Device and Method for Bonding of Substrates Specification This invention relates to a method for
bonding of a first substrate to a second substrate as claimed in Claim | and a corresponding device as
claimed in Claim 9. Advancing miniaturization in almost all parts of microelectronics and
microsystems engineering provides for a continuing development of all technologies using which the
density of all type of functional units on substrates can increase. These functional units include for
example microcontrollers, memory components, MEMS, all type of sensors or TY crofluid components.
Techniques for increasing the lateral density of these functional units have greatly improved in recent
years. In some branches of microelectronics or microsysterns engineering even so far that a further
increase of the lateral density of thevfungitpRakkmithiseadergesppssible. In microchip production the

maximum achievable resolution limit for tructures which are to be produced lithographically has been
as good as achieved. In a few years physical or technological limitations therefore will no longer allow
any increase the lateral density of functional units. The industry has been addressing this problem for
some years by the development of 2.5D and 3B ectinologies. Using these technologies it is possible
to align the same or even different types of functional units to one another, stack them on top of one
another, join them permanently to one another and to network them to one another by corresponding
printed circuits. One of the key technologies for the mplementation of these structures is pennanent
bonding. Permaiié ibeerding ig defiocdzthall netivodwgsing whichstubsteates-oahsbbsjoatt to one

claimed in Claim 1 and a corresponding device as claimed tn Claim 9.

Advancing miniaturization in almost all parts of microelectionics and microsystems

engineering provides for a continuing development of all technologies using which the density of

all type of functional units on substrates can increase. These functional units include for example

microcentrollers, memory compeonents, MEMS, all type of sensors or microfiuid components.

Techniques for increasing the lateral density of these functional units have greatly improved

in recent years. In some branches of microelectronics or microsystems engineering even so far that

a further increase of the lateral density of the functional units is no longer possible. In microchip

production the maximum achievable resolution limit for structures which are to be produced

lithographically has been as good as achieved. In a few years physical or technological limitations

therefore will no longer allow any increase in the lateral density of functional units. The industry

has been addressing this problem for some years by the development of 2.5D and 3D technologies.

Using these technologies it is possible to align the same or even different types of functional units

to one another, stack them on top of one another, join them permanently to one another and to

network them to one another by corresponding printed circuits.

One of the key technologies for the implementation of these structures is permanent

bonding. Permanent bonding is defined as all methods using which substrates can be joined to one



another such that they can be separated only by high energy expenditure and an associated
destruction of the substrates. There are different types of permanent bonding. One of the most
important permanent bonding methods is fusion bonding, also called direct bonding or molecular
bonding. Fusion bonding is defined as the process of permanently joining two substrates via the
formation of covalent connections. Fusion bonds form mainly on the surface of nonmetallic-morganic
materials. Basically it should be distinguished between a prebond and the actual permanent bond.
A prebond is defined as a connection of surfaces which fonns spontaneously when two surfaces are in
contact; their bonding strength is smaller than the bonding strength of the permanent bond which is
produced by a subsequent heat treatment., The band strength caused by the prebond is however
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transport port the substrate stack, strengt ow that a repeated, nondestructive

separation of §he i SHBstEaIeS-GAN ke A Wit shesialdevices: Thishas the maloradvantage

that after a prebond, the structures of the two structures can be measured and their relative positions,

distortipns;a0d.ars RN SaRL e deiF e | dis.esRklishedduripghe Measweme i, process

that a faulty orientation and/or local and/or global distortion of the structures is present or there are

particlegiin the interaceihesubsialR slackcanhe resondingly separaisd again angleprocessed.
After a successful and mainly verified prebond, a permanent bond is produced by heat treatment

processgsadeuning thehratitgatment process a chemical and/or physical strengthening of the
connection of the surfaces of the two substrates occurs by the supply of thermal energy. This

permanent benacidsliyreversidledaitiesense tatanepaasiuaiverseparatienoh el substrates is
no longer possible. Subsequently it can no longer be explicitly distinguished between prebond and

permaneBthaondicbutdngenesatiheieisenly-a begl forms ThReesteemmpmiusionbends-aie carried
out on silicon and silicon oxide substrates. Silicon is used due to its semiconductor properties as a
base maieiialfetthenphaditetiomat mictieeleciroribcaimpenenis: sddk: asrmickachipsl andcmgmories. A
so-called direct bond can also form between highly polished metal surfaces. The underlying bonding
properties:diffeb fromithasenohefusiombontdhend echanistawdattbwihichrthertive sufaces can make
contact with one another by an advancing bonding wave, but can also be described by the same
physicsifiterjoinimgnafanwthhirorichberfacesibya saealediybridisontswoeidcatse bettenceivable. A
hybrid surface defined as a surface consisting of at least two different materials. One of the two
matei-ialdis geweraliyditmteentos acogthlbgpace Whileothid sedond materietablyrounds theafilst material.
For example, metal contacts are surrounded by dielectrics. When a hybrid bond is produced by the
bondirgesoavolybridisierieds thiebhon dirganireis drilien mmeiaiedyrimsdtisioh woapkbielween the
dielectrics, while the metal contacts automatically meet by the bonding wave. Examples of dielectrics
and lof-Kadate fehstegtes can take place with special devices. This has the major advantage that after a

prebond, the structures of the two structures can be measured and their relative positions,
distortions and orientations can be determined. If it is established during the measurement process
that a faulty orrentation and/or a local and/or global distortion of the structures is present or there
are particles in the interface, the substrate stack can be accordingly separated again and reprocessed.
After a successful and mainly verified prebond, a permanent bond is produced by heat treatment
processes. During the heat treatment process a chemical and/or physical strengthening of the
connection of the surfaces of the two substrates occurs by the supply of thermal energy. This

permanent bond is ureversible in the sense that a nondestructive separation of the two substrates is



- non -silicon based polymers polyimicles aromatic polymers parylenes PTI-E amorphous carbon

no longer possible. Subsequently it can no longer be explicitly distinguished between prebond and
permanent bond, but in general there is only a bond.

The most common fusion bonds are carried out on silicon and silicon oxide substrates.
Silicon is used due to its semiconductor properties as a base material for the production of
microelectronic components such as microchips and memories. A so-called direct bond can also
form between highly polished metal swrfaces. The underlying bonding properties differ from those
of a fusion bond, the mechanism with which the two surfaces can make contact with one another by
an advancing bonding wave, but can also be described by the same physics. The joining of two
hybrid surfaces by a so-called hybrid bond would also be conceivable. A hybrid surface is defined
as a surface consisting of at least two different materials. One of the two materials is generally
limited to a small space while the second material surrounds the first material. For example, metal
contacts are surrounded by dielectrics. When a hybrid bond is produced by the bonding of two
hybrid surfaces the bonding wave is driven mainly by the fusion bond between the dielectrics, while
the metal contacts automatically meet by the bonding wave. Examples of dielectrics and low-k
materials are
- non-silicon hased

polymers

polyimides
aromatic polymers
parylenes

PTFE

amorphous carbon



ilicon based silicate based TEOS (tetraethyl orthosilicate) SIOF SIOCH Glasses (borosilicate glasses,
aluminosilicate glasses, lead silicate glasses, alkali silicate glassesc.) Si3N4

- silicon based
silicate based
TEOS (tetraethyi orthosilicate)
SiOF
SiOCH
Glasses (borosilicate glasses, aluminosilicate glasses, lead silicate glasses, alkali
silicate glasses, etc.}
general
SialNg
SiC
Si0;
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One of the greatest technical problems in permanent joining of two substrates is the
alignment accuracy of the functional units between the individual substrates. Although the
substrates can be very precisely aligned to one another by aligninent systems, during the bonding
process itself distortions of the substrates can occur. Due to the distortions which arise in this way
the functional units will not necessarily be correctly aligned to one another at ali positions. The
alignment accuracy at a certain point on the substrate can be the result of a distortion, a scaling

errvor, a lens fault (magnification or reduction error), ete.



S C Si02 S'CN Silsesquioxanes liISSQ MSSQ One of the greatest technical problems in
permanent joining of two substrates is the alignment accuracy of the functional units between the
individual substrates, Althouah the substrates can be very precisely aligned to one another by
alignment systems, during the bonding process itself distortionsof the substrates can occur. Due to the
distortions which arise in this way the Functional units will not necessarily be correctly aligned to one
another at all positions. The alignment accuracy at a certain point on the substrate can be the result of
a distortion, a scaling error, a lens fault (magnification or reduction error), etc.

In the semiconductor industry alt subtopics which relate to these problems are subsumed under the
term "overlay”. A corresponding introduction to this topic can be found for example in: Mack,
Chris. Fundamental Principles of Optical Lithography - The Science of Microfabrication. WILEY,
2007, Reprint 2012.

Each functional unit is designed in a computer before the actual production process. For
example printed circuits, microchips, MEMS, or any other structure which can be produced using
microsystems technology are designed in CAD {computer aided design). During the production of
the functional units it is however shown that there is always a deviation between the ideal
functional units which have been engineered on a computer and the real ones which have been
produced in a clean space. The differences can be attributed mainly to limitations of hardware,
therefore engineering problems, but very often to physical limits. Thus the resolution accuracy of a
structure which is produced by a photolithographic process is fimited by the size of the apertures of
the photomask and the wavelength of the light used. Mask distortions are transferred directly into
the resist. Linear motors of machines can only approach reproducible positions within a given
tolerance, etc. Therefore it is no wonder that the functional units of a substrate cannot be exactly
equal to computer-engineered structures. All substrates therefore already have a not negligible
deviation from the ideal state before the bonding process.

If the positions and/or forms of two opposite functional units of two substrates are
compared under the assumption that neither of the two substrates is distorted by a joining process, it
is ascertained that generally there is imperfect congruence of the functional units since they deviate
from the ideal computer model by the above described fauits. The most frequent faults are shown in

Figure 8 (copied from: hitp://commons.wikimedia.org/wiki/File: Overlay - typical model terms



In the semiconductor industry all subtopics hieate to these problems are subsumed under the term
"overlay". A corresponding introduction to this topic can be found for example in: Mack, Chris.
Fundamental Principles of Optical Lithography - The Science of Microfabrication. WILEY, 2007,
Reprint 2012. Each functional unit is designed in a computer before the actual production process.
For example printed circuits, microchips, MEMS, or any other structure which can be produced using
microsystems technology are designed in CAD (computer aided design). During the production of the
functional units it is however shown that there is always a deviation between the ideal functional units
which have been engineered on a computer and the real ones which have been produced in a clean
space. The differences can be attributed mainly to limitations of hardware, therefore engineering
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the ideal computer model by he, abgve, desribed faults, The most frequent faults are, shown in Figure
8 (copied ?rom:”ht%p:ﬁcommons.m imedia.org W|I3<J|?§| e Oveérlay - rtyplca moder terms > 0 ¢
another, The translation or rotation of the two substrates produces a comresponding translational or
rotational fault for all functional units which are opposite at the time on the substrates. A local
overlay fault arises depending on the location, mainly by problems of elasticity and/or plasticity, in
this case caused mainly by the continuously propagating bonding wave. Of the described overlay
faults, mainly faults I and IV are cail run-out faults. These faults arise mainly by a distortion of at
least one substrate during a bonding process. The functional units of the first substrate with
reference to the functional units of the second substrate are also distorted by the distortion of at least
one substrate. Faults I and II can however also arise by a bonding process, but are generally so
dramatically overlain by faults I and IV that they can only be recognized and measured with
difficulty.

