Method and Device for Permanent Bonding of Wafers Specification This invention relates to a
method for bonding of a first contact area of a first substrate to a second contact area of a second
substrate as claimed in Claim 1 and a device as claimed in Claim 7. The objective in permanent or
irreversible bonding of substrates is to produce an interconnection which is as strong and especially as
irreversible as possible, therefore a high bond force, between the two contact areas of the substrates.
There are various approaches and production methods for this purpose in the prior art. The known
production methods and the approaches which have been followed to date often lead to results which
cannot be reproduced or can be poorly reproduced and which can hardly be applied in particular to
altered conditions. In particular, production methods which are used at present often use high
temperatures, especially > 400C, in order to ensure reproducible results. Technical problems such
as high energy consumptioiviiichd padHbiécdfntitetinmensBuatirgsoiWakeare present on the

substrates result from the high temperatures of partially far above 300C which have been necessary to
date for a high bond force. Other demands consist in the following: front-end-of-line compatibility. This
is defined as the compatibility of the process dpemgtiteigroduction of the electrically

This invention relates to a method for bonding of a first contact area of a first substrate to 2
second contact area of a second substrate as claimed in Claim 1 and & deviee as claimed in Claim 7.

The objective in permanent or irreversible bonding of substrates is to produce an
interconnection which is as strong and especially as irreversible as possible, therefore a high bond
force, between the two contact areas of the substrates. There are various approaches and production
methods for this purpose in the prior art.

The known production methods and the approaches which have been followed to date often
lead to results which cannot be reproduced or can be poorly reproduced and which can hardly be
applied in particular to altered conditions. In particular, production methods which are used at
present often use high temperatures, especially > 400°C, in order to ensure reproducible results.

Technical problems such as high energy consumption and a possible destruction of
structures which are present on the substrates result from the high temperatures of partially far
above 300°C which have been necessary to date for a high bond force.

Other demands consist in the following:

- front-end-of-line compatibility.

This is defined as the compatibility of the process during the production of the electrically

active components. The bonding process must therefore be designed such that active

components such as transistors, which are already present on the structure wafers, are

neither adversely affected nor damaged during the processing. Compatibility criteria include



active components. The bonding process must therefore be designed such that active components
such as transistors, which are already present on the structure wafers, are neither adversely affected
nor damaged during the processing. Compatibility criteria include mainly the purity of certain chemical
elements (mainly in CMOS structures) and mechanical loadability, mainly by thermal stresses. low
contamination. no application of force. temperature as low as possible, especially for materials with
different coefficients of thermal expansion. The reduction of the bond force leads to more careful
treatment of the structure wafer and thus to a reduction of the failure probability by direct mechanical
loading. The object of this invention is therefore to devise a method and a device for careful

production of a permaneniRanskwitha bengdarermdichiaas hiohaspessiale-af ademperature which

is at the same time as low as possible. This object is achieved with the features of Claim 1.

Advantageous ¢evalenmeaniaMitne invantvniedieasrihe dependent claims. All combinations of at
least two of the features given in the specification, the claims and/or the figures also fall within the

framework of thpWhventigmafibthe given value ranges, values within the indicated limito be considered
to be disclosed as

- no application of force.
- temperature as low as possible, especially for materials with different coefficients of
thermal expansion.

The reduction of the bond force leads to more careful treatment of the structure wafer and
thus to a reduction of the failure probability by direct mechanical loading.

The object of this invention is therefore to devise a method and a device for careful
production of a permanent bond with a bond force which is as high as possible at a temperéture
which is at the same timne as low as possible.

This object is achieved with the features of Claim 1. Advantageous developments of the
invention are given in the dependent claims. All combinations of at least two of the features given
in the specification, the claims and/or the figures also fall within the framework of the invention. At
the given value ranges, values within the indicated limits will also be considered to be disclosed as
boundary values and will be claimed in any combination.

The basic idea of this invention is, using a capacitively coupled plasma or an inductively
coupled plasma or a plasma from a remote plasma apparatus, to produce a plasma using which 2
reservoir for holding a first educt in one substrate is formed, which educt after making contact or
producing a temporary bond between the substrates reacts with a second educt which is present in
the other substrate, and which thus forms an irreversible or permanent bond between the substrates.

Before or after forming the reservoir in a reservoir formation layer on the first contact area,



boundary values and will be claimed in any combination. The basic idea of this invention is, using a
capacitively coupled plasma or an inductively coupled plasma or a plasma from a remote plasma
apparatus, to produce a plasma using which a reservoir for holding a first educt in one substrate is
formed, which educt after making contact or producing a temporary bond between the substrates
reacts with a second educt which is present in the other substrate, and which thus forms an
irreversible or permanent bond between the substrates. Before or after forming the reservoir in a
reservoir formation layer on the first contact area, generally cleaning of the substrate or substrates,
especially by a flushing step, occurs. This cleaning should generally ensure that there are no particles
on the sugfaepgiwhichmoslchrasulidadipbandessitepedanyesaneihmd e Rdust Whichdmeentained
in the reservoir make it technically possible to induce directly on the contact areas after producing the
temporanhenkeyaisiile bent dnaitedicatedinake bnaticactiarivich incieasesithe hoosisg speed
and strengthens the permanent bond (first educt or first group with a second educt or a second group),
especiallyiy. deforenation afdahleakicondiof thewmitadtiarkashyribe sedetiorchieidiaplysible contact
area opposite the reservoir. On the opposing second contact area as claimed in the invention there is
a growth iayeridinttighvthbedefarmation afteclandedrng treampentigntakessjiacerandithddilistteduct (or
the first group) reacts with the second educt (or the second group) which is present in the reaction
layer of thenseavadsuistrabiciliocasceldiatbanEne sridnisbsnagthtne tespaductiibbehe (first group)
and the second educt (or the second group) it is provided as claimed in the invention in one
advantagsiws emsodinvenithat tvorgroduti ayetewhid b oceteet bl alslihmnsaetdat layssr of the
second substrate and the reservoir be thinned before the substrates make contact, since in this way
the distarvoe petliwaentthiearesciiohpmaiars yresitsd irem st pistapropiaitereantoa Pretkame time
the deformation/formation of the growth layer as claimed in the invention is promoted. The growth
layer is réRiERE SEIeRG EREPERIRFASS SETANG M BStp PR RIS Bohspretdyarsy mmehighifing. The growth
layer grows again in the reaction of the first educt with the second educt even if it has been completely
removed deiRERAtivmAY HRIed Brewin STt bRS it prcBedirti s danrdishBRIY EsSecially by
means of etching, especially dry etching, polishing, sputtering or reduction of oxides. Preferably a
combinatmw}ahﬁf@s%%mef@ef BeEERR SEMReY @éﬁﬁ%ﬁf@é@é@a&ﬁmrﬁéa&mfeﬁ%ﬁ@nd As

claimed in the invention there can be means for inhi iting thée(f%r wth of theﬁgrowth layer before the

contact afBEATEKE SRS SSEp LA RF ass ARG fiE e s Sdbstrate,
preferably by exposure to N2, forming gas Qr.an jnertf atmosphere or under a vacuum oy, b

P orpn AR TR EB RO B AP AAGH 1 RRYEH ELE e SO AL BBty
consists largely of forming gas, has, proven especially suitable. Hege formin s is defined as gases
hich colE P ESAL SR ENED BO g T OF Tooh ) SD S AECF O SO BRI of the
mixture consists %f  inert as sl%ch as fO{ exaarﬁé)!:%n i{t&ogen arargon. . en ugir,g‘% forming gas it
is possibl%esl%%%llftlgj‘%ir]?gdtﬁ%not‘ﬁe X esﬁig‘yeesrrgy a proceSéI% ich 1S Ba: edeorfss%ﬁ etr::inge And oxide

reduction,.... ACHRIVEIX. o 10 AAUaRI040iS IeASHIGa 5 2duaptagequs as dlaimed in the

. . < .
Invention to minimize the time between INNning an e contact-maT(mg, espeually < 2 hours,

reeraly s ATIASS RN G AR . el s Fus e

growth which takes place a ing can be minimized. educts through

the growt By s ARAERA MR AN EFADIETL RS HEECHITDR G iy very thin a

least at the beginning of the formation of the pérmanent bond or at art’of the reaction. This leads
to a shorighiransRerbime YaieRdu el AbIe: S MEISMREIRM e second educt even if it has been

completely removed. The thinning of this growth layer could take place as claimed in the invention
especially by means of etching, especially dry etching, polishing, sputtering or reduction of oxides.
Preferably a combination of these metheds, especially sputtering and oxide reduction, is

concetvable.



For the prebonding step, for producing a temporary or reversible bond between the substrates, there
are various possibilities with the objective of producing a weak interaction between the contact areas
of the substrates. The prebond strengths are below the permanent bond strengths, at least by a factor
of 2 to 3, especially by a factor of 5, preferably by a factor of 15, still more preferably by a factor of 25.
As guideline values the prebond strengths of pure, nonactivated, hydrophilized silicon with roughly
100 inJ/m2 and of pure, plasma-activated hydrophilized silicon with roughly 200 - 300 mJ/m2 are
mentioned. The prebonds between the molecule-wetted substrates arise mainly due to the van der
Waals interactions between the molecules of the different wafer sides. Accordingly, mainly molecules

with permanent dipgle-raomerisaraayitable dof enablingrprebomds debveenwvafers. cidwaifolawing

chemical compounds are mentioned as interconnect agents by way of example, but not limited thereto

- water - thiRls +ARAAE: nslanekanaiac: ailaanlsy by pSuitatite stksitatesqas plaimetdgethadnvention
are those whose material is able to react as an educt with another supplied educt to form a product

with a highestrarlgnsfatuhiebasa@resalicalwhichithe formatinrobangsplvtie tayedenthewubsirate is
caused. The following combinations are especially advantageous, to the left of the arrow the educt
being nameshanphie:tie rightsicthactiony rtheprme duidt/prochactsivhi thattith éosonppdi eeh edpatidly
byproducts which react with the educt being named in particular:
consists largely of forming gas, has proven especially suitable. Here forming gas is defined as gases
which contain at least 2%, better 4%, ideally 10% or 15% hydrogen. The remaining portion of the
mixture consists of an inert gas such as for example nitrogen or argon.
When using forming gas it is possible in particular to thin the oxide layer by a process
which is based on sputtering and oxide reduction.
Alternatively or in addition to this measure, it is advantageous as claimed in the invention to
minimize the time between the thinning and the contact-making, especially < 2 hours, preferably <
30 minutes, even more preferably < 15 minutes, ideally < 5 minutes. Thus the oxide growth which
takes place after thinning can be minimized.
The diffusion rate of the educts through the growth layer is increased by the growth layer
which has been thinned and which is thus very thin at least at the beginning of the formation of the
permanent bond or at the start of the reaction. This leads to a shorter transport time of the educts at
the same temperature,
For the prebonding step, for producing a temporary or reversible bond between the
substrates, there are various possibilities with the objective of producing a weak Interaction
between the contact areas of the substrates. The prebond strengths are below the permanent bond

strengths, at least by a factor of 2 to 3, especially by a factor of 5, preferably by a factor of 15, still

more preferably by a factor of 25. As guideline values the prebond strengths of pure, nonactivated,



- Si -2 Si02, Si3N4, SiNx0y - Ge ---* Ge02, Ge3N4 - tt-Sn Sn02 - B B203, BN - Se Se02 - Te -> Te02,
Te03 - Mg -4 MgO, Mg3N2 - Al -* Al203, AIN

hydrophilized silicon with roughly 100 mJ/m? and of pure, plasma-activated hydrophilized silicon
with roughly 200 - 300 mJ/m” are mentioned. The prebonds between the molecule-wetted
substrates arise mainly due to the van der Waals interactions between the molecules of the different
wafer sides. Accordingly, mainly molecules with permanent dipole moments are suitable for
enabling prebonds between wafers. The following chemical compounds are mentioned as
interconnect agents by way of example, but not limited thereto

- water

- thiols

- AP3000

- silanes and/or

~ silanols.

