Method for Permanent Bonding of Wafers Specification This invention relates to a method for
bonding of a first contact surface of a first substrate to a second contact surface of a second substrate
as claimed in Claim 1.  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 surfaces of the substrates. There are various approaches
and production methods for this in the prior art.  The known production methods and the
approaches which have been f¥irsvstfes Bermanat RendingeE8Hafethich cannot be reproduced or can
be poorly reproduced and which can hardly be applied especially to altered conditions. In particular
production methods which used at present oftefFia49/h temperatures, especially > 400C in order to
ensure reproducible results. Technical problems such as high_energy consumption_and possible
destruction of structuiréis ipHraHarElsresER Bathed Libondes ?E%ﬁﬁs?ﬁﬂ%ﬁé%ﬁet%ﬁ’p{érﬁétures of
partially far above 300C which have been necessary to date for a high bond force. WO 01/61743 A

shows SRTERBE foPIARIERTIRTITAE GhaRGORY PRSI 6 At HETREHL e S shown in US
2003/0089950 Al, Us 2002/0048900 Al, US 2008/0006369 Al, US 5 451 547 @, EP 0584 778 A2, US
5 427 638 and DRI EEEEBIPTRHBE YT IS SO R RO TR S SHIRAIE: 'S HOMLERE-8%line compatibility.

This is defined as the compatibility of the process during the production of the.electricall
interconnection which%s as strgng and egpeciaﬁy asuirregersglg as posm%?e, fhaarefore aﬁ'ugﬁ Ib%nd

force, between the two contact surfaces of the substrates. There are various approaches and
production methods for this in the prior art.

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

Technical problems such as high energy consumption and 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.

WO 01/61743 A shows a method for low temperature bonding. Further bonding methods
are shown m US 2003/0089950 A1, Us 2002/0048900 A1, US 2008/0006369 Al, U“S 5451 547 A,
EP 0 584 778 A2, US 5427 638 and JP 5 166690 A

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
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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 the chemical
elements (mainly in CMOS structures) and mechanical loadability, mainly by the',al stresses. - low
contamination. - no application of force. = 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.QiNast gﬁfﬁisom%'&H&Bib'%ltQﬁfﬁéﬁfﬁ(ﬁﬁaﬂﬁymtm%ﬁ%%ﬁ%ﬁ%0” of a
permanent bond with a bond force which is as high as possible.  This object is achieved with the
features of ClaipuiniAdvaniagearsdevelepmeants 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-wathightaeframework of the invention. At the given value ranges, values within the indicated
limits will also be disclosed as boundary values and will be claimed in any combination. ~ The basic
idea of this ipyapiiam isri@devise a reservoir for holding a first educt at least on one of the substrates,
to react it after making contact or producing a temporary bond between the substrates with a second

educt which isThrerdatilnihe otheisubsitatedandibhtesie:for eatmisieyensblenonpesmepant bond
between the substrates. Before or after forming the reservoir in one surface layer on the first contact

surfacefigene alvclsanvfgheffHiars whsinbibrobgdbstrateshaspadiaiiiigy a flushing step, occurs. This
cleaning should generally ensure that there are no particles on the surfaces which would result in
unbonded site¥Fhd big ¢asenndirianatibe ie duct foontadsdkire tihetheddovobrébrhpradeaivaiedlapossibility for
inducing a reaction which strengthens the permanent bond and which increases the bond speed in a
controll@ermraneneradiderilly obainbfcontabicbusfackgiaftepossible.
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 disclosed as boundary values
and will be claimed in any combination.
The basic idea of this invention is to devise a reservoir for holding a first educt at least on
one of the substrates, to react it afier making contact or producing a temporary bond between the
substrates with a second educt which is present in the other substrate, and thus to form an
irreversible or perrhanent bond between the substrates. Before or after forming the reservoir in one
surface layer on the first contact surface, 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
surfaces which would result in unbonded sites. The reservoir and the educt contained in the

reservolr form a technical possibility for inducing a reaction which strengthens the permanent bond

and which increases the bond speed in a controlled manner directly on the contact surfaces after



producing the temporary or reversible bond, especially by deforming at least one of the contact
surfaces by the reaction, preferably the contact surface which is opposite the reservoir. 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 surfaces 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

guidelingyalegs therpbend strengths ol aidrespenacivaied. mdsopilized sliegp Witk foughly 100

mJ/m2 and of pure, plasma-activated hythophilized silicon with roughly 200 - 300 mJ/m2 are
menti0r@ﬁfﬂ&%ﬁfﬁ@&@&%ﬁ?ﬁé@&ﬁbﬁ%@@ﬁ%@%&wﬁa@grﬁig&mf@ﬁi@%&%ﬁ@ the van-der-Waals

interactions between the molecules of the different permanent dipole moments, are suitable for

enabling prebgndmbetwraaim@ders. [dhadalaning Shamisab CRMPAYRID A MERIQRed as interconnect
agents by way of example, but not limited thereto - water - thiols - AP3000 - silanes and/or - silanols.

Suitablessisasteatasrasclrimad podbipiinw@Riianias otfosecwhprsmoe aldgailadaitpanimscan educt
with another supplied educt to form a product with a higher molar volume, as a result of which the

formatiaheajoatgrosnitudayef the thiessuestiieprebaibackniie iedlowingtbopipinaitansoate especially
advantageous, to the left of the arrow the educt being named and to the right of the arrow,
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 mJ/m? and of pure, plasma-activated hydrophilized silicon
with roughly 200 - 300 mJ/m? are mentioned. The prebonds between the molecule-wetted
substrates, mainly due to the van-der-Waals interactions between the molecules of the different
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 invention are those whose material is able fo 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 named in particular: - Si ->
Si02, Si3N4, SiN,c0y - Ge -> Ge02, Ge5N4 - a-Sn ->5n02 - B -> B203, BN - Se -> Se02 - Te -> Te02,
Te03 - Mg -> MgO, Mg3N2 - Al Al203, AIN

the product/products, without the supplied educt or byproducts which react with the educt being
named in particular:

