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bonding is done using at least one structure (200) 
containing an element capable of diffusing toWards 
the bonding interface, 
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unbonding is done using a heat treatment to make the 
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(224) to Weaken it. Application to the manufacture of 
(22) Filed: Aug. 11, 1998 devices With integrated circuits. 

H'I' H+ H+ H1‘ H+ 
a I | | 440 | 

\i i 1 i i 104 
//////////////////////////f 
// // // // 

400\_ .. .” - ”/406 
//'- will") // 

// // // // ""102 





Patent Application Publication Feb. 21, 2002 Sheet 2 0f 4 US 2002/0022337 A1 

ll 

25- 

2 .. 

34\‘ 
4'5 - 

4 -- 33 

32 Z FIG. 5 
0,5-- x 
O ; : 2 : - : : : e : : . . > 

O 200 400 600 800 4000 4200 

H" H‘'' H‘'’ H* H!‘ 
440 l l I | | 

' i i ' i i i 104 
//////////////////////;//// / / 

‘OK. , <1. 
.. f, // ” // // // // // ‘\- 102 

// // // // [102 

’IOO\~ // // //_ _ _// 

// // // // 
////////////////////////////~--404. 

\\ \\ \\ \\ \\ \\ 

\\ \\ \\ \\ \\ \\ "x122 

420“ \\ \\ \\ \\ \\ \\ 

FIG. 7 



Patent Application Publication Feb. 21, 2002 Sheet 3 0f 4 

400 

424i, 

420/ 

FIG. 8 

FIG. 9 

US 2002/0022337 A1 

” ’/ W 452” 
/ // // 

.- z‘: . ~. - 06 

l I/ VI 
1' 1' iv 

//////////// ' ' ' ' ' " ////////-_/—~'104 

\\ \\ \\ \\ \\ \\ 

\\ \\ \\ \\ 

\\ \\ \\ \\ \\ \\\ 

// // // // / 10o 

// // ///7432// f 

' i/ “i 
///////*r/"I'lI////l//://// \\ \\ \\ \\ f \\ \\ 

130 \ \\ \\ \\ 

\ \\ \\ \\ \\ \\ \\ 



FIG. 10 

2.24 

Patent Application Publication Feb. 21, 2002 Sheet 4 0f 4 US 2002/0022337 A1 

[20.2 
_ // // // // 206 

-; 51% 1am 0-H - 1 : §\ \\ \\ 2 

\\ \\ \\ \\ \\ w 20 

240i 202 

// // // '/ [200 
// % // // 

I171: ‘1 ' " ' "ff-206 

\\ \\ \\ \\. \\ \\ 23o \\ 

-22O 
\\ \\ \\ \ \\ 

FIG. 11 "240 



US 2002/0022337 A1 

TREATMENT PROCESS FOR MOLECULAR 
BONDING AND UNBONDING OF TWO 

STRUCTURES 

[0001] Technical Domain 

[0002] This invention relates to a treatment process for 
bonding tWo structures by molecular adhesion, and unbond 
ing. 

[0003] A structure is any micromechanical or integrated 
optical part, or microelectronic part that could be combined 
With another part by bonding. For example, this type of 
structure could be a substrate or a support board, equipped 
or not equipped With electronic, optical or mechanical 
components. 

[0004] Furthermore, bonding by molecular adhesion 
refers to bonding that involves an interaction betWeen 
chemical terminations present on the surfaces of structures 
in contact With each other. 

[0005] The invention has applications particularly in the 
manufacture of devices With integrated circuits. In some 
manufacturing processes, semi-conductor boards containing 
integrated circuits must be combined With stiffening sub 
strates, and then separated at the end of the treatment. 

[0006] State of Prior Art 

[0007] As mentioned above, and particularly in microelec 
tronic applications concerning the manufacture of poWer 
circuits, semi-conductor Wafers comprising integrated elec 
tronic circuits are in the form of large thin boards. For 
example, Wafers With a diameter of four inches (510 cm) and 
a thickness of less than 200 pm are used. 

