
- 1 - DOUBLE PLASMA UTBOX TECHNICAL FIELD OF THE INVENTION The
present invention relates to a method for bonding two  substrates
carried out in materials chosen from among  semiconductor materials,
said method implementing: A step to bond two substrates by thermal
treatment;  Plasma activation of the surface to be bonded for each
substrate, the surfaces to be bonded of a first of the  two
substrates being comprising of an oxide layer. Methods of this type
are already known. Here, "bonding" is understood to refer to bonding
by  molecular adhesion, where two perfectly smooth surfaces  adhere
to each other without using adhesive - this being  possible at room
temperature. The quality of the bonding is particularly characterized
by  the bonding energy, which expresses the strength of the  bond
between two substrates bonded together. To consolidate two substrates
by molecular adhesion  bonding, the assembled substrates must undergo
a heat  treatment. Such a heat treatment allows the bonding energy
of the two substrates to be brought to a value on the order  of at
least 500 mJ/m2, which may correspond to typically  desired values.
Conventionally, such a heat treatment is generally carried  out at a
temperature on the order of at least 9000 C (which  defines in the
scope of this text the "high temperature"  field"). In the case of
bonding between an Si substrate and  an Si or Si02 substrate, the
bonding energy is maximized  with a treatment carried out at
temperatures around of  



1100-1200 C. 2 _ "Plasma activation" of a surface to be bonded is
defined as  exposure of this surface to a plasma (this may be done in
particular under vacuum or at atmospheric pressure) prior  to put the
surfaces to be bonded in contact. More precisely, in known activation
techniques, the surface  of a substrate to be activated is exposed to
plasma during  the exposure step in which the exposure parameters are
controlled so that they are each set at a given respective  value,
which remains fixed during the plasma activation. In first order, the
"exposure parameters" are: the power density. This is. the density of
power  supplying the plasma, which corresponds to a power  density
per unit of surface (W/cm2) and that will also  be designated by the
simple term of "power" in this  text. Pressure (pressure in the
chamber containing the  plasma, expressed in mTorr), The nature and
flow of gas (expressed in sccm:  standard cubic centimeter per
minute) supplying this  chamber. Such activation particularly allows
bonding by molecular  adhesion to be carried out by obtaining
significant bonding  energies without necessitating a heat treatment
at high  temperatures. In fact,, plasma activation leads to high
bonding energies  between two substrates, at least one of which has
been  activated before bonding after heat treatments carried out
over relatively short durations (for example on the order  



of 2 hours) at relatively low temperatures (for example on  the order
of 6000 C or less). Such activation is therefore advantageous to
stabilize a  structure comprising two bonded substrates, in the case
- 3  where one wishes to avoid subjecting the structure to too  high
temperatures (particularly in the case. of  heterostructures, which
are defined as structures  comprising layers made of materials having
thermal  expansion coefficients that are substantially different).
Such activation may also be advantageous for obtaining  significant
bond strengths at a given temperature. Such activation is therefore
advantageous, for example, for  fabricating multilayer structures by
bonding two  substrates. The transfer methods (particularly Smart
Cut' type methods,  of which a general description may be found in
the work  SILICON-ON-INSULATOR TECHNOLOGY: Materials to VLSI, 2"d
Edition (Jean-Pierre Colinge), or BESOI (Bond Etch Silicon  On
Insulator) type methods in which two substrates are  bonded and then,
the surplus material of one of the  substrates is eliminated by
etching) are examples which may  benefit from plasma activation for
bonding. To fully exploit the effects of plasma treatment for each
bonding, the conventional method encountered in literature
(particularly in the documents Effects of plasma activation  on
hydrophilic bonding of Si and Si02, T. Suni and I.J.  Electroch. Soc.
Vol. 149, No. 6, p. 348 (2002) and in  American Patent US 6 645 828
by Farrens et al.) consists of  activating by plasma the two
substrates to be bonded. 



