
1  PROCESS FOR BONDING AND TRANSFERRING A LAYER The
invention relates to the field of the fabrication of
substrates for  applications in electronics, optics
and in opto-electronics. The present invention more
particularly relates to a process for  bonding and
transferring a layer of material onto a substrate,
implemented during  the fabrication of substrates for
the aforementioned applications. During a transfer
process of this type, two substrates, respectively
referred to as the "donor" and "receiver", are bonded
to one another by molecular  adhesion. Then, the
donor substrate is thinned, for example by grinding
or  polishing, in such a manner that a part of the
donor substrate is transferred onto  the receiver
substrate. Such a process allows multilayer
substrates of any given type to be  obtained, for
example comprising at least two layers of materials,
semiconductor or  otherwise. Such a transfer process
also allows a substrate comprising one or  more
intermediate layers to be obtained, sandwiched
between the surface layer  removed from the donor
substrate and the base layer corresponding to the
receiver  substrate. It also allows a layer
comprising all or part of one or more micro-
components from a donor substrate to be transferred
to a receiver substrate, as is  for example
illustrated in the document US 5 234 860. One
particular example of this type of multilayer
substrate consists  of one of those known to those
skilled in the art by the acronym "SeOI" meaning
"Semiconductor On Insulator". It has been observed
that the substrates fabricated by these transfer
techniques generally exhibit an annular region,
referred to as "peripheral ring", in  which the
bonding between the layers is non-existent or of
poorer quality, owing to  the presence of chamfers on
the donor and receiver substrates used and  commonly
available. The presence of these chamfers leads to a
low bonding  energy around the edges of the assembled
substrates, or even of a total lack of  adhesion. As
a result, the mechanical thinning step,
conventionally  implemented in order to form the
transferred layer, tends to cause peripheral partial
de-lamination of this layer at the bonding interface.
Furthermore, the thermo- 



mechanical forces applied to the substrate during the
thinning step can lead to a 2  flaking phenomenon at
the periphery of the transferred layer, such that
this  transferred layer then exhibits an irregular
circumference. The existence of this partial
de-lamination and of this irregular  circumference of
the transferred layer creates a risk of particulate
contamination for  the equipment or for the
substrates themselves, bits of the layer indeed being
able  to break off during later processing. This risk
is further accentuated in the case where the process
of  bonding the two donor and receiver substrates is
carried out at low temperature.  This is the case,
for example, when the materials brought into contact
are not able  to withstand high temperatures (for
example "SOQ" for "Silicon On Quartz" or  "SOS" for
"Silicon On Sapphire" substrates) or when at least
one of the assembled  substrates contains electronic
or opto-electronic components for example. According
to the document JP 09-017984, a process for
fabrication  of an SOI substrate is known. This
document makes reference to a prior art process
consisting in: - bonding by molecular adhesion a
donor substrate coated with an  insulating layer and
a receiver substrate, - performing an annular
trimming of the entirety of the donor  substrate and
of a part of the receiver substrate, - etching the
part of the receiver substrate work-damaged by the
trimming step, - and then grinding a part of the
donor substrate in order to obtain  the surface layer
of the SOI structure. However, this process tends to
amplify the phenomenon of  peripheral partial
de-lamination of the transferred layer at the bonding
interface.  Indeed, in the case of a bonded structure
whose consolidation has only been  carried out at low
temperature, the mechanical stresses introduced
during the  annular mechanical trimming of the
entirety of the donor substrate and of a part of  the
receiver substrate can lead to localized or extended
de-bonding of the bonding  interface. The
thermo-mechanical stresses on the structure are
indeed significant  during this step. Another
trimming process is described in this same document
JP 09- 