[0008] Standard equipment for the manufacture of micro 
electronic devices, for example such as photorepeaters, are 
not suitable for the treatment of boards this thin. Further 
more, thin semiconductor boards are fragile, and this is 
incompatible With handling steps, and particularly handling 
using automated treatment equipment. 

[0009] A thin board or a surface layer of a substrate With 
or Without integrated circuits may be bonded on a treatment 
support also called a “handling substrate”. The handling 
substrate thus provides it With suf?cient mechanical strength 
for all required treatments and manipulations. 

[0010] The attached FIGS. 1 to 3 described beloW illus 
trate transfer of a thin layer comprising integrated circuits, 
as an example. 

[0011] The thin layer, marked in FIG. 1 as reference 10, 
is initially ?xed to a substrate 12, called the source substrate. 
It comprises integrated electronic components and circuits, 
Which are not shoWn. 

[0012] The source substrate 12 and the thin surface layer 
10 are transferred to a handling substrate 14 by bonding the 
thin surface layer on the handling substrate. The structure 
thus obtained is shoWn in FIG. 1. 

[0013] The source substrate is then eliminated by a pro 
cess such as grinding or cleavage, by etching and/or pol 
ishing to obtain the structure shoWn in FIG. 2. 

[0014] The thin layer 10 comprising integrated circuits is 
then bonded upside doWn on the handling substrate 14. The 
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handling substrate thus provides this layer With the stiffness 
necessary for other manufacturing operations or treatments. 

[0015] In a ?nal step shoWn in FIG. 3, the thin layer 10 
containing the electronic circuits is transferred to a target 
substrate or a destination substrate 16, onto Which it is 
permanently ?xed. 

[0016] After attachment to the destination substrate 16, the 
thin layer 10 is separated from the handling substrate 14. 
Thus the handling substrate 14 is shoWn in dashed lines in 
FIG. 3. 

[0017] This type of process is described in more detail in 
document (1), for Which the reference is given at the end of 
this description. 

[0018] The thin layer 10 may be bonded on the handling 
substrate 14, for example cold using an appropriate glue. 
Bonding is then reversible and it is possible to separate the 
thin layer 10 from the handling substrate. HoWever, the 
adhesion obtained betWeen the thin layer 10 and the han 
dling substrate 14 may be insuf?cient, particularly for sub 
sequent treatments at high temperature. In particular, the 
glue is incapable of resisting high temperatures. 

[0019] Furthermore, the material (glue) added for bonding 
can cause metallic or organic contamination of bonded parts 
during subsequent treatments. 

[0020] These disadvantages are avoided by preferring 
bonding by molecular adhesion Which does not use any glue 
or added material. Bonding tWo structures by molecular 
adhesion includes four main steps, Which are described 
beloW. 

[0021] A ?rst step is surface preparation of the structures 
to be brought into contact. Agood quality molecular bonding 
requires control of important parameters such as surface 

roughness, Which should preferably be less than 0.5 nm as a root mean square value, the lack of any dust (par 

ticles>0.2 pm) on surfaces, the planeness of the surfaces to 
be put in contact, and the chemical state of these surfaces. 

[0022] Thus the ?rst step consists mainly of cleaning the 
surfaces of structures to be bonded in order to eliminate 
foreign particles and to make these surfaces hydrophile. 

[0023] FIG. 4 shoWs a structure for bonding comprising a 
silicon substrate 20, one surface 22 of Which has been made 
hydrophile. Surface 22 comprises a ?rst hydrophile layer 24 
composed essentially of Si—OH chemical groups and one 
(or several) layers of Water H20 26 adsorbed on the hydro 
phile layer 24. 

[0024] A second step consists of putting the hydrophile 
surfaces of the tWo structures to be bonded into contact. 
Putting them into contact brings the Water layers adsorbed 
on these structures suf?ciently close together for them to 
interact With each other. The attraction exerted betWeen the 
Water molecules is propagated gradually along the entire 
surface of each structure. The surfaces in contact are then 
bonded together. 