More rarely, only one of the two surfaces is exposed to  plasma since
the bonding energy is low. In the case of  Si/SiO2 bonding, it is
generally the oxide that is treated  by plasma (see Effects of plasma
activation on hydrophilic  bonding of Si and Si02). 4  Different
gases are today utilized in plasma treatments to  activate the
surfaces of the wafers before putting them in  contact, as for
example, oxygen, nitrogen and argon.  Generally, the two surfaces to
be bonded are treated in the  same manner with the same plasma
treatment. The object of the invention is to improve known bonding
techniques implementing plasma activation. Another object of the
invention is to reduce the number of  defects present on a substrate,
or even completely  eliminate these defects. In particular, an object
of the invention is to increase  the bonding energy obtained after
plasma activation. In order to reach these objects, the invention
proposes  according to a first aspect, a method for bonding two
substrates made of materials chosen from among  semiconductor
materials, said method implementing: a step of bonding the two
substrates by heat  treatment, plasma activation of the surface to be
bonded of each  substrate, the surface to be bonded of a first of two
substrates being comprised of an oxide layer, the  method
characterized in that the plasma activation of said  oxide layer is
carried out under an atmosphere containing  oxygen, and the plasma
activation of the surface to be  



bonded of the second substrate is carried out under an  inert
atmosphere. Preferred, but non-limiting, aspects of this method are
the  following: 5  the substrate whose surface is comprised of an
oxide  layer is the donor substrate for a layer transfer to a
receiver substrate, the oxide layer is obtained by thermal oxidation
of  the donor substrate, the oxide layer is deposited on the donor
substrate,  the transfer allows an SWI (Silicon On Insulator) type
structure to be obtained, said SOI comprises an UTBOX (Ultra Thin
Buried Oxide)  type thin layer, whose thickness is less than 500 A,
the receiver substrate is silicon, the neutral gas is argon, the
power density during activation by a plasma under  an atmosphere
comprising argon is 0.4 W/cm2, the neutral gas is nitrogen, the power
density during activation by plasma under an  atmosphere comprising
nitrogen is 0.8 W/cm2, the receiver substrate is subjected to a
cleaning step  before the plasma activation step, the donor substrate
is subjected to a cleaning step  before the plasma activation step,
the bonding heat treatment is performed at low  temperature, the
bonding heat treatment is performed between 200 C  and 600 C, 



the bonding heat treatment is performed over a short  duration, the
bonding heat treatment is performed for  approximately 2 hours.
According to a second aspect, the invention also proposes  an SOS
type structure obtained by the transfer to a  receiver substrate of a
thin layer removed from a donor  substrate, after bonding obtained by
plasma activation  according to a method of the type mentioned above,
characterized in that the invention has an UTBOX (Ultra  Thin Buried
Oxide) type layer. 6  Preferred, but non-limiting, aspects of this
structure are  the following; - the thickness of the buried oxide
layer is between 50  and 1000 A, preferentially less than 500 A, -
for a thickness of the buried oxide layer of  approximately 250 A,
the layer has between 0 and 10  defects, - for a thickness of the
buried oxide layer of  approximately 125 A, the layer has between 0
and 310  defects, - for a thickness of the buried oxide layer of
approximately 1000 A, and for a plasma activation  under neutral
atmosphere carried out with argon, the  bonding energy at room
temperature is approximately  0.175 J/m2, for a thickness of the
buried oxide layer of  approximately 500 A, and for a plasma
activation under  neutral atmosphere carried out with argon, the
bonding  



