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METHOD OF FABRICATING ACOMPOSITE 
STRUCTURE WITH A STABLE BONDING 

LAYER OF OXDE 

TECHNICAL FIELD AND PRIOR ART 

0001. The present invention relates to the fabrication of 
composite structures comprising at least one Support Sub 
strate onto which a thin film is bonded via a deposited bond 
ing layer of oxide. That type of structure is particularly 
intended for use in the field of microelectronics, optoelectron 
ics, and optics to produce, by epitaxial growth, semiconduc 
tor materials such as those of type III/V, in particular binary, 
ternary, or quaternary type III/N materials, such as GaN. 
AlGaN, InGaN, or InAlGaN. 
0002 That type of composite structure is generally pro 
duced using the well-known Smart CutR) technique that con 
sists of: 

0003 subjecting a source substrate or donor substrate to 
ion implantation to create a Zone of weakness at a certain 
depth in the substrate; 

0004 bonding (by wafer bonding) the face of the donor 
Substrate that has undergone implantation with a Support 
substrate or “receiving substrate'; and 

0005 detaching the donor substrate by fracture at the 
Zone of weakness to transfer the portion located between 
the face that has undergone implantation and the Zone of 
weakness of the donor substrate to the receiving sub 
strate, the transferred portion constituting the thin film of 
the composite structure. 

0006. In order to facilitate detachment of the thin film from 
the source Substrate, good bonding between the Source Sub 
strate and the Support Substrate is necessary. It is ensured by 
a bonding interface produced between two bonding layers 
that then endows the composite structure with great stability 
even with materials with differing coefficients of thermal 
expansion. The bonding layers correspond to layers of oxide 
formed on the faces of the source substrate and the support 
substrate intended to be brought into intimate contact. These 
oxide layers act as planarization layers that encourage inti 
mate contact of the Substrates during wafer bonding. The 
composite structure may then undergo processes involving 
large variations in temperatures, such as epitaxial growth, 
without being deteriorated. 
0007. The fabrication of a composite structure for epi 