- 81 — 810y, SizNy, SIN,Oy

- Ge — GeOy, GesNy

- =S — SnO,

-B — By03, BN

- Se — Se()s

- Te — TeO,, TeO,

- Mg — MgO, Mg:N,

- Al — ALO;, AIN

- Ti ~ TiO,, TIN

-V —=V,0s

- Min — MnO, MnQO;, Mn,(;, Mna(O7, Mns Oy
- Fe — FeO, Fex(s, Fe;0y4

-Co — Co0, Co304,

~ Ni — Ni0, NixO;

- Cu — CuO, Cu;0, CuzN

-Zn— 7Zn0O

« Cr — CrN, Cry3Ce, CnaC, CryCs, CraCy
- Mo — MosCy

-Ti— TiC

-Nbh — Nb4C3



- Ti Ti02, TiN -V -> V205 - Mn -> MnO, Mn02, Mn203, Mr1207, Mr1304 - Fe -> FeO, Fe203, Fe304 -
CO -> COO, CO304, - Ni NiO, Ni203 - Cu -> CuO, Cu20, Cu3N - Zn -> ZnO - Cr -* CrN, Cr23C6,
Cr3C, Cr7C3, Cr3C2 - Mo Mo3C2 - Ti -> TiC - Nb -> Nix4C3

-Ta — TayCy
-Zr — ZrC
- Hf — HfC
-V = V4Cs, VC
- W — WoC, WC
- Fe — FesC, Fe,Cs, Fe,C

The following mixed forms of semiconductors as substrates are also conceivable:
- .III-V: GaP, GaAs, InP, InSb, InAs, GaSb, GaN, AIN, InN, Al,Ga,As, In,Ga,,N
- IV-1V: SiC, SiGe,
- HI-1V: InAlP,
- nonlinear optics: LiNbQO;, LiTa0;, KDP (KH2POy)
- solar cells: CdS, CdSe, CdTe, CulnSe,, Culn(GaSe;, CulnS,, CulnGaS,
- conductive oxides: Iny,SnxOs.y

As clammed i the invention, on at least one of the wafers and directly on the respective
contact surface there is a reservoir 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, Hy0,
N2, NH3, HyO,, efc. 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 surfaces 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 surface increases

and thus the bond force as claimed in the invention rises accordingly.



- Ta->TadC3 - Zr ZrC - Hf -> HfC - -+ V4C3, VC - W W2C, WC - Fe Fe3C, Fe2C3, Fe2C The
following mixed forms of semiconductors as substrates are also conceivable: - HI-V: GaP, GaAs, InP,
InSh, InAs, GaSh, GaN, AIN, MN, Al'GaL"As, InxGal_"N - IV-IV: SIC, SiGe, - HI-IV: INAIP,

The contact surfaces conventionally show a roughness with a quadratic roughness (Ry) of
0.2 nm. This corresponds to peak-to-peak values of the surfaces in the range of I 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 to 0.3 nm for a conventional wafer surface of a circular wafer with a diameter of 200 to 300 mm
with 1 monolayer (ML) of water.

As claimed in the invention it is therefore provided in particular that at least 2 ML,
preferably at least 5 ML, even more preferably 10 ML fluid, especially water, is stored in the
TEServoilr.

The formation of the reservoir by exposure to plasma is especially preferable, since plasma
exposure moreover causes smoothing of the contact surface and hydrophilization as synergy effects.
The surface is smoothed by plasma activation predominantly by a viscous flow of the material of
the surface layer. The increase of the hydrophilicity takes place especially by the increase of the
silicon hydroxyl compounds, preferably by cracking of S51-O compounds present on the surface,
such as Si-0O-8Si, especially according to the following reaction:

Si-0-8i + H,0 « 28i0H

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 to 3.

The reservoir in the surface layer on the first contact surface of the first 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 adjust the

conditions necessary for the plasma. As claimed in the invention, for the plasma discharge N, gas,



- nonlinear optics: LINbO3, LiTa03, KDP (KH2PO4) - solar cells: CdS, CdSe, CdTe, CulnSe2,
CulnGaSe2, CulnS2, CulnGaS2 - conductive oxides: In2,Smc031 As claimed in the invention, on
at least one of the wafers and directly on the respective contact surface there is a reservoir 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 02, 03, H20, N2, NH3, 11202, etc. Due to the expansion,
especially dictated by oxide growth, based on the tendency of the reaction partners to reduce system

energy, posaibie-8ans: YRS iantheAyilies REWERIHNG e0RFUITRGRS AR MiiMized Apgl the bond

force is increased accordingly by narrowing the distances between the substrates in these regions. In

the best-gessilbie Gaseuthe SAiSHRBBAPSPRIEs ﬁﬁ%@fé&%@%&%@ma&t@yrsm?&a%?ytﬁpms entire

bonding surface increases and thus the bond force as claimed in the invention rises accordingly.

The coniaghseipras-aapventionally Tt s.rauainessimli Auadr atis rHahngsedRILOf 0.2 tun. This

corresponds to peak-to-peak values of the surfaces in the range of 1 nm These empirical values were

determiprényd natRMmicdaies dBRsEeRYAFDms andbEFBRAMR AniclAiradiimibeinvention is
suitable for allowing the growth layer to grow by 0.1 to 0.3 nm for a conventional wafer surface of a

circular pradecinitthaeiamelieraatRQech BRAALN Withclaimas alayartMbi M maieked wiihelaimed in the
invention it is therefore provided in particular that at least 2 ML, preferably at least 5 ML, even more

preferabiget@i priididcespbaial hequatel pisisiokadThahasasepioierties arberimatiopaf e reservoir by
exposure to plasma is especially preferable, since plasma exposure moreover causes smoothing of

the contact sirfdugiandridysinephitidaticitassimeroys eleatd e strtadengsmndethed fypiasma
activation predominantly by a viscous flow of the material of the surface layer. The increase of the

hydropHibicitsataide sup larcemmspe e lyobyistive o6 s & ofith 8%ilibaarhlycinexd/| Depapting ds tpreferably by
cracking of Si-0 compounds present on the surface, such asespecially according to the following
reactiorissi, O Sie 2O Wil RBiQkhe plasma treatment among others the following ions are present: N+,

Na+, O+, Oxt, Ar+. The first educt can be accommodated in the unoccupied free space.