Suitable substrates as claimed in the inverntion are those whose material is able to react as an
educt with another supplied educt to form a product with a higher molar volume, as a result of
which the formation of a growth layer on the substrate is caused. The following combinations are
especially advantageous, to the left of the arrow the educt being named and to the right of the arrow,
the product/products, without the supplied educt or byproducts which react with the educt being
named in particular:

- 81— 810y, SizNy, SiNyOy
= Ge = GeOn, GesNy

- O-Sn ~> Sn(Oy

-B — B;0O;, BN

- Se —r Se(y



Ti Ti02, TiN -V --i V205 - Mn -? MnO, Mn02, Mn203, Mn202, Mn304 - Fe FeO, Fe203, Fe304 - Co
Co0O, Co304, - Ni -4 NiO, Ni203 - Cu -> Cu0O, 0220, Cu3N - Zn ZnO - Cr --i CrN, Cr23C6, Cr3C,
Cr2C3, Cr3C7 - Mo Mo3C2 TIC

- Te — TeOy, TeOs

- Mg~ MgO, MgalNy

- Al = ALO3, AIN

- Ti — TiOp, TIN

-V = V(s

~ M1~ MnQ, MnQ,, M1n,05, Moy, MnsOy
- Fe — FeQ, Fe,O4, FeaOy
- Co —» CoO, Cos04,

- Ni — NiO, NixOs

~ Cu — Cu0, CiQ, CuaN
-Zn — ZnO

- Cr =+ CrN, CrsaCs, CraC, Cr7C3, CryCa
- Mo — MosGCy
~-Ti—TiC

- Nb — Nby(C;

-Ta — TasCs

- Ly — ZaC

- Hf — HfC

-V -+ V4Cs5, VC

-W — W,C, WC

~ Fe — FesC, Fe, (5, Fe,C.

The following mixed forms of semiconductors are moreover conceivable as substrates:



Nbrb4C3 - Ta -+ Ta4C3 - Zr -+ ZrC - Hf HfC - V --4 VAC3, VC - W W2C, WC - Fe -4 Fe3C, Fe2C3,
Fe2C. The following mixed forms of semiconductors are moreover conceivable as substrates:

- [II-V: GaP, GaAs, InP, InSb, InAs, GaSb, GaN, AN, nN, AL GaiAs, InGap N
- IV-1V: SiC, SiGe,

- JH-VI: InAlP.

- nonlinear optics: LINbO3, LiTaOs, KDP (KH,PO4)

- solar cells: CdS, CdSe, CdTe, CulnSe;, CulnGaSe;, CulnS,, CulnGas,;

- conductive oxides: Ing.,SnxOs.y

As claimed in the invention, on at least one of the wafers and directly on the respective
contact area there is the reservoir (or reservoirs) in which a certain amount of at least one of the
supplied educts for the volume expansion reaction can be stored. Educts can therefore be for
example O, O3, H,0, N;, NH;, HoOs, etc. Due to the expansion, especially dictated by oxide
growth, based on the tendency of the reaction partners to reduce system energy, possible gaps,
pores, and cavities between the contact areas are minimized and the bond force is increased
accordingly by narrowing the distances between the substrates in these regions. In the best possible
case the existing gaps, pores and cavities are completely closed so that the entire bonding area
increases and thus the bond force as claimed in the invention rises accordingly.

The contact areas conventionally show a roughness with a quadratic roughness (Ry) of 0.2
nmm. This corresponds to peak-to-peak values of the surfaces in the range of 1 nm. These empirical
values were determined with atomic force microscopy (AFM).

The reaction as claimed in the invention is suitable for allowing the growth layer to grow by
0.1 t0 0.3 nm for a conventional wafer surface of a circular wafer with a diameter from 200 to 300
mm with I monolayer (ML) of water.

As claimed in the invention it is therefore provided in particular that at least 2 ML,



-GaP, GaAs, InP, InSb, InAs, GaSb, GaN, AIN, InN, Al"GalAs, - IV-IV: SiC, SiGe, - llI-VI: InAIP. -
nonlinear optics: LINbO3, LiTa03, ICDP (KI-12P0O4) - solar cells: CdS, CdSe, CdTe, CulnSe2,
CulnGaSe2, CulnS2, CulnGaS2 - conductive oxides: In2.xSnx03_y As claimed in the invention,
on at least one of the wafers and directly on the respective contact area there is the reservoir (or
reservoirs) in which a certain amount of at least one of the supplied educts for die volume expansion
reaction can be stored. Educts can therefore be for example 02, 03, H20, N2, NE13, H202, etc. Due to
the expansion, especially dictated by oxide growth, based on the tendency of the reaction partners to
reduce system energy, possible gaps, pores, and cavities between the contact areas are minimized

and the hopd fprcedsincraased ReGREINGL:Y RaERWINGD the dstangasResaniherbsiratas in
these regions. In the best possible case the existing gaps, pores and cavities are completely closed so
that the gptirgsbepding area increases and thus the bond force as claimed in the invention rises
accordingly. The contact areas conventionally show a roughness with a quadratic roughness (Rq)

of 0.2 nm. This TRERsRENES J01ReakdaReRKMphiaseb hassiafasasdmeranaelofdnonpiEhese
empirical values were detei mined with atomic force microscopy (AFM). The reaction as claimed in

the invendigniarsuitable doc.aleywngdhengrefib dayatdargrand by @dbligiGalsinsfomargpatfentional wafer
surface of a circular wafer with a diameter from 200 to 300 mm with 1 monolayer (ML) of water.
The surface is smoothed by plasma activation predominantly by a viscous flow of the material of
the reservoir formation layer and optionally of the reaction layer. The increase of the hydrophilicity
takes place especially by the increase of the silicon hydroxyl compounds, preferably by cracking of
Si-O compounds which are present on the surface, such as Si-O-81, especially according to the
following reaction:
5i-0-81 + HoO «» 28iCH
Another side effect, especially as a result of the aforementioned effects, consists in that the
prebond strength is improved especially by a factor of 2 10 3.
The reservoir in the reservoir formation layer on the first contact area of the first substrate
(and optionally of a reservoir formation layer on the second contact area of the second substrate) is
formed for example by plasma activation of the first substrate which has been coated with a thermal
oxide. The plasma activation is carried out in a vacuum chamber in order to be able to set the
conditions necessary for the plasma. As claimed in the invention, for the plasma discharge, N; gas,
0y gas or argon gas with ion energies in the range from 0 to 2000 eV is used, as a result of which a
reservoir is produced with a depth of up to 20 nim, preferably up to 15 nm, more preferably up to 10
nm, most preferably up to 5 nm, of the treated surface, in this case the first contact area.

By sefting a certain pressure in the vacuum chamber the average free path length for the

plasma ions can be conceivably influenced or set as claimed in the invention.



As claimed in the invention it is therefore provided in particular that at least 2 ML, preferably at least 5
ML, even more preferably at least 10 ML of fluid, especially water, be stored in the reservoir. The
formation of the reservoir by exposure to plasma is especially preferable, since plasma exposure
moreover causes smoothing of the contact area and hydrophilization as synergy effects. The surface
is smoothed by plasma activation predominantly by a viscous flow of the material of the reservoir
formation layer and optionally of the reaction layer. The increase of the hydrophilicity takes place
especially by the increase of the silicon hydroxyl compounds, preferably by cracking of Si-0
compounds which are present on the surface, such as Si-O-Si, especially according to the following

reaction: Si-O-Seapfddkibit #Si@HN the pRATebs SRR eEePacal aaRrasuieidneaigrmementioned

effects, consists in that the prebond strength is improved especially by a factor of 2 to 3. The

reservoirig theiresgiveilstosmatiafiffeer aBdihedissioaaniagihares efdhaficstsphsliateh@naseptionally of
a reservoir formation layer on the second contact area of the second substrate) is formed for example
by plasmaiich eitandet thedisstisursiiaiamwnibisiefirsiigenidogigicwitn afthe anaheaxdenthe plasma
activation is carried out in a vacuum chamber in order to be able to set the conditions necessary for
the plasma.sAsdlagmeddmithe dnyentioly:fardinei pthsmeptiid charge siv2cgasdBR gastophrgen gas with
ion energies in the range from 0 to 2000 eV is used, as a result of which a reservoir is produced with a
depth of up to 20 tim cpreié EphetiptodPlan imod preferably te wet@odns, smdstqueferablyeap to 5
tun, of the treated surface, in this case the first contact area. By setting a certain pressure in the
vacuum cimbehthdaverage free path length for the plasma ions can be conceivably influenced or

set as claimed in the invention.
Here optimum exposure of the contact areas and thus production of a reservoir which is

defined exactly, especially in terms of volume and/or depth, are enabled by setting the parameters
(different) the frequencies of the electrodes, the arplitudes, especially, preferably exclusively, the
bias voltage applied on the second electrode and the chamber pressure.

The execution of the plasma activation apparatus as a capacitively coupled, double
frequency plasma apparatus advantageously enables a separate setting of the ion density and the
acceleration of the ions onto the wafer surface. Thus attainable process results can be set within a
wide window and can be optimally matched to the demands of the application.

The bias voltage, especially in the form of a base voltage of the second, especially lower
electrode, is used to influence the impact (speed) of the electrodes on the contact area of the
substrate which is held on the second electrode, especially to attenuate or accelerate it.

In particular, the pore density distribution in the reservoir becomes adjustable by the
aforementioned parameters, especially advantageous embodiments being described below.

