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the resul mem\wm\w el ement The present invention relates to a process
for joini bodi es via their substantially snooth Zg Wﬁ%ﬁ Zhhzt
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treatment, which in the case whetrvusktiiredned@metbodi es are used is carried
out at tenperatures bet ween 800 and 1100 C, that the solid bodies can no
| onger be separated from one another. This process, which is described in
the literature under the headi ngs "Wafer bonding”, "D rect bonding" or
"Fusion bonding", has in the neantinme achi eved i nportance both in
m croel ectronics and in nicrosystens technol ogy. A review of the previous
developnenhﬁ in this field be ffund for exanﬁl in_the articles
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microelectronics and in microsystems technology.

A review of the previous developments in this field may be
¥ found for example in the articles "“History and Future of
Semiconducter Wafer Bonding", U. Gésele, H. Stenzel, M.
Reiche, T. Martini, H. Steinkirchner und Q.-Y. Tong in
"Solid State Phenomena" 47 & 48, pp.33 to 44 (1995).

Wafer bonding is not restricted to joining silicon solid
bodies. Many other materials can be joined to one another
in this way. Problems arise however from, among other
factors, the high temperatures that are required in order
to achieve an acceptable bonding strength. As a result,
structural elements that contain temperature-sensitive
structures, as well as material combinations in which the

individual components have different coefficients of
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DE-OS 44 09 931. This specification describes first of all as prior art a
process for the direct bonding of silicon wafers, in which the surfaces of
silicon wafers have first of all been highly polished, treat

Wi -a
m xture of H2S04 and H202 solutions in order to render the sff]gaAQ(bZUDIZe
waf ers hydrophilic (in order to produce a high density of hydroxide

groups), and are then brought together 2nto intimate or close contact at
roomtenperature while water is present between them The wafers are then
heat treatEBeFRadr §3PAS QT miGRINCY RE vl rPHesaBENtine Rer beaded t he
reacti on wstbfitlieneny atwldriylwi n the wafers by coval ent silicon-oxygen
bonds. Also, in sone variants of the invention according to DE-CS 44 09 931

wat er nol egul es ar lied tq the surface.of the.wafers to be joined, but
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nmononol ecul ar | ayer of a conpound of the general formula SY[ (CH2) XSi (OR
3l 2 in whiklprdeenotésthshylypeetisy ldegummigydd for pexampléainnet hyl
ethyl, DE-0OS 44 09 931. This specification describes first of all

as prior art a process for the direct bonding of silicon
wafers, in which the surfaces of silicon wafers have first

of all been highly polished, treated with a mixture of

H,S0, und H,0, solutions in order to render the surfaces of

the wafers hydrophilic (in order to produce a high density

of hydroxide groups), and are then brought together into
intimate or close contact at room temperature while water

is present between them. The wafers are then heat treated

in order to eliminate the water between the wafers by the
reaction with silicon, and to join the wafers by covalent
silicon-oxygen bonds.

Also, in some variants of the invention according to

DE-0OS 44 09 931 water molecules are applied to the surface
of the wafers to be joined, but only in order to form
hydroxide groups on these surfaces. The remaining water
molecules are then removed, and in fact before the wafers

are bonded to one another.
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(I') X denotes 1, 2, 3 or 4, in particular 3 y denotes 2-6, in particular 2,
Z 9 ~UG2002 4 is applied to the surfaces of both solid bodies. A

coval ent bondi ng of the nol ecul es of the conpound | to the hydroxide
groups, e.g. of the silicon surface, takes place. The sol ndQb ces
are then brought into contact with one another. First of glcg gmwdz\aal S
i nteractions occur between organic nol gcules that are fixed on oppositely
facing wafers . During a subsequent heat treatnent at ca. 170 Cthe S S
bonds r uptAFEOTMRELY he LRoPRALPST SOF HifhI§ve stree% elgpekers ABVI ng
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ri ses (froof20heohgdtoxid@0gnbu®. In this way it is possible to
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present i culaar, Vel 4 . r : I onds
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or the hydeegehhbpugdedsends dergyierd i ntaenphibriartpubhdspedcess
accordi ng fgptikeanwention is particularly suitable for hydrophilic

surfaces. ese are produced optionally by treatnent with for exanple
m xtures of H2S04 and 0 olutions. In_a Brgfer%eg ngpdinent,one f the
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froma dil exkeampdleutwiarh afl ket xiomblooxysibhaaasor gani ¢ sol vent. The
concentration of the conpound according to the general fornmula (1) in these
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9 AU G 2004£a9icals. Covalent bonds cannot be formed on account of
the lack of reactivity of the alkyl radicals.

