
1 METHOD FOR RECLAIMING A SURFACE OF A SUBSTRATE The invention relates to a method
for reclaiming a surface of a substrate, wherein the surface, in particular a silicon surface, comprises a
protruding residual topography, in particular resulting from a layer transfer process typically comprising
an ion implantation step, a bonding step and a detachment step.  The so-called Smart CutTM process,
illustrated in Figure 1 provides high quality silicon on insulator (S01) substrates. During this process,
two substrates, called a handle substrate 101 and a donor substrate 103, usually a Silicon wafer,
undergo a certain number of process steps to transfer a layer with a given thickness of the donor
substrate 103 onto the handle substrate 101. During the process, the donor substrate 103 is typically
oxidized 105 to later on form the buried oxide layer (BOX) of the SOI structure, and an ion implantation
step is applied to form a predetermined splitting area 107 defining the to-be-transferred layer.
Subsequently, the source substrate 103 is attached to the handle substrate 101, in particular via
bonding, taking advantage of Van der Waal's forces, to obtain a source-handle compound 109. Upon
a mechanical and/or thermal treatment, a detachment of a semiconductor layer 111 together with the
buried oxide layer 113 occurs at the predetermined splitting area 107 so that the two layers are
transferred onto the handle substrate 101 to obtain the desired silicon on insulator structure 115. The
remaining part 117 of the donor substrate 101, also called the negative, can be recycled and again
used in the Smart CutTM type process as a new donor or handle substrate. The Smart CutTM type
SOI fabrication process has a significant economic advantage due to the recycling process. Indeed,
the process provides an optimized use of the raw material for instance silicon wafers. The negative
has a characteristic topography representing protruding residues 119a and 119b in an edge region, as
illustrated in Figure 1, which corresponds to a region where no layer transfer occurred due to the
shape of the edge of the initial wafers 103 and for 101. The surface of the negative 117 between the
protruding residues 119a and 119b has a first inner region 121 at which detachment occurred to
provide the transferred layer 111 on the handle substrate 109 and which has a rather rough surface
typically close to 60 - 70 A RMS  2 as measured by atomic force microscopy (AFM), which is to be
compared to 1 - 3 A for standard Silicon wafer. The edge of the remainder 117 with the protruding
residues 119a and 119b actually has a chamfered shape and furthermore comprises a step-like
structure 123 seen from the internal region 121 comprising the remaining part of the buried oxide layer
125 and the non-transferred silicon 127 over the remaining part of the ion implanted predetermined
splitting area 129. The edge 131 and the backside 133 of the negative 117 are, by the way, also
covered by the oxide. 



The step 123 of the negative 117 typically has a thickness of about 1000-10000 A of silicon, mostly
between 2000 to 3000 A, 100 to 10000 A of silicon oxide and has a width w in the lateral direction of
the order of 1 - 3 mm.  Prior to the reuse of the negative 117 as donor substrate 103 or handle
substrate 101, the surface roughness of the inner region 121 needs to be reduced and the protruding
residual topography 119a & 119b needs to be removed. Methods to do so are, for example, known
from EP 1 156 531 Al and US 7,402,520 B2. Typically, the following process is applied to get rid of the
protruding residual topography: The reclaiming process starts with a de-oxidation step to remove the
oxide layer 125 on top of the protruding residual topography on the edge of the remainder 117 as well
as on the side 131 and on its backside 133. The de-oxidation can, for example, be carried out using a
HF bath, wherein the acid consumes the oxide layer 125, 131 and 133. Subsequently, a first polishing
step of the edge region of substrate 1 is carried out to at least partially remove the protruding silicon
part 127 on the edge. Then a double-sided polishing (DSP) step is carried out to improve the surface
roughness in the interior region 121 but also to further remove the step 123 in the direction of the
protruding residual topography 119a and 119b. Finally, to obtain a suitable surface roughness on the
front surface of the remainder 117, a chemical mechanical polishing step (CMP) is carried out. Even
though, it is possible to obtain a recycled substrate with the described reclaiming process which can
be reused in the Smart CutTM process, it is an object of the present invention to provide an improved
reclaiming process that no longer needs the double-sided polishing step to reclaim the remainder of
the donor substrate. Indeed, the DSP process step has the major disadvantage that, during polishing,
up to 10 pm (5 pm on each side of the substrate) are removed to get rid of the protruding residual
topography 119a & 119b.  3 This object is achieved with the method according to claim 1. Accordingly,
the method for reclaiming a surface of a substrate, wherein the surface, in particular a silicon surface,
comprises a protruding residual topography, in particular resulting from a layer transfer process, and
comprising at least a layer of a first material like silicon, comprises the steps of: a) providing a filling
material, in particular silicon, in the non-protruding areas of the surface of the substrate, and, b)
polishing the surface, wherein the filling material and at least a part of the protruding residual
topography are polished simultaneously during the polishing step b). By leveling out the protruding and
non-protruding areas with a filling material it becomes possible to get rid of the material consuming
double-sided polishing. As a consequence a substrate can be reused more often. Preferably, the first
material and the filling material can be chosen such that the polishing in step b) occurs substantially at
the same removal rate. In this context the filling material can be preferably chosen such that its
mechanical and/or chemical polishing properties correspond to the ones of the first material. This
optimizes the polishing step b).  Preferably, the filling material and the first material are of the same
chemical nature. With this method according to the invention, it is possible to get rid of the
double-sided polishing step. Preferably, the first material of the protruding residual topography can be
in a monocrystalline phase and the filling material can be in a polycrystalline phase. As with respect to
polishing it does not matter whether the material is in a monocrystalline or polycrystalline phase, one
can take advantage of the faster deposition of a material deposited in polycrystalline phase compared
to the growth of a crystalline phase. This renders the method according to the invention even more
effective. 