energy at room temperature is approximately 0.180  J/m2 , for a
thickness of the buried oxide layer of  approximately 250 A, and for
plasma activation under  neutral atmosphere carried out with argon,
the bonding  energy at room temperature is approximately 0.200
LT/m2' for a thickness of the buried oxide layer of  approximately
125 A, and for plasma activation under  neutral atmosphere carried
out with argon, the bonding  energy at room temperature is
approximately 0.200  J/m2 , for a thickness of the buried oxide layer
of  approximately 1000 A, and for plasma activation under  neutral
atmosphere carried out with nitrogen, the  bonding energy at room
temperature is approximately  0.235 J/m2, 7  for a thickness of the
buried oxide layer of  approximately 500 A, and for plasma activation
under  neutral atmosphere carried out with nitrogen, the  bonding
energy at room temperature is approximately  0.258 J/m2, for a
thickness of the buried oxide layer of  approximately 250 A, and for
plasma activation under  neutral atmosphere carried out with
nitrogen, the  bonding energy at room temperature is approximately
0.270 J/m2, for a thickness of the buried oxide layer of
approximately 125 A, and for a plasma activation under  



neutral atmosphere carried out with nitrogen, the  bonding energy at
room temperature is approximately  0.262 J/m2. The bonding method
according to the invention may be  implemented for the transfer of a
thin layer in view of  making SOI (Silicon On Insulator) type
substrates, made by  molecular adhesion bonding with the
implementation of a  layer transfer (for example by a Smart CutW or
other type  transfer method). More precisely, an advantageous
application of the  invention relates to the manufacturing of SOI
substrates  more precisely UTBOX (Ultra Thin Buried Oxide) substrates
having very thin insulating layers, whose thickness is less  than 500
Angstrom, for example oaround a hundred Angstrom.  A particular
non-limiting example of the invention relates  to UTBOX substrates
for which good results have been  obtained. However, it is explained
that the invention can  also be applied to thick BOX (Buried oxide),
that is, a  thickness greater than 500 A. Indeed, when the buried
oxide layer of such structures is  very thin, one may observe
problems with defectivity (areas 8  not transferred, voids, bubbles,
and blisters) within the  layer transferred. The invention is
generally applied to the bonding of two  substrates of a
semiconductor material. Each of these  materials may be silicon, or
another semiconductor  material. One of the surfaces to be bonded of
the two substrates may  in addition have been oxidized prior to
activation. 



As will be seen, activation is carried out on each of the  two
surfaces to be bonded. One may also explain that the invention allows
bonding to  be performed, particularly in the scope of a transfer
method for a thin layer of a semiconductor material from a  "top"
wafer forming the donor substrate to a "base" wafer  forming the
receiver substrate. Thin layer refers to a  layer of several hundreds
to several thousands Angstroms in  thickness. In this application to
transfer methods, bonding is  performed after activation between a
surface of said donor  substrate and a surface of said receiver
substrate. Said transfer method may particularly be performed
according to the Smart Cut"" method implementing an  implantation of
atomic or ions species before bonding to  create in the thickness of
the donor substrate an zone of  weakness and detachment at the level
of said zone of  weakness after bonding. The invention will be better
understood upon reading the  following detailed description done with
reference to the  attached drawings in which: - 9  Figure 1 is a
graph that compares the number of  defects counted after detachment
of a transfer of a  layer from a donor substrate bonded with a
receiver  substrate for an oxide layer of 250 A, the bonding  having
been done with a plasma activation during  which: The donor
substrate, oxidized at the surface, was  activated by an oxidizing
plasma, 



And the silicon receiver substrate was activated  by one of two types
of plasma under an atmosphere  comprised of an inert gas (nitrogen or
argon), or  was not activated. Figure 2 is a graph that compares the
number of  defects counted after detachment in the scope of a
transfer of a layer from a donor substrate bonded with  a receiver
substrate for a layer of oxide of 125A, the  bonding having been
performed with a plasma activation  during which: The donor
substrate, oxidized at the surface, was  activated by an oxidizing
plasma, And the silicon receiver substrate was activated  by one of
two types of plasma under an atmosphere  comprised of an inert gas
(nitrogen or argon), or  was not activated. Figure 3 compares the
bonding energies obtained  between two substrates that are bonded
together, one  of the substrates being covered by an oxide layer and
having been activated before bonding by oxidizing  plasma, using:
different types of non-oxidized substrate  preparations (activation
by a nitrogen or argon  plasma, and without plasma activation)
different thicknesses of the oxide layer covering  the surface
oxidized substrate (1000 A, 500 A,  250 A and 125 A). Figure 4 is a
graph that compares the number of  defects counted after detachment
of a transfer of one - 10  



