Processing for Bonding Two Substrates The invention
relates to the technical field of bonding by nolecul ar
wathhesiaes of two substrates to one another. Bordi/mgoi9®00142
one way to attach two substrates to each other, which

finds application e.g. in the silicon-on-insul ator
fabrication technology called Smart Cut(tn). Bonding
by nol ecul ar adhesion . is a technique during which two
substrates are brought in close contact to each other
and wherei n t he PsoicdsstepfopBupling PwoFubshategibst r at es
are such that they stick to one another, wthout the
application of further adhesives. The process of

Theomdemani Felspe abf ihealechiniglafidi® cbf byorring Yi NBolREEISE Wakesion of two
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Su ?tbaéﬁs% e,rr om where a bonding front then spreads
out over the entire interface of the two substrates.
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bonding defects. Bonding defects are for example so called edge void defects WhICh result

from the presence of water at the interface. In the Smart Cut™ process this kind of defect

can lead to the presence of non-transferred zones in the final product, e.g. a SOI wafer.

Nevertheless, even using the process of WO2007/060145, it has been observed that, in a
fabrication line, the number of defects rises with the number of substrates bonded inside the

bonding tool.

It is therefore the object of the present invention to provide a method with which the increase

of bonding defects can be reduced.

This object is achieved with the method aécording to claim 1. Surprisingly, by providing, prior
to bonding, a gaseous flow over the bonding surfaces of the substrate, the formerly
_observed increase of bonding defects could be stopped or at least reduced."



This object is achieved with the nmethod according to
claim1l. Surprisingly, by providing, prior to bonding,
woogasEeess fl ow over the bondi ng surfaces of tHE/1B2009/000142

substrate, the formerly obgerved increase of bondi ng
defects coul d be stopped or at |east reduced. According
to a preferred enbodi nent of the invention, the
gaseous flow can be provi ded between the two
substrates. In this case, a flushing of the surfaces

Aof8Hng e B i reb TRt Sh e YRR B B0y TR 6 provides
belgasa s tid substratesbedn ¢hvis Base) lEafestithg dPrtied surddiey ,cahtbe carried out just

seouys . fl:ow can be a, lamnar. flow It is . heliev
el SUyrelsR o 1 SefieefBb Bhine Bolne Haap B PG the gaseous fow
cavbberan sehancgiit saturate the atnosphere of a tool used
for bonding, can be renoved fromthe bondi ng surfaces.
By providing the |am nar flow, a possible re-entry of
Prefataely, theeghseousiflowl earces aclamites fimwev &nis éxdlieved that, by providing the

Advant ageousl .the flow can. be essentiall arall el
Gt DR ynichy Tendst Fi SRR e BlosgRRl Pl ool used for
bof?@ﬂ@,ﬁdﬁa’n bt hrembeae fiiom athe @bhding suffaved. eBy peowdiad thes laminar flow, a
rt her enhanced, According to an adva geous
ot i ARt o e redBanbalentky CabeE e NeF ded during a
heat treatnment of the two substrates. By doing so, the
water renpoval effect and as a,conseqguence the bondin
Aoy EEgassadne i 80 R osBRuy L R FBC e BindlaE SuPces of the
suthated \wite thid featurd iee beradficiar effdcrohwatesreatoviabia$itrther enhanced.
partially carried out using the heated gaseous flow. -

Thus, in addition to heating the substrates via

~ Act@rdingttd @n avartagudus eimbodimesn she gaseuldifibivaraalbe provided during a heat
' connect.i ye heati ng, can EPS{ Brovi ded.,, Acc
a

treg relisy 499 SHHPOSUelRE O PSPt W éfdtegr%&a? tect and as a

cofsnbadeethy boading Rdmpsived. t he heat ed gaseous flow. In
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According to a preferred variant, the heat treatment can be completely carried using the
heated gaseous flow. In this case, the equipment necessary to carry out the heat treatment
and/or the bonding do not need additional heating devices.

According to a preferred embodiment, the gaseous flow is stopped prior to the contacting of:
the two substrates. In other words, the gaseous flow is provided as long as the two
substrates are not yet in contact so that the advantageous effects are achieved just until the
bonding. Once the substrates are bonded, the gaseous flow is no longer necessary and is

stopped to carry out the process in an economical way.