In an inductively coupled plasma source, corresponding analogy considerations about the ac
voltage of the capacitive coupling to alternating currents which are used to generate a magnetic

field can be adopted. It is conceivable as claimed in the invention to manipulate the plasma of the



Reproducible results in the production of the reservoir on the contact area/areas is possible by the
inventive use of two different frequencies on the opposing electrodes to produce the plasma, which
electrodes accelerate the plasma ions especially with application of an alternating current or an ac
voltage, and/or by the use of an inductively coupled plasma source and/or remote plasma. In the
case of capacitive coupling it is advantageous if the electrodes are located within the plasma chamber.
Here optimum exposure of the contact areas and thus production of a reservoir which is defined
exactly, especially in terms of volume and/or depth, are enabled by setting the parameters (different)
the frequencies of the electrodes, the amplitudes, especially, preferably exclusively, the bias voltage

applied opdhersesradalacide 3pa-iRe CRaANRRIRRE S or alThE8XeGhiiaR:Qf fiar! Blasa activation

apparatus as a capacmvely coupled, double frequency plasma apparatus advantageously enables a

separate gefiing sidhe iequeassiycafithifie: ancelenation.ebiha jons anecihenaaie caurace. fldius

attainable process results can be set within a wide window and can be optimally matched to the
demands:afdhgsapplication. The bias voltage, especially in the form of a base voltage of the
second, especially lower electrode, is used to influence the impact (speed) of the electrodes on the
contact area of he: stihsttaleswhjcheisield ohithd secend!Bidetinetisespeciailyidaatianmale or
accelerate it. In particular, the pore density distribution in the reservoir becomes adjustable by the
aforementionetkpdiametdrssé spocial bradieasptagebuseimbadiments:eing tesphiad, bglenally In an
inductively coupled plasma source, corresponding analogy considerations about the ac voltage of the
capacitivéopsptitigrspaitet matinbecameit spytiichhapnssgd dbyeplesate from dgmeticfisitiaaintbe
adopted. It is conceivable as claimed in the invention to manipulate the plasma of the inductively
coupled pleswizssaiarsedsycantsleasnzainty diffieenicialianasing: asdgeictiecielerspranegistiength and/or

frequency such that the plasma has the corresponding properties as claimed in the invention.
and/or electrical lenses, diaphragrs, ete. All considerations which apply to capacitively and/or

inductively coupled plasma with respect to frequencies and/or strengths of the electrical and/or
magnetic fields will apply to all elements which ensure the production and/or passage of the plasma
from the source space into the substrate space. For example, it would be conceivable for the plasma
to be produced by capacitive or inductive coupling by the parameters as claimed in the invention in
the source space and afterwards for the aforementioned elements to penetrate into the substrate
space,

As claimed in the invention any particle type, atoms and/or molecules which are suitable
for producing the reservoir can be used. Preferably those atoms and/or molecules are used which
the reservoir produces with the required properties. The relevant properties are mainly the pore size,
the pore distribution and the pore density. Alternatively, as claimed in the invention gas mixtures
such as for example air or forming gas consisting of 95% Ar and 5% H, can be used. Depending on
the gas used, in the reservoir during the plasma treatment among others the following ions are
present: N, Now, O+, Op+, Ar+. The first educt can be accommedated in the unoccupied free space

of the reservoir/ reservoirs. The reservoir formation layer and accordingly the reservoir can extend

10



In a remote plasma, the plasma which is to actually be used is generated in an external source and is
introduced into the sample space. In particular, components of this plasma, especially ions, are
transported into the sample space. The passage of the plasma from the source space into the
substrate space can be ensured by different elements such as locks, accelerators, magnetic and/or
electrical lenses, diaphragms, etc. All considerations which apply to capacitively and/or inductively
coupled plasma with respect to frequencies and/or strengths of the electrical and/or magnetic fields will
apply to all elements which ensure the production and/or passage of the plasma from the source
space into the substrate space. For example, it would be conceivable for the plasma to be produced
by capacitivetné iesluetivayepupling by the parameters as claimed in the invention in the source space
and afterwards for the aforementioned elements to penetrate into the substrate space. As claimed
in the invention arypardielestyRisraiemabaeiormeletemwiietiareisuiabiadas pradueRgdion
reservoir can be used. Preferably those atoms and/or molecules are used which the reservoir
producesiavithtiewhigtitedsprep iie partiaky glevanbiyropealiies drefimeddly-tEonbee gize tibe pore
distribution and the pore density. Alternatively, as claimed in the invention gas mixtures such as for
example sicarfedming §i2si condigiingraf@blesiwand mdadvihrasche used. Depending on the gas used,
in the reservoir during the plasma treatment among others the following ions are present: N+, N2+, 0+,
02+, An-. The fifBhedsotvoansiferacddmmmbalatbdviltvengnoosideiedore el spaoe ofzhs sesdevdinh
reservoirs. The reservoir fonnation layer and accordingly the reservoir can extend into the reaction
layer.  1Rdwartaiebisiythdeethar Hifferarrtypeisrobhavaizspecieswisichn casrypsadtwalily the reaction
layer and which consist at least partially, preferably mostly of the first educt. To the extent the second
educt is Sirsijanhen plasnra spetisiovdiicsbalidveatlgesns.  The reservoir is formed based on the
following considerations: The pore size is smaller than 10 rim, preferably smaller than 5 urn, more
preferably smallEheirare Hepsitydyerciershdyphareramparron thare B winpimsaapicks sbighsmaller than
02 nm. The pore density is preferably directly proportional to the density of the particles which
produce HESE8TROEEHRINGTECES ACHABSPIEREREBNY Y B&ATeRish b \afd by emarpalfiespreiure of
the striking species, and depending on the treatment time and the parameters, especially of the
plasma sh¥éHikiasgpecicsTag fenendise Mutis i prerspibip Y Seasrereregish sfyrédiest pore
concentration under the surface by variation of the parameters of several such regions which are
- superimpBéFIHREEPHSRErably plateau-shaped region (see Figure 8). The pore distribution decreases
toward zero with jncreasing thickness, The region near the surface during bombardment has a pore
density which is HIFFSCE SRR BRI MR ASIGF IR THe G PLEE A B R BT P SN
treatment . the pore g?(;:‘nsit on tz_ surface can he red ceqéas a resylt of stress relaxation mechanisms.
The pore HsTHRGT R A SR GRS P 5 P TR 5 6 SUITAGESHRTPELH Rk and with

respect to t Ik a rather flatter, but con 'nuouéy ecreasing flank (see Figure 8). For the pore
e, the BE A e Ao oo e o R B R e Sl s aeriotronucea

with plasma. . . . . . —
th plas m%reasmg thickness. The region near the surface during bombardment has a pore density which is

almost identical to the pore density near the surface. After the end of plasma treatment the pore
density on the surface can be reduced as a result of stress relaxation mechanisms. The pore
distribution in the thickness direction with respect to the surface has one steep flank and with
respect to the bulk a rather flatter, but continuously decreasing flank (see Figure 8).

For the pore size, the pore distribution and pore density, similar considerations apply to all
methods not produced with plasma.

The reservoir can be designed by controlled use and combination of process parameters.

i1



The reservoir can be designed by controlled use and combination of process parameters. Figure 8
shows a representation of the concentration of injected nitrogen atoms by plasma as a function of the
penetration depth into a silicon oxide layer. It was possible to produce two profiles by variation of the
physical parameters. The first profile 11 was produced by more highly accelerated atoms more deeply
in the silicon oxide, conversely the profile 12 was produced after altering the process parameters in a
lower density. The superposition of the two profiles yields a sum curve 13 which is characteristic for
the reservoir. The relationship between the concentration of the injected atom and/or molecule species
is evident. Higher concentrations designate regions with a higher defect structure, therefore more

space to geaRAMRARG the-subsedrentRAdab-A GABHE QS IBNEEeh e e¢essRarmmeters which
is controlled especially in a dedicated manner during the plasma activation makes it possible to

achieve gxesRIVeitW i aQistsibation efdheindseskansaguenaentPosbishotistdhedionisrasieniform as
possible. Alternatively to a reservoir which has been produced by plasma, the use of a TEOS

(tetraethyprhesiieaiehexyialayeuameaticasicomne pshie: subsiaiesiuatdenshthe gt gubstrate, is

conceivable as a reservoir. This oxide is generally less dense than thermal oxide, for which reason as
claimed igctaRnve ationscoonpaaiidniistadviintagedits caompagtibnpalids Pace rydhert ibatment with
the objective of setting a defined porosity of the reservoir. According to one embodiment of the
inventiongltbérfiingpofdhe pesenvoirsdan kaker gacé e Ipecigiyradirantafdousty mbthes yaaide 2ime with
the formation of the reservoir by the reservoir being applied as a coating to the first substrate, the
coating aiready-entdmpabsing tiretfirsticGuche reséFhandderaditimgon beivabietlzscansonroaigomyer with a
porosity in the nanometer range or as a layer which has channels a channel thickness smaller than 10
nm, moreiteférpbivdatatientiennBiamicipeien breviteierdishes sraenthdens dungnesegaferably
smaller than 1 nm, most preferably of all smaller than 0.5 urn, For the step of filling of the reservoir
with a firsviddabigendefstigroupuet cerselercasEratnied thagsetrvedaio e fetbwm glembbdiments, also

in combination, are conceivable: o o _
continuous change of the process parameters which is controlled especially in a dedicated manner

during the plasma activation makes it possible to achieve a reservoir with a distribution of the
added ions over depth, which distribution is as uniform as possible.

Alternatively to a reservoir which has been produced by plasma, the use of a TEOS
(tetraethylorthosilicate) oxide layer on at least one of the substrates, at least the first substrate, is
conceivable as a reservoir. This oxide is generally less dense than thermal oxide, for which reason
as claimed in the invention compaction is advantageous. Compaction takes place by heat treatment
with the objective of setting a defined porosity of the reservoir.

According to one embodiment of the invention, the filling of the reservoir can take place
especially advantageously at the same time with the formation of the reservoir by the reservoir
being applied as a coating to the first substrate, the coating already encompassing the first educt.

The reservolr is conceivable as a porous layer with a porosity in the nanormeter range or as a
layer which has channels with a channel thickness smalier than 10 nm, more preferably smaller than

5 nm, even more preferably smaller than 2 nm, most preferably smaller than 1 nm, most preferably
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exposing the reservoir to the ambient atmosphere, flushing with especially deionized water, flushing
with a fluid which contains the educt or which consists of it, especially H20, H202, NH40OH exposing
the reservoir to any gas atmosphere, especially atomic gas, molecular gas, gas mixtures, exposing the
reservoir to a water vapor-containing or hydrogen peroxide vapor-containing atmosphere and
depositing a reservoir which has already been filled with the educt as a reservoir fotwation layer on the
first substrate. The following compounds are possible as educts: Ox, 02, 03, N2, NH3, H20, H202,
and/or NH40OH. The use of the above cited hydrogen peroxide vapor is regarded as the preferred
version, in addition to using water. Hydrogen peroxide furthermore has the advantage of having a
greater ogy%@gﬁ(gﬂ@yg{&}ggg fatio. Furthermore, hydrogen peroxide dissociates above certain
temperatures and/or via the use of high frequency fields in the MHz range into hydrogen and oxygen.

On the other hang, H2Qoffgraithe atyrRntage Hf Raving:a: MY Maleculesizes ThRisize ahthedH20

molecular is even smaller than that of the 02 molecule, with which H20 offers the advantage of being
able to bgnmRre RS INcrsaled indhaipeias, and heindwnhiads, difdsacmalse:

i

exposing the reservoir to the ambient atmosphere,
- flushing with especially deionized water,
- flushing with a fluid which contains the educt or which consists of it, especially HoO, HyOs,

NH40H
- exposing the reservoir to any gas atmosphere, especially atomic gas, molecular gas, gas

mixtures,

- exposing the reservoir to 8 water vapor-containing or hydrogen peroxide vapor-containing
atmosphere and

- depositing a reservoir which has already been filled with the educt as a reservoir formation
layer on the first substrate.

The following compounds are possible as educts; Oy, Oa, Oy, Ny, NH3, HO, H,O;, and/for
NH,OH.

The use of the above cited hydrogen peroxide vapor is regarded as the preferred version, in
addition to using water. Hydrogen peroxide furthermore has the advantage of having a greater
oxygen to hydrogen ratio. Furthermore, hydrogen peroxide dissociates above certain termperatures
;mdfor via the use of high frequency fields in the MHz range into hydrogen and oxygen.

