTE MGESBTEHD BB RIS THE UFICRIREHARP HosheR WS BrRt Inmall-dasted Moped
or bumped. Metal coatings can be present for example through contacts 14 on the wafer surface or
within the WRFEYOT HE BLIADS 13 oMyt BNSTEtd SSRGS RRTEAP M SR KBTFSR SFaG e b IR eesses

Furthennore the wafer can be doped. Doping almost always occurs mainly in structure wafers and
reduces ﬂqéq%}%ggmsmlqg s, In many Cases even longér than 20 minutes or 30 minutes.

If there are voids 4 in the adhesive layer 2 (Figure 7a), within this void 4 relaying the
injected wave is either not possible at all or is only possible with a differing propagation velocity, In
the case of acoustic waves their propagation in voids 4 is as well as completely prevented so that
conclusions can be very clearly drawn about the fault 4 using the reflected waves (Figure 10).

In the case of the electromagnetic waves and especially infrared light, the measurement
device detects the vartous transitions or intersection planes 15, 16, 18 by interference and can thus
draw conclusions about the layer thicknesses d1, d2, d3. The determination of layer thicknesses d1,
d2, d3 takes place indirectly via the detection of peaks at the transitions 15, 16, 18 by interference.
Based on the difference of these peaks the thickness of the respective layer which is limited by the
transitions 15, 16, 18 can be computed. The evaluation unit automatically performs this
computation. Here it must be watched that the measured layer thickness is linearly dependent on the

index of refraction of the layer. This is because the electromagnetic waves propagate at different
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By means of an interferometer 19 which is integrated in addition to the measurement means 11 or into
the measurement means 11 the surface 16 of the mount 12 can be measured before the wafer stack 8
is deposited on the mount. In Figure 8 a surface unevenness of the mount surface 16 is represented
by warpage. The irregularity of the surface can however have any other shape. This is measured with
the white light interferometer 19. After measuring the distance profile by the white light interferometer
19 the Wwéfawéefrf‘geaﬁeé@r R HIBEREES SRS S AEONRI A ?%@iiféa B White light
interferometer 19 so that a second distance profile, specifically that of the entire wafer stack 8, is
obtained AHE LIS S b R B AR RS FOSCoTFEEAEhBY R a9t RefghPBHtS ater stack
8.  Thus,in combinat]ion with the ahove described measyrement/ detection of the transitions 15, 18
by corresHBROTHE Fomip R SRR IAg B AREIGsHSE ﬁ’?r@é( ‘jga%ésaaé?ﬁifﬁgg%&%ﬁ&% Yo" Eiyure 8 by
the layer thicknesses dI' of the wafer 3 and d2' of the connecting layer 2 being subtracted from the total
thicknesd BRE AT SR Beher lﬁaﬂﬁfﬂ{@? %ﬂ?ﬁﬁf&@& ByEs's %’ﬁﬁ&‘ﬁf&%’rﬁ%‘é RORE TASRrometer as
a scanner during the scan process by means of infrared or ultrasound. The white light interferometer
scanner is move%%?ﬁﬁ%%@%ﬁ%ﬁ%ﬁ@%@@fﬁﬁf&ﬁéﬁéﬁ@%ﬂ&? hte aéft%&%%%%&&%ﬁfﬂ%ﬂﬁ@
measures the distance to the surface of the wafer stack 8 when it is located. over , or the distance to
the mourﬁegma%fé%%wﬁwa@s%ﬁé%?on@ WG IR PErEReg 18t TR POTh IR e Jrans Bifiire
system changes during ihe actual infrareq or ultrasonjc scan,.for example due to thermal fluptuations,
the white YRR ittEFEAShIREaId A the PUSELEIAHTE BALEPBHhd filldis R RdghbeideaBsolute
distance can be determined. In contrast to the infrared scanner which measures by means of
interferent B HE poadedAicRETEELY, i%’?ii‘éné@%ﬁ‘?ﬁé HesTace®) 1 diftereat fSripoalh
infrared scanner is therefore able to measure relative distances, therefore thicknesses. It always
requires SFTEXHHFE ERsHAI R SHNGS S tfrare KRR ARKHIBEE LI Ask Semtratiapahcdiste
computed. The infrared scanner is therefore insensitive to "vibrations" and thermal fluctuations. The
white lighYHHtEHBFGSe PSRARHEndERVERLERPRT S5 RSl TRE RS totb wrath ATt BrieteriBr unit. if
its scan frequency over an entire scan line is much faster than the change in the height of the entire
system, tH& FHEHER Th L HEighe drdhe Srtieeyardht CUment BERRAREUS W RGHEGORBOSHRE.  Figure
7a shows a wafer stack 8 which is measured with a measurement means as claimed in the invention,
with a disfEtELOIEH6 RIKEIRNETER SeVBIGP Vot ROFEY BHEBR tebrBdenhil KB RPN found.
A two-dimensional evaluation of the wafer stack 8 according to Figure 7a is done in Figure Thin the
form of akﬁﬁ%‘?%fh% ﬁ)ﬁ?ﬁelgvaluation unit, the line corresponding the diagram [sic] being drawn in
Figure 7a. It can be recognized in Figure 7b how the void 4 in the middle of the wafer stack appears in
cross section. ™ {FARGHHEPERH AT the g8 woaeenrinesh e rese kg e brd sdrtdsadsitu by
means of the above described measurement means during a chemical treatment process. Preferably
the meastir&RHtPhetid A HoRMERsHFeddRYE Huskn et e Mdae s 'GdEdRr sHBR)e 781tk Withesive