[0025] The bonding energy as measured by a blade inser 
tion method is of the order of 0.15 J/m2. This value is 
typically the value of hydrogen type adhesion betWeen tWo 
Water layers, on each structure. 
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[0026] Document (2), the reference of Which is given at 
the end of this description, contains an illustration of the 
blade insertion method. 

[0027] Athird step consists of solidi?cation heat treatment 
of the adhesion. 

[0028] The heat treatment can eliminate Water layers 
betWeen the assembled structures, up to a temperature of the 
order of 200° C. 

[0029] Adhesion of structures then takes place by bonding 
of OH groups betWeen the layers of Si—OH chemical 
groups in each structure, respectively. Note that the layer of 
Si—OH groups is shoWn as reference 24 in FIG. 4. This 
interaction results in a reduction of the distance betWeen the 
tWo structures in contact and results in the interaction of 
additional OH groups. The bonding energy thus increases 
for treatment temperatures of 200° C. to 900° C. 

[0030] Finally, there may be a fourth step consisting of 
heat treatment at more than 900° C. In this step, the 
interacting Si—OH groups change toWards Si—O—Si type 
bonds, Which are much stronger. This then gives a very 
strong increase in the bonding energy. 

[0031] The graph in FIG. 5 shoWs the bonding energy per 
unit area betWeen structures bonded by molecular adhesion 
as the ordinate, as a function of the treatment temperature. 
Bonding energies are expressed in J/m2 and temperatures are 
expressed in ° C. 

[0032] Regions 32, 33 and 34 in the graph are related to 
the second, third and fourth steps in the bonding process and 
correspond to a hydrogen type interaction betWeen Water 
?lms, a hydrogen interaction betWeen OH groups (reference 
24), and then an Si—O—Si) type interaction, respectively. 
A more detailed description of bonding of silicon Wafers 
may be found in document (3), the reference of Which is 
given at the end of this description. 

[0033] Note that at treatment temperatures above 600° C., 
it becomes impossible to unbond the tWo assembled struc 
tures Without causing severe degradation to them. 

[0034] When the assembled structures are silicon boards, 
bonding energies greater than 2 J /m2 may be obtained. These 
energies are thus of the same order of magnitude as the 
cohesion energies of the silicon material. 

[0035] It is immediately clear that if molecular bonding is 
used in a transfer process like that shoWn in FIGS. 1 to 3, it 
Will be impossible to detach the handling substrate from the 
thin layer by applying mechanical forces, Without destroying 
the thin layer or the handling substrate. 

[0036] Thus, the thin layer is separated from the handling 
substrate by eliminating the handling substrate. For eXample 
the handling substrate can be eliminated by grinding and/or 
mechanical-chemical abrasion. 

[0037] In this case, the process for transferring a thin layer 
involves the sacri?ce of a handling layer for each treated thin 
layer. This sacri?ce also introduces a large industrial cost. 

DESCRIPTION OF THE INVENTION 

[0038] The purpose of this invention is to propose a 
treatment for bonding of tWo structures Which can ?rstly 
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give a very strong molecular bond betWeen the tWo struc 
tures, and Will also enable unbonding of the structures along 
the bonding interface. 

[0039] Another purpose of the invention is to propose a 
treatment enabling unbonding that does not damage the 
assembled structures. 

[0040] More precisely in order to achieve these objectives, 
the purpose of the invention is a treatment process for 
bonding tWo structures by molecular adhesion on a bonding 
interface, and for separation of the tWo structures along the 
said bonding interface. 

[0041] In accordance With the invention, 

[0042] bonding is done using at least one structure 
containing at least one element capable of diffusing 
Within the said structure to the bonding interface, and 

[0043] a heat treatment is used for unbonding, With a 
sufficient heat budget to make the said element 
diffuse toWards the bonding interface to Weaken it. 