Advantageously, step b) can comprise a chemical mechanical polishing (CMP). Instead of applying the
DSP method with a total material removal of the order of 10 pm (5pm on both sides), the invention
only needs a CMP polishing during which only up to 1 pm of material are removed. Due to this limited
material removal, a donor substrate can be reused more often while remaining within SEMI standards
concerning material thickness and geometry.  4 Advantageously, the thickness of the layer with the
filling material can be in a range of 50% to about 150% of the thickness of the first material of the
protruding topology, in particular in a range of 80% to 120% of the thickness of the first material, even
more in particular, can correspond to the thickness of the first material. In this range of filling material
thicknesses, a standard polishing process (e.g. CMP) can be carried out to reclaim the surface of the
substrate while, at the same time, the geometry of the edge regions is secured. According to a first
preferred variant, the protruding topography can comprise a second layer of a second material, in
particular silicon dioxide, over, in particular on, the first layer of the protruding residual topography and
wherein step a) can comprise depositing, in particular in a reactor using silicon precursor(s) such as
silane (SIN, disilane (S12H6), Si3H8,..., the filling material on the second material of the protruding
topography and on the non-protruding areas, and removing the second layer to thereby, at the same
time, remove the filling material over the protruding topography. In this embodiment, the second
material which can, for example, be an oxide, thus plays the role of a physical mask. In fact, the filling
material is deposited on all surfaces independent of whether it is of the second material (oxide) or the
first material (silicon). Advantageously, the substrate can be arranged such that, during the deposition
step, the surface side opposite to the surface with the protruding topography remains without a layer of
the filling material. This simplifies the removal of the second layer as it remains at least partially
accessible to the removal agent.  According to a second preferred variant, the protruding topography
can comprise a second layer of a second material, in particular silicon oxide, over, in particular on, the
first layer wherein the filling material providing step can comprise depositing the filling material only on
the non-protruding areas, using the second layer as a mask. Indeed, the filling material deposition can
be selective, depending on the choice of the precursor(s) used in the reactor. For example,
dichlorosilane (DSC: SiH2C12), TCS (SiHC13), SiCI4 can be used to obtain a selective deposition. In
particular, without deposition on the protruding regions covered by an oxide, whereas deposition is
obtained on the non-protruding silicon area. In this case, the second layer on the protruding
topography plays the role of a chemical mask which, due to its chemical properties, prevents the
deposition of the filling material on its surface. Advantageously, this variant can comprise an additional
step of removing the second layer,  5 