28 of the connecting layer 2, the progress_in the detachment process can be continugusly measured

by the mé4StiremroReicmaboyt REVIHbROTSRPHR HEBRbHELABERed ek StAERs B WhRIdRDond

figures/diagrams from Figures 7a to 7c constitutes the respective distance to the left edge of the
walfer stack.

One example of the execution of an evaluation algorithm is shown by Figure 7c. The
evaluation unit is designed such that a freely definable window monitors a monitoring region 21
within the measurement region. If signals enter the monitoring region 21, a corresponding action is

set. This is explained using one example. Figure 7c constitutes the layer thickness d2 (thickness) of
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the structure wafer and the carrier wafer only on the edge. These techniques are known to one skilled
in the art in this field. According to another embodiment which is shown in Figure 12, voids 4 in a
layer, especially a mold 24, which covers electronic components 23, especially dices, can be detected
by means of one of the above described measurement means. Doping elements which are
preferred as claimed in the jnventjon are %ements of the third main groyp_such as boron, indium,

aluminunt SrSGANREHT S BiEm SR BREHEHAN PR AR R 6T P QR e Y BIOSKb fU BRUSHIY ShitiFhony

Reference number Jist . . . N
thickness of the connecting layer 2 in this example varies between 37 and 42 pm. This thickness

value in this case represents the value measured for the adhesive thickness without correction by the
index of refraction. This means that the real adhesive thickness could be computed in this case by
division of the illustrated thickness value by the index of refraction. In special embodiments it can
be distinguished between bumps, dices, voids, bubbles, etc. They should be characterized by
different depth / thickness / signal deviations. Here all corresponding algorithms are intended which
can detect a signal deviation from the thickness. Advantageously these evaluation algorithms are
also combined with suitabie algorithms which for example also consider the superficial extension
of these voids. The superficial extension of the voids can be determined by an evaluation of all
collected thickness values in the X / Y coordinate system according to the just described evaluation
techniques. Possible intermediate values which have not been measured can advantageously be
determined by interpolation.

For infrared measurement or ultrasonic measurement the measurement / acquisition takes
place independently of the distance R of the transmitter 9 / receiver 10 from the wafer stack 8 since
the measured values for the thicknesses of the individual layers take place by difference calculation
based on the reflections on the individual transitions.

