
1  Method For Manufacturing Compound Material Wafers
and Method for Recycling a Used Donor Substrate The
invention relates to a method for manufacturing
compound material wafers according to  the preamble of
claim 1, and a method for recycling a used donor
substrate obtained from a  method for manufacturing
compound material wafers. Compound material wafers, in
particular, silicon on insulator (SOI) type wafers, as
a starting  material in the semiconductor device
manufacturing process are becoming more and more
important. One way to obtain such wafers with good
crystalline quality at reasonable cost,  can be
fabricated by transferring a layer from a donor
substrate also of good crystalline  quality onto a
handle substrate, which is achieved by bonding the two
substrates and  detaching the donor substrate at a
predetermined splitting area, which has previously
been  formed in the initial donor substrate. In the
SmartCutTM type process, this formation of the
predetermined splitting area is carried out by
implanting atomic species, in particular  hydrogen or
rare gas ions, into the donor substrate. The advantage
of this process is that by  doing so, the remainder of
the donor substrate, which remains after the transfer
of the layer  onto the handle substrate, can be
re-used as a donor substrate in a subsequent component
material wafer fabrication process. Thus, one donor
substrate can serve for several  compound material
wafers, like SOI type wafers. It appeared, however,
that the donor substrate could only be re-used three
to four times, as  from run to run, the crystalline
quality of the donor substrate deteriorated. As a
consequence, the crystalline quality of the final SOI
substrate also deteriorated. Generally, efforts have
been made to allow the recycling of the used donor
substrate. JP  10114176, for example, proposes to
first polish the donor substrate to remove the surface
step at the edge of the wafer which is present after
the transfer of a layer onto the handle  substrate and
to carry out a second finishing polishing step before
re-using the remainder of  the donor substrate as a
new donor substrate. US 6,211,041 not being directed
to recycling  



processes, discloses a different approach which
consists in providing, right from the  beginning, a
silicon substrate with an appropriate oxygen content
to prevent the creation of  crystal defects, which,
according to the authors, are related to the presence
of oxygen 2  precipitates generated in the SOI device
layer during the heat treatments which the wafers
undergo during the SOI fabrication process. It
appeared, nevertheless, that still the number of
possible re-uses of the donor substrate  were still
not satisfactory. In particular, it appears that
controlling the initial oxygen content  does not
prevent the apparition of crystal defects in the final
SOI layer after a multiple reuse.  It is therefore the
object of the present invention to provide a method
for manufacturing  compound material wafers and/or a
method for recycling used donor substrates used in a
manufacturing process for compound material wafers
which allow an increased number of  re-uses of the
used donor substrate and, at the same time, allow the
fabrication of good  quality compound material wafers
at reasonable cost. This object is achieved with the
method for manufacturing compound material wafers
according to claim 1 and the method for recycling a
used donor substrate according to claim  3. The
invention is characterized by the fact that it
comprises at least one further treatment  step which
is configured such that oxygen precipitates and/or
nuclei in, the initial donor  substrate and/or the
remainder donor substrate are at least partially
removed, in particular  by dissolution. As the
presence of the precipitates and/or nuclei is
apparently linked to the  creation of crystalline
defects in the substrates, their dissolution during an
additional thermal  treatment allows the re-use of the
donor substrate, and this more often than is the case
today, as the creation of crystalline defects during
re-use can be limited by the additional  thermal
treatment step. The presence of oxygen nuclei in the
wafers is attributed to the wafer fabrication process.
During the ingot pulling, impurities are incorporated
into the ingot. One of those is interstitial  