taxial growth may also be carried out using a step of bonding 
the source substrate and a support substrate followed by a 
chemical thinning step or a mechanical polishing step carried 
out on the source substrate, to reach the desired thickness of 
the thin film. That type of fabrication also requires bonding 
that is highly temperature-stable and, as a result, the use of a 
bonding layer of oxide to guarantee a good bonding interface. 
0008. With a material formed from silicon or silicon car 
bide (SiC), the substrate is oxidized by heating in an appro 
priate atmosphere to obtain a bonding layer of oxide of silicon 
(SiO) that is termed “thermal oxide, that corresponds to a 
stoichiometric oxide, that is dense (SiO is defined as dense 
when it is slowly attacked by a solution of HF), and that 
remains stable at high temperature. 
0009. When bonding two substrates, one of which is a 
material that cannot produce Such a layer of oxide of silicon 
by thermal oxidation, as with a sapphire Substrate, for 
example, it is necessary to form the oxide of silicon by depo 
sition using a technique Such as plasma enhanced chemical 
vapor deposition (PECVD) or low pressure chemical vapor 
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deposition (LPCVD). This is then a “deposited oxide’, that 
has a composition that is different from stoichiometric SiO, 
obtained by thermal oxidation (the oxide deposited has a 
composition of the type SiOH). This deposited oxide is less 
dense and does not have the same properties as thermal oxide. 
A heat treatment may be carried out in order to densify it and 
to approach the properties of the thermal oxide. However, 
even after densification annealing, the deposited oxide may 
still be temperature-unstable, in particular during treatments 
carried out at temperatures that are higher than the oxide 
deposit temperature. 
0010 When a composite substrate, formed by a sapphire 
Support Substrate on which a thin layer of Sapphire is laid, is 
heated to prepare it for GaN epitaxy, for example, microcavi 
ties appear once the oxide deposition temperature is 
exceeded. The microcavities appear exclusively at the bond 
ing layer of deposited oxide of silicon. They are visible at the 
surface of the thin film of sapphire by the formation of irre 
versible blisters that “buckle' its surface and render it unsuit 
able for epitaxy because the Surface is no longer Smooth and 
the lattice parameter is distorted. The microcavities in the 
deposited oxide layer appearand develop more rapidly as the 
temperature is raised. 
0011. As a function of their density and their size, such 
microcavities may generate a Zone of weakness in the bond 
ing layer and the operations Subsequently carried out on the 
structure will result in delamination of the thin film. Such 
microcavities may even affect the entire volume of the oxide 
layer and cause it to rupture and, consequently, cause detach 
ment of the thin film from the support substrate. Thus, 
whether during fabrication of the composite structure or dur 
ing Subsequent epitaxy, the presence of Such microcavities 
always results in delamination of the thin film. 
0012. In order to illustrate this problem, the Applicant 
carried out the following experiment. A source substrate of 
Sapphire, comprising a Zone of weakness such that the thin 
film to be transferred had a thickness of 0.6 um micrometer. 
was bonded to a sapphire Support with a bonding layer of 
oxide deposited by PECVD at 300° C. to a thickness of 0.3 
um. To this end, the two substrates were brought into intimate 
contactatambient temperature, then a splitting heat treatment 
was applied followed by bonding reinforcement annealing at 
1100° C. for 3 hours. Total delamination of the transferred 
sapphire film was then observed due to detachment within the 
deposited oxide layer. 
0013 Document EP-A-0 898 307 describes a method of 
unbonding a wafer from a Support at the bonding interface by 
using an oxide bonding layer formed by PECVD. That oxide 
has the peculiarity of having OH species that diffuse to the 
bonding interface under the action of a heat treatment (600 
1350° C.) carried out after bonding stabilization annealing 
and the desired treatments on the integrated circuits. Said 
species develop until a gas is formed and they then form 
bubbles that diffuse and are concentrated locally at the bond 
ing interface, i.e. the interface located between the oxide 
bonding layer deposited on the wafer and the Support Sub 
strate. That phenomenon encourages weakening of the bond 
ing interface until the Support Substrate unbonds completely 
from the bonding layer, the bonding layer initially deposited 
on the wafer remaining integral with the wafer. 
0014. However, in contrast to what is described in patent 
document EP-A-0898307, which describes a concentration 
of gaseous species and bubbles at the bonding interface, the 
microcavities that are to be prevented in the present invention 
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are formed throughout the deposited oxide layer and when the 
temperature of the heat treatment applied exceeds that for 
creep of the oxide subjected to a high stress (>100 MPa 
megapascals), i.e. in the range approximately 800° C. to 
1200°C. for layers of SiO, not intentionally doped and depos 
ited by LPCVD or PECVD techniques. Said microcavities 
have the effect of deforming the surface of the transferred thin 
film, which impedes certain applications such as epitaxy. 
Further, the delamination of the film observed by the Appli 
cant derives from detachment within the oxide layer, the 
bonding layer not being unbonded at the bonding interface 
but ruptured by the microcavities developed throughout its 
Volume. 
00.15 Document US-2006/0255341 describes the fabrica 
tion of a composite substrate by transfer of a seed thin film 
onto a Support Substrate, intended for epitaxial growth of 
III/N materials. Direct bonding (without an oxide layer) of a 
thin layer of sapphire onto a Support Substrate that has a lower 
thermal expansion coefficient requires a high pressure that 
causes a folding phenomenon in the thin layer. Transfer of the 
layer of sapphire requires implantation of a large dose of ionic 
species, thereby creating a stress gradient through the thick 
ness of the transferred layer. When the stress increases due to 
the bonding conditions, the material deforms, and allows the 
stress to be relieved. To remedy that, the document describes 
the use of a layer of sapphire with a thickness of the order of 
800 nm nanometer to enhance the mechanical strength of 
the layer. 
0016. The document also describes, during a transfer pro 
cess, a phenomenon of delamination of the thin layer of 
Sapphire, which is a rigid material, due to stress induced by 
implantation, by the difference in the thermal expansion coef 
ficients of the materials, and by its surface that is fairly inert 
chemically speaking and does not tend to form covalent 
bonds with other material surfaces. To overcome that, it is 
possible to use plasma treatment to activate the Surface, a 
bonding layer of SiO, SiN. AlN, and/or an adhesive layer. 

