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DESCRIPTION 

TITLE: PROCESS FOR TRANSFERRING A USEFUL LAYER TO A CARRIER 

SUBSTRATE 

 

 

FIELD OF THE INVENTION 

 

The present invention relates to the field of microelectronics. 

In particular, the invention relates to a process for 

transferring a useful layer to a carrier substrate. 

 

 

TECHNOLOGICAL BACKGROUND OF THE INVENTION 

 

A process for transferring a useful layer 3 to a carrier 

substrate 4, shown in Figure 1, is known from the prior art; 

this process, described in particular in documents WO2005043615 

and WO2005043616, comprises the following steps: 

• forming a buried weakened plane 2 by implanting light 

species into a donor substrate 1 so as to form a useful 

layer 3 between this plane and a surface of the donor 

substrate; 

• next, joining the donor substrate 1 to a carrier substrate 

4 to form a bonded structure 5; 

• applying a heat treatment to the bonded structure 5 in order 

to weaken the buried weakened plane; 

• and lastly, initiating a splitting wave by means of an 

energy pulse applied at the level of the buried weakened 

layer 2, with self-sustained propagation of the splitting 

wave in the donor substrate 1 along said buried weakened 

plane 2. 

 

In this process, the species implanted at the level of the buried 

weakened layer 2 initiate the development of microcavities. The 

weakening heat treatment has the effect of promoting the growth 
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and pressurization of these microcavities. By applying 

additional outside forces (energy pulse) after the heat 

treatment, a splitting wave is initiated in the buried weakened 

layer 2, which wave propagates in a self-sustained manner, 

resulting in the useful layer 3 being transferred through 

detachment at the level of the buried weakened plane 2. Such a 

process makes it possible in particular to decrease the roughness 

of the surface after transfer. 

 

This process may be used to produce silicon-on-insulator (SOI) 

substrates. In this case, the donor substrate 1 and the carrier 

substrate 4 are each formed of a silicon wafer, the standard 

diameter of which is typically 200 mm, 300 mm or 450 mm for later 

generations. Either or both of the donor substrate 1 and the 

carrier substrate 4 are surface-oxidized. 

SOI substrates must comply with very stringent specifications. 

This is particularly the case for the average thickness and the 

uniformity of thickness of the useful layer 3. Complying with 

these specifications is necessary for the correct operation of 

the semiconductor devices which will be formed in and on this 

useful layer 3. 

In some cases, the architecture of these semiconductor devices 

requires SOI substrates exhibiting very low average thickness of 

the useful layer 3, for example lower than 50 nm, and exhibiting 

very high uniformity of thickness for the useful layer 3. The 

expected uniformity of thickness may be about 5% at most, 

corresponding to variations typically from +/- 0.3 nm to 

+/- 1 nm over the entire surface of the useful layer 3. Even if 

additional finishing steps, such as etches or surface-smoothing 

heat treatments, are carried out after the useful layer 3 has 

been transferred to the carrier substrate 4, it is important for 

the morphological surface properties (in particular uniformity 

of thickness and surface roughness) to be as favourable as 
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possible after transfer in order to ensure that the end 

specifications are met. 

 

The applicant has observed that, when the splitting wave is 

initiated after the heat treatment at ambient temperature by 

applying an energy pulse to the buried weakened plane 2, some 

useful layers 3 may include, after transfer, marbling-like 

irregular patterns as local variations in thickness, the 

amplitude of which is about a nanometre or half a nanometre. 

This marbling may be distributed over the entirety of the useful 

layer 3, or over only a portion thereof. It contributes to the 

non-uniformity of the useful layer 3. 

 

This type of non-uniformity in the thickness of the useful layer 

3 is very difficult to eliminate using the typical finishing 

techniques (etching, sacrificial oxidation, smoothing heat 

treatment, etc.) because these techniques are not effective in 

erasing irregular patterns of this amplitude.  

 

 

SUMMARY OF THE INVENTION 

 

The present invention relates to a process for transferring a 

useful layer to a carrier substrate and aims in particular to 

improve the uniformity of thickness of the useful layers after 

transfer.  

