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A METHOD OF BONDING BY MOLECULAR BONDING 

15 substrate" onto a final substrate termed the "receiving 

substrate". Such deformations have in particular been 

observed in the context of three-dimensional component 

integration technology (3D integration), which requires 

the transfer of one or more layers of microcomponents 

20 onto a final support substrate, and also in the context 

of circuit transfer or in the production of back-lit 

imaging devices. The transferred layer or layers include 

the microcomponents ( ectronic, optoelectronic, etc) 

produced at least in part on an initial substrate, said 

25 then being stacked onto a final substrate that may 

possibly i f include components. cularly because 

of size number of 

mi on 

trans 

30 accuracy very 

s ct 

it may necessary to carry out treatments on 

ter trans e 

S, to uncover on 

35 ' etc. 

However, ter 

trans are si OTIS it is very 
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f t or even s 

5 

trans , onto a f 

10 of the 

2 

to addit 

crocomponents 

trate an 

structure 

of 

on 

e 

lB il trate an substrate 10 with 

a f es of microcomponents 11 

microcomponents 11 are formed by photolithography using a 

mask order to define zones for the formation of 

15 patterns corresponding to the microcomponents 11 to be 

produced. 

As can be seen in Figure lC, the face of the initial 

substrate 10 comprising the microcomponents 11 is then 

brought into intimate contact with one face of a final 

20 substrate 20. Bonding between the initial substrate 10 

and the final substrate 20 is generally carried out by 

molecular bonding. Thus, a buried layer of 

microcomponents 11 obtained at the bonding interface 

between the substrates 10 and 20. After bonding and as 

25 can seen in Figure lD, the ini substrate 10 is 

30 

35 

thinned order to thdraw a portion of material 

of 11. Thus, a 

composite structure 30 is 

trate 20 a 1 

As can 

1 (contact 

to 

trate 10. 

next s 

structure consists 

12 at 

trate 10, or 

on 

, etc). 
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For purposes of s ifi on, in 

text, term "mi If is 

or any t 

s out on or 

posit control 

s 

crocomponents 11. 

10a, cally 

the 
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of 

to 

process 

may 

e contact 

11, a 

to 

transf 

12 

lude marks, both 

at the microcomponents and at the 1 of 

the wafer forming the , that are used by the 

15 positioning and ignment tools during the processing 

steps such as those carried out during photolithography. 

However, even when positioning tools are employed, 

of ets are produced between certain of the 

microcomponents 11 and 12, such as the offsets L111 , L1 22 , 

20 L1 33 , 1\44, indicated in Figure lE (respectively 

corresponding to the offsets observed between the pairs 

of microcomponents 1 /12 , 11 2 /12 2 , 113 /12 3 et 114 /12 4 ). 

Such offsets do not result from elementary 

transformations (translation, rotation or combinations 

25 thereof) that could originate from an inaccurate assembly 

ass 

30 

35 

substrates. offsets result 

appear in the 

trate 

trate. In 

non-

its 

movements at 

11. In of 

of 

ter trans 

of a 

nanometers or even a crometer. 

II ) two 11 
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12 may 

s 

trans 

p 

to 

a source of 

or connec 

post-trans 

filters on 

i 

4 

ion 

conductor ers produced. 

phenomenon is becoming much 

demand miniaturi 

ion density per 

-ci ts, 

of 

impact 

due to 
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, a loss of 

some of 

ts in a 

multi 

that 

constant 

microcomponents and their 

15 ignment problems during the manufacture of three-

dimensional structures are well known. The document by 

Burns et al., "A Wafer-Scale 3-D Circuit Integration 

Technology", IEEE Transactions on Electron Devices, vol. 

53, No. 10, Oct 2006, describes a method of detecting 

20 alignment variations between bonded substrates. The 

document by Haisma et al, "Silicon-Wafer Fabrication and 

(Potential} Applications of Direct-Bonded Silicon", 

Philips Journal of Research, Vol. 49, No. 1/2, 1995, 

25 

30 

emphasizes 

particular 

good quali 

poss e 

However, 

posi 

the importance of wafer flatness, 

during the polishing steps, in order to obtain 

final , i.e. with the smallest 

of the 

two 

contact (us 

em of 

f. As 

even 

le 

purpose), movements of 

t ion of occur 1 

35 wave. 
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5 

Swmnary of the invention 

ion is to a ion 

5 

10 

of 

to 

can 1 

trate 

trate. 

To 

s 

f onto 

on proposes a 

at t a 

s posit 

on, a contact 

of at least one of 

to ini ate a bonding wave 

is 

two 

the two 

wafers. 

means of the method of invention, mechani 

15 contact between the tool for initiating application of 

the contact force and the face of a wafer is avoided. 

