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(57) ABSTRACT 

The invention relates to a substrate that includes a multi 
layer structure on the surface of a donor Wafer that has a 
thickness suf?cient to form multiple useful layers for sub 
sequent detachrnent. The layers may be formed of materials 
having sufficiently different properties such that they may be 
selectively removed. The layers of material may also include 
sub-layers that can be selectively removed from each other. 
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RECYCLING OF A WAFER COMPRISING A 
MULTI-LAYER STRUCTURE AFTER TAKING-OFF 

A THIN LAYER 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of International 
Application PCT/IB2004/000311 ?led Jan. 7, 2004, and 
claims the bene?t of provisional application 60/472,435 
?led May 22, 2003, the entire content of each of Which is 
expressly incorporated herein by reference thereto. 

FIELD OF INVENTION 

[0002] This invention relates to recycling of a donor Wafer 
after taking off a layer of semiconductor material. This 
recycling includes removal of material involving a portion 
of the donor Wafer on the surface Where the useful layer Was 
taken off. 

BACKGROUND OF THE INVENTION 

[0003] Before taking off the useful layer, the donor Wafer 
comprises a substrate and a useful layer that is to be taken 
off or transferred from the substrate. The useful layer is 
typically obtained by epitaxially depositing the layer on the 
substrate. 

[0004] After removal, the useful layer is integrated With a 
structure in Which components Will be formed, particularly 
in the ?elds of microelectronics, optics, or optoelectronics, 
for the most part. 

[0005] The layer to be taken off must have a high level of 
quality determined according to one or more speci?c crite 
ria. The quality of the layer to be taken off largely depends 
on the groWth support, that is, on the quality of the substrate 
on Which it is epitaxially deposited. 

[0006] The formation of such a high quality substrate is 
often complex and requires particular attention, involving 
technical dif?culty and a higher cost. The cost is further 
increased When considering the removal of a layer of a 
composite semiconductor material such as an alloy. In this 
situation, the epitaxy substrate also must exhibit a structure 
Which is often dif?cult and costly to implement. Thus, 
substrates can be provided With a buffer layer to speci?cally 
avoid such dif?culties of implementation. 

[0007] The term “buffer layer” refers to a transition layer 
betWeen a ?rst crystalline structure, such as a support 
substrate, and a second crystalline structure. The second 
structure modi?es the structural or stoichiometric properties 
of the material or a surface atomic recombination. Buffer 
layers permit the support structure to include a second 
crystalline structure having a lattice parameter that differs 
substantially from that of the support substrate. 

[0008] A ?rst technique of forming a buffer layer includes 
groWing successive layers so as to form a structure having 
a composition varying gradually in thickness, the gradual 
variation of components of the buffer layer then being 
directly associated With a gradual variation of its lattice 
parameter. A layer, or superposed layers, formed on the 
buffer layer can be taken off from the donor Wafer, and 
transferred to a receiving substrate so as to form a Well 
de?ned structure. 
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[0009] One of the main applications of a transfer of thin 
layers formed on a buffer layer concerns the formation of 
layers of elastically stressed silicon, and especially, in the 
case Where the silicon is stressed in tension, because certain 
properties, such as electron mobility in the material, are 
distinctly improved. Other materials, such as SiGe, can also 
be the subject of a substantially analogous taking-off or 
transferring procedures. 

[0010] A transfer of such layers onto a receiving substrate, 
speci?cally by a method termed SMART-CUT® that is 
knoWn to those of skill in the art, then permits structures to 
be formed such as SeOI (Semiconductor On Insulator) 
structures. 

[0011] For example, after taking-off an elastically relaxed 
layer of SiGe, the structure obtained, including the taken-off 
useful layer, can then serve as a groWth support for silicon 
Which Will be placed under tension by the layer of relaxed 
SiGe. As an illustration, an example of such a method is 
described in the IBM document of L. J. Huang et al., 
(“SiGe-On-Insulator prepared by Wafer bonding and layer 
transfer for high-performance ?eld-effect transistors”, 
Applied Physics Letters, 26, Feb. 2001, Vol. 78, No. 9) in 
Which a process is given for forming a Si/SGOI structure. 

[0012] Other applications of groWth on a buffer layer are 
possible, particularly With Group III-V semiconductors. 
Transistors are commonly formed in technologies based on 
GaAs or based on InP. In terms of electronic performance, 
InP has an appreciable advantage over GaAs. For the main 
reasons of cost and feasibility, the chosen technique includes 
transferring to a receiving substrate a taken-off useful layer 
of InP obtained by groWth on a buffer layer on a support 
substrate of GaAs. 

[0013] Certain taking-off methods, such as an “etch-back” 
type method, include destruction of the remaining portion of 
the support substrate and of the buffer layer during taking 
off. In certain other methods of taking-off, the support 
substrate is recycled, but the buffer layer is lost. 

[0014] The technique of formation of a buffer layer is 
complex. Moreover, to minimiZe its density of crystallo 
graphic defects, the thickness of a buffer layer is generally 
considerable, typically betWeen one and several microme 
ters. The production of such a buffer layer leads to an often 
long, difficult, and costly implementation. 

[0015] A second technique of production of a buffer layer 
is disclosed in WO 00/15885, Which has as its main object 
to elastically relax a layer of Ge that is stressed by a Ge 
buffer layer. This technique is based on speci?c epitaxy 
conditions, associating the parameters of temperature, time, 
and chemical composition. The main advantage of this 
technique is that it is simpler, shorter, and less costly to 
perform. The buffer layer ?nally obtained is not as thick as 
a buffer layer formed according to the ?rst technique. 

[0016] A third technique of formation of a buffer layer is 
disclosed by B. Hollander et al., “Strain relaxation of 
pseudomorphic Si1_XGeX/Si(100) heterostructures after 
hydrogen or helium ion implantation for virtual substrate 
fabrication” (in Nuclear and Instruments and Methods in 
Physics Research B 175-177 (2001)357-367). It includes 
relaxing elastic stresses in the layer to be taken off by deep 
hydrogen or helium implantation. This third technique can 
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give a result close to a buffer layer produced according to 
one of the tWo previous techniques With substantially less 
demands of implementation. 

[0017] The method describes a relaxation of a SiGe layer 
stressed in compression, this layer being formed on a Si 
substrate. The technique used includes implantation of 
hydrogen or helium ions through the surface of the stressed 
layer in the Si substrate to a given depth, generating per 
turbations in the thickness of Si above the implanted Zone 
(this thickness then forms a buffer layer) and causing, under 
heat treatment, a certain relaxation of the SiGe layer. This 
technique seems to be shorter, easier to practice, and less 
costly than the ?rst technique of forming a buffer layer. 

[0018] An advantage of using this technique Would be to 
later integrate this relaxed or pseudo-relaxed layer into a 
structure for the fabrication of components, particularly for 
electronics or optoelectronics. 

[0019] HoWever, similar to the ?rst technique for forming 
a buffer layer, a buffer layer made according to one of the 
last tWo techniques is removed using knoWn techniques of 
recycling of the donor Wafer after taking-off. Technical 
dif?culties of implementation remain in carrying it out, so 
that improvement of the process is needed. 

SUMMARY OF THE INVENTION 

[0020] The invention relates to a method of transferring 
useful layers from a donor Wafer Which comprises forming 
a multi-layer structure on a surface of the donor Wafer at a 
thickness suf?cient to provide multiple useful layers for 
subsequent detachment; detaching one layer of the multi 
layer structure for transfer as a ?rst useful layer While 
leaving behind a remaining portion of the multi-layer struc 
ture; and removing material from the remaining portion of 
the formed multi-layer structure to provide a planariZed 
surface for subsequent detachment of an additional useful 
layer. Preferably, the multi-layer structure has suf?cient 
thickness to form at least three useful layers. 

[0021] The useful layers are advantageously formed of 
materials having sufficiently different properties such that 
one layer may be selectively removed While at least one 
other layer remains intact. In one embodiment, the useful 
layers include pairs of sub-layers, With each sub-layer hav 
ing suf?ciently different properties from the other sub-layer 
in the layer such that one sub-layer may be selectively 
removed While at least one other sub-layer remains intact. A 
?rst layer of the multi-layer structure can be formed of a 
material having a lattice parameter different from the lattice 
parameter of the adjacent layers, and can be sufficiently thin 
such that the ?rst layer may be elastically strained to have a 
lattice parameter similar to the lattice parameter of the 
adjacent layers, so that the ?rst layer does not disturb the 
crystallographic structure of the adjacent layer or layers. 

[0022] The useful layers can be removed in any one of a 
variety of Ways. At least one useful layer is generally 
removed by chemical etching, such as electrochemical or 
photo-electrochemical etching. Additional useful layers can 
be removed mechanically by a selective mechanical-chemi 
cal planariZation. If desired, all useful layers can be removed 
mechanically, such as by polishing, optionally including 
abrasion or chemical etching. Also, the useful layer can 
include a doping element to facilitate selective removal, or 
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the layers can be made of materials having different porosi 
ties. A convenient selective removal process comprises 
deoxidation of an oxide layer. 

[0023] A buffer structure can be formed on the donor 
Wafer, Wherein the buffer structure includes a support sub 
strate and a buffer layer betWeen the support substrate and 
the multi-layer structure. This buffer layer may comprise a 
semiconductor material of constant chemical composition 
having a lattice mis?t With the support substrate, With the 
buffer layer having crystallographic defects in order to relax 
elastic stresses in the multi-layer structure. The buffer layer 
also may have a lattice parameter progressing substantially 
in thickness betWeen a lattice parameter of the support 
substrate and another lattice parameter substantially differ 
ent from that of the support substrate. Furthermore, the 
buffer structure may comprise an additional layer having one 
or more of a sufficient thickness to con?ne defects or a 

surface lattice parameter that is different from that of the 
support substrate. Generally, the buffer structure is formed 
of a binary, ternary, quaternary, or higher degree atomic 
alloy belonging to atomic alloy Group IV-V, Group III-V, or 
Group II-VI. 

[0024] The donor Wafer may comprise one of the folloW 
ing: 

[0025] (A) a support substrate of Si and a buffer 
structure comprising a buffer layer of SiGe having a 
Ge concentration Which increases in thickness and an 
additional layer of SiGe that is relaxed by the buffer 
layer; 

[0026] (B) a support substrate of Si and a buffer 
structure comprising a buffer layer of SiGe having 
With a Ge concentration Which increases in thickness 
betWeen about 0% and about 100% and an additional 
layer of SiGe that is relaxed by the buffer layer, 
having a Si concentration of about 0%; 

[0027] (C) a relatively thick layer of Si; 

[0028] (D) a support substrate comprising AsGa in 
contact With the buffer structure, the buffer structure 
comprising a buffer layer having an atomic alloy of 
ternary or higher degree, belonging to Group III-V, 
and having a composition Which chosen from among 
the possible combinations of (Al, Ga, In), (N, P, As), 
and at least tWo elements chosen from Group III or 
V, these tWo latter elements having a concentration 
evolving gradually in the thickness of the buffer 
layer; 

[0029] the buffer structure of (D) Which further 
comprises, near its interface With the support sub 
strate, a lattice parameter that is close to that of InP; 

[0030] a support substrate of sapphire, SiC, or Si, 
With a buffer structure comprising a buffer layer of 
AlXGa1_XN, With x varying from 0 to 1 starting from 
the interface With the support substrate, optionally 
including an additional layer of GaN; or 

[0031] (G) a support substrate of sapphire, SiC, or Si, 
a mask and a buffer layer of GaN, optionally With 
another layer of GaN betWeen the mask and support 
substrate. 