layer from a donor substrate bonded with a receiver  substrate for an
oxide layer of 250 A, the bonding  having been carried out with a
plasma activation  during which: the oxidized surface of the donor
substrate,  was activated by a plasma from one of two types  of
plasma under a neutral atmosphere (nitrogen or  argon) or by an
oxidizing plasma, or was not  activated and the receiver substrate in
non-oxidized  silicon was not activated. As in the case of some known
methods, the invention brings  the activation of two surfaces of
substrates to be bonded  by plasma into play. In the invention, a
specific plasma activation of the  surface to be bonded of each
substrate is implemented, the  surface to be bonded of only a first
of the two substrates  comprising of an oxide layer. Plasma
activation of said  oxide layer is carried out under an atmosphere
containing  oxygen, and plasma activation of the surface to be bonded
of the second substrate is carried out under an inert  atmosphere.
The following description illustrates examples of bonding  methods
that apply transfer of a layer from a donor  substrate to a receiver
substrate, the layer being detached  according to a Smart Cut' type
method. However, the  invention is understood as relating to the
bonding step  itself and the layer transfer is only a particular
illustration. Treatment of the receiver substrate 



Generally, the power values specified in the following  description
are given for applications for wafers with a  diameter on the order
of 200 mm. However, the present - 11  invention also applies to
wafers with a diameter on the  order of 300 mm, by adapting the power
of the plasma (or  the power density values). Therefore, generally,
the power density is between 0.035  W/cm2 and 10 W/cm2, preferably
0.4 W/cm2 for argon, and 0.8  W/cm2 for nitrogen, and 0.8 W/cm2 for
oxygen. The surface of the receiver substrate is not comprised of  an
oxide layer, and is preferably Silicon. Prior to plasma activation,
the surface to be bonded of the  substrate may have been cleaned, for
example with ozone  and/or a mixture of RCA. The surface of the
receiver substrate is then subjected to  plasma activation under
neutral atmosphere, for example  containing argon or nitrogen, under
the following specific  experimental conditions: For treatment under
an atmosphere containing argon: the strength is between 25 and 2500
W, preferably, it  is from 125 W for a 200 mm wafer or approximately
200  W for a 300 mm wafer (corresponding to a power density  of 0.4
W/cm2), the pressure is between 20 mTorr and 100 mTorr,  preferably
50 mTorr, the gas flow is between 0 and 100 sccm, preferably 100
sccm, the exposure duration is between 5 sec and 5 min,  preferably
30 seconds. 



For treatment under an atmosphere containing nitrogen: the power is
between 25 and 2500 W, preferably 250 W  (corresponding to a power
density of 0.8 W/cm2),  pressure is between 20 mTorr and 100 mTorr,
preferably  50 mTorr, 12  the gas flow is between 0 and 100 sccm,
preferably 100  sccm; the exposure duration is between 5 sec and 5
min,  preferably 30 seconds. During plasma activation, the power
density supplying the  plasma is adapted to the gas utilized. In
fact, as argon  atoms are larger than nitrogen atoms, the power
retained to  implement argon plasma will be more limited than for
nitrogen plasma, in order to prevent a spraying effect of  the argon.
Treatment of the surface to be bonded of the donor  substrate The
surface to be bonded of the donor substrate is  comprised of a thin
layer of oxide, on the order of 100 A  to 5000 A in thickness,
preferably less than 250 A in  thickness (particularly in the case of
a very thin layer  intended to comprise a UTBOX type structure).
Prior to plasma activation, the surface to be bonded of the
substrate may have been cleaned, for example with ozone  and/or a
mixture of RCA. Treatment by plasma activation is carried out by
using  oxygen gas according to the following experimental
conditions: - the power is between 25 and 2500 W, preferably 250 W,  