Thus, non-homogeneous deformations caused in the wafer 

are reduced while carrying out bonding by molecular 

bonding over the entirety of the surfaces of the two 

20 wafers in contact, the vertical component and/or the 

vibrations resulting from application of the contact 

force allowing initiation of a bonding wave. 

Furthermore, by applying a contact force to the 

peripheral side of one of the two wafers, even if 

i 

25 formations are induced, e are locali to edge 

of , i.e. outside the zones of the 

z l ions 

a contact to one of 

30 

or 

on of 

In of 

5 , at least one 

two ers posi contact 

ses an 
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as a or a , a chock is at 

to 

opposite to of 

s 

subs 

contact 

contact 

a s 

on 

contact 

ly 

form an angle 

The contact 

may 

er or both 

i to 

ers at 

tool us 

may 

to plane of 

may be applied to 

a 

or may 

side of one 

15 or both wafers in a direction forming an angle with the 

plane of the wafers in the range 90° to +90°. 

By controlling the angle with which the contact 

force is applied to one or both wafers, it is possible to 

adjust the vertical component of the contact force to a 

20 certain extent. In fact, the larger the angle between 

the direction of application of the contact force and the 

plane of the wafers, the greater will be the vertical 

component, and vice versa. 

25 

30 

35 

In accordance with one aspect of the invention, the 

contact 

upper 

is more 

In 

s 

re ct 

of 

wa 

force is applied to the peripheral side of the 

, said being directed in a direction 

contact 

means a 

plane of 

+45 . 

upper 

of 

to 

contact 

wave a 

a 
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is 

In 

tool on 

contact may 

s 

7 

of contact can 

and stresses on 

of 

contact 

applied by press 

] . 

at 

one or 

on a 

of one or both wafers. 

to 

end of the tool intended to press on the side of 

one or both preferably comprises on its surface a 

material selected from at least 

polymer. 

lon®, silicone and a 

The present invention also provides a method of 

producing a composite three-dimensional structure, 

comprising a step of producing a first layer of 

20 microcornponents on one face of first wafer or substrate 

and a step of bonding the face of the first wafer 

comprising the layer of rnicrocomponents onto a second 

wafer or substrate, the method being charac zed in 

that the bonding step is carried out in accordance with 

25 the bonding by molecular bonding method of the invention. 

30 

35 

Employing the bonding by mol bonding method of 

present invention means that, 

of 

sensors. 

so 

trans 

of 

a 

at least one 

a 

a contact 

is to a 

of a 

can 

er 
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5 

10 

contact 

two 

In 

to 

In 

to 

to 

a 

t 

two 

a 

comprises a 

8 

s 

of less 15 micrometers. 

Brief description of the figures 

at least one 

a bonding wave 

aspect, 

to 

trate 

f 

Other characteri and advantages 

invent become apparent from the following description 

s 

15 of particular implementations of the invention, given by 

way of non-limiting example with reference to the 

accompanying drawings which: 

• Figures lA to lE are diagrammatic views showing 

the production of a prior art three-dimensional 

2 0 structure; 

• Figures 2A and 2B are diagrammatic views of a 

method of bonding by molecular bonding in accordance with 

one implementation of the invention; 

• Figure 2C shows a variation in the shape of the 

25 keys for the of Figure 2A; 

30 

35 

• 3 is a graph showing vertical and 

contact 

• 

components ting from appl ion of a 

4 

ion of a 

es; 

ews 

structure 

of 

one 
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out 

structure 

5 Detailed description of implementations of the invention 

least 

or 

present 

of 

by 

a 

is of 

structures, 

trate or 

ication to 

s at 

trate 

10 by mol bonding a is 

well per se. It should be led that 

princ e of bonding by molecular bonding based on 

bringing two aces into direct contact, i.e. without 

us a speci (adhes , wax, soldering, 

15 etc) . Such an operation requires that the surfaces to be 

bonded be suf ciently smooth, free of particles or 

contamination, and that they be brought sufficiently 

close to each other to allow contact to be initiated, 

typically to a distance of less than a few nanometers. 

20 Under such circumstances, the attractive forces between 

the two surfaces are high enough to cause molecular 

adhesion (bonding induced by the set of attractive forces 

(Van der Waals forces) of electronic interaction between 

atoms or molecules of the two surfaces to be bonded) . 

25 Molecular bonding is carried out by initiating a 

contact with another 

of a bonding 

it 

wave" 

(Van 

entire 

of 
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a s e 

wa 

stresses (tensile 

contact 

pressure is l 

another. 