[0044] An element capable of causing diffusion refers to 
any element or compound either intrinsically present in the 
material or added to it, deliberately or accidentally, capable 
of migrating Within the material toWards the bonding inter 
face, to react With it. This element is then capable of 
modifying this interface during the heat treatment and Will 
cause separation of the tWo parts on each side of the 
interface. This separation may be assisted by a gaseous 
phase Which may form at the interface during the heat 
treatment. 

[0045] Furthermore, heat budget means the sum of heat 
treatments carried out and de?ned by a time/temperature 
pair applied to the structure. 

[0046] Thus, the heat treatment designed to separate the 
tWo parts (on each side of the bonding interface) may take 
account of heat treatments applied to the assembled struc 
tures before unbonding. 

[0047] According to one particular embodiment of the 
process, a hydrogen implantation may be done before bond 
ing in at least one of the structures, the hydrogen forming the 
said element capable of diffusing in the structure. 

[0048] For eXample, implantation is done in silicon With a 
dose of betWeen 1016 and 5.1016 (H+/cm2) and an energy of 
betWeen 20 and 500 keV. Preferably, the dose may be of the 
order of 3.1016 ions/cm2 and the implantation energy of the 
order of 70 keV. The dose depends on the implantation 
conditions and particularly the temperature of the structure 
during the implantation. 

[0049] According to one variant, at least one structure may 
also be used comprising a surface oXide layer formed by 
plasma enhanced chemical vapor deposition and containing 
OH molecules, the said OH molecules forming the element 
capable of diffusing. 

[0050] For eXample, the heat treatment for unbonding may 
be done at a temperature of betWeen 600 and 1350° C. for 
silicon. This temperature Would be chosen to be of the order 
of 200 to 600° C. for gallium arsenide (AsGa). For silicon 
carbide (SiC), the chosen temperature Will be betWeen 600° 
C. and the melting temperature Which eXceeds 1350° C. 
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[0051] For example, the heat treatment may take place 
under heating lamps or in a furnace. 

[0052] The structures to be assembled may be structures 
made of a single solid material, or may be multi-layer 
structures containing Zones Which may or may not have been 
treated. 

[0053] The multi-layer nature of the structures may ben 
e?cially generate internal stresses that facilitate separation 
of structures during the unbonding step. 

[0054] Similarly, the surface of at least one of the struc 
tures to be assembled may be prepared before bonding to 
form a relief. This relief may also facilitate separation of the 
structures When unbonding. 

[0055] Finally, external separation forces may be eXerted 
on the structures to further facilitate unbonding. For 
eXample, tension or bending forces, or shear forces, may be 
eXerted on the structures by inserting a blade at the interface 
betWeen the structures. 

[0056] Other characteristics and advantages of the inven 
tion Will become clearer from the folloWing description With 
reference to the ?gures in the attached draWings. This 
description is given for illustration only, and is in no Way 
restrictive. 

BRIEF DESCRIPTION OF THE FIGURES 

[0057] FIG. 1, already described, is a schematic section of 
a structure comprising a thin layer on a substrate called the 
source substrate, assembled With another substrate called the 
handling substrate. 

[0058] FIG. 2, already described, is a schematic section of 
the handling substrate on Which the thin layer is bonded. 

[0059] FIG. 3, already described, is a schematic section of 
the thin layer transferred onto a substrate called the desti 
nation substrate. 

[0060] FIG. 4 is a schematic section of a structure pre 
pared for molecular bonding. 

[0061] FIG. 5 is a graph shoWing the bonding energy 
betWeen tWo structures during molecular bonding steps. 

[0062] FIG. 6 is a schematic section of a structure com 
prising a silicon Wafer and illustrates the preparation of this 
structure for molecular bonding according to the invention. 

[0063] FIG. 7 shoWs a section of the structure in FIG. 6 
bonded to another structure comprising a silicon Wafer. 

[0064] FIGS. 8 and 9 shoW sections of the assembled 
structures in FIG. 7, and illustrate a treatment step for 
unbonding in accordance With the invention. 