In order to be able to determine the thickness distribution of the individual layers to be
measured over the entire wafer, it is necessary to accommodate a plurality of measuring points
distributed over the wafer. Advantageously the measuring points are arranged in a suitable
coordinate system (see Figure 10); this later facilitates the analysis and data processing.

Advantageously the coordinate system for measuring point acquisition corresponds to a local
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1structure wafer 2connecting layer 3wafer 4voids 5housing 6membrane 7liquid

coordinate system which has been assigned to the wafer which is to be inspected. Suitable
coordinate systems would for example be a Cartesian coordinate system or a polar coordinate
system. Advantageously the measuring points are placed close enough to one another to detect
defects (voids) which can be typically expected with appropriate reliability. In particular it is
desirable to detect defects of a size which would result in the above described catastrophic fault
cases in the subsequent processing. The layer resolution should preferably be better than 10 pum,
even more preferably better than 1 pm, most preferably better than 0.1 pm.

The diameter D of the measurement signal according to Figure 10 is advantageously
between 1 um and 100 um, especially between 5 pm and 50 um, preferably between 10 um and 30
um. For a laser beam the aforementioned diameter D corresponds for example to the diameter of
the laser beam.

The width resolution of the measurement signal in the lateral direction, therefore parallel to
the reference plane R, is between 0.1 um and 50 pum, especially between 1 pm and 30 pum,
preferably between 10 pm and 20 pm,

Analogously to the procedure with respect to voids the wavelengths of the thickness
fluctuation which typically occur are advantageously taken into account when the measuring point
grid is fixed. Based on the above described considerations it has proven advantageous to set one
measuring point roughly every 1 to 3 mm. In order to be able to more reliably recognize voids, it is
even more ideal to set one measuring point every 0.8 mm or every 0.5 mm or even better every 0.25
mm. For especially sensitive applications with very small target wafer thicknesses it can also be
advantageous to set one measuring point every 0.1 mm.

It is very often such that certain electromagnetic rays such as for example infrared are not
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8wafer stack 9transmitter 10receiver measurement means 12mount 13bumps 1l4contacts

able to penetrate the structure wafer 1 since it is either metal-coated, doped or bumped. Metal
coatings can be present for example through contacts 14 on the wafer surface or within the wafer.
The bumps 13 consist of metal coatings which are likewise opaque to IR, Furthermore the wafer
can be doped. Doping almost always occurs mainly in structure wafers and reduces the infrared
transparency.

By means of an interferometer 19 which is integrated in addition to the measurement means
11 or into the measurement means 11 the surface 16 of the mount 12 can be measured before the
wafer stack § is deposited on the mount. In Figure 8 a surface unevenness of the mount surface 16
is represented by warpage. The irregularity of the surface can however have any other shape. This is
measured with the white light interferometer 19. After measuring the distance profile by the white
light interferometer 19 the wafer stack 8 is placed on the mount 12. Then the measurement is
repeated by the white light interferometer 19 so that a second distance profile, specifically that of
the entire wafer stack 8, 1s obtained. The difference of the two distance profiles corresponds to the
total height of the wafer stack 8.

Thus, in combination with the above described measurement/ detection of the transitions
15, 18 by corresponding computation, the layer thickness d3' can also be determined according to
Figure 8 by the layer thicknesses d1' of the wafer 3 and d2' of the connecting layer 2 being
subtracted from the total thickness of the wafer stack 8.