- the pressure is between 20 mTorr, preferably 50 mTorr,  - the gas
flow is between 0 and 100 sccm, preferably 75  sccm, - the exposure
duration is between 5 sec and 5 min,  preferably 30 to 45 sec. Step
of bonding of two wafers - 13  The two wafers are put in contact and
then subjected to a  low temperature heat treatment (between 25 C and
1100 C),  preferably between 200 C and 6000 C, to strengthening the
bonding energy, for a duration going from 30 min to 5  hours, the
exposure duration preferably being 2 hours. The investigated object
of the method presented is in fact  to optimize activation of the
surfaces of substrates to be  bonded. An advantage of this method
resides in the reduction or  even elimination of defects (areas not
transferred, voids,  bubbles, and blisters) within the thin layer
that may be  present after transfer of this layer on the substrate.
In addition, once the bonding step has been carried out, a  step of
thinning of the donor substrate is carried out, for  example
according to the Smart Cut"" method, or even by  etching of the donor
substrate. In fact, the present invention may be applied to making
complex substrates (of the SOI type for example) by a Smart  Cut'
type method, but also a BESOI type method. The  invention also
applies to substrates comprising integrated  circuits that cannot
undergo high temperature heat  treatments and would therefore
necessitate plasma bonding.  Description of the figures 



The experimental conditions of the bonds performed in order  to
obtain the results provided in the figures were the  following:
oxidation (for example by heating) to obtain an oxide  layer with a
given thickness over the surface to be  treated of the donor
substrate. - 14  Implantation of the donor substrate with hydrogen
alone (energy 80 keV, dose 7.6 1016 atoms/cm2) across  the surface to
be bonded, Cleaning of the two surfaces to be bonded by ozone  and/or
RCA type cleaning, Plasma activation under an atmosphere comprised of
oxygen (flow of 75 sccm, pressure of 50 mTorr, power  density of 250
W, duration of 30 sec) of the surface  to be bonded of the donor
substrate, Plasma activation under an atmosphere containing argon
(flow of 100 seem, pressure of 50 mTorr, power density  of 125 W,
duration of 30 sec) of the surface to be  bonded of the receiver
substrate, Bonding of the two surfaces to be bonded by molecular
adhesion, Annealing between 200 C to 600 C to stabilize the  bonding.
As may be seen in Figure 1, approximately 15 defects (areas  not
transferred, voids, bubbles, and blisters) may be  detected on the
layer transferred after the Smart Cut""  method if the receiver
substrate was not plasma activated,  while 4 defects. are counted in
the case of argon plasma  activation, and no defects in the case of
nitrogen plasma  



activation. The number of defects is therefore significantly reduced
when the receiver substrate is subjected to plasma  activation in an
atmosphere containing an inert gas. Figure 2 shows similar results.
More than 1000 defects are  detected in the case where the receiver
substrate was not  plasma activated, while only approximately 300
defects are  counted in the case of plasma treatment under an
atmosphere  containing argon, and about thirty defects in the case of
plasma treatment under an atmosphere containing nitrogen. - 15  The
presence of a higher number of defects in the case of  Figure 2 is
due to the fact that the oxide layer has a much  thinner thickness
than in the case of Figure 2. However,  the total number of defects
is significantly lower when the  surface to be bonded of the receiver
substrate has received  beforehand plasma treatment under a neutral
atmosphere.  Figure 3 shows that, when the surface of the oxidized
donor  substrate was activated by an oxidizing plasma, whatever  the
thickness of the oxide layer of the donor substrate,  the bonding
energy is higher when the surface to be bonded  of the receiver
substrate was treated beforehand to bonding  by plasma activation (by
a neutral gas) than when it was  not activated by plasma. However,
the effect of this plasma  activation depends on the thickness. of
the layer, as well  as the neutral gas utilized (argon or nitrogen).
However, there was no degradation of bonding energy for the  very
thin oxide layers (on the contrary). Figure 4 shows that activation
of the oxidized surface of  the donor substrate by an oxidizing
plasma, the receiver  