SUMMARY OF THE INVENTION 

0017. The invention aims to overcome the above-men 
tioned disadvantages and proposes composite structures 
wherein the thin film and support substrate have a mean 
coefficient of thermal expansion that is 7x10'K' or more in 
the range of temperatures to which the structure will be sub 
jected, for example from 20°C. to 1200°C., and wherein the 
bonding layer comprises at least one deposited layer of oxide 
of silicon that remains stable even at high temperature. The 
invention aims to allow the fabrication of Such composite 
structures in order to avoid the formation and development of 
microcavities in the deposited oxide layer resulting in defor 
mation of the thin film and in its delamination during heat 
treatments applied during the fabrication of the composite 
structure and to allow the formation of materials by epitaxy 
starting from the composite structure. 
0018. This aim is accomplished by means of a method of 
fabricating a composite structure in which the bonding layer 
of oxide of silicon is formed by low pressure chemical vapor 
deposition (LPCVD) of a layer of oxide on the bonding face 
of the support substrate and/or on the bonding face of the thin 
film, while the thickness of the thin film is 5 micrometers or 
less and the thickness of the layer of oxide of silicon is equal 
to or greater than that of the thin film. 
0019. As explained below in detail, using a bonding layer 
formed by LPCVD deposition, wherein the thickness is 
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greater than that of the thin film, prevents plastic (irreversible) 
deformations within the bonding layer. Thus, the formation of 
microcavities in the deposited bonding layer of oxide of sili 
con is avoided, even during heat treatments at high tempera 
ture (in particular higher than 900° C.). 
0020. Following a study, detailed below, on the tempera 
ture behavior of layers of oxide of silicon as a function of the 
deposition technique employed, the Applicant has deter 
mined that deposition by LPCVD can produce oxides with 
temperature stability that is close to that of oxides of silicon 
obtained by thermal oxidation. Further, to resist stresses due 
to the presence of materials with expansion coefficients that 
are high compared with that of the oxide layer in the compos 
ite structure, the thickness of the oxide layer is greater than or 
equal to that of the thin film that is limited to 5 micrometers. 
This means that the stresses applied at the bonding layer 
during high temperature treatments can be reduced, as well as 
the risk of plastic deformations occurring in the bonding 
layer. 
0021. The material of the bonding layer of oxide of silicon 
formed by low pressure chemical vapor deposition may be 
produced using different known precursors such as silane, 
dichlorosilane, or TEOS (tetra-ethyl orthosilicate). 
0022. In accordance with one aspect of the invention, prior 
to bonding, the method further comprises a step of densifica 
tion heat treatment of the layer of oxide of silicon deposited 
by low pressure chemical vapor deposition on the bonding 
face of the support substrate and/or on the bonding face of the 
thin film. This densification heat treatment can further 
increase the temperature behavior of the deposited oxide as 
regards the formation of microcavities. This step can, if nec 
essary, reduce the ratio of the thickness of the deposited oxide 
layer to the thickness of the thin film. 
0023 The heat treatment step is carried out at a tempera 
ture that is higher than the temperature at which the oxide 
bonding layer is deposited. Optionally, the heat treatment 
may be carried out in a neutral or oxidizing atmosphere, for 
example. 
0024. In accordance with a particular characteristic of the 
method of the invention, the thin film may be obtained using 
the Smart Cut(R) technique. The method then further com 
prises: 

0.025 a step of implantation by bombardment of one 
face of a donor Substrate using ions to form, at a prede 
termined depth in the Substrate, a layer of weakness 
defining the thin film in the upper portion of the sub 
Strate; 

0026 a step of bonding by placing the donor substrate 
in intimate contact with the Support Substrate; 

0027 a step of detachment of the thin film in contact 
with the support substrate by splitting at the layer of 
weakness formed in the donor substrate. 

0028. In accordance with a particular characteristic of the 
invention, the thin film may be produced with: 

0029 a step of bonding by bringing a donor substrate 
into intimate contact with the Support Substrate; 

0030 a step of chemical or mechanical thinning of the 
donor substrate to form the thin film. 

0031. After the bonding step, a step of bonding stabiliza 
tion annealing may be carried out at a temperature of more 
than approximately 900° C. without microcavities appearing 
in the deposited layer of oxide. 
0032. The invention also provides a method of producing 
at least one layer of semiconductor material, in particular 
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materials of the binary, ternary, or quaternary III/V and III/N 
types, such as GaN. AlGaN. InGaN, or InAlGaN, by epitaxial 
growth on a composite structure fabricated in accordance 
with the fabrication method described above, epitaxial 
growth being carried out from the thin film of the composite 
structure that forms a crystalline seed layer for growth. 
0033. In accordance with one aspect of the invention, epi 