10 

that 

or 

s 

e stresses are 

or microcomponents at 
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source 

movements 

to one 

Applicant has observed that the deformations are 

ly located at and around the contact point and 

15 that these deformations are elastic. These deformations 

may extend over a radius of up to 15 cm [centimeter] 

about the contact point when this results from mechanical 

contact of a tool, for example a stylus, on the surface 

of one of the two wafers. As a consequence, by applying 

20 a contact point to one of the exposed faces or surfaces 

of one of the two wafers, deformations are created in the 

useful portion of the wafer, i.e. the portion intended to 

form devices such as microcomponents. 

Consequently, the present invention proposes a 

25 solution that means that a bonding wave can be initiated 

between two without applying a mechanical contact 

point of one of the two 

To of 

two 

30 a contact s one 
II of a 

means any of 

is or 

s to 

5 1 or 

as of ten at 

of its t ac to litate r 
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11 

manipulat to 

ec 

that could occur if 

s sources of 

contact at 

may us a tool. In 

a first wa trate 20 is a 

a trate 40. 

ce 

aten 40a has flatness less 

15 micrometers. 

f t 20, e by means 

or suction system associated with 

4 

an ectrostatic 

support platen 40a 

or s 

second 

by gravi , with a view to assembl it with a 

or substrate 30 by molecular bonding. The 
associated systems for holding the wafer ectrostatic 
or by suction} are used provided that it has been 

ascertained that they do not deform the wafer so that no 
increase in overlay is caused. Once the wafer 20 is held 
on the support platen, the lower surface or face 31 of 

20 the wafer 30 is positioned facing the upper surface 21 of 
the wafer 20 (Figure 2B} . 

As is explained below and in known manner, the 

respective surfaces 21 and 31 of wafers 20 and 30 that 

are intended to be bonded have been prepared (polishing, 
25 cleaning, hydrophobic/hydrophilic treatment, etc) 

order to allow molecular bonding. 

In th one 

20 

30 

contact 

In 

23; 

l pos 

5 or to In 

41 is contact 

30 at 23 

of the 

30 is 

to 

33 

s 

33 

ion, the 

contact 

of a 

c 

a 

30 

to ensure 
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mi c ignment two is 

of contact 

a or it to 

at least 23 33. 

F il 

wa 33' 23' 

41' 

contact 

wi 33' 23 I• 

As below, contact is 

appli at a of s of one or both 

that diametri ly opposite to contact 

with chock. In conf 

additional chocks may be used. 

particular when, as illustrated 

is desired at the keys 23 and 33. 

ions, one or more 

s happens in 

Figure 2A, a chock 41 

If it is not possible 

to apply the contact force at a region of the side of one 

or both wafers diametrically opposite to the chock 41, 

example because of the bulk of the bonding machine 

20 employed, then an additional chock 42 is used that will 

be disposed in a region diametrically opposite to that 

available for application of the contact force. 

25 

30 

35 

In certain configurations, such as those where the 

contact force is applied to the side of two wafers 

simultaneously, it may be preferable not to hold the 

lower flush 

ectrostatic 

on 

means 

il 

In 

is 

t a 

a contact 

support platen (by suet 

e} I simply to 

posi on. 

a contact 

us a 
c manner 

50. As 

or 

it 

2B, 

s of at least one 20, 30. 

contact may to one s a 

or to s two s taneous 
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13 

in a t substant ly to the 

or a direction e wi 

of 90° to +90°. 

In contact 

tool 50 to s of 

at t one of is on 

is 

more 0 50. More 

a contact to 

32 of 50 is 

to ers at an 

e 0F of more than 0° less +45°. s 
when a contact force F' is applied to peripheral s 

22 of upper 2 0 f the tool 50 is orientated 

relative to the plane p of the wafers at an angle eF' of 

less than 45° and more than 0°. 

As can be seen in Figure 3, when the contact force 

is applied to the peripheral side 32 of the upper wafer 

30, the angle eF formed between the direction Of 

20 application of the contact force vector and the plane of 

the wafers creates a vertical component of the force, Fv, 

that can initiate a bonding wave. Furthermore, this 

angle is less than +45° in order to minimize the vertical 

component Fv that cannot be determined precisely because 

25 of the absence of direct mechanical contact with the 

of the wafer. 

of less 45° 

i 

i 

30 least 

35 

However, 

contact 

By limiting the 

to 

of 

to 

contact F. 

a 

a contact 

of contact 

angle to a 

of 

is at 

wave may 

a 

a 

wave. 