In the prior art there 15 already a system using which local distortions can be at least partially
reduced. it is a matter of [ocal distortion due to use of active control elements
(WO2012/083978A1).

In the prior art there are inifial approaches to the correction of run-out faults.

US20120077329A1 describes a method for obtaining a desired alignment accuracy between

functional units of two substrates during and after bonding by the lower substrate not being fixed. In



DE.svg 24.05.2013 and Mack, Chris. Fundamental Principles of Optical Lithography - The Science of
Microfabrication. Chichester: WILEY, p. 312, 2007, reprint 2012). According to the figures it can be
roughly distinguished between global and local and symmetrical and asymmetrical overlay faults. A
global overlay fault is homogenous, therefore independent of site It produces the same deviation
between two opposing functional units regardless of the position. The classic global overlay faults are
faults | and Il which form by a translation or rotation of the two substrates to one another. The
translation or rotation of the two substrates produces a corresponding translational or rotational fault
for all functional units which are opposite at the time on the substrates. A local overlay fault arises
depending on the location, mainly by problems of elasticity and/or plasticity, in this case caused mainly
by the coﬁﬂﬁ&faﬁw BrpatRiHa gy e ©Pthedaserttacsvenagahtned Fstiridits 1l and IV
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I.S prlmarﬁy the Tlat flxmg of a subf’strate, generally by means of a vacuum device. The run-out faults

which arise are g diamatic i masessadialy SYRENicallYs can be determined not only by

corresponding measuring devices (EP2463892), but can also be described by mathematical
functions. Since the run-out faults constitute translations and/or rotations and/or scalings between
well defined points, they are preferably described by vector functions. Generally this vector
function is a function fR*~R?, therefore am imaging standard which images the two-dimensional
definition region of the local coordinates onto the two- dimensional value range of mun-out vectors.
Although an exact mathematical analysis of the corresponding vector fields could not be done,
assumptions are made with respect to the function properties. The vector functions are with great
probability ¢” n>=1 functions, therefore they are continuously differentiable at least once. Since the
run-ouf faults increase from the contact-making point toward the edge. the divergence of the vector
function will probabiy be different from zero. The vector field is therefore with great probability a
source freld.

The object of this invention is to provide a device and a method for bonding of two
substrates with which the bond precision, especially on the edge of the substrates, is increased.

This object i3 achieved with the features of Claims 1 and 9. Advantageous developments of



around the contact site, therefore increase from the contact site to the periphery. In most cases it is a
linearly increasing intensification of the run-out faults. Under special conditions the un-out faults can
also increase nonlinearly. Under especially optimum conditions the run-out faults can be
determined not only by corresponding measuring devices (EP2463892), but can also be described by
mathematical functions. Since the run-out faults constitute translations and/or rotations and/or scalings
between well defined points, they are preferably described by vector functions. Generally this vector
function is a function f:R2--?12.2, therefore am imaging standard which images the two-dimensional
definition region of the local coordinates onto the two- dimensional value range of run-out vectors.
Although an exact mathematical analysis of the corresponding vector fields could not be done,
assumpticis e HpAdEe Mt a8 et £eaeisTUraBh prbprerlidelPRefattertuiednBedeatwith great
probability en n>=1 functions, therefore they are continuously differentiable at least once. Since the
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function will probably be different from zero, The vector field is therefore ith great probability a source
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which the bond precision, especially on the edge of the substrates is increased. This object is
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in the dependent.claims. All cobmbigatio S. fa& ast two of the fg{atures %iven in th? Sa% cigcation, the
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claimed in‘any dompination. Fhe VEMIoN is Pased on the idea that at1éast oHs o

substrateg, preferably, (16, second andior lower,shbstaie s deformed. gy, alianment of e contact
surfaces, especially solely, outside the bond initiatiorT site beforg a i uring tThe bonding, especially

during the, {fayel of 3.bonding wave, preferably. i lusion panding. Qg&g@%mﬁ{&% gg%?@@"y a
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state which gjevi’ates f'rgm an i |t|aﬁstate, especially initial geometry-of the' substrates. imed in

the inventon, the;bpnplag s nilated after coptact-making,of the; PRE‘%&%&E){ fﬁgﬁéi%&ﬁ%ﬁ'%by

allowing the first/upper substrate to fall or By detaching it. Corresponding bonding means are provided

especia"mﬁﬁﬁ%qmimaﬁaﬁ@y&%m-mAﬂiﬂgeo%raﬁ@éo%@ he.subsitates are generally,especially on
a

one contact surface, more or less flat, aside from any structures which project above the contact

surface (migiag wéuw&r&q&@kl@@ﬁy@%@m&gﬁdc%&%g@ﬁgiﬁg%a@ﬁ% fiGhsashepding and/or thickness
fluctuations. In the initial state, but in most cases the ubstrates have a curvature different from zero.

For a 300:gpraiwyRiet Crnatuses-Qflass than 50 pm are common. Viewed mathematically, a curvature
can be regarded as a measure or the local deviation of a curve from its planar state. In the specific

case substratesangexaminedwhoss dhicknesses-aig, st camparsd tonthe dismetencthgrefore in a
good approximation the curvature of a plane can be addressed. In the case of a plane the initially

mentioneg diat:8latelisibe: tangentiakplanecaiihe-cune atitheopointatindaich: the-sigevaluradsdpeing
examined. Generally a body, in the special case the substrate, does not have a homogeneous
components) and substrate tolerance such as bending and/or thickness fluctuations. In the initial
state, but in most cases the substrates have a curvature different from zero. For a 300 mm wafer
curvatures of less than 50 pm are common. Viewed mathematically, a curvature can be regarded as
a measure for the local deviation of a curve from its planar state. In the specific case substrates are
examined whose thicknesses are small compared to the diameter. Therefore in a good
approximation the curvature of a plane can be addressed. In the case of a plane the initially

mentioned flat state 1s the tangential plane of the curve at the point at which the curvature is being

examined. Generally a body, in the special ¢ase the substrate, does not have a homogeneous



curvature so that the curvatureis an explicit function of the site. Thus it can be for example that a
nonplanar substrate in the center has a concave curvature, at other sites however a convex curvature.
Subsequently in the simplest case curvatures are only ever described as concave or convex without
going into greater mathematic details which are known to mathematicians, physicists and engineers.
An especially independent core idea for most embodiments as claimed in the invention consists mainly
in that the radii of curvature of two substrates to be bonded to one another are the same at least in the
contact-making region of the substrates, therefore on one bond front of the bonding wave or on the
bond line, or at least deviate only marginally from one another. The difference of the two radii of
curvature on the bond front/bond line of the substrates is therefore smaller than 10 m, preferably
smaller AR RO IRErER Ry SHaie PP TemiomBstsraterABty SmRiRe thar it ift more
preferably smaller than 0.01 mm, most preferably of all smaller than 1 pm. Generally all embodiments
as claimetP iR e AVETRGh A HEh RIS S B8 GiraT elivafl s S gﬁ‘ﬁ%ﬁ%ﬁg‘%}ﬁf’iln other words,
the invention relates to a method and a system using which it iF possible to hond two substrates to one
another sﬁ%afﬁﬁﬁt%?&?i%% '%xﬂb%%ﬁ’tpf SRR AS Cafed FUn-But RS bEEE Hifimum. The
nvent on is further.t ortecbase,g“on %Q&Q-deﬁhqf q?nt(rj(gglaiﬂ \?Wedtlvgoe l{b‘gfl%es ey{\{]tg:ir%hu%g%tgo be bonded to
one anotfiér,” ee}ébyémgllly‘&’/n Sometric. thermot ylﬁamlc' andlor rﬁech%n‘icalnclompe‘nlsa I0h mechanisms
such that tﬁle ~f6}&‘§°{§égﬂ%%@&mg the forming bonding wave are chosen such that the two substrates do
not shift 16 Wo ‘one another, therefore are corectly aligned. Furthermore the invention describes an
article consisting, g, é%j%ﬂg%% esfichbays, P&‘?ﬂ&?&ﬂ%ﬁﬁ% Csea@@%ﬁﬁ%h"éﬂt 1 2:5u0-put, fault which
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has been reduced as d in the invent One process w cteristic as claimed In the invention

in bonding,, espegially,Agtmanentbenging., preferably fsion Ropding, 5 e, AN contagt:makinge two

substrates which is as centric as possible. Generally the contact-making of the two substrates can also

§ oAy cohapand &1 \ga S eI . 1
take place, nonzcentrisaliv. The hanging wave Bropagating fromamanseentis.comagt Reint would

reach different locations of the substrate edge at different times. The complete mathematical-physical

description,of:ReRding way ;o shavia-andiihe resulinarun ek iaull sampansalian wveyld be

correspondingly complicated. But generally the contact-making point will not befrom the center of the

substrate sgthatdhe messblvdesuling.eifecisar e RIS At lersianthe. ades i hedisiance

between a possible non-centric contact-making point and the center of the substrate is smaller than

100 mm, preferabiy soallerdhamnil,Gmims: mare! preferably.smaliekhan nam, Mmosidi eterabhnsmaller

than 0.1 mm, most preferably of all smaller than 0.01 mm. In the following description contact-making
generallysmeasteentrie-comtaaionakiig.Thesenienin 8 widenhsensepispraferably definecas the
geometrical center point of an underlying ideal body, if necessary compensated by asymmetries. In
commercial wafens:with Al retehlthecentel isihereforenthadoidpbict ofiehaiel enwhich Swisunds the
ideal wafer without a notch. hi commercial wafers with a flat (flattened side) the center is the midpoint
of the cirdteé whizhvsuegunddsithe:dealviatbe withautradlatsAnalogous cansiderations:applicior
substrates of any shape. In special embodiments it can however be of use to define the center of
gravity ofithesulstrateast tivesgbritetes|w ordentohensutetexabticCenttialj portcointactwhaking: an upper
mounting apparatus (substrate holder) provided with a centric hole and a pin which can be moved by
translatiorriied fenproviddes Witlvaea adiathy sy fimetricafdixin g Tiiouse whainozzteidrhich uses a fluid,
preferably a gas instead of the pin to apply pressure,would also be conceivable. Furthermore the use

of these comporehiseday svisirbies cdnpletely bbandordd whenother, cspecially by geometric,
thermodynamic and/or mechanical compensation mechanisms such that the factors influencing the
forming bonding wave are chosen such that the two substrates do not shift locaily to one another,
therefore are correctly aligned. Furthermore the invention describes an article consisting of two
substrates which have been bonded to one another with a run-out fauit which has been reduced as

clamed in the invention.