[0032] Preferably, the useful layers to be detached com 
prise Si or elastically stressed Si; Ge or elastically stressed 
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Gei, SiGe and Ge; AsGa and Ge; an alloy belonging to 
Group III-V; GaAs, InP; InGaAs; AlN, InN, or GaN. Also, 
the multi-layer structure preferably comprises one of the 
following: 

[0033] (A) tWo layers of almost elastically relaxed 
SiGe, and an intermediate layer betWeen the SiGe 
layers comprising: Si elastically strained to have a 
lattice parameter similar to the lattice parameter of 
the adjacent SiGe layers; SiGe With a Ge concentra 
tion substantially different from the Ge concentra 
tions in each of the tWo adjacent layers, and being 
elastically strained to have a lattice parameter similar 
to the lattice parameter of the adjacent layers; doped 
Si; or doped SiGe; Wherein at least one of the layers 
has properties suf?ciently different from the other 
layers to permit selective chemical etching of the 
adjacent layer; 

[0034] (B) tWo layers of GaAs, and an intermediate 
layer of AlGaAs intermediate betWeen the GaAs 
layers, Wherein at least one of the layers has prop 
erties suf?ciently different from the other layers to 
permit selective chemical etching of the adjacent 
layer; 

[0035] (C) tWo layers of substantially elastically 
relaxed Si, and an intermediate layer betWeen the Si 
layers comprising SiGe elastically strained to have a 
lattice parameter similar to the lattice parameter of 
the adjacent Si layers, doped Si, or doped SiGe; 
Wherein at least one of the layers has properties 
suf?ciently different from the other layers to permit 
selective chemical etching of the adjacent layer; 

[0036] (D) tWo layers of InP, and an intermediate 
layer of InGaAsP betWeen the tWo layers of InP, 
Wherein at least one of the layers has properties 
suf?ciently different from the other layers to permit 
selective chemical etching of the adjacent layer; 

[0037] an intermediate layer of InN betWeen a 
AlN layer and a GaN layer; or 

[0038] an intermediate layer of InN betWeen tWo 
layers of GaN. 

[0039] It is also preferable for the donor Wafer to include 
at least one layer that contains up to about 5% carbon. 

[0040] The buffer layer may be formed by epitaxy of a 
super?cial layer on the support substrate by stabiliZing the 
support substrate to a predetermined ?rst temperature; 

[0041] chemical vapor phase depositing of a base layer at 
the said predetermined ?rst temperature to a predetermined 
thickness that is less than a desired ?nal thickness; increas 
ing the predetermined ?rst temperature to a second prede 
termined temperature; and chemical vapor phase depositing 
additional material at the predetermined second temperature 
until the desired ?nal thickness of the super?cial layer is 
obtained. The buffer layer is that portion of the super?cial 
layer that interfaces With the support substrate and extends 
over a thickness for Which the rate of crystallographic 
defects is greater than a limit value, With the remaining 
portion of the super?cial layer representing being at least a 
portion of the multi-layer structure. 

[0042] In one embodiment, the multi-layer structure is 
completely formed by epitaxy on the super?cial layer. In yet 
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another embodiment, the buffer layer is formed by forming 
an elastically stressed layer on the donor Wafer; forming a 
perturbation Zone, capable of forming structural perturba 
tions, at a given depth; and supplying energy to bring about 
an at least relative relaxation of at least part of the elastically 
stressed layer, With the relative relaxation taking place 
across a region delimited by the perturbation Zone and by the 
stressed layer, this region also con?ning crystallographic 
defects and representing a buffer layer. 

[0043] The buffer layer can also be formed by an Epitaxi 
ally Laterally OvergroWn (ELOG) technique on a support 
substrate comprising at the surface a mask in relief accord 
ing to speci?c patterns, the buffer layer being the thickness 
of the layer deposited by lateral epitaxy in Which defects are 
con?ned relative to the layers deposited by lateral epitaxy 
thereon and representing the multi-layer structure. The spe 
ci?c patterns of the mask may be periodically spaced 
electrically insulating bands that are substantially mutually 
parallel and suf?ciently ?ne to not perturb the ELOG. In this 
embodiment, the support substrate may comprise a solid 
substrate; an intermediate layer having a lattice parameter 
close to the nominal lattice parameter of the material depos 
ited by ELOG; or the mask. 

[0044] The buffer layer may be formed so as to have its 
lattice parameter progressing substantially in thickness 
betWeen the lattice parameter of the support substrate and 
another lattice parameter substantially different from the 
lattice parameter of the support substrate. Additionally, the 
buffer structure may further comprise an additional layer, 
and the method further comprises, before the formation of 
the multi-layer structure, forming of an additional layer 
having a suf?cient thickness to con?ne defects or a surface 
lattice parameter that is substantially different from that of 
the substrate. Generally, at least one of the layers of the 
multiplayer structure is formed by crystalline groWth. 

[0045] The invention also relates to a recyclable donor 
Wafer comprising a substrate and a multi-layer structure on 
the substrate, With the multi-layer structure having suf?cient 
thickness to form (a) at least tWo useful layers that can be 
detached, and (b) additional material that can be removed to 
planariZe exposed surfaces of the useful layers prior to 
detachment from the donor Wafer, With the useful layers 
being formed of at least one of SiGe, Si, an alloy belonging 
to Group III-V, and With the substrate having a composition 
chosen from among possible combinations of (Al, Ga, In) or 
(N, P, Preferred materials of the substrate and the 
multi-layer structure disposed thereon include those that are 
described herein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0046] Other aspects, purposes and advantages of this 
invention Will become clearer upon a revieW the folloWing 
detailed description and examples Which is made With 
reference to the accompanying draWing ?gure, in Which: 

[0047] FIG. 1 shoWs the different steps in a process 
according to the invention that includes taking off a thin 
layer from a donor Wafer folloWed by recycling of the donor 
Wafer after taking off; 

[0048] FIG. 2 shoWs a ?rst donor Wafer before taking off 
according to the invention; 
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[0049] FIG. 3 shows the various steps in a process accord 
ing to the invention including successively taking off a thin 
layer starting from a donor Wafer, and recycling the donor 
Wafer after taking off; and 

[0050] FIG. 4 shoWs a second donor Wafer according to 
the invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0051] The present invention relates to a process of recy 
cling a donor Wafer (10) after taking off a useful layer 
formed of a material chosen from among semiconductor 
materials. The donor Wafer (10) includes a substrate (1) and 
a multi-layer structure (I), the multi-layer structure (I) 
includes the taken-off useful layer. The process includes 
removal of material from a portion of the donor Wafer (10) 
on the side Where the taking-off has occurred, While pre 
serving a portion of the multi-layer structure (I‘). The 
multi-layer structure is formed to include at least one other 
useful layer Which can be taken off after recycling, Without 
a supplementary step of reforming the useful layer. 

[0052] The invention also relates to a process of making a 
donor Wafer that Will donate a useful layer by taking-off, and 
that can be recycled after taking off using the recycling 
process. The process includes forming a multi-layer struc 
ture on a substrate for subsequent transfer of the useful 
layers of the structure. 

[0053] The invention further relates a method of taking-off 
a useful layer on a donor Wafer to be transferred onto a 
receiving substrate. The method includes the generally steps 
of: 

[0054] (a) bonding the donor Wafer With the receiving 
substrate on the side of the useful layer to be taken 
off; 

[0055] (b) detaching the useful layer included in the 
multi-layer structure of the donor Wafer; and 

[0056] (c) recycling the donor Wafer in accordance 
With the recycling process. 

[0057] The method may be performed cyclically by taking 
off a useful layer from a donor Wafer, re-forming a useful 
layer, and taking off an additional useful layer. The useful 
layers are used in a donor Wafer that includes a receiving 
substrate and the useful layer. The useful layer may be 
formed of at least one of the folloWing materials: SiGe, Si, 
an alloy belonging to the atomic alloy Groups III-V, and 
having a composition chosen from among possible combi 
nations of (Al, Ga, In)—(N, P, 

[0058] The invention also relates to a donor Wafer that 
donates a useful layer by taking-off, and recycled or capable 
of being recycled by a recycling process. The donor Wafer 
includes a substrate, a multi-layer structure that supplied the 
useful layer, and after taking off, having a suf?cient thick 
ness to form at least one other useful layer that can be taken 
off. 

[0059] The invention relates to recycling a donor Wafer. 
The Wafer includes a multi-layer structure, after taking off at 
least one useful layer (in other Words the part of the donor 
Wafer that Was taken off) in order to integrate it into a 
semiconductor structure. The recycling may be performed 
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such that the remaining part of the multi-layer structure can 
once again supply a useful layer in a subsequent taking off 
after recycling Without implementing a step to reform the 
useful layer, such as crystalline groWth by epitaxy. There 
fore, recycling must include adapted treatment to not dete 
riorate part of the multi-layer structure in Which the useful 
layer is included, so that this useful layer can still be taken 
off after recycling. 

[0060] In one embodiment, several useful layers that can 
be taken off may be included in the recycled multi-layer 
structure, so as to have a sequence of several successive 
taking off operations betWeen Which a recycling process 
may be applied. 

[0061] With reference to FIGS. 1a, 1b, 2, 2a, 2b, 3 and 4, 
the donor Wafer 10 includes a substrate 1 and a multi-layer 
structure I. The substrate 1 may be formed of a single 
crystalline material With the ?rst lattice parameter, or it may 
be a “pseudo-substrate” that includes a support substrate and 
a buffer structure interfaced With the multi-layer structure I. 
A “buffer structure” refers to any structure behaving like a 
buffer layer. 

[0062] Preferably, the structure at the surface has a fairly 
relaXed crystallographic structure Without a signi?cant num 
ber of structural defects. The buffer layer performs at least 
one of the folloWing functions: reduction of the density of 
defects in the upper layer or adaptation of a lattice parameter 
betWeen tWo crystallographic structures With different lattice 
parameters. 

[0063] To perform the second function, the area around the 
periphery of one of the faces of the buffer layer has a ?rst 
lattice parameter almost identical to the lattice parameter of 
the support substrate, and the area around the periphery of 
its other face has a second lattice parameter almost identical 
to the lattice parameter of the layer of the multi-layer 
structure I directly adjacent to the buffer structure. 

[0064] In one embodiment, the buffer structure includes a 
single buffer layer. The buffer layer located on the support 
substrate has a lattice parameter on its surface signi?cantly 
different from the lattice parameter of the support substrate, 
so that it has a layer in the same donor Wafer 10 With a lattice 
parameter different from the lattice parameter of the support 
substrate. In some applications, the buffer layer may prevent 
the adjacent layer from containing a high density of defects 
or from being signi?cantly strained. In some applications, 
the buffer layer may also result in a good surface condition 
of the adjacent layer. 

[0065] According to a ?rst technique for making the buffer 
structure, a buffer layer is formed so as to have a lattice 
parameter that is globally and progressively modi?ed over a 
signi?cant thickness, to form the transition betWeen the tWo 
lattice parameters. This type of layer is usually called a 
metamorphic layer. This modi?cation to the lattice param 
eter may be made continuously Within the thickness of the 
buffer layer. 

[0066] The modi?cation may be done in “stages,” each 
stage being a thin layer With an almost constant lattice 
parameter different from the lattice parameter for the adja 
cent stage, so as to modify the lattice parameter discretely 
stage by stage. The modi?cation may also have a more 
complex form, such as a variation of a variable content 
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composition, an inversion of the sign of the variation of the 
content, or discontinuous steps in the composition. 

[0067] The variation of the lattice parameter in the buffer 
layer is advantageously found by increasing the concentra 
tion in the buffer layer of at least one atomic element that is 
not included in the support substrate, progressively starting 
from the support substrate. For example, a buffer layer made 
on a support substrate of a unitary material, or of a binary, 
ternary, quaternary, or higher degree material. 

[0068] The buffer layer is preferably made by groWth on 
the support substrate, for example by epitaxy, using knoWn 
techniques such as CVD (Chemical Vapor Deposition) and 
MBE (Molecular Beam Epitaxy) techniques. In general, the 
buffer layer may be made by any other knoWn method in 
order to obtain a buffer layer composed of an alloy betWeen 
different atomic elements. A light ?nishing step of the 
surface of the support substrate subj acent to the buffer layer, 
such as by CMP polishing, may be performed before the 
buffer layer is produced. 