 

According to an aspect of the present invention, there is 

provided a process for transferring a useful layer to a carrier 

substrate, comprising the following steps:  
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a) providing a donor substrate including a buried weakened plane, 

the useful layer being delimited by a front face of the donor 

substrate and the buried weakened plane;  

b) providing a carrier substrate;  

c) joining the donor substrate, by its front face, to the carrier 

substrate along a bonding interface so as to form a bonded 

structure;  

d) annealing the bonded structure by applying a weakening thermal 

budget thereto and bringing the buried weakened plane to a 

defined level of weakening, the weakening thermal budget being 

less than a splitting thermal budget, the splitting thermal 

budget leading to spontaneous initiation of a splitting wave in 

the buried weakened plane during the anneal; and  

e) after the annealing of the bonded structure to apply the 

weakening thermal budget, initiating the splitting wave in the 

buried weakened plane by applying a stress to the bonded 

structure, the splitting wave propagating in a self-sustained 

manner along the buried weakened plane to result in the useful 

layer being transferred to the carrier substrate,  

wherein the splitting wave is initiated when the bonded structure 

is subjected, at least in its hottest region, to a temperature 

between 150°C and 250°C. 

 

According to other advantageous and non-limiting features of the 

embodiments of the invention, taken alone or in any technically 

feasible combinations: 

 

• the maximum temperature is between 180°C and 220°C; 

• the anneal in step d) reaches a maximum hold 

temperature between 300°C and 600°C; 

• the weakening thermal budget is between 40% and 95% of 

a splitting thermal budget;  
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• the initiation in step e) takes place directly after 

the anneal in step d), before the hottest region of 

the bonded structure reaches a temperature below 

150°C; 

 

• the anneal in step d) takes place in a horizontally or 

vertically configured heat treatment apparatus, 

suitable for batch-treating a plurality of bonded 

structures, and the initiation in step e) takes place 

when the bonded structures exit the apparatus; 

 

• the application of a stress to the buried weakened 

plane corresponds to the application of a local 

mechanical load to the bonded structure, in particular 

to the periphery of said structure; 

 

• the local mechanical load is applied by inserting a 

wedge at the bonding interface of the bonded 

structure, between chamfered edges of the donor 

substrate and of the carrier substrate, respectively, 

of said bonded structure; 

 

• the local mechanical load is applied in a region of 

the bonded structure which experiences lower 

temperatures when there is a temperature gradient 

across the bonded structure in step e); 

 

• the local mechanical load is applied to the bonded 

structure when the temperature gradient is about 80°C; 
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• the donor substrate and the carrier substrate are made 

of monocrystalline silicon, and wherein the buried 

weakened plane is formed by ion implantation of light 

species into the donor substrate, said light species 

being chosen from hydrogen and helium, or a 

combination of hydrogen and helium. 

 

 

BRIEF DESCRIPTION OF THE FIGURES 

 

Other features and advantages of the invention will become 

apparent from the following detailed description of the 

invention, which description is given with reference to the 

appended figures, in which: 

 

[Fig. 1] Figure 1 shows a process for transferring a thin layer 

according to the prior art; 

 

[Fig. 2] Figure 2 shows a transfer process according to the 

invention; 

 

[Fig. 3a] 

[Fig. 3b] 

[Fig. 3c] Figures 3a to 3c show haze maps at the surface of 

useful layers including non-uniformities of thickness after 

transfer; 

 

[Fig. 4] Figure 4 shows a haze map at the surface of a useful 

layer transferred using a transfer process according to the 

invention; 

 

[Fig. 5] Figure 5 shows a step in a transfer process according 

to the invention; 
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[Fig. 6] Figure 6 is a graph showing the temperatures and the 

thermal gradient seen by a bonded structure in a step in a 

transfer process according to the invention; 

 

[Fig. 7] Figure 7 shows a step in a transfer process according 

to the invention. 

 

 

DETAILED DESCRIPTION OF THE INVENTION 

 

In the description, the same reference signs in the figures might 

be used for elements of the same type. The figures are schematic 

representations which, for the sake of legibility, are not to 

scale. In particular, the thicknesses of the layers along the z-

axis are not to scale with respect to the lateral dimensions 

along the x- and y-axes; and the relative thicknesses of the 

layers with respect to one another are not necessarily respected 

in the figures. It should be noted that the coordinate system 

(x,y,z) of Figure 1 applies to Figure 2. 

 

The invention relates to a process for transferring a useful 

layer 3 to a carrier substrate 4. The useful layer 3 is named 

as such because it is intended for use in the production of 

components in the fields of microelectronics or microsystems. 

The useful layer and the carrier substrate may vary in nature 

depending on the target component type and target application. 