devices are provided which can move the two substrates toward one another by a translation
movement under the further assumption that at least one of the two substrates, preferably the upper
substrate, due to gravitation has an impressed curvature in the direction of the other substrate and
therefore in the mentioned translational approach to one another, at a relatively small distance to the
corresponding second substrate, automatically makes contact. The radially symmetrical fixing is
either attached vacuum holes, a round vacuum lip or comparable vacuum elements using which the
upper wafer can be fixed. The use of an electrostatic mounting apparatus is also conceivable. The pm
in the centric hole of the upper substrate holder is used for controllable deflection of the fixed upper
substrate. After completed contact-making of the centers of the two substratesfixing of the upper
substrate holdePis: eleasedhithesupperisubstrateldropbioththewnednandadeto gravityland on the
other due to a bond force acting along the bonding wave and between the substrates. The upper
substrateréseameted radiaip e th &uovrerosd bt st ¢rppintisercenterkothed Sidévedy@sTies inventive
formation of a radially symmetrical bonding wave which runs especially from the center to the side
edge occib DU HHE BORENG Brocass ydave sapstaki Hidhs e Yasisresent BEwken the
substrates, especially air, in front of the bonding wave and thus provide for a bond boundary surface
without gHlaTeRRsTSASICHIE UPpRPEIDBIALS REDeEEBSHHIR 8RB P GRS EUSHG T IiEarBpping.
The first/u_p&er substrate after initiation of the bond at one bond initiation site is not subject to
additiondf G \rEHSTGTE TARTR HrEICt ARl T TR B d TR RaoR Sra AR HERPREE! and can
also be distorted. Each circle segment which is infinitesimally small with respect to its radial thickness
will be sUl5EEIRIETA LI BH BT 16 ALHHEWEE Wit A LGV SemBe AL ERinBY frPe

correspondingly complicated. But generally the contact-making point will not be far from the center

of the substrate so that the possibly resulting effects are negligible at least on the edge. The distance

between a possible non-centric contact-making point and the center of the substrate is smaller than

100 mm, preferably smaller than 10 mm, more preferably smaller than 1 mm, most preferably

smaller than 0.1 mm, most preferably of all smaller than 0.01 mm. In the following description

contact-making generally means centric contact-making. The center in a wider sense is preferably

defined as the geometrical center point of an underlying ideal body, if necessary compensated by

asymmetries. In commercial wafers with a notch the center is therefore the midpoint of a circle

which surrournds the ideal wafer without a notch. In commercial wafers with a flat (flattened side)

the center is the midpoint of the circle which surrounds the ideal wafer without a flat. Analogous

considerations apply to substrates of any shape. In special embodiments it can however be of use to

define the center of gravity of the substrate as the center. In order {o ensure exact, centric, point

contact-making an upper mounting apparatus (substrate holder) provided with a centric hole and a

pin which can be moved by translation in it is provided with a radially symmetrical fixing. The use

of a nozzle which uses a fluid, preferably a gas instead of the pin to apply pressure, would also be

conceivable, Furthermore the use of these components can even be completely abandoned when

10



the invention, the stress states which occur on the bonding wave front and the existing geometrical
boundary conditions. But since the substrates represent rigid bodies, the distortions add up as a
function of the distance from the center. This leads to run-out faults which are to be eliminated by the
method as claimed in the invention and the device as claimed in the invention. Thus the invention
also relates to a method and a device for reducing or even entirely avoiding the run-out fault between
two bonded substrates, especially by thermodynamic and/or mechanical compensation mechanisms
during bonding. Furthermore the invention treats a corresponding article which is produced with the
device as claimed in the invention and the method as claimed in the invention. In a first
embodiment of the invention the first, especially the lower receiving or mounting apparatus on the
receiving érviseuaEMOSiHtAcE o FaBEMTRIREHI sStistisstPdtavis Gpot AR IS or Potishedand/or lapped
convexly or concavely. Preferably the mounting apparatus is convexly ground so that a substrate fixed
on it is CUFYREFTRCTR &HIPE BtfolEIthe BemtEet Hiallihigibine of theberdirmiiopreitebly thaupadius of
curvature of the first and/or second receiving surfaces is especially greater than 0.01 m, preferably
greater thERHIASndM iR EBraRiabRFYFB A e PRy SHIF FSTE DFefERaN reabaT THENTA'0 #¢ most
preferably greater than 100 m, most preferably of all greater than 1000 in. In one special embodiment
the radius T EQFoARIRS BT HHRVEHBRAING AP Farai s 1 e b ARTE LIL8) HEPLEISRiththe
same order of magnitude of one power often, as the radius of curvature of the second/upper substrate
produced B tHE® %E@ﬁ&f&ﬁﬁé?‘?‘ BRI SIS UR AP Saatus by actuating means, especially a pin.
This results in ar;l"initiaJ. sition Wh.ict? gs symmetrical V\%th rgsg)ect o the greo etr%/l for Ponding. It
is advantageous iFTH&’f i’/f’é’\‘/}‘}‘é‘?ﬁf&&%i\/‘iﬁ’g?sﬁr?é & N GrBth e SUER REEH %@s‘f% if'd8yietry is
correctedCb%]tr;&g[avitation field acting n {c@a}“ on the ountiglfgfsur{n such iIhat the bonding wave

. {y G VACULIE. & enis UsSing w 1S URDer waler ¢cgn 1xed, Fne use of an elecirostaic
front is alWay8 Moving Within the same horizontal prane. - The first and/or ‘€6¢ond SubstrateSs

preferably sacially symmelrical, Althouah e substals, can have arydiameter, tne aler dlaeter is
espeC|aIIy Inch;yZinches, 3 Inches, 4 inches, 5‘inches. 6 Inches, 8'Inches; Inches, Inches or

larger thagsgfgfi&cch%% %-;III‘L}% ! '&l@}%%%&t é@effges{ é?é%%/r%ru gg&q@d substrate is preferably between 1 um

and 2000 tun, preterably between 10 um an um, more preferably between 100 tun and 1000

um. After completed contact-making of the centers of the two substrates, the fixing of the upper
substrate holder is released. The upper substrate drops on the one hand due to gravity and on the
other due to a bond force acting along the bonding wave and between the substrates. The upper
substrate is connected radially to the lower substrate from the center (o the side edge. Thus
inventive formation of a radially symmetrical bonding wave which nins especially from the center
to the side edge occurs. During the bonding process the two substrates press the gas present
between the substrates, especially air, in front of the bonding wave and thus provide for a bond
boundary surface without gas inclusions. The upper substrate lies essentiaily on a type of gas
cushion while dropping.

The first/upper substrate after initiation of the bond at one bond initiation site is not subject

to additional fixing, therefore aside from the fixing at the bond initiation site it can move freely and
can also be distorted. Each circle segment which is infinitesimally small with respect o its radial

thickness will be subjected to a distortion by the bonding wave which is advancing as claimed in



In special embodiments a substrate can have a rectangular shape or at least one which deviates from
a round shape. Hereinafter a substrate is defined in particular as a wafer. In a second
embodiment of the lower/first mounting apparatus the radius of curvature of the lower/first mounting
surface is adjustable. In one especially simple embodiment the lower mounting apparatus has a
support plate which is thick enough to not be deformed by unwanted external influences, but which
has been produced to be thin enough to be brought into a convex or concave shape by a controlled
force which is acting from underneath. In particular the support plate has a bending stiffness of greater
than 10-7 .Nm2,. re%erably reater than 10-3 Nm2, more preferably greater than | Nm2, still more
%ﬁ-@?‘efatfé&tﬁ FiSTEES RIS RS TEr Sy B g et tRan s 0 RS ARESREHE o one

preferab

embodiment.of the inventign an especially interior partthe, lower/first mountin aratus consists of a
d Bl Smee e bl it %‘%El%%%ﬁtically and/or

preferab y%ﬁyc% AStie embrane Which ean rﬁ%r%ﬁiﬁtarf%% gﬁeaﬁreco‘ﬁ?rtggfg
hydrauligglly: andar.pjezaelectrically. . The ic and/arhydraulic and/or piezoelegtric elements
are preferaj;biy unifo?mfy g?s?fbuteéy 3%53 daﬁﬂggé'%l%tégelr%ndcﬁﬁ}}gﬁ‘g i/“ areq?(r)]baﬁé)t %?Fteﬁégm odiment as

claimed in. thedpysotionndhslowerirhmarnting.appataius isimade;sugh that the lowerffirst substrate
is deformed, especially laterally compressed or expanded, in a controlled manner by heating and/or

cooling meansvembafaieieaniackmakiog iyHie amountwhichinnREessaty dRilter contact-making
to best, ideally completely, compensate for the run-out fault which arises. Since the fixing of the

lower/firstsuingtizdeun thifae mbodinentonlydakeipiages aftescarvesphadiog ceformatian, a special
value need not be imposed on the coefficient of thermal expansion of the lower/first substrate or the
lower/firstenioumtingappanttusnechainsanatherspediag fhodedurecabedtaiengchinehezinvention the
contact-making of the lower/first substrate takes place prior to a heating and/or cooling process. By
fixing prisFresnpisieattiicandtbrcoslinegprotets dhecowetiivstisulstiavefoliows therthdudal
expansion of the lower/first mounting apparatus so that its coefficient of thermal expansion can be
used to Hictasahe {sdpsal@xpansion of the substrate. Especially preferably the coefficients of
thermal expansion_of the lower/first supstrate and the lower/first mounting apparatus are the same so
that in the healihy™HiE/BP SHBIREPHIECEEE I IR ATl SHReSEEY B 49 16RES AR ha1HAI Skresses arise
in the lower/first substrate. It would a|{SO berc?on%eivable.as laimed in the,inventi(gn for the coefficients
of thermaFaxpanalon 16 b5 e BT T fh e e B e E B aNTE B RGP Bansion the
lower/fir t int iddle will follow thether
B Rl S

3| xpansion.of the Jower/firet mounting
apparat e temperature et between the first and second“‘m%unting apparatus

here are 5% ARZ0G RIE(EROlY dessan G ware AIlorably less than AC,Most preferably less

than 2C; most preferably of all less thanEach mounting apparatus is as claimed in the
bond initiation site.