[0069] In another embodiment, the buffer layer made 
according to the ?rst technique is included in a buffer 
structure that includes a buffer layer (almost identical to the 
?rst buffer layer in the ?rst con?guration) and an additional 
layer. The additional layer may be betWeen the support 
substrate and the buffer layer, or on the buffer layer. This 
additional layer may form a second buffer layer, such as a 
buffer layer to con?ne defects, and thus improve the crys 
talline quality of the multi-layer structure I made on the 
buffer structure. This additional layer is made of a semi 
conducting material, Which may preferably have a constant 
material composition. The composition and thickness cho 
sen for such an additional layer are particularly important for 
achieving this property. Structural defects in an epitaxial 
layer usually reduce gradually Within the thickness of this 
layer. 

[0070] In another embodiment, the additional layer is 
located on the buffer layer and has a constant composition of 
relaxed material to ?x the second lattice parameter. 

[0071] The additional layer may be located on the buffer 
layer and have a lattice parameter signi?cantly different 
from the lattice parameter of the support substrate. The 
additional layer may be formed of a material relaxed by the 
buffer layer. The additional layer is advantageously made by 
groWth on the buffer layer, such as by epitaxy, CVD, or 
MBE. 

[0072] In a ?rst embodiment, the groWth of the additional 
layer is made in situ, directly continuous With the formation 
of the subjacent buffer layer, the subjacent buffer layer in 
this case also advantageously being formed by layer groWth. 
In a second embodiment, the additional layer is groWn after 
a surface ?nishing of the subj acent buffer layer, for example 
by CMP polishing, heat treatment, or any other smoothing 
technique. 

[0073] A second technique for making the buffer structure 
is based on a technique for depositing a surface layer on a 
support substrate, this surface layer having a nominal lattice 
parameter signi?cantly different from the lattice parameter 
of the adjacent material on the surface of the support 
substrate. The surface layer deposit is formed so that the 
deposited layer is nearly free from plastic defects such as 
dislocations. A?rst part of the surface layer is in contact With 
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the support substrate, that con?nes plastic defects such as 
dislocations and a second part of the surface layer is relaxed 
or pseudo-relaxed by the ?rst part, and has feW or no plastic 
defects. 

[0074] The ?rst part of the deposited surface layer acts as 
a buffer layer by con?ning plastic defects so as to preserve 
the second part of the surface layer and adapting the lattice 
parameter of the surface layer to match the lattice parameter 
of the substrate. 

[0075] “Con?nement” means that most plastic defects are 
located in the ?rst part. The second part of the surface layer 
is not absolutely free of defects, but the concentration of 
defects is compatible With microelectronics applications. 

[0076] The deposition technique used to make such a 
buffer layer advantageously includes variations of tempera 
tures and chemical compositions of the deposit With time. 
Thus, a buffer layer can be made With a chemical compo 
sition that is almost constant throughout its thickness, unlike 
a buffer layer made according to the ?rst technique. One or 
more layers may be inserted betWeen the buffer layer and the 
second part of the surface layer. The thickness of the buffer 
layer may be less than the minimum thickness of buffer 
layers made according to the ?rst technique. WO 00/15885 
discloses an example of such a buffer layer according to this 
technique, by depositing SiGe or Ge on a monocrystalline Si 
support substrate. 

[0077] For example, this type of deposition process may 
be used to deposit of monocrystalline Ge on a monocrys 
talline Si support substrate, according to the folloWing steps: 

[0078] (A) temperature stabiliZation of the monoc 
rystalline silicon support substrate at a ?rst prede 
termined stabiliZed temperature of about 400° C. to 
500° C., preferably about 430° C. to 460° C.; 

[0079] (B) chemical vapor deposition (CVD) of Ge at 
the ?rst determined temperature until a base layer of 
Ge is obtained on the support substrate With a 
predetermined thickness less than a required ?nal 
thickness; 

[0080] (C) increase in the temperature of the chemi 
cal vapor deposition of Ge from the ?rst predeter 
mined temperature up to a second predetermined 
temperature of about 750° C. to 850° C., preferably 
about 800° C. to 850° C.; and 

[0081] (D) continuation of the chemical vapor depo 
sition of Ge at the second predetermined temperature 
until the ?nal required thickness is obtained for the 
surface layer of monocrystalline Ge. 

[0082] The buffer layer is the part of the deposited layer 
that interfaces With the support substrate and extends over a 
thickness in Which the crystallographic defects ratio is 
greater than a limiting value. In particular, the thickness of 
this buffer layer may be on the order of about 0.5 to 1 
micron, Which is less than the thickness of a buffer layer 
made according to the ?rst technique. The other part of the 
layer is at least part of the multi-layer structure I. This type 
of deposition process may also be performed by other 
means, such as that disclosed in WO 00/15885. The result is 
production of the substrate 1 of the donor Wafer 10, the 
substrate 1 including the support substrate and the buffer 
layer. 
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[0083] A third technique for making a buffer structure that 
is used on the Wafer and that includes the substrate 1 and a 
layer deposited on the substrate 1. The material chosen to 
form this buffer layer generally has a nominal lattice param 
eter signi?cantly different from the lattice parameter of the 
surface of substrate 1, so that it has to be elastically strained 
in compression or tension by substrate 1. 

[0084] The general structure of the strained layer is made 
of a strained material, but it may also contain one or several 
thicknesses of relaxed or pseudo-relaxed material for Which 
the accumulated thickness is signi?cantly less than the 
thickness of the strained layer, so that the strained layer 
remains in a globally strained state. In all cases, the strained 
layer is preferably formed on substrate 1 by crystalline 
groWth such as by epitaxy, and using knoWn techniques, 
such as the CVD or MBE. 

[0085] In order to obtain such a strained layer Without too 
many crystallographic defects, such as isolated defects, or 
extensive defects, such as dislocations, crystalline materials 
are preferably chosen to form the substrate 1 and the strained 
layer (close to its interface With substrate 1) so that the 
difference betWeen the ?rst and second nominal lattice 
parameters is sufficiently small. For example, the difference 
in the lattice parameter is typically about 0.5% to about 
1.5%, but it could be higher. 

[0086] For example, in Group IV-IV materials, the nomi 
nal lattice parameter of Ge is about 2.4% greater than the 
lattice parameter of Si, and therefore SiGe With 30% of Ge 
has a nominal lattice parameter about 11.5% greater than the 
lattice parameter of Si. 

[0087] Preferably, the thickness of the strained layer is 
almost constant, so that it has nearly constant intrinsic 
properties to facilitate future bonding With the receiving 
substrate (as shoWn in FIGS. lb or 2b). To prevent relax 
ation of the strained layer or the appearance of plastic type 
internal stresses, the thickness of the strained layer must also 
remain less than a critical elastic strain thickness. This 
critical elastic strain thickness depends mainly on the mate 
rial chosen to form the strained layer and the difference in 
the lattice parameter With the substrate 1. Those skilled in 
the art Will use information knoWn in the art to determine the 
value of the critical elastic strain thickness of the material to 
be used for the strained layer formed on the material used for 
the substrate 1. Therefore, once the strained layer is formed, 
it has a lattice parameter approximately the same as the 
lattice parameter of its groWth substrate 1, and is then 
subjected to internal elastic compression or tension strains. 

[0088] Once the structure is formed, the third technique 
for making a buffer structure includes a step for the forma 
tion of a perturbation Zone or Zone of Weakness at a given 
depth in the substrate 1. Aperturbation Zone is de?ned as a 
Zone in Which internal stresses exist that can form structural 
disturbances in surrounding parts. This Zone is preferably 
formed over most of the surface of the substrate 1 parallel to 
the surface of the substrate 1. 

[0089] One method for forming such a Zone of Weakness 
includes implanting atomic species in the substrate 1 at a 
given determined depth, With a determined implantation 
energy and determined proportioning of atomic species. In 
one embodiment, the implanted atomic species include one 
or more of hydrogen and helium. 
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[0090] This type of perturbation Zone formed by implan 
tation then includes internal strains, or even crystallographic 
defects, exerted by the atomic species implanted on the 
crystalline netWork adjacent to the disturbance Zone. These 
internal strains can then create crystallographic disturbances 
in the overlying Zone. 

[0091] According to this method, the buffer layer is made 
While a second step is being carried out by an energy input 
to help With the appearance of disturbances in the region 
overlying the perturbation Zone, increase the amplitude of 
these disturbances in this overlying region, and cause an 
elastic relaxation at least in the strained layer folloWing the 
appearance of disturbances. The main purpose of such 
energy input is to cause at least relative relaxation of the 
elastic strains in the strained layer in order to form a relaxed 
strained layer. 

[0092] The intermediate region Within substrate 1 betWeen 
the disturbance Zone and the strained layer con?nes dislo 
cation type defects and adapts the lattice parameter of the 

[0093] substrate 1 to the nominal lattice parameter of the 
strained layer. Therefore, in this case this intermediate 
region may be considered a buffer layer. 

[0094] A heat treatment is advantageously used to gener 
ate the suf?cient energy input to cause these structural 
modi?cations. This heat treatment is advantageously carried 
out at temperatures signi?cantly loWer than a critical tem 
perature above Which a signi?cant number of implanted 
atomic species Would be degassed. 

[0095] Thus, local crystallographic disturbances are cre 
ated from these internal strains in the perturbation Zone. 
These disturbances appear mainly in the buffer layer due to 
minimiZation of elastic energy in the strained layer, and they 
increase in amplitude under the in?uence of the heat treat 
ment. 

[0096] When these disturbances have become suf?ciently 
large, they act on the strained layer by relaxing the elastic 
stresses in the strained layer at least in relative terms. These 
relaxed strains are mainly being due to the mismatch in the 
lattice parameters for the nominal mesh in the material in the 
strained layer and the material in substrate 1. Relaxation of 
the strained layer can also be accompanied by the appear 
ance of inelastic type crystalline defects in the thickness of 
the strained layer, such as through dislocations. 

[0097] Suitable treatments, such as a heat treatment, may 
be applied to reduce the number of these defects. For 
example, an adapted treatment may be used to increase the 
density of dislocations to bring it betWeen tWo limiting 
values, the tWo limiting values de?ning an interval of 
dislocation densities in Which at least some of the disloca 
tions cancel each other out. 

[0098] In all cases, the end result is a relaxed or pseudo 
relaxed layer for Which the nominal lattice parameter is 
signi?cantly different from the nominal lattice parameter of 
the groWth substrate 1 and Which has a loW content of 
dislocations disadvantageous for the formation of micro 
electronic components in the relaxed strained layer. This 
relaxed or pseudo-relaxed layer may form at least part of the 
multi-layer structure I. For more information, refer to B. 
Hollander et al., “Strain relaxation of pseudomorphic Si1_ 
XGeX/Si(100) heterostructures after hydrogen or helium ion 
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implantation for virtual substrate fabrication” (Nuclear and 
Instruments and Methods in Physics Research B 175-177 
(2001) 357-367). The buffer layer made using this method is 
included in substrate 1 as de?ned before use of this third 
method for making the buffer layer. 

[0099] A fourth technique for making the buffer structure 
is based on a support substrate for the buffer structure to be 
made, for Which the surface is in relief and deposition of the 
component elements of the buffer structure on the support 
substrate. Since the surface of the support substrate is not 
planar, the deposition of the components of the buffer 
structure is made anisotropically With groWth selectivity 
effects and local coalescence that result in the constructed 
buffer structure With determined properties. 

[0100] This fourth method of making the buffer structure 
uses determined techniques With parameters set such that the 
properties obtained in the buffer layer correspond to crys 
tallographic defect con?nement properties, so that the multi 
layer structure I that Will be made on the buffer structure has 
an intrinsic quality structure. 

[0101] The choice of the topography of the support sub 
strate is one of the essential factors for obtaining such a 
result. Preferably, a topography With patterns Will be chosen 
that is periodically repeated over the entire surface of the 
support substrate, in order to have a homogeneous in?uence 
over the entire surface of the Wafer. For example, there 
Would be a support substrate With bands at a ?xed distance 
from each other in order to concentrate dislocations of 
epitaxied layers close to the bands, and particularly the 
corners of the bands. The thickness of the layer in Which 
most of the dislocations are con?ned then forms the buffer 
layer. The bands are preferably formed of an insulating 
material formed on a substrate and Which forms a mask to 
materials that Will be deposited subsequently. 

