Met hod for Permanent Connection of Two Metal Surfaces Description The
invention relates to a nethod according to Claim1l for the production of a
per manent connection between two netal surfaces. The production of
permanent, electrically conductive, netallic connections between two netal
surfaces is gaining increasing inportance in the sem conductor industry.
Primarily for new types of packagi ng technologies in the area of so-called
"3D integrated devices or ICs (3D I1C)," nmetallic bond connections between
two functional plane ay a decisive.rol In this.case, first active or
passive circuits gﬂgiﬁghﬁ¥§@ﬁﬂggﬁiﬁﬁm?%bfﬁhﬁ%@@%ﬁ%ﬁ?“?ubstrates, and t he

| atter are permanently connected to one another in a bonding step, and the
el ectrical contacts are established. This connection step can be
acconpl i shed either by connecting two wafers (wafer to wafer - WW, by
connecting one or nore chips mﬁtﬁkﬁxméﬁér (chip to wafer - C2W, or by
connecting one or nore chips with a chip (chip to chip - CC nethod. In

t he case of these connection nethods, direct connections between two
connecting surfaces are of great interest, whereby both surfaces consist of
the same nat eFiedhvepfien glajestoa gethgd geowigdntlampd i e eAwdsn fhait, to a large
extent, do not require additional materials in this connection plane are
qui t e espeoiaadnt gonpeasioa beiagen e métplsudsahect i on, copper (Cu) or al uni num
(Al') or gold (Au) is commonly used as netallization. It should be
clarified, hoWeveeductidrae! pehhanentneleqiidaBn cordydtivgl mgialliF sYMepERat es in
interaction with other netals, and the netal selection is based

pr edoni naeiweyn iow medsinfereigsinol iwiiaping imprsteneeds theremispedue®ndi ti oni ng
steps. Therefore, 2 different metals are also to be regarded as cl ai ned
for the ininent iFomarilnfoaddi typenof patieging tehlowlagies imths grepef spserded 61D so- cal | ed
"hybrid bond interfaces." These hybrid interfaces consist of a suitable
conbi nat iiemeratd detab o3 1C) Unétalie byndwhirsitianséctgen vigrigediobsl nonnetal |ic
regions. In this case, the non-netallic regions are configured in such a
way that plamesiay ndicishdualk. bothizeete] figt tiepor phadte dhbdsmet mdvfastiesht act  as
wel |l as contacts between the non-netallic regions can be produced. At this
time, thesewsgasealiddBbstrwk, aitl de Bittéreepaahafontie bgnenat tephaksther m parti cul ar
of foreign netals, are produced by a so-called diffusion-bond nmethod. Here,
t he cont aCiongivk k8 Q6d Bl cofricBtb et Qvasisblionesl. dhitdatecdintktarean be ought into
contact. The contact surfaces are pretreated by neans of suitable nethods
(for exanpl@upliskdacith&aly Machan ©alwaRed (vl Rgwifeor WIW), BnedinectingMP" ) in such
a way that they are very flat, and they have a slight surface roughness.

The cont agk (sHbEARRS LS LGP 85884 -1 OBRT, Beby tdhnaistbhadimordevi ce (for
exanpl e, a wafer bonder) and are heated at the sane tine to a freely

sel ect abl §; RLAGESHiH ENPES Ay €2CHBEGod | th BYsAdSRsPEMEctRE idticageous i f
this takes place in an optim zed at nosphere, such as, for exanple, a vacuum

(e. 9., <LyuihalnRh&Seahky ; ngxﬁfr:]c?%%g&rfa@és air@oiagréa@%és'ﬂgvhﬁégg%@dﬂer e, in

particul ar an at nosphere wt content (> 1% preferably > 3% even

better > o .2 @als;l:sgﬁiﬁlé% Yay F:frge%ria(? Qn%%igfgoaq%e e REMbASER, BA0CESS

conditions, a so- usi o I's “now produced between the two

nmet al surfaces, r in.the:.g . @ i 13l,.60uResid i ons, net al

atons or aregéﬁwggagff?ugéacggﬁﬁgﬁgé?%$%ﬁ8%%@ﬁg§ﬁ Phe tMSESurfaces and t hus

establ i sh. 8. pelTBNER TREAh&Abh koS RPRUG b BlAR: (RBFAZBIGALY % extremely
commonly used as metallization. It should be clarified, however, that this invention

basically also operates in interaction with other metals, and the metal selection is based

predominantly on requirements of chip structures and pre-conditioning steps. Therefore,



stabl e connecti on between the surfaces. Oten, in this case, the connection
is of a quality that makes detection of the original contact surfaces in
the netal structure inpossible. Rather, the connection is shown as a
honbgeneous netal structure, which now extends 3 beyond the original
contact surface. One factor, which greatly limts the use of this

technol ogy today, is the tenperaturethat is relatively high in nost cases,
whi ch is necessary to produce the connection and in particular to nake the

di f f usi on. ible. | hi | ' th 300C, i

rr:anyuzgggggﬁgéhg?lgW§ﬁ°§%F§$§epl35’ acfafr}fle%lsférgﬂ%)g&%%(%ezda??\ﬁgmlog’hgéer tain cases
to 450 00C hi gh t { i€ t : € t ol ted b

e conpBREAY Sripgeasialy S3atce o ey THEERE ASee Shifflatts o oo o0 Y

conponents <200C,.and in.certain cases < 180 or.ev < d therefore
pr event s ¢@¥Lst ?fr?isfl‘%a%?%cé’nl?g’@u%‘? gf‘t[ﬂ‘? 9 T%Sﬁ%acﬁiwgncﬁﬁg%n P%%Q%o}\’m eals with
this problemsince it pmakes possible.a nethod in which t.he ssary
process PEHRYETEHMRSe I gnsrC@%@g&omrg@{cirggéﬂSﬁe configdie nes'g(geh an%{%lgﬁ%[i c
connections are now to be referred to.belowin this doc n "aut hentic
bond conHEBY pEHigual cpppeptEgsiepagh &Egﬁéfmt?c?ﬁﬁ%%ttaf St a%\?oél%ﬁjfé\kr{gtyéee@rrégnt i n which
a connection i s produced between tvxg@rr,et allic contact s N consi sting
POYENGR