Since silicon is currently the most commonly used semiconductor 

material, the useful layer and the carrier substrate may in 

particular be made of monocrystalline silicon, but are of course 

not limited to this material. 

 

The transfer process according to the invention first comprises 

a step a) of providing a donor substrate 1, from which the useful 

layer 3 will be taken. The donor substrate 1 includes a buried 
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weakened plane 2 (Figure 2 – a)). The latter is advantageously 

formed by ion-implanting light species into the donor substrate 

1 at a defined depth. The light species are preferably chosen 

from hydrogen and helium, or a combination of hydrogen and 

helium, since these species promote the formation of 

microcavities around the defined implantation depth, resulting 

in the buried weakened plane 2. 

The useful layer 3 is delimited by a front face 1a of the donor 

substrate 1 and the buried weakened plane 2. 

The donor substrate 1 may be formed of at least one material 

chosen from silicon, germanium, silicon carbide, IV-IV, III-V or 

II-VI semiconductor compounds and piezoelectric materials (for 

example LiNbO3, LiTaO3, etc.). It may further include one or more 

surface layers arranged on the front face 1a and/or on the back 

face 1b thereof, which may be of any nature, for example 

dielectric. 

 

The transfer process also comprises a step b) of providing a 

carrier substrate 4 (Figure 2 – b)). 

The carrier substrate may for example be formed of at least one 

material chosen from the silicon, silicon carbide, glass, 

sapphire, aluminium nitride or any other material that might be 

available in substrate form. It may also include one or more 

surface layers of any nature, for example dielectric. 

 

As mentioned above, one advantageous application of the transfer 

process according to the invention is the production of SOI 

substrates. In this particular case, the donor substrate 1 and 

the carrier substrate 4 are made of monocrystalline silicon, and 

either or both of said substrates include a surface layer of 

silicon oxide 6 on the front face thereof. 
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The transfer process next comprises a step c) of joining the 

donor substrate 1, by its front face 1a, to the carrier substrate 

4 along a bonding interface 7 so as to form a bonded structure 

5 (Figure 2 – c)).  

The attachment operation may be carried out using any known 

method, in particular by direct bonding by molecular adhesion, 

by thermocompression or by electrostatic bonding. These well-

known prior-art techniques will not be described in detail here. 

However, it is recalled that, prior to joining, the donor 

substrate 1 and the carrier substrate 4 will have undergone 

surface-activation and/or cleaning sequences in order to ensure 

the quality of the bonding interface 7 in terms of defects and 

bonding energy. 

 

In the transfer process according to the invention, a step d) 

of annealing the bonded structure 5 is then carried out in order 

to apply a weakening thermal budget to said structure 5 and to 

bring the buried weakened plane to a defined level of weakening 

(Figure 2 – d)). The time/temperature pairs applied during the 

anneal determine the thermal budget to which the bonded structure 

5 is subjected. 

The range of temperatures over which the anneal may be carried 

out for this operation of weakening the buried plane 2 depends 

primarily on the type of bonded structure 5 (homostructure or 

heterostructure) and on the nature of the donor substrate 1. 

By way of example, in the case of a donor substrate 1 and a 

carrier substrate 4 made of silicon, the anneal in step d) 

reaches a maximum hold temperature that is typically between 

200°C and 600°C, advantageously between 300°C and 500°C and even 

more advantageously between 350°C and 450°C.  

More generally, the maximum hold temperature could, for 

materials used for the donor substrate 1 and/or for the carrier 

substrate 4 other than silicon, typically be between 200°C and 

800°C. 
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The anneal may include a temperature ramp-up (typically between 

200°C and the maximum hold temperature) and a hold at the maximum 

temperature. In general, the duration of such an anneal will be 

between a few tens of minutes and several hours, depending on 

the maximum hold temperature of the anneal.  

The level of weakening of the buried weakened plane 2 is defined 

by the area occupied by the microcavities present in the buried 

weakened layer 2. In the case of a donor substrate 1 made of 

silicon, this area occupied by the microcavities may be 

characterized by infrared microscopy. 

The level of weakening may range from a low level (<1%, below 

the detection threshold of the characterizing instruments) up to 

more than 80%, depending on the thermal budget applied to the 

bonded structure 5 during the anneal. 

The weakening thermal budget is always kept below a splitting 

thermal budget for which spontaneous initiation of the splitting 

wave in the buried weakened plane 2 is obtained during the 

anneal. Preferably, the weakening thermal is between 40% and 95% 

of the splitting thermal budget. 