Another advantage arises by using the white light mnterferometer as a scanner during the
scan process by means of infrared or ultrasound. The white light interferometer scanner is moved
only along one line beyond the edge of the wafer stack. Here it continuously measures the distance

to the surface of the wafer stack 8 when it is located over it, or the distance to the mount surface 16
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15transition 16mount surface 17vacuum paths 18transition 19interferometer 20measurement signal
21monitoring region :

when it goes beyond the wafer stack 8. If at this point the height of the entire system changes during
the actual infrared or ultrasonic scan, for example due to thermal fluctuations, the white light
interferometer scanner detects this based on the fluctuation of the height since absolute distance can
be determined. In contrast to the infrared scanner which measures by means of interference only the
peaks which arise by interference on the interfaces 15, 16 and 18 [sic]. The infrared scanner is
therefore able to measure relative distances, therefore thicknesses. It always requires at least two
signals from whose difference the thickness of the respective layer can be computed. The infrared
scanner is therefore insensitive to "vibrations" and thermal fluctuations. The white 1ight.
interferometer scanner conversely measures the distance to the transmitter-receiver unit. If its scan
frequency over an entire scan line is much faster than the change in the height of the entire system,
the change in the height of the entire system can be acquired as a function of time,

Figure 7a shows a wafer stack 8 which is measured with a measurement means as claimed
in the invention, with a diameter of 300 mm in which several voids 4 with a depth represented in
color have been found. A two-dimensional evaluation of the wafer stack 8 according to Figure 7a is
done in Figure 7b in the form of a diagram by the evaluation unit, the line corresponding the
diagram [sic] being drawn in Figure 7a. It can be recognized in Figure 7b how the void 4 in the
middle of the wafer stack appears in cross section.

In another embodiment the edge zone B of the wafer stack 8 is measured in-situ by means
of the above described measurement means during a chemical treatment process. Preferably the
measurement method from Figure 6¢ is used. While chemicals 22 dissolve an edge zone adhesive
28 of the connecting layer 2, the progress in the detachment process can be continuously measured

by the measurement means 1 1. Advantageously the method is applied to wafer stacks 8 which bond
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22chemicals 23electronic components 74layer 25feed line 26membrane wall 27liquid reservoir

the structure wafer and the carrier wafer only on the edge. These techniques are known to one
skilled in the art in this field.

According to another embodiment which is shown in Figure 12, voids 4 in a layer,
especially a mold 24, which covers electronic components 23, especially dices, can be detected by
means of one of the above described measurement means.

Doping elements which are preferred as claimed in the invention are elements of the third
main group such as boron, indium, aluminum or gallium or elements of the fifth main group such as

phosphorus, arsenic or antimony.,
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28edge zone adhesive reference plane dl, dl layer thickness d2, d2' layer thickness d3, d3' layer
thickness distance edge zone Claims

Reference number list

1 stracture wafer

2 connecting layer
3 wafer

4 voids

5 housing

6 membrane

7 liquid

8 wafer stack

9 transmitter

10 receiver

11 measurement means
12 mount

13 bumps

i4 contacts

I5 transition

16 mount surface

17 vacuum paths

18 transition

19 interferometer

20 measurement signal
21 monitoring region
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1. Measurement means for measuring and/or acquiring layer thicknesses and/or voids of one or more
layers of a wafer stack (8) on a plurality of measuring points distributed on the wafer stack (8) with the
following features: a transmitter (9) which can be moved relative to the wafer stack (8) for emitting
signals in the form of electromagnetic waves or ultrasonic waves, a receiver (10) which can be moved
with the té?nsmit#%r %9# {elative to the wafer stack (8) for receiving signals which have been sent by the
transmittér (9) afitf feffédted on the wafer stack (8), an evaluation unit for evaluating the signals which
have been received by .the receiver, signals reflected by at least two transitions (15, 18) between
layers of the Waf’é?céli% ﬁf@?lggﬂﬁ?&tﬁistinguishable by the evaluation unit and their distances to one
another and/or tP a reference plane (R) able to be determined, and the movement of the wafer stack
(8) and/of of the fdasurement means (11) parallel to the reference plane (R) and thus the position of
each me% uring g%'n.t along the reference plane (R) being detectable. 2. Measurement means as
claimed i Clainf T M%rein the measurement means (11) can be used in a wafer processing device,
especially jn-line. 3. Measurement means as claimed in one of the preceding claims, wherein the
measureé%nt rﬁg(élﬁgrfiﬁ)“@ﬂmade to work without mechanical action on the wafer stack (8), especially
with a dis e}nce H) from the wafer stack (8). 4. Measurement means as claimed in one of the
precediné ClaimSWAEFSH e measurement