taxial growth is carried out over a predetermined period cor 
responding to the formation of a layer of semiconductor 
material with a thickness that is sufficient to be self-support 
ing alone, namely a thickness of at least 100 um, that allows 
removal of the composite structure after epitaxy. In a varia 
tion, the crystalline seed layer for growth may be preserved 
with the layer of epitaxially grown semiconductor material to 
form a self-supporting structure that may be used for repeated 
epitaxy. Epitaxial growth of the layer of semiconductor mate 
rial is then carried out for a predetermined period that allows 
a cumulative thickness of the seed layer and semiconductor 
layer of at least 100 um to be produced. 
0034. In accordance with a further aspect of the invention, 
epitaxial growth is carried out for a predetermined period 
corresponding to the formation of a layer of semiconductor 
material with a thickness of at least 10um, before any anneal 
ing of the composite structure, which corresponds to a thick 
ness sufficient to withstand the conditions for a new epitaxial 
growth step in the same epitaxy equipment provided that the 
layer obtained does not have to be manipulated. When the 
crystalline seed layer is preserved (only the Support is 
detached), growth is carried out for a period that can produce 
a cumulative thickness of the seed layer and the semiconduc 
tor layer of at least 10 um. 
0035. The invention also envisages a composite structure 
produced in accordance with a method of fabricating a com 
posite structure as described above. 

BRIEF DESCRIPTION OF THE FIGURES 

0036 FIGS. 1A to 1I are diagrammatic sectional views 
showing the production of a composite structure and epitaxy 
in accordance with one implementation of the invention; 
0037 FIG. 2 is a flowchart of the steps carried out in FIGS. 
1A to 1I; 
0038 FIGS. 3A to 3D are diagrammatic sectional views 
showing the production of a composite structure and epitaxy 
in accordance with another implementation of the invention; 
0039 FIG. 4 is a flowchart of the steps carried out in FIGS. 
3A to 3D. 

DETAILED DESCRIPTION OF 
IMPLEMENTATIONS OF THE INVENTION 

0040. The present invention is generally applicable to the 
production of composite structures comprising at least one 
thin film bonded to a Support Substrate via a bonding layer 
formed by deposition between the support substrate and the 
thin film, the thin film and the support substrate having a 
thermal expansion coefficient of 7x10' K' or more over a 
temperature range extending from ambient temperature (20° 
C.) to 1200° C. 
0041 
microcavity formation in the bonding layer of oxide of silicon 
in the presence of high temperatures occurs when the bonding 
layer is a layer of oxide formed by deposition and the com 
posite structure comprises one or more materials with a ther 
mal expansion coefficient of 7x10'K' or more. The micro 

The Applicant has observed that the phenomenon of 
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cavities are larger when the thermal expansion coefficients of 
the materials used are high at the temperature reached during 
fabrication of the composite structure or during its Subse 
quent use (epitaxy). The formation and development of 
microcavities within the deposited oxide layer has been 
observed at temperatures above the oxide deposition tem 
perature. The appearance of microcavities in the oxide may be 
explained by the transition from an elastic mode of deforma 
tion to a plastic mode of deformation, which is thus not 
reversible. Elastic deformation is characterized by a modifi 
cation of the initial state of the oxide, for example under the 
action of a mechanical stress, and its return to the initial state 
once the stress is withdrawn. Plastic deformation results in 
irreversible deformation after which the oxide cannot regain 
its initial state once the mechanical stress is withdrawn. The 
transition to plastic deformation occurs when a stress thresh 
old is reached in the oxide. This transition is linked to tem 
perature, to the creep characteristics of the oxide and to the 
stress applied by the difference in expansion of the bonded 
materials and the oxide. The creep temperature of the oxide is 
one of the characteristics of the oxide that indicates the tem 
perature beyond which the oxide changes from an elastic 
deformation mode to a plastic deformation mode when it is 
not subjected to a stress. Temperature increases the rate of 
creep of the oxide. Thus, the level of stress to be applied to 
provoke the formation of microcavities in the deposited oxide 
layer is lower when the oxide has an intrinsic capacity to creep 
easily, especially due to the temperature applied vis-a-vis its 
creep temperature. 
0042. As a result, to prevent the formation and develop 
ment of microcavities within the deposited oxide layer in a 
composite structure as described above, it is necessary to use 
both a deposited oxide where creep is difficult to provoke and 
to reduce the stresses applied to the oxide during high tem 
perature treatments. 
0043. The Applicant has studied the temperature behavior 
of oxides of silicon obtained by different deposition tech 
niques and has discovered that a bonding oxide deposited by 
low pressure chemical vapor deposition, also termed 
LPCVD, can reduce its capacity to creep. The experiments 
carried out by the Applicant have shown that the properties of 
the oxide have a substantial influence on the formation of 
microcavities in the bonding layer and that these properties 
can be influenced by the deposition technique employed. 
0044) The following three types of oxides of silicon, 
formed using different techniques and different gaseous pre 
cursors, were tested for bonding of a thin film of sapphire onto 
a Sapphire Support Substrate: 