 

 

In the transfer process according to the invention, a step e) 

of initiating a splitting wave along the buried weakened plane 

2 is next carried out by applying a stress to the buried weakened 

plane 2 of the bonded structure 5 (Figure 2 – e)). After 

initiation, the splitting wave propagates in a self-sustained 

manner, resulting in the separation of the bonded structure 5 at 

the buried weakened plane 2. Self-sustained propagation means 

that once initiated, the spitting wave propagates by itself, 

without the application of external stress, throughout the 

entire extent of the buried weakened plane 2, so that the useful 

layer 3 is completely detached from the donor substrate 1 and 

transferred to the carrier substrate 4. A transferred assembly 
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5a and the remainder 5b of the donor substrate 1 are thus 

obtained (Figure 2 – f)). 

The external stress is advantageously local and may be caused 

mechanically or by any other means, such as for example local 

heating by means of a laser or energy transfer by means of 

ultrasound. 

 

It is recalled that, by applying the transfer process of the 

prior art mentioned in the introduction, which consists in 

mechanically initiating the splitting wave at ambient 

temperature, the applicant has observed marbling-like irregular 

patterns which negatively affect the uniformity of thickness of 

the useful layer 3 after transfer. The applicant has identified 

that these irregular patterns are related to an instability in 

the propagation of the splitting wave due to insufficient energy 

stored in the [bonded structure 5/buried weakened layer 2] 

system. 

 

To overcome these problems and to improve the uniformity of 

thickness of the useful layer 3 after transfer, the transfer 

process according to the present invention envisages that the 

splitting wave is initiated, in step e), by applying an external 

stress to the buried weakened plane 2 when the bonded structure 

5 is subjected, at least in its hottest region, to a temperature 

between 150°C and 250°C. In practice, there is often a 

temperature gradient across the bonded structure 5, so the 

invention envisages that the region of the bonded structure 5 

which is subjected to the highest temperatures (its hottest 

region) experiences a temperature between 150°C and 250°C. In 

other words, splitting is initiated when the maximum temperature 

to which the bonded structure 5 is subjected, locally in its 

hottest region or uniformly over its entire extent, is within 

this temperature range. 
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Advantageously, the aforementioned maximum temperature is 

between 180°C and 220°C, preferably around 200°C. 

 

For initiating the splitting wave when at least the hottest 

region of the bonded structure 5 is at a temperature higher than 

150°C, the energy stored in the system, and in particular the 

energy stored in the buried weakened plane 2 due to the presence 

of pressurized gaseous species in the microcavities, is 

sufficient to ensure stable and self-sustained propagation of 

the splitting wave.  

Instigating initiation when the bonded structure 5 is subjected 

to a maximum temperature lower than 250°C limits the energy 

stored in the system such that excess energy released during 

splitting (i.e. the energy which has not been consumed in 

breaking the material) does not result in the formation of other 

types of patterns on the surface of the transferred useful layer 

3. Specifically, the applicant has observed that when the excess 

energy released during splitting is too high, high-amplitude 

regular patterns may appear and negatively affect the uniformity 

of thickness of the useful layer 3 after transfer. This may be 

the case, for example, when the splitting budget is applied to 

a bonded structure 5 and a splitting wave is initiated 

spontaneously at the anneal hold temperature (for example 

400°C). Too much energy stored and released during the 

propagation of the splitting wave is therefore also problematic 

with respect to the uniformity of thickness of the useful layer 

3 after transfer. 

The energy stored in the system is dependent both on the level 

of weakening of the buried weakened plane 3 and on the 

temperature at which the splitting wave is initiated and will 

propagate. The transfer process according to the invention 

allows the splitting wave to be initiated when the energy stored 

in the system is both sufficient to ensure stable and self-

sustaining propagation (thus limiting the appearance of 
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irregular patterns) and not overly high so as to limit the 

amplitude of regular patterns which also negatively affect the 

uniformity of thickness. 