A radius of curvature of the first and/or second receiving surfaces is especially greater than
0.01 m, preferably greater than 0.1 m, more preferably greater than 1 m, still more preferably
greater than 10 m, most preferably greater than 100 m, most preferably of all greater than 1000 m.
In one special embodiment the radius of curvature of the first/lower receiving apparatus is the same
size, especially within the same order of magnitude of one power of ten, as the radius of curvature
of the second/upper substrate produced by the second/upper receiving or mounting apparatus by
actuating means, especially a pin. This results in an initial position which is symmetrical with

respect to the geometry for bonding,.



invention heated through as homogeneously as possible. In particular there is a temperature field
whose temperature difference at any two points is smaller than 5C, preferably smaller than 3C, more
preferably smaller than 1C, most preferably smaller than 0.1C, most preferably of all smaller than
0.05C. In another embodiment as claimed in the invention, the first mounting apparatus is
designed such that the mounting apparatus on the mounting surface can be deformed, especially
compressed and/or expanded, in a controlled manner by mechanical actuating means. The first
substrate fixed on the surface of the first mounting apparatus is deformed due to its thickness which is
small with refe{te}rslcg:lgvto ttahe mo g{i %E)éJaratus.at the same time 934 t(}:]g ]gaﬂ%mlation of the mounting

COUS 1 eni‘grs WET TCCEIVING SUriace IS FTOUnd-s 1Y SICH . h
apparatus. The rouNtin apparatus is eformed wWith pneum"‘atlcandlfor ydratﬁl and/or piezoelectric

actuatora high e hesi ayanged distiuies acound the substrate, maunt. prefetabbyadially

symmetrically. For a completely symmetrical, purely radial distortion at least three actuators are

needed w@m@ﬁ%a&@m abananauardistanes.ahi29.Prslaialydnore than 5 actuators, more

preferably more than 10 actuators, preferably more than 20 actuators, still preferably more than 30

actuators, mosti gferabiysofaliharesthat SR AeHhnossi Ale wWeetkirical. IlADEIREeMBogIMment as
claimed in the invention, the contact surfaces of the two substrates are bonded to one another in a
vertical pasitien afheé daslentiibisSpetatembedingilyconsists imainy indedutindthe: deformation of
the wafers by gravitation, preferably arranging them at least symmetrically, especially preferably
entirely préwarfiimghandlorcoompeinshtingforches efdarpatibmby grwitatiorihPketesablje lirshe vertical
position the two substrates are curved especially at the same time symmetrically,to the bond initiation
site by oHé/acteraiignEEisieRei v iparficetar ore 52898 nmomeldetiie lsbrreinifiatornsite so that the
convex surfaces can make contact in the bond initiation site. The especially automatic bonding
process WHH Kb SHIFR SRR S tatad Y\ aetae AT BMeast one of the substrates from the mounting

surface. : . -
In special embodiments a substrate can have a rectangular shape or at least one which

deviales from a round shape. Hereinafter a substrate is defined in particular as a wafer.

In a second embodiment of the lower/first mounting apparatus the radius of curvature of the
lower/first mounting surface is adjustable. In one especially simple embodiment the lower
mounting apparatus has a support plate which is thick enough to not be deformed by unwanted
external mfluences, but which has been produced to be thin enough to be brought into a convex or
concave shape by a controlled force which is acting from undemeath. In particular the support plate
has a bending stiffness of greater than 107 Nm?, preferably greater than 107 Nm®, more preferably
greater than 1 Nm’, still more preferably greater than 10° Nm?, most preferably of ali greater than
10" Nm?. According to one embodiment of the invention an especially interior part of the
fower/first mounting apparatus consists of a preferably highly elastic membrane which can he
expanded and/or contracted pneumatically and/or hydraulically and/or piezoelectrically. The
pneumatic and/or hydraulic and/or piezoelectric elements are preferably uniformly distributed and

can be triggered individually,



The embodiments as claimed in the invention are preferably operated in a defined, especially
controllable atmosphere, especially under normal pressure. All mentioned embodiments as
claimed in the invention can be implemented in one special version in a low vacuum, more preferably
in a high vacuum, still more preferably in an ultrahigh vacuum, in particular with a pressure of less than
100 mbar, preferably less than 10-1 bar, more preferably less than 10-3 bar, still more preferably less
than | O bar, most preferably less than 104 bar. In a further embodiment as claimed in the
invention, at least one factor influencing the propagation, in particular the propagation velocity, of the

bonding wave gdigfatinashons gL jofeRe nadhe allapment pLis aaniachsnfaces. is controlled.

The bonding wave Is monitored especially with respect to its velocity. The velocity is controlled in

particular inditegtiy.yiadhaermpasitionandianthe degrituandionthe emparatirexph aias,in the

atmosphere in which bonding is done. Although the method as claimed in the invention is preferably to

be carrigd Qibin & 10WnBr 8538 AIMASPREsEnPRfRIABIV R FoVas M- HAaH: De advansageous to carry
out the bonding process in another atmosphere, in particular in the range of the normal pressure. Due

to the peinicaontactshae hondingwavearitktherboading A5 claiped in dhepmeentionisdwayswravels radially
symmetrically from the center to the side edge and in this process presses an annular gas cushion in
front of iuklohg e ies piirteutarirong hiyheitcwtartvingubhiage o bondnibrlithbondflromeafithe bonding
wave, such a large bond force prevails that inclusions of gas bubbles cannot arise at all. The
upper/sefiorrsetpondine trieanors iasspirial typec srerhrot s HioR Sd RO UBraM g SheRgs. It is
established by the selection of a gas/gas mixture as claimed in the invention and definition of the
properti€sPartive SESCIOERIOM T SWIALE 2R B h N StFBHJRP tHENSPBAd Stbstrate can be lowered and/or

expanded. Furthermore the velocita_/ of he bonding wave can also be controlled ,vksl the properties of the
gas In another special procedure as claimed 10 the mvention the contact-making of the

lower/first substrate takes place prior to a heating and/or cooling process. By fixing prior to the
heating and/or cooling process, the lower/first substrate follows the thermal expansion of the
lower/first mounting apparatus so that its coefficient of thermal expanston can be used to dictate the
(thermal) expansion of the substrate. Especially preferably the coefficients of thermal expansion of
the lower/first substrate and the lower/first mounting apparatus are the same so that i the heating
and/or cooling process no thermal stresses or at least small thermal stresses arise in the ower/first
substrate. It would also be conceivable as claimed in the invention for the coefficients of thermal
expansion to be different. In the case of different coefficients of thermal expansion the lower/first
substrate in the middle will follow the thermal expansion of the lower/first mounting apparatus.
The temperature difference to be set between the first and second mounting apparatus here
are less than 20°C, preferably less than 10°C, more preferably less than 5°C, most preferably
less than 2°C, most preferably of all less than 1°C. Each mounting apparatus is as claimed in the
invention heated through as homogeneously as possible. In particular there is a temperature field

whose temperature difference at any two points is smatler than 5°C, preferably smaller than 3°C,
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The composition of the gas mixture is chosen according to another, in particular independent aspect of
the invention. Preferably gases with types of atoms and/or molecules which are as light as possible
are used which have a correspondingly low inertia at a given temperature. Therefore the molar mass
at least of one of the gas components is less than 1000 g/mole, preferably less than 100 g/mole, more
preferably less than 10 g/mole, most preferably of all less than 1 g/mole. More preferably the density of
the gas mixture used is set to be in particular as small as possible, and/or the temperature is set to be
in particular as high as necessary. The gas density is set as claimed in the invention to be smaller than
10 kg/ r ?%I I{!h erably. I . ost preferably
smater B e e om e b greater
than 0C;,prefgeably greater than 100C, more preferably greater than 200C, most preferably greater
than 300C, most preferably of all greater than 400C. As claimed in the invention the aforementioned
parameters arg, ghasercaiiehithat e spieetadgas aaxiurenofipdhdaual Campanenisaithe gas mixture
do not condense. In this way liquid inclusions on the surface of the substrates during the bonding
processsate thmaldadountinA agjegous e arattleratignsduplyatobg dsiontdirepwhiigedneresadynamic
properties are shown in multicomponent phase diagrams. By changing the composition and/or
pressurendud fptedeg et of thé ngasenbstoreshhe ddrsmatiiosrofatse Firstishslbytsechndi substrate is
influenced and thus the run-out fault is also reduced. Especially preferably all variable parameters are
chosen &bl shefenelbemBiFgnaevEprepaaaies doithmeddiscititadisbtipaurhial ossibreitbith respect to
the existing initial and boundary conditions. Mainly for an existing atmosphere, especially at normal
pressurE g SsREItor B BBRaRNaYE BSURSEE PodsiBRO AN S <BRIS PR ERIGR Y of the
bonding wave is less than 200 cut's, more preferably less than 100 cm/s, more preferably less than 50

cm/s, modt PRSP IEEE HA AR B BHE ARGI9T OF ST EE ST SR PICERSICUIE BFREURar the

velocity,of e honding wave Jo greater than O i partcula the velacly of the bonding wave
along the Ol’l(i1 rOHFIS Cco an{. n a vacuum environmen € \Ee OCIty’ of the ondlng wave

amoma@%"%‘&%%%%ﬁg’ or faa%g{g%@ng%?m%%e%ﬁf%ﬁ%%&"%‘%ﬁ AGAENYIRINEH, 2long, g Hend line need not
overcome any resistance by a gas.

needed which are arranged at an angular distance of 120°. Preferably more than 5 actuators, more

preferably more than 10 actuators, preferably more than 20 actuators, still preferably more than 30

actuators, most preferably of all more than 50 actuators are used.

In another embodiment as claimed in the invention, the contact surfaces of the two
substrates are bonded to one another in a vertical position. The task of this special embodiment
consists mainly in reducing the deformation of the wafers by gravitation, preferably arranging them
at least symmetrically, especially preferably entirely preventing and/or compensating for a
deformation by gravitation. Preferably in the vertical position the two substrates are curved
especially at the same time symmetrically to the bond initiation site by one actuating means each, in
particuiar one pin each, toward the bond initiation site so that the convex surfaces can make contact

in the bond initiation site. The especially automatic bonding process with a bonding wave s started

by detaching at least one of the substrates from the mounting surface.

i5



According to another, in particular independent aspect of the invention, a stiffening plate is inserted
between the mounting surface and the upper/second substrate on the upper/second mounting
apparatus. The stiffening plate is in particular temporarily bonded to the substrate and changes the
behavior of the upper/second substrate during bonding. The connection between the stiffening plate
and the upper/second substrate takes place by a construction- engineering fixing in the stiffening plate.
The fixing is preferably vacuum fixing. Electrostatic fixings, very thin mechanical fixings which rechuck
the substrates on the edge, and adhesion fixings by a highly polished stiffening plate surface would
also be conceivableabodifiGaording i anathenie-nanicviaeindspendantiashectaidhe invention the
run-out fault is set by a very small distance between the two substrates prior to contact-making and/or
outside thgebialgdnitiatioblsiteoifiedjstpacelis indeanteulantesathan 100 tim, preferably less than 50

um, more preferably less than 20 pin, most preferably less than 10 nm. It is especially preferable
as claimed in thd mwertiod ifithelraditsaofleunvatordotthetvwae subsinates;cespaciaty spacthie bond front,
deviates by less than 5% from one another, is preferably the same. In another special

developriteitiohalemsdimenegarrdkaibiediin bivd irvemiosithedoresitirdt moantitigapparatus and/or
the upper/second mounting apparatus have as actuating means especially centric holes and a pin
using WHASH A e FhRadielay itiive Brifesasisective Ribafarasciambbeerduedlintie@mection of the
bond initiatjon site. The above, described steps and/or movements and/or sequences, especially of
the pinsh& TRHBCHSTER the Bﬁbétf#b?é@?msf%fabi?fo?&%ﬂ@m%‘%m%rawé '5#0tHEr! tonitoring of
the tem%erature, of the pressure and of the gas composition, are controlled preferably via a central
control A, especially a computer with control software.