) rfaces
of a met &Pn-metallictrpEeRs oAk Rreeicet- = é’P?%?Fm?Tﬁs‘E“%LF&P 8556 manent 'y in

t he connection, in particular_a foreign netal B, whic -a. di fferent
el enent aifgreigo mstssipls; i particular of fﬁlgaﬁfe@ggd? ¢ 8@38‘?&55’8 ¢ Sﬁﬁ%&ﬁ@%ﬁ%@“ﬁet hods t hat
exist at this tine are limted by the necessary process Ci‘e_ erature to nmake
the diff benbmelipdddars thowsiap] sarfagen aysopipripdoward qne aagihg an @gg’fo@& t hat
di ffusion processes are actions that depend on multiple factors. However,
it is sudkorinitctt Hee proeeudacs aneméﬁeat@@%b@?% qf eilpble AEWEs Wre slowly. In
practice, however, this is a problem since this would limt the econom c
ef fi ci encyamnplesGbbmisalddecberenl Polishiwsi] o imahast, Ve WP W0ty that theyn)
processes uneconomi cal. Therefore, the diffusion bonding processes are not
appl i ed et weeflatt hd teeyrheveosighcturiocr Poghasss. Abe eoitast {EReEEIEEN i n this case,
solder joints or the nost widely varied nmanifestations of eutectic

pressed together in a suitable device (for example, a wafer bonder) and are heated at the

same time to a freely selectable process temperature. Here, it may also prove
advantageous if this takes place in an optimized atmosphere, such as, for example, a
vacuum {e.g., < 1 mbar, preferably < 1-3 mbar) or in a reducing atmosphere, in particular
an atmosphere with a high content (> 1%, preferably > 3%, even better > 5%, and ideally
> 9%) on hydrogen (112). Under these process conditions, a so-catled diffusion bond is
now produced between the two metal surfaces. Here, in the case of eutectic metal
compositions, metal atoms or molecules diffuse back and forth between the two surfaces
and thus establish a permanent, metallically conducting and mechanically extremely
stable connection between the surfaces. Often, in this case, the connection is of a quality
that makes detection of the original contact surfaces in the metal structure impossible.

Rather, the connection is shown as a homogeneous metal structure, which now extends



4 connections and so-called internetallic conmpound connection applications
are used. As exanples, solder joints based on lead/tin solder,
copper-silver-tin solder, indiumbased solders or else gold-tin or
gold-silicon or alum numgermanium as well as copper-tin (internetallic
conpound Cu3Sn) can be cited here. The di sadvantage of these nethods |ies
in problenms of both manufacturing | ogistics and technol ogy. I n many cases,

t hese bond connections are to be produced in an area of manufacturing where

only a Cbee%z?cf e BWLﬁFi%QI E&%{?& LR € fuctGUhhich cREfARhitshe dseasTehigual i fied. In

this case; i1t wo e an I mense additional expense, in addition to this

netal | izat,i g ST t; alil hynhtihsodipikastdangt ure for anot her
neta||i23??8%?YE@%ﬁ3¥h§w?@%ﬁﬁgﬁgﬁfggﬁﬁas%e%ﬁf eatectic connections are to
be considered critic | - » hd @FRiIST ARkiblet Y Certain
connect i SHEEEr & %-)%?uc@khe‘%&%cﬁc%s@g?ﬁ %énrgaﬁg% b0 6 Bsible

renely britt mechani cal fatigue phenonena, i.a.

can result. In addition, for .certai tallj i row tol erances
with resPaBtcHs PRATREAWG 4 616&153? go o S@rn{’/agg%{l%g)gg%err \gg‘l'gl égéﬁ’le desi red

properties (e.qg., nelt tenperature, nechanical | ectrical properties)
of the elrpiseliy %30@@, APREEL 29D CorInAARRSEV GhiP 8 ﬁg ?E‘sﬁgﬁc @gﬁe&l@gﬁ?&n connect i on

wi th eutectic connections can cause problens. Thus, for exanple, it would
be a ser icowsraprotbhteam bé toldratedieriae comrineFugEi¢ally m26HE THEERE B8 bet ween t wo
copper contact surfaces through the entire copper contact and were to reach
t he undekbyiuy fhastdeton@yals betoi€emdtiheermoppess <c@Avactenandlttie under | yi ng
| ayer. Because of the altered netal conposition, this would |lead to the
mechani cglq Bekam RadRn: Ofnitt He usOFNRE nethotl NTHEs invteiohace daddwithus result in
a nmechani cal defect of the conponent, which could occur only after severa

years i ntﬁi@ﬁroﬁﬂeﬁlsgme Thess REgvieh el id Waith ¢@Rec@satirprbdest feingerhorem only wi th
m crostructures, since here, very thin |ayers are used in which such
effects ¢an Qph Yphaxug role. 5 It is therefore the object of this
invention to indicate a method with which a reduced process tenperature

and/or a redugfd. RLLARI Sl Ats GRMRAE 36 rawado beloWd flsl docurhames connect i ons.

“authentic bond connections.” In this case, bond connections are always meant in which
a connection is produced between two metallic contact surfaces, consisting of a metal A,
without the use of foreign material installed permanently in the connection, in particular a
foreign metal B, which has a different elementary composition.

As already described above, the methods that exist at this time are limited by the
necessary process temperature to make the diffusion process possible. In principle, it can
be asserted that diffusion processes are actions that depend on multiple factors. However,
it is such that the process at lower temperature proceeds more slowly. In practice,
however, this is a problem, since this would limit the economic efficiency of such
processes, or would make very drawn-out (> 1 h) processes uneconomical. Therefore,
the diffusion bonding processes are not applied between the same contact surfaces. Asan

alternative, in this case, solder joints or the most widely varied manifestations of eutectic



This object is achieved with the features of Caiml. Advant ageous
further devel opnments of the invention are indicated in the subclains. Also,
all conbinations that consist of at |least two of the features that are
indicated in the description, the clains and/or the figures fall within the
scope of the invention. In the indicated ranges of values, values that lie
within the above-nentioned |limts are al so disclosed as boundary val ues and
can be claimed in any conbi nation. This invention now presents

met hods and processes by neans of which the bond Eengeraturg for authentic

bond conPREBEFOALANSAA-CHED ARERREEMICHORPATILAMSTLoLFRIFPS ¥h IS nBkes possi bl e

t he use of connections, which do not require fotekgg ng%al, fqr a broad
area of eeEPlAnsolirionTionerd adeaddin olies cPRFEHIFBH 1L SHUPHE S ccel erati on

of the process, which can be achieved in the case of ideal, selected
process pafesetdsegokiiin wlgpldrilions peauBEUDHSTEREHB el es FOPEREY of the
process. Diffusion can be divided in general into substitutional and