  

By way of example, Figures 3a, 3b and 3c show haze maps at the 

surface of useful layers 3 after, respectively, spontaneous 

splitting, mechanical splitting initiated at ambient temperature 

and mechanical splitting initiated with a maximum temperature to 

which the bonded structure is subjected of 100°C. It should be 

noted that the aforementioned mechanical splitting operations 

were initiated by applying a local mechanical load to the bonded 

structures 5 and generating strain in the buried weakened plane 

2. In each case, regular (Figure 3a) or irregular (Figures 3b 

and 3c) marbling-like patterns, which negatively affect the 

uniformity of thickness of the useful layer 3 after transfer 

(between 0.5 nm and 1.5 nm in amplitude), are observed. These 

patterns have been made apparent by measurement of haze, which 

corresponds to the intensity of the light scattered by the 

surface of the useful layer 3, using the Surfscan™ inspection 

tool by KLA-Tencor. 

Figure 4 shows a haze map at the surface of a useful 3 transferred 

using a transfer process according to the invention: i.e. after 

splitting is initiated when the bonded structure 5 is subjected, 

at least in its hottest region, to a temperature of 200°C by 

applying a local mechanical load to the bonded structure 5, 

generating strain in the buried weakened plane 2. No pattern, 

whether regular or irregular and marbling-like, is present, and 

the uniformity of thickness of the useful layer 3 is thus 

substantially improved.  

 

According to a first advantageous variant, the initiation in 

step e) takes place directly after the anneal in step d), before 

the hottest region of the bonded structure 5 reaches a 

temperature below 150°C. For example, when the anneal in step d) 
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features a temperature ramp-up to 400°C followed by a temperature 

ramp-down, initiation takes place when the bonded structure 5 

(at least in its hottest region) is subjected to a maximum 

temperature below or equal to 250°C and before it reaches a 

maximum temperature of 150°C.  

In practice, the step e) of initiating the splitting wave could 

in particular take place when the bonded structure 5 exits the 

heat treatment apparatus 20 used for the anneal, in a controlled 

exit zone 23 in which the bonded structure 5 is subjected to a 

maximum temperature higher than 150°C and lower than or equal to 

250°C (Figure 2 – e)). In particular, the anneal in step d) may 

take place in a horizontally or vertically configured heat 

treatment apparatus 20, suitable for batch-treating a plurality 

of bonded structures 5; the initiation in step e) then takes 

place when the bonded structures 5 exit the apparatus 20, in the 

exit zone 23 in which the maximum temperature to which the 

structures 5 are subjected is controlled to be within the range 

required for the initiation of the splitting wave. The external 

stress for triggering the initiation of the splitting wave is 

advantageously applied to the bonded structure 5 successively, 

as they pass through the controlled exit zone 23. 

 

According to a second variant, the initiation in step e) takes 

place after the hottest region of the bonded structure 5 has 

reached a temperature below 150°C. In this case, the bonded 

structure 5 is kept under a controlled atmosphere between the 

end of the anneal in step d) and the time when the splitting 

wave is initiated which will require the bonded structure 5 to 

be brought to a maximum temperature between 150°C and 250°C. 

What is understood by "controlled atmosphere" in this case is a 

dry atmosphere exhibiting less than 0.1% humidity. For example, 

when the anneal in step d) features a temperature ramp-up to 

400°C followed by a temperature ramp-down to 150°C before 

returning the bonded structure 5 to ambient temperature, this 
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structure is kept under a dry atmosphere until the initiation of 

the splitting wave in step e). 

 

 

Advantageously, for either of the variants mentioned, the 

application of a stress to the buried weakened plane 2 

corresponds to the application of a local mechanical load to the 

bonded structure 5, in particular to the periphery of said 

structure, so as to initiate the splitting wave. By way of 

example, the local mechanical load may be applied by inserting 

a wedge 10 at the bonding interface 7 of the bonded structure 

5, between chamfered edges of the donor substrate 1 and of the 

carrier substrate 4, respectively, of said bonded structure 5. 

This results in tensile strain being generated in the buried 

weakened plane 2. 

 

Preferably, the local mechanical load is applied in a region of 

the bonded structure 5 which experiences lower temperatures when 

there is a temperature gradient across the bonded structure 5 in 

step e). Said region is referred to hereinafter as the "cool 

region", by comparison with the hottest region of the bonded 

structure 5 mentioned above. 

Returning for example to the case of the first variant mentioned 

above, when one or more bonded structures 5 exit the heat 

treatment apparatus 20 in which the anneal has taken place, there 

is generally a thermal gradient across each bonded structure 5 

(Figures 5 and 6). This gradient is generally due to the geometry 

of the oven and the presence of a system for holding the bonded 

structures 5, which affects heat dissipation. For example, in 

the case of a horizontally configured oven 20 in which the bonded 

structures 5 are placed vertically into cassettes 22 which are 

borne by a charge shovel 21, it is observed that the lower region 

B of the bonded structures 5 (i.e. that closest to the charge 

shovel 21) is cooler than the upper region H of the bonded 
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structures 5. The local mechanical load is then preferably 

applied in the lower region B of the bonded structure 5. 