I a 

is 
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In t, 
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In 
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verti 

limi 
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on 

even if 

of 

zone at 

component 

less 

on to 

contact 

1 MPa. 

14 

s 

PCT/EP2010/058244 

f, 

over a 

is 

appearance 

of 

by 

contact force is 

In order to eve 

verti 

s 

sure 

component 1 is possible, for example, to control the 

value the mechanical pressure exerted by the contact 

15 force F on the peripheral side of the wafer. The 

amplitude or magnitude of the contact force F may be 

controlled by connecting the tool 50 to a dynamometer 52. 

Knowing the contact surface area 51a for the tool 50 with 

the peripheral side of the wafer 1 which may, for example, 

20 be in the range 0.3 mm2 [square millimeter] to 1 mm2
, it 

is possible to control the exerted mechanical pressure by 

controlling the contact force F exerted by the tool on 

the wafer (load = mechani pressure x bearing surface 

area}. As indicated above, since the amplitude of the 

25 vertical component of the contact force and, as a 

consequence, 

sur of 

e 

exert a 

0 

~··~·,,~cal pressure 

, is divided 

contact 

pressure on 

2 MPa to ensure 

pressure on 

MPa. 

, as il 

35 contact 

s 1 or less 

at the 

t 2 compared 

fices to 

s of 

less 

contact 

is 

f a 
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If a bonding wave not a rst 

se, it until a wave 

more its 

5 to come contact s of 

a 

I sil In 

or 

suf fic to to 

10 contact manner. Too 

fl t an 

contact a 

could t formation 

sions) on wafer. 

15 method of bonding by molecular bonding of the 

invention may be carried out automatically a bonding 

machine or device. Under such circumstances, the machine 

comprises a substrate carrier device simi to that 

described above and a tool connected to an actuator (for 

20 example a jack or a mechanical arm) . The machine also 

includes a servocontrol intended to control the actuator. 

The servocontrol controls the actuator in a manner that 

25 

30 

35 

controls the angle application of the contact force 

applied by tool. The mechanical pressure exerted by 

tool may also be control by the servocontrol that 

from a 

ce may 

to ensure 

as to 

sensor and 

is a 

of contact 

33 

2 332 an 

i 

ement. 

one or more 
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In 

wave 

16 

same manner as 

by 

PCT/EP2010/058244 

above, 

a 

350, of a contact F onto 

320, 330. 

s 

of one 

F 

by 

assembl 

two 

ion, using a 

s 

method of the 

one of 

of a 

wave is 

450, of a contact 

of 

two 

r 

F to 

two 420, 430. 

ion is applicable to 

any of material compatible with mol 

bonding, in particular semiconductor materials such as 

15 silicon, germanium, glass, quartz, sapphire, etc. The 

wafers to be assembled may in particular have a diameter 

of 100 mm [millimeter], 150 mm, 200 mm or 300 mm. The 

wafers may also include microcomponents over the majority 

of their surface or only over a limited zone. 

20 A particular but not exclusive field for the bonding 

method of the present invention is that of producing 

three-dimensional structures. 

A method of producing a three-dimensional structure 

by trans of a layer of microcomponents formed on an 

25 tial substrate onto a final substrate in accordance 

with one implementation 

ow th to 

a 

30 of 

s 

or 

trate 1 0 may a 

of silicon, or a 

5 structure. 

l 

of 

to 

on is described 

and 7. 

structure commences 

110 on 

trate 100 

f. 

structure, 

structure 

1 are 

e 

a 

as a SOI 

110 to 
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format 

trate 100 f 
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microcomponents 

trate 100 is 

t 

e by means of an tatic or a suet 

12 

system 

assoc 

trate 100 s 

110 is posit 

a or substrate 200 (s 

a view to molecular bonding. A layer 

de, for example Si02 , may so be formed on of 

ini substrate 100 comprising the microcomponents 

110 and/or on the of substrate 200 

15 intended to be brought into intimate contact. 

In accordance with the invention, a contact force F 

is applied to the peripheral side 210 of the final 

substrate 200 using a tool 250 (step S3). The force F is 

applied in a direction forming an angle with the plane of 

20 the substrate of more than 0° and less than 45°. The 

mechanical pressure exerted on the side 210 of the 

substrate 200 is preferably less than 2 MPa. 