[0102] Furthermore, an intermediate layer of crystalline 
materials may be inserted betWeen a solid substrate and the 
structure in relief, acting as a substrate for groWth of the 
buffer structure. The insulating structure in relief is suffi 
ciently thin so that it does not disturb resumed groWth of the 
buffer structure on the groWth substrate subjacent to it. This 
technique is also called ELOG and is applied mainly to 
deposits of nitride ?lms by MOCVD (Metal Organic 
Chemical-Vapor-Deposition) epitaxy. For example, the 
article by Shuji Nakamura entitled “InGaN/GaN/AlGaN 
Based Laser Diodes With an Estimated Lifetime of Longer 
than 10 000 hours” in the “Materials Research Community” 
Bulletin, May 1998, volume 23, No. 5, can be used as a 
basis, Which in particular describes groWth of GaN on a 
structure of SiO2 bands. Example 9 beloW Will describe a 
GaN structure made using this fourth technique for making 
the buffer structure by ELOG. 

[0103] Regardless of the structural con?guration in sub 
strate 1 (Which may or may not include a buffer structure), 
the substrate 1 is formed from a crystalline material at the 
interface With the multi-layer structure I, With feW or no 
crystallographic defects. At least some of the different layers 
forming the multi-layer structure I are preferably made by 
groWth on the substrate 1, for example by epitaxy, CVD, or 
MBE. 

[0104] In one embodiment, at least some of these layers 
are groWn in situ, directly in continuation With the formation 
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of the layers subjacent to each layer, the subj acent layers in 
this case also advantageously being formed by layer groWth. 
In a second embodiment, at least some of these layers are 
groWn after applying light surface ?nishes to the layers 
subjacent to each layer, such as by CMP polishing, heat 
treatment, or other smoothing technique. Finally, a multi 
layer structure I is obtained that includes layers of crystalline 
materials. 

[0105] The multi-layer structure I before recycling has a 
thickness of at least tWo useful layers. HoWever, the multi 
layer structure I is preferably thicker than tWo useful layers 
to compensate for material thicknesses removed during 
treatment(s) applied during recycling to correct defects often 
created When the useful layer is taken off. Roughness, 
thickness variations, structural defects, or other types of 
defects are frequently found on the surface of a donor Wafer 
10 after taking off, like that shoWn in the post-taking off 
layer 3‘ in FIG. 1c or FIG. 2c. For example, projections or 
rough parts may appear on the surface to be taken off of the 
remaining donor Water 10, after taking off. 

[0106] These surface parts in relief that appeared on the 
surface of the multi-layer structure I depend mainly on the 
manner of taking off and the technique used during taking 
off. For example, one manner of taking off frequently used 
in industry includes taking off the useful layer over only part 
of the donor Wafer 10 (Which is typically near the center) and 
leaving projections over the surface of the donor Wafer 10, 
rather than over the entire surface of the donor Wafer 10. 
These projections are typically single-piece and located 
around the periphery of the surface of the donor Wafer 10, 
all projections then being called a “taking off ring” in the 
business. KnoWn taking off techniques, like those described 
in more detail beloW, or the SMART-CUT® technique 
mentioned above, Will sometimes cause surface roughness. 

[0107] Therefore the thickness of the multi-layer structure 
I before taking off must be at least tWo useful layers to be 
taken off and a thickness greater than or equal to a thickness 
margin corresponding to the minimum amount of material to 
be removed during the recycling operation(s). This thickness 
margin is typically of the order of one micron in the case of 
recycling after a SMART-CUT® type of taking off (Which is 
generally knoWn and described beloW). HoWever, this thick 
ness margin can be reduced by using high performance 
recycling techniques such as selective chemical etching. 

[0108] One main type of processing applied during recy 
cling is a process for removing material such that only part 
of the multi-layer structure I remains, including at least one 
other useful layer that can be taken off after recycling. This 
material removal is applied on the donor Wafer 10, at the free 
surface of the multi-layer structure I that remains after 
taking off. 

[0109] In one particular recycling process, a surface treat 
ment is applied to remove part of the multi-layer structure I 
on Which the useful layer Was taken off. A surface thickness 
containing surface defects that appeared during taking off is 
removed, such as dislocation type crystallographic distur 
bances or isolated defects. Several surface treatments such 
as the folloWing can thus be applied individually or in 
combination: 

[0110] (A) dry or Wet chemical etching, preferably 
applied in a bath, by plasma, or by atomiZation; 
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etching may be chemical, electrochemical, or photo 
electrochemical alone, or any other equivalent etch 
ing, such as etching applied during mechanical 
chemical polishing; 

[0111] (B) annealing, for example under hydrogen; 
[0112] (C) chemical etching, for example under HCl 

accompanied by annealing; or 

[0113] (D) surface oxidation, carried out using oxi 
dation techniques knoWn to one skilled in the art, on 
the surface of the multi-layer structure I, folloWed by 
removal of the oxidiZed layer by deoxidation, pref 
erably using a chemical process (such as attack by a 
hydro?uoric acid bath) preferably preceded by an 
annealing step. This type of sacri?cial oxidation 
process is described beloW. 

[0114] Asurface treatment may also signi?cantly improve 
the surface condition of the multi-layer structure I remaining 
after taking off, and also the uniformity of its thickness, 
particularly in the case of the last four surface treatments. 
This is particularly useful if bonding is applied When the 
useful layer is taken off. Regardless of the surface treat 
ment(s) selected, the surface quality of the multi-layer 
structure I may be improved compared With the surface 
condition before this treatment Was applied. 

[0115] In a ?rst case, the improvement in the structural and 
geometric quality of the multi-layer structure I is suf?ciently 
good so that a useful layer can be taken off Without any 
additional material removal treatments. In this case, and in 
a ?rst con?guration of the multi-layer structure I before 
taking off, the multi-layer structure is formed of several 
layers of the same material With almost the same properties. 
In this case and in a second con?guration of the multi-layer 
structure I before taking off, this multi-layer structure 
includes several layers, such as shoWn in FIGS. 1a, 2a, 3 or 
4, With material properties signi?cantly different from each 
other at each of their interfaces. Regardless of the con?gu 
ration of the multi-layer structure I, after taking off, material 
is removed from the surface over a given thickness so that 
?nally there Will be one or more layers remaining including 
one or more useful layers that can be taken off in a 
subsequent taking off operation. 

[0116] In a second case, the improvement in the structural 
and geometric quality of the multi-layer structure I obtained 
after use of the surface treatment is not suf?cient for a useful 
layer to be taken off Without subsequent material removal 
treatments. The additional treatments preferably include 
selective removal of one layer With regard to the adjacent 
layer, the selectivity betWeen the tWo layers being due 
essentially to signi?cant differences in the properties of the 
tWo materials forming these tWo layers. 

[0117] Selective material removal may also folloW another 
material removal different from that obtained after a surface 
treatment. For example, a more massive removal of material 
on part of the multi-layer structure I may have been applied, 
such as mechanical removal by grinding, polishing, abra 
sion, or bombardment. HoWever, a treatment for selective 
material removal may also be applied Without necessarily 
applying prior treatments such as surface treatments or more 
massive material removals. 

[0118] In order to apply such a selective material removal, 
before taking off, the multi-layer structure I includes a layer 

Aug. 4, 2005 

that stops removal of the material in the overlying layer. The 
tWo materials that make up the tWo layers close to their 
interface are chosen such that there is a means of selectively 
removing material, With a capacity for attacking the layer to 
be removed signi?cantly greater than the capacity for attack 
ing the stop layer. Taking off then applies to the part of the 
multi-layer structure I above the stop layer, on the side of the 
stop layer opposite the substrate 1. 

[0119] Several techniques for the selective removal of 
material may be used for the protection layer 3. A ?rst 
technique for the selective removal of material includes 
exerting friction forces on the layer to be selectively 
removed, to pull off at least part of the material to be 
removed. For example, these friction forces may be exerted 
by a polishing plate, possibly combined With an abrasive or 
chemical action. 

[0120] The material that forms the stop layer is chosen 
from semiconductors so that there is a mechanical means of 
attacking the material With a signi?cantly loWer capacity to 
mechanically attack the material forming the stop layer than 
the capacity to attack the material in the overlying layer to 
be removed, and thus being suitable for the use of at least 
one selective mechanical attack. The material in the stop 
layer then has signi?cantly greater resistance to the 
mechanical attack used than the layer overlying it. 

[0121] Consequently, it Would be possible to suitably 
harden the protection layer 3 to make it more resistant than 
the overlying layer to the mechanical attack selected to 
remove the overlying layer. For example, a semiconductor 
material such as Si, carbonated With a concentration of C 
typically betWeen about 5% and 50%, is harder than the 
same non-carbonated semiconductor. 

[0122] A second technique for selective removal of mate 
rial includes chemically and selectively etching the material 
to be removed. A Wet etching process may be used With 
etching solutions adapted to the materials to be removed. A 
dry etching process may also be used to remove material, 
such as etching by plasma or atomiZation. Etching may also 
be chemical, electrochemical, or photo-electrochemical. 

[0123] The material from Which the stop layer is formed is 
chosen from among semiconductors so that there is a ?uid 
(a gas or a solution depending on Whether the etching is dry 
or Wet) for etching With a signi?cantly loWer capacity to etch 
the material forming the stop layer than the material in the 
overlying layer to be removed, and thus being capable of 
implementing selective etching. 

[0124] HoWever, the term “stop layer” has a primary 
function of “stopping” etching, even if there is no absolute 
stopping of etching. This is particularly the case for etching 
by atomiZation, Which is more accurately referred to as 
“atomiZation rate” or “attack rate”. 

[0125] In general, the selectivity of etching a layer AWith 
respect to a layer B is quanti?ed by a selectivity factor 
related to the ratio 

[0126] Etching Rate for Layer A/Etching Rate for 
Layer B 

[0127] The stop layer thus acts as a barrier to chemical 
attack, by protecting itself and the layer subjacent to it 
(Which includes substrate 1). The selectivity of chemical 
etching betWeen the material in the stop layer and the 
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material in the layer to be removed by selective etching may 
be obtained by the tWo materials being different; the tWo 
materials containing almost identical atomic elements, 
except for at least one atomic element; the tWo materials 
being almost identical, but the atomic concentration of at 
least one atomic element in a material is signi?cantly 
different from the atomic concentration of the same atomic 
element in the other material; or the tWo materials having 
different porosity densities. 

[0128] For example, SiGe behaves like a stop layer With 
regard to etching of Si With a solution containing com 
pounds such as KOH (selectivity about 1:100), NH4OH 
(selectivity about 1:100) or TMAH (tetramethyl ammonium 
hydroxide). SiGe With a concentration of germanium greater 
than or equal to 25% behaves like a stop layer With regard 
to etching of SiGe With a germanium concentration less than 
or equal to 20%, With a solution containing compounds such 
as TMAH. Si suitably doped With a selected doping element 
and a9 selected concentration, such as boron at more than 
2><10 cm_3, behaves like a stop layer for etching undoped 
Si With a solution containing compounds such as EDP 
(ethylene diamine and pyrocathechol), KOH, or NZH2 
(hydraZine). Porous Si is etched using an etching that is 
selective With regard to non-porous crystalline Si, using a 
solution containing compounds such as KOH or HF+H2O2. 

[0129] This chemical removal of material may also be 
accompanied by the use of mechanical or other means for 
attacking the material. In particular, CMP polishing may be 
used With a selective chemical etching solution. A selective 
chemical etching may also be preceded or folloWed by 
removal of material made by mechanical means of attacking 
the material such as polishing, grinding, abrasion or any 
other means. 