0.045 oxide of silicon produced from a silane precursor, 
deposited at 300° C. by plasma enhanced chemical 
vapor deposition or PECVD: 

0046) oxide of silicon produced from a silane precursor 
deposited at 800° C. by LPCVD (also termed HTO 
silane, HTO meaning high temperature oxide) (if the 
oxide is deposited by PECVD, and thus at a lower tem 
perature, it is not termed HTO silane); 

0047 oxide of silicon produced from a dichlorosilane 
(DCS) precursor deposited at 900° C. by LPCVD (also 
termed HTO DCS). 

0048 Microcavity formation is less significant with HTO 
silane and HTO DCS. In contrast, microcavity formation is 
more significant with oxide of silicon deposited by PECVD 
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deposition. It thus appears that creep of the deposited oxides 
is more difficult to provoke when they are deposited by the 
LPCVD technique. 
0049. Furthermore, since the formation of microcavities is 
linked to the stress due to high thermal expansion coefficients 
of the materials of the structure, the invention also proposes 
reducing that stress by forming (by transfer or by mechanical 
or chemical thinning) a thin film thickness of 5um or less and 
of forming a deposited layer of oxide for bonding with a 
thickness that is greater than or equal to that of the thin film. 
Thus, mechanical stresses, derived from the difference in 
expansion of materials during thermal treatments carried out 
on the structure, are limited so that they do not exceed the 
plastic deformation (creep) threshold of the oxide at the tem 
perature under consideration. 
0050. As an example, the Applicant has carried out tests 
that showed that when a film of sapphire with a thickness of 
0.5 um is transferred onto a 0.3 um thick bonding layer of 
HTO silane oxide deposited by LPCVD, delamination of the 
film took place after a heat treatment carried out at 1100° C. 
for 3 hours. In contrast, when a 0.3 um thick film of sapphire 
was transferred onto a bonding layer that was also 0.3 um 
thick of HTO silane oxide deposited by LPCVD, neither 
delamination nor microcavities appeared after a heat treat 
ment carried out at 1100° C. for 3 hours. 

0051. In general and in accordance with the invention, the 
higher the thermal expansion coefficient of the material of the 
thin film, the thinner it must be relative to the thickness of the 
deposited oxide layer. As an example, the thickness of the thin 
film should be significantly reduce relative to that of the 
deposited oxide layer when the thin film is formed from 
lithium tantalate (LiTaC)) that has a thermal expansion coef 
ficient of 16x10 K at ambient temperature. The skilled 
person is able to determine without particular difficulty the 
necessary reduction in the thickness of the thin film compared 
with that of the deposited oxide as a function of the thermal 
expansion coefficient of the material of the thin film. 
0052. In addition, the temperature behavior of the depos 
ited oxide may be improved by using an oxide obtained by 
LPCVD deposition that has a density that is as close as pos 
sible to that of the thermal oxide. To this end, a densification 
anneal may be applied to the oxide deposited by LPCVD prior 
to bonding. 
0053 With a composite structure comprising a 0.5 um 
thick thin film of Sapphire on a sapphire Support Substrate 
with a 0.2 um thick bonding layer of HTO DCS oxide, a 
bonding stabilization anneal carried out at 900° C. for 1 hour 
provokes complete delamination of the Sapphire film. In con 
trast, when the HTO DCS oxide of the same composite struc 
ture is annealed for 30 minutes at 1200° C. in a nitrogen 
atmosphere (N) before carrying out bonding, a bonding sta 
bilization anneal carried out at 1050° C. for 1 hour does not 
lead to delamination of the thin film. 