thus the mask. The process according to this variant can be carried out as a batch process
(concerning depositing of the filling material as well as the removal of the second layer) the backside
of the substrate, thus the side opposite to where the protruding topography is present, does not play
any particular role. Advantageously, the second layer removal step can comprise a de-oxidation step
using in particular an HF bath. In the first variant, this leads at the same time to the removal by liftoff of
the filling material present on the protruding topography. By having prevented the deposition of the
filling material on the backside, the HF bath can attack via the backside which leads to the desired
lift-off and removal of the oxide. In the second variant the chemical mask that prevented filling material
deposition on the protruding regions, can effectively be removed. Preferably, during step b) at least a
thickness corresponding to the thickness of the first layer can be removed. Thus, the entire protruding
topography is removed and a flat reclaimed surface obtained. Advantageously, the material removal
can go beyond the region with implantation defects. Without having to remove as much material as
during a double-sided polishing, still the substrate quality can be brought back to a suitable level so
that the substrate can be reused. Preferably, the material removal can be in a range 2000- 12,000 A,
in particular depending on the maximum height of the protruding topography being related to the ion
implanting process where the energy of the ion defines the depth of implantation. According to a
preferred embodiment, the method can further comprise an edge polishing step to remove an ion
implanted region in the chamfered edge area of the substrate. This additional step helps to further
improve the quality of the reclaimed substrate. The invention also relates to a substrate according to
claim 15 which comprises a base, an ion implanted region as well as a non-ion implanted region over
the base, in particular in a edge region of the base, a first layer of a first material on the ion implanted
region, and a filling layer of a filling material on the non-ion implanted region. Such a substrate can be 



6 easily recycled by applying a polishing step, in particular a CMP polishing step, to make it ready for
reuse in a Smart CutTM type application. Preferably, the first material can be in a monocrystalline
phase and the filling material can be in a polycrystalline phase. As already described above, by
providing a polycrystalline filling layer, the desired structure can be rapidly achieved. Advantageous
embodiments of the invention will be described in detail with respect to the following Figures: Figure 1
illustrates the Smart CutTM process of the prior art,  Figures 2a - 2e illustrate a first embodiment
according to the invention, wherein the oxide layer of the remainder is used as a physical mask, and
Figures 3a - 3e illustrate a second embodiment, wherein the oxide layer plays the role of a chemical
mask. Figures 2a - 2e illustrate a first embodiment according to the invention, wherein the oxide layer
of the remainder is used as a physical mask. 



Figure 2a illustrates schematically a remainder 21 of a donor substrate which has been used in a layer
transfer process like, for example, the Smart CutTM process described further above in relation to
Figure 1. The remainder 21 illustrated in Figure 2a actually corresponds to the negative 117 illustrated
in Figure 1. The reminder 21 thus comprises a base layer 23, like for example silicon or germanium.
The surface in the edge region of the base layer 23 carries a protruding topography 25a and 25b. Like
already disclosed in the introduction, this protruding residual topography 25a, 25b is the result of
non-transferred parts due to the edge geometry of the wafers comprising a chamfered region. The
protruding topography in this embodiment comprises a step-like residual first layer 27, here silicon or
germanium and a second layer 29, here a silicon oxide or a germanium oxide. The second layer also
extends over the side edge 31 of the base 23 and the backside 33 surface, thus opposite to the side
with the protruding residual  7 topography 25a, 25b. Finally, a predetermined splitting area 35, formed
by implanted ions, is still present between the base 23 and the first layer 27 of the protruding
topography 25a, 25b. As a next step, illustrated in Figure 2b, the method for reclaiming the surface of
substrate 21 comprises providing a filling material layer 37 on the surface of base 23 thus between the
protruding portions 25a, 25b but also on the protruding portions 25a, 25b as well as on the side of
base 23. In this embodiment, the filling material is, however, not provided on the backside 33 of base
23. For a silicon base 23 and for a silicon oxide as second layer 29, the filling material used is silicon.
It can be deposited using a CVD process based on silicon precursors such as silanes (Si1-14,
Si21-16, ...) The filling material layer 37 will be removed together with the protruding first layer 27 later
during the process, so that there is no need to provide an epitaxial growth. To speed up the reclaiming
process compared to a monocrystalline or epitaxial deposition process, the CVD process is carried out
such that an amorphous or polycrystalline layer is deposited. The nature of the filling material 37 is
chosen such that its polishing properties correspond to the ones of the first material. This is in
particular the case when the filling material and the first material are of the same chemical nature. In
this context, polishing of the filling material and the protruding residual topography 25a and 25b occur
substantially at the same removal rate. Thereby, the planarity of the surface after polishing enables a
wafer bonding to be carried out. Nevertheless, using a touch-polish or a mirror-polish may further
reduce the roughness. In this embodiment, the thickness of the polysilicon material layer 37 essentially
corresponds to the one of the step-forming first layer 27. The thickness of layer 37 shall at least
represent 50% and at most 150% of the first layer 27 so that the advantages of the method as
described later on can be achieved. 



