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PROCESSING FOR BONDING TWO 
SUBSTRATES 

0001. The invention relates to the technical field of bond 
ing by molecular adhesion of two Substrates to one another. 
0002 Bonding is one way to attach two substrates to each 
other, which finds application e.g. in the silicon-on-insulator 
fabrication technology called Smart Cut TM. Bonding by 
molecular adhesion is a technique during which two Sub 
strates are brought in close contact to each other and wherein 
the surfaces properties of the substrates are such that they 
stick to one another, without the application of further adhe 
sives. The process of bonding is specifically started by apply 
ing pressure locally to the two Substrates which are placed in 
close contact, from where a bonding front then spreads out 
over the entire interface of the two substrates. 
0003 WO 2007/060145 discloses such a process for 
bonding by molecular adhesion. The bonding method 
described therein comprises, prior to bonding, a step consist 
ing of modifying the Surface state of one and/or the other of 
the Substrates to be able to regulate the propagation speed of 
the bonding front. The surface state is modified by locally or 
uniformly heating the surface of one and/or the other of the 
substrates to be bonded. The heating serves to dissolve water 
from the surface of the substrates before bonding, which 
allows minimizing of 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 TM process 
this kind of defect can lead to the presence of non-transferred 
Zones in the final product, e.g. a SOI wafer. 
0004 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. 
0005. It is therefore the object of the present invention to 
provide a method with which the increase of bonding defects 
can be reduced. 
0006. This object is achieved with the method according to 
claim 1. Surprisingly, by providing, prior to bonding, a gas 
eous flow over the bonding surfaces of the substrate, the 
formerly observed increase of bonding defects could be 
stopped or at least reduced. 
0007 According to a preferred embodiment of the inven 

tion, the gaseous flow can be provided between the two sub 
strates. In this case, a flushing of the Surfaces can be carried 
out just until the Substrates come into contact. By doing so, 
the beneficial effect of the gaseous flow can be even 
enhanced. 
0008 Preferably, the gaseous flow can be a laminar flow. It 

is believed that, by providing the gaseous flow, water which 
otherwise might Saturate the atmosphere of a tool used for 
bonding, can be removed from the bonding Surfaces. By 
providing the laminar flow, a possible re-entry of water due to 
turbulences can be prevented. 
0009 Advantageously, the flow can be essentially parallel 

to the bonding surfaces of the substrates. With this feature, the 
beneficial effect of water removal is further enhanced. 
0010. According to an advantageous embodiment, the 
gaseous flow can be provided during a heat treatment of the 
two Substrates. By doing so, the water removal effect and as a 
consequence the bonding is improved. 
0011 Preferably, the gaseous flow can be heated such that 
the heat treatment is at least partially carried out using the 

Jan. 6, 2011 

heated gaseous flow. Thus, in addition to heating the Sub 
strates via radiation or conduction means, an additional con 
vective heating can be provided. 
0012. 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 treat 
ment and/or the bonding do not need additional heating 
devices. 
0013. 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 sub 
strates are bonded, the gaseous flow is no longer necessary 
and is stopped to carry out the process in an economical way. 
0014 Preferably, the gas of the gaseous flow can have a 
thermal conductivity of better than 10*10W/m.K. The 
higher the thermal conductivity, the easier the gas can be 
heated up and furthermore, the heat transferred to the sub 
strates which further improves the overall process. 
00.15 Advantageously, the gaseous flow can comprise 
nitrogen and/or an inert gas, in particular argon. In particular, 
the gaseous flow is constituted to at least 10% of one or more 
of these elements. Furthermore, Nitrogen has a sufficient high 
thermal conductivity of 24*10 W/m. Kand Argonhas ather 
mal conductivity of Tc(Ar)=16.10W/m.K. In addition, 
depending on the mixture of the gas, e.g. H/Ar, Cl2/Ar or 
F/Ar, also hydrophobic surfaces can be bonded with reduced 
defects. Hydrophobic Si surface should be terminated by 
Si-dangling bonds and/or Si-H (low polar bonds), but also in 
case of Ar/F2 (10%F2) gases, by a small portion of Si For 
=Si bonds. Those bonds, though very polar, allow a 
bonding without water by =Si ... F. Si, =Si F... 
H Si or Si . . . . . . . . . . . . . . . . . . . H. Si 
Bridging. 
0016. According to a preferred variant, the gaseous flow 
treatment can be carried out over a time period starting from 
seconds up to several minutes. In case an additional heat 
Source is provided, a gaseous flow of just a couple of seconds 
is sufficient to achieve the desired results. Thus, the process 
can be run in a fast and reliable manner. On the other hand, the 
advantages of the process can also be achieved without an 
additional heat source by applying the process for a sufficient 
long time, typically of the order of minutes. 
0017 Preferably, the gaseous flow can have a temperature 
in a range from room temperature, thus typically 19-24°C., 
up to 100° C. With a gaseous flow in this temperature range, 
best results have been achieved over time. 
0018 Advantageously the gaseous flow can be provided in 
an oxidizing atmosphere, in particular Air or 20% O2 in 
N2.and/or a dry atmosphere with a low humidity rate. 
0019. The object of the invention is also achieved with the 
equipment for bonding two Substrates to one another accord 
ing 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. 
0020 Preferably, the means to provide a gaseous flow can 
comprise a ventilation system and/or an aspiration system 
and/or one or more gas inlets. With Such systems, the neces 
sary gaseous flow can be provided in a simple and reliable 
a. 