017984. It comprises the following steps: - trimming
of only a part of the donor substrate up to around 50
pm  before the bonding interface, so as not to damage
the receiver substrate, 3  - successive selective
etching of the residual annular portion of the donor
substrate by means of a TMAH (tetramethylammonium
hydroxide) solution,  then of the oxide. This allows
etching of the receiver substrate to be avoided.
However, in certain cases of bonded structures,
notably in the case  where the donor substrate is a
substrate of the SO] type comprising a buried layer
of oxide and whose surface layer includes
micro-components (circuits), the  selective etching
of the silicon of the donor substrate previously
partially trimmed  will stop at the buried layer of
oxide of the donor substrate and at the base of the
layer including the circuit; thus, a "loosely bonded
and irregular" layer of 5 to 10 pm  (thickness of the
circuit) not removed will remain at the periphery of
the structure. The aim of the invention is to
overcome the aforementioned  drawbacks of the state
of the art and to provide a process for transfer of a
layer  onto a receiver substrate which includes a
trimming step. This process: - allows the problems of
flaking and of de-lamination of the final  substrate
and the formation of a transferred layer with
irregular circumference to be  avoided, - is less
complex, faster to implement and less costly than the
processes already known from the state of the art.
For this purpose, the invention relates to a process
for bonding and  transferring a layer of material
onto a receiver substrate, used during the
fabrication of a substrate intended notably for
applications in the fields of  electronics, optics or
opto-electronics. According to the invention, this
process comprises the following  steps: - bond by
molecular adhesion the said receiver substrate and a
donor substrate, - apply heat treatment to the
aforementioned stack in order to  consolidate the
bonding interface, - thin the donor substrate by
grinding, 



- perform an annular trimming of the donor substrate
and of a part  of the receiver substrate, - after the
aforementioned steps, carry out a chemical etching
step  of the exposed surface of the remaining part of
the donor substrate and of the  exposed surface of
the receiver substrate. 4  According to other
advantageous and non-limiting features of the
invention, taken alone or in combination: - the
grinding is carried out before the trimming;  - the
grinding is carried out after the trimming; -
electronics components are formed within and/or on
the said donor  substrate and/or the said receiver
substrate prior to the bonding; - the donor substrate
is a bulk substrate; - the chemical etching step is
stopped after removal of the area  work-damaged
during the grinding step; - the chemical etching step
is followed by a step for polishing of the  exposed
face of the layer of material coming from the donor
substrate; - the donor substrate is a substrate of
the "silicon on insulator" or  "SOI" type comprising
a silicon base substrate, a buried insulating layer
and a  surface layer also made of silicon; - the
grinding comprises the removal of a part of the base
substrate,  and the etch step is stopped after
removal of the residue from the said base  substrate;
- a layer of oxide is formed or deposited on the said
donor substrate  and/or on the said receiver
substrate prior to the bonding; - the layer of oxide
is planarized in order to smooth out any topology  of
the component or components present at the surface
and to give the surface the  characteristics required
for the bonding by molecular adhesion; - the grinding
is performed up to the point where the thickness of
the  donor substrate reaches around 50 pm; - the
receiver substrate is trimmed to a depth in the range
between  around 2 and 10 pm starting from its
surface; - the donor and receiver substrates are
formed from silicon and the  etching solution is a
solution of tetramethylammonium hydroxide TMAH with a



concentration of 25% by weight in water. Other
features and advantages of the invention will become
apparent from its description which will now be
presented with reference to the  appended drawings
which show, by way of non-limiting examples, several
possible  embodiments. In these drawings: 5  -
Figures 1A to 1 F are schematic views showing the
various steps of a first embodiment of the bonding
and transfer process according to the invention,  and
- Figures 2A to 2F are schematic views showing the
various steps of  a second embodiment of the bonding
and transfer process according to the  invention, and
- Figures 3A to 3E are schematic views showing the
various steps of  a third embodiment of the bonding
and transfer process according to the invention.  The
process according to the invention is applicable to
the bonding of any type of substrate and to the
transfer of layers of various natures coming from
these substrates. The invention is however
particularly applicable in the case where  the
materials used to fabricate all or part of these
substrates are not able to  withstand high
temperatures, notably greater than 450C. The term
"materials used  to fabricate all or part of these
substrates" is understood to mean one or more of  the
layers composing it or else an electronic component
formed within and/or on at  least one of these
substrates. A first embodiment will now be described
in conjunction with Figure  1. With reference to
Figure 1A, a first substrate 1 is shown, referred to
as "donor", of the "semiconductor on insulator"
(SeOl) type, which comprises a  layer of insulator 11
sandwiched (buried) between a surface layer 12 and a
base  substrate 13, this layer 12 and this base 13
being made of semiconductor material.  Preferably,
the insulating layer 11 is a layer of oxide. One
particular application of this process consists in
using a donor  substrate of the SO[ type in which the
layers 12 and 13 are made of silicon and the  layer
11 of silicon dioxide Si02. 