The reservoir is formed based on the following considerations: The pore size is smaller than
10 nm, preferably smaller than 5 nm, more preferably smaller than 1 nm, even more preferably
smaller than 0.5 nm, most preferably smaller than 0.2 nm.

The pore density is preferably directly proportional to the density of the particles which
produce the pores by striking action, most preferably can even be varied by partial pressure of the
striking species, and depending on the treatment time and the parameter, especially of the plasma
system used.

The pore distribution preferably has at least one region of greatest pore concentration under
the surface, by variation of the parameters of several such regions which are superimposed into a
preferably plateau-shaped region (see Figure 7). The pore distribution decreases toward zero with

increasing 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



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 to 3. The reservoir in the surface layer on the first
contact surface of the first 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 adjust the conditions necessary for the plasma. As claimed in the
invention, for the plasma discharge N2 gas, 02 gas or argon gas with ion energies in the range from 0

to 2000 LYj5 usaHe A3 AESHIHRTWRICH AreseRYol Sraroduced With AHERINOTHPHG.20 nm, preferably

up to 15 nm, more preferably up to 10 urn, most preferably up to 5 nm, of the treated surface, in this

case the;firsbaamactRuRteeAvraimed i iag Lyentiensach RAtslabharAloma ang/or molecules

which are suitable for producing the reservoir can be used. Preferably those atoms and/or molecules
are usegbyhiehotihe rasesvaihfrosusesuiththgrRguIRpreRaTas sTheipalevant properties are mainly
the pore size, pore distribution and pore density. Alternatively, as claimed in the invention gas mixtures
“such as for exappie poOsiFeI Mg GG EaNSisHNE CpA2 YeAvieNdBYer e sasrhansashiPerending on
the gas used, in the reservoir during the plasma treatment among others the following ions are
presentidsthoidibt Broddddd With.pldamdirst educt can be accommodated in the unoccupied free space.
The reservoir is formed based on the following considerations: The pore size is smaller than 10 nm,
preferably smdltertharv&ran tadesi preddrabiyisstiallesthan dopifinev@nomMateigfataldyesmaller than
0.5 nm, most preferably smaller than 0 2 nm  The pore density is preferably directly proportional to
the denSiguct Thboartictpsesdniatiqarofihcedhemoréenyf stitking wotion mass prefsablycan even be
varied by partial pressure of the striking species, and depending on the treatment time and the
paramefencespetibiipaftiriplabyh systesilicseokide [The. forachstihitinpmdiccably fraflet least one
region of greatest pore concentration under the surface, by variation of the parameters of several such
regionshwhishetics sliffeninposédamntoctersr Sy dinl) iptefibali- sirapeoinegidry (see Bigite 7). The pore
distribution decreases toward zero with increasing thickness. The region near the surface during
bombareherieraledia1ps reotedssinlywhibh s8ietmosidid entiveis ey tie pofddbhwity predvdbdaderface. After
the end of plasma treatment the pore density on the surface can be reduced as a result of stress
relaxatiHeHechamiivess PrapeEss distriputiotemithie i ckneps diiecabiheviile weplestislésa surface has
one steep flank and with respect to the bulk a rather flatter, but continuously decreasing flank (see
Figure P)m cuieg ] fehiglyés shasaghasisrodReApsiaiahbcpslaiorshspesiamdhe spataerations apply to

all methods not produced with plasma.
of the injected atoms and/or molecule species is evident. Higher concentrations designate regions
with higher defect structure, therefore more space to accommodate the subsequent educt, A
continuous change of the process parameters which is controlled in a dedicated manner during the
plasma activation makes it possible to achieve a reservoir with a distribution of the added ions over
the depth, which is as uniform as possibie.

As a reservoir, alternatively to a reservoir produced by plasma, the use of a TEQOS

(tetracthyl orthosilicate)-oxide layer on at least one of the substrates, at least the first substrate, is
conceivable. This oxide is generally less dense than thermal oxide, for which reason compaction is

advantageous as claimed in the invention. The compaction takes place by heat treatment with the

objective of setting a defined porosity of the reservoir.



The reservoir can be designed by controlled use and combination of process parameters. Figure 7
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. THhe saiationshin-hetuaamine sencenlalan s Discledalams andiarmolecule

species is evident. Higher concentrations designate regions with higher defect structure, therefore

more sp@,g@cta?%a%amg&ﬁw&qmm@%& DrRRNHRYRYSChaRas: ¥y e RIQARSS Parameters

which is controlled in a dedicated manner during the plasma activation makes it possible to achieve a
reservoisayithspdistibution;af therrddadians.eyerdhe:aepii-adichdsasuniionn gasnassible.  Asa

reservoir, alternatively to a reservoir produced by plasma, the use of a TEOS (tetraethyl

orthosilicate)-oxidectayeion alleasineesafifhesubsirates, Atdeastihedi shasbstiaiends sonceivable.
This oxide is generally less dense than thermal oxide, for which reason compaction is advantageous

as claimegtiwthehinveniianel§ heteantpastinnetaie soiaeedin healdreatment faiib thewaine ativesof setting
a defined porosity of the reservoir. According to one embodiment of the invention, the filling of the
reservoitreadvéakeopiaeefespigcialy advantageously mtfhersameatisnehwith dhe domatian-eftbe reservoir
by the reservoir being applied as a coating to the first substrate, the coating already encompassing the
first edudt.smalldibare@Srrnir is conceivable as a porous layer with a porosity in the nanometer range or
as a layer which has channels with a channel density smaller than 10 nm, more preferably smaller
than 5 nm, evédiimrtereqrefdidioly ittallesdtvair &irim, fimystipeeterabilyt sroafier thiantd, Mt snost
preferably of all smaller than 0.5 rim For the step of filling of the reservoir with a first educt or a first
group ofreflgcts¢usoultiertedawithecinbeditiomtth elfolowingieatbodmmeants;eatgblén combination, are
conceivable: - exposing the reservoir to the ambient atmosphere, - flushing with especially deionized

- water, --frrskhingewitresdiuid: whilbhacaneairmniospbelgct or which consists of especially H20, H202,
NH40H - exposing the reservoir to any gas atmosphere, especially atomic gas, molecular gas, gas
mixtures [lughipasirh ehresdardaniged walksr vapor- or hydrogen peroxide vapor-containing

atmosphere and - depositing a reservoir already filled with the educt as a surface layer on the first
substratdiushing with a fluid which contains the educt or which consists of it, especially H,O, HyOs,

NH40H
- exposing the reservoir to any gas atmosphere, especially atomic gas, molecular gas, gas mixtures,
- exposing the reservoir to a water vapor- or hydrogen peroxide vapor-containing atmosphere and
- depositing a reservoir already filled with the educt as a surface layer on the first substrate.