[0130] A third technique for selective removal of material 
includes applying sacri?cial oxidation. In this respect, the 
multi-layer structure I includes an oxidiZable layer With a 
greater oxidation capacity than the subjacent layer, and that 
Will be the layer to be removed selectively With respect to 
the subj acent layer to be kept that acts as the stop layer. The 
oxidiZable layer is included Within the multi-layer structure 
I before taking off (and therefore before recycling), and the 
taking off then applies to the part of the multi-layer structure 
I located above the oxidiZable layer on the side of the stop 
layer opposite the substrate 1. 
[0131] The oxidiZable layer is oxidiZed after taking off at 
the surface of the multi-layer structure I at the time of 
recycling, and then corresponds to a treatment technique for 
the removal of surface material described above. Regardless 
of the selected con?guration, the sacri?cial oxidation pro 
cess includes a step for forming of an oxide layer, possibly 
an annealing step, and a deoxidation step. Oxidation may 
apply to the oxidation of one or several layers. Oxidation 
may also be done near the surface of the stop layer. Oxida 
tion is done using any of the knoWn oxidation techniques, 
such as thermal oxidation. 

[0132] In the case Where thermal oxidation is used, the 
main parameters are the oxidation temperature and duration. 
Other important parameters are the oxidiZing nature of the 
atmosphere, the oxygen content, and treatment pressure 
conditions. These parameters may be Well controlled to 
facilitate reproducibility. 
[0133] The annealing step cures defects that might occur 
during the oxidation step. The deoxidation step includes 
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selectively removing the oxide layer With respect to the stop 
layer, for example by a chemical process using a hydrof 
luoric acid bath, and forms the selective material removal. 
For example, oxidiZed silicon dipped in a 10% or 20% 
hydro?uoric acid bath for a feW minutes can typically 
remove one hundred to several hundred nanometers of 
thickness of this oxide. 

[0134] Regardless of the method(s) used for selective 
removal of material in the process according to the inven 
tion, in all cases they can maintain a quality of the layers of 
the multi-layer structure I remaining after recycling almost 
identical to the quality that they had before recycling, and 
similar to the original quality during their formation (before 
the ?rst taking off) such as a layer With a quality similar to 
the quality of the epitaxied layer. The removable layer(s) 
remaining present in the multi-layer structure I after recy 
cling according to the invention thus have very good quality, 
particularly a structural quality. Examples of selective 
removals of material applied during recycling, taking off 
processes that can be used, and donor Wafers before recy 
cling are detailed beloW. 

[0135] With reference to FIG. 1a, the multi-layer structure 
I before taking off is includes a ?rst layer 2 and a second 
layer 3 on the ?rst layer 2, the ?rst layer 2 forming a stop 
layer for selective removal of the second layer 3. Layer 2 and 
layer 3 are each at least as thick as the thickness of the useful 
layer. 

[0136] A method for taking off a thin layer is shoWn in 
FIGS. 1b and 1c. A ?rst preferred take off step according to 
the invention includes creating a Weakening area in the 
second layer 3, in order to perform a detachment and thus 
take off the required layer(s). 

[0137] Several techniques may be used to create a Weak 
ening area of this type. A ?rst technique, called the SMART 
CUT® knoWn to those skilled in the art (and is described in 
a number of books dealing With techniques for reducing 
Wafers) includes a ?rst step in Which atomic species (such as 
hydrogen ions) are implanted With a determined energy to 
thus create a Weakening area. A second technique includes 
forming a Weakened interface by creation of at least one 
porous layer, such as described EP-A-0 849 788. The 
Weakened area is created betWeen the ?rst layer 2 and the 
second layer 3 or in the second layer 3. 

[0138] With reference to FIG. 1b, a second step of taking 
off a thin layer includes adding on a receiving substrate 5 to 
the surface of the donor Wafer 10. The receiving substrate 5 
forms a suf?ciently rigid mechanical support to support the 
second layer 3, part of Which Will be taken off the donor 
Wafer 10 to protect it from any mechanical stresses from the 
outside. This receiving substrate 5 may be made of silicon or 
quartZ or any other type of material. The receiving substrate 
5 is added by bringing it into intimate contact With the 
multi-layer structure I and bonding it, in Which there is 
preferably a molecular bonding betWeen the substrate 5 and 
structure 1. This bonding technique, and variations of it, are 
described in “Semiconductor Wafer Bonding” (Science and 
technology, Interscience Technology) by O. Y. Tong, U. 
Gosele and Wiley. 

[0139] If necessary, bonding is accompanied by an appro 
priate treatment of the corresponding surfaces to be bonded 
by adding thermal energy or by adding an additional binder. 



US 2005/0167002 A1 

Thus, a heat treatment used during or immediately after 
bonding makes the bond rigid. Bonding may also be con 
trolled by a bonding layer such as silica, inserted betWeen 
the multi-layer structure I and the receiving substrate 5, With 
particularly strong molecular bonding capacities. 

[0140] Advantageously, the material forming the bonding 
face of the receiving substrate 5 or the material of the 
bonding layer formed if any, is electrically insulating to 
make an SeOI structure from the taken off layers. The 
semiconductor layer of the SeOI structure in this case is the 
taken off part of the second transferred layer 3. Once the 
receiving substrate 5 is bonded, part of the donor Wafer 10 
is removed at the Weakened area formed previously, by 
detaching it. 

[0141] In the case of the SMART-CUT® technique, a 
second step is performed Wherein the area implanted (form 
ing the Weakening area) is subjected to a thermal and/or 
mechanical treatment, or a treatment With any other type of 
energy input, to detach it at the Weakening area. In the case 
of the second technique, the Weakened area is mechanically 
treated, or another type of energy is input, in order to detach 
it at the Weakened layer. Detachment at the Weakening area 
according to one of these tWo techniques removes the largest 
part of the Wafer 10, to obtain a structure from Whatever is 
left of the second layer 3 that Was taken off (Which in this 
case represents the useful layer), the bonding layer, if any, 
and the receiving substrate 5. 

[0142] A ?nishing step on the surface of the structure 
formed at the taken off layer is preferably applied to remove 
any surface roughness, non-homogeneities in the thickness, 
or undesirable layers, by using, for example, a chemical 
mechanical polishing CMP, etching, or at least one heat 
treatment. In one embodiment, a stop layer With a selective 
removal of material may be included in the useful layer in 
order to improve the ?nish of the useful layer by selective 
removal of material stopped at this stop layer. 

[0143] A post-taking off layer 3‘ forms the part of the 
second layer 3 that remained after taking off and located 
above the ?rst layer 2 and the complete Wafer forming a 
donor Wafer 10‘ to be sent to recycling so that it can be 
reused later during taking off a subsequent layer. The result 
of recycling such a donor Wafer 10‘ is shoWn in FIG. 1d. It 
uses selective removal of material in the post-taking off layer 
3‘ With respect to the ?rst layer 2, possibly folloWed by or 
preceded by a surface ?nishing step. The donor Wafer 10“ is 
then capable of providing a useful layer taken off in the ?rst 
layer 2 during a subsequent taking off Without any additional 
step. 

[0144] In another embodiment, the donor Wafer 10 
includes several pairs, each formed of a ?rst layer 2 and 
second layer 3, the second layer of each pair can be removed 
selectively With respect to the ?rst layer in the same pair by 
a means of selectively removing the material. These layers 
may also be referred to as sub-layers. Preferably, one of the 
layers 2 of a pair may be selectively removed With respect 
to the layer subjacent to it, Which is included Within the 
multi-layer structure I. This embodiment has the advantage 
that the layer 3 may be removed selectively With respect to 
the subjacent layer 2 or the layer 2 may be removed 
selectively With respect to the layer subjacent to it. Still, in 
one special case, the layer subjacent to layer 2 is a layer 3 
that belongs to another pair of layers. 
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[0145] One example of a particular con?guration of a 
multi-layer structure I that includes several such pairs of 
layers is given With reference to FIG. 3, in Which the 
multi-layer structure I is composed of a ?rst pair consisting 
of a ?rst layer 2A and a second layer 3A and a second pair 
consisting of a ?rst layer 2B and a second layer 3B, each 
layer having the same thickness or a greater thickness than 
the useful layer. In this embodiment of a donor Wafer 10, one 
or more layers may be removed in one or more steps, 
according to one process of the invention. One or more 
intermediate recycling steps may be applied by selective 
removal of material on the part of the layer remaining after 
taking off and the subj acent layer that includes at least one 
useful layer that can be taken off. Thus, With this particular 
con?guration, it is possible to take off useful layers With one 
or multiple layers of materials. 

[0146] With reference to FIG. 2a, the multi-layer structure 
I includes a ?rst layer 2 inserted betWeen a second layer 3B 
overlying it and a third layer 3A adjacent to the substrate 1, 
before taking off. The thickness of the second layer 3B and 
the third layer 3A are greater than or equal to the thickness 
of the useful layer. The material forming the ?rst layer 2 is 
chosen such that there is at least one method of removing 
material With a capacity to attack the material forming the 
?rst layer 2 signi?cantly different from the capacity to attack 
the material in at least one of the tWo layers 3A and 3B, at 
their corresponding interfaces to permit selective removal. 

[0147] In one embodiment, the thickness of the ?rst layer 
2 is at least as great as the thickness of a useful layer to be 
taken off. The result is then a con?guration similar to one of 
those described above. In a second embodiment, the crys 
tallographic structure of layers 3A and 3B, and particularly 
the lattice parameters, are almost identical, and it is unde 
sirable for the ?rst layer 2 to signi?cantly disturb the 
crystallographic structure of its adjacent layers 3A and 3B. 
In particular, it Would be undesirable to disturb the crystal 
line groWth of the second overlying layer 3B during its 
formation on the ?rst layer 2, for Which the lattice parameter 
must be approximately the same as the lattice parameter for 
the part 3A subjacent to the ?rst layer 2. 

[0148] In another embodiment, the ?rst layer 2 is elasti 
cally constrained so that its lattice parameter is almost 
identical to the lattice parameter of layer 3A subjacent to it, 
even if the lattice parameter of the material in this layer is 
signi?cantly different from the lattice parameter of the ?rst 
layer 2. The nominal parameter of the ?rst layer 2 and the 
lattice parameter of the Zone subj acent to it (included Within 
the third layer 3A) are similar to each other, to prevent the 
appearance of defects (such as dislocations or local stresses) 
in the ?rst layer 2. The ?rst layer 2 must be sufficiently thin 
to prevent progressive relaxation of the elastic strain through 
the thickness of the layer or the generation of defects. To 
achieve this, the thickness of such a ?rst layer 2 formed of 
an elastically strained semiconductor material must be less 
than a critical thickness knoWn to one skilled in the art, and 
depending particularly on its component materials, of the 
materials in the layers adjacent to it, and techniques for 
making the strained layer. 
[0149] Critical thicknesses typically encountered for a Si 
layer 2 betWeen tWo layers 3A and 3B of SiGe (50%-50%) 
are approximately a feW tens of nanometers. 

[0150] In a second embodiment of the ?rst layer 2, a 
material is chosen for the ?rst layer 2 With a nominal lattice 
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parameter nearly the same as the lattice parameter of the 
materials from Which the Zones adjacent to it are made. 
Thus, unlike the ?rst embodiment, the crystallographic 
structure of the ?rst layer 2 in this case is signi?cantly 
relaxed. 

[0151] Consequently, and also to satisfy a selectivity cri 
terion during removal of material applied during the ?rst 
recycling step, the material for the ?rst layer 2 Will be chosen 
such that it has at least one constituent element that is not in 
at least one of the materials adjacent to it. The material in the 
?rst layer 2, hoWever, has a lattice parameter similar to the 
lattice parameter of adjacent Zones, this constituent element 
is then the essential element that Will determine selectivity 
With respect to the adjacent layer considered during selective 
removal of material. In one case, no constituent element of 
the material in the ?rst layer 2 is present in the material 
making up the adjacent Zone concerned by selective removal 
of material, and the tWo materials are then entirely different. 
In another case, every constituent element in the ?rst layer 
2 that is different from the adjacent Zone concerned by 
selective removal of material may be an additional element 
or an element that does not exist in the adjacent layer being 
considered. 