 

Again advantageously, the local mechanical load is applied to 

the bonded structure 5 when the temperature gradient is about 

80°C, i.e. 80°C +/-15°C. Figure 6 shows the temperature gradient 

measured across a bonded structure 5 after exiting the oven, in 

the upper region H, central region C and a lower region B.  

The applicant has observed that a temperature gradient of 80°C 

+/-10°C experienced by the bonded structure 5 when the splitting 

wave is initiated contributes to improving the uniformity of 

thickness of the useful layer 3 after transfer. 

 

 

Exemplary application: 

The transfer process according to the invention may be used for 

the production of SOI substrates, the useful layer 3 of which 

is very thin, in particular between a few nanometres and 50 nm. 

The example used is that of donor 1 and carrier 4 substrates 

made of monocrystalline silicon, each taking the form of a 

300 mm-diameter wafer. The donor substrate is covered with a 

layer of silicon oxide 6 with a thickness of 50 nm. The buried 

weakened plane 2 is formed in the donor substrate 1 by co-

implanting hydrogen and helium ions under the following 

conditions:  

• H: implantation energy 38 keV, dose 1E16 H/cm2; 

• He: implantation energy 25 keV, dose 1E16 He/cm2. 

The buried weakened layer 3 is located at a depth of about 290 nm 

from the surface 1a of the donor substrate 1. It delimits, with 

the oxide layer 6, a useful layer 3 of about 240 nm. 

 

The donor substrate 1 is joined to the carrier substrate 4 by 

direct bonding by molecular adhesion, to form the bonded 

structure 5. Prior to joining, the donor substrate 1 and the 
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carrier substrate 4 will have undergone known surface-activation 

and/or cleaning sequences in order to ensure the quality of the 

bonding interface 7 in terms of defects and bonding energy. 

 

A horizontally configured oven 20 is used to perform the batch-

annealing of a plurality of bonded structures 5 such as described 

above. This type of heat treatment apparatus 20 comprises a 

charge shovel 21 which bears cassettes 22 into which the bonded 

structures 5 are placed (Figure 7). The charge shovel 21 moves 

between an entered position, in which the bonded structures 5 

are inside the oven 20, and an exited position, in which they 

are outside the oven 20. 

A system of wedges 10 may be positioned on each cassette 22, 

under the bonded structures 5. The charge shovel 21 moves to the 

entered position for the anneal to be performed. The anneal 

comprises a temperature ramp-up from 200°C to 380°C, a hold at 

380°C for two minutes and a temperature ramp-down to 225°C.  

Upon completion of the anneal, the charge shovel 21 moves to its 

exited position.  

 

As illustrated in Figure 6, as soon as each bonded structure 5 

has exited the oven 20, the temperature it experiences decreases. 

Each bonded structure 5 will move on to an exit zone 23 in which 

it will experience a maximum temperature (in its hottest region) 

between 150°C and 250°C. In this exit zone 23, a pressing device 

11 located above the bonded structures 5 will exert a pressing 

force on each bonded structure 5 successively, such that the 

wedge 10 thereunder will be inserted, at the bonding interface 

7, between the chamfered edges of the joined substrates of the 

bonded structure 5 (Figure 7). The insertion of the wedge 10 

generates local tensile strain at the site of the buried weakened 

plane 2, allowing the splitting wave to be initiated in each 

bonded structure 5 in succession as they pass beneath the 

pressing device 11. 
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Of course, tools other than the assembly formed by the system 

of wedges 10 and the pressing device 11 could be implemented to 

initiate the splitting wave in the bonded structures 5 in 

accordance with the present invention. 

 

The splitting wave is thus initiated for each bonded structure 

5 when this structure is subjected to a maximum temperature 

between 150°C and 250°C, preferably around 200°C. In the example 

of Figure 6, the exit zone 23 in which the splitting wave is 

initiated corresponds to a zone in which each bonded structure 

5 is subjected, in its hottest region (top region H), to a 

maximum temperature of about 200°C, its central region C 

experiencing an intermediate temperature of about 180°C and its 

bottom region B experiencing a temperature of about 130°C. Since 

the wedge 10 is, in the example illustrated in figure 7, 

positioned at the bottom portion of each bonded structure 5, 

initiation furthermore occurs in the cool region (bottom region 

B: that which experiences the lowest temperatures) of the bonded 

structure 5.  