0054 However, microcavities still appear and the surface 
of the transferred film is damaged. The quality and resistance 
to delamination of the thin film of the composite structure are 
thus not sufficient for Subsequent applications such as epit 
axy. The oxide densification anneal reduces its propensity to 
form microcavities but is not sufficient for the envisaged 
applications. With materials with high thermal expansion 
coefficients such as sapphire, the stresses linked to differ 
ences in the thermal expansion coefficients must also be 
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reduced by increasing the ratio of the thickness of the oxide 
layer to the thickness of the transferred thin film as explained 
above. 
0055 Thus, a composite structure produced in accordance 
with the invention can withstand temperatures of more than 
900°C. for the epitaxy of materials such as materials of type 
III/N including GaN and other ternary or quaternary alloys, 
AIN, AlGaN, InGaN, AlGainN, BGaN. Furthermore, the epi 
taxially grown layer may be composed of a stack of these 
various materials, in particular to constitute the active layers 
for an LED or laser diode. 
0056. The composite structure of the present invention is 
particularly Suitable for materials with high expansion coef 
ficients (TEC), i.e. a mean of 7x10 K or more over a 
temperature range extending from ambient temperature (20° 
C.) to 1200°C. In particular, the structure may comprise a thin 
film and/or the support substrate formed from sapphire 
(Al-O.) (TEC of 7.5x10 K), lithium tantalate (LiTaC) 
(TEC of 16x10 K), LiNbO, (TEC of 15x10 K) and 
Haynes(R 230R Alloy (TEC of 11.8x10 K), which is a 
commercial alloy primarily composed of Ni, Cr, Mo, W 
(Haynes(R 230R Alloy is not used for the thin film when the 
film is intended for use as a seed layer for epitaxy), or MgO. 
0057. As is well known, as a function of the nature of the 
crystalline seed layer for growth, various binary, ternary or 
quaternary III/V or III/N semiconductor materials may be 
formed. In particular, the composite structure for epitaxy of 
the invention is intended for the epitaxial growth of GaN. 
InGaN, AlGaN. AlGainN, and indium nitride (InN). 
0.058 A method of fabricating a composite structure fol 
lowed by a method of producing a layer of semiconductor 
material, here a III/N material, by epitaxy in accordance with 
an implementation of the invention is described with refer 
ence to FIGS. 1A to 1I and 2. 
0059 Production of the composite structure for epitaxy 
commences by depositing a bonding layer 12 on one face of 
a support substrate 10 (step S1, FIG. 1A). In the example 
described here, the support substrate 10 is formed from sap 
phire (Al2O). The bonding layer 12 is a layer of HTO silane 
deposited by LPCVD at a deposition temperature of 800° C. 
for a period that can deposit a thickness of HTO silane of 
approximately 0.5um. The deposited oxide is then densified 
by applying a densification anneal carried out at 1200°C. for 
30 minutes in a nitrogen atmosphere (step S2). 
0060. The surface of the layers of bonding oxide 12 is 
planarized by chemical-mechanical polishing (CMP) to 
obtain a surface roughness of less than 5A Angstrom) RMS 
over a surface area of 5x5 um and thereby facilitate subse 
quent intimate contact (step S3, FIG. 1B). Thus, after polish 
ing, the layer 12 has a thickness of 0.3 um+0.05um. 
0061 An oxide layer 13 may also be formed on a donor 
substrate 11 formed from sapphire. The layer 13 is a layer of 
HTO DCS or HTO silane deposited by LPCVD at a deposi 
tion temperature of 900° C. for a period enabling a thickness 
of HTO silane of approximately 0.2 um to be deposited (step 
S4, FIG. 1C). The layer 13 acts as a protective layer for 
implantation. 
0062 Next, implantation is carried out wherein the donor 
substrate 11 undergoes ionic bombardment 20 with hydrogen 
ions H through the planar face 9 of the substrate comprising 
the oxide layer 13. Implantation of H ions is carried out at an 
implantation dose in the range 1x10" atoms/cm atoms/ 
square centimeter to 4x10'7 atoms/cm and with an implan 
tation energy in the range 30 keV kilo-electron volt to 200 
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keV. Implantation is carried out at a temperature in the range 
20° C. to 400°C., preferably in the range 50° C. to 150° C. for 
a period of 1 minute to 10 hours. These implantation condi 
tions can create, at a predetermined depth in the donor Sub 
strate 11, a layer of defects or a layer of weakness 3 parallel to 
the face 9 of the substrate, defining a thin film 4 in the upper 
region of the substrate 11 with a thickness of 5um or less and 
at the thickness of the bonding layer, and also a portion 5 in 
the lower region of the Substrate corresponding to the remain 
der of the substrate 1 (step S5, FIG. 1D). It is also possible to 
use ionic implantation of other species such as helium or 
argon, as well as co-implantation combining two species Such 
as hydrogen and helium. 
0063) Next, the protective oxide layer 13 is annealed (step 
S6, FIG. 1E). In order to eliminate the protective layer, a 
Suitable chemical technique is employed that depends on the 
nature of the layer or layers to be withdrawn. As an example, 
a protective layer of oxide of silicon is readily removed by 
etching with a dilute 10% HF solution or using mixtures 
known as BOE (buffered oxide etch). 
0064 Optionally, the surface of the layer 12 as well as the 
Surface of the donor Substrate 11 may be exposed to plasmas 
based in particular on oxygen, nitrogen or argon that can 
activate the bonding Surfaces and increase their adhesive 
capacity (steps S7, S7"). 
0065. Next, bonding is carried out by bringing the face of 
the HTO silane layer 12 into intimate contact with the face 9 
of the donor Substrate 11 that has undergone implantation 
(step S8, FIG.1F). Bonding is carried out by wafer bonding. 
The principle of bonding by wafer bonding is known perse 
and is not described in further detail. It should be recalled that 
bonding by wafer bonding is based on bringing two Surfaces 
into intimate contact, i.e. without the use of a specific material 
(adhesive, wax, low melting point metal, etc), the attractive 
forces between the two surfaces being high enough to pro 
voke molecular bonding (bonding induced by the ensemble of 
the attractive forces (Van der Waals forces) of electronic 
interaction between atoms or molecules of the two surfaces to 
be bonded). 
0066. The assembly of the two substrates then undergoes 
splitting annealing to provoke fracture of the donor Substrate 
11 at the plane of weakness 3 and transfer proper of the thin 
film 4 onto the support substrate 10 (step S9, FIG. 1G). 
Splitting annealing is carried out at 650° C. for 5 hours. 
0067. In addition, a bonding stabilization anneal is carried 
out at 1050° C. for 2 hours without deformations appearing on 
the surface of the thin film 4 (step S10). 
0068. The surface of the film 4 may then be prepared for 
epitaxy, for example by polishing the Surface roughness, by 
light chemical etching (step S11, FIG. 1H) or plasma etching 
or any other Surface treatment allowing the Surface to be 
prepared for epitaxy. 
0069. As can be seen in FIG. 1H, a composite structure 14 