The following compounds are possible as educts: Oa, O3, N, NH3, H,O, H.0,, and/or
NH4OH.

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 temperatures

and/or via the use of high frequency fields in the MHz range into hydrogen and oxygen.



The following compounds are possible as educts: 02, 03, N2, NH3, H20, H202, and/or NH4O0H.

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 temperatures and/or via the
use of high frequency fields in the MHz range into hydrogen and oxygen. According to one
advantageous embodiment of the invention, it is provided that the formation of the growth layer and

strengthening @EIRRHENISIOIGRARDIAKE RIBSE L AUFIRIGR ehiRE, T SAVRISIIRIA he reaction layer.

According to another advantageous embodiment of the invention it is provided that the formation of the

irreversiple.henddakeslete slp demperatiaiel dnicalivlessiban 200k pdvaniageausipiess than

200C, more preferably less than 150C, even more preferably less than 100C, most preferably at room

temperatidrgsespecialic dw iRg-adpdgeum 12 days, more preferably a maximum 1 day, even more
preferably a maximum 1 hour, most preferably a maximum 15 minutes. Here it is especially

advantageous Afcthediieveisitiehendhasabans.siisag by el dieataiothans b Janligsprcially greater
than 2 J/m2, preferably greater than 2.5 J/m2. The bond strength can be increased especially

advantageaushy ot thatreivergibedsebelienpRsiaineshindhe-iprapiana gnductuita,a greater molar
volume than the molar volume of the second educt is formed in the reaction layer. In this way growth
on the sekandgobsiydde ibaf fEMX, asrapesuittof which.gaps’betwaendhepeatsot eufaces can be
closed by the chemical reaction as claimed in the invention. As a result, the distance between the
contact Biffacemstherefobéy thie@ve tagedistan eepdsisbddeddy anchdeadsides.areminimized. To
the extent the foimation of the reservoir takes place by plasma activation, especially with an activation
frequenpiefosteemidianch 6@Rkdveamdior mabeatdy densitynnetiveen, 0rdFpearferDR watt/cm?2 and/or
with pressurization with a pressure between 0.1 and 0.6 mbar, additional effects such as smoothing of
the contaerisarfadé mmdi@iso a clearly increased hydrophilicity of the contact surface are effected.
Alternatively thereto, the fonnat on of the reservoir as claimed in the invention can take place by using
a tetraethoxy sileneét sxieeetialr aaly shegerfatidhayeey usivip dorstbes p borallstienat of grstied theanner to a

certain porosity. ) ,
1.5 J/m”, especially greater than 2 J/m”, 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 surfaces can be closed by the chemical reaction as
claimed in the invention. As a result, the distance between the contact surfaces, therefore the
average distance, is reduced, and dead spaces are minimized.

To the extent the formation of the reservoir takes place by plasma activation, especially with
an activation frequency between 10 and 600 kHz and/or a power density between 0.075 and 0.2
watt/cm” and/or with pressurization with a pressure between 0.1 and 0.6 mbar, additional effects
such as smoothing of the contact surface and also a clearly increased hydrophilicity of the contact

surface are effected.

LO



According to another advantageous embodiment of the invention it is provided that the surface layer
consists predominantly, especially essentially completely of an especially amorphous, especially
silicon oxide produced by thermal oxidation, and the reaction layer consists of an oxidizable material,
especially predominantly, preferably essentially completely, of Si, Ge, InP, GaP or GaN. An especially
stable reaction which especially effectively closes the existing gaps is enabled by oxidation. Here it
is especially advantageous as claimed in the invention if between the second contact surface and the
reaction layer thrsgis QM a%e SRS R sderinanivahoaty s lireRiR¥ida,dhe growth

layer is subject to growth caused by the reaction as claimed in the invention. The growth takes place
proceedingdiamding iransiinn PR Landwu e iRnsationef RRerahaysRit&anihedeformation
caused thereby, especially bulging, of the growth layer, especially on the interface to the reaction
layer, anendspiesiniivibr iegonsaf gapsidetween the first and the second contact surface. This causes
a reduction of the distance or a reduction of the dead space between the two contact surfaces, as a

result of whichAbevhiinglistiength RebnegecibeivodibhatietasiningRased oiemperatyre between 200
and 400C, preferably roughly 200C and 150C, more preferably a temperature between 150C and

100C, meshqr éfarablysateprpleratuelpetwyecia KOS atuthr complerlperfaiv eeptsigbpaaiaiious,
advantageous. Here it is especially advantageous if the growth layer has an average thickness A
betweer®ctinity sifidod omriprinrdtiedd patiomaf thidaneversible bandod hedhinnestthed growth layer, the
more quickly and easily the reaction takes place between the first and the second educt through the
growth leidizabdpeviativlbssphtfiaijopraicinefingy ephetrthbressghtitily geowlhtthyer &I, the, feBction layer.
According to one embodiment of the invention it is advantageously provided that the formation of the
reservofrid eafridsl dutdspeciadicutable Teastiwontaohinstionléf dieatesdywbisewitheunivamtedpmaterials or
compounds can be avoided. In another embodiment of the invention, it is advantageously provided
that fillirgabiehdyesalatisintakes place by one or more of the steps cited below: - exposing the first
contact surface to the atmosphere, for filling the reservoir with atmospheric humidity and/or oxygen
contained in tHéeaint issepedimly tdaisgesntateisinfiba thedrigition Ashstinece Spesiethdpragstinantly,
preferably almost completely, of especially deionized H20 and/or H202, - exposing the first contact
surface YR §ad hppation Gxe Ahdrds aArgaEtalsrocipesinly prdosipulainf egnsstiirgof 95% Ar and

5% H2, especially with an ion energy in the range from 0 to 2000 eV,
dioxide. The growth layer is subject to growth caused by the reaction as claimed in the invention,

The growth takes place proceeding from the transition Si-SiO2 (7) by re-formation of amorphous
S102 and the deformation caused thereby, especially bulging, of the growth layer, especially on the
interface to the reaction layer, and especially in regions of gaps between the first and the second
contact surface. This causes a reduction of the distance or a reduction of the dead space between the
two contact surfaces, as a result of which the bond strength between the two substrates is increased.
A temperature between 200 and 400°C, preferably roughly 200°C and 150°C, more preferably a
temperature between 150°C and 100°C, most preferably a temperature between 100°C and room
temperature, is especially advantageous.