Following the self-sustained propagation of the splitting wave, 

what is obtained, after transfer, is the SOI substrate 

(transferred assembly 5a) and the remainder 5b of the donor 

substrate 1. A very high degree of uniformity of thickness is 

obtained for the transferred useful layers 3.  

Finishing steps applied to the transferred assemblies 5a 

comprise chemical cleaning operations and at least one high-

temperature smoothing heat treatment. Upon completion of these 

steps, the SOI substrates include a useful layer 3 with a 

thickness of 50 nm, the final non-uniformity of thickness of 

which is about 0.45 nm. It should be noted that, in comparison, 

SOI substrates of which the useful layer 3 includes regular or 

irregular patterns after splitting may exhibit final non-

uniformities of thickness that are greater than or equal to 

0.7 nm. 
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Of course, the invention is not limited to the described 

implementations and examples, and variant embodiments may be 

introduced thereinto without departing from the scope of the 

invention as defined by the claims. 
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CLAIMS 

 

1. A process for transferring a useful layer to a carrier 

substrate, comprising the following steps:  

a) providing a donor substrate including a buried weakened 

plane, the useful layer being delimited by a front face of 

the donor substrate and the buried weakened plane; 

b) providing a carrier substrate;  

c) joining the donor substrate, by its front face, to the 

carrier substrate along a bonding interface so as to form 

a bonded structure;  

d) annealing the bonded structure by applying a weakening 

thermal budget thereto and bringing the buried weakened 

plane to a defined level of weakening, the weakening thermal 

budget being less than a splitting thermal budget, the 

splitting thermal budget leading to spontaneous initiation 

of a splitting wave in the buried weakened plane during the 

anneal; and 

e) after the annealing of the bonded structure to apply the 

weakening thermal budget, initiating the splitting wave in 

the buried weakened plane by applying a stress to the bonded 

structure, the splitting wave propagating in a self-

sustained manner along the buried weakened plane to result 

in the useful layer being transferred to the carrier 

substrate;  

wherein the splitting wave is initiated when the bonded 

structure is subjected, at least in its hottest region, to 

a temperature between 150°C and 250°C. 

 

2. The process according to claim 1, wherein the maximum 

temperature in step e) is between 180°C and 220°C. 
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3. The process according to claim 1 or 2, wherein the anneal 

in step d) reaches a maximum hold temperature between 300°C 

and 600°C. 

 

4. The process according to any one of claims 1 to 3, wherein 

the weakening thermal budget is between 40% and 95% of the 

splitting thermal budget. 

 

5. The process according to any one of claims 1 to 4, wherein 

the initiation in step e) takes place directly after the 

anneal in step d), before the hottest region of the bonded 

structure reaches a temperature below 150°C. 

 

6. The process according to any one of claims 1 to 5, wherein 

the anneal in step d) takes place in a horizontally or 

vertically configured heat treatment apparatus suitable for 

batch-treating a plurality of bonded structures, and 

wherein the initiation in step e) takes place when the 

bonded structures exit the apparatus. 

 

7. The process according to any one of claims 1 to 6, wherein 

the application of a stress to the buried weakened plane 

corresponds to the application of a local mechanical load 

to the bonded structure, in particular to the periphery of 

said structure. 

 

8. The process according to claim 7, wherein the local 

mechanical load is applied by inserting a wedge at the 

bonding interface of the bonded structure, between 

respective chamfered edges of the donor substrate and of 

the carrier substrate of said bonded structure. 

 

9. The process according to claim 7 or 8, wherein the local 

mechanical load is applied in a region of the bonded 
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structure which experiences lower temperatures when there 

is a temperature gradient across the bonded structure in 

step e). 

 

10. The process according to claim 9, wherein the local 

mechanical load is applied to the bonded structure when the 

temperature gradient is about 80°C. 

 

11. The process according to any one of claims 1 to 10, 

wherein the donor substrate and the carrier substrate 

comprise monocrystalline silicon, and wherein the buried 

weakened plane is formed by ion implantation of light 

species into the donor substrate, said light species being 

chosen from hydrogen and helium, or a combination of 

hydrogen and helium. 

 