[0065] FIG. 10 shoWs a section of another assembly 
obtained by molecular bonding of tWo structures in accor 
dance With the invention. 

[0066] FIG. 11 shoWs a section of the assembly in FIG. 10 
during an unbonding treatment in accordance With the 
invention. 

DETAILED DESCRIPTION OF EMBODIMENTS 
OF THE INVENTION 

[0067] FIG. 6 shoWs a structure 100 to be bonded by 
molecular adhesion according to the invention. 

Feb. 21, 2002 

[0068] The structure 100 comprises a silicon board 102 
covered by a surface silicon oXide layer 104. 

[0069] An implanted hydrogen layer 106 is formed by 
implantation of hydrogen ions in the silicon board 102 
through the oXide layer 104. In this eXample, the hydrogen 
layer, implanted at an energy of the order of 70 keV, has a 
concentration of 3.1016 ions/cm2, a thickness of 400 nm and 
is buried at a depth of the order of 300 nm beloW the upper 
surface 110 of the structure 100. (The ?gures are not to scale, 
and are not in these proportions). 

[0070] Hydrogen refers to gaseous substances formed 
either in their atomic form (for eXample H) or in their 
molecular form (for eXample H2) or in their ionic form (H+, 
H2", etc.) or in their isotopic form (Deuterium) or isotopic 
and ionic form. 

[0071] If necessary, surface 110 of structure 100 is then 
cleaned in order to make it hydrophile and to remove all 
particles. AWater ?lm (not shoWn in the ?gure) is formed on 
the surface 110. 

[0072] A small roughness may also be applied to or kept 
on the surface 110 of structure 100. 

[0073] As shoWn in FIG. 7, the structure 100 is then 
assembled With a second structure 120. The second structure 
comprises a silicon board 122, of Which the surface in 
contact With structure 100 has also bene?cially be cleaned to 
make it hydrophile. 

[0074] Reference 124 denotes the interface betWeen the 
assembled structures 100 and 120. 

[0075] The structures are then ?rstly annealed at a tem 
perature of the order of 500° C. Which eliminates Water 
layers betWeen the assembled structures and forms molecu 
lar bonds betWeen the surfaces in contact. 

[0076] The bonding energy of the molecular bonding 
achieved at 500° C. is of the order of 0.5 J/m2. For eXample, 
this bonding energy Will be suf?cient to bond a silicon board 
containing integrated circuits to a handling substrate; in 
particular, it is suf?cient for all treatments envisaged for the 
Wafer in equipment normally used for manufacturing micro 
electronic devices. 

[0077] When the heat treatment is prolonged, or When 
another heat treatment is carried out at a temperature of the 
order of 800° C. or more, unbonding areas (indicated as 
reference 130 in FIGS. 8 and 9) appear at the interface 124 
betWeen the assembled structures 100 and 120. 

[0078] The formation of unbonding areas is controlled by 
the thermal budget applied to structures. Heat treatment 
forces hydrogen to diffuse from layer 106 implanted in 
structure 100 toWards the bonding interface 124 (through the 
oXide if it is present). The hydrogen that diffuses is trapped 
at the interface 124, accumulates on the interface and may 
move along it in gaseous form. Thus, the accumulation of 
hydrogen at interface 124 can at least partly overcome the 
bonding forces. ArroWs 132 in FIGS. 8 and 9 shoW the 
diffusion of hydrogen toWards the bonding interface 124. 

[0079] Depending on the magnitude of the thermal budget 
used, the unbonding areas 130 may be local (FIG. 8) or may 
eXtend over the entire surface of the interface (FIG. 9). 
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[0080] The thermal budget necessary to obtain complete 
unbonding depends on the quantity of the element capable of 
migrating present in the material from at least one of the 
structures. Consequently, in this example the thermal budget 
is related to the hydrogen implantation dose. For example, 
the budget for a dose of 316° cm3 may be 900° C.—30 min. 