[0152] For example, a ?rst layer 2 With approximately the 
same lattice parameter as adjacent Zones could be doped, so 
that this lattice parameter is not signi?cantly disturbed after 
doping. If the ?rst layer 2 is formed of the same material as 
the material from Which the adjacent Zone by the selective 
removal of material is made, this doping element is the 
element that Will determine the selectivity capacity. When 
doping the ?rst layer 2, the thickness of the ?rst layer 2 may 
in some cases remain less than a critical thickness knoWn to 

those skilled in the art, if defects such as dislocations, and 
particularly through dislocations, are not Wanted. 

[0153] In a third embodiment of the ?rst layer 2, the layer 
3A made previously is made porous on the surface in order 
to make a porous layer. This increase in porosity may be 
applied by anodiZation or by any other porosity technique, 
such as that described in EP 0 849 788 A2. 

[0154] This layer of porous material may make a ?rst layer 
2, if at least one adjacent material can be selectively attacked 
using an appropriate attack method. The porosity does not 
signi?cantly disturb the crystallographic structure of these 
tWo adjacent layers, such that a ?rst layer 2 does not 
signi?cantly disturb the crystallographic structure of the 
donor Wafer 10. The result is a crystallographic structure of 
the ?rst layer 2 that is very similar or identical to the 
crystallographic structure of the Zones adjacent to it, such 
that the ?rst layer 2 does not disturb the crystallography of 
the surrounding structure. 

[0155] Alternatively, there may be a ?rst layer 2 With a 
speci?c in?uence on the lattice parameter of the surrounding 
structures, the state (strained or relaxed, complete or rela 
tive) that the ?rst layer 2 may induce in adjacent layers, in 
these cases represents a property considered to have very 
little advantage for the folloWing application. 

[0156] With reference to FIGS. 2b and 2c, part of the layer 
3B is taken off and transferred onto a receiving substrate 5 
according to a taking off method similar to those described 
above With reference to FIGS. 1b and 1c. After taking off 
and during recycling, selective removal of material applied 
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at the ?rst layer 2 includes at least one of the folloWing 
selective removals of material: as shoWn in FIG. 2d, selec 
tive removal of the material in the layer 3B‘ adjacent to the 
?rst layer 2, the ?rst layer 2 forming a stop layer for removal 
of material; after removal of layer 3B‘, selective removal of 
the material in the ?rst layer 2, the material in the third layer 
3A adjacent to the ?rst layer 2 forming a stop layer for 
removal of material. 

[0157] In one particular method of selective removal, tWo 
successive selective removals of materials may be combined 
at the ?rst layer 2. In this case, the second layer 3B, and then 
the ?rst layer 2 are selectively removed. 

[0158] Regardless of the method chosen for selective 
removal of material in the ?rst recycling step and the method 
chosen to remove the part of the donor Wafer 10 on the same 
side as the useful layer, there is a stop layer for removal of 
material (the ?rst layer 2 in the case of the ?rst selective 
removal of material or the Zone subjacent to the ?rst layer 2 
included in the third layer 3A in the case of the second 
selective removal of material). The stop layer acts as a 
barrier for material attack, and in particular protects the third 
layer 3A in Which there is a neW useful layer to be taken off 
during a later taking off. 

[0159] In embodiment, the donor Wafer 10 includes sev 
eral triplets formed of the ?rst layer 2, second layer 3B, and 
the third layer 3A. The second layer 3B or the ?rst layer 2 
of each triplet may be removed selectively With respect to 
the layer subj acent to them, and form part of the same triplet, 
by removing the material selectively. Preferably, there is 
also a method of removing material in a third layer 3B of a 
triplet selectively With respect to a layer subj acent to it that 
is also included in the multi-layer structure I. This embodi 
ment has the advantage that any layer in a triplet of layers 
can be selectively removed during recycling. 

[0160] In this embodiment, the layer subj acent to the third 
layer 3B is a second layer 3A belonging to another triplet of 
layers. Alternatively, the layer subj acent to the third layer 3B 
is a ?rst layer 2 that does not belong to the same triplet as 
layer 3B. In this case, the ?rst layer 2 in the triplet overlying 
it and to Which the third layer 3B belongs is preferably 
inserted With another triplet subjacent to it. In this case, the 
result is an assembly formed from a sequence of type 3A 
layers and type 3B layers separated by a type 2 layer. An 
example of a particular con?guration of a multi-layer struc 
ture I that several such triplets of layers is shoWn in FIG. 4, 
in Which the multi-layer structure I includes a ?rst triplet 
formed of a layer 2A inserted betWeen a layer 3A and 3B as 
shoWn in FIG. 2a; a second triplet formed of a ?rst layer 2C 
inserted betWeen a layer 3C and 3D as shoWn in FIG. 2a; 
and a layer 2B inserted betWeen the tWo triplets. The 
thickness of each of the layers 3A, 3B, 3C and 3D is at least 
the thickness of the useful layer to be taken off. The ?rst 
function of the layers 2A, 2B and 2C is to protect the layer 
subjacent to them from removal of material applied during 
recycling by forming a stop layer to selective removal of the 
layer overlying it during recycling; or by forming a layer to 
be removed selectively With respect to the layer subj acent to 
it. Therefore, in this con?guration of a donor Wafer 10, there 
are layers 3A, 3B, 3C, and 3D in Which useful layers can be 
taken off, separated by protection layers 2A, 2B, and 2C 
respectively protecting the layers subjacent to them during 
recycling. 
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[0161] Therefore, according to one process of the inven 
tion, one or more layers may be taken off in one or more 
steps, With one or more intermediate recycling operations by 
selective removal of the part of the layer remaining after 
taking off With respect to the ?rst protection layer encoun 
tered (2A, 2B or 2C), this layer thus protecting a layer 
subjacent to it and that includes at least one useful layer that 
can be taken off. Thus, With this con?guration it is possible 
to take off useful layers formed by one or more sub-layers 
of materials. 

[0162] When several layers are taken off, at least one 
protection layer or part of a protection layer such as layers 
2A, 2B and 2C are also taken off. This layer may act as a 
protection layer When selectively removing material When 
the surface of the taken off useful layer is being ?nished 
rather than during recycling, particularly to remove surface 
roughness. 

[0163] In general, and for a multi-layer structure I accord 
ing to the invention in Which several useful layers can be 
taken off betWeen the recycling steps, a cyclic process for 
taking off useful layers from a donor Wafer 10 is used by 
performing the folloWing steps iteratively in turn: a taking 
off process and a recycling process. Before the cyclic taking 
off method is applied, a process for making the donor Wafer 
10 may be implemented With one or several techniques for 
making thin layers on the substrate 1 described above. 

[0164] The taking off may be repeated several times 
starting from a donor Wafer 10 (such as one of those shoWn 
in FIGS. 1a, 2a, 3, or 4) in the same structure I made on 
substrate 1 Without necessarily forming additional layers or 
Without necessarily applying a treatment to retrieve at least 
part of the substrate 1. This saves time With implementation 
of the global taking off process, and makes implementation 
of the process easier and signi?cantly less expensive than 
the different processes according to the state of the art. 

[0165] The number of taking off operations performed on 
the multi-layer structure is a function of the thickness of the 
multi-layer structure. Eventually, the remaining multi-layer 
structure I is no longer suf?ciently thick to contain a useful 
layer to be taken off. In a ?rst case, the donor Wafer 10 is 
throWn aWay and in this case the entire substrate 1 is lost. 
This makes the substrate may be complex, longer, and more 
expensive, particularly if the substrate 1 includes a buffer 
structure. 

[0166] In another embodiment, at least part of the sub 
strate 1 is recovered using a recycling process. If the 
substrate 1 includes a buffer structure, three types of recy 
cling of the substrate 1 may be applied. A recycling process 
that includes removal of the entire buffer structure, but in 
Which it is possible to keep at least part of the support 
substrate on Which the buffer structure Was formed, may be 
used. This recycling causes loss of part of the substrate 1, 
hoWever, Which is usually the most dif?cult and most 
expensive to make and requires the use of an additional step 
to form a buffer structure. For example, it may be required 
to reform a substrate 1 equivalent to the substrate before 
recycling. 

[0167] Arecycling process that includes removal of part of 
the buffer structure, and is capable of keeping the support 
substrate on Which the buffer structure Was formed and part 
of the buffer structure, such as a buffer layer that is expen 
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sive to make, may be used. For example, When recycling is 
?nished, selective removal of material is possible beginning 
With a stop layer judiciously located in the buffer structure. 
An additional step to reform a buffer structure is preferably 
applied if required to reform a substrate 1 equivalent to the 
substrate before recycling. 

[0168] A recycling process that includes the removal of at 
least part the remainder of the original multi-layer structure 
I, to keep the entire substrate 1 may be used. A?nishing step 
for the rest of the multi-layer structure I may be applied 
during recycling. The ?nishing step may include, for 
example, CMP, heat treatment, sacri?cial oxidation, bom 
bardment, or other smoothing technique, or a selective 
material removal may be applied using a stop layer judi 
ciously located betWeen the multi-layer structure I and the 
substrate 1. 

[0169] After recycling of the substrate 1, a neW multi-layer 
structure I is formed in Which several useful layers may be 
taken off according to a process of the invention. This neW 
multi-layer structure I may be similar to the structure before 
recycling. This neW multi-layer structure I may have a 
slightly different structure from the multi-layer structure I 
before recycling, by slightly modifying some manufacturing 
parameters. For example, the concentrations of some com 
pounds in a material may be slightly modi?ed. In all cases, 
the multi-layer structure is preferably made by groWth of 
layers, for example by epitaxy using CVD or MBE. 
[0170] In one embodiment, the groWth of at least one layer 
Within the multi-layer structure I is done in situ, directly in 
continuation With the formation of the subjacent groWth 
support, the subjacent groWth support in this case also 
advantageously being formed by layer groWth. In a second 
embodiment, at least one of these layers is groWn after a 
slight ?nishing step on the subj acent groWth support surface, 
such as by CMP polishing, heat treatment, or other smooth 
ing technique. 
[0171] In the remainder of this application, example con 
?gurations of donor Wafers 10 are presented that include 
multi-layer structures 1 that can be implemented by a 
process according to the invention. In particular, different 
materials Will be presented that can advantageously be used 
in such donor Wafers 10. Some of the examples may include 
a buffer structure and a support substrate in the substrate 1, 
the buffer structure being formed on the support substrate. In 
some of the examples, the buffer structure has a ?rst lattice 
parameter at the level of its support substrate and a second 
lattice parameter close to its interface With the subjacent 
multi-layer structure I. This type of buffer structure includes 
a buffer layer to make such an adaptation of the lattice 
parameter. 
[0172] The ?rst technique for making a buffer structure (as 
described above), usually used to obtain a buffer layer With 
this property, is to have a buffer layer formed by several 
atomic elements, Wherein at least one atomic element is 
included in the composition of the support substrate, and at 
least one atomic element that is not located in the support 
substrate at all, or only slightly, With a concentration that 
varies gradually through the thickness of the buffer layer. 
The gradual concentration of this element in the buffer layer 
Will be the main cause of the gradual variation of the lattice 
parameter in the buffer layer, metamorphically. 
[0173] Thus, in this con?guration, a buffer layer is mainly 
an alloy. The atomic elements chosen for the composition of 
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the support substrate for the buffer structure and the buffer 
layer may be of atomic element Group IV, such as Si or Ge. 

[0174] For example, this embodiment includes a Si sup 
port substrate and a SiGe buffer layer With a concentration 
of Ge that varies gradually through the thickness betWeen a 
value close to 0 at the interface With the support substrate 
and a determined value on the other face of the buffer layer. 
In another case, the composition of the support substrate or 
the buffer layer may include a pair of Group III-V atomic 
elements, such as a pair chosen from possible combinations 
of (Al, Ga, In), (N, P, 
[0175] For example, one embodiment includes a support 
substrate of AsGa and a buffer layer of As and Ga and at least 
one other element, and varying gradually in thickness 
betWeen a value close to 0 at the interface With the support 
substrate and a determined value on the other face of the 
buffer layer. The composition of the support substrate or the 
buffer layer may include a pair of Group II-VI atomic 
elements, such as a pair chosen among possible combina 
tions of (Zn, Cd), (S, Se, Te). 