In another known process the Langmuir-Blodgett technique is
used to coat the surfaces, which however is a complicated
and costly procedure.

The object of the invention is to provide a more
advantageous way of joining solid bodies to one another via
covalent bonds at relatively low temperatures.

The present invention provides a process for joining the

) substantially smooth surfaces of two solid bodies to one
another using organosilicon compounds, which process is
characterised in that a monomolecular layer of a compound
of the general formula

s, [ (CH,) 481 (OR) 41, (1)

in which:

R denotes methyl, ethyl, propyl, in particular methyl,
ethyl,

x denotes 1, 2, 3 or 4, in particular 3

y denotes 2-6, in particular 2,



understood to include in particular those consisting of silicon, silicon
di oxi de, sapphire (A1203), gallium arsenide (GAs) or gold. These solids
(substrates) either have a natural oxide layer (Si,Si 02, A1203, GaAs), or

can be coated with an oxide layer, for exanple Y-Ba-Cu-O _a déhﬂg ct
| i ke a hydrophilic Si surface. The process is generally car [ [}&d@
follows: A suitable substrate is exposed in an inert gas atnosphere to a
ca. 10-' nolar solution of (I) in tol fene. After ca. ~5 hrs the substrate

i s renovedd rapplhedsobuthensumdisiced sufcbesdi vwedlyidvibddiesuenr, acet one and

methanol . h]éntBBnbiAA! 68 tHChIUcA dE T Shd NOREOIAG
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ul trasound bath. The so residues are then renove ron1tﬁegﬂangs by
gent| e hedYREPEHABI HEGUREY h esighulafatdwus idekron feigaf fon, (8OBOSr PPpame,. 5

m nutes). Tie ¥8fe8SHaNe BAWFLRAOUGH Y HdNISELWEED SHPST BHRhEaWet &4 tih
order to renove dust particles, next re-centrifuged to dryness, and then

cont act ed Y€ h®BREPSRot her. Van der Waals forces are produced spont aneously
bet ween the organi c nol ecul es i nmobilised on oppositely facing wafer sides.
The waf er parsti sfnelll heat e Wadlgriintesactiddd o€can Bebweeheat ed pl ate

and then cogled.to r t ture, fer.. this treatment._cqval ent bonds
have forné%ggggﬁéeﬁog%ghﬁgggﬁéguﬁﬁsgﬁﬁgﬂgg%t%%e%égoggggggnéﬁflpﬁé conpound
accor di ng vafévenul a(l) is converted into the gaseous phase and then

deposi t ed H{i2nEDRORRERYANY V&t Wrd DEmSHE 8E8caAN18RPkI gathangiicom the
gaseous phase may be carried out for exanple in a desiccator. For this

pur pose t hBOBES| E¥RLHTS n Wikl F R el UMRE AR eChshighlvageashioend (1) are

cont ai ned kpeelascUdafd i vhi £56dIr €10 BoheW(ikak. rilda dadlng to the vacuum
pgnp is then disconnected. After 5 hrs 2 9 AU G 2002 6 the substrates

have been ated with nonol | ayer of. the_organic sul fide an an be
cont act ed, Egs n&é’sé:ﬁone%eaebo ‘.El‘lr{?a{%n&éﬁgoaifﬁgﬁ?u&i 'tét?e ABRAR t he
reaction céiachag niafient exhufaogs Weaght wiTheonevemiotdreral so qurualass the
structural alamant qr.odueed b%’hé“?ﬁt@%?ﬁégsi(g‘i PhHHS| ng{‘}{é’mirﬁ%theia@@d' €s

whose surfaces have been covalently 50|ne ne gnother via t
mononol ecuPRLIY &riSe%r HEFPBN2P heCsaPPace4 08y "IH& donpounds according to
formula(l?. Fig. 1 illustrates this bond by way of exanple when a

bi s(al koxyginl WHirsopydy disul § apesksbiisedo covalently join such surfaces
via the compound according to formula(I) present in a
monomolecular layer on the substrate surface. Covalent
bonds have a significantly higher stability than the van
der Waals interactions or the hydrogen bridge bonds
described in the prior art.

P The process according to the invention is particularly
suitable for hydrophilic surfaces. These are produced
optionally by treatment with for example mixtures of H,SO,
und H,0, solutions. In a preferred embodiment one of the
compounds according to formula (I) is applied to the
substrate (surface) from a dilute solution of the compound
in an organic solvent. The concentration of the compound
according to the general formula (I) in these solutions is
>0 to £ 107 mol/l.