On the other hand, H,O offers the advantage of having a small molecuie size. The size of
the H,O molecular is even smaller than that of the Oy molecule, with which H,O offers the

advantage of being able to be more easily intercalated in the pores and being able to diffuse more
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easily through the growth layer. Mainly when using materials with different coefficients of thermal
expansion the use of methods for dissociation of the aforementioned species which do not cause any
noteworthy temperature increase or at best a locallspecific temperature increase is advantageous. In
particular there is microwave irradiation which at least promotes, preferably causes the dissociation.
According to one advantageous embodiment of the invention it is provided that the formation of the
growth layer and strengthening of the irreversible bond take place by diffusion of the first educt into the
reaction layer. According to another advantageous embodiment of the invention it is provided that
the formation of the irreversible bond takes place at a temperature of typically less than 300C,
advantagggmbe@ﬁ m@@g@,@gaﬁg@re preferably less than 150C, even more preferably less than
100C, most preferably at room temperature, especially during a maximum 12 days, more preferably a

maximum 1 dayeuen+Resefreiprabix Wdxnremnl detlcimestPreiaaldypamaxifumse: 18 minutes.
Another advantageous heat treatment method is dielectric heating by microwaves. Here itis

especially,adyaniaoaausiilihe draversibladaontbasadond siengihcaigreatestbenthb J/m2,
especially greater than 2 J/m2, preferably greater than 2.5 J/m2. The bond strength can be

increaseg-gppreidhadvantagepsisly ot dhaicdiftingribeseaciinnsas slained fedhe inyenitola product
with a greater molar volume than the molar volume of the second educt is formed in the reaction layer.
In this wayegy owiicarvtive sechnibswisttateliaeiestedsasrefradiit @bivehibh disgpsibd@tween the contact.
areas can be closed by the chemical reaction as claimed in the invention. As a result, the distance
between the contactdirgas, direzafarestheunveragimdistahibe, lis eedeceds prdidebdtspaces are
mlnlmlze}%imatian of the growth layer and strengthening of the irreversible bond take place by diffusion of
the first educt into the reaction layer.
According to another advantageous embodiment of the invention it is provided that the
. formation of the irreversible bond takes place at a temperature of typically less than 300°C,
advantageously less than 200°C, more preferably less than 150°C, even more preferably less than
100°C, most preferably at room temperature, especially during a maximum 12 days, more
preferably a maximum 1 day, even more preferably a maximum 1 hour, most preferably a
maximum 15 minutes. Another advantageous heat treatment method is dielectric heating by
microwaves.
Here it is especially advantageous if the irreversible bond has a bond strength of greater than
1.5 J/m?, especially greater than 2 J/ux?, preferably greater than 2.5 J/m’,
The bond strength can be increased especially advantageously in that during the reaction, as
claimed in the invention a product with a greater molar volume than the molar volume of the
second educt is formed in the reaction layer. In this way growth on the second substrate is effected,

as a result of which gaps between the contact areas can be closed by the chemical reaction as

ciaimed in the invention. As a result, the distance between the contact areas, therefore the average
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To the extent the formation of the reservoir takes place by plasma activation, especially with an
activation frequency between 10 kHz and 20000 kHz, preferably between 10 Id-1z and 5000 kHz, even
more preferably between 10 kHz and 1000 kHz, most preferably between 10 kHz and 600 kHz and/or
a power density between 0.075 and 0.2 watt/cm2 and/or with pressurization with a pressure between
0.1 and 0.6 mbar, additional effects such as smoothing of the contact area and also a clearly
increased hydrophilicity of the contact area are caused. Alternatively the founation of the reservoir
claimed in the invention can take place by using a tetraethoxysilane oxide layer which has been
compacted in an especially controlled manner to a certain porosity as the reservoir formation layer.
Accordingitaac thesdadsd niapeeds srbeaimenihoidtie invention it is provided that the reservoir
formation layer consists largely, especially essentially completely of an especially amorphous silicon
dioxide, especidly tacsthoon diofideswbiott rsdheaniprdasedatbsthenmalofidabossaadathesrgaction
layer consists of an oxidizable material, especially predominantly, preferably essentially completely, of
Si, Ge, Ini, @aRiemGaliorabotien ihkdiadm e0dheda terathielycabare)0 AHEspERigNEable
reaction which especially effectively closes the existing gaps is enabled by oxidation. Here it is
provided astkaivrrestdfethisimeention] thaklbetwé 800thE s sopn gretmihiy beeeentlthdzeattidh layer there
is a growth layer, especially predominantly of native silicon dioxide (or another material mentioned
alternativisijzabeins  Mhecyewtiylbgiareen D6 entdg owcosmedby thersastionias widimed in the
invention. The growth takes place proceeding from the transition Si-Si02 (7) by re-formation of
amorphoBE Sl E. densk ha it addeaHaiss Bshasiampeilighe, Be eragketeaisyer,
especially on the interface to the reaction layer, and especially in regions of gaps between the first and
the secoritPedritatt niracapishydimbilisibe aleNcRBrhE i stasaeset- a reduction of the dead space
between the two contact areas, as a result of which the bond strength between the two substrates is
increased. A terﬁﬁ@‘r%%ﬂ?’@%&@v%%’ﬁ‘%ﬁ@‘ ShibatseTy Pr AT ABRPAJO SRy DGO RAM 1BEEIA%RE preferably
a temperature between 150C and 100C, most preferably a temperature between 100C and room
temperatiffé’sé ESPETNY HifaotidsdBUR, FHEPGOWEMAYBIPESI b AR foRer Rty Bl edgramAFT regions.

The growth layer can at the s%me time be a reseryoir formation layer of the second substrate in which

another rESBATGHIVATER LA [P ESETHIY FOHRAAMEYBtmed.  Here it is especially advantageous if
the growth layer has an average thickness A between 0.1 and 5 tun prijor to formation of the
irreversible bon&cf?fgnlﬂ%ﬁ%g?%’sgr Waﬁﬁgﬁefﬁvéo%ﬁ%nq%%ﬁgﬁ&% ﬁff t?féwrlggg]l%ﬁ @ers place
between the first and the second educli th%gglgch the growth Ia%eré eéagﬁ% y”é/ %}{ diﬁusiﬁn of the first

| t

educt thrc:r)‘?j;(f;?’hV e %‘%3\% nlaafgir. T e T EaEtion Fgffgﬁ e SIon TR 6 g edueEs ?’ough the

growth layer s incregsed huihe drouth faverwhich has.naen lained and s i yery thin at least at
the beginning*of the tformation of permanent bond or at the start of the reaction. This leads to a

shorer 30sRRc N ALUS LTI IS SOMSISIAMAN Bl iSIE B NG s lpimed In the

invention plays a decisive part since the reaction can rther accelerate or the t%mperature

can be f“éﬁ@f‘e&éﬁ?‘é%?éﬁ@&ﬁy-.:IB:;E&Q%&%,%@{’%Q%E esBeF Ay Slehing Rrelerqhly g A moist

atmosphere, still more preferably in-Situ. Alternatively the thinning takes place especially by dry

etching, pgferaliynsite HerednSittyuesns REHAIMARA INhA I Same chambskiniich,al least one

previous and/or one following stép is/are carried out. A further apparatus arfrangement which falls

under the,In:sitL.CHNCER) bsrdigre is an
Here it is provided as claimed in the invention that between the second contact area and the
reaction layer there is a growth layer, especially predominantly of native silicon dioxide (or anothex
material mentioned alternatively above). The growth layer is subject to growth caused by the
reaction as claimed in the invention. The growth takes place proceeding from the transition $i-S102

{7) by re-formation of amorphous SiO2 and the deformation caused thereby, especially bulging, of
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apparatus in which the transport of the substrates takes place between individual process chambers in
an atmosphere which can be adjusted in a controlled manner, for example using inert gases, but
especially in a vacuum environment Wet etching takes place with chemicals in the vapor phase, while
dry etching takes place with chemicals in the liquid state. To the extent the growth layer consists of
silicon dioxide, etching with hydrofluoric acid or diluted hydrofluoric acid can be done. To the extent the
growth layer consists of pure Si, etching can be done with KOH. According to one embodiment of
the invention it is advantageously provided that the formation of the reservoir is carried out in a
vacuum. Thus contamination of the reservoir with unwanted materials or compounds can be avoided.

In anothepembeaiment effhigsinventionnttisadiantagraidslypep\dseestRatfiinorefithe sesgrvoir takes
place by one or more of the steps cited below: exposing the first contact area to the atmosphere, for
filling theyasepraiavith atdosphesia Runidibrandias exygen eontdinest inddaaicennosingiibe first
contact area to a fluid consisting especially predominantly, preferably almost completely, of especially
deionizediHRO RO Hadd 20Rve@xpasing thenfisteanact aredt tof NRigasabdidrsG2ngasharebar thr gas
and/or forming gas, especially consisting of 95% Ar and 5% H2, especially with an ion energy in the
range from @« 2006 e\invaped depasitiondor Hiltine tR80esd il Withcimyblireadiin 2068d aduct. It
is especially effective for the process sequence if the reservoir is formed preferably in a thickness R
between D50 Amrand2Samh]snocerprafarabiybemEEDaadiABad s hprefevbly morepprafetably
between 0.1 nm and 10 nm, most preferably between 0.1 nm and 5 nm. Furthermore,

between 100°C and room temperature, is especially advantageous. The growth layer can be divided

into several growth regions. The growth layer can at the same time be a reservoir formation layer of

the second substrate in which another reservoir which aceelerates the reaction is formed.

Here it is especiaily advantageous if the growth layer has an average thickness A between

0.1 nm and 5 nm prior to formation of the irreversible bond, The thinner the growth layer, the more

guickly and easily the reaction takes place between the first and the second educt through the

growth layer, especially by diffusion of the first educt through the growth layer to the reaction layer.

The diffusion rate of the educts through the growth layer is increased by the growth laver which has

been thinned and thus is very thin at east at the beginning of the formation of the permanent bond

or at the start of the reaction. This leads to a shorter transport time of the educts at the same

temperature.