Here it is especially 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
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- 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 TIM and 25
nm, more preferably between 0.1 rim and 15 rim, even more preferably between 0.1 rim and 10 rim,
most preferably between 0.1 rim and 5 nm. Furtheiniore, 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 rim and 15 nm, especially between 0.5 rim and

5 nm, prefRiabHehWBERI-2 0B, BRI betw AFARYIERIL S¥RALIDEIIR RGN iSRS claimed in

the invention formed with a chamber for forming the reservoir and a chamber provided especially

separagg%&% flleg éﬁ%&ﬁﬁg%&ﬁﬁﬁ%ﬁ%ﬁﬁ%ﬁ@'&ﬁ%@{%}{ proyigedh ehamberdoLfarming the

prebond, all of which chambers are connected directly to one another via a vacuum system. In
anothergpapodiment 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 jackeding Buheambansienthe walsysetiastomatiealy.and/snermpisiehautomatically.

Other advantages, features and details of the invention will become apparent from the following

descriptiomatiprefetiedeaxenplasyreabedimenisand TRIRGIALEIAMROSS the rEdgvE lvahows a first
step of the method as claimed in the invention immediately after the first substrate makes contact with

the secane stibsikaterials oFigutesuras ang b shidedother steps of the method as claimed in the
invention for forming a higher bond strength, Figure 3 shows another step of the method as
claimed in the Inwestienambiatifelowfsib e stapsmaacerding taEigusepiovidgd a2 dldng Higare 2b, with
substrate contact surfaces which are in contact, :
reservoir takes place by one or more of the steps cited below:
- exposing the first contact surface to the atmosphere, for filling the reservoir with atmospheric
humidity and/or oxygen contained in the air,
- exposing the first contact surface to a fluid consisting especially predominantly, preferably almost
completely, of especially deionized H,O and/or H,O»,
- exposing the first contact surface 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 0 to
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 0.1 nm and 15 nm, even more
preferably between 0.1 nm and 10 nm, most preferably between 0.1 nm and 5 nm. Furthermore,
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 nm, especially between 0.5 nm and 5 nm, preferably between 0.5 nm
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Figure 4 shows a step as claimed in the invention for formation of an in-eversible/permanent bond
between the substrates, Figure 5 shows an enlargement of the chemical/physical processes which
proceed on the two contact surfaces during the steps according to Figure 3 and Figure 4, Figure
6 shows another enlargement of the chemical/physical processes which proceed on the interface
between the two contact surfaces during the steps according to Figure 3 and Figure 4 and Figure 7
shows a diagram of the production of the reservoir as claimed in the invention. The same
compongpts/fgatures and components/features with the same action are identified with the same
reference numbers in the figures. In the situation which is shown in Figure 1 shows only a section .

of the chemicahrgagtions whishiR aceed B IRGOCIMedate ynaligi e Rrehne: steR.hstveen a first
contact surface 3 of a first substrate 1 and a second contact surface 4 of the second substrate 2. The

surfacegoneing v nakedorith Pl it grov iR aps aaIRcepaaly thydnanhilic rkbe dissteupstrate 1

and the second substrate 2 are held by the force of attraction of the water bridges between the OH

groups pspselpsepaaslirfaceduicleki2 b rieladtles epdialverbithaily 2hnmiacaies alone. The

hydrophilicity of at least the first contact surface 3 is increased by plasma treatment of the first contact
surface @imapiatedihgisier. anothdrrdservainmingisuiface layer 6 consisting of thermal silicon dioxide
has been formed as claimed in the invention by plasma treatment. Plasma treatment with 02 ions with
ion energies inthastageriedimen hafitli?)o0thdtyieldsramavBrage: hiakrniss R ofdhe reservoir 5 of
roughly 15 nm, the ions forming channels or pores in the surface layer 6. Likewise the reservoir 5
is filled wittviRerashtreffirsedhuct prbartb¢helsidpesh bwopiméd gorbe hiandpditer qlasmly weatment.
Reduced species of the ions present in the plasma process can also be located in the reservoir,
especiafiy@rrNghid? dags Thdosrtaketing tatesBhahdhelsforafgtithiantomnt aliyetydivde gap,
especially dictated by the
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 1 shows a first step of the method as claimed in the invention immediately after the
first substrate makes contact with the second substrate,
Figures 2a and 2b show other steps of the method as claimed in the invention for forming a
higher bond strength,
Figure 3 shows another step of the method as claimed in the invention which follows the
steps according to Figure 1, Figure 2a and Figure 2b, with subsirate contact surfaces which are in
contact,
Figure 4 shows a step as claimed in the invention for formation of an irreversible/permanent
bond between the substrates,