substrate inactivated, provides better results in terms of
defectiveness in comparison with treatments by argon and  nitrogen
plasma, which explains the choice of activation by  an oxidizing
plasma of the donor substrate. The oxide layer at the surface of the
donor substrate here  has a thickness of 250 A. Indeed, a dozen
defects are counted when the oxidized  surface of the donor substrate
was activated by an  oxidizing plasma, on the order of about fifteen
defects  when the oxidized surface of the donor substrate was
activated by a plasma under an atmosphere comprising  nitrogen, and
on the order of 25 defects when the oxidized 16  surface of the donor
substrate was activated by plasma  under an atmosphere comprising
argon. In addition, the results obtained following activation of  the
oxidized surface of the donor substrate by an oxidizing  plasma are
also better in terms of. defectiveness than those  obtained when the
surface was not activated beforehand. The experimental conditions of
embodiment of the method  described in the invention are given by way
of non-limiting  examples. 17 - CLAIMS  A method for bonding two
substrates carried out in materials chosen from among semiconductor
materials,  said method implementing: A step to bond two substrates
by thermal  treatment; Plasma activation of the surface to be bonded
for  



each substrate, the surfaces to be bonded of a  first of the two
substrates being comprised of an  oxide layer, the method
characterized in that the plasma activation  of said oxide layer is
carried out under an atmosphere  containing oxygen, and the plasma
activation of the  surface to be bonded of the second substrate is
carried out under an inert atmosphere. 2. The bonding method
according to claim 1, characterized  in that the substrate whose
surface is comprised of an  oxide layer is the donor substrate for a
layer  transfer to a receiver substrate. 3. The method according to
claim 2, characterized in that  the oxide layer is obtained by
thermal oxidation of  the donor substrate. 4. The method according to
claim 2, characterized in that  the oxide layer is deposited on the
donor substrate.  5. The method according to one of the three
previous claims, characterized in that the transfer allows an  Sol
(Silicon on Insulator) type structure to be  obtained. 6. The method
according to the previous claim,  characterized in that said SOI
comprises an UTBOX - 18  (Ultra Thin Buried oxide) type thin layer,
whose  thickness is less than 500 A. 7. The method according to one
of the five previous  claims, characterized in that the receiver
substrate  is silicon. 8. The method according to any of the previous
claims,  



characterized in that the neutral gas is argon. 9. The method
according to the previous claim,  characterized in that the power
density during plasma  activation is 0.4 W/cm2. 10. The method
according to any one of claims 1 to 7,  characterized in that the
neutral gas is nitrogen. 11. The method according to the previous
claim,  characterized in that the power density during plasma
activation is 0.8 W/cm2. 12. The method according to any one of the
previous  claims, in combination with claim 2, characterized in  that
the receiver substrate is subjected to a cleaning  step before the
plasma activation step. 13. The method according to any one of the
previous  claims, in combination with claim 2, characterized in  that
the donor substrate is subjected to a cleaning  step before the
plasma activation step. 14. The method according to any one of the
previous  claims, characterized in that the thermal bonding
treatment is carried out at a low temperature. - 19  15. The method
according to any one of the previous  claims, characterized in that
the thermal bonding  treatment is carried out between 200 C and 600
C. 16. The method according to any one of the previous  claims,
characterized in that the thermal bonding  treatment is carried out
over a short duration. 17. The method according to any one of the
previous  claims, characterized in that the thermal bonding
treatment is carried out for approximately 2 hours. 