In a further embodiment as claimed in the invention, at least one factor influencing the
propagation, in particular the propagation velocity, of the bonding wave and/or at least one factor
influencing the alignment of the contact surfaces, is controlled. The bonding wave is monitored
especially with respect to its velocity. The velocity is controlled in particular indirectly via the
composition and/or the density and/or the temperature of a gas in the atmosphere in which bonding
is done. Although the method as claimed in the invention is preferably to be carried out in a low
pressure atmosphere, preferably in a vacuum, it can be advantageous to carry out the bonding
process in another atmosphere, in particular in the range of the normal pressure. Due to the point
contact the bonding wave in the bonding as claimed in the invention always travels radially
symmetrically from the center to the side edge and in this process presses an annular gas cushion in
front of it. Along the In particular roughly circular ring-shaped bond line (bond front) of the
bonding wave, such a large bond force prevails that inclusions of gas bubbles cannot arise at all.
"The upper/second substrate therefore lies on a type of gas cushion during the bonding process.

It is established by the selection of a gas/gas mixture as claimed in the invention and

definition of the properties of the gas cushion how fast and how strongly the second substrate can

16



The substrates can be received and fixed on a receiving or mounting apparatus in any conceivable
manner with any known technology. Vacuum sample holders, electrostatic sample holders, sample
holders with mechanical clamping, are in particular conceivable as claimed in the invention. Preferably
the substrates are fixed solely on a circle segment which is as far as possible outside in the region of
the side edge in order to afford the substrates maximum flexibility and freedom to expand within the
fixing. Another, in particular independent aspect of the invention consists in contact-making in a
manner as coordinated as possible and at the same time quasi-independently by at least one of the

substraigs pelna expeseChinRPiREsR NN s esprsialtsaneRNTiGAAdbs. middle M of one

contact surface of the substrate radially to the outside before contact-making and then only the start of
contact-mkmgigﬂfw%pg@%gyhile after contact-making of a section, in particular the middle M of the
substrate, the substrate is released and bonds to the opposite substrate controlled automatically
based on its prestrespodiiedyesiessis-aahipvadsby adefon atienwéthe fiusiabstrate by deformation
means, the deformation means, especially based on their shape, acting on the side facing away from
the bonéhsigendnd the deftimationibeiRg:fostiroiable atoppdingly dysusitigr ditferaidt (@sjpecially
interchangeable) deformation means. The control also lakes place by the pressure or the force with
which thecdefaghatiprssivéairs wetl orhididhsubs atesiitidingy amtdgetastirarvdoirogunatie effective
mounting surface of the mounting apparatus with the semiconductor substrate so that the
semicondgitr s tissnete iesry et eanyestppo s ByPiTETEsuls NG apPaRt (B0 fh IFISWREY the smaller
contact surface yields smaller adhesion between the wafer and the sample holder or the mounting
apparattfss FRing I apifiedions REfmal IFtHeh iR aiHe depb erslirdbial Aiiatdgisingtithe periphery
of the semiconductor substrate (first substrate) so that there js efficient fixing with an effective
mountin?(jrin%r'ﬁﬁf’faf3 Eﬁéifaﬁ@?{:a%g&% L gmairay B%Eﬁé%g{\%fé’élr??ﬁéc Anting CSROEPEF the mounting

apparatggd%g%%he semiconducth substggte. Thu%&% tapse same t"?ﬁe&%‘&eeng%d rel'lable detachment of

the semlconduCt(t)ermspljeBastﬁIgtg fgtp%ggi’lglg sfr(]:gkear the Getachment forceenecass rlf'/sf%‘ratsjetaching the
rgfﬁall%gg reducing the
t

o agﬁeﬁ%ﬁ%&%ﬂp{gbggﬁaﬂg{t%&r@@Q%%{E%%@Bm%ﬁﬁ{ﬁ&nef?g e contact of the wafer

negative pressure on the mounting surface. "Contro at a

with a seeondavateribewater epdhesample-haldertanains s4l fxed and aplypydedicated

(controlled) reduction of the negative pressure on the mounting surface is a detachment of the

substrate:{wafeaafrem ithesamplehalder imeunting.apRamwsheffectied; aspeciatly frem the inside to
the outside. The embodiment as claimed in the invention leads mainly to the detachment being able to

be effecteddnblaneasmatbialoEs., most Preesiidsiiates uafs)arssligorebtyanelppeiher prior to the

bonding process in order to ensure identical congruence (exact alignment, especially with a precision
of less tthan Ui, prefarablydlssitivaniad haafrmonaiprederabhyelas sthetwsebQuamthandst preferably
less than 100 nm) of corresponding structures on their surfaces. In the bond method as claimed in the
inventiofektréethede rsusreerotplhddd framments ahibthens bitaradbretghndene: dortkéctvwith one another
first in the middle Nil by one of the two wafers being pressed lightly against the second wafer or being
deformdifgecdBrtirigny i the difeciohstistsipcsresmbdenareregeament étdhe deformed (in the
direction of the opposite wafer) deflected wafer, continuous and more uniform welding takes place
which is in parfteAiSPus RESIRRYEIT RRBHRERS BT Rhas egdrey AR R Hidfhum force and

thus with the minimum mainl orizgntal distgrti%ns alor’kg the bond front by the advance of a bonding
wave, Showninmu ticomponent phase diagrams. By changing tie composition and/or pressure and/or

temperature of the gas mixture the kinematics of the first and/or second substrate is influenced and
thus the run-out fault is also reduced.
Especially preferably all variable parameters are chosen such that the bonding wave

propagates with a velocity as optimum as possible with respect to the existing initial and boundary
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Another, in particular independent aspect of the invention consists in controlling the deformation of the
first substrate ancUor of the second substrate depending on given factors influencing the travel of the
bonding wave. The influencing factors include among others the ambient pressure of the atmosphere
surrounding the substrates, the type of gas/gas mixture present in the atmosphere, the temperature,
the distance between the substrates outside the bond initiation site, the bond strength of the
substrates, any pretreatment steps, the composition of the surfaces, the surface roughness, the
materials on the surface and the wafer thickness/bending strength. To the extent the bond

initiationsitg:ds0oatedinihe center afhs rontactauiaceshig substratas, ugifenm, in particular

concentric travel of the bonding wave can be accomplished. It is in particular advantageous if the

deformagiqiaf theirstssub sl i ANdiosRhIne SREONH sHbsiFAtE RKRSRIACNE the:-tatakal direction
and/or convexly and/or concavely, still more preferably mirror-symmetrically. In other words, the
deformatitinctakesgplapefasisiaieneddn the dinvention espetipllysbyhexpansicnmarscortpraggion or curving
of the first substrate and/or of the second substrate. Preferably the substrates have roughly
identical diaimetébsDis, DR wiichraByiafel fiomtone! andthieriartpaitichlardhyclass thabobdimm, preferably
less than 3 mm, still more preferably less than | mm. According to another especially independent
aspect oFakeirwesisohan bl dafsrinationc wkdbepislosiby MiedmadisaMacrrting hadans &emi/or by
temperature control of the first and/or second mounting apparatus. By the first substrate and/or
the secm%slméaﬁ}éiﬁgeﬂwmWwﬂf@%@fdw&mﬁ&gia'évmtpr@raﬁffﬁaw%%%ﬁa/@@@écond

mounting surfaces the deformation as claimed in the invention can be accomplished more easily.
since the substrates which are being joined along the bond hine need not overcome any resistance by

a gas.

According to another, in particular independent aspect of the invention, a stiffening plate is
inserted between the mounting surface and the upper/second substrate on the upper/second
mounting apparatus. The stiffening plate is in particular temporarily bonded to the substrate and
changes the behavior of the upper/second substrate during bonding, The connection between the
stiffening plate and the upper/second substrate takes place by a construction- engineering fixing in
the stiffening plate. The fixing is preferably vacuum fixing. Electrostatic fixings, very thin
mechanical fixings which rechuck the substrates on the edge, and adhesion fixings by a highly
polished stiffening plate surface would also be conceivable.

According to another in particular independent aspect of the invention the run-out fauit is
set by a very small distance between the two substrates prior to contact-making and/or outside the
bond initiation site. The distance is in particular less than 100 pum, preferably less than 30 pum, more
preferably less than 20 pm, most preferably less than 10 pm.

It 15 especially preferable as claimed in the invention if the radius of curvature of the two

substrates, especially on the bond front, deviates by less than 3% from one another, is preferably the
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Features disclosed according to the device should also be considered as disclosed according to the
method and vice versa. Other advantages, features and details of the invention will become
apparent from the following description of preferred exemplary embodiments using the drawings:
Figure | shows a schematic cross section of a first embodiment of the device as claimed in the
invention, Figure 2 shows a schematic cross section of a second embodiment of he device as
claimed in the invention, Figure 3 shows a schematic cross section of a third embodiment of the
device as claimed in the invention, Figure 4 shows a schematic cross section of a fourth
embodimgpt of the device as claimed in the invention, Figure 5 shows a schematic cross section of a
fifth embodiment of the device as claimed in

In another special development of all embodiments as claimed in the invention the
lower/first mounting apparatus and/or the upper/second mounting apparatus have as actuating
means especially centric holes and a pin using which a convex curvature of the respective substrates
can be effected in the direction of the bond initiation site.

The above described steps and/or movements and/or sequences, especially of the pins for
deflection of the substrates, the approach of the substrates to one another, monitoring of the
temperature, of the pressure and of the gas composition, are controlled preferably via a central
control unit, especially a computer with control software,

The substrates can be received and fixed on a receiving or mounting apparatus in any
conceivable manner with any known technology. Vacuum sample holders, electrostatic sample
holders, sample holders with mechanical clamping, are in particular conceivable as claimed in the
mvention. Preferably the substrates are fixed solely on a circle segment which is as far as possible
outside in the region of the side edge in order to afford the substrates maximum flexibility and
freedom to expand within the fixing.

Another, in particular independent aspect of the invention consists in contact-making in a
manner as coordinated as possibie and at the same time quasi-independently by at least one of the
substrates being exposed to a prestress which runs especially concentrically to the middle M of one
contact surface of the substrate radially to the outside before contact-making and then only the start
of contact-making is influenced, while after contact-making of a section, in particular the middle M
of the substrate, the substrate is released and bonds to the opposite substrate controlled

automatically based on its prestress. The prestress is achieved by a deformation of the first substrate

ok
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the invention, Figure 6 shows a schematic of the method step of bonding as claimed in the invention,
Figure 7a shows a schematic of a bonded substrate pair with an alignment fault dx in the region of one
side edge of the substrates, Figure 7b shows a schematic enlargement of two substrates in the
region of a bonding wave as claimed in the invention. Figure 7c shows a schematic enlargement of
two substrates without alignment faults/run-out faults, Figure 7d shows a schematic enlargement
of two substrates with alignment faults/run-out faults and

by deformation means, the deformation means, especially based on their shape, acting on the side
facing away from the bond side and the deformation being controliable accordingly by using
different (especially interchangeable) deformation means. The control also takes place by the
pressure or the force with which the deformation means act on the substrate. It is advantageous here
to reduce the effective mounting surface of the mounting apparatus with the semiconductor
substrate so that the semiconductor substrate is only partially supported by the mounting apparatus.
In this way the smaller contact surface yields smaller adheston between the wafer and the sample
holder or the mounting apparatus. Fixing is applied as claimed in the invention, especially solely, in
the region of the periphery of the semiconductor substrate (first substrate) so that there is efficient
fixing with an effective mounting surface simuitaneously as small as possible between the
mounting contour of the mounting apparatus and the semiconductor substrate. Thus at the same
time gentle and reliable detachment of the semiconductor substrate is possible since the detachment
forces necessary for detaching the wafer are as small as possible. The detachment is mainly
controllable, especially by reducing the negative pressure on the mounting surface. "Controllable”
means that after the contact of the wafer with a second wafer the wafer on the sample holder
remains still fixed and only by dedicated (controlled) reduction of the negative pressure on the
mounting surface is a detachment of the substrate (wafer) from the sample holder {mounting
apparatus) efiected, especially from the inside to the cutside. The embodiment as claimed in the
invention leads mainly to the detachment being able to be effected by very small forces.