A second substrate, referred to as "receiver",
reference 2, can also  be seen in Figure IA. Figures
1A to IF show the case where electronic components
are  present in some of the layers of the donor and
receiver substrates, however the  process is also
applicable to substrates which do not comprise any of
these. When they are present, these electronic
components may have  been formed within and/or on the
said surface layer 12 and/or within and/or on the
said receiver substrate 2. 6  These electronic
components are for example circuits, typically
circuits of the CMOS type, an acronym which stands
for "Complementary Metal  Oxide Semiconductor". The
components formed within the surface layer 12 carry
the  reference 121 and those formed on top the
reference 122, whereas the  components formed within
the receiver substrate 2 carry the reference 21 and
those formed on top the reference 22. The components
21 and/or 22 of the base substrate 2 may have  been
formed directly within or on this substrate or may
have been the result of a  previous transfer of
layers, as is the case in the stacking of circuits in
three  dimensions, known to those skilled in the art
by the term "3D stack". The donor substrate I
presents two opposing faces, namely a face  14,
referred to as "front", and an opposing face 15
referred to as "back". In a similar  manner, the
receiver substrate 2 comprises a front face 24 and a
back face 25. As can be seen in Figure 1 B, a layer
of oxide is formed or deposited  on the front face 14
of the donor substrate 1 and/or on the front face 24
of the  receiver substrate 2. These layers of oxide
are respectively referenced 3 and 4. These layers of
oxide 3, 4 are formed by thermal oxidation and/or
deposition by chemical vapour deposition (CVD)
techniques. In the case of the base substrate 2, it
will be noted that the layer of  oxide 4 could
completely encapsulate it, although this has not been
shown in the  figures. Advantageously, in the case
where electronic components are  present, the layers
of oxide 3 and/or 4 are planarized, so as to smooth
out the  topology associated with the presence of the
components and to give the surface  



the characteristics required later for bonding by
molecular adhesion. Figure 1C shows the step for
bonding the two substrates 1 and 2,  carried out in
such a manner that the layer or layers of oxide 3, 4
are sandwiched  between these two substrates. After
bonding, heat treatment is applied so as to
consolidate the  bonding interface referenced 5. In
the case illustrated in Figures 1A to IF, where the
substrates 1  and 2 comprise electronic components,
the temperature of this heat treatment is  relatively
modest, preferably in the range between around 3000 C
and 400 C, in  order to avoid the degradation of
these components. 7  According to a first variant
embodiment of the process of the invention, shown in
Figures 1 D to 1 F, the following step consists in
carrying out a  thinning by grinding of the base
substrate 13, in such a manner as to conserve only  a
thin layer 130 whose thickness is preferably in the
range between 10 and 50  micrometers. This is
followed by a trimming step (see Figure 1 E) which
consists in  removing the peripheral annular edge of
the donor substrate 1, layers of oxide 3, 4  which
may be present and of a part of the receiver
substrate 2. The depth of this trimming into the
receiver substrate 2 is preferably  in the range
between around 2 and 10 micrometers starting from its
front face 24,  in other words its face oriented
towards the bonding interface 5. The object of this
step is to obtain a clean edge, without flakes, at
the periphery of the transferred layer. For this
purpose, the receiver substrate 2 is fixed onto a
rotating  support and a grinding wheel, which is also
rotating, is brought into contact with the  periphery
of the stack of aforementioned layers. This trimming
step can thus be  performed by means of conventional
trimming equipment, known to those skilled in  the
art as "edge-grinding" (or alternatively
"edge-trimming") equipment. The trimming step may
potentially comprise one or more steps with
different depths and widths. Finally, the last step
of the process, shown in Figure 1F, consists in
carrying out a selective etching of the residual
layer of semiconductor material 130  present on the
top of the stack of layers. 