Suitable solvents include saturated cyclic, branched and
unbranched and aromatic hydrocarbons, for example toluene

and hexane.

Solids to be treated according to the invention are



2 9 AU G 2002 Exanple 7 A conparison of the conposite solid bodies (Si)
produced according to the prior art (LB filn) and the process according to
the invention (disulfane Si 266) gives the followi ng results:
ParanmeterLB-Fi | nSi 266(Adv. Mater. 1997)(DEGUSSA) M. in the

i nterfaced42Thi ckness in the interfaceca. 8 nm ca. 1 nnBona gstAuﬁ;t?rgﬂgt
RT100 - 350 mJ/ nRca. 20 mJ/ n2Bond strength after heat Deconposition

at 300-400 mil/ nRtreat ment T>60C(1700) Substrate/fil mvan der
Waal scovalumidaostosddy tb/ lk/haémddeﬁ.nV\batn:d\mi]ﬂsm etrtt@emgl eorsisbongsbeEposi tion

thodLanm{cggodggﬂggﬁoa ﬁfero@ai)giﬁ’itfém e : r?cre%l g_qb“RT Room

tenperature WN | nteraction erergie€s can y optinising
t he react idrFpaidael{enss) Spr26@ld 20esz) solgoky/ (pubstrages) €608e3 mn)

400 - 50w/ #PngEukdY- bb&lab (1% Msi/, Sid), moorrﬂ/GBA%) 68r c8@CpH0 -
90 mi/nR2; Si 69 _- 80C (3m n) C (10- 14, daysi 400 mi/ nz 'The reaction
bet ween 2‘§H%%?%n8é§htH&toéﬂ§Qu%%M§¥\ﬁQW1%F ?a&e?aoﬁusp 28b69c &hee

initiated ﬁyactradkataohy&ﬂdpﬁmilézgi/gﬁﬁfa&gz s light (365 nm 7 mns).
In order to permit irradiation with Wlight, an Si disc is replaced by a
quartz wafer.

The process is generally carried out as follows:

A suitable substrate is exposed in an inert gas atmosphere
to a ca. 10 molar solution of (I) in toluene. After ca.

5 hrs the substrate is removed from the solution, washed

} successively with toluene, acetone and methanol, and is

then treated twice for 2 minutes in methanol in an
ultrasound bath.

The solvent residues are then removed from the wafers by
gentle heating combined with simultaneous centrifugation
(3000 r.p.m., 5 minutes).

The wafers are now thoroughly rinsed with superpure water
in order to remove dust particles, next re-centrifuged to
dryness, and then contacted with one another. Van der
Waals forces are produced spontaneously between the organic
molecules immobilised on oppositely facing wafer sides.

The wafer pair is next heated for 5 minutes at 170 ° C on a
heated plate and then cooled to room temperature. After

this treatment covalent bonds have formed between the
wafers.

In an advantageous embodiment the compound according to
formula(I) is converted into the gaseous phase and then

deposited in a monomolecular layer on the surface.

An application from the gaseous phase may be carried out
for example in a desiccator. For this purpose the
desiccator in which the substrate as well as compound (I)
are contained is evacuated to a pressure of a few mbar. The

line to the vacuum pump is then disconnected. After 5 hrs



J 2 9 AU G 2002 9 Patent clainms 1. Process for joining the substantially
snoot h surfaces of two solid bodies using organosilicon conpounds,
characterised in that a nononol ecul ar | ayer of a conpound of the general
formula, sYL ( CFi2) XSi. ( OR) 3] 2 (1 ) Ain which d?az e

met hyl , ethyl, propyl denotes 1, 2, 3 or 4, y denotes 2 - & Vi §p29Q% to
the surfaces of both solid bodies ang the solid bodies surfaces are then
brought into contact. 2. Process according to claim1, characterised in
that a bi 5P ESRASGIRASH IRYS o*?%%ﬂ‘f‘éﬂ%tﬁa Wit 3s"ORPAVEF S (9RE f or nul a
| . 3. ProeesgmandeceidiMigid cand ata® BeasdnBacebdr, aakeidesett-iibed hatow®! i ds
havi ng a hydrophilic surface are used. 4. Process according to clains 1 to

3, characteri_sed. | hecc (o] di fQr. h.lS used in
Che form ofF Sioaribdiitnt '6e CCREOLRYCACIBRILAL KRB Bdr Joe 7, 198!
Process adeditdiated orsieg oWVnbighdft the preceding clains, characterised in

that the process is carried out at tenperatures of 10 to 30 C with,

optional | yyhea ANt {6AL FBRL BloleaRe! *hd @t Ricthithl & PdRen€ produced
by this process, comprising two solid bodies whose surfaces
have been covalently joined to one another via the
monomolecular layers formed on the surfaces by the
compounds according to formula(I).