i nt er sti tinematilfié caimound Cu3Sn) canbetcied kaib sthetdifei vtage pFhae disthothe di f f usi on
junps of the individual atomtake place along each point in the grid, on
whi ch ot hies ingtranensodbbiél npeufaouaeelbgisies aad reelnplagy. SumpYL28Sf PEsi on j unp can
actually take place, if necessary, at the position to which an atom woul d
j unp but bom @mhetiont emodaprdiecddot at ede floxoeficiuong waxie nly ager@Rt at om
exchange mechani snms, which are discussed scientifically but are not yet

det ect edmetdilizahiey (caxiCsh is esthslishotourquslifiadafrethis case, & oveplarticgd AMEePsEhe ot her
at om exchange nechani sns that they can be 6

additional expense, in addition to this metallization, to build and also to qualify the
infrastructure for another metallization. From the technological aspect, eutectic
connections are to be considered critical with respect to the long-term stability. Certain
connections are extremely brittle, and mechanical fatigue phenomena, i.a., can result. In
addition, for certain metallizations, very narrow tolerances with respect to the mixing
ratio are observed to guarantee the desired properties (e.g., melt temperature, mechanical
and electrical properties) of the eutectic connection. In addition, diffusion effects in
connection with eutectic connections can cause problems. Thus, for example, it would be
a serious problem if tin were to diffuse from one interface between two copper contact
surfaces through the entire copper contact and were to reach the underlying barrier layer
between the copper contact and the underlying layer. Because of the altered metal
composition, this would lead to the mechanical delamination of the copper in this
interface and thus result in a mechanical defect of the component, which could occur only
after several years in the field. These are effects that can occur in this form only with
microstructures, since here, very thin layers are used in which such effects can only play

a role.



di sregarded). The position at which no atomis located is called a void.
The void is to occupy a fundanentally inportant aspect in the further
description of the patent. In interstitial diffusion, snmaller atons
diffuse within the lattice holes of a crystal. Since we are primarily
dealing with honbatomi c diffusion in this patent, interstitial diffusion is

not further considered. Hydr ogen, which diffuses in the lattice hol es
of the Sicrystal grid, would be an exanple of interstitial diffusion. In
conparison to Si, hydrogen is "spmall," such that it has space in the

lattice hol edtisthereforeppecabicgi ¢fghis Brvemenithipdisetr aethof i HEubst i t ut i on
diffusion is suitable for the case of honpbatom ¢ diffusion of the sane

met al  spedicsd process tempepaturel diironcdusert Frareestime Fag s agierd At ME€YSnd vol ume

di ffusion can be distinguished. Atons diffuse the best where they are
limted byndasnfeebprst her atons are possible. This state is primarily present
on the surface, by which the high nobility of the atons on the surface is
also clarifi e"EhisEﬂ@miﬁmhitmvg'thah@rlfemhd%@%@%}- an atomin general has nore
space than in the crystal grid itself. The speed of the diffusing species

i s therefore hétmeesvus Aathenfeve ety df doggventigmate irdetedfin the vol ume
diffusions. A requirenent for a grain boundary diffusion is, of course, the
exi st enceutefairgy. @ilso, huadsinitess that consistdat ledyl svogd de fefurpothgiary st al | i ne net a
surfaces, the follow ng problens occur with direct bonds. First of
al |, pol yekesat &l h descripdcer thaklinsondiosthe dgusefalivathimgthasege phibt are ori ent ed
differently relative to the surface to be bonded. This results in that the
surface eopsict $n Of islidfdrents ewstabhlogrtbptic evitbinthadwse-nEhiéondd f f er ent

physi cal properties of the individual grain surfaces have, in general,

di f f er entlin@ iagaldoQsclodid s beiiay vatbesidann pt dpierct! iresy cetnbination.

This invention now presents methods and processes by means of which the bond
temperature for authentic bond connections can be reduced dramatically, and this thus
makes possible the use of connections, which do not require foreign metal, for a broad
area of use. An additional use of this invention is also the acceleration of the process,
which can be achieved in the case of ideal, selected process parameters and which
increases the economic efficiency of the process.

Diffusion can be divided in general into substitutional and interstitial diffusion.

In the substitution diffusion, the diffusion jumps of the individual atom take place
along each point in the grid, on which other atoms could be located. As a result, such a
diffusion jump can actually take place, if necessary, at the position to which an atom
would jump but no other atom can be located (exceptions exist: direct atom exchange
mechanisms, which are discussed scientifically but are not yet detected; if they exist, they

oceur so rarely in comparison to the other atom exchange mechanisms that they can be



7 Secondly, the grains have so-called grain boundaries, i.e.,
atomfree areas in the angstromto nanoneter range, which separate the
grains fromone another, in which atonms have a higher diffusivity than in
t he grain vol une. Thirdly, the surfaces to be bonded in the rarest
cases are free of oxidation products. The fact that polycrystalline
surfaces are present in the worst céase with oxidation products and a
non-zero surface roughness does not nake any direct melding possi bl e. The

surfaces do not lie conpletely flat u ont ath foun pores in
the int e¢1$rag?éded3rh"@§émﬁ%?%E@WO&E%}S %Gafe ﬁ%cﬂﬁ‘scga&% f ‘th the
above-descri bed voids that are of fundanental | ortance for t he diffusion,
whi | e " nfcrpstopiandgsila smpqarignt g9eect th]@r@gb"é dgseapi ot hp of atons "to

t he other side.” In sumary, can be, said that Ege nDd fication of
t wo surfaces1ﬁ§“@ﬁﬁﬁ%ﬁ@®ﬁéﬁSﬁ@@%@ﬁﬁﬁﬁﬁﬁﬁeﬁﬁ@mﬁﬁ%@%W?%ﬁaﬁ a§G@W'a way t hat
at the | owest possible tenperatures, the diffusion of atons into one