28 edge zone adhesive
R reference plane

di1, d1' layer thickness

d2, d2' layer thickness

d3, d3' layer thickness

H distance

B edge zone
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means (11), especially the transmitter (9) and receiver (10), can be used at the same time for
detecting layer thicknesses and voids, especially with a layer resolution of < 10 gm, preferably <1 gm,
even more preferably < 0.1 gm. 5. Measurement means as claimed in one of the preceding
claims, wherein adjacent measuring points with a distance less than 5 mm, preferably less than 3 mm,
even more preferably less than 1 mm can be measuyred by the measurement means (11). 6.
Measurement means as claimed in one of the precediiy claims, wherein the measurement means is
suitable for in-situ measurement, especially during a grinding process or a separating process. 7.
Measurement means as claimed in one of the preceding claims, wherein with a interferometer,

especially one which is mechanically coupled preferably fixed.to the transmitter (9) and the receiver
(10 acpeciniy h S R B ah A O A s G AN T B ST SeRB AL
mount surface (16) of a mount (12 at least ope of the measuring points. 8. Wafer processing
et ol PSRBT e BT A e BB P CHE R M SR SR Sl A, o
a wafer sﬁg‘%‘% Wgh:qagmeas rement means for measuring and/or acquiring layer thicknesses and/or

voids of ORTRSIA WETer stack (8) on a plurality of measuring points distributed on the

wafer stack (8) with the following features: : e .
- (8) a transmitter (\33 V‘%’JCJ can be moved relative to the wafer stack (8) for emitting signals in

the form of electromagnetic waves or ultrasonic waves,
- areceiver (10) which can be moved with the transmitter (9) relative to the wafer stack (8)
for receiving signals which have been sent by the transmitter (9) and reflected on the wafer
stack (8),
- an evaluation unit for evaluating the signals which have been received by the receiver,
signals reflected by at least two transitions (15, 18) between layers of the wafer stack (8)
being distinguishable by the evaluation unit and their distances to one another and/or to a
reference plane (R) able to be determined, and the movement of the wafer stack (8) and/or
of the measurement means (11) parallel to the reference plane (R} and thus the position of
each measuring point along the reference plane (R) being detectable.
2. Measurement means as claimed in Claim 1, wherein the measurement means (11) can be
used in a wafer processing device, especially in-line.
3. Measurement means as claimed in one of the preceding claims, wherein the measurement
means (11) is made to work without mechanical action on the wafer stack (8), especially with a
distance (H) from the wafer stack (8).

4, Measurement means as claimed in one of the preceding claims, wherein the measurement
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a transmitter (9) which can be moved relative to the wafer stack (8) for emitting signals in the form of
electromagnetic waves or ultrasonic waves, a receiver (10) which can be moved with the transmitter
(9) relative to the wafer stack (8) for receiving signals which have been sent by the transmitter (9) and
reflected on the wafer stack (8), an evaluation unit for evaluating the signals which have been

received by the receiver, signals reflect dgééatl ast two sitiops (15, between layers of the
ijl)ig?ﬁ gsgeélaigﬁ lal“%'ilé;lglgﬁl:' Al FCCCIVET :ﬁ{@ (aa{xnge e% Eilf%)le Same glllca%l

wafer stat %@3 Istinguis y valuation u hd their distances to one another and/or

to a reference, plane Rﬁa le to be determined, and the mpvement.of the ! val r stack déo of the
ensare e R e G R L o

point along the refi%@gc?e?éﬁ%? (<R§.k?e|r}9 detectable and a mount for accommodating and fixing the

wafer sta n(é;)v%l}l one BUrrace }(16 of the ount (12) and for moving the fixed wafer stack (8) parallel to

the reference plang (R}, Waler,Riacessing device s claimed In Glaim8 asin ing system with a
painting modulefor atjeast partial painting of the water s?&‘ck%, arﬁglnspedtlon modute and a bond

module. measuring points with a distance less than 5 mm, preferably less than 3 mm, even more preferably

less than | mm can be measured by the measurement means (11).