Fig. 1 illustrates this bond by way of example when a

o
~——

bis (alkoxysilylpropyl)disulfane is used.



2 9 AU G 2002 6. Process according to claim1, characterised in that the
conpound according to formula (1) is applied fromthe vapour phase. 7.
Process according to claim1, characterised in that Wlight is used to
initiate the reaction. 8. Conposite structural elenent, in_particular for

m croel ectroni cs or mcronechanics, conprising two solid b@3dj eAUBR2
surfaces have been joined to one another via the nononol ecul ar | ayers
formed by the compounds according to (71 )

A, . AuR AEXAMREE. AyYE(. Ay[. A{. Ay[s. A([ %&& : BC*" akl xy}}wr | gb] W] ca] ca] ca] caV
] cal] caV] ca] ca] ca] ca] ca] ca] cal] caV] caV] caV] ca] caV] ca] cal ca] ca] cal ca] ca] ca] ca]
caU] ca] capc the comp081te solid b

{| CDst |\ zupkf a\ V\]ca] ca] cal cal c ] ca cac]ucca(]%a] cal ca]
ca] ca] ca] BEFEA IR ]t %/]E ]'8 1c"é(] A5 %&]18‘3 %ﬁﬁ ﬂe process

0?A3JK/ 8J¥xycodd mdahted i healnagnalioa] dal]lca]l(fa]rxea]saa]zm )cajicadsaliga] cal cal c
(a] ca] ca] (ia]lc%]v{ﬁ]q? a%?%‘]]lfééca] calcalca]calca]calca!{|ef | R*_2cG H

BRRRVIN! caJ ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”a] c
a]ca]caU] Lt e A G

WHYE Y %4 EBBEEIREREREE ;' } xsnhc] X]|feabfita] cal] ca] ca] daéicaF6a] ca] ca] cika] ca]
ca] ca] cal|ca] ca] ca] ca] ca]ca]ca]ca]c ] al.caly gé‘g] Fhcal ],53 "M T]' e
TUSCUCOPI ) & (75 =rw e prErbr oL g 37 GReERbAT
a] caV] ca] af-caf-eel ca] c&a} c&a} eal-cafeateateattral cal
ca] ca] caMialicatheajinbek tader+++~ | 14 -p----. .. //00p0qU00} ++++zupke [ M ca] c
) Thickness in the interface [ca. 8 nm - ‘ca. 1 nm
{ )
Bond strength at RT 100 - 350 mJ/m’ ca. 20 mJ/m°
Bond strength after heat Decomposition at 300-400 mJ/w’
treatment T>60°C (170°C)
WW Substrate/film van der Waals covalent
bonds
WW ML/ML van der W. + covalent
entanglements bonds
Deposition method Langmuir-Blodgett |adsorption
from solution
}

ML: Monolayer
RT: Room temperature
WW: Interaction

Bond energies can be increased by optimising the reaction
parameters: Si 266 - 20°C: 50 - 80mJ/m?; Si 266 - 160°C

(3 min) : 400 - 500 mJ/m* or UV-Licht (365 nm, 7 min):

750 mJ/m?

Si 69 - 20°C: 60 - 90 mJ/m*; Si 69 - 80°C (3min) or 20°C
(10-14 days): 400 mJ/m’

The reaction between 2 substances that are coated with a

monolayer of Si 266 can be initiated by irradiation with UV
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Patent claims

1. Process for joining the substantially smooth surfaces of
two solid bodies using organosilicon compounds,
characterised in that a monomolecular layer of a
compound of the general formula,

-

s, [ (CH,) 481 (OR) 31, (1)

S
Nvpr

in which

R denotes methyl, ethyl, propyl

x denotes 1, 2, 3 or 4,

y denotes 2 - 6,

is applied to the surfaces of both solid bodies and the

solid bodies surfaces are then brought into contact.

2. Process according to claim 1,

characterised in that a bis(alkoxysilylpropyl)disulfane
is used as compound of the formula I.

3. Process according to claims 1 and 2,

characterised in that solids having a hydrophilic
surface are used.

4. Process according to claims 1 to 3,
characterised in that the compound according to formula
(I) is used in the form of a solution having a
concentration of >0 to 10 mole/l.

5. Process according to one or more of the preceding
claims,
characterised in that the process is carried out at
temperatures of 10 to 30 ° C with, optionally, a heat

treatment at temperatures of 150 to 200 ° C.
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