anot her ﬁm@aW@mb@ﬂhpréﬁﬂﬁEéﬂﬁé@ﬂ§Wﬁﬁﬁyhﬁk$%b@§mbP%@“1nmmU“%]ffu5|on can be
pronoted, for exanple, by the netal surfaces that are to be connected being
conflguréﬁmmnnsuvhﬁahmavnmﬁamiIayers that are near the surface or, ideally,
one layer that starts fromthe surface and reaches a certain depth "d"
(1 ayer t hi cknigssygennwhiblediftiuses i thk laitice heldeoftba Bl aptad pridepulidied™| ayer has a
structure that produces diffusion, in particular prInBLI| substitution
di f f usi oexaniylt efesarstitve dftnsioac é@onmatsoaitcesit ydsecen dviivmell.2suchBest 8w, net hods
are now described that nake it possible to produce this |ayer that is near
t he surf Bosespaderin tharatlise holds. can prove advant ageous to make avail able a | ayer
that is near the surface and that is less tightly packed. It is thus neant
t hat the voi dacerdgnortad inemtibs, cayrthespaindiagliffushinghsui@ble & tanaftace def ect's
now have the advantage that in a
of homoatomic diffusion of the same metal species.
In addition, surfaces, grain boundaries and volume diffusion can be distinguished.
Atoms diffuse the best where they are limited by as few other atoms are possible. This
state is primarily present on the surface, by which the high mobility of the atoms on the
surface is also clarified. Even in the grain boundaries, an atom in general has more space
than in the crystal grid itself. The speed of the diffusing species is therefore between that
of the surfaces ~ and that of the volume diffusions. A requirement for a grain boundary
diffusion is, of course, the existence of grain boundaries.
For this case of polycrystalline metal surfaces, the following problems occur with
direct bonds.
First of all, polycrystalline materials consist of several grains that are oriented
differently relative to the surface 1o be bonded. This results in that the surface consists of

different crystallographic surfaces. The different physical properties of the individual

grain surfaces have, in general, different oxidation, diffusion, adhesion properties, etc.



S tenperature treatnent, a reorgani zation of the structure takes place that
ultimately leads to tighter packing (and an elimnation of the surface
defects). Wen this tenperature step now takes place, while the two
metallic contact surfaces are in close contact, the latter can be

pl astically deformed and thus al so cl ose enpty spaces in the interface;
thus, it makes possi ble an even bettjer contact and pronotes the devel opnent
of a diffusion bond between these two surfaces. A series of variants is now
provi ded for the conditioning of surfaces with which these |ayers can be
produced: SulfseqdbmtheRraiuiiers wreabed Sainawsiamest betatom-free areasip i ¢ hi s met hod,
the netallic contact surfaces are produced with nethods that are known from
t he pri oangsirdm to nanometGonmgenwiirloepssteshepaing fompsanogdepéephisie t he
deposition of a so-called "seed |ayer, which is used to nake possible an

el ect r ochemi bak adéghosdiffuontyohametlel grfie vgumecopper). In this case, the

netal lization obtains the necessary structuring (in the contact regi ons and
non- net al | i ¢ Bdidac detsufeg ois bbokdiede sarstrdet drefreritcaiietioregi ons) by neans
of lithography and the defining of a so-called plating mask. After the

el ectrochemigal deposition of the netal, the latter is polished in nost
cases by neans of Chem cal Mechanical Polishing (CVMP) to ensure flat
surfaces and BnefgdtYhah palyStitdlamesurfoeg ke esser s2the ivorst cadeaith pxidationnm,  even
nore preferably <0.5 nmroot-nean-square [rns], neasured by neans of 2 x 2
urn of AbMiSGaahd.a nbhess sEidRecshase dsihbi ailenh) firdcnowdingmotsitde.i ndust ry.
Dependi ng on the configuration of the bond interface, the non-netallic
regi on t hat sihies @metnekdnfietsR idluppadsiteat cons ifein @hessh thedoafatoxi de or an
organic insulation material or other suitable materials. In this case, the
t opogr aphyed et WwesRolifBoles” are not confused with the above-described voids that are of

fundamental importance for the diffusion, while “microscopic holes” in the interface
prevent the jump of atoms “to the other side.”

In summary, it can be said that the modification of two surfaces is implemented
according to the invention in such a way that at the lowest possible temperatures, the
diffusion of atoms into one another has to be implemented as simply as possible.

Diffusion can be promoted, for example, by the metal surfaces that are to be
connected being configured in such a way that layers that are near the surface or, ideally,
one layer that starts from the surface and reaches a certain depth “d” (layer thickness) in
the material is made available, and said layer has a structure that produces ditfusion, in
particular primarily substitution diffusion, between the surfaces that are to be connected.
Below, methods are now described that make it possible to produce this layer that is near
the surface. Primarily, it can prove advantageous to make available a layer that 1s near

the surface and that is less tightly packed. It is thus meant that the void concentration is

correspondingty high. These surface defects now have the advantage that ina



9 metal regions and the surrounding regions can either be selected in such
a way that both the netal regions and the non-netallic regions

si mul t aneously cone into contact - so that no topography is present - or
alternatively, the non-netallic regions are slightly recessed conpared to
the netallic regions (e.g., approximtely 100A, preferably 1, 000A or

2, 000A) so that only the netallic rggions cone into contact with one

anot her. As an alternative to the el ectrochem cal deposition of the
netal, other nethods such as sputtering or the like are also suitable.

St or t i ngtefpese teetabl, b ccorgmtzatan of drefstrosue brdees Pleceshp aliesrinctd a surface
quality that corresponds to a large extent to the conventional diffusion
bondi ng wRighetpacking tod e thathatitretheardaoedafests). tWhiraghia tanpstibjredeied t o

i ncorporating subsequent surface defects. I n one enbodi ment, these
surface gefardsylae aviplediuceddnilid colasrstifmgs gasn Plosesonivir e et er abl y i n
this respect, ions are selected that have sufficient mass to produce
surface gafiRelStdaly B4TBmeddre this elsdylosedinphyopatds mthe ofterfion: tisspondi ng net al
atonms or netal nolecules. Gases that do not react with the netal, in

parti cul AEKAQBL®IGRSREn Bt cas.cRIgPRomadsahd devbliepoenst adifisdombordspeci al | y
suitable in this respect. For certain applications, however, nitrogen or
ot her gaggse thdde 84 firGEQNTA SBsSofakunal is Aovs picvalbd & tiBlvendigwiing afe questi on
here is the ratio of the mass of the gas ion in conparison to the nass of
the nmet al, alomit Whitd 1hB&I 1Je8s cah Bt Srolitg@lant ati on process can be achieved in
any device that allows the bonbardnent of the netallic surfaces with gas
ions. This is preferably found, however, with plasma-based systens.
Preferred in this category are so-called inductively coupled plasma systens