EXAMPLES 

[0176] The ?rst ?ve examples deal particularly With donor 
Wafers 10 that include a support substrate 1 made of Si and 
a buffer layer made of SiGe or Si and other layers of Si and 
SiGe Within the multi-layer structure I. These Wafers 10 are 
particularly useful When taking off layers of strained SiGe 
and/or Si to make SGOI, SOI or Si/SGOI structures. In this 
context, the etching solutions used are different depending 
on the material (Si or SiGe) to be etched. Thus, etching 
solutions suitable for etching these materials Will be classi 
?ed in categories, assigning an identi?er taken from the 
folloWing list to each category: 

[0177] (A) S1: selective etching solutions of Si With 
respect to SiGe such that a solution includes at least 

one compound among KOH, NH4OH (ammonium 
hydroxide), TMAH, EDP, or HNO3, or solutions 
combining agents such as HNO3, HNOZHZOZ, HF, 
H2SO4) HZSOZ, CH3COOH, H202, and H20 as dis 
closed in WO 99/53539, page 9. 

[0178] (B) S2: selective etching solutions of SiGe 
With respect to Si such as a solution including HF, 
H202, CH3COOH (selectivity about 1:1000), or 
HNA (hydro?uoric-nitric-acetic solution). 

[0179] (C) Sc1: selective etching solutions of SiGe 
With a concentration of Ge signi?cantly less than or 
equal to 20%, With respect to SiGe With a concen 
tration of Ge equal to or greater than 25%, such as a 
solution containing TMAH or KOH. 

[0180] (D) Sd1: selective etching solutions of 
undoped Si With respect to boron doped Si, prefer 
ably doped to more than 2><1019 cm_3, such as a 
solution containing EDP (ethylene diamine and 
pyrocathechol), KOH, or NZH2 (hydraZine). 

Example 1 

[0181] The donor Wafer 10 is formed of a substrate 1 
formed of a support substrate made of Si; a buffer structure 
formed of SiGe made according to the ?rst technique for 
making a buffer structure, and including a buffer layer and 
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an additional layer; and a multi-layer structure I that 
includes SiGe. The concentration of Ge in the buffer layer 
preferably increases progressively from the interface With 
the support substrate, to vary the SiGe lattice parameter as 
explained above. The thickness is typically about 1 to 3 
micrometers for surface concentrations of Ge of less than 
30% to obtain a good structural relaxation at the surface, and 
to con?ne defects related to the difference in the lattice 
parameter such that they are buried. 

[0182] The additional layer is made of SiGe signi?cantly 
relaxed by the buffer layer, With an advantageously uniform 
concentration of Ge almost identical to the concentration of 
the buffer layer close to their interface. 

[0183] The concentration of germanium in the silicon 
Within the relaxed SiGe layer is typically about 15% to 30%. 
This upper limit of 30% represents a typical limitation of 
current techniques, but it may vary in future years. The 
thickness of the additional layer may vary Widely depending 
on the case, With a typical thickness of about 0.5 to 1 micron. 

[0184] As shoWn in FIG. 2a, the multi-layer structure I 
before taking off preferably includes a triplet of the folloW 
ing layers: layer 3A made of substantially relaxed SiGe With 
a thickness greater than the thickness of a useful layer to be 
taken off; a layer 2 on layer 3A; and a layer 3B on the 
substantially relaxed SiGe layer 2 and With a thickness 
greater than the thickness of a useful layer to be taken off. 

[0185] Layer 2 is formed of one of strained Si or strained 
SiGe. Where the layer 2 is formed of strained Si or SiGe, the 
thickness of this layer 2 must not exceed a critical thickness. 
For a layer 2 made of strained Si inserted betWeen tWo layers 
of SiGe With a concentration of Ge of about 20%, the critical 
thickness is typically of the order of about 20 nanometers. 

[0186] Several types of etching may preferably be used 
after taking off part of layer 3B, depending on the material 
in layer 2. If the layer 2 is made of strained Si, the overlying 
part made of SiGe is etched selectively With an S2 type 
solution, or after the layer 3B remaining after taking off has 
been removed, the layer 2 is etched selectively With an S1 
type solution. If layer 2 is made of strained SiGe With a 
concentration of Ge at least about 25% and the concentration 
of Ge in the overlying layer is up to about 20%, the 
overlying part made of SiGe is selectively etched With an 
Sc1 type solution. If layer 2 is made of SiGe With a 
concentration of Ge up to about 20% and the concentration 
of Ge in the subjacent layer is at least about 25%, after the 
layer 3B remaining after taking off has been removed, the 
layer 2 is etched selectively With a Sc1 type solution. 

[0187] Alayer 2 formed of SiGe or Si may also be doped 
With doping elements such as boron or phosphorus, in order 
to improve the selectivity of chemical etching. In one 
particular con?guration of the multi-layer structure I, the 
multi-layer structure I includes several triplets of these 
layers 3A, 2 and 3B. In one particular embodiment, the 
multi-layer structure I includes only pairs of layers 2 and 3, 
as shoWn in FIG. 3. Preferably, a layer 2 separating tWo 
consecutive triplets, such as the donor Wafer 10 shoWn in 
FIG. 4 Will be present. 

[0188] It is then preferable and convenient to ?nd all 
taking off formulas involving one or several layers taken off 
in one or in several operations, separated by recycling 
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processes according to the invention and preferably includ 
ing selective etching betWeen SiGe and the material in a 
layer 2. 

Example 2 

[0189] The donor Wafer 10 is formed of a substrate 1 
formed of a support substrate formed of Si; a buffer structure 
formed of SiGe made according to the ?rst technique for 
making a buffer structure, and including a buffer layer 
formed of SiGe and an additional layer formed of Ge; and 
a multi-layer structure I including one or more of AsGa and 
AlGaAs. The concentration of Ge in the buffer layer pref 
erably increases progressively from the interface With the 
support substrate, to vary the lattice parameter of the Si 
support substrate With respect to the lattice parameter of the 
additional layer made of Ge. The concentration of Ge in the 
buffer layer is increased from about 0 to about 100% or 
preferably about 98% for a complete match in the theoretical 
mesh betWeen the tWo materials. 

[0190] For example, as shoWn in FIG. 1a, the multi-layer 
structure I before taking off preferably includes the pair of 
layers: a layer 2 formed of AlGaAs; and a layer 3 on layer 
2, layer 3 formed of substantially relaxed AsGa and With a 
thickness greater than the thickness of a useful layer to be 
taken off. 

[0191] Taking off applies to the part of the multi-layer 
structure I above layer 2, and recycling includes selective 
chemical etching of layer 3 With a selective etching solution, 
such as a solution containing citric acid (C6H8O7) and 
oxygenated Water With a pH of about 6 to 7 (the selectivity 
coef?cient is typically 20), so that almost the entire layer 3 
can be taken off, in this case layer 2 behaving like an etching 
stop layer. 

[0192] In one particular con?guration of the multi-layer 
structure I, the multi-layer structure I includes another layer 
made of AsGa subjacent to layer 2. Taking off then applies 
to the part of the multi-layer structure I above this other 
AsGa layer, and recycling includes selective chemical etch 
ing of layer 2 With a selective etching solution, such as a 
solution that includes dilute hydro?uoric acid (betWeen 
about 9% and 48%) (the selectivity coefficient is typically 
about 350 to 10000), so that almost the entire layer 2 can be 
removed, With the other subjacent AsGa layer behaving like 
an etching stop layer. In one case, the tWo selective etchings 
can be done one after the other in order to remove at least 
part of layer 3 and then to remove layer 2. 

[0193] In one embodiment, the multi-layer structure 
includes several pairs of these layers 2 and 3. The multi 
layer structure I is formed of pairs of layers 2 and 3, as 
shoWn in FIG. 3. 

[0194] It is then preferable and convenient to ?nd all 
taking off formulas involving one or several layers taken off 
in one or in several operations, separated by recycling 
processes according to the invention, preferably including 
selective etching betWeen AlGaAs and GaAs. 

Example 3 

[0195] The donor Wafer 10 is formed of a substrate 1 
formed of Si and a multi-layer structure I that includes Si 
before taking-off. As shoWn in FIG. 2a, the multi-layer 
structure I before taking-off preferably includes a triplet of 
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the folloWing layers: a layer 3A made of substantially 
relaxed Si With a thickness greater than the thickness of a 
useful layer to be taken off; a layer 2 on layer 3A; and a layer 
3B on the substantially relaxed Si layer 2 and With a 
thickness greater than the thickness of a useful layer to be 
taken off. Layer 2 is formed of one doped Si or strained 
SiGe. Where layer 2 is formed of strained SiGe, the thick 
ness of this layer 2 must not exceed a critical thickness 
related to the Ge concentration. 

[0196] Several types of etching may preferably be used 
after taking off part of layer 3B, depending on the material 
in layer 2. If the layer 2 is formed of doped Si, the overlying 
part formed of Si and left after taking off is selectively 
etched With Sd1 type solution. If the layer 2 is formed of 
strained SiGe, the overlying part formed of Si is etched 
selectively With S1 type solution, or after the layer 3B 
remaining after taking off has been removed, the layer 2 is 
selectively etched With an S2 type solution. 

Example 4 

[0197] The donor Wafer 10 is formed of a substrate 1 
formed of a support substrate made of Si and a buffer layer 
made using the second particular technique for making a 
buffer structure discussed above and in WO 00/15885. 

[0198] A ?rst layer formed of Ge or SiGe is deposited, 
possibly folloWed by deposition of a second optional layer 
that can improve the crystallographic quality of the overly 
ing layer, as disclosed in WO 00/15885. The second layer is 
formed of SiGe (50/50), if the ?rst layer is Ge; strained Si 
if the ?rst layer in the buffer layer is made of SiGe. 

[0199] The donor Wafer also includes a multi-layer struc 
ture I that includes a sequence of pairs of layers, each pair 
formed of a relaxed layer 3 and a strained layer 2, each 
relaxed layer 3 is at least as thick as the a useful layer to be 
taken off and is formed of Ge, if the ?rst layer of the buffer 
layer is formed of Ge, or SiGe if the ?rst layer the buffer 
layer is formed of SiGe (With a concentration almost the 
same as the concentration of the ?rst layer in the buffer 
layer). Each strained layer 2 is formed of strained Si or SiGe 
and its thickness is less than a critical thickness beyond 
Which the elastic strain starts to relax, this critical thickness 
depending on the composition of the three adjacent relaxed 
layers made of Si. Removal of the multi-layer structure I 
may apply to a set of layers or a single layer of the 
multi-layer structure 1. Thus, a relaxed layer 3, a strained 
layer 2 or a set of strained layers 2 and relaxed layers 3 may 
be taken off, to transfer them onto a receiving substrate 5. 

[0200] If taking off takes place in a relaxed layer 3, 
recycling according to the invention can be implemented by 
chemically etching the remaining relaxed layer 3 With a 
solution capable of etching the material in the layer 3 
selectively With respect to the material in layer 2. If layer 2 
is formed of Si and layer 3 is made of SiGe, the strained 
layer 2 Will be etched With S2 type solution, the strained 
layer 2 then being an etching stop layer. This etching may be 
folloWed by a second etching of the strained layer 2 that is 
selective With respect to another relaxed layer. It is thus 
possible to implement a second taking off after a ?rst taking 
off, the second taking off applying to the strained layer 2 or 
part of the subj acent multi-layer structure I. 

[0201] Note that the structures obtained after taking off 
according to this example are free of any dislocation type 
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defects, even in a buried region. The structures obtained as 
a result may then be used to grow additional layers, for 
example, formed of strained silicon, by epitaxy on the layer 
made of strained SiGe, Ge or Si. 

Example 5 
[0202] The donor Wafer 10 is formed of a substrate 1 
formed of a support substrate formed of Si; a buffer layer 
formed of Si according to the third technique for making a 
buffer structure; and a multi-layer structure I that includes a 
triplet of the folloWing layers: (1) a ?rst layer 3A formed of 
SiGe With at least 15% of Ge on the buffer structure, the 
SiGe being relaxed or pseudo-relaxed; (2) a second layer 2 
formed of strained Si With a thickness much less than the 
cumulative thickness of the ?rst layer 3A and the second 
layer 3B; and (3) a third layer 3B formed of SiGe and 
including at least 15% of Ge, the SiGe being relaxed or 
pseudo-relaxed. This donor Wafer 10 is obtained after mak 
ing the buffer layer according to the third technique for 
producing the buffer structure. 