Here the thinning as claimed in the invention plays a decisive part since the reaction can be

further accelerated and/or the temperature can be further reduced by it. Thinning can be done

especiaily by etching, preferably in a moist atmosphere, still more preferably in-situ. Alternatively

the thinning takes place especially by dry etching, preferably in-situ. Here in-situ means

pesformance in the same chamber in which at least one previous and/or one following step is/are

carried out. A further apparatus arrangement which falls under the in-situ concept used here is an
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according to one embodiment of the invention it is advantageous if the average distance B between
the reservoir and the reaction layer immediately before formation of the irreversible bond is between
0.1 nm and 15 rim, especially between 0.5 nrn and 5 on, preferably between 0.5 urn and 3 urn. The
distance B is influenced or produced as claimed in the invention by the thinning. A device for
executing the method is made as claimed in the invention with a chamber for forming the reservoir, a
chamber provided especially separately from it for filling the reservoir, and an especially separately
provided chamber for forming the prebond, all of which chambers are connected directly to one
another via a vacuum system. In another embodiment the filling of the reservoir can also take

place dirggthyyia the-aiMaspharsydhenairrasihaEd MRS RaRbRIWiEaARdAe pRRBELAHDE s

atmosphere or simply on a structure which does not have jacketing, but can handle the wafer

semiautamaticallyspreonsrmnpis iRl duiamatisalifrolledAbehadiaBinggs. fealuiesand-deiails of the

invention will become apparent from the following description of preferred exemplary embodiments
and usingsiheigiigwingscuumbkigirentasshows: a:ditissikpsqflibe wmtbegaaslaimed #pdhshinyention
immediately after the first substrate makes contact with the second substrate, Figure Ib shows an
alternativeHirstisiepiohthekaainoed wishctabmas initketiqerdtandnddialeatie ptetfilsysubstrate
makes contact with the second substrate, Figure 2 shows a step of the method as claimed in the
inventioncudsichs takels-phatiexhdio etchogntatt impdikifhenrspetificadithe linoing:0f thigl secbndosabstrate,

Figures 3a and 3b show other steps of the method as claimed in the invention for forming a higher
bond stréigti extent the growth layer consists of pure Si, etching can be done with KOH.
According to one embodiment of the invention it is advantageously provided that the
formation of the reservoir is carried out in a vacuum. Thus contamination of the reservoir with
unwanted materials or compounds can be avoided.

In another embodiment of the invention, it is advantageously provided that filling of the

reservoir takes place by one or more of the steps cited below:

exposing the first contact area to the atmosphere, for filling the reservoir with atmospheric

humidity and/or oxygen contained in the air,

- exposing the first contact area to a fluid consisting especially predominantly, preferably
almost completely, of especially deionized HyO andfor HyO»,

- exposing the first contact area to N, gas and/or O, gas and/or Ar gas and/or forming gas,
especially consisting of 95% Ar and 5% H, especially with an ion energy in the range from
{10 2000 eV,

- vapor deposition for filling the reservoir with any already named educt.
It is especially effective for the process sequence if the reservoir is formed preferably in a

thickness R between 0.1 nm and 25 nm, more preferably between (.1 nm and 15 nmy, even more

preferably between 0.1 nm and 10 nm, most preferably between 0.1 nm and 5 nm. Furthermore,
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Figure 4 shows another step of the method as claimed in the invention which follows the steps
according to Figure la or Ib, Figure 2 and Figures 3a and 3b, with substrate contact areas which are in
contact, Figure 5 shows a step as claimed in the invention for formation of an
irreversible/permanent bond between the substrates, Figure 6 shows an enlargement of the
chemical/physical processes which proceed on the two contact areas during the steps according to
Figure 4 and Figure 5, Figure 7 shows a further enlargement of the chemical/physical processes which
proceed on the interface between the two contact areas during the steps according to Figure 4 and
Figure 5, Figure 8 shows a diagram of the production of the reservoir as claimed in the invention,

Figure 9 ghowsa schematicaha-sofasiivepiasmachanmiesvhichEa bR @XPesaskiB Beuagium,

Figure 10 shows a schematic of an inductive plasma chamber which can be exposed to a vacuum,

Figure 1hshews.aisehematiaalon Isyaoianlasim chamerwitich andiaepasrdbéadiyacuum and
Figure 12 shows a diagram on frequency behaviors of the frequencies of the two electrodes.
between 0.1 nm and 15 nm, especially between 0.5 nm and 5 nun, preferably between 0.5 nm and 3
nm. The distance B is influenced or produced as claimed in the invention by the thinning,

A device for executing the method is made as claimed in the invention with a chamber for
forming the reservoir, a chamber provided especially separately from it for filling the reservoir, and
an especially separately provided chamber for forming the prebond, all of which chambers are
connected directly to one another via a vacuum system.

In another embodiment the filling of the reservoir can also take place directly via the
atmosphere, therefore either in a chamber which can be opened to the atmosphere or simply on a
structure which does not have jacketing, but can handie the wafer semiautomatically and/or
completely automatically,

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

Figure 1a shows a first step of the method as claimed in the invention immediately after the
first substrate makes contact with the second substrate,

Figure 1b shows an alternative first step of the method as claimed in the invention
immediately after the first substrate makes contact with the second substrate,

Figure 2 shows a step of the method as claimed in the invention which takes place prior to
contact-making, specifically the thinning of the second substrate,

Figures 3a and 3b show other steps of the method as claimed in the invention for forming a

higher bond strength,
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The same or equivalent features are identified with the same reference numbers in the figures. In
the situation which is shown in Figure 1 and which only one extract of the chemical reactions which
proceed during or immediately after the prebond step between a first contact area 3 of a first substrate
1 and a second contact area 4 of a second substrate 2 shown [sic].. The surfaces are terminated with
polar 011 groups and are accordingly hydrophilic. The first substrate 1 and the second substrate 2 are
held by the force of attraction of the hydrogen bridges between the OH groups present on the surface
and the H20 molecules and also between the H20 molecules alone. The hydrophilicity of at least the
first substrate 1 has been increased by plasma treatment in a preceding step. Plasma treatment

takes place in amlaseesEBANRRIRS MbichEamAsRXRQSAhEA Plasmavansha wacuUBNaRsRE a defined
gas atmosphere according to Figure 9. To be exposed to a vacuum and/or a defined gas atmosphere

means thatjyeasiiashePiviiembar taFiperset-andieaniiglegdisihe® xanplas:amiodinent
described here the gas is N2 at a pressure of 0.3 mbar. In the embodiments of the capacitive and
inductive ehidplingiasslaiened in the invention the plasma chamber 20 and substrate chamber are
identical. In the embodiment of the remote plasma as claimed in the invention according to Figure 11
the plasma charfigerc2Dihbeste siqplasnis:ped dudtcon eihdaniier)fis:aepar afeufroravarsishgteate.abamber 27
which accommodates the substrate. The capacitive plasma chamber 20 shown in Figure 9 has a
first electhodé Riwwenidie istaoated at the top or is the upper electrode) for ionization of the gas volume
which is caused by the ac voltage on the first electrode 21 with a frequency f21 between 0.001 k.Hz
and 100000 kHZipreférsisiy betwelerg OBt kiFthankb 10800 sz lavercsore iprbfpradsisdivativeen 0.1 kHz
and 1000 kHz, most preferably between 250 and 550 kHz and an amplitude between 1 V and 1000 V,
especiallysctaidart 206 Vuaig 80 vpyestarkigybEveeh 2e0MLund.600 V, even more preferably
between 300 V and 500 V. One important factor is the average free path length which is defined by the
above described atulfOTRarB S rfolneesssbnttisbotalimsiabr osdsearshitiemerst ithe lower
electrode) which is opposite the first electrode 21 not only for exposure of the first contact area 3,
which ex@g¥stiterfacedapreand s freciincyrst tietgshetarsteringin igatdtnss Figsts dias voltage
as the base voltage which accelerates or attenuates the impact of the plasma ions. The bias voltage is
generally an ac V&g SR darageeiAsaitisssn sl e descomigs faimed i Hie ueming-the plasma
activation process can be dynamically changed qver a curve defined in a stored/given shape (formula).
The second ele&iitie 2P e ERTBGHRREACSMEHA HRIATIoTRETIRh 4 ik e Re 5 B2 tkiieen 0.001
kHz and 100000 kHz, preferably between 0.01 IcHz and 10000 kHz, even more preferably between
0.1 kHz af§* 90 kHz, most preferably from 15kHz to 55 kHz and an amplitude between 1 V and 1000
V, especially befween 100 V and 800 V, preferably between 200 V and 600 V, even moye preferably
etwoen 300 v BAEOD PoMGE STEBRIE FoAes B T A ARG 8 I TBHER Gy of the

ions strik@z%}gi%,surface 3, with which a uniform depth distribution of the ions can be achieved.
Figure 11 shows a schematic of a remote plasma chamber which can be exposed to a
vacuwm and
Figure 12 shows a diagram on frequency behaviors of the frequencies of the two electrodes.
The same or equivalent features are identified with the same reference numbers in the
figures.
Iz the situation which is shown in Figure 1 and which only one extract of the chemical
reactions which proceed during or immediately after the prebond step between a first contact area 3

of a first substrate 1 and a second contact area 4 of a second substrate 2 shown [sic].. The surfaces
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The second electrode 21 is used in addition as a receiver for the first substrate 1 with its receiving side
facing away from the first contact area 3. Thus the first substrate 1 (without the second substrate 2) is
located between the first electrode 21 and the second electrode 22. Holders for the electrodes 21, 22
are not shown. Each electrode 21, 22 is preferably connected to its own power supply in the fonn
of a generator 23 for the first electrode 21 and a second generator 24 which can be controlled
separately therefrom for the second electrode 22. The first generator 23 works especially between 1
watt and 100000 watts, preferably between 25 watts and 10000 watts, more preferably between 30
watts and 1000 watts, most preferably between 50 watts and 200 watts, most preferably of all between
70 watts %de%%&ﬂﬂ@@-iﬁ%@lﬁ@@@ﬂ@r&ﬁﬁ%Eﬁtﬁfo%dﬂfmﬂﬁ?k@@iﬂ&ﬁﬁﬁia pawesbeaivaan 1 wathand
100000 watts, preferably between 25 watts and 10000 watts, more preferably between 30 watts and
1000 wattsesn@stinreierably hatvsans0waitsand R Waitsydrashnredigeablral-alitatmeen 70 watts
and 130 watts. An inductive plasma chamber 20" according to Figure 10 has a coil 26 which
surroundgrihpRaghikieauoh tbichfaceunieht With the@nplidefovswEheseBsDatelidestaionea sample
holder 25. In one preferred embodiment the plasma chamber 20" has exactly two generators 23 and
24, Thad helueid iplassfiat thambefi20itas adfil s berenhgenerhtgri2d on onesideod the coil 26.
The current flowing through the coil 26, generated by the first generator 23, has a frequency 21
between Gr@@dikgizeand 100000 kHz, preferably between 0.01 kHz and 10000 kHz, even more
preferably between 0.1 kHz and 1000 kHz, most preferably exactly 400 kHz and an amplitude between
0.001 A and 100081 peeferal kpive plaentCi Qlafraniangeo A, wiore qrdfe raiphystsetovgles@. and aand 100
A, most preferably between 1 A and 10 A. Preferably the coil 26 or the plasma chamber 20" has a
second crentgadératciclacd ges sevopliceti rsardehisr Higwad Hishe frapeehisyaf22chetwed(e0.001
kHz and 100000 kHz, preferably between 0.01 kHz and 10000 kHz, even more preferably between 0.1
kHz and 2060rkcr ganagsppreser abine Lt iyeaDoeR Mo ahd Bhareplitadet Badveerrt@ohn Aand 10000 A,
preferably between 0.01 A and 1000 A, more preferably between 0.1 A and 100 A, most preferably
between AT IGUROIMR SpRReadaeiB GRAIERSHD Al PR T ER) (ré bath & phesmBad e Broduced
is produced in a (remote) plasma chamber 20". All disclosed parameters for die capacitively and/or
inductivef 8GR BrasrRE BEPH EHENBREwN chigtre B 8 ARERAtR SIf it R RS A0 datsity of the

plasma which has been produced as ) _ )
substrate chamber are identical. In the embodiment of the remote plasma as claimed in the

invention according to Figure 11 the plasma chamber 20" (better: plasma production chamber) is
separate from a substrate chamber 27 which accommodates the substrate.