is obtained comprising the Support Substrate 10, an oxide 
bonding layer 12 of HTO silane deposited by LPCVD and a 
thin film 4 of Sapphire that may act as a crystalline seed layer 
for growth. 
0070. In the example described here, epitaxial growth of a 
layer of gallium nitride (GaN) 15 is carried out on the thin film 
4 (step S12, FIG. 1I). Epitaxial growth is carried out at 1050° 
C. for 3 hours, for example using hydride vaporphase epitaxy, 
HVPE. No microcavities nor any delamination was observed 
after said epitaxy. 
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0071 Another mode of fabrication of a composite struc 
ture in accordance with the present invention is described 
with reference to FIGS. 3A to 3D and 4. 
0072. In the implementation presented here, a bonding 
layer of oxide of silicon, for example HTO silane or HTO 
DCS, is deposited by LPCVD both on the face of a support 
substrate 20 and on a face of a donor substrate 21, both of 
sapphire (step S20, FIG. 3A). The support substrate 20 and 
the donor Substrate 21 each respectively comprise a bonding 
layer of oxide 22a, 22b. 
0073. The layers of bonding oxide 22a, 22b are then pol 
ished to prepare for wafer bonding of the two substrates (step 
S21). Each layer 22a, 22b has a final thickness of approxi 
mately 0.4 um after polishing. 
0074. Once the layers 22a and 22b have been polished, 
they are brought into intimate contact to allow bonding of the 
two substrates by wafer bonding (step S22, FIG. 3B), the 
combination of layers 22a and 22b forming a single deposited 
layer of oxide 22 with a thickness of approximately 0.8 um. 
0075. A bonding stabilization anneal is then carried out 
between 200° C. and 800° C. for 1 to 5 hours (step S23). 
0076. The donor substrate 21 is thinned to a thickness of 
0.3 um (step S24, FIG. 3C). Said thinning is carried out by 
mechanical polishing of the exposed face of the donor Sub 
Strate. 