Application of the contact force causes propagation 

of a bonding wave on the interface between the initial 

25 substrate 100 and the f substrate 200. The two 

substrates are bonded together by molecular bonding 

contact (bonding 

in 

110. 

trates 100 

f wa or 

s 

00. contact F 

s 210 0 f 
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substrate 100. 
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of 

F 

to wi 

of 

trate 100 is 

may 

of 

A composite structure 300 is 

f trate 200 a 

port of 

t substrate 100 may be 

thinned, in icular by chemical mechanical polishing 

(CMP), chemical etching, or by splitting or fracture 

15 along a plane of weakness that has previously been formed 

in the substrate by atomic implantation. 

As can be seen in gure 6D, the next step in 

producing the three-dimensional structure consists in 

forming a second layer of microcomponents 140 at the 

20 exposed surface of the thinned initial substrate 100 

(Figure 6D, step S5). The microcomponents 140 may 

correspond to complementary portions of the 

microcomponents 110 in order to form a finished component 

and/or to distinct components intended to function with 

25 microcomponents 140. In order to form the 

30 

35 

microcomponents 140 in alignment with buried 

mi 110, a photolithography mask is used 

to us to 

manner to 

is s 

In s 

110, composite structure 300 

trate 200 

aten 13 

i 

In a 

trans 

a 

110. 

is 

structure is 

present 
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, and wi 

In f trate 200 

5 the 

ion means it 

trate 100 to trate 

or at least wi a ons 

f icant ets 110 

10 ter trans of substrate 100 

onto substrate 200 are no longer obs 

of can be limited to values of 

less than 200 nm, or even 100 nm, a homogeneous manner 

over the ent sur of the wafer. The 

15 microcomponents 140, even those with very reduced 

dimensions (for example< 1 µm [micrometer]), may then 

readily be formed in alignment with the microcomponents 

110, even after transfer of the initial substrate. This 

means, for example, that the microcomponents present in 

20 two layers or on two distinct faces of the same layer can 

be interconnected via metal connections, minimizing the 

sks of poor interconnections. 

Consequently, the method of the present invention 

means that the phenomenon of overlay during trans of a 

25 circuit layer onto another or onto a support 

substrate can be iminated, and that very high quality 

mul s conductor can produced. 
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CLAIMS 

1. A of by bonding at 

t (20) an upper ( 3 0) I 

posi lower upper wa 

5 over upper 

a contact is i 

s {22, 32) of at ( 30 f 20) 

to two 

any ion 

10 of one is si 

and that is not to 

of wa 

2. A method according to claim 1, charac zed that 

15 the peripheral side (22, 32) of the two wafers (20, 32) 

is contact with at least one chock (41). 

3. A method according to claim 2, characterized in that 

the peripheral side (22, 32) of the wafers (20, 30) each 

20 comprise an alignment key (23i 33), said at least one 

chock being in contact with said sides at said alignment 

keys. 

4. A method according to any one of claims 1 to 3, 

25 charac zed in that contact force (F) is applied to 

30 

35 

the side (22; 32) of one of the two wafers 

( 2 0 ; 3 0) or to 

(20, 30) s 

a 

5. A 

6. A 

s 

taneously, 

4, 

(22, 32) of 

contact 

1 

to +9 

4 or 

contact 

5, 

( F) 

two 

to 

an 

l 

e 

to 
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s ( 32) of upper ( 3 0) t said 

a ion an e wi 

upper ( 3 0} more oo 
and less 50_ 

5 

7. A to cl 4 or 5, 

the contact is to 

side ( 22) of 

rect an 

10 { 2 0) is more 45° 

s oo. 

8. A method according to any one of claims 1 to 7, 

charac zed in that the ity of contact 

15 (F) applied corresponds to a mechanical pressure of less 

than 2 MPa. 

9. A method according to any one of claims 1 to 8, 
characterized in that the contact force (F) is applied to 

20 the peripheral side (22; 32 )· of at least one of the two 

wa (20, 30) by means of one or more impulses. 

10. A method according to any one of claims 1 to 9, 

characterized in that the contact force (F) is applied by 

25 press a tool (50) on the peripheral side of at least 

one of the two 

11. A a composite 

structure, of a first 

30 of 

s onto a s 

( 2 00) 

35 as c one 

of 1 to 10. 
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15. A method according to any one of claims 11 to 14, 

characterized in that the 

structure. 

rst wafer (100) is a SOI type 

16. A method according to any one of claims 11 to 15, 

characterized in that at least the rst layer of 

microcomponents (110) comprises image sensors. 

bonding by molecular bonding between at 

and an upper wafer, comprising a 

and a tool applying a 

on 

is 

is not 

to 

t 

wave 

1 
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18. A ce to c 17, 

it t one chock to hold 

two 

5 to 

19. A to c or 18, 

ce 

f of 
10 less 15 micrometers. 