Figure 5 shows an enlargement of the chemical/physical processes which proceed on the

two contact surfaces during the steps according to Figure 3 and Figure 4,
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water present between the contact surfaces 3, 4. Accordingly the existing bond strength is relatively
small and is roughly between 100 mJ/cm2 and 300 m.T/cm2, 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 surface 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 ambient temperature or a maximum 50 Celsius. Figures 2a and 2b show a

hydrophilic borpqiglgt%% i-0-Si bri ISl { litting: - [ . s. The
processes in Figures %&%@fﬁ%@%ﬂé%ﬁﬁgﬂ%%%%%%%gg u&rgg!: %%H(?ﬁ%ggr%%%%h The

state in figie- AR AREHS AN E'éﬁ?d&%ﬂﬁ&@@&%%dg&w&@ﬁ%&&%@ ROFELESEIY P oure 4BETWEEN

the contact surfaces 3, 4, H20 molecules are formed and provide at least partially for further filling in
the resepyir 5 to the extent there is still free space. The other H20 molecules are removed. In the
step according to Figure 1 roughly 3 to 5 individual layers of OH groups or H20O are present and 1 to 3

monolayers of iR argremevad QraaearREsiRG IT therkesenipik ifipmithasten agsading to
Figure 1 to the step according to Figure 2a. In the step shown in Figure 2a the hydrogen bridge

bonds are nowriermed cifastivcheiveersiaxapaiauRsanfsesutpE whichagreateshgneiforce
arises. This draws the contact surfaces 3, 4 more strongly to one another and reduces the distance

betweenvitietieoniaet-sizrtace adnkerdAcchrdiglysthere are only 1 to 2 individual layers of OH groups
between the contact surfaces 1, 2. In the step shown in Figure 2b, in turn with separation of H20
molecules acchrdingitmthe retdch ansidviatinBigibe eniinsetaty helewscovale sidhoras-dadhaform of
silanol groups are formed between the contact surfaces 3, 4 which lead to a much stronger bond force
and requitelgssepdderisg thantheidistanter tistwabnth etqobtactsir fcesodadtisuftitberagduced until
finally the minimum distance shown in Figure 3 is reached based on the contact surfaces 3, 4 meeting
one andiresuBit@ie Habks Sicont SRBeSHHEAQN of p toctidgelBiraspediadyudiiectathe formation of the
reservoir 5, it is not necessary to unduly increase the temperature, rather even at room temperature to
allow it terpiogiedavith phisrWil sxoups petiatpcardfogiybghestidie. dihhBrgredesststepsdabeording to
Figure 1 to Figure 3 is possible.

second substrate 2 are held by the force of attraction of the water bridges between the OH groups

present on the surface and the HO molecules and between the H>O molecules alone. The

hydrophilicity of at least the first contact surface 3 is increased by plasma treatment of the first

contact surface 3 in a preceding step.

A reservoir 5 in a surface layer 6 consisting of thermal silicon dioxide has been formed as

claimed in the invention by plasma treatment. Plasma treatment with O, ions with ion energies in

the range between 0 and 2000 eV yields an average thickness R of the reservoir 5 of roughly 15 nm,

the ions forming channels or pores in the surface layer 6.

Likewise the reservoir 5 is filled with HoO as the first educt prior to the step shown in
Figure 1 and afier plasma freatment. Reduced species of the ions present in the plasma process can

also be located in the reservoir, especially O,, Na, Ha, Ar.

The contact surfaces 3, 4 therefore still have a relatively wide gap, especially dictated by the
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In the method step shown in Figure 4, the temperature is preferably increased to a maximum 500
Celsius, more preferably to a maximum 300C, even more preferably to a maximum 200C, most
preferably to a maximum 100C, most preferably of all not above room temperature in order to form an
irreversible or permanent bond between the first and the second contact surface. These temperatures
which are relatively low, in contrast to the prior art, are only possible because the reservoir 5
encompasses the first educt for the reaction shown in Figure 5 and 6: Si + 2H20 Si02 2H2 At the
aforemeptiensdslightiy leprerseddernparaivres HaQ molaculrs diffiss,asdhe.fi %%M&g;} the

reservoir 5 to the reaction layer 7. This diffusion can take place either via a direct contact of the

surface 4aer eRdaEaVBdanen8 whith-are.fRrnedaR AXIde lRYArs oY (BA 6P RI{Fom a gap

which is present between the oxide layers. There, silicon oxide, therefore a chemical compound with a

greater {hgledrveluietopn R sHicamiaforprRisasiacaachan, Ripdush L B:efthe.alprementioned
reaction from the reaction layer 7. The silicon dioxide grows on the interface of the reaction layer 7
with theigeuydhilaie o Blansldhus-geformsthe daveslthr growth: lavesdifioropre: amRatiye.axide in the
direction of the gaps 9. Here H20 molecules from the reservoir are also required. Due to the existence
of the gapshwhishmaretiivitiennanometer range, there is the possibility of bulging of the native oxide
layer 8, as a result of which stresses on the contact surfaces 3, 4 can be reduced. In this way the
distance betwé&én phecconthatisisriboes 3, Mgsreadickdhiat & tabult mtwhiCbathe detive,goataat surface
and thus the bond strength are further increased. The weld connection which arises in this way, which
closes all pobésit &amaberhicte formsaaventh 08 Gllsiwalfégyies Canina Shtehthveiradtuptslin ibedpitier art
which are partially not welded, fundamentally contributes to increasing the bond force. The type of
bond betwedh bnddevmisimpvptiowdisiticof waidd s HifHcesnvhich andavelddd tocoaaanintfignissa mixed
form of covalent and ionic portion.  The aforementioned reaction of the first educt (H20) with the
second vt {5ipsbkeesiiatlih ahwesnistinreiayes: d¢56atyughlickly ol ht warperBigre2hs low as
possible to the extent an average distance B between the first contact surface 3 and the reaction layer
7 is as SEralisas hosuiteted tepereiiore thbprapreduaiemtbofreserfirst substrate 1 and the selection 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 GEWEIRRr@cHBERRS SaMmBEOaiigaleayes Bsrasihead posidbis lseprpeitieldias claimed
in the invention for two reasons. The growth layer 8 is.ve(}/ thin so that it can bulge due to the newly
formed FRIASGA" SHoaE M 5 srierereninibn sait thesiarbltfes e by ehe shihaelspuisite substrate
1, which surface layer is made as an oxide layer, predominantly in re?ions of the nanogaps 9.
Furtherﬁﬁ%?@‘?&i\‘ﬁﬁis%ﬂﬁhﬁa“‘fﬁ% eUABIE FpeEibreug R G i oddeh e pfeVd grerpeseiBe bifect as