This etching may be carried out by means of various
etching  solutions known to those skilled in the art.
However, in the particular case where the layers to
be etched are  made of silicon, this etching is
carried out for example by means of a solution of the
NaOH or KOH type, or preferably by means of a
chemical solution of TMAH (which  denotes a solution
of tetrametylammonium hydroxide). Preferably, a TMAH
solution is used whose concentration is 25% by
weight in water, at a temperature typically in the
range between 70C and 90C.  The TMAH solution is a
silicon etchant solution which exhibits a high
selectivity to  oxide. The insulating layer 11 is
then used as an etch-stop layer. By way of example,
an etch using a solution of TMAH typically takes  1
minute to 2 hours considering that the etch rate of
the semiconducting layer 130  is around 25 to 30
micrometers/hr. 8  Another objective of this etch
step is to clean and smooth the trimmed edge. Indeed,
the mechanical trimming causes an increase in the
roughness of the surface processed and generates a
large number of particles.  The etch process allows
the surface to be smoothed and the trimmed edge to be
cleaned, so as to avoid any contamination during the
technological steps  implemented later. Furthermore,
the process according to the invention avoids having
to  resort to hydrofluoric acid HF used in certain
processes of the prior art, and which  increases the
de-lamination of the layers and etches the oxides. At
the end of the step shown in Figure 1 F, a final
substrate  referenced 6 is obtained, which comprises
the receiver substrate 2 onto which the  surface
layer 12 has been transferred. The insulating layer
11 is conserved or not  depending on the applications
targeted. Figures 2A to 2F illustrate one variant
embodiment of the process  which has been described
in conjunction with Figures 1A to 1 F. Figures 2A to
2C are identical to Figures 1A to 1C and will not be
described again. Identical elements carry the same
numerical references. This process differs from the
preceding one in that the trimming is  carried out
before the step for grinding the base substrate 13.
This trimming is  illustrated in Figure 2D. 



Subsequently, the grinding of the trimmed base
substrate 13 is  performed so as to obtain the layer
130, with a thickness in the range between 10  and 50
micrometers, as previously described. The step shown
in Figure 2F corresponds to the etch process,
carried out according to the same procedures and with
the same results as that  described for the first
embodiment of the invention. In these two embodiments
of the invention, it will be noted that the  thinning
step (Figure 1 D or 2E) is always carried out
retaining a minimum thickness  of the donor substrate
13. The advantage of this sequencing is that the
final active  surface of the layer transferred onto
the receiver substrate 2 is never exposed  during the
trimming step and is therefore protected from any
potential particulate  contamination or scratching. A
third variant embodiment will now be described in
conjunction with  Figures 3A to 3E. It differs from
the two preceding ones in that the donor I and
receiver 2 substrates are bulk substrates. The donor
substrate 1 is also coated 9  with a layer of oxide
3. The elements in common with the preceding
embodiments  carry the same references. After the
bonding step shown in Figure 3B, a heat treatment of
the  aforementioned stack is carried out in order to
consolidate the bonding interface 5.  This treatment
can be conducted up to a temperature of 1100C for a
duration of 2  hours since the substrates I and 2 do
not comprise any electronic components,  and of
course as long as the nature of their constituent
materials allows it. The steps for thinning by
grinding (Figure 3C), trimming (Figure 3D)  and
etching (Figure 3E) are then carried out under the
conditions previously  described. The thinned layer
of the donor substrate 1 carries the reference 10.
The etch is stopped in this case at the end of the
etching time  needed to remove the area work-damaged
during the grinding process. The layer  thinned by
grinding, cleaned by the etch and with its
work-damaged area removed  carries the reference 10'.
Once again, it will be noted that, thanks to this
sequencing of the process of the invention, the
surface of this active layer 10' was  never exposed
during the trimming process and has remained
protected. Hereinafter, two exemplary embodiments of
the invention are  presented. 