Preferably, the gas of the gaseous flow can have a thermal conductivity of better than j0*10' »
‘W/m.K.  The higher the thermal conductivity, the easier the gas can be heated up and



bondi ng. Once the substrates are bonded, the gaseous

flowis no | onger necessary and is stopped to carry
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Advant ageously, the gaseous flow can conprise nitrogen
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Advantageously the gaseous flow can be pfovided in an oxidizing atmosphere, in particular
Air or 20%02 in N2,and/or a dry atmosphere with a low humidity rate.

The object of the invention is also achieved with the equipment for bonding two substrates to
one another according to claim 14. The inventive equipment for bonding two substrates
comprises the means to provide a gaseous flow, so that the same advantages as already

described above for claim 1 can be achieved.



Air or 202 in N2,and/or a dry atnosphere with a | ow
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to one another according ta claim14. The inventive
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laccording to the invention, Figure 2 is a 3D
besemayas frem thehending sitrieses ng t he concept of the

invention, and Figure 3 illustrates a bonding

equi pnment according to the invention. Figures 1A - 1C
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the BlloRG Higlgest Wo substrates. The first step illustrated

in Figure 1A consists in providing two substrates 1

and
Figures 1A — 1C illustrate the process step of a first embodimen‘t‘according to the invention,

"Figure 2isa 3D schematic view illustrating the concept of the invention, and
Figure 3 illustrates a bonding equipment according to the invention.

Figures 1A — 1C illustrate three embodiments of the inventive process for bonding two
substrates. The first step illustrated in Figure 1A consists in prdviding two substrates 1 and
3 within a bonding chamber 5. In this embodiment, substrates 1 and 3 are semiconductor
wafers, in particular silicon wafers with or without additional layers provided'thereon. They
have either a semiconductor or insulating surface, like native oxide.

The two substrates 1 and 3 have been treated to have the necessary surface properties to
be able to carry out bonding prior to entering the bonding chamber 5. In the chamber 5, the



3 within a bonding chanber 5 . In this enbodi nent,
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non-confined atnosphere is created between the two

substrates. The provision of a non-confined atnosphere
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In this embodiment, the gaseous flow is a laminar flow which prevents turbulences which
could re-introduce water which has already been transported away. To further optimize the
inventive process, the flow is provided parallel to surfaces 7 and 9 of substrates 1 and 3 like
illustrated in Figure 2. The géseous flow according to the embodiment consists of argon,
nitrogen and/or any other inert gas or mixture thereof. In this embodiment, the temperature
of the gaseous flow is about room temperature, which is typically in a ra‘nge of 19°C - 24°C.
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wafers 1 and 3 as in the first enbodiment. Thus in
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while applying the gaseous flow 13’ for a shorter time compared to the second embodiment
and, at the same time, no additional heating device like in the first embodiment is needed.

For best results, the gaseous flow shall consist (at least to a percentage of 10%) of an inert
gas or mixture thereof havihg a high thermal conductivity, such that the necessary heat
transfer from the gas to the substrates 1, 3 can be optimized. Beside that, the features of
the gaseous ﬂow 13’ correspond to the one of gaseous flow 13, in particular the gaseous
flow shall be a laminar flow parallel to the surfaces 7 and 9.

Of course, embodiments 1 — 3 can be freely combined, for example, a gaseous flow 13" with
a temperature higher than room temperature can be used in combination with a further
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quality. The inventive process is of particular

interest in the so called Smart Cut(tm type process
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7. 9 with the gaseous flow could also be carried out outside the bonding chamber 5 just
before entering the substrates 1 and 3 into the chamber 5. In this configuration, it is also
possible to sweep the surfaces 7, 8 individually, in parallel or one after the other.
Furthermore, a non-confined atmosphere could also be achieved by moving the two

substrates through an inert gas.

| Figure 3 illustrates one embodiment of an inventive equipment for bonding two substrates.
The bonding equipment 21 illustrated can serve as bending chamber 5 like described above

with respect to embodiments 1 - 3.
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gaseous flow 13 is Ian1nar flow, nt a
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10.

that the flow 13 is parallel to the substrate
surfaces. According to a variant, the ventilation

woeysbenudHa coul d al so be designed to have twop@IIBIO0Y00142

gaseous flows comi ng from geveral directions.
Dependi ng on the process carried out (see part | of