0021 Preferably, the means to provide a gaseous flow can 
be configured to provide a laminar gaseous flow. By doing so, 
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like mentioned above, turbulences are prevented which could 
eventually lead to a re-entry of unwanted water molecules in 
the region of the Substrates bonding Surfaces. 
0022. According to an advantageous embodiment, the 
means to provide a gaseous flow can be configured to provide 
the gaseous flow essentially parallel to the Substrate Surfaces. 
In this configuration, optimized results can be achieved. 
0023 Preferably, the means to provide a gaseous flow 
further comprise a means to heat the gaseous flow, particu 
larly to temperatures up to 100° C. By doing so, even more 
water can be removed from the bonding Surfaces. 
0024 Advantageous embodiments of the invention will 
now be described in detail with respect to the following Fig 
US 

0025 FIGS. 1A-1C illustrate the process step of a first 
embodiment according to the invention, 
0026 FIG. 2 is a 3D schematic view illustrating the con 
cept of the invention, and 
0027 FIG. 3 illustrates a bonding equipment according to 
the invention. 

0028 FIGS. 1A-1C illustrate three embodiments of the 
inventive process for bonding two substrates. The first step 
illustrated in FIG. 1A consists in providing two substrates 1 
and 3 within a bonding chamber 5. In this embodiment, sub 
strates 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. 

0029. The two substrates 1 and 3 have been treated to have 
the necessary Surface properties to be able to carry out bond 
ing prior to entering the bonding chamber 5. In the chamber 5, 
the two substrates 1 and 3 face each other with their respective 
bonding surfaces 7 and 9. They are held at a certain distance 
in parallel to each other. To be able to bond them, the bonding 
chamber 5 comprises a means (not shown) to move the two 
substrates 1 and 3 with respect to each other, so that they can 
be brought into contact with each other. 
0030 The next step of the inventive method is illustrated 
in FIG. 1B. Part I of FIG. 1B illustrates a first embodiment, 
Part II of FIG. 1B, a second embodiment and FIG.III of FIG. 
1B a third embodiment. 