Figure 2c illustrates the result of the subsequent process step which consists in removing the second
layer 29 on the protruding topography, on the side 31 and on the backside 33. This leads, at the same
time, to the removal of the filling material layer portions 39, 41  8 provided on the second layer in the
first and second protruding topography region 25a and 25b as well as on the side 31 of the base 23.
The removal of the second layer can be achieved by a de-oxidation step, when the second layer is
silicon oxide. An HF bath is used to remove the oxide. The HF bath leads to the consumption of the
oxide layer 29, 31 and 33 and also leads to a lift-off effect concerning the filling material, here the
polysilicon, deposited on the protruding topography 25a and 25b and the side. The part of the filling
material layer 37 positioned directly on the base 23 is however, not affected by the HF bath and
remains in place. As mentioned above, the filling material layer has not been provided on the backside
33 of substrate 21 so that the HF solution can effectively attack the oxide of the second layer 29.
Instead of attacking the oxide via the backside, it is of course also possible to let the acid attack via the
side, in which case it has to be ensured that at least a part of the side of the substrate has the oxide of
the second layer on the surface. After the lift-off, the base 23, the first layer 27 of the protruding
topography and the polysilicon filling material layer 37 positioned between the protruding portions 25a,
25b remain like shown in Figure 2c. As a next step, an edge polishing, like used in the prior art, is
carried out to remove, at least partially, the stepped first layer 27 of the protruding topography 25a,
25b. During this step some material is also removed from the lateral edge 43 and on the chamfered
portion 45 on the backside. The structure obtained after edge polishing is illustrated in Figure 2d. Then
a polishing step, preferably a chemical mechanical polishing (CMP) step is applied to remove layer 37
together with the remaining first layer 27 to obtain a reclaimed donor substrate 47 ready for reuse in a
layer transfer process, like the Smart CutTM process, like illustrated in Figure 2e. 



During the polishing step, actually not only layer 37 and the remaining part of the stepped first layer 27
are removed but the material removal goes beyond both layers to thereby also remove an area of
base 23 which carries defects due to the ion implantation. In total, a layer thickness of about 2000-
12000 A is removed.  9 The method according to the first embodiment has the advantage that a
reclaimed substrate 47 can be achieved which fulfills all the standards for re-use in a semiconductor
process, like the Smart CutTM process. Compared to the prior art, no double-sided polishing is
necessary so that less material is removed from base 23. As a consequence, one substrate can be
re-used for a much higher number of cycles before it becomes too thin. In addition, the geometry of
the substrate, in particular concerning the surface at which bonding will occur, can be kept constant.
Figures 3a - 3e illustrate a second embodiment of the inventive method for reclaiming a surface of a
substrate, wherein the surface, in particular a silicon surface, comprises a protruding residual
topography. Figure 3a again illustrates the substrate 21 to be reclaimed, as already illustrated in
Figure 2a, but also in Figure 1. The description of substrate 21 and its elements will thus not be
repeated again in detail, but reference is made to the description of Figure 2a. The difference between
the first and second embodiments is that the filling material is deposited using a different kind of
process. Whereas in the first embodiment a process was chosen during which the filling material 37
was present over the entire substrate 21, except the backside 33, the second embodiment proposes a
process wherein the second layer 29, thus the oxide layer, plays a different role. In the second
embodiment, the oxide layer 29 is a chemical mask so that during deposition of the filling material 51,
again polycrystalline silicon, the deposition only occurs on silicon terminated surfaces, thus directly on
base 23 between the protruding areas 25a, 25b. Figure 3b therefore only illustrates the filling material
51 directly on the base 23. This kind of deposition is achievable using a CVD process based on silicon
precursors allowing selective deposition such as dichlorosilane (DCS), SiHCI3, SiC14. Subsequently,
illustrated in Figure 3c, the oxide of the second layer 29 in the protruding regions 25a and 25b, as well
as on the edge 31 and the backside 33 of the base 23 is removed using an HF bath, like in the first
embodiment The filing material 51 as well as the first layer 27 remain on base 23. 