quickly as possible and at a temperature as low as possible. The first substrate 1 likewise consists of a

silicon 185dF5#A dr%kIge RYBPIYSH ISR S il ceayarsatrvRits Ereversifedermed at

least partiall or%(‘gmﬁplggg. The reservoir 5 as claimed in the invention is filled at least accordingly
with the"SRETATOPEHE FEFEdIRMFHER fssbB8da 98 e rPse the nanogaps 9 so that an optimum

growth of the %%tgtep shown in Figure 2a the hydrogen bridge bonds are now formed directly between
siloxane groups, as a result of which a greater bond force arises. This draws the contact surfaces 3,
4 more strongly to one another and reduces the distance between the contact surfaces 3, 4.
Accordingly there are only 1 to 2 individual layers of OH groups between the contact surfaces 1, 2.
In the step shown in Figure 2b, in turn with separation of H,O molecules according to the

reaction which has been inserted below, covalent bonds in the form of silanol groups are formed

between the contact surfaces 3, 4 which lead to a much stronger bond force and require less space

L5



as low as possible. Reference number list Ifirst substrate 2second substrate 3first contact surface
4second contact surface 5reservoir 6surface layer

so that the distance between the contact surfaces 3, 4 is further reduced until finally the minimum
distance shown in Figure 3 is reached based on the contact surfaces 3, 4 meeting one another:
Si-OH + HO-Si « 8i-0-Si+H,0

Up to stage 3, especially due to the formation of the reservoir 5, it is not necessary to unduly
increase the temperature, rather even at room temperature to allow it to proceed. In this way an
especially careful progression of the process steps according to Figure 1 to Figure 3 is possible.

In the method step shown in Figure 4, the temperature is preferably increased to a maximum
500° Celsius, 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 surface. These
temperatures which are relatively low, in contrast to the prior art, are only possible because the
reservoir 5 encompasses the first educt for the reaction shown in Figure 5 and 6:

Si+2H0 — Si0, + 2H;

At the aforementioned shightly increased temperatures HoO molecules diffuse as the first
educt from the reservoir 5 to the reaction layer 7. This diffusion can take place either via a direct
contact of the surface layer 6 and growth layer 8 which are formed as oxide layers, or via a gap 9 or
from a gap which is present between the oxide layers. There, silicon oxide, 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 thus deforms the layer of the growth layer 8 formed as
native oxide in the direction of the gaps 9. Here H2O molecules from the reservoir are also required.

Due to the extstence of the gaps which are in the nanometer range, there is the possibility of
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7reaction layer 8growth layer 9nanogaps 10reaction product 11first profile 12second profile 13sum
curve Aaverage thickness average distance average thickness

bulging of the native oxide layer 8, as a result of which stresses on the contact surfaces 3, 4 can be
reduced. In this way the distance between the contact surfaces 3, 4 is reduced, as a result of which
the active contact surface and thus the bond strength are further increased. The weld connection
which arises 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 covalent and ionic portion.

The aforementioned reaction of the first educt (H2O) with the second educt (Si) takes place
in the reaction layer especially quickly or at temperatures as low as possible to the extent an average
distance B between the first contact surface 3 and the reaction layer 7 is as small as possible.

Therefore the pretreatment of the first substrate 1 and the selection 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 is decisive. A native oxide layer as thin as possible is provided as claimed in the
invention for two reasons. The growth layer § is very thin so that it can bulge due to the newly
formed reaction product 10 on the reaction layer 7 toward the surface layer 6 of the opposite
substrate 1, which surface 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 quickly as possible and at a temperature as low as possible. The first substrate 1 likewise consists
of a silicon layer and an oxide layer produced on it as a surface layer 6 in which a reservoir 5 is
formed at least partially or completely.

The reservoir 5 as claimed in the invention is filled at least accordingly with the amount of

the first educt which is necessary to close the nanogaps 9 so that an optimum growth of the growth
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Claims 1. Method for bonding of a first contact surface (3) of a first substrate (1) to a second
contact surface (4) of a second substrate (2) with the following steps, especially the following
sequence: - forming a reservoir (5) in a surface layer (6) on the first contact surface (3), - at least
partial filling of the reservoir (5) with a first educt or a first group of educts, - the first contact surface (3)
making contact with the second contact surface (4) for formation of a prebond connection, - forming a
permanent bond between the first and second contact surface (3, 4), at least partially strengthened by
the reaqtion fthe filshadues Mtk ASRERNGRAG LOMRIRSRIA A IRAGHALIAVE! 47 ;gmﬁaaﬁgond
substrate (2) and by deforming at least one of the contact surfaces (3, 4) by the reaction.

Method forhondiagspia first contact surface (3) of a first substrate (1) to a second contact surface (4)
of a second substrate (2) with the following steps, especially the following sequence: - forming a
reservoir (5) in a surface layer (6) on the first contact surface (3), - at least partial filling of the reservoir
(5) with a first educt or a first group of educts, - the first contact surface (3) making contact with the
second contact surface (4) for formation of a prebond connection,
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- forming a permanent bond between the first and second contact surface (3, 4), at least partially
strengthened by the reaction of the first educt with a second educt contained in a reaction layer (7) of
the second substrate (2) wherein during the reaction a reaction product (10) with a greater molar
volume than the molar volume of the second educts is formed in the reaction layer (7). 3. Method
as claimed in Claim 1 or 2, wherein formation and/or strengthening of the permanent bond takes place
by diffusion of the first educt into the reaction layer (7). 4. Method as claimed in claim 1 or 2,
wherein the formation of the permanent bpgd takes placsat a temperature between room temperature
and 2000 Celsius, especially during a maximum 12 days, more preferably a maximum 1 day, even
more preferably-a gageiem 1 hour, and most preferably a maximum 15 minutes.. 5. Method as
claimed in claim 1 or 2, wherein the irreversible bond has a bond strength of greater than 1.5 J/m2,
especiafly greaterthanndtHin2, preferably greater than 2.5 J/m2. 6. Method as claimed in claim 1
or 2, wherein the reservoir (5) is formed by plasma activation. 7. Method as claimed in claim 1 or 2,
whereirgthe forpationet tagaaeservoir (5) takes place by using an especially compacted tetraethoxy
silane-oxide layer as the surface layer (6). 8. Method as claimed in claim 1 or 2, wherein the
surfacedayer (&cndsistaqradnainantly, especially essentially completely of an especially amorphous,
especially silicon oxide produced by thermal oxidation, and the reaction layer (7) consists of an
oxidizaldle matesal@@specially predominantly, preferably essentially completely, of Si, Ge, InP, GaP or
GaN. 9. Method as claimed in claim 1 or 2, wherein between the second contact surface (4) and
the readtion layer{d Hlyere is a growth layer (8), especially predominantly of native silicon dioxide.