'The capacitive plasma chamber 20 shown in Figure 9 has a first electrode 21 (which is
located at the top or is the upper electrode) for ionization of the gas volume which is caused by the
ac voltage on the first electrode 21 with a fiequency f3( between 0.001 kHz and 100000 kHz,
preferably between 0.01 kHz and 10000 kHz, even more preferably between 0.1 kHz and 1000
kHz, most preferably between 250 and 550 kHz and an amplitude between 1 V and 1000 V,
especially between 100 V and 800 V, preferably between 200 V and 600 V, even more preferably
between 300 V and 500 V. One important factor is the average free path length which is defined by
the above described vacuum.

There is another second electrode 22 (which is located below or is the lower electrode)
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claimed in the invention as a function of the depth for two different frequencies. It is evident that the
density profile can be adjusted in a dedicated manner by changing the frequency. It is especially
advantageous, according to the alternative embodiment, to additionally subject the second substrate 2
or the second contact area 4 to plasma treatment, especially simultaneously with the plasma treatment
of the first substrate 1. As claimed in the invention a reservoir 5 in a reservoir formation layer 6
consisting of thermal silicon dioxide as well as in the alternative embodiment according to Figure Ib a
second opposing reservoir 5' in the reservoir formation layer 6' has been formed by plasma treatment.
Under the reservoir formation layers 6, 6', reactions layers 7, 7' which contain a second educt or a

second gypiHn Rf @pusis gisestyadioiaorerneietoRiasmadrsain e wiliZiens, withihe
aforementioned ion energy yields an average thickness R of the reservoir 5 of roughly 15 nm, the ions

forming chaparlsidpprastinthe-esengfivamationetayee 6.1, bubehuseninasrespaailigemation layer
6 and the reaction layer 7 there is a growth layer 8 on the second substrate 2 which can be at the

same timgesdeasiipastiatcihedasenot farmationdryiena: Acderdinghy theseTbaniaddiiapally be
another growth layer between the reservoir formation layer 6' and the reaction layer 7'. Likewise

the reseryaierbl{and0ptitngd yithesestngoirnhyistidlent Ay ledsttdrgelis witld WRRaditie first educt prior
to the step shown in Figure 1 and after plasma treatment. Reduced species of the ions present in the
plasma presesswantasphedocatetd tveriesérvbingespaeiallgi@®y fZinkiRinArstoredBeforstopafter the
formation of the reservoir/reservoirs 5, 5', in any case prior to contact-making of the substrates 1, 2,

the grow(fotayds)slanstopticriediyotes?dthehgeoltdilayel s whihaedoyke tekiing ftberenafter the formation
of the reservoirs, see Figure 2). In this way the average distance B between the second contact area

4 and théseeastidhiRl/kH7 dsddateedkiAr.iriseabis privecend S8 dohdaad¥tHela. 4vgtvagiageously

becomes more planar.
preferably between 0.1 kHz and 1000 kHz, most preferably from 15kHz to 55 kHz and an

amplitude between 1 V and 1000 V, especiaily between 100 V and 800 V, preferably between 200
V and 600 V, even more preferably between 300 V and 500 V. This second ac voltage also leads to
a variation of the ion energy of the ions striking the surface 3, with which a uniform depth
distribution of the ions can be achieved.

The second electrode 21 is used in addition as a receiver for the first substrate 1 with its
receiving side facing away from the first contact area 3. Thus the first substrate 1 (without the
second substrate 2) is located between the first electrode 21 and the second electrode 22. Holders
for the electrodes 21, 22 are not shown,

Each electrode 21, 22 is preferably connected to its own power supply in the form of a
generator 23 for the first electrode 21 and a second generator 24 which can be controtled separately
therefrom for the second electrode 22. The first generator 23 works especially between 1 watt and
100000 watts, preferably between 25 watts and 10000 watts, more preferably between 30 watts and
1000 watts, most preferably between 50 watts and 200 watts, most preferably of all between 70

watts and 130 watts. The second generator 24 likewise delivers a power between 1 watt and 100000
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The contact areas 3, 4 still have a relatively wide distance, especially dictated by the water which is
present between the contact areas 3, 4, after mak ng contact in the stage shown in Figures la or Ib.
Accordingly the existing bond strength is relatively low and is roughly between 100 mJ/cm2 and 300
mJ/cmz2, especially more than 200 mJ/cm2. In this connection the prior plasma activation plays a
decisive part, especially due to the increased hydrophilicity of the plasma-activated first contact area 3
and a smoothing effect which is caused by the plasma activation. The process which is shown in
Figure 1 and which is called prebond can preferably proceed at the ambient temperature or a
maximum 50C. Figures 3a and 3b show a hydrophilic bond, the SiO-Si bridge arising with splitting of

water by Qi terRingIedsHHACces whhe MocesseR dnsFigesrde-and fadash mughty 320 bost room
temperature. At 50C roughly 60 h. The state in Figure 3b occurs at the indicated temperatures without

producing,the reseMeEAHRHRSREXCISwR dnd 20BMeaRZN LEHAT) afeaDawddn 20 melesules are
formed and provide at least partially for further filling in the reservoir 5 to the extent there is still free
space. Thegokhet H20 molecules are removed. In the step according to Figure 1 roughly 3to 5
individual layers of OH groups or H20 are present and | to 3 monolayers of H20 are removed or
accommodated Am theutgisemaiit ambee2stepcactiosdingigo:E igbkesk i stepiacceordidg ito Figure
3a. In the step shown in Figure 3a the hydrogen bridge bonds are now formed directly between
siloxane grauipsugs whiesultwiwbichialsirongéndoio-foCecaribesatd hisestsaws tampgomtddttBas 3, 4
more strongly to one another and reduces the distance between the contact areas 3, 4. Accordingly
there arelowphe bitdc2raddivichibitleyete of-@bhk ghoubsridStiveerr théydomtgenantas 23 &id 24. |n the step
shown in Figure 3b, in turn with deposition of H20 molecules according to the reaction which has been
inserted below, Tovaidntticemipeuadbamithe2fOires of Bibeistagraspersie Rdwformadeioéthreen! fife contact
areas 3, 4 which lead to a much stronger bond force and require less space, so that the distance
between Tie contaclerdastBosdd fuetbet 2ederosthgAtivfihafitaerpinion di vistire@grovn in Figure 3
is reached as a result of the contact areas 3,4 directly meeting one another: Si-OH + HO-Si S
-0-Si+H2betwedn 988 bidieasd d gpeeidiia pecterahly hstirrsidhBriHe radd RSP Karmasgusially of the
additional reservoir '), it is not necessary to unduly increase the temperature, rather to allow it to
proceed EVprEtYdsHYtenipidig Al éy%‘@%ﬁ@ﬁ%ﬁ%&?@ﬁﬁ(&éﬁ@w g Sfocess steps
according to Figure la or |b to Figure 4 is possible. In the method step shown in Figure 5, the
temperalIPE1eEp Bl R8LeH TR AR SO e [HfchaBIg TP HANIRY SB0C. even

more preferably to a maximum 200C, most preferably to a maximum 100C, most preferably of all not

above ro8nh feﬁ‘iﬂé%%ﬁ%?ﬂ%f?@%ﬁﬁt%ﬁeﬂkw’é%@ ©r permanent bond between the first and the

second contact area. These temperatures which are relafively low, in contrast to the prigr art, are only
possible becaude e PESER B ?ﬂé%é%%l&‘ﬂ?‘%ﬁﬁoﬁ%%@%ﬁﬁ%’} %%Wﬁi@rs Cthe first

educt for the reaction, Shown i FIgLre 8055 ¢, vetween 0.001 kidz and 100000 Kz, preferably

between 0.01 kHz and 10000 kHz, even more preferably between 0.1 kHz and 1000 kHz, most
preferably exactly 400 kHz and an amplitude between 0.001 A and 10000 A, preferably between
(.01 A and 1000 A, more preferably between 0.1 A and 100 A, most preferably between 1 A and 10
A,

In another embodiment according to Figure 11 the plasma to be produced is produced in a
{remote) plas#na chamber 20". All disclosed parameters for the capacitively and/or inductively
coupled plasma apply analogously.

Figure 12 schematically shows the pore density of the plasma which has been produced as
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Si +2H20 Si02 + 2112 By increasing the molar volume and diffusion of the 1-120 molecules,
especially on the interface between the reservoir formation layer 6' and the reaction layer 7 (and
optionally in addition on the interface between the reservoir formation layer 6 and the reaction layer 7°)
a volume in the form of a growth layer 8 grows, due to the objective of minimizing the free Gibbs
enthalpy intensified growth taking place in regions in which gaps 9 are present between the contact
areas 3, 4. The gaps 9 are closed by the increase in the volume of the growth layer 8. More
specifically: At the aforementioned slightly increased temperatures, H20 molecules diffuse as the
first educt from the reservoir 5 (or the reservoirs 5, 5') to the reaction layer 7 (and optionally 7). This
diffusion gan-ake place.either aa Ristirestsontarbef thewesarainiarsatandayes 6v@ewhiah has been
formed as oxide layers with the respective reaction layer 7, 7' (or growth layer 8) or via a gap 9 or from
a gap 9 whichisinrasen betweahiiheioxidadayers: fhere isilivansdigxiderdhesaiore a chemical
compound with a greater molar volume than pure silicon, is formed as a reaction product 10 of the
aforementionedirgasiietidigmdithargeatinadayeing. «d e siliconidicidediroms, anathiitinteliface of the
reaction layer 7 with the growth layer 8 and/or the reservoir formation layer 6, 6' and thus shapes the
growth layeRntichchas subemefofethe specidkypraschatvd oxpdemthentirattiepaidhe gaps 9. Here
H20 molecules from the reservoir are also required. Due to the existence of the gaps which are in
die nanorietétarmngdy thighalis phepogsiitiopofisuiding ebttetgrowth layer 8, as a result of which
stresses on the contact areas 3,4 can be reduced. In this way the distance between the contact areas
3, 4 is reduced, Asdaiesdlichainictntios acthrevebritace swavandaenueivelicnd swrsisgis afe further
increased. The weld connection which has arisen in this way, which closes all pores, and which forms
over the &rtirenlvatferniictrerasyol tidpiethls i thepeiasnivisieiars fsditmg Hot irendd,
fundamentally contributes to increasing the bond force. The type of bond between the two amorphous
silicon oxigeosingaeEsswiiEHmtee wrerieeitErERAIgR SISO 128 P Eroier B BESVRIEHHTBSRY: ionic portion.
The aforementioned reaction of the first educt (H20) with the second educt (Si) takes place in the
reaction [HyeerAhsssesgiy GURagoR P efention W ok Wéﬁﬁfé}mtﬁ‘é%ﬁ%ﬁtﬁérage

distance B between the first contact area 3 and the reaction layer 7 is as small as possible.
second group of educts directly adjoin one another. Plasma tréatment with N, ions with the
aforementioned ion energy vields an average thickness R of the reservoir 5 of roughly 15 nm, the
ions forming channels or pores in the reservoir formation layer 6.