The substrates (wafers) are aligned to one another prior to the bonding process in order to
ensure identical congruence (exact alignment, especiaily with a precision of less than 2 um,

preferably less than 250 nm, more preferably less than 150 nm, most preferably less than 100 nm)



Figure 8 shows a symbolic representation of the possible overlay or run-out fault. In the figures the
same components and components with the same function are labeled with the same reference
numbers. shows a lower first mounting apparatus 1 as a substrate sample holder which
consists of a base body 9 and a mounting body 2. The mounting body 2 has a first mounting surface
20 which is located to the top in the direction of an opposing second mounting apparatus 4 and which
in the illustrated case is convexly curved. The mounting body 2 is made interchangeable as a module
and can be separated from the base body 9. The base body 9 is thus used as an adapter between the

mounting baek2 Ansadavekmeunting.LAit OfiihsheRdeal(Rat shownld Thisemakesdt pssible as

claimed in the invention to carry out a prompt change between different modular mounting bodies 2

with diffeegat eadiidr pfceiatinedt RAeeassaly «Qntheawnting:hodh2theremredixingireans 6 in the
form of vacuum paths with which a lower first substrate 3 can be fixed on the mounting surface 20.

Since theidaiids lof @urviitivuresR e foreteiap hrasery large asielaimeddmthedfayentiongand thus the
curvature is essentially undetectable with the naked eye (the representation in the figures is highly
exaggerktedrad dwschingbtic) teiiconceividbterpoeimimdd ik tire deregntion ¢6 texdcistentiddifirst mounting
apparatus without fixing means 6 and to finally place the first substrate on the mounting surface 2o.

Adhesidhctsijreteetrastarierriganieito eeRagebtie v insansshd aise soteevapiingsadeimed in the

invention.
place which is in particular at least largely automatic and which is associated with the minimum

force and thus with the minimum mainly horizontal distortions along the bond front by the advance
of 2 bonding wave.

Ancther, in particular independent aspect of the invention consists in controlling the
deformation of the first substrate and/or of the second substrate depending on given factors
influencing the travel of the bonding wave. The influencing factors include among others the
ambient pressure of the atmosphere surrounding the substrates, the type of gas/gas mixture present
in the atmosphere, the temperature, the distance between the substrates outside the bond initiation
site, the bond strength of the substrates, any pretreatment steps, the composition of the surfaces, the
surface roughness, the materiats on the surface and the wafer thickness/bending strength.

To the extent the bond initiation site is located in the center of the contact surfaces of the
substrates, uniform, in particular concentric travel of the bonding wave can be accomplished.

It is in particular advantageous if the deformation of the first substrate and/or of the second
substrate takes place in the lateral direction and/or convexly and/or concavely, still more preferably
mirror-symmetrically. In other words, the deformation takes place as claimed in the invention
especially by expansion or compression or curving of the first substrate and/or of the second

substrate,



The second mounting apparatus 4 which is made as a substrate sample holder consists of a base
body 2' with a second mounting surface 20' which can be aligned in particular in concentric sections
equidistantly to corresponding concentric sections of the first mounting surface 20. The base body
2' has an opening 5 in the form of a hole and fixing means 6 similarly to the fixing means of the first
mounting apparatus |. The fixing means 6' are used to fix an upper, second substrate 8 on one
side facing away from the contact surface 8k of the second substrate 8. Actuating means in the
form of a pin 7 are used for deformation (here: deflection) and thus for the primarily point approach of

the second subsirate,g 10D eHrverhiEshaulpimie S 8RRty INBheMRgieB ke mipv@re maximum.

In one special embodiment it is conceivable as claimed in the invention to make the mounting body 2

as a strefchekle comperentvwbishcanie emandestanahcoptaciad.pRepmalicallanekan
hydraulically, in particular a pillow, especially out of temperature-resistant and/or corrosion-
mim.

According to another especially independent aspect of the invention, the deformation takes
place by mechanical actuating means and/or by temperature controi of the first and/or second
nounting apparatus.

By the first substrate and/or the second subsirate being fixed solely in the region of the side
walls on the first and/or second mounting surfaces, the deformation as claimed in the invention can
be accomplished more easily.

Features disclosed according to the device should aiso be considered as disclosed according
to the method and vice versa.

Other advantages, features and details of the invention will become apparent from the
following description of preferred exemplary embodiments using the drawings:

Figure 1 shows a schematic cross section of a first embodument of the device as claimed in
the invention,

Figure 2 shows a schematic cross section of a second embodiment of the device as claimed

in the imvention,

Figure 3 shows a schematic cross section of a third embodiment of the device as claimed in

the invention,

Figure 4 shows a schematic cross section of a fourth embodiment of the device as claimed

in the invention,

Figure 5 shows a schematic cross section of a fifth embodiment of the device as claimed in

B
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resistant material. Figure 2 shows a second embodiment with a mounting body 2" in which the first
mounting surface 20 can be deformed in a controlled manner by an actuating element 10 which is
made as a pull rod ancUor push rod. The mount 2" has an especially concentrically running fixing
section 16 and a deformation section 17 which encompasses the first mounting surface 20. The
deformation section 17 has at least predominantly a constant thickness and thus a predominantly
constant bending stiffness. The actuating element 10 is located, especially fixed, on the actuating side
of the deformation section 17 facing away from the mounting surface 20. By means of the actuating
elementgdthg,dgformation section 17 can be deformed in the micrometer range, especially can be
curved convexly and concavely. The actuating element 10 here travels more than 0.01 pm, preferably

more than +/- Figie Bighespreferabbimanadhandd -k bstillhmace praferabbe mosthan +/- 100 um,
most preferably more than +/- 1 mm, most preferably of all more than -)/- 10 mm. Otherwise the

embodiment aEgardingstokiguthchedsrgspandsdethe-embodimeant aeaatdingn dKaug:1. Figure 3
shows a third embodiment with a first mounting apparatus 1 with a mounting body 2". The mounting
body 2"hgertie dirssideaudatingtbusfiseaRe, for accommodating the first substrate 3. Furthermore the first
mounting apparatus in this embodiment has temperature control means 11 for temperature control
(heating and/oF1eBslifphertHesthousiing syt af lsastintheyagiorrafithefirstndowntime: surface 20,
preferably of the entire mounting body 2™. In the first procedure the first substrate 3 is fixed on the
heated AGIAERRE B/ 28I after reaching its expansion which has been caused by the temperature

difference. In t}I_:lis W%y tpe first substrate 3 expands according to its own coefficient of thermal
expansion 1gure /¢ shows a schematic enlargement of two substrates without alignment faults/run-out

faults,

Figure 7d shows a schematic enlargement of two substrates with alignment faults/run-out
faults and

Figure 8 shows a symbolic representation of the possible overlay or run-out fault.

In the figures the same components and components with the same function are labeled
with the same reference numbers.

Figure 1 shows a lower first mounting apparatus | as a substrate sample holder which
consists of a base body 9 and a mounting body 2. The mounting body 2 has a first mounting surface
20 which is located to the top in the direction of an epposing second mounting apparatus 4 and
which in the iliustrated case is convexly curved. The mounting body 2 is made interchangeable as a
module and can be separated from the base body 9. The base body 9 is thus used as an adapter
between the mounting body 2 and a lower mounting unit of the bonder (not shown). This makes it
possible as claimed in the invention to carry out a prompt change between different modular
mounting bodies 2 with different radii R of curvature if necessary.

On the mounting body 2 there are fixing means 6 in the form of vacuum paths with which a



In a second procedure the first substrate 3 is fixed on the mounting body 2™ before thermal loading by
the temperature control means 11. By changing the temperature control means 11 the mounting body
2" and thus the first mounting surface 20 with the first substrate 3 fixed on it expand especially in the
lateral direction. Preferably the mounting body 2™ has essentially the same coefficient of thermal
expansion as the first substrate 3. Otherwise the third embodiment corresponds to the above
described first and second embodiments. Figure 4 shows a fourth embodiment with a base body 9'
with a mounting section 18 for accommodating a mounting body 2P1. Furthermore the base body 9'

comprisggvgrﬁggl%g{rgtggtm g@w@% ﬁ‘%jgiggn‘ %@B%QQ _section 18 and which is made especially

circumferential. The shoulder section 19 Is used as a stop for actuating elements 12 which are used

for deformatiom;atdiae menoina oY AL ¥ indhelarers) %?Maimﬁ Askang elementz 12 especially

in the form of plurality of pulling and/or pushing elements 12 are arranged distributed on the lateral

peripheyeafuheniol atighadymisteding-asiatio g.elanants.leeMsesh fangefermation of the
mounting body 2" in the lateral direction especially by mechanical expansion and/or compression,

preferalilighiythegpicrehete sdangeic Thé nwautitintdeko disidwdsrexpandetircompressed Aysmore than
0.01 pm, preferably more than +/- 1 pm, more preferably more than 1- 1 4m, still more preferably more
than +/-11Q0Wa aprostErefdrablivnmgrediar wid lorfimipdstepheferalsiy ofaadlomorenthanting 10 mm. The
actuating elements 12 can be made as purely mechanical and/or pneumatic and/or hydraulic and/or
piezoelSEHSEHMPEIsINE by cleattisisisteehisfoutrrenntiotivnemesntre spordscaviie above described
first, second and third embodiments, In the fourth embodiment it is especially important that the
adhesioHBBEdEhIHY el 8rate 1 and the mounting body 21v is so great that the substrate | during
elongation or body.21" is likewise accordingly elongated or compressed

mFres ion of the mounting ) _
by the actuatir?lg‘% GRIBRTCES NS 2PIefaFet sV RIBI IR YT 2 BRI SA BiHHeh st ifiounting
apparatys 1bar(]d he.&econd ounting apparatus 4.are vertically aligned. The first mounting apparatus
| has a base body 9 aﬁé“*g%%ﬁﬁ |nt§gr%8ﬂ§aﬁe'a£v9h‘|&gﬁc|s iRed %Figﬁggi FEE B, OB M ounting body
2" encoumpaaReR e slIOUMIBGRHIRCS oM I8 osAIRYG HGaIND s g ppodiment and on
which the First substrate3 is fixed via fixing elements 6.
The base body 2' has an opening 5 in: the form of a hole and fixing means 6' similarly to the
fixing means of the first mounting apparatus 1.
The fixing means 6' are used to fix an upper, second substrate 8 on one side facing away
from the contact surface 8k of the second subsirate 8.
Actuating means in the form of a pin 7 are used for deformation (here: deflection) and thus
for the primarily point approach of the second substrate 8 to the curved first substrate 3, especially
in the region of a curvature maximum.
in one special embodiment it is conceivable as claimed in the invention to make the
mounting body 2 as a stretchable component which can be expanded and contracted pneumatically
and/or hydraulically, in particular a pillow, especially out of temperature-resistant and/or corrosion-

resistant material,

Figure 2 shows a second embodiment with a mounting body 2" in which the first mounting
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The second mounting apparatus 4 encompasses a base body 9™ which is located oppositely for
accommodating and fixing a mounting body 2 ". The mounting body 2 \1 is used to accommodate and
fix the second substrate 8 on its vertically arranged mounting surface 2d. For deformation of the
second substrate 8 there is an opening 5 analogous to opening 5 according to Figure | with an
actuating means in the form of a pin 7 which is made to deform the second substrate 8 through the
opening 5, specifically on one side facing away from the contact surface 8k of the second substrate
8.11-te pin 7 defines a bond initiation site 20 when the substrates 3, 8 make contact by deformation of

the second SLBSUAIS BierormbFIHG [OMNE ARSIUNG, 2ARMINERIRLADE, WEIMUALAG apparatus | and

the second mounting apparatus 4 are made symmeétrical in the embodiment according to Figure 5.