[0081] FIG. 10 indicates another example embodiment of 
the invention. It shoWs a sectional vieW of an assembly of a 
?rst structure 200 and a second structure 220 Which are 

bonded by molecular bonding as described above. Reference 
224 denotes the bonding interface betWeen the surfaces of 
assembled structures. 

[0082] The ?rst structure comprises essentially a silicon 
Wafer 202 at the surface of Which an oxide layer 206 has 
been formed. The oxide in this layer 206 is deposited by a 
Plasma Enhanced Chemical Vapor Deposition technique. 
This type of oxide has the speci?c feature that it contains OH 
molecules capable of diffusing. 

[0083] A?rst heat treatment carried out at a temperature of 
less than or equal to about 500° C. increases the molecular 
bonding energy. 

[0084] When the heat treatment is continued or resumed at 
temperatures exceeding about 500° C., the OH groups 
contained in the oxide layer 206 diffuse and migrate, par 
ticularly toWards the interface 224 Where they are trapped. 
Diffusion of the OH groups toWards the interface is indicated 
With arroWs 232. 

[0085] At interface 224, the OH molecules evolve in 
gaseous form and concentrate at the bonding interface. This 
phenomenon causes the formation of bubbles and Weakens 
the bonding interface. 

[0086] Under the effect of pressure generated by the gas, 
an unbonded area 230 shoWn in FIG. 11 propagates until the 
tWo structures 200 and 220 are completely unbonded. Sepa 
ration of the structures may be facilitated by applying 
external mechanical separation forces. These forces are 
shoWn in FIG. 11 by arroWs 240, 241. The forces are tension 
forces 240 and/or shear forces 241. 

[0087] It is thus clear that the process according to the 
invention may be used particularly for molecular bonding of 
integrated circuit Wafers, Without any added material, While 
enabling reversible bonding. 

[0088] Furthermore, the invention is applicable to any 
type of structure as de?ned above. Note that the invention 
relates not only to structures containing silicon, but also 
other semiconducting structures (Si, SiC, AsGa, etc....), 
insulating structures (glass, quartZ, etc.) and even conduct 
ing structures (metal alloys, etc.). 
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1. Treatment process for bonding tWo structures (100, 
120, 200, 220) by molecular adhesion on a bonding interface 
(124, 224), and unbonding of the said tWo structures along 
the said bonding interface, characteriZed in that: 

bonding is done using at least one structure (100, 200) 
containing at least one element capable of diffusing 
Within the said structure toWards the bonding interface, 

unbonding is done using a heat treatment With a suf?cient 
thermal budget to make the said element diffuse 
toWards the bonding interface (124, 224) to Weaken it. 

2. Process according to claim 1, in Which hydrogen 
implantation is done in at least one of the structures (100) 
before bonding, hydrogen forming the said element capable 
of diffusing Within the structure. 

3. Process according to claim 2, in Which implantation is 
done in silicon With a dose of betWeen 1016 and 5.1016 and 
an energy of betWeen 20 and 500 keV. 

4. Process according to claim 1, in Which at least one 
structure (200) is used comprising a surface oxide layer 
(206) formed by a Plasma Enhanced Chemical Vapor Depo 
sition and containing OH molecules, the said OH molecules 
forming the element capable of diffusing. 

5. Process according to claim 3, in Which the heat treat 
ment is done at a temperature of betWeen 600 and 1350° C. 

6. Process according to claim 1, in Which the heat treat 
ment is done by exposing the bonded structures to radiation 
from heating lamps. 

7. Process according to claim 1, in Which the heat treat 
ment is done in a furnace. 

8. Process according to claim 1, in Which at least one of 
the structures is a multi-layer structure. 

9. Process according to claim 1, in Which the surface of at 
least one of the structures is prepared before bonding to form 
a relief on it. 

10. Process according to claim 1, in Which external 
separation forces (240, 241) are also exerted on the struc 
tures at the time of unbonding. 

* * * * * 