[0203] In a ?rst embodiment of the buffer layer, the triplet 
of layers Was present before the buffer layer Was made. The 
donor Wafer 10 is in the form of a substrate 1 formed Si; and 
a multi-layer structure I‘ formed of the folloWing layers: (1) 
a ?rst layer 3A‘ formed of SiGe With at least 15% of Ge on 
the buffer structure, the SiGe being strained; (2) a second 
layer 2‘ formed of relaxed Si; and (3) a third layer 3B‘ 
formed of SiGe that includes at least 15% of Ge, the SiGe 
being strained. The strained SiGe layer SA‘ has nearly the 
same characteristics as the strained SiGe layer 3B‘. 

[0204] The density of defects such as dislocations in the 
multi-layer structure I‘ is preferably less than about 107 
cm_2. Typical thicknesses of a multi-layer structure I‘ With 
layers 3A‘ and 3B‘ With 15% of Ge and a multi-layer 
structure I‘ With layers 3A‘ and 3B‘ With 30% Ge, are about 
250 nm and about 100 nm respectively, thus remaining 
beloW the critical end of elastic strain thickness for each 
layer. The typical thickness of the relaxed layer 2‘ is a feW 
tens of nanometers. The orders of magnitude of the thick 
nesses of the strained layers 3A‘ and 3B‘ are preferably 
nearly the same as each other. Therefore, the multi-layer 
structure I‘ is globally strained. 

[0205] The buffer layer Will be made by the folloWing 
steps: formation of a disturbance area in the support sub 
strate 1 formed of Si by the implantation of atomic species 
such as H or He; and heat treatment to cause at least relative 
relaxation of elastic strains in the multi-layer structure I‘. 

[0206] Implantation energy ranges of H and He used 
during the ?rst step are typically about 12 to 25 keV. 
Implanted H or He doses are typically about 1014 to 1017 
cm_2. Thus for example, for a strained layer 3A‘ With 15% 
of Ge, H Will preferably be used for the implant at a dose of 
about 3><1016 cm'2 With an energy about 25 keV. For a 
strained layer With 2% to 30% of Ge, He Will preferably be 
used for the implant at a dose of about 2><1016 cm'2 With an 
energy about 18 keV. Implant depths of atomic species in the 
substrate 1 are also typically about 50 nm to 100 nm. 

[0207] The heat treatment applied during the second step 
must be adapted so that disturbances are displaced in the 
region betWeen the disturbance Zone and the multi-layer 
structure I‘. This region in Which disturbances are displaced 
Will then form the buffer layer. 

Aug. 4, 2005 

[0208] The arrival of dislocations at the interface betWeen 
the buffer layer and the multi-layer structure I‘ causes a 
global relaxation of the multi-layer structure I‘ as folloWs: 
elastic relaxation of the strained layer 3A‘ to form the 
relaxed or pseudo-relaxed layer 3A; elastic strain in the 
relaxed layer 2‘ to form the strained layer 2, this layer having 
a lattice parameter nearly the same as the lattice parameter 
of the subjacent relaxed SiGe; and elastic relaxation of the 
strained layer SE‘ to form the relaxed or pseudo-relaxed 
layer 3B. The movement of dislocations in the buffer layer 
also causes a large disappearance of dislocations in the 
multi-layer structure I‘. 

[0209] The heat treatment is preferably implemented 
under an inert atmosphere. HoWever, the heat treatment may 
be applied under another atmosphere, such as an oxidiZing 
atmosphere. Aparticular heat treatment to be applied for this 
type of donor Wafer 10 Will be made at temperatures of 
typically about 400° C. to 1000° C. for about 30 s to 60 
minutes, preferably about 5 minutes to about 15 minutes. 

[0210] In a second embodiment of the buffer layer, the 
triplet of layers Were not present before the buffer layer Was 
made. The donor Wafer preferably includes a Si substrate 1 
and a layer formed of SiGe including at least 15% of Ge, the 
SiGe being elastically strained. Relaxation techniques and 
parameters for this SiGe layer are nearly the same as for the 
?rst embodiment of the buffer layer. 

[0211] The next step after the buffer layer has been made 
is to groW layers forming the multi-layer structure that 
includes the triplet of globally relaxed layers. The multi 
layer structure I is thus made after the buffer layer, unlike in 
the ?rst embodiment proposed in this example. For further 
information about experimental techniques, refer to studies 
done by B. Hollander et al., “Strain relaxation of pseudo 
morphic Si1_XGeX/Si(100) heterostructures after hydrogen or 
helium ion implantation for virtual substrate fabrication” (in 
Nuclear and Instruments and methods in Physics Research B 
175-177 (2001)357-367). 
[0212] After the Wafer 10 has been bonded onto a receiv 
ing substrate 5 on the relaxed layer 3B, taking-off is per 
formed With or Without an intermediate bonding layer using 
one or more of the knoWn techniques described above. Some 
of the relaxed SiGe layer 3B is taken off. Recycling is 
preferably done by selective chemical etching of the residue 
of layer 3B using a type S2 solution, layer 2 then forming an 
etching stop layer. A second selective chemical etching step 
of layer 2 can then be applied using S1 type solution, the 
layer 3A forming an etching stop layer. The result is a 
recycled donor Wafer 10 that can give a neW useful layer in 
layer 3A or a pair of layers 2/3A, by taking off. 

Example 6 

[0213] The donor Wafer 10 is formed of a substrate 1 
formed of a support structure at least part of Which is formed 
of AsGa at its interface With the overlying buffer structure, 
a buffer structure formed of Group III-V material made 
according to the ?rst buffer structure manufacturing tech 
nique, and a multi-layer structure I formed of a Group III-V 
material before taking-off. The support structure may be 
formed of solid AsGa or solid Ge, on Which a thickness of 
AsGa is epitaxially groWn. 

[0214] The ?rst advantage of the buffer structure is to 
adapt the lattice parameter With the material of the multi 
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layer structure I close to their interface (Which for example 
may have a nominal value of 5.87 Angstroms in the case of 
InP), to the value of the AsGa (for Which the nominal value 
is about 5.65 Angstroms). 

[0215] In solid Group III-V materials, the practical advan 
tage of such a buffer structure may become clear by com 
paring different materials such as solid InP and solid AsGa. 
For example solid AsGa is less expensive, more easily 
available on the semiconductors market, less Weak mechani 
cally, With the use of the best knoWn rear face contact 
technologies, and available in larger siZes (typically 6 inches 
instead of 4 inches for solid InP) than for solid InP. 

[0216] The electronic performances of InP, hoWever, are 
usually more useful than the electronic performances of 
AsGa. Thus, the donor Wafer 10 gives a solution for the 
manufacture of a 6-inch InP layer, by proposing a multi 
layer structure I formed of InP on an AsGa support substrate 
and relaxed through a buffer structure. 

[0217] Therefore, the possible advantages of such a donor 
Wafer 10 become evident—it can be used to make an active 
layer made of a knoWn Group Ill-V material to be transferred 
With determined quality and properties, for example that 
may be similar to the properties that could have been 
obtained if solid Group III-V material had been used. 

[0218] The thickness of the buffer structure included 
Within this type of donor Wafer 10 is typically more than one 
micron, and this thickness Will increase, particularly if it is 
possible to avoid destroying it after each taking off operation 
due to the use of a recycling process according to this 
invention. 

[0219] In the example of the multi-layer structure I formed 
of InP essentially relaxed at its interface With the subjacent 
buffer structure, the buffer structure of the substrate 1 then 
preferably includes a buffer layer formed of InGaAs With a 
concentration of In of about 0 to about 53%. The buffer 
structure may also include an additional layer made of a 
Group III-V material such as InGaAs or InAlAs, With an 
almost constant concentration of atomic elements. 

[0220] In one embodiment, at least one InP layer is taken 
off in the multi-layer structure I so that it can be transferred 
onto a receiving substrate 5. Thus, any electrical and elec 
tronic properties can be Well used. For example, this is the 
case if the taken off part also includes InGaAs or InAlAs; 
discontinuities in electronic bands betWeen the latter mate 
rial and the InP create signi?cantly better electronic mobili 
ties in the taking off layers. Other con?gurations of donor 
Wafers 10 are possible, including other Group III-V com 
pounds. Typical applications for these means of taking off 
layers include HEMT (High Electron Mobility Transistor) 
and HBT (Heterojunction Bipolar Transistor) implementa 
tions. Chemical etching solutions, possibly selective and 
adapted to remove some Group III-V materials and not other 
Group III-V materials, are preferably used during recycling. 
Thus, for example, selective etching of InP is preferably 
used With a solution formed of concentrated HCl in order to 
remove an InP layer Without taking off a subjacent layer of 
InGaAs. 

Example 7 

[0221] The donor Wafer 10 is formed of a substrate 1 
formed of a support substrate formed of AsGa at its interface 
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With the overlying buffer structure; a buffer structure made 
according to the ?rst technique for making a buffer structure, 
and including InGaAs at its interface With the multi-layer 
structure I; and a multi-layer structure I formed of InP or 
InXGa1_XAsyP1_y before taking-off. 
[0222] With reference to FIG. 1a, the multi-layer structure 
I before taking off Preferably includes the pair of the 
folloWing layers: a layer 2 made of InGaAs (P) and a layer 
3 on layer 2, layer 3 being formed of substantially relaxed 
InP and With a thickness greater than the thickness of a 
useful layer to be taken off. This type of donor Wafer 10 Was 
described in example 6 above. 

[0223] Taking off applies to the part of the multi-layer 
structure I above layer 2, and recycling includes selective 
chemical etching of layer 3 With a selective etching solution, 
such as a solution that includes HF so that almost the entire 
layer 3 left after taking-off can be removed, in this case layer 
2 behaving like an etching stop layer. 

[0224] In one embodiment, the multi-layer structure I 
includes another layer of InP subj acent to layer 2. Taking off 
then applies to the part of the multi-layer structure I above 
this other InP layer, and recycling includes selective chemi 
cal etching of layer 2 With a selective etching solution, such 
as a solution that includes CeIVH2SO4, so that almost the 
entire layer 2 is removed, in this case the other subj acent InP 
layer behaving like an etching stop layer. 

[0225] In another case, the tWo selective etchings can be 
done one after the other in order to remove at least part of 
layer 3 and to remove layer 2. In one particular con?guration 
of the multi-layer structure I, the multi-layer structure I 
includes several pairs of these layers 2 and 3. The multi 
layer structure I may include only pairs of layers 2 and 3, for 
example as shoWn in FIG. 3. It is then preferably and 
convenient to ?nd all taking off formulas involving one or 
several layers taken off in one or in several operations, 
separated by recycling processes according to the invention 
preferably including selective etching betWeen InP and 
InGaAs 

Example 8 

[0226] The donor Wafer 10 is formed of a substrate 1 
formed of a support substrate formed of sapphire, SiC, or Si, 
a buffer structure made according to the ?rst technique for 
making a buffer layer, and a multi-layer structure I formed 
of nitride layers. The buffer structure is formed of a meta 
morphic buffer layer of AlXGa1_X N, Where x varies in 
thickness from 0 to 1 starting from the interface With 
sapphire, and an additional layer of GaN to con?ne dislo 
cation type crystallographic defects. 

[0227] The Group III-V GaN, AIN and InN nitrides are 
useful in microelectronics, particularly in light emitting 
devices such as lasers, for applications such as reading or 
Writing data stored at high density on compact disks or such 
as light emitting diodes for neW display technologies. These 
materials are also suitable for making high poWer electronic 
components, or electronic components operating at high 
temperature. 

[0228] One method of making the nitride layers included 
in the multi-layer structure I is epitaxial groWth on the 
additional layer of GaN by deposition of Group I organic 
metals, such as Trimethyl Gallium, Trimethylamine Alane, 