Preferaglyithe ialdouating PRPAIANIS ais0 s a caesARAINRENInG AR acarsesponding pin so
u

that a symmetrical deformation of the substrates 3, 8 is enabled. By simultaneously releasing the fixing
means @@ Aftghiheideteomec sustes 3i-8:make seniachahg hendindiatiensitenddonhich is located
in particular in the center of the substrates 3, 8, the substrates 3, 8 behave identically so that even for
the lackseftan influgnce st prgtavitationaldereenohithecdeiadnatianinithérdinectiontafithe contact
surfaces 3k, 8k onto one another no alignment faults occur during the advance of the bonding. wave.
This pphesdespsidiaty: vifie ndhetippdoneirditinlocbel opfacily Siasiohaifedinatheg sidvehtion which
influence the bonding wave or aliment faults, especially the thickness of the substrates or the bending
stiffnessigfptmatsubsgined /igthe samdionhBhendingstifiessisinetasisteheacwiiel! a body opposes
to bending impressed on it. The higher the bending stiffness, greater the bending moment must be to
achievedlRE@ARTE e feitmmeion seofifp Herbikgdstiteddndhs PieHiStdnas aRtPEesmetidal quantity

which is independent of the ben?jiin moment (assumi?]%that the bending moment does not change the

momenf GF eI B S e S T C AS B R IS T he o S8 SECHSH 8128 WakéPThrough its center is

in a very good approximation, of a rectan ith a thickness t3 and wafer diameter D. The bending
ciineod ETHE AL e B B Tt A e i o Ent STAEITAT? ohogeneaus

cross seqligfls T RAIBEIOMSOLIL N ol feciapdie flourd an axisRonTalyip the thickness

would be directly proportion the third power of the'thickness. Therefore the moment of inertia and
thus thechending memendiaia RHusmee hiayihe ShicknessdTbe-bendingeameatarises by the action of

the gravitational force along the substrate. For a constant bending moment, therefore a constant
gravitatipiatdgrce, therefore substrates with greater thicknesses due to their greater bending moments
are less curved than substrates with lower thicknesses. Figure 6 schematically shows the bonding
process, a radiiguR dfkungatutiedehibeifirshmotniifngt appataiysphabeing shibwmbighily: éxdggerated for

illustration purposes. The radius of curvature is as claimed in the invention several meters at diameters
of the subistriatesc8nBip béyrizhige fromrd incintoglBuifachés fanecthickndssesibf the substrates 3,8 in the
range from 1 um to 2000 um. After contact-making of the substrates 3.8 on contact surfaces 3k, 8k
in the regibwrdfterbdredinitation xtepp@amhicinlibs imthdioentdeofthecxibsivatts! 38andlafter
cancellation of the ) )

for temperature control (heating and/or cooling) of the mounting body 2™ at ieast in the region of

the first mounting surface 20, preferably of the entire mounting body 2.

In the first procedure the first substrate 3 is fixed on the heated mounting body 2" only after
reaching its expansion which has been caused by the temperature difference. In this way the first
substrate 3 expands according to its own coefficient of thermal expansion.

In a second procedure the first substrate 3 is fixed on the mounting body 2" before thermal

loading by the temperature control means 11. By changing the temperature control means 11 the



fixing (release) of the second substrate 8 from the second mounting apparatus 4, bonding begins. A
bonding wave with a bond front 10 runs concentrically from the bond initiation site 20 to the side edges
8s, 3s of the substrates 3, 8. In doing so the bonding wave displaces he gas 15 (or eas mixture 15)
which is shown by arrows between the contact surfaces 3k, 8k. The substrate 3 is deformed as
claimed in the invention by the mounting apparatus 1 such that the atignm,mt faults of corresponding
structures 14 of the substrates], 8 are minimized. The substrate 8 deforms during travel of the
bonding wave (after bond initiation and release from the mounting apparatus 4) based on the acting

forces;(}%@%&ﬁg%&ﬁg 0935 Aensie ?(%%%if%% Q%Pa%ggg@im%yéaﬁﬁf E-a@eaﬁ%%%r&géﬂency (spring

behavi ubstrate 8. In the illustrated exemplary embodiment which corresponds in

particulag to-the fesh iy, eRRQdUNENSAGCOHIAINGI0 FigHEeS h AN 2: the deformation. takes place by

curvature of the substrates 3, 8, a radius R of curvature of the upper substrate 8, especially at each

instant Qi 8aRd Honkl S ratesponding:assaniaydathesagivgRil.efcunvature of the lower
substrate 3. If one of the two mounting surfaces 20, 201 is flat and thus also the radius of the

corresponaisghadsttriatdar &utiie fesuppardad embbeiflatmounting surface 20 or 20' is infinitely
large, the radius of the correspondingly opposite substrate 8 or 3 is set to be correspondingly large, in
the boundary ¢aseddfihitelyaargeh Tihbedimeantind compbasationbhtheurumputfaul Hiptwo substrates 3
and 8 approaching one another, whose radii of curvature are infinitely large, therefore whose contact
surfaces@RIBRodrEngaralfentinp hedsAC R Hieralws disbissbodyThipinvemtivehspédiatectisn fould be
suitable mainly in a vacuum environment in order to join the two substrates 3 and 8 to one another

since it WoldheAibt e reeassHR tsisend e Wit dirstiaeysiaty Breoraieaibthes pydder
section 19 is used as a stop for actuating elements 12 which are used for deformation of the
mounting body 2" in the lateral direction. The actuating elements 12 especially in the form of
plurality of pulling and/or pushing elements 12 are arranged distributed on the lateral periphery of
the mounting body 2. The actuating elements 12 are used for deformation of the mounting body
2™ in the lateral direction, especially by mechanical expansion and/or compression, preferably in
the micrometer range. The mounting body 2" is expanded/ compressed by more than 0.01 pm,
preferably more than +/- 1 pm, more preferably more than +/- 1 pm, still more preferably more than
+/- 100 pm, most preferably more than +/- 1 mm, most preferably of all more than +/- 10 mm. The
actuating elements 12 can be made as purely mechanical and/or pneumatic and/or hydraulic and/or
piezoelectric components.

Otherwise the fourth embodiment corresponds to the above described first, second and third
embodiments. In the fourth embodiment it is especially important that the adhesion between the
substrate 1 and the mounting body 2™ is so great that the substrate | during elongation or
compression of the mounting body 2" is likewise accordingly elongated or compressed by the

actuating elements 12.



is propagating from the bond center. The difference of the radii Rl and R of curvature as claimed in the
invention is especially smaller than 100 m, preferably smaller than 10 m. more preferably smaller than
I m, most preferably smaller than 1 cm, most preferably of all smaller than 1 mm. It is conceivable
as claimed in the invention to control the atmosphere by choosing the gas 15 or the gas mixture 15
and the pressure andlor the temperature the bond velocity (sick Figures 7a to 7d illustrate in
enlarged fonn possible alignment faults dx according to Figures 7a and 7d, which as claimed in the
invention according to Figures 7b and 7c are at least predominantly eliminated by the deformation of

the substrates $iRyqe 5 s deseribecamathod sieps dRsReCR-MRVEMEents aRdiprapesiers, are
controlled by an especially software-supported control apparatus (not shown). Reference number list
1first receivinghpepntingsappakattsally aligned. The first mounting apparatus 1 has a base body 9" and

a mounting body 2% which is fixed by the base body 9" The mounting body 2" encompasses the

first mounting surface 2o which is located vertically in this embodiment and on which the first

substrate 3 is fixed via fixing elements 6.

The second mounting apparatus 4 encompasses a base body 9" which is located oppositely
for accommodating and tixing a mounting body 2", The mounting body 2" is used to
accommodate and fix the second substrate § on its vertically arranged mounting surface 20", For
deformation of the second substrate 8 there is an opening 5 analogous to opening 5 according to
Figure 1 with an actuating means in the form of a pin 7 which is made to deform the second
substrate 8 through the opening 3, specifically on one side facing away from the contact surface 8k
of the second substrate 8. The pin 7 defines a bond initiation site 20 when the substrates 3, 8 make
contact by deformation of the second substrate 8.

Aside from the opening 5 and the pin 7, the first mounting apparatus | and the second
mounting apparatus 4 are made symmetrical in the embodiment according to Figure 5. Preferably
the first mounting apparatus also has a corresponding opening and a corresponding pin so that a
symretrical deformation of the substrates 3, 8 is enabled. By simultaneously releasing the fixing
means 6, &' after the deformed substrates 3, 8 make contact at a bond intiation site 20 which is
located in particular in the center of the substrates 3, 8, the substrates 3, 8 behave identically 5o that
even for the lack of an influence of a gravitational foree on the deformation in the direction of the
contact surfaces 3k, 8k onto one another no alignment fauits occur during the advance of the

bonding wave. This applies especially when the predominant number of factors as elaimed in the
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2,2, 2", 2" 21v, 2", 2"1lreceiving/mounting body 2ofirst receiving/mounting surface 20'second
receiving/mounting surface 3first substrate 3kfirst contact surface 35side edge

invention which influence the bonding wave or alignment faults, especially the thickness of the
substrates or the bending stiffness of the substrates, is the same. The bending stiffness is the
resistance which a body opposes to bending impressed on it. The higher the bending stiffness, the
greater the bending moment must be to achieve the same curvature.

The bending stiffness is a pure material and geometrical quantity which is independent of
the bending moment (assuming that the bending moment does not change the moment of inertia by
a change in the cross section). The cross section of a wafer through its center is in a very good
approximation of a rectangle with a thickness t3 and wafer diameter D. The bending stiffness is the
product of the modulus of elasticity and the planar moment of inertia for homogeneous cross
sections. The planar moment of inertia of a rectangle around an axis normally to the thickness
would be directly proportional to the third power of the thickness. Therefore the moment of inertia
and thus the bending moment are influenced by the thickness. The bending moment arises by the
action of the gravitational force along the substrate. For a constant bending moment, therefore a
constant gravitational force, therefore substrates with greater thicknesses due {o their greater
bending moments are less curved than substrates with lower thicknesses.