(1CP) or sﬁggeﬁaédmo&&%&m'smﬁaém&k ed plasma systens (CCP). Wth both
systens and 1'n particular ICP systens, it is critical that the acceleration

energy for theiong Pﬁ&oﬁﬁh@ﬁfeﬁﬁic%@ﬁtg@%rfa\éestﬁc aehiey ith etdesisaed properties
of the metal layer at

are known from the prior art.
Commion process steps in this respect are the deposition of a so-called “seed

layer,” which is used to make possible an electrochemical deposition of metal (e.g.,
copper). In this case, the metallization obtains the necessary structuring (in the contact
regions and non-metallic adjacent regions located around the contact regions) by means
of lithography and the defining of a so-cailed plating mask. After the electrochemical
deposition of the metal, the latter is polished in most cases by means of Chemical
Mechanical Polishing (CMP) to ensure flat surfaces and a very low surface roughness
(< 2 nm, ideally < 1 nm, even more preferably < 0.5 nm root-mean-square frms],
measured by means of 2 x 2 pm of AFM Scan). These methods are sufficiently known in
the industry. Depending on the configuration of the bond interface, the non-metatlic
region that lies around the metal pads can consist of silicon dioxide or an organic

insulation material or other suitable materials. In this case, the topography between the



10 is near the surface. Wth ICP systens, this acceleration energy can be
set by neans of variable field strength. Wth CCP systens, this

accel eration energy can be optim zed by neans of a series of variants.
According to the invention, for this purpose, a self-bias voltage can be
provi ded on the wafer receptacle, and, preferably, the latter can al so be
specifically set to influence the accel eration energy of the ions. It is
even nore ideal, however, to use a so-called "dual frequency plasm"
set-up. It is thus possible to control the plasma density and tenperature
Wit h onemetl teiend and thersegoexivigesgionstah eithehles steeted oy aeh ovadther P can be

i nfluenced with the second (frequency applied to the wafer receptacle). The
set-up openRtabegovemdth enideallit yegivne nuh@chusboersrdytotchaecli-$o d9pl i ed to the
wafer is selected conparatively low (in conparison to the plasma systens
with a 1% Bfodidhydpaeahi -ng afieregiveiyce hirametaBiccemorsaresb ghthacsergdst ry) . More
preferably, this frequency is less than 1 MHz; better results are achieved
wi th fregingneidas tie nb@dliddezionsoplgl, approxientlyt D0Ar geebieMe@Avirt h frequenci es
<200 kHz, and the best results are achieved with frequencies < 50 kHz.

In a prebeosedoardos MRitctalic Rtioangete ieleoctindtcalh dhe ehahdrn a boundary | ayer
(sheath) is produced with an in particular additional DC voltage, by which
ions are accehespliechalfay 6 teld@nathenmial ddpesitahstiianesals ohéraoehods

Especially good results are achi eved when the selected gas for the plasm
product i QRLGOBRKSESy Ak 10@]a¢ Mo duhgi¢.ons for production of the surface
defects, but also contains additional portions that advantageously

i nfluence theStQﬁﬁ%%ﬁtarh@élﬁe cdifict O BEPIhe is ploeucddiithiacorfak ghyldy ogen i s
especially suitable since hydrogen has a reducing action and thus prevents
an_oxi day e, Rkpdnieio Lt eSti idee colen@aNt S@ion ORDME nRthodl theady exi sting
oxide layer. In particular, hydrogen ions, which are inplanted in the netal

11 methods that are now suitable are subjected to incorporating subsequent surface defects.
Tn one embodiment, these surface defects are produced by implanting gas ions.

More preferably in this respect, ions are seiected that have sufficient mass to produce
surface defects in the structure by “dislocation” of corresponding metal atoms or metal
molecules. Gases that do not react with the metal, in particular noble gases such as
argon, are to be considered as especially suitable in this respect. For certain applications,
however, nitrogen or other gases with sufficient mass are also suitable. The decisive
question here is the ratio of the mass of the gas ion in comparison to the mass of the metal
atom. In principle, this implantation process can be achieved in any device that allows
the bombardment of the metallic surfaces with gas ions. This is preferably found,
however, with plasma-based systems. Preferred in this category are so-called inductively
coupled plasma systems (ICP) or so-called capacitively coupled plasma systems (CCP).
With both systems and in particular ICP systems, it is critical that the acceleration energy

for the ions be selected correctly to achieve the desired properties of the metal layer that



surface, can have a pernmanent oxi dation-preventing action that |lasts for a
fewto several mnutes (e.g., at least | mnute, 3 mnutes, or 5to 10

m nut es). Thus, an adequate time wi ndow is made avail able to be able, for
exanple, to orient wafers to one another and to be able to apply the latter
subsequently for bonding in a bonding chanber. The inplantation with
various ions can in this case be cangied out in parallel to achieve nore

i deal requirenments by, as described above, a correspondingly sel ected gas
m xture being used, or else sequentially, by consecutive inplanting steps
bei ng pemmmwnmdMWWRhVﬁﬁd£&ﬁyvam&@msmﬁﬂé@é@tﬂﬁéﬁééﬂbqﬁﬁgyﬁﬁggﬁgke pl ace
either in the same or in different process chanbers. . To_ date,
subsequentriabie fichisuprgid (Kt GGP ofsteus; friscscastinnteserey pad RegwEEEErRY and bondi ng
of the surfaces takes place as usual. Only the process paraneters can be
mat ched agwanitagesst yriabtn pesotdicgiodhs invéndomdpidhia gueass mefN-H8s carri ed out
with significantly reduced process tenperatures. Here, excellent results
can al r eaglygbexrdehi@ided cathd eifperaptclesind 306 ably thh lagpt ¢apiabede | ayers t hat
are near the surface, a reduction of the tenperature to <260C, ideally to
<230, i nspRMEaICASES iifes@ABC codndtibmerergyiof itduers. das ssnevenided. < 180 or <
160C, is possible. As an alternative, the process w ndow can even be

sel ect ed hhRe®MGhuR Aayalldidatiudl ieq@mnog plasnd”isarenre dnis Bews pedibted cpnitol he case of
a somewhat hi gher process tenperature. Production of a Layer with Defects

that is NeatladhheleSu bag@mperature wiioiid teannéspendenghiettect i on of the
net al - depositing processes, it is possible to produce netal |ayers of

inferior ,gualddol endrBly MRYe i FRSEGA vilthi tBe deSondrfieqicn@bippliedsbeevditre el ectri cal
conductivity of theSe layers is only Iimted. This can be attributed to a
sub- 12 receptacle). The set-up operates even more ideally when the frequency that is applied to
the wafer is selected comparatively low (in comparison to the plasma systems with a
13.56 MHz operating frequency that is common to the industry). More preferably, this
frequency is less than 1 MHz; better results are achieved with frequencies < 500 kHz,
optimal results are achieved with frequencies < 200 kHz, and the best results are achieved
with frequencies < 50 kHz.
In a preferred embodiment, a stronger electrical field ina boundary layer (sheath)
is produced with an in particular additional DC voltage, by which ions are accelerated
more strongly on the substrate surface.
Especially good results are achieved when the selected gas for the plasma
production consists not only of the ions for production of the surface defects, but also
contains additional portions that advantageously influence the process. Here, for
example, the addition of hydrogen is especially suitable since hydrogen has a reducing