Between the reservoir formation layer 6 and the reaction layer 7 there is a growth layer 8 on
the second substzate 2 which can be at the same time at least partially the reservoir formation layer
6'. Accordingly there can additionally be another growth layer between the reservoir formation layer
6' and the reaction layer 7'

Likewise the reservoir 5 (and optionally the reservoir 5% is filled at least largely with HyO as
the first educt prior to the step shown in Figure 1 and after plasma treatiment. Reduced species of
the ions present in the plasma process can also be located in the reservoir, especially Oz, Na, Hy, Ar.

Before or after the formation of the reservoir/reservoirs 5, 5, in any case prior to contact-
making of the substrates 1, 2, the growth layer 8 (and optionally the other growth layer) is thinned

by etching (here after the formation of the reservoir 5, see Figure 2). In this way the average
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Therefore the pretreatment of the first substrate 1 and the selection/pretreatment of the second
substrate 2 which consists of a reaction layer 7 of silicon and a native oxide layer as thin as possible
as a growth layer 8 are decisive. A native oxide layer as thin as possible is provided as claimed in the
invention for two reasons. The growth layer 8 is very thin, especially due to thinning provided as
claimed in the invention, so that it can bulge through the newly formed reaction product 10 on the
reaction layer 7 toward the reservoir formation layer 6 of the opposite substrate 1, which reservoir
formation layer is made as an oxide layer, predominantly in regions of the nanogaps 9. Furthetiore,
diffusion paths as short as possible are desired in order to achieve the desired effect as quickly as

possible and.al.hieERER IS A3 1R WoasROsSIN G T he fistrubatiate likewise spaRisiseimsiicon

layer and an oxide layer produced on it as a reservoir formation layer 6 in which a reservoir 5 is formed

at least patialyy,of complatels advahReLRR8 velimEonihe pasarvoirs 5, 5) as claimed in the invention is
filled at least with the amount of the first educt which is necessary to close the nanogaps 9 so that an

optimum growthrgf thaaroxyiasiayekdicandakelplack i@ esadie epegapsinal neasshort as
possible and/or at a temperature as low as possible. Reference number list first substrate 2second
substratey3fissticpriast aEefedsaconth@oniaat dr@afier making contact in the stage shown in Figures

1a or 1b. Accordingly the existing bond strength is relatively low and is roughly between 100

mJ/cm? and 300 mJ/em?, especially more than 200 ml/em®. In this connection the prior plasma

activation plays a decisive part, especially due to the increased hydrophilicity of the plasma-

activated first contact area 3 and a smoothing effect which is caused by the plasma activation.

The process which is shown in Figure 1 and which is called prebond can preferably proceed
at the ambient temperature or a maximum 50°C. Figures 3a and 3b show a hydrophilic bond, the Si-
(-Si bridge arising with splitting of water by ~OH terminated surfaces. The processes in Figures 3a
and 3b last roughly 300 h at room temperature. At 50°C roughly 60 h. The state in Figure 3b ocours
at the indicated temperatures without producing the reservoir 5 (or reservoirs 5, 57).

Between the contact areas 3, 4 H,O molecules are formed and provide at least partially for
further filling in the reservoir 5 to the extent there is still free space. The other H,O molecules are
removed. In the step according to Figure 1 roughly 3 to 5 individual layers of OH groups or HyO are
present and 1 to 3 monolayers of H,O are removed or accommodated in the reservoir 5 from the
step according to Figure 1 to the step according to Figure 3a.

In the step shown in Figare 3a the hydrogen bridge bonds are now formed directly between
siloxane groups, as a result of which a stvonger bond force arises. This draws the contact areas 3, 4
more strongly to one another and reduces the distance between the contact areas 3, 4. Accordingly

there are only 1 to 2 individual layers of O} groups between the contact areas 1, 2.
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5, 5'reservoir 6, 6'reservoir formation layer 7, 7reaction layer 8growth layer 9nanogaps 10reaction
product 11first profile 12second profile 13sum curve

In the step shown in Figure 3b, in turn with deposition of H,O molecules according to the
reaction which has been inserted below, covalent compounds in the form of silanol groups are now
formed between the contact areas 3, 4 which lead to a much stronger bond force and require less
space, so that the distance between the contact areas 3, 4 is further reduced until finaily the
minimum distance shown in Figure 3 is reached as a result of the contact areas 3, 4 directly meeting
one another:

Si-OH + HO-51 ¢+ Si-O-8i+H;0

Up to stage 3, especially due to the formation of the reservoir 5 (and optionally of the
additional reservoir 59, it is not necessary to unduly increase the temperature, rather to allow it to
proceed even at roor temperature. In this way an especially careful progression of the process steps
according to Figure Ia or 1b to Figure 4 is possible.

In the method step shown in Figure 5, the temperature is preferably increased to a maximum
500°C, more preferably to a maximum 300°C, even more preferably to a maximum 200°C, most
preferably to a maximum 100°C, most preferably of all not above room temperature in order to
form an irreversible or permanent bond between the first and the second contact area. These
temperatures which are relatively low, in contrast to the prior at, are only possible because the
reservoir 5 (and optionally in addition the reservoir 57) encompasses the first educt for the reaction
shown in Figure 6 and 7

Si+ 2H;0 — Si0; + 2H,

By increasing the molar volume and diffusion of the HyO molecules, especially on the

interface between the reservoir formation iayer 6' and the reaction layer 7 (and optionally in

addition on the interface between the reservoir formation layer 6 and the reaction layer 7 & volume
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20, 20', 20"plasma chamber 21first electrode 22second electrode 23first generator 24second
generator 25substrate holder 26coil 27substrate chamber for remote plasma

in the form of a growth layer 8 grows, due to the objective of minimizing the free Gibb's enthalpy
intensified growth taking place in regions in which gaps 9 are present between the contact areas 3,
4, The gaps 9 are closed by the increase in the volume of the growth layer 8. More specifically:

At the aforementioned slightly increased temperatures, HyO molecules diffuse as the first
educt from the reservoir 5 (or the reservoirs 3, 57 to the reaction layer 7 (and optionally 7%). This
diffusion can take place either via a direct contact of the reservoir formation layer 6, 6' which has
been formed as oxide layers with the respective reaction layer 7, 7' (or growth layer 8) or viaa gap 9
or from a gap 9 which is present between the oxide layers. There, silicon dioxide, therefore a
chemical compound with a greater molar volume than pure silicon, is formed as a reaction product
10 of the aforementioned reaction from the reaction layer 7. The silicon dioxide grows on the
interface of the reaction layer 7 with the growth layer 8 and/or the reserveir formation layer 6, &'
and thus shapes the growth layer 8 which has been formed especially as native oxide in the
direction of the gaps 9. Here H>O molecules from the reservoir are also required.

Due to the existence of the gaps which are in the nanometer range, there is the possibility of
bulging of the growth layer 8, as a result of which stresses on the contact areas 3, 4 can be reduced.
In this way the distance between the contact areas 3, 4 is reduced, as a resuit of which the active
contact area and thus the bond strength are further increased. The weld connection which has arisen
in this way, which closes all pores, and which forms over the entire wafer, in contrast to the
products in the prior art which are partially not welded, fundamentally contributes to increasing the
bond force. The type of bond between the two amorphous silicon oxide surfaces which are welded
to one another is a mixed form of a covalent and ionic portion.

The aforementioned reaction of the first educt (H.O) with the second educt (8i) takes place
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28induced plasma 29de voltage source Aaverage thickness average distance average thickness f2first
frequency f22second frequency Claims 1. A method for bonding of a first contact area (3) of a first
substrate (1) to a second contact area (4) of a second substrate (2), the second substrate (2) having at
least one reaction layer (7), with the following steps, especially the following sequence:

in the reaction layer 7 especially quickly or at temperatures as low as possible to the extent an
average distance B between the first contact area 3 and the reaction layer 7 is as small as possible.

Therefore the pretreatment of the first substrate 1 and the selection/pretreatment of the
second substrate 2 which consists of a reaction layer 7 of silicon and a native oxide layer as thin as
possible as a growth layer 8 are decisive. A native oxide layer as thin as possible is provided as
claimed in the invention for two reasons. The growth layer 8 is very thin, especially due to thinning
provided as claimed in the mvention, so that it can bulge through the newly formed reaction product
10 on the reaction layer 7 toward the reservoir formation layer 6 of the opposite substrate 1, which
reservoir formation layer is made as an oxide layer, predominantly in regions of the nanogaps 9.
Furthermore, diffusion paths as short as possible are desired in order to achieve the desired effect as
guickly as possible and at a terperature as low as possible. The first substrate 1 likewise consists of
a silicon layer and an oxide layer produced on it as a reservoir formation fayer 6 in which a
reservoir 5 is formed at least partially or completely.

The reservoir § (or the reservoirs 5, 3 as claimed in the invention is filled at least with the
amount of the first educt which is necessary to close the nanogaps 9 so that an optimum growth of
the growth layer 8 can take place to close the nanogaps 9 in a time as short as possible and/or at a

temperature as low as possible.
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receiving the substrates (1, 2) into a plasma chamber (20, 20") or into a substrate chamber (27) which
is connected to a plasma chamber (20"), the plasma chamber (20,20', 20") having at least two
generators (23, 24) which can be operated with different frequencies (f21, f22), especially are operated
with different frequencies (f?i, f22) for producing the plasma, formation of a reservoir (5) in a reservoir
formation layer (6) on the first contact area (3) by applying a plasma which has been produced in the
plasma chamber (20, 20', 20") to the first contact area (3), at least partial filling of the reservoir (5) with
a first educt or a first group of educts, making contact of the first contact area (3) with the second
contact area (4) for formation of a pre-bond interconnection, formation of a permanent bond between
the first and second contact area (3, 4) at lpastaadialhstrgggthened by the reaction of the first educt
with a second educt which is contained in the reaction layer (7) of the second substrate (2). 2. The
method as claimed in Claim }-wheasaiathe first frequency (f21) is between 1 Hz and 20 MHz,
especially between 1 kHz and 1 MHz, preferably between 10 IcHz and 800 kHz, even more preferably
between 800 kHz and 500 kHz;suadygssthesfirst electrode (21) can be set in a first frequency range | Hz
and 20 MHz, especially between 1 Id-Iz and 1 MHz, preferably between 10 kHz and 800 kHz, even
more preferably between 30Gildtzoand: 206 kHz.