0031. According to the first embodiment, after the step of 
providing the two substrates (FIG. 1A), the substrates are 
heated, e.g. using a lamp 11 or any other Suitable heating 
means, like for example, providing inside the Substrate holder 
(not shown). According to this embodiment of the invention, 
a gaseous flow 13, indicated by arrows, is provided between 
the two substrates 1,3 and sweeps over the respective surfaces 
7 and 9. FIG. 2 illustrates this situation schematically in a 
three dimensional way. FIG. 2 shows the two substrates 1 and 
3 facing each other with the bonding surfaces 7 and 9. In 
between, the gaseous flow 13 is provided such that a non 
confined atmosphere is created between the two substrates. 
0032. The provision of a non-confined atmosphere has the 
advantage that desorbed water from the surfaces 7 and 9 is 
trapped by the gaseous flow 13 and transported away from the 
Substrates. This prevents a saturation of the atmosphere inside 
the bonding chamber 5 due to accumulation of water mol 
ecules from wafer to wafer. Therefore, the bonding quality 
can be kept constant as, from wafer to wafer, the necessary 
removal of water molecules from the surfaces 7 and 9 can be 
achieved. Typically, the gaseous flow is provided for a couple 
of seconds to achieve the desired effect. 
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0033. 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 FIG. 
2. The gaseous 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 range of 19° 
C-24°C. 
0034) To provide a hydrophobic bonding a H/Ar, Cl/Ar 
or F/Ar mixture in a pressure and temperature controlled 
chamber can be used. 
0035 Part II of FIG. 1B illustrates a second embodiment 
of the invention. Elements with the same reference numeralas 
in Part I are not described in detail again, their description is 
incorporated herewith by reference. 
0036. The difference between the first and second embodi 
ments is that, in the second embodiment, the bonding cham 
ber 5 does not comprise a heating means 11 anymore. In this 
case, the gaseous flow 13, still at room temperature, is applied 
for a longer time, in particular for several minutes, to be able 
to eliminate about the same water quantity from the Surfaces 
7 and 9 of the wafers 1 and 3 as in the first embodiment. Thus 
in this embodiment, a simplified bonding chamber 5, not 
needing an additional heating device, can be used. 
0037 Part III of FIG. 1B illustrates a third embodiment of 
the inventive method. Again, features having the same refer 
ence numerals a previously used are not explained in detail 
but their description is enclosed herewith by reference. 
0038. The difference of the third embodiment compared to 
the second embodiment is that, instead of using a gaseous 
flow 13 at room temperature, the gaseous flow 13' in this 
embodiment has a temperature higher than room tempera 
ture, in particular of up to 100° C. By doing so, it is again 
possible to remove the water from the surfaces 7 and 9 of 
substrates 1 and 3 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. 
0039 For best results, the gaseous flow shall consist (at 
least to a percentage of 10%) of an inert gas or mixture thereof 
having a high thermal conductivity, such that the necessary 
heat transfer from the gas to the substrates 1, 3 can be opti 
mized. Beside that, the features of the gaseous flow 13' cor 
respond to the one of gaseous flow 13, in particular the gas 
eous flow shall be a laminar flow parallel to the surfaces 7 and 
9. 
0040. Of course, embodiments 1-3 can be freely com 
bined, for example, a gaseous flow 13' with a temperature 
higher than room temperature can be used in combination 
with a further heating means 11, such that part of the heat 
treatment prior to bonding is provided by the gaseous flow 
and the remaining part by the heating means 11. 
004.1 FIG. 1C illustrates the third step of the inventive 
method which consists in bringing the two substrates 1 and 3 
into close contact with each other to thereby start bonding. 
Bonding is typically initiated by local application of a light 
pressure followed by a bonding front which spreads out over 
the entire interface. 
0042. Just prior to the situation when the substrates 1, 3 
touch each other, the gaseous flow between the substrates 1,3 
can be stopped. 
0043. The inventive method has the advantage that, it 
allows the removal of water absorbed on the surfaces of the 
substrates to be bonded in a reliable and repeatable manner 
compared to the prior art. Due to the reduced amount of water 
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in the bonding interface, fewer bonding defects occur which 
in turn render the bonded substrate better in quality. The 
inventive process is of particular interest in the so called 
Smart Cut TM type process used to e.g. form silicon-on-insu 
lator substrates for the electronics industry and which con 
sists in transferring a layer from a donor Substrate onto a 
handle substrate, wherein attachment between the donor sub 
strate and the handle substrate is achieved by bonding. 
0044. In the above described embodiments one to three, 
the gaseous flow 13, 13' was provided inside the bonding 
chamber 5 between the two substrates 1 and 3 facing each 
other. According to a variant of the invention (not illustrated), 
the flushing of the bonding surfaces 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. 
9 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. 
004.5 FIG. 3 illustrates one embodiment of an inventive 
equipment for bonding two Substrates. The bonding equip 
ment 21 illustrated can serve as bonding chamber 5 like 
described above with respect to embodiments 1-3. 
0046. The bonding equipment 21 comprises a chamber 23. 
Inside the chamber, a substrate holder 25 is provided to hold 
the substrates 1 and 3 such that the bonding surfaces 7 and 9 
face each other. 
0047 According to the invention, the bonding equipment 
21 comprises a means 25a and 25b to provide a gaseous flow 
between the two substrates 1 and 3. In this embodiment, the 
means to provide a gaseous flow comprises a ventilation 
system 25a which provides the gaseous flow 13 which is then 
aspirated by an aspiration system 25b to remove the flow 
comprising water molecules desorbed from the Surfaces of 
substrates 1 and 3. 
0048. As an alternative, instead of using a ventilation sys 
tem 25a, one or more gas inlets could also be provided which 
are in connection with a corresponding gas Supply. It is impor 
tant to mention that the means to provide the gaseous flow is 
preferably arranged and configured such that the gaseous flow 
13 is a laminar flow, the advantages of which are described 
above. Furthermore, the means to provide the gaseous flow 
are preferably configured such that the flow 13 is parallel to 
the Substrate surfaces. According to a variant, the ventilation 
system 25a could also be designed to have two or more 
gaseous flows coming from several directions. 
0049. Depending on the process carried out (see part I of 
FIG. 1B), the bonding equipment can furthermore comprise 
heating means 27, e.g. a lamp which could be located upon 
the center or the edge of the wafer to heat locally or totally the 
surfaces of the wafer to be bonded. 