oxygen, which during pulling and cool down gathers to
form nuclei. During subsequent heat  treatments,
typically in a range of 900C to 1100C the nuclei
become precipitates due to  diffusion of interstitial
oxygen. 3  According to a preferred embodiment of the
method for manufacturing compound material  wafers,
the remainder of the donor substrate can be re-used as
initial donor substrate  wherein steps b) to e) are
repeated at least once before a first or further
thermal treatment  step is carried out. Depending on
the rate of creation of oxygen precipitates and/or
nuclei,  the further thermal treatment step is thus
carried out when necessary, to keep the amount of
process steps low while at the same time ensuring a
sufficiently high crystalline quality in the  donor
substrate or the remainder of the donor substrate, and
consequently in the final SOI  product. Preferably, at
least one of the at least one: thermal treatments
steps can be a a rapid thermal  oxidation step.
Surprisingly, the presence of oxygen leads to an
improved removal of the  oxygen precipitates and/or
nuclei in the donor substrate. "Rapid" here means a
temperature  rise of at least 20C/s, preferably at
least 30C/s, so that dissolution of the precipitates
and/or nuclei takes place. According to an
advantageous embodiment, the rapid thermal oxidation
step is carried out in  a temperature range between
1150C and 1300C1 and in particular, between 1200C and
1250C. In this temperature range, the oxygen
precipitates and/or nuclei in the donor  substrate can
be, at least partially, reduced, in particular by
dissolution. Preferably, the rapid thermal oxidation
step can be carried for a duration between 15  seconds
to 5 minutes, in particular, for a duration of 30
seconds to 2 minutes, or for a  duration between 1
minute to 5 hours if a batch anneal type furnace is
used to carry out the  rapid thermal oxidation step.
To achieve the desired effect of reduction of oxygen,
thus, both  a single wafer furnace, as well as a batch
type furnace can be used, so that the process can  be
easily adapted to the manufacturing process already in
place. 



Advantageously, the rapid thermal oxidation step can
be carried out in an  atmosphere having an oxygen
concentration of at least 5% up to 100% and/or an
oxygen rate of 5 to 20 liters per minute, and in
particular, an oxygen rate of 10 liters  per minute.
For these concentrations, best results with respect to
the removal of  oxygen have been obtained. 4
According to a preferred embodiment, the rapid thermal
oxidation step can be carved out  between step a) and
b) and/or after step e). One of the advantages of the
rapid thermal  oxidation step is that it does not
alter he surface roughness properties of the surface,
so  that a rapid thermal oxidation can already be
carried out on the initial donor substrate before
starting the manufacturing process. Thereby oxygen
precipitates and/or nuclei already  present in the
substrate can already be removed at least partially.
The advantage of using  the rapid thermal oxidation
step after step e), thus after the fabrication of the
compound  material wafer, has the advantage that
oxygen precipitates and/or nuclei which have
eventually been created during the heat treatment
steps of the manufacturing process can  be dissolved,
and thus, reduced. Here oxygen precipitates and/or
nuclei eventually created  are removed after multiple
donor wafer reuse to prevent the creation of
crystalline defects in  the final SOI layer.
Preferably, during the rapid thermal oxication
treatment, an oxide layer of a thickness in a  range
of 50 A to 500 A is grown on the initial donor
substrate or the remainder of the donor  substrate.
Thus, the rapid thermal oxidation step does not only
serve to remove oxygen in  particular by dissolution,
but at the same time provides a high quality thin
oxide layer, which  in a subsequent step serves as
starting layer for the formation of the insulating
layer, which  usually is an oxide of the same type and
which is usually thermally grown. This has the
advantage that due to the fact that the quality of the
thin oxide layer is high, also the  insulating layer
has good crystalline properties. According to a
preferred embodiment, the method for manufacturing
compound material  



wafers can furthermore comprise, after step e), a
further step f) comprising polishing of the  surface
of the donor substrate at which detachment occurred
and wherein the rapid thermal  oxidation step is
carried out before and/or after step f). As the rapid
thermal oxidation does  not alter the quality of the
surface, it can, as a consequence, be carried out
prior to and/or  after the polishing step. Eventually,
it is also possible to have a rapid thermal oxidation
step  before and/or after the polishing step to keep
the crystalline quality of the substrate high.
According to an alternative, at least one of the
thermal treatment steps can be a rapid  thermal anneal
step, carried out in an oxygen free atmosphere. Such a
treatment also  reduces, in particular by dissolution,
at least partially the precipitates and/or nuclei, but
5  without creating an oxide layer. As a consequence,
the object of being capable of re-using  the donor
substrate more often can also be achieved with a
thermal treatment step without  oxygen.
Advantageously, the thermal anneal step can be carried
out in a hydrogen and/or argon  atmosphere. In this
atmosphere an optimized dissolution effect can be
observed. Preferably, the thermal anneal step is
carried out between step a) and b) and or after step
e)  and is followed by a polishing step. Thus, even if
the thermal anneal step deteriorates the  quality of
the surface of the donor substrate, it is possible to
keep a sufficiently high surface  quality due to the
polishing step. Preferably the method for
manufacturing compound material wafers can be carried
out such  that the rapid thermal oxidation or anneal
step is carried out with a temperature ramp of at
least 20C/s, in particular at least 2:5C/s, when a
batch furnace is used or with a  temperature ramp of
at least 30C/s, in particular at least 50C/s, when a
single wafer  furnace is used. For these temperature
ramps the dissolution effect, independently of the
use of a single wafer furnace or a batch type furnace
the advantageous effects of the  oxygen dissolution
can be achieved. Specific embodiments of the present
invention will become more apparent from the present  