Figure 6 schematically shows the bonding process, a radius R of curvature of the first
mounting apparatus 1 being shown highly exaggerated for illustration purposes. The radius of
curvature is as claimed in the invention several meters at diameters of the substrates 3, 8 in the
range from 1 inch to 18 inches and thicknesses of the substrates 3, 8 in the range from | pmto

2000 pm.
After contact-making of the substrates 3, 8 on contact surfaces 3k, 8k in the region of the

bond inttiation site 20 which lies in the center of the substrates 3. & and after cancellation of the
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4second receiving/mounting apparatus opening 6,61fixing means 7pin 8second substrate 8ksecond
contact surface 8sside edge

fixing (release) of the second substrate 8 from the second mounting apparatus 4, bonding begins. A
bonding wave with a bond front 10 runs concentrically from the bond mitiation site 20 to the side
edees 8s, 3s of the substrates 3, 8.

In doing so the bonding wave displaces the gas 15 (or gas mixture 15} which is shown by
arrows between the contact surfaces 3k, 8k,

The substrate 3 is deformed as claimed in the invention by the mounting apparatus [ such
that the alignment faults of corresponding structures 14 of the subsirates 3, 8 are minimized.

The substrate 8 deforms during travel of the bonding wave (after bond initiation and release
from the mounting apparatus 4) based on the acting forces: gas pressure, gas density, velocity of the
bonding wave, weight, natural frequency {spring behavior) of the substrate 8.

In the illustrated exemplary embodiment which corresponds in particular to the first fwo
embodiments according to Figures 1 and 2, the deformation takes place by curvature of the
substrates 3, 8, a radius R of curvature of the upper substrate 8, especially at each instant on the
bond front 13, corresponding essentially to the radius R1 of curvature of the lower subsmate 3, If
one of the two mounting surfaces 20, 20' is flat and thus also the radius of the corresponding
substrate 3 or 8 which is supported on the flat mounting surface 20 or 20' is infinitely large, the
radius of the correspondingly opposite substrate § or 3 is set to be correspondingly large, in the
boundary case infinitely large. Thus inventive compensation of the run-out fault by two substrates 3
and § approaching one another, whose radii of curvature are infinitely large, therefore whose
contact surfaces 3k, 8k are parallel to one another, is also disclosed. This inventive special case
would be suitable mainly in a vacuum environment in order to join the two substrates 3 and 8§ (o

one another since it would not be necessary to bond the two substrates 3 and 8 to one ancther by a
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base body 10actuating dement litemperature control means 12actuating element 13bond front 14,
14'structure

bonding wave which is pushing an amount of gas in front of it cut of the bond interface and which
is propagating from the bond center. The difference of the radii R1 and R of curvature as claimed in
the invention s especially smaller than 100 m, preferably smaller than 10 m, more preferably
smaller than 1 m, most preferably smalier than 1 cm, most preferably of all smaller than | mm.

[t is concetvable as claimed in the invention to control the atrmosphere by choosing the gas
15 ot the gas mixture 15 and the pressure and/or the temperature the bond velocity {sic].

Figures 7a to 7d illustrate in enlarged form possible alignment faults dx according to
Figures 7a and 7d, which as claimed in the invention according to Figures 7b and 7c are at least
predominantly eliminated by the deformation of the substrates 3, 8.

The described method steps, especially movements and parameters, are controlled by an

especially software-supported control apparatus (ot shown).



15gas/gas mixture 16fixing section 17deformation section 18mounting section 19shoulder section
20bond initiation site dxalignment fault

Reference number list

l first receiving/mounting apparatus
2,2,2" 2",

2V, 2Y, 2V receiving/mounting body

20 first receiving/mounting surface
20 second receiving/mounting surface
3 first substrate

3k first contact surface

3s side edge

4 second receiving/mounting apparatus
5 opening

6,0 fixing means

7 pin

8 second substrate

8k second contact surface

8s side edge

9,9, 9", 9" base body

10 actuating element

it temperature control means

12 actuating element

13 bond front

14, 14 structure



dl. d2dial etc R, Rlradius of curvature Claims 1. A method for bonding of a first substrate (3) to a
second substrate (8) on contact surfaces (3k, 8k) of the substrates (3, 8) with the following steps,
especially the following sequence: receiving the first substrate (3) on a first receiving surface (20) of a
first receiving apparatus (1) and receiving the second substrate (8) on a second receiving surface (20"
of a second receiving apparatus (4), contact-making of the contact surfaces (3k, 8k) at a bond initiation
site (20),

15 gas/gas mixture

16 fixing section

17 deformation section
18 mounting section
i9 shoulder section

20 bond imitiation site
dx alignment fault
d1.dz diameter

R, RI radius of curvature



bonding the first substrate (3) to the second substrate (8) alone a bonding wave which is travelling
from the bond initiation site (20) to the side edges (3s, 8s) of the substrates (3, 8), characterized in that
the first substrate (3) and/or the second substrate (8) is/are deformed for alignment of the contact
surfaces (3k, 8k) outside the bond initiation site (20) before and/or during the bonding. 2. The
method as claimed in Claim 1, wherein the deformation of the first substrate (3) and/or of the second
substrate (8) takes place depending on given factors which influence the travel of the bonding wave.
3. The method as claimed in one of the preceding claims, wherein the bond initiation side (20) is
located in the center of the contact surfaces (3?(, 8ng 4. The method as claimed in one of the
preceding claims, wherein the deformation of t é‘l dt substrate (3) and/or of the second substrate (8)
takes place in the lateral direction and/or convexly and/or concavely. 5. The method as claimed in
one of the preceding claims, wherein deformation takes place

1. A method for bonding of a first substrate (3) to a second substrate (8) on contact surfaces
(3k, 8k) of the substrates (3, 8) with the following steps, especially the following sequence:

- recetving the first substrate (3) on a first receiving surface (20) of a first receiving
apparatus (1} and receiving the second substrate (8) on a second receiving surface

(20" of a second receiving apparatus (4),

- contact-making of the contact surfaces (3k, 8k) at a bond initiation site (20),
- bonding the first substrate (3) to the second substrate (8) along a bonding wave which is

travelling from the bond initiation site (20) to the side edges (3s, 83} of the substrates (3, 8),
characterized in that the first substrate (3) and/or the second substrate (8) is/are deformed for
alignment of the contact surfaces (3k, 8k) outside the bond initiation site (20) before and/or during
the bonding.

2. The method as claimed in Claim 1, wherein the deformation of the first substrate (3)
and/or of the second substrate (8) takes place depending on given factors which influence the travel
of the bonding wave.

3. The method as claimed in one of the preceding claims, wherein the bond initiation side
(20) 1s located in the center of the contact surfaces (3k, 8k).

4. The method as claimed in one of the preceding claims, wherein the deformation of the
first substrate (3) and/or of the second substrate (8) takes place in the lateral direction and/or
convexly and/or concavely.

5. The method as claimed in one of the preceding claims, wherein deformation takes place
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by expansion or compression or curving of the first substrate (3) and/or of the second substrate (8).

6. The method as claimed in one of the preceding claims, wherein diameters (dl, d2) of the substrates
(3, 8) deviate from one another by less than 5 mm, in particular less than 3 mm, preferably less than 1
mm. 7. The method as claimed in one oldie preceding claims, wherein the deformation takes
place by mechanical actuation means and/or by temperature control of the first and/or second
receiving apparatus (, 4). 8. The method as claimed in one of the preceding claims, wherein the
first substrate (3) and/or the second substrate (8) are fixed solely in the region of the side edges (3s,

B) on ths Ak andler ssoond ceing suiaen (P0,20k o Ay doics fanbandng gha frt

strate’(8) on contact surfaces of the substrates (3,8) with the

following: a firg! feeepdng ARRAIRIUE iHOL FBeeMNGNE LRI SURSIAIG L QA A Shieeeh¢ing surface

(20) and a second receiving apparatus (4) for receiving the second substrate (8) on a second receiving
?;rface KQrcQntast MeansHan Makingreoniaci:ahine contactsurasestIkakhata bond initiation site

preferably less than 1 mm.

7. The method as claimed in one of the preceding claims, wherein the deformation takes
place by mechanical actuation means and/or by temperature control of the first and/or second
recerving appazatus {1, 4},

8. The method as claimed in one of the preceding claims, wherein the first substrate (3)
and/or the second substrate (8) are fixed solely in the region of the side edges (3s, 8s) on the first
and/or second receiving surfaces (20, 20",

9. A device for bonding of a first substrate {3} to a second substrate (8) on contact surfaces
(3k, 8k) of the substrates (3, §) with the following:

- a first receiving apparatus (1) for receiving the first substrate (3) on a first receiving surface
(20} and a second receiving apparatus (4) for receiving the second substrate (8) on a second
receiving surface (207,

- contact means for making contact of the contact surfaces {3k, 8k) at a bond initiation site
(20),

characterized by deformation means for deformation of the first substrate (3} and/or of the second

substrate (8} for alignment of the contact surfaces (3k, 8k) outside the bond initiation site (20)

before and/or during the bonding.

10. The device as claimed 1n Claim 9, wherein the deformation means encompass the first

mounting apparatus (1) which is deformable in particular on the first receiving surface (20) in the



characterized by deformation means for deformation of the first substrate (3) and/or of the second
substrate (8) for alignment of the contact surfaces (3k, 8k) outside the bond initiation site (20) before
and/or during the bonding. 10. The device as claimed in Claim 9, wherein the deformation means
encompass the first mounting apparatus (1) which is deformable in particular on the first receiving
surface (20) in the lateral direction and/or is deformable convexly or concavely. 11. The device as
claimed in Claim 9, wherein he deformation means encompass the second receiving apparatus (4)
which is deformable in particular on the second receiving surface. (26) in the lateral direction and/or is
defornjalb{%a o.vgé%}% g{rﬁg%\ég%ﬁam 12. Tlpe device as claimed in at least one of Claims 9 to Il.

9 £ CONVEXLY O Congavelv,
wherein ﬁ1e defsrmation means have mechanjical acfua?lng means and/or temperature control means

for temperatw‘?}‘?%%é&%?? Jﬂﬁ%@%’ a%ﬁ?ﬁ?@ﬁé%‘?ﬂ%{&%%%%%%egm@mm?aﬁh&rhe device as

claimed in at least one of Claims 9 to 12, wherein fixing means for fixing of the Tirst substrate (3) and/or

of the segand subsiale ()are acaies solehyintheiroaian. ok e ide eHORS {3nAnaRthe first and/or

second receiving surfaces (20, 2or).
(20" in the lateral direction and/or is deformable convexly or concavely.

12, The device as claimed in at least one of Claims 9 to 1], wherein the deformation means
have mechanical actuating means and/or temperature control means for temperature control of the
first and/or second receiving apparatus (1, 4).

13. The device as claimed in at least one of Claims 9 to 12, wherein fixing means for fixing
of the first substrate (3} and/or of the second substrate (8) are located solely in the region of the side

edges (3s, 8s) on the first and/or second receiving surfaces (20, 20°.