10 Subsequently, an edge polishing like in the first embodiment is carried out removing a part of the
first layer 27 and material from the lateral edge 43 as well as the backside in the chamfered region 45
of base 23. Finally, a CMP polishing step is carried out to obtain the final reclaimed substrate 53 as
illustrated in Figure 3e. The edge polishing and CMP steps correspond to the ones of the first
embodiment, the description thereof is therefore incorporated by reference.  Compared to the first
embodiment, the second embodiment has the advantage that no lift-off process step needs to be
carried out, as the filling material 51 is only deposited directly on the base 23 in the non protruding
areas. Thus, during the depositing process also the backside of substrate 21 can be exposed to the
precursors, as anyway no deposition will occur on the oxide present on the backside. Thus, a batch
type process can be used in which a plurality of substrates can be treated at the same time. In
contrast thereto, in the first embodiment, the backside needs to be protected to remain free of the
deposited layer. The necessary masking of the backside can be realized using a single wafer
processing tool, in which the substrate is positioned on a substrate holder. While the second
embodiment has the same advantages compared to the first one, namely that no double-sided
polishing with its material removal of at least 10 pm can be replaced by a simple chemical mechanical
polishing so that less material is removed during reclaiming (only up to about lpm), it has the additional
advantage that the throughput can be increased as the wafers can be recycled in a batch type
process. In Figures 1 to 3, the edge region is not illustrated true to scale compared to the entire
substrate 21, 101, 103. For illustrative purposes only to show the impact of the geometry of the edge
leading to non transferred regions, the chamfered regions is indeed represented in an exaggerated
way.  11 Claims 



1.Method for reclaiming a surface of a substrate, wherein the surface, in particular a silicon surface,
comprises a protruding residual topography, in particular resulting from a layer transfer process,
comprising at least a layer of a first material like silicon, with the steps of: a) providing a filling material,
in particular silicon, in the non-protruding areas of the surface of the substrate, and b) polishing the
surface, wherein the filling material and at least a part of the protruding residual topography are
polished simultaneously during polishing step b). 2.Method according to claim 1, wherein the first
material and the filling material are such that the polishing in step b) occurs substantially at the same
removal rate. 3.Method according to claim 1 or 2, wherein the first material is in a monocrystalline
phase and the filling material in a polycrystalline phase. 



4. Method according to one of claims 1 to 3, wherein step b) comprises a chemical mechanical
polishing (CMP). Method according to one of claims 1 to 4, wherein the thickness of the layer with the
filling material is in a range of 50% to 150% of the thickness of the first material, in: particular in a
range of 80% to 120% of the thickness of the first material, even more in particular corresponds to the
thickness of the first material. Method according to one of claims 1 to 5, wherein the protruding
topography comprises a second layer of a second material, in particular Si02 over, in particular on, the
first layer and wherein step a) comprises:  12 a.i. depositing, in particular in a reactor using a silicon
precursor, even more in particular silane (SiH4), the filling material on the second material of the
protruding topography and the non-protruding areas, a-il. removing the second layer and thereby at
the same time the filling material over the protruding topography. 7. Method according to claim 6,
wherein the substrate is arranged such that during step a.i. the surface side opposite to the surface
with the protruding topology remains without a layer of the filling material. 8. Method according to one
of claims 1 to 5, wherein the protruding topography comprises a second layer of a second material, in
particular S102, over, in particular on, the first layer and wherein step a) comprises: 



a.1. depositing, in particular in a reactor using a silicon precursor allowing selective deposition, even
more in particular dichlorosilane (S1H2C12), the filling material only on the non-protruding areas,
using the second layer as a mask. 9. Method according to claim 8, further comprising a step a.2. of
removing the second layer. 10. Method according to one of claims 6 to 9, wherein step a.ii or step a.2.
comprises a de-oxidation step using in particular a HF bath. 11. Method according to one of claims 1
to 10, wherein during step b) at least a thickness corresponding to the thickness of the first layer is
removed. 12 Method according to claim 11, wherein, during step b), the material removal goes beyond
a region with implantation defects.  13 14. Method according to one of claims 1 to 13 further
comprising an edge polishing step to remove an ion implanted region in a chamfered edge area of the
substrate. 15. Substrate comprising a base, an ion implanted region as well as a non ion implanted
region over the base, in particular in an edge region of the base, a first layer of a first material on the
ion implanted region, and a filling layer of a filling material on the non ion implanted region, 



13 

  

14. Method according to one of claims 1 to 13 further comprising an edge polishing step to 

remove an ion implanted region in a chamfered edge area of the substrate. 

 

15. Substrate comprising a base, an ion implanted region as well as a non ion implanted 

region over the base, in particular in an edge region of the base, a first layer of a first 

material on the ion implanted region, and a filling layer of a filling material on the non 

ion implanted region,  

wherein the first material is in a monocrystalline phase and the filling material in a poly 

crystalline phase. 

 

wherein the first material is in a monocrystalline phase and the filling material in a poly crystalline
phase. 