0077. As can be seen in FIG. 3C, a composite structure for 
epitaxy 23 is obtained thereby comprising the Support Sub 
strate 20, a bonding layer of oxide 22 (HTO DCS or HTO 
silane) and a thin film 24 that results from thinning of the 
donor Substrate 21 and that can act as a crystalline growth 
seed for epitaxy. 
0078. The composite structure 23 may also undergo a 
second bonding stabilization anneal carried out at 1100° C. 
for 1 hour (step S25). 
(0079. The surface of the thin film 24 may then be prepared 
for epitaxy by chemical mechanical polishing (CMP), light 
chemical etching and/or plasma etching with the aim of 
reducing its surface roughness (step S26). Epitaxial growth of 
a type III/N layer of material 25 may then be carried out on the 
thin film 24 (step S27, FIG. 3D) without the appearance of 
microcavities nor of any delamination. 

1.-16. (canceled) 
17. A method of fabricating a composite structure compris 

ing at least one thin film bonded to a Support Substrate, a 
bonding layer of oxide formed between the support substrate 
and the thin film by deposition, with the thin film and the 
Support Substrate having a mean thermal expansion coeffi 
cient of 7x10 K or more, wherein the bonding layer of 
oxide is formed by low pressure chemical vapor deposition 
(LPCVD) of a layer of oxide on either a bonding face of the 
support substrate or a bonding face of the thin film, or both, 
wherein the thin film has a thickness of 5 micrometers or less 
and the bonding layer of oxide has a thickness that is equal to 
or greater than the thickness of the thin film. 

18. The method of claim 17, wherein the layer of oxide is 
an oxide of silicon formed using precursors of silane, dichlo 
rosilane or tetra-ethyl orthosilicate. 

19. The method of claim 17, which further comprises, prior 
to bonding, conducting a densification heat treatment of the 
layer of oxide. 

20. The method of claim 19, wherein the densification heat 
treatment step is carried out at a temperature that is higher 
than the temperature at which the bonding layer of oxide is 
deposited. 
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21. The method of claim 17, wherein the thin film is trans 
ferred to the support substrate by: 

implanting ions by bombardment of a face of the donor 
substrate to form, at a predetermined depth in the donor 
Substrate, a layer of weakness defining the thin film 
between the donor substrate face and the layer of weak 
neSS, 

placing the donor Substrate face of in intimate contact with 
the support substrate to bond the two together; and 

detaching the thin film splitting at the layer of weakness of 
the donor substrate. 

22. The method of claim 17, wherein the thin film is trans 
ferred to the support substrate by: 

bringing one face of a donor Substrate into intimate contact 
with the support substrate to bond the two together; and 

thinning the donor substrate to leave only the thin film on 
the Support Substrate. 

23. The method of claim 22, which further comprises, after 
the bonding step, conducting a bonding stabilization anneal 
ing at a temperature of more than approximately 900° C. 

24. The method of claim 17, wherein the thin film is 
approximately 0.3 micrometers thick. 

25. The method of claim 17, wherein the bonding oxide 
layer is approximately 0.4 micrometers thick. 

26. The method of claim 17, wherein the support substrate 
comprises sapphire, LiTaC3, LiNbO3, MgO, or an alloy of 
Ni, Cr, Mo and W. 

27. The method of claim 17, wherein the thin film com 
prises sapphire, LiTaC3, LiNbO3, or MgO. 

28. A method of producing at least one layer of semicon 
ductor material, by epitaxial growth of the at least one layer of 
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semiconductor material on a composite structure that is made 
according to the method of claim 17, wherein the epitaxial 
growth is carried out on the thin film of the composite struc 
ture. 

29. The method of claim 28, wherein the layer of epitaxi 
ally grown semiconductor material is a layer of a binary, 
ternary, or quaternary III/N material. 

30. The method of claim 28, wherein the epitaxial growth 
is carried out for a predetermined period corresponding to the 
formation of a thickness of semiconductor material or a 
cumulative thickness of the semiconductor material layer and 
the thin film of at least 10 micrometers. 

31. A multilayer structure comprising a composite struc 
ture made according to the method of claim 17. 

32. The structure of claim 31, further comprising at least 
one layer of semiconductor material on the thin film of the 
composite structure. 

33. A composite structure comprising at least one thin film 
bonded to a Support Substrate, a bonding layer of oxide 
between the support substrate and the thin film, with the thin 
film and the Support Substrate having a mean thermal expan 
sion coefficient of 7x10'K' or more, wherein the thin film 
has a thickness of 5 micrometers or less and the bonding layer 
of oxide has a thickness that is equal to or greater than the 
thickness of the thin film. 

34. The structure of claim 33, further comprising at least 
one layer of semiconductor material on the thin film of the 
composite structure. 