- figure 1B), the bondi ng equi pnent can furthernore

conpri se heating nmeans 27, e.g. a lanp which could be
| ocat ed upon the center or iﬁﬁ‘edge of the wafer to
heat locally or totally the Surfaces of the wafer to
be bonded. d ains 1. Method for bonding two substrates,
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aiml erein the gaseous flow ( is a lamnar
flow 3. Method according to one of cI alrrB 1 or 2,
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accordlng to one of clalns 1 to 3, wherein the gaseous
I (13,1 h {
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Pl urdces (4 Q)Qfﬁme supetreied (1 ®. gaseous flow (13, 13')
is provided during a heat treatment of the two

substrates ( 1, 3). 6. Method according to claim5
VR Bcddi@ingasasiesof digithd 130)3 I Whérem aid gakdoushidw KTB?13) has a

heat treatment is at |east partially carried out using
temparatare in 3yeanaefeom ream tempgrature upNatRBC accor di ng to
claim6, wherein the heat treatnent is conpletel y

carried out using the heated gaseous flow (13").

Metrrumﬂaac@rdmgu imgot\@ aﬁnﬂalcfs ¢l tai s wherein the vgaseels ftome(13 13) is
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one of clains 1 to 8, V\,herel n the gaseous flow (13)
MertTiPc{dl gggording to claim 5, wherein the gaseous flow (13') is heated such that the

heat treatment is at least partially carried out using the heated gaseous flow (13’).

Method according to claim 6, wherein the heat treatment is completely carried out

using the heated gaseous flow (13’).

Method according to one of claims 1 to 7, wherein the gas of the gaseous flow (13) has

a thermal conductivity of 10*10° W/m.K

Method according to one of claims 1 to 8, wheréin the gaseous flow (13) comprises

nitrogen and or/an inert gas, in particular Argon.

Method according to one of claims 1 to 9, wherein the gaseous flow treatment is

carried out over a time period starting from seconds up to several minutes.
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nitrogen and or/an inert gas, in particular Argon. 10.
Met hod according to one of clains 1 to 9, wherein the

w@ameousosd | ow treatment is carried out over a paTmE2009/000142

period starting fromseconds up to several mnutes. 11.
Met hod according to one of clains 1 to 10, wherein the
gaseous flow is provided in an oxidi zi ng at nosphere,
in particular Air or 20992 in N2, and/or a dry
atnosphere with a low humdity rate. 12. Equi pnent for

pl%(h%dnzgcctomna %’8}1@ %E Iégr’gs % é%)1 6% wheref'fh ag%ge%ﬁﬁ row is provided in an

nprising a’nean 0 provi de’ 2 gase
6>k|dmn©la’abnolspheveem paréculaAis 0b20%802d8 N21 apd®) a dulmamapﬂphere with a
&)he ms@q 25a, 25b) to provide a-gaseous flowis

BYBGIEE o provide a | aminar gaseous flow. 13.

Equi pnment according to claim 12, wherein the neans to

provide a gaseous flow conprises a ventilation system

%ﬁ\‘”@ g?qr?poggyg t i Sl%‘i %%2%?5)2{30 25%@1%?%%{]88%?9 a means (25a,

SbR) #BprbYideOa aseHire figw 18 BeffRBASthE 0@, sWisratdso(1, 3), wherein the

provi de a gaseous flow is configured to provide t he

Gwees (1254, |23h/) fo1ByPVids AegASERH$ {Aowaﬁ awfaur%tq le@V'de a laminar gaseous
strate surfaces (7, 9). 15. Equi pnent according to -

one of clainms 12 to 14, wherein the neans (25a, 25b)

to provide a gaseous flow further conprises a neans

Effibpleht "Rbrdiflf 19708 S 2 WhEreih tnBAfEBRY! B piRidea gaseous flow
comprises a ventilation system (25a) and/or an aspiration system (25b) and/or one or

more gas-inlets.

Equipment according to one of claims 12 to 13, wherein the means (25a, 25b) to
provide a gaseous flow is configured to provide the gaseous flow (13) essentially

parallel to the substrate surfaces (7, 9). i

Equipment abcording to one of claims 12 to 14, wherein the means (25a, 25b) to
provide a gaseous flow further comprises a means (27) to -heat the gaseous flow, in

pérticular up to 100°C.