7 reaction layer

8 growth layer

g nanogaps

10 reaction product
11 first profile

12 seqond profile

13 sum curve

A average thickness
B average distance

R average thickness
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10. Method as claimed in Claim 9, wherein before formation of a permanent bond the growth layer (8)
has an average thickness A between 1 angstrom and 10 nm. 11. Method as claimed in claim 1 or
2, wherein a reservoir is formed in a vacuum. 12. Method as claimed in claim 1 or 2, wherein the
reservoir is filled by one or more of the steps cited below: - exposing the first contact surface (3) to the
atmosphere, especially with a high oxygen and/or water content, - exposing the first contact surface
(3) to a fluid consisting especially predominantly, preferably almost completely, of especially deionized
1120 and/or F1202, - exposing the first contact gyface (3) to N2 gas and/or 02 gas and/or Ar gas
and/or forming gas, especially consisting of 95% Ar and 5% H2, especially with an ion energy in the

range from 0 tQ 2008 -for bRl ethos-as Glairesin.clain da o4 Wheweln the tesebyeir (5) is formed
in an average thickness (R) between 0.1 nm and 25 nm, especially between 0.1 nm and 20 tun 14.

Method as@laisigaciy glaim deaind sohaein the @y aiaameisianas Bibatwpemtheiissaiyoir (5) and the

reaction layer (7) immediately before formation of the permanent bond is between 0.1 nm and 15 nm,
especialyyhetveeen 0.5 nm and 5 mn, preferably between 0.5 nm and 3 nm 15. Method as claimed
in claim 1 or 2, wherein the irreversible bond has a bond strength which comprises 2 times, preferably

4 times,-oneRrefesablyil@ time sumostptefeahlynFitinesthe prekeons strength.
- at least partial filling of the reservoir (5) with a first educt or a first group of educts,
- the first contact surface (3) making contact with the second contact surface (4) for formation of a
prebond connection,
- forming a permanent bond between the first and second contact surface (3, 4), at least partially
strengthened by the reaction of the first educt with a second educt contained in a reaction layer (7)

“of the second substrate (2) and by deforming at least one of the contact surfaces (3, 4) by the

reaction.

2. Method for bonding of a first contact surface (3) of a first substrate (1) to a second
contact surface (4) of a second substrate (2) with the following sieps, especially the following
sequence:

- forming a reservoir (5) in a surface layer (6) on the first contact surface (3),

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

- the first contact surface (3) making contact with the second contact surface (4) for formation of a
prebond connection,

- forming a permanent bond between the first and second contact surface (3, 4), at least partially
strengthened by the reaction of the first educt with a second educt contained in a reaction layer (7)

of the second substrate (2) wherein during the reaction a reaction product (10) with a greater molar
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volume than the molar volume of the second educts is formed in the reaction layer (7).
3. Method as claimed m Claim 1 or 2, wherein formation and/or strengthening of the
~permanent bond tak_es place by diffusion of the first educt into the reaction layer (7).

4. Method as ciaiméd in claim 1 or 2, wherein the formation of the permanent bond takes
placé at a temperature between room temperature and 200° Celsius, especially during a maximum
12 days, more preferably a maximum 1 day, even more preferably a maximum 1 hour, and most
preferably a maximum 15 minutes.

5. Method as claimed in claim 1 or 2, wherein the irreversible bond has a bond strength of
greater than 1.5 J/m”, especially greater than 2 J/m”, preferably greater than 2.5 J/m’.

6. Methed as claimed in claim [ or 2, wherein the reservoir (3) is formed by plasma
activation. |

7. Method as claimed in claim 1 or 2, wherein the formation of the reservoir (5) takes place
by using an especially compacted tetracthoxy silane-oxide layer as the surface layer (6).

8. Method as claimed in claim 1 or 2, wherein the surface layer (6) consists predominantly,
especially essentially completely of an especially amorphous, especially silicon oxide produced by
thermal oxidation, and the reaction layer (7) consists of an oxidizable material, especially
predominantly, preferably essentially completely, of Si, Ge, InP, GaP or (GaN.

9. Method as claimed in claim | or 2, wherein between the second contact surface (4) and
the reaction layer (7) there is a growth layer (8), especially predominantly of native silicon dioxide.

10. Method as claimed in Claim 9, wherein before formation of a permanent bond the
growth layer (8) has an average thickness A between | angstrom and 10 nm.

11. Method as claimed in claim 1 or 2, wherein a reservoir is formed in a vacuum.
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12. Method as claimed in claim 1 or 2, wherein the reservoir is filled by one or more of the
steps cited below:

- exposing the first contact surface (3) to the atmosphere, especially with a high oxygen and/or
water content,

- exposing the first contact surface (3) to a fluid consisting especially predominantly, preferably
almost compietely, of especially deionized HoO and/or H,O,,

- exposing the first contact surface (3) 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 0 to
200 eV.

13. Method as claimed in claim 1 or 2, wherein the reservoir (5) is formed in an average
thickness (R) between 0.1 nm and 25 nm, especially between 0.1 nm and 20 nm.

14. Method as claimed in claim 1 or 2, wherein the average distance (B) between the
reservoir (5) and the reaction layer (7) immediately before formation of the permanent bond is
between 0.1 nm and 15 nm, especially between 0.5 nm and 5 nm, preferably between 0.5 nm and 3
nim.

15. Method as claimed in claim 1 or 2, wherein the frreversible bond has a bond strength
which comprises 2 times, preferably 4 times, more preferably 10 times, most preferably 25 times

the prebond strength.
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