action and thus prevents an oxidation of the metal surface, or even can remove an already

existing oxide layer. In particular, hydrogen ions, which are implanted in the metal



optimal configuration of the nmetal structure. This effect is used according
to the invention. In this case, first the netal surfaces are produced with
nmet hods that are commonly used in the industry. Here, reference can be nade
to the enbodi nent above. Building on these layers, a very thin netal |ayer
that is of inferior quality is now applied. Typically, the thickness of
this layer is selected at <3 nm betfer at <2 rim and even nore ideally,
however, at <1 nmor <0.5 rim This layer can be applied either to both
contact surfaces or, as an alternative, even to only one of the surfaces.
In this mm&a;cmﬂﬁwthb@km&@ﬁe&dakkﬂﬁﬁ@ﬂﬁnb®W§§%6ﬁﬁ%ﬁ%ﬂ@ﬁ%ﬁPF%?%%d. Then, the
contact surfaces are brought into contact and heated as is common practice.
In this sases (¢Beatdest aomuded potuesand tndhmintites. nBvedn agerdiag Uglef f usi on bond
i s produced on the contact surface between the two surfaces. The netal

| ayer Wi tvindbies inadetviitiblequat blily, fomexehils, toasentprafirptoese eipshegaviPopment  of
this diffusion bond. The production of this (these) layer(s) can be

cont r ol | Belaty ickmppnhdlane essepanthntet Berglirrin s bohlidepesberi dhe processes. The
paraneters that in this case influence the |layer quality are known in the

i ndust ry irafghi@an vieh SEes it cahid thigichderbe ndrribd dweiaparalke] tolachimpsnoreases, here,
these are deposition tenperature, anbient pressure in the process chanber
of the deRaskiiliRMmesy %,%ﬁﬁesaﬁbé&%bbva’;ls chhspaalngbt seened fasttistugatsimnd t he

anbi ent conditions, ich is in the deposition chanber of the deposition
system Asdqebhogd sthabidls, sichabliclifplhiifg steps paad parbuhet wh ukof exanple, a
sputtering process, which is perforned under process conditions that are
nor mal |y v 6eRSihARERdal0 Pl ahaIRmddeRIthd SUBH sse orén @iffercat po@sess tenperature
that is too | ow). As an alternative, the layer can al so be produced
by means pf.uel.ectroplating. In this case, it is conceivable first to
produce the surfaces in planar form (as descri bed above) and then to

produce a thify, ld%%%bgeg&ﬁ?{o b EKRESS §Sour (BR]IARAVEY chiactiB@arsl of 13
el ectropl ati ng. Based on an optim zed sel ection of the electroplating

Process GERATL Gaho GATPASLLL e ULEENDNALRSe ] AFBRLSS Uitde CLC.), 3 1 ayer

can thus be e desired properties. In terns of this

i nventio f t Sra8 o thhod B thed Heatmcase has a val ue

of one o?ﬂﬁggéagﬁgﬁg%kgg'gh t|éﬁ%g?e<llggnn1_%referably < 5 nm even nore

preferablg mﬁ?caﬂ@ Gl piBRL gie}ﬁ{p%{]aﬁ[r l¥ers e%cemeﬁt resAiibaRURdyBEE preferably <
P AT TVE To a vord rnithe s

0.5 nm ape of a sphere or an’ equival ent shape.
Appli cat a2 1e\9gd a%ér@eigm%es%pé f ‘tv\}i&\l o%%frnized layers that are near the surface, a

reduction of the temperature to < 260°C, ideally to < 230°, in many cases to < 200°C, and

in individual cases even to < 180 or < 160°C, is possible. As an alternative, the process
window can even be selected in such a way that the process time can be reduced in the

case of a somewhat higher process temperature,

Production of a Layer with Defects that is Near the Surface:
In the corresponding selection of the metai-depositing processes, it is possible to
produce metal layers of inferior quality. Tn most cases, this is undesirable, since the

electrical conductivity of these layers is only limited. This can be attributed to a sub-



It is already known fromscientific literature that netal particles (e.qg.
gol d, but also copper) with a size of < 100 mx, ideally < 70 nm even
better < 50 to 30 nm and preferably <20 or < 10 nm have the property of
connecting to a honogeneous continuous netal structure in a heat treatnent
at tenperatures below the nelting point depending on the size of the
particles but also far below the nel1ing point. This property can now be
used for bondi ng processes by such particles being applied in the formof a
thin | ayer on one or both netallic contact surfaces. The contact surfaces
are t henogsimehgtfigination elghe mete! wmeiusy B clied 1t &of HEORERC Heat nent . Duri ng
this heat treatnent, these nanoparticles nake possible both the bonding
bel ow on@verionhbythigease; fisst homgiehyriases ra medused with methedriba@e surfaces, and
as an end result, a conplete bonding of the two netallic contact surfaces
Wit h onecamoemiensed Thibs idystrvndierp sxernsesan be mpdeio tembadispariPtt es are very
reactive on their own and have the property of ideally connecting with

net al suBfidieson thesepayets, e wrpthicosiel leydritpt sfof iferios anaitrstg. 2piliedh use of
smal | particles, this 14 connection can be carried out even at

t enper at Gygisally2ho Gickndaalf thys l«@0 OGeleetv@ at b, prtefa r<dbiny ard ¢80C, and even <
120C in cases with very small particles. Optim zation of Surface Roughness
A sim | amoacidedllgr latvicver, aif< 1 hre odk DiSusi. cThibapa cambe appbahaibegtoibathpar ti cul ar  at
greatly reduced tenperature is al so another possibility to correspondingly
opt i m ze chhig:t suifabaae Saswh bherngispestn oonbunt a diesatighnds shis e thrasi ¢
principle consists in the planarization of the surface wavi ness and

m Cr o- r oygtimesss ard hen cosdsparEantysaaiad( RvB) heeughnesticksart drobgle wit hin the
nanonet er range. The roughness that is set has to be honbgeneous. This
means t haio thifchBaiheary at BRehhon aScir| [h &g dakwethesafhcadpkts adecef the
ridge-valley profile, which is neasured with an atom c-force m croscope
(A'M, hagmiftchemtiheliSam wLad shedendd onahstbnfacarfadticsvdes tla thecessary
requirenent in that the surfaces can engage over one another upon contact

in such guays tNatmdtheayct AER e Glfa@Ruaiuy haeR chielprorhdies atidselpmedt t he ot her
surface and vice versa. Based on this optiml contact, the devel opnent of a

di f f usi onyrhRNA i Sodb&At e Plo@iRbedr ARdihkS) BEE:) PASK dholRMER kabwh owner
t enper at ur es. .
process parameters on such deposition processes. The parameters that in this case
influence the layer quality are known in the industry and can be seen in the pertinent
literature. In most cases, here, these are deposition temperature, ambient pressure in the
process chamber of the deposition system, as well as the selection of the gas and the
ambient conditions, which is in the deposition chamber of the deposition system. A
method that is suitable in this respect would be, for example, a sputtering process, which
is performed under process conditions that are normally considered to be sub-optimal
(such as, e.g., a process temperature that is too low),
As an alternative, the layer can also be produced by means of electroplating. In

this case, it is conceivable first to produce the surfaces in planar form (as described

above) and then to produce a thin layer (layer thicknesses, see above) by means of