description with reference to the accompanying
drawings wherein: Fig. 1 illustrates a first
embodiment a` the inventive method for fabricating
compound  material wafers, and Fig. 2 illustrates a
second embodiment of the inventive method for
manufacturing compound  material wafers. Fig. 1
illustrates a first embodiment of the inventive method
of manufacturing compound  material wafers. The method
will be described for a silicon on insulator (SOI)
type  compound material wafer. This, nevertheless,
only serves as an example and the inventive  method is
also applicable to other types of material compound
wafers.. 6  First of all, step 1, corresponding to
step a) of claim 1, consists in providing an initial
donor  substrate 1, here Si wafer. Then, in step Il, a
thermal treatment step according to the  invention is
carried out. In this embodiment, the thermal treatment
step corresponds to a  rapid thermal oxidation step,
which leads to the creation of a thin silicon oxide
layer 3 on top  of the donor substrate 1. To carry out
the rapid thermal oxidation step, the donor substrate
I is placed in an oxygen  atmosphere with an oxygen
rate of 5 to 20 liters per minute, and in particular,
an oxygen rate  of 10 liters per minute, and is
brought to a temperature between 1000C and 1300C for
in  between 15 seconds to 5 minutes, and in
particular, for a duration of 30 seconds to 2
minutes. In case a batch anneal type furnace is used,
a plurality of donor substrates can be  treated and
the necessary thermal treatment is carried out for a
duration between 1 minute  and 5 hours. Under these
conditions the atmosphere contains more than 5% oxygen
and  can even go up to 100% oxygen. The thin silicon
dioxide layer 3 typically grows up to a thickness of
50 A to 500 A and  presents good crystalline
properties and surface roughness. In addition to
growing the thin oxide layer 3, oxygen precipitates
and/or nuclei which might  be present in the donor
substrate 1 are at least partially reduced by
dissolution, so that the  



creation of crystalline defects in the donor substrate
1 due to the presence of oxygen can be  suppressed at
least to a large extent. During the rapid thermal
oxidation step also crystalline  defects which might
be present in the part of the donor substrate which
will be transferred  later onto a handle substrate are
eliminated. During the rapid thermal oxidation step
oxygen  precipitates and nuclei dissolve to
essentially form interstitial oxygen. Following step
11, an insulating layer 5, preferably silicon dioxide,
is thermally grown  on the thin silicon dioxide layer
3 (step III). This layer will later on serves as the
insulating layer in the silicon on insulator
structure. This step corresponds to step  b) of claim
1 and is known in the art. 7  In step IV,
corresponding to step c) of claim 1, atomic species
are implanted through the  insulating layer 5 to
create a predetermined splitting area 7, inside the
donor substrate 1.  Typically, the implanted atomic
species are hydrogen and/or rare gas ions like helium,
these  species can be introduced by implantation or co
implantation. The co implantation is realized  in such
a way that at least two different species, for example
hydrogen and helium ions, are  implanted sequentially,
the helium being implanted preferably before the
hydrogen. The subsequent step V, corresponding to step
d) of claim 1, consists in bonding a handle  substrate
9, here a silicon wafer, to the insulating layer 5 on
the donor substrate 1. Then, a heat treatment is
carried out durng which detachment at the
predetermined splitting  area 7 occurs such that a
silicon on insulator wafer 11 is created. The
remainder 13 of the donor substrate 1, thus without
the layer 15, which has been  transferred onto the
handle substrate 9 to create the SOI wafer 11, is then
recycled in step  VI to prepare it for reuse. Here,
the recycling step VI can consist in polishing and/or
cleaning steps, like known in the prior art. Then, the
recycled remainder 13 of the donor substrate 1 can be
reused as initial donor  substrate 1, which is
illustrated in Figure by the arrow linking step VI and
I. According to a variant of the first embodiment,
step II may not be carried out during each  