Example 1: Fabrication of an SOI comprising
electronic components.  A silicon receiver substrate
has been oxidized and a layer of oxide  has been
deposited at low temperature (between 200C and 500C)
onto a donor  substrate of the SOI type comprising
electronic components. The donor substrate has been
planarized until a surface condition is  obtained
that is compatible with direct bonding by molecular
adhesion, in other  words until a roughness of less
than 3 A RMS (3 angstroms) has been obtained for  a
scan width of 2 pm by 2 pm. After cleaning and
surface activation, the two substrates have been
assembled. The bonded structure has then been
subjected to a heat treatment at  350C for 1 hour, in
order to consolidate the bonding interface. The back
face of the donor substrate has then been thinned by
grinding down to around 35 pm. The trimming step has
subsequently been applied  to around 3 mm from the
edge of the substrate. This structure has then been
immersed in a solution of TMAH at  80C, for 1 hr
30mins, which allows the selective etching of the
silicon with respect  to the oxide until the entire
thickness of residual silicon (from the mechanical
support back part of the SOI donor substrate) has
been removed. 10  Example 2: Fabrication of an SO]
using a bulk donor substrate. After having carried
out the oxidation of a silicon receiver substrate,
it is bonded with a donor substrate also made of
silicon. The assembly has been subjected to an
annealing step for  stabilization of the bonding,
using a heat treatment at 1100C for 2 hours under an
oxygen atmosphere. The thinning of the donor
substrate has subsequently been carried  out then the
trimming of the stack over a 0.5 to 3 mm width, and 2
to 10  micrometers depth into the support. Following
this, an etch has been performed by means of TMAH
(concentration 25% by weight in water, temperature
60C), in such a manner as to  remove the area
work-damaged by the thinning step, in other words the
exposed  surface of the donor substrate remnant, and
to process the faces exposed by the  receiver
substrate trimming step. This etch step results in
the removal of  around 0.5 to 2 micrometers of the
thickness. 



Lastly, a final polishing of the SOI structure has
been carried out, in  order to obtain a surface layer
of silicon with a thickness in the range between 3
and 100 micrometers. 11  CLAIMS 1. Process for
bonding and transferring a layer of material (12)
onto  a receiver substrate (2), used during the
fabrication of a substrate (6) intended  notably for
applications in the fields of electronics, optics or
opto-electronics,  characterized in that it comprises
the following steps: - bond by molecular adhesion the
said receiver substrate (2) and a  donor substrate
(1), - apply heat treatment to the aforementioned
stack in order to  consolidate the bonding interface
(5), - thin the donor substrate (1) by grinding, -
perform an annular trimming of the donor substrate
(1) and of a  part of the receiver substrate (2), -
after the aforementioned steps, carry out a chemical
etching step  of the exposed surface of the remaining
part of the donor substrate (1) and of the  exposed
surface of the receiver substrate (2). 2. Process
according to Claim 1, characterized in that the
grinding  is carried out before the trimming. 3.
Process according to Claim 1, characterized in that
the grinding  is carried out after the trimming. 4.
Process according to one of the preceding claims,
characterized  in that electronic components (121,
122, 21, 22) are formed within and/or on the  said
donor substrate and/or the said receiver substrate
(2) prior to the bonding. 5. Process according to one
of the preceding claims, characterized  in that the
donor substrate is a bulk substrate. 6. Process
according to Claim 5, characterized in that the
chemical  etching step is stopped after removal of
the area work-damaged during the grinding  step. 7.
Process according to Claim 6, characterized in that
the chemical  etching step is followed by a step for
polishing the exposed face of the layer of  material
coming from the donor substrate (1). 



8. Process according to one of Claims 1 to 4,
characterized in that  the donor substrate is a
substrate of the "SOP" or "Silicon-on-insulator"
type,  comprising a silicon base substrate (13), a
buried insulating layer (11) and a  surface layer
(12) also made of silicon. 12  9. Process according
to Claim 8, characterized in that the grinding
comprises the removal of a part of the base substrate
(13), and in that the etch  step is stopped after
removal of the residue (130) from the said base
substrate  (13). 10. Process according to one of the
preceding claims, characterized  in that a layer of
oxide (3, 4) is formed or deposited on the said donor
substrate  and/or on the said receiver substrate
prior to the bonding. 11. Process according to Claims
4 and 10, characterized in that the  layer of oxide
(3, 4) is planarized in order to smooth out any
topology of the  component or components (121, 122,
21, 22) present at the surface and to give the
surface the characteristics required for the bonding
by molecular adhesion. 12. Process according to one
of the preceding claims, characterized  in that the
grinding is performed up to the point where the
thickness of the donor  substrate (1) reaches around
50 pm. 13. Process according to one of the preceding
claims, characterized  in that the receiver substrate
(2) is trimmed to a depth in the range between around
2 and 10 pm starting from its surface. 14. Process
according to one of the preceding claims,
characterized  in that the donor and receiver
substrates are formed from silicon and in that the
etching solution is a solution of tetramethylammonium
hydroxide TMAH with a  concentration of 25% by weight
in water. 