The surface roughness that is necessary in this respect can be achi eved by
specifically selected CVP processes. On the one hand, CWVMP processes nake
possi bl e the production of a very flat surface, while the surface roughness
can also be influenced with the suitable selection of slurries. The
production of the desired surface conposition can in this case be carried
out either in an individual CW step3or in tw steps that foll ow one
another. In this case, the first step is used to ensure the planarity of

t he surfaces, while the second ste is used to produce th deS|red | ocal
surface ¢lotighiatas Baspd promeantipnized s¢ ?Célé]é ok 8¢ @ﬁ?@%‘“@&ﬁwéﬁ% EhHECEr oduced by
means of a special etching step. In addition, it 15 is conceivable to
produce ¢deposidiguicteent veluesh KESSrAAFS: BiC i IRYRL E1BYS rPreesienith Beect r opl ating
and CWP or as a result of a specifically perforned electroplating step. In
t hi s caségsitgd piogerégsncei vabl e first to produce the surfaces in planar form
and then to produce a thin layer (layer thicknesses, see variant production
of a layer wilnherdepttissnyention,iserfasedefeathae sl siacibyt ipjhepdeahigsolas a

el ectropl ati ng. Based on an optim zed sel ection of the el ectroplating
process (dheomabr corposiy ingrasticolar £ éhnmyprkigedly € enpetvaimcee etc.), a layer
with the desired properties can thus be produced. The surface

r oughnes grefanids 46 @ch, wienmaEMefaoabla< 2 nx, xdmves mofegeedrablicul drbe <20 nm in
particular < 10 tin, preferably <5 nm even nore preferably < 3 nm even
nor e pr et@atabkya wid imbg stapeotveheroor & qooishleniabkpe. < 0.5 nm To be able
to achi eve especially optim zed process results, the above-descri bed
variants can al so be conbined with one another as desired. Primarily, an

i npl anting of hydrogen as a neasure to avoid oxidation in the interaction
Wi t h t he Aglpheitiod @ Mdtkind Narégaeddescan yiel d especially optim zed results.

It is already known from scientific literature that metal particles (e.g., goid, but
also copper) with a size of < 100 nm, idealty < 70 nm, even better < 50 to 30 nm, and
preferably < 20 or < 10 nm, have the property of connecting to a homogeneous
continuous metal structure in a heat treatment at temperatures below the melting point
depending on the size of the particles but also far below the melting point. This property
can now be used for bonding processes by such particles being applied in the form of a
thin layer on one or both metallic contact surfaces. The contact surfaces are then brought
into contact and subjected to the heat treatment. During this heat treatment, these
nanoparticles make possible both the bonding below one another and the bonding with
the metallic contact surfaces, and as an end result, a complete bonding of the two metallic
contact surfaces with one another. This is made possible in that the nanoparticles are
very reactive on their own and have the property of ideally connecting with metal

surfaces, in particular consisting of the same metal. With use of small particles, this



It can be nmentioned here one nore tinme that the nethod al so can be applied
to so-called "hybrid bond interfaces.” These hybrid interfaces consist of a
sui tabl e conmbination of nmetallic contact surfaces, which are surrounded by
non-netallic regions. In this case, the non-netallic regions are configured
in such a way that in an individual bonding step, both the netallic contact
and contacts between the non-netallig£ regions can be produced. Her e,
it can be especially advantageous to configure the plasnma inplanting step
in such a way that both the nmetallic connection at |ow tenperature and the
connect i amnédvmesrbetdagicd ont aved alidmprawesns 24t ideadjyai WO hevarealel i ¢ regi ons
can be produced. In this 16 case, these non-netallic areas could consi st

of sili cerfeibgxt tamecWiideReak ST Camncdies witdicty etalbpartickans of pl asma treat ment
in such a way that the bonding can take place at very |ow tenperatures.

The invention consists in particular in a process flow for the production
of a permanent, electrically conductive connection between a first netal

surface @Jnﬁ“ahgﬁgfggg§&ﬁ@ﬁ@hﬁgg a second netal surface of a second
substrate mnt follomnng met hod steps, in particular the course of the

met hod:  Condi § '51919 apgccgl ratanr‘ of thE &%fuﬁ&gbo?ﬁ%ﬁ&‘g boRfR! in phHib@ses gleltlysuch a way
that in a connectlon of the nmetal surfaces, in particular in a tine period

of a I ew I, Q&S Alhet sgngeaéluce S n@eor?esﬁﬁ{d!@mhmﬁ'tﬁ&iu%@e@' 'y

conduct i Ve conn ctlon- ast primarily by substitution

di ffusi OQVJﬂ%sﬁ?c?{b gu&}a@e%])hé}ﬁgésarfhébefﬂ ﬁﬁ?igﬁrc%flﬁsrtﬁgltﬂe pldeRtdeabs et al ions

and/ or netal e“two net ces - can be produced,
surface waviness and micro-roughness. The root-mean-square (RMS) roughness is to lie

within the nanometer range. The roughness that is set has to be homogeneous. This
means that the mean wavelength, as well as the mean amplitude of the ridge-valley
profile, which is measured with an atomic-force microscope (AFM), has to be the same
on the entire surface. This is a necessary requirement in that the surfaces can engage over
one another upon contact in such 2 way that the ridges of one surface fill the valleys of
the other surface and vice versa. Based on this optimal contact, the development of a
diffusion bond is greatly promoted and is made possible even at lower temperatures.