6. Measurement means as claimed in one of the preceding claims, wherein the measurement
means is suitable for in-situ measurement, especially during a grinding process or a separating
process.

7. Measurement means as claimed in one of the preceding claims, wherein with a
interferometer, especially one which is mechanically coupled preferably fixed to the transmitter (9)
and the receiver (10), especially a white light interferometer, for measuring its distance to one
surface, especially a mount surface (16) of a mount {12), on at least one of the measuring points.

8. Water processing device for processing, especially grinding or bonding, preferably
temporary bonding, or separating, of a wafer stack 8 with:

- a measurement means for measuring and/or acquiring laver thicknesses and/or voids of one
or more layers of a wafer stack (8) on a plurality of measuring points distributed on the
wafer stack (8) with the following features:

- a transmitter (9) which can be moved relative to the wafer stack (8) for emitting signals in
the form of electromagnetic waves or ultrasonic waves,

- a receiver {10) which can be moved with the transmitter (9) relative to the wafer stack (8)

for receiving signals which have been sent by the transmitter (9) and reflected on the wafer
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10. Method for measuring and/or acquiring layer thicknesses and/or voids of one or more layers of a
wafer stack on a plurality of measuring points distributed on the wafer stack with the following steps,
especially the following sequence: arrangement of a measurement means for measuring and/or
acquiring the layer thicknesses and/or voids of the layers of the wafer stack at the measuring points
relative to one flat si(d of the wafer stack, emission of signals in the form of electromagnetic waves or
. Stac . . . .
ultrasonic waves%y a Pansmltter of the measurement means and reception of the signals which have

b flected by th fer stack b [ f.th t , luati f the signal
which have beef16CAL By e Pecala By 46 BEAENBH AT SFAICTENSAE B TRt wo

g:nsitions petwe%‘eg?é ‘!'fgr%ﬁege eﬁz wafer %&8 b_eir};; ndiggglq;éiastsa%t\)&[ee bP/ thre ely?lluat&il?en unictktagg their
gment [sic] to EhEs Plane (T Bemy HORIMIR T -and tRE RTBvaREM!S th AR and/or
ofthe measurerjent means paraleh o e refrence Aas (R And s s posiin el spghgeasing
reference plane (R) able to be determined, and the movement of the wafer stack (8) and/or
of the measurement means (11) parallel to the reference plane (R) and thus the position of
each measuring point along the reference plane (R) being detectable and
- a mount for accommodating and fixing the wafer stack (8) on one surface (16) of the mount
(12) and for moving the fixed wafer stack (8) parallel to the reference plane (R).
8. Wafer processing device as claimed in Claim & as in-line system with a painting module
for at least partial painting of the wafer stack 8, an inspection module and a bond module.
10. Method for measuring and/or acquiring layer thicknesses and/or voids of one or more
layers of a wafer stack on a plurality of measuring points distributed on the wafer stack with the
following steps, especially the following sequence:
- arrangement of a measurement means for measuring and/or acquiring the layer thicknesses
and/or voids of the layers of the wafer stack at the measuring points relative to one flat side
of the wafer stack,
- emission of signals in the form of electromagnetic waves or ultrasonic waves by a
transmitter of the measurement means and reception of the signals which have been
reflected by the wafer stack by a receiver of the measurement means,

- evaluation of the signals which have been received by the receiver by an evaluation unit,

signals reflected by at least two transitions between layers of the wafer stack being
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distinguishable by the evaluation unit and their segment [sic] to a reference plane (R) being
determined, and the movement of the water stack and/or of the measurement means parallel
to the reference plane (R) and thus the position of each measuring point along the reference

plane being detectable.
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