fabrication process, but only after every second,
third or fourth, ect. run. This will depend on  the
amount of defaults created due to oxygen precipitates
and/or nuclei, which can be  created during the
various heat treatments which the substrate will
undergo during the  fabrication process, e.g. the
thermal oxide growth or the splitting step. Instead of
a silicon handle substrate 9, also other materials
could be used, like quartz. Fig. 2 illustrates a
second embodiment of the method of manufacturing
compound material  wafers according to the invention.
It differs from the first embodiment in that the rapid
thermal oxidation step II is now carried out at the
end of the manufacturing process instead  of right at
the beginning. Apart from the fact that during step
III the thermal oxide is now 8  formed directly on the
initial donor substrate 1, which is a fresh substrate
not having yet  served in a manufacturing process, and
not on the thin oxide layer 3 as in the first
embodiment, the remaining steps IV, V and VI of the
second embodiment corresponds to  steps IV and V and
VI of the first embodiment. Their description is
therefore not repeated  again in detail, but is
incorporated herewith by reference. Of course instead
of a fresh  substrate a recycled substrate can be
used, like mentioned further down. Thus alter
detachment, like in the first embodiment, a remainder
13 of the donor substrate 1  is obtained. Then the
recycling steps of polishing and/or cleaning and
thereafter the rapid  thermal oxidation step, process
step II, are carried out. The oxidation step is
carried out  under the same conditions as disclosed
with respect to the first embodiment, so that its
description is incorporated herewith by reference. By
carrying out the oxidation step after the
manufacturing of the SOI wafer 11, the oxygen
precipitates and/or nuclei which were created during
the thermal treatments can be  dissolved at least
partially during step II, so that in the subsequent
re-use of the remainder  13 of the donor substrate 1
as a new initial donor substrate 1, a high crystalline
quality can  be provided in the next formed SOI layer
15. Eventually, the recycling steps of cleaning and/or
polishing can be carried out after the rapid  



thermal oxidation treatment or according to a further
variant, a rapid thermal oxidation step  can be
carried out before and after the polishing and/or
cleaning step. Like in embodiment 1, the rapid thermal
oxidation step is not necessarily carried out during
each manufacturing process, but depending on the
creation of oxygen precipitates and/or  nuclei, it is
only carried out every second, third, fourth act. time
in order to optimize the  fabrication process.
According to the invention, steps VI and ii of the
second embodiment could also be  considered as an
independent recycling method of used donor substrates
which were used  in a fabrication process for creating
compound material wafers wherein this fabrication
comprises steps I, II, 111 and IV. 9  According to a
third and fourth embodiment of the invention a rapid
thermal annealing step  in an atmosphere not
containing oxygen is carried out instead of a rapid
thermal oxidation  step II. Typically, such a process
is carried out in a hydrogen and/or argon atmosphere
with  the same process parameters as those used for
the rapid thermal oxidation step, except for  the
oxygen concentration. Also this heat treatment is
suitable to reduce, at least partially,  oxygen
precipitates and/or nuclei by dissolution. However, as
such a treatment negatively  affects the surface
quality, the anneal heat treatment step should
preferably be followed by a  polishing step to ensure
sufficient surface roughness of the donor substrate 1.
In the oxygen  free atmosphere no thin oxide layer 3
will be formed. According to a fifth embodiment
according to the invention, the embodiments 1 to 4
could be  combined in any way. It has been shown that
by carrying out the additional heat treatment to
reduce oxygen  precipitates and/or nuclei, the amount
cf crystalline defaults in the end product, the SOI
wafer 11, can be reduced by a factor of at least 6.
This result has been proved by growing a  silicon
oxide layer with a thickness of 5000 A on two silicon
wafers. This thickness is  equivalent to 4 x 1500 A
which is a typical thickness for the isolation layer 5
of a silicon on  