4 second contact area

55 TeServolr

6, 6' reservoir formation layer
7,7 reaction layer

8 growth layer

Y nanogaps

10 reaction product

11 first profile

12 second profile

13 sum curve

20,207, 20" plasma chamber

21 first electrode

22 second electrode

23 first generator

24 second generafor

25 substrate holder

26 coil

27 substrate chamber for remeote plasma
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3. The method as claimed in Claim 1 or 2, wherein the second frequency (fry) is between 1 Hz and 20
MHz, especially between 1 kHz and 1 MHz, preferably between 10 kHz and 800 kHz, even more
preferably between 30 IcHz and 50 kHz, and/or the second electrode (21) can be set in a second
frequency range 1 Hz and 20 MHz, especially between 1 kHz and 1 MHz, preferably between 10 kHz
and 800 kHz, even more preferably between 30 kHz and 50 kHz. 4. The method as claimed in one
of the preceding claims, wherein a voltage amplitude of the first and/or second electrode (21, 22) is
between 1 V and 1000 V, especially between 100 V and 800 V, preferably between 200 V and 600 V,
even more preferably between 300 V and 500 V. 5. A method for bonding of a first contact area
(3) of a fipgt substrate (1) to awReengieantact area (4) of a second substrate (2), the second substrate
(2) having a least one reaction layer (7), with the following steps, especially the following sequence:
receivingzie substrates into dnsiaagiveieceoupled plasma chamber, formation of a reservoir (5) in a
reservoir formation layer (6) on the first contact area (3) by exposing the first contact area (3) to a
plasma which has been produeedspyhinkans of inductive coupling of the coil (26), a first frequency
(f2E) different from a second frequency (f22) of a second generator (24) being applied on a first
generatoB(23) during plasmasprogactiomaet least partial filling of the reservoir (5) withst educt or a first
group of educts, making contact of the first contact area (3) with the second contact area (4) for
forming apre-bond interconnestiage, thickness

a1 first frequency

T2 second frequency
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formation of a permanent bond between the first and second contact area (3, 4) at least partially
strengthened by the reaction of the first educt with a second educt which is contained in the reaction
layer (7) of the second substrate (2). 6. The method as claimed in Claim 1 or 5, wherein the
frequency (fil) of the first generator (23) is between 0.001 kHz and 100000 kHz, preferably between
0.01 kHz and 10000 kHz, more preferably between 0.1 kHz and 1000 kHz, most preferably exactly
400 kHz and/or the second generator (24) can be set in a frequency range between 0.001 kHz and
100000 kHz, preferably between 0.01 kHz and 10000 kHz, more preferably between 0.1 kHz and 1000
kHz, 7. A device for bonding of a first contact area (3) of a first substrate (1) to a second contact
area (4) of a second substrate (2), the second subpgisate (2) having a least one reaction layer (7) with
the following features: a bonding chamber (20, 201, 27), a first electrode (21) and a second electrode
(22) which is located opposite, receiving means for receiving the substrates (2, 3) between the first
electrode (21) and the second electrode (22), reservoir formation means for forming a reservoir (5) in
a reservoir formatigrnlayed (&) wndhg irst tentaatatase{3) yrexpasiogthefiisteantachdrendd) to a

plasma which has been produced by means of capacitive coupling of the electrodes (21, 22), and a
first frequescys{fatl) whieh istditiessnl, ocasdcaba freqRiehey ({22 ) aithecsesai &lgat(drle (22) can
be applied on the first electrode (21) during the plasma production,

with the following steps, especially the following sequence:

- receiving the substrates (1, 2) into a plasma chamber (20, 20") or into a substrate chamber
(27) which is connected to a plasma chamber (20"}, the plasma chamber (20, 20/, 20"}
having at least two generators (23, 24) which can be operated with different frequencies (f21,
f2), especially are operated with different frequencies (f21, f,) for producing the plasma,

- formation of a reservoir (5} in a reservoir formation layer (6) on the first contact area (3) by
applying a plasma which has been produced in the plasma chamber (20, 20", 20") to the first
contact area (3), |

- at least partial filling of the reservoir (5) with a first educt or a first group of educts,

- making contact of the first contact area (3) with the second contact area (4) for formation of
a pre-bond interconnection,

- formation of a permanent bond between the first and second contact area (3, 4) at least
partially strengthened by the reaction of the first educt with a second educt which is
contained in the reaction layer (7) of the second substrate (2).

2. The method as claimed in Claim 1, wherein the first frequency (f3) is between 1 Hz and

20 MHz, especially between 1 kHz and 1 MHz,. preferably between 10 kHz and 800 kHz, even

more preferably between 300 kHz and 500 kHz, and/or the first electrode (21) can be set in a first

frequency range I Hz and 20 MHz, especially between 1 kHz and 1 MHz, preferably between 10
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means for making contact of the first contact area (3) with the second contact area (4) for forming a
pre-bond interconnection. 8. The device as claimed in Claim 7, wherein the first and/or the second
frequency (f21, f22) are adjustable. 9. A device for bonding of a first contact area (3) of a first
substrate (1) to a second contact area (4) of a second substrate (2), the second substrate (2) having a
least one reaction layer (7) with the following features: a bonding chamber (20, 20, 27), a coil (26),
receiving means for accommodating the substrates (2, 3) within the coil (26), reservoir formation
means for forming a reservoir (5) in a reservoir formation layer (6) on the first contact area (3) by
exposing the first contact area (3) to a plasma which has been produced by means of capacitive

coupling gfithg.eleairedes. (24 ndsd Redanly Helipquenoktiz hwhiphis different from a second
frequency (f22) of the second electrode (22) can be applied on the first electrode (21) during the
plasma producti®nphe method as claimed in Claim 1 or 2, wherein the second frequency (£) is between 1

Hz and 20 MHz, especially between 1 kHz and 1 MHz, preferably between 10 kHz and 800 kHz,

even more preferably between 30 kHz and 50 kHz, and/or the second electrode (21) can be setin a

second frequency range 1 Hz and 20 MHz, especially between | kHz and 1 MHz, preferably

between 10 kHz and 800 kHz, even more preferably between 30 kHz and 50 kHz.

4. The method as claimed in one of the preceding claims, wherein a voltage amplitude of
the first and/or second electrode (21, 22) is between 1 V and 1000 V, especially between 100 V and
800 V, preferably between 200 V and 600 V, even more preferably between 300 V and 500 V.

5. A method for bonding of a first contact area (3} of a first substrate (1) to a second contact
area (4) of a second substrate (2), the second substrate (2) having a least one reaction layer (7), with
the following steps, especially the fellowing sequence:

- receiving the substrates into an inductively coupled plasma chamber,

- formation of a reservoir (5) in a reservoir formation layer (6} on the first contact area (3) by
exposing the first contact area (3) to a plasma which has been produced by means of
inductive coupling of the coil (26), a first frequency (£5) different from a second frequency
(f22) of a second generator (24} being applied on a first generator (23) during plasma
production,

- at least partial filling of the reservoir (8) with a first educt or a first group of educts,

- making contact of the first contact area (3) with the second contact area (4) for forming a

pre-bond interconnection,

- formation of a permanent bond between the first and second contact area (3, 4) at least
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means for making contact of the first contact area (3) with the second contact area (4) for forming a
pre-bond interconnection. 10. The device as claimed in Claim 9, wherein the first and/or the
second frequency (f21, f22) are adjustable. 11. The method as claimed in at least one of Claims 1
to 6, wherein the method is carried out in a bonding chamber and the bonding chamber at least in the
formation of the reservoir (5) is exposed to a chamber pressure between 0.1 and 0.9 mbar, especially

less than 0.7 mbar, preferably less than 0 5 mbar, even more preferably less than 0.3 mbar. 12.
The method as claimed in at least one of Claims 1 to 6 or 11, wherein 02 gas and/or N, gas and/or Ar
gas predominates in the bonding chamber at least when the reservoir (5) is being formed. 13. A

device for bondingafia difst aaatactateatArfofitat swhskate «lhwsaceeeend.comtastarea (4) of a
second substrate (2), the second substrate (2) having a least one reaction layer (7) with the following

features: a plaspgshaininend 28h0:er RiedusipiRRlRsMBsihg-Rtagya chamber (20") having at least
two generators (23, 24) which can be operated with different frequency (f21, f22), especially are

operated with difenentfeauesciesda i Aahifargreducirgntie plagmayatbooding fthagebant®7) which
is connected to the plasma chamber,
(23) is between 0.001 kHz and 100000 kHz, preferably between 0.01 kHz and 10000 kHz, more
preferably between 0.1 kHz and 1000 kHz, most preferably exactly 400 kHz and/or the second
generator {24) can be set in a frequency range between 0.001 kHz and 100000 kHz, preferably
between (.01 kHz and 10000 kHz, more preferably between 0.1 kHz and 1000 kiHz.
7. A device for bonding of a first contact area (3} of a first substrate (1) to a second contact

area (4) of a second substrate (2), the second substrate (2) having a least one reaction layer (7) with

the following features:

a bonding chamber (20, 20°, 27),

- a first electrode (21) and a second electrode (22) which is located opposite,

- receiving means for receiving the substrates (2, 3) between the first electrode (21) and the
second electrode (22),

- reservoir formation means for forming a reservoir (5) in a reservoir formation layer (6) on
the first contact area {3) by exposing the first contact area (3) to a plasma which has been
produced by means of capacitive coupling of the electrodes (21, 22), and a first frequency
(f2;) which is different from a second frequency (f22) of the second electrode (22) can be
applied on the first electrode (21) during the plasma production,

- means for making contact of the first contact area (3) with the second contact area (4) for

forming a pre-bond interconnection.

8. The device as claimed in Claim 7, wherein the first and/or the second frequency (f21, f22)
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reservoir foiiiiation means for forming a reservoir (5) in a reservoir formation layer (6) on the first
contact area (3) by exposing the first contact area (3) to a plasma which has been produced in the
plasma chamber (20"), means for making contact of the first contact area (3) with the second contact
area (4) for forming a pre-bond interconnection. 14. The device as claimed in Claim 1 or 13,
wherein a closable opening is located between the plasma chamber (20") and the bonding chamber
(27).
are adjustable.
9, A device for bonding of a first contact area (3) of a first substrate (1) to a second contact
area (4) of a second substrate {2, the second substrate (2) having a Ieast one reaction layer (7) with
the following features:
- a bonding chamber (20, 20', 27),
- a coil (26),
- receiving means for accommodating the substrates (2, 3) within the coil (26),
- reservoir formation means for forming a reservoir (5) in a reservoir formation layer (6) on
the first contact area (3) by exposing the first contact area {3) to a plasma which has been
produced by means of capacitive coupling of the electrodes (21, 22), and a first frequency
(£2;) which is different from a second frequency (f22) of the second electrode (22) can be
applied on the first electrode (21) during the plasma production,
- means for making contact of the first contact area (3) with the second contact area (4) for
forming a pre-bond interconnection.
10. The device as claimed in Claim 9, wherein the first and/or the second frequency (f21, £22)
are adjustable.
11. The method as claimed in at least one of Claims 1 to 6, wherein the method is carried
out in a bonding chamber and the bonding chamber at least in the formation of the reservoir (5) is
exposed to a chamber pressure between 0.1 and 0.9 mbar, especially less than 0.7 mbar, preferably
less than 0.5 mbar, even more preferably less than 0.3 mbar.

12. The method as claimed in at least one of Clairns 1 to 6 or 11, wherein O, gas and/or N,

gas and/or Ar gas predominates in the bonding chamber at least when the reservoir (5) is being
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formed.

13. A device for bonding of a first contact area (3) of a first substrate (1) to a second contact
area (4) of a second substrate (2), the second substrate (2) having a least one reaction layer (7) with
the following features:

- a plasma chamber (20") for producing 4 plasma, the plasma chamber (20") having at least
twa generators (23, 24) which can be operated with different frequency (f21, f2), especially
are operated with different frequencies (£25, f22) for producing the plasma,

- a bonding chamber (27) which is connected to the plasma chamber,

- reservoir formation means for forming a reservoir {5} in a reservoir formation layer (6) on
the first contact area (3) by exposing the first contact area (3) to a plasma which has been
produced in the plasma chamber (20),

- means for making contact of the first contact area (3) with the second contact area (4) for
forming a pre-bond intercounection.

14. The device as claimed in Claim 1 or 13, wherein a closable opening is located between

the plasma chamber (20"} and the bonding chamber (27}
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