The surface roughness that is necessary in this respect can be achieved by
specifically selected CMP processes. On the one hand, CMP processes make possible the
production of a very flat surface, while the surface roughness can also be influenced with
the suitable selection of slurries. The production of the desired surface composition can
in this case be carried out either in an individual CMP step or in two steps that follow one
another. In this case, the first step is used to ensure the planarity of the surfaces, while
the second step is used to produce the desired local surface ronghness. Optionally,

surface roughness can also be produced by means of a special etching step. In addition, it



Oientation and connection of the first and second netal surfaces, whereby
during the conditioning, orientation and connection, a process tenperature
of at nmost 300C, in particular at nost 260C, preferably 230C, even nore
preferably 200C, especially preferably at nost 180C, and ideally at nost
160C, is not exceeded. 17 Method for Permanent Connection of Two Met al

Surfaces Claims 1. Process for the pfoduction of a permanent, electrically
conductive connection

is conceivable to produce the required roughness with an interaction between
electroplating and CMP or as a result of a specifically performed electroplating step. In
this case, it is conceivable first to produce the surfaces in planar form and then to produce
a thin layer (layer thicknesses, see variant production of a layer with defects that is near
the surface) by means of electroplating. Based on an optimized selection of the
clectroplating process (chemical composition, current values, temperature, etc.), a layer
with the desired properties can thus be produced.

The surface roughness {measured with AFM for a 2 x 2 pm surface) should be
< 20 nm, in particular < 10 nm, preferably < 5 nm, even more preferably <3 nm, even
more preferably < 1 nm, and even more preferably <0.5 nm.

To be able to achieve especially optimized process results, the above-described
variants can also be combined with one another as desired. Primarily, an implanting of
hydrogen as a measure to avoid oxidation in the interaction with the other described
methods can yield especially optimized results.

Tt can be mentioned here one more time that the method also can be applied to so-
calie(i “hybrid bond interfaces.” These hybrid interfaces consist of a suitable
combination of metallic contact surfaces, which are surrounded by non-metallic regions.
In this case, the non-metallic regions are configured in such a way that in an individual
bonding step, both the metallic contact and contacts between the non-metallic regions can
be produced.

Here, it can be especially advantageous to configure the plasma implanting step in
such a way that both the metallic connection at low temperature and the connection

between the non-metallic areas that adjoin the metallic regions can be produced. In this



between a first netal surface of a first substrate and a second net al
surface of a second substrate with the follow ng nethod steps, in
particul ar the course of the nethod: Conditioning of the first and second
metal surfaces in such a way that in a connection of the netal surfaces, in
particular in a tine period of a few mnutes after the conditioning, a
permanent, electrically conductive é¢6nnection - produced at |least primarily
by substitution diffusion between in particular simlar, preferably

identical, metal ions_and/or tal. ato of the tal, surfaces - can be
pr oducedSase: g5 BOR-RERYR AFATC @EFF%ﬂﬂgp‘Wﬁ%£¥V%§$agﬁamgﬁbond net a

surfaces, whereby during the conditioning, orjentation and connection, a
process ﬁ@ﬁ%@?éiﬁ?@méfp@ﬁﬂ%%§$n§@6tﬁw@%“@%ﬂ%ﬁéﬁjQﬁaﬂﬂc tPBEGE, preferably
230C, even nore preferably 200C, especially preferably at nost 180C, and
i deal |y &¢ryystempeRmIesi s not exceeded. 2. Method according to Caim
1, wherein the first and/or second netal surface&gg has .(have) a | ayer
thi ckness S <Bherinyenfipn grapists supasiculT &3 RIRTESHIGF &N ] Rrodiction %ﬁ’; even nore
preferably S < 1 nm and especially preferably S <0.5 nm 3. Met hod
accor di ngermunonelestricaiecopdetiael pengedioabpisveenihBisempiat wefagq A ¢firiind/ or  second
netal surface is applied on the respective substrate.

substrate and a second metal surface of a second substrate with the following method

steps, in particular the course of the method:

- Conditioning of the first and second metal surfaces in such a way thatina
connection of the metal surfaces, in particular in a time period of a few
minutes after the conditioning, a permanent, electrically conductive
connection — produced at least primarily by substitution diffusion between in
particular similar, preferably identical metal ions and/or metal atoms of the
two metal surfaces - can be produced,

- Orientation and connection of the first and second metal surfaces, whereby
during the conditioning, orientation and connection, a process temperature of
at most 300°C, in particular at most 260°C, preferably 230°C, even more
preferably 200°C, especially preferably at most 180°C, and ideally at most

160°C, is not exceeded.



18 4. Method according to one of the preceding clains, wherein the
condi tioning conprises the production of surface defects. 5. Met hod
according to one of the preceding clains, wherein the conditioning
conprises the production of a layer that is near the surface and that is

provided in particular with defects. 6. Method according to one of
the preceding clainms, wherein the cdfiditioning conprises the application of
metal | i ¢ nanoparticl es. 7. Method according to one of the preceding

clai ms, wherein the conditjoning conprises the optinization of the surface
roughness of at IeQ@ﬁméﬁgfﬁﬁmPﬁgd%égﬁm%ﬁéﬁﬁﬁg@wp§ﬂgk%
Claims

1. Process for the production of a permanent, electrically conductive connection
between a first metal surface of a first substrate and a second metal surface of a second
substrate with the following method steps, in particular the course of the method:

- Conditioning of the first and second metal surfaces in such a way thatina
connection of the metal surfaces, in particular in a time period of a few
minutes after the conditioning, a permanent, electrically conductive
connection - produced at least primarily by substitution diffusion between in
particular similar, preferably identical, metal ions and/or metal atoms of the
two metal surfaces — can be produced,

- Orientation and connection of the first and second metal surfaces, whereby
during the conditioning, orientation and connection, a process temperature of
at most 300°C, in particular at most 260°C, preferably 230°C, even more
preferably 200°C, especially preferably at most 180°C, and ideally at most
160°C, 18 not exceeded.

2. Method according to Claim 1, wherein the first and/or second metal surface(s)
has (have) a layer thickness S <35 nm, in particular $ < 3 nm, preferably S <2 nm, even
more preferably S < 1 nm, and especially preferably S < 0.5 nm.

3. Method according to one of the preceding claims, wherein the first and/or

second metal surface is applied on the respective substrate.



18

4. Method according to one of the preceding claims, wherein the conditioning
comprises the production of surface defects.

5. Method according to one of the preceding claims, wherein the conditioning
cornprises the production of a layer that is near the surface and that is provided in
particular with defects.

6. Method according to one of the preceding claims, wherein the conditioning
comprises the application of metallic nanoparticles.

7. Method according to one of the preceding claims, wherein the conditioning

comprises the optimization of the surface roughness of at least one of the metal surfaces.