insulator wafer and aimed at simulating the thermal
treatment of four layer transfers.  Wherein for one
wafer, no additional heat treatment, in particular the
oxidation treatment,  has been carried out, for the
second wafer, the inventive additional heat treatment
step has  been carried out and an analysis of the
defects showed the reduction in crystalline defects.
Unlike the prior art, in the method according to the
invention, precipitates and/or nuclei are  not
prevented from creation, but are preferably removed
during the process, as in fact their  creation cannot
be prevented, which is due to the fact that they are
always created during  the heat treatments which are
part of the fabrication process. As a consequence, the
donor substrate, can be more often reused which makes
the  fabrication process cheaper, and at the same time
the high quality of the transferred layer 15  onto the
SOI wafer 11 can be assured. 10  Claims 1. Method for
manufacturing compound material wafers, in particular
silicon on insulator  type wafers, comprising the
steps: a) providing an initial donor substrate (1), b)
forming an insulating layer (5) over the initial donor
substrate (1), c) forming a predetermined splitting
area (7) in the initial donor substrate (1),  d)
attaching the initial donor substrate (1) to a handle
substrate (9), and e) detaching the donor substrate
(1) at the predetermined splitting area (7),  thereby
transferring a layer (15) of the initial donor
substrate (1) onto the  handle substrate (9) to form a
compound material wafer (11), and  characterized by
further comprising at least one thermal treatment step
configured to at least partially  reduce, in
particular by dissolution, oxygen precipitates and/or
nuclei, in the initial  donor substrate (1) and/or the
remainder (13) of the donor substrate (1). 2. Method
according to claim 1, wherein the remainder (13) of
the donor substrate (1) is  



reused as initial donor substrate (1) and wherein
steps b) to e) are repeated at least  once before a
first or further thermal treatment step is carried
out. 3. Method for recycling a used donor substrate
obtained in a method for manufacturing  compound
material wafers (11) according to the preamble of
claim 1 characterized  by comprising a thermal
treatment step configured to at least partially
reduce, in  particular by dissolution, oxygen
precipitates and/or nuclei in the initial donor
substrate (1) and/or the remainder (13) of the donor
substrate (1). 4. Method for manufacturing compound
material wafers according to one of claims I to  3,
wherein at least one of the at least one thermal
treatment steps is a rapid thermal  oxidation step. 11
5. Method according to claim 4, wherein the thermal
treatment is carried out in a temperature range
between 1150C and 1300C, in particular between 1200C
and  1250C. 6. Method according to claim 5, wherein
the thermal treatment is carried out for a  duration
between 15sec to 5 min, in particular for a duration
of 30sec to 2min or for a  duration between 1min to
5hrs in case a batch anneal type furnace is used to
carry  out the rapid thermal oxidation step. 7. Method
according to one of claims 4 to 6, wherein the rapid
thermal oxidation step is  carried out in an
atmosphere having an oxygen concentration of 5% to
100% and/or  an oxygen rate of 5 to 20 I/min, in
particular an oxygen rate of 10 I/min. 8. Method for
manufacturing compound material wafers according to
one of claims 4 to  7, wherein the rapid thermal
oxidation step is carried out between step a) and b)
and/or after step e). 9. Method according to claim 8,
wherein during the rapid thermal oxidation treatment
an  oxide layer (3) of a thickness in a range of 50A
to 500A is grown on the initial donor  



substrate (1) or the remainder (13) of the donor
substrate (1). 10. Method for manufacturing compound
material wafers according to one of claims 4 to  9,
further comprising after step e) a step f) comprising
polishing of the surface of the  donor substrate (1)
at which detachment occurred and wherein the rapid
thermal  oxidation step is carried out before and/or
after step f). 11. Method for manufacturing compound
material wafers according to one of claims 1 to  10,
wherein at least one of the at least one thermal
treatment steps is a rapid thermal  anneal step,
carried out in an oxygen free atmosphere. 12. Method
according to claim 11, wherein the rapid thermal
anneal step is carried out in  an hydrogen and/or
argon atmosphere. 12  13. Method for manufacturing
compound material wafers according to one claim 11 or
12, wherein the rapid thermal anneal step is carded
out between step a) and b)  and/or after step e) and
followed by a polishing step. 14. Method for
manufacturing compound material wafers according to
one of claims 4 to  13, wherein the rapid thermal
oxidation or anneal step is carried out with a
temperature ramp of at least 20C/s, in particular at
least 25C/s when a batch  furnace is used or with a
temperature ramp of at least 30C/s, in particular at
least  50C/s, when a single wafer fumace is used. 