1.-15. (canceled) 
16. A method for forming a composite substrate which 

comprises: 
providing two Substrates with bonding Surfaces; 
providing a flow of a gas over the bonding Surfaces of the 

Substrates; and 
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bonding the Substrates together to form the composite Sub 
Strate; 

wherein the flow of gas is provided between the two sub 
strates until the bonding Surfaces come into contact. 

17. The method of claim 16, wherein the flow of gas is a 
laminar flow. 

18. The method of claim 16, wherein the flow of gas is 
provided in a direction that is essentially parallel to the bond 
ing Surfaces of the Substrates. 

19. The method of claim 16, wherein the flow of gas is 
provided at a temperature of from room temperature to 100° 
C. 

20. The method of claim 16, which further comprises pro 
viding a heat treatment of one or both Substrates and provid 
ing the flow of gas during the heat treatment. 

21. The method of claim 16, which further comprises heat 
ing the gas such that a heat treatment of one or both the 
Substrates is at least partially carried out using heat from the 
heated flow of gas. 

22. The method of claim 21, wherein the heat treatment of 
both Substrates is completely carried out using heat from the 
heated flow of gas. 

23. The method of claim 16, wherein the gas has a thermal 
conductivity of greater than 10x10 W/m-K. 

24. The method of claim 16, wherein the gas comprises 
nitrogen or argon. 

25. The method of claim 16, wherein the gas comprises a 
mixture or argon with hydrogen, chlorine or fluorine. 

26. The method of claim 16, wherein the flow of gas is 
carried out over a time period of a few seconds to several 
minutes. 

27. The method of claim 16, wherein the flow of gas is 
provided in an oxidizing atmosphere. 

28. The method of claim 27, wherein the oxidizing atmo 
sphere comprises air or 20% oxygen in nitrogen 

29. The method of claim 16, wherein the flow of gas is 
provided in a dry atmosphere with a low humidity rate. 

30. Equipment for bonding two substrates together to form 
a composite Substrate comprising means for bonding the Sub 
strates together and means to provide a laminar flow of gas 
between the two substrates at least up until the time that the 
Substrate Surfaces contact each other for bonding. 

31. The equipment of claim 30, wherein the means to 
provide a flow of gas comprises a ventilation system having 
one or more gas inlets. 

32. The equipment of claim 30, wherein the means to 
provide a flow of gas comprises an aspiration system having 
one or more gas inlets. 

33. The equipment of claim 30, wherein the means to 
provide a flow of gas is configured to provide the flow of gas 
in a direction that is essentially parallel to the substrate sur 
faces. 

34. The equipment of claim 30, wherein the means to 
provide a flow of gas further comprises means for heating the 
gas wherein the heating means is capable of heating the gas to 
at least 100° C. 


