
1  Method for Fabricating a Compound Material and Method For Choosing a
Wafer  The invention relates to a method for fabricating a compound material
wafer, and  in particular a silicon insulator (SOI) type wafer, comprising
the steps of: provid- ing two wafers and attaching, in particular by
bonding, the one wafer to the other.  The invention, furthermore, relates to
a method for choosing a wafer which is  suitable for. the fabrication
process of a compound material wafer and to the use  of a wafer in the
fabrication process of a compound material wafer. On the final product, e.g.
a SOI wafer, defects, in particular voids, can be ob- served in the vicinity
of the outer periphery of the compound material wafer.  From EP 1566830 it
is known that the amount of defects of this type can reduced  by carrying
out the SOI fabrication process with wafers for which the configura- tion
change is 0.1 nm or less, in a region between 10 mm and 3 mm away from  the
outer periphery. Alternatively, wafers with a slope of 0.02 % or less at a
posi- tion of 5 mm away from the outer periphery lead to SOI wafers with.
reduced de- fects. It is the object of the present invention to provide an
alternative method for fabri- cating a compound material wafer and/or an
alternative method for choosing a  wafer which is suitable for the
fabrication process of a compound material wafer,  so that the generation of
defects in the outer periphery of the compound material  wafers can be
reduced. This object is achieved with the method for fabricating a compound
material wa- fer according to claim 1. This object is also achieved with the
method for choos- ing a wafer according to claims 2. Surprisingly, by
determining the edge role off value using the second derivative  



of the profile of each of the wafers and by using only wafers with an edge
role off  value (ERO) of more than 50 nm, and in particular more than 100
nm, more in 2  particular of more than 150 nm, in the fabrication process of
the wafers, the  number of voids generated close to the periphery of the
wafer can be reduced.  Here the term "profile" stays for a height profile of
the wafer in the radial direc- tion for the surface at which attachment to
the other wafer will occur. Further- more the two wafers need not to be of
the same material and can be provided or  not with further layers. According
to a preferred embodiment, the second derivative used to determine  the edge
roll of value which can be obtained by determining: ERO= Y(a) - Y(fqa),
wherein a and fqa correspond to two positions on a radius of the wafer and
wherein Y(a) corresponds to the height of the wafer at a radial position for
which  the second derivative Y"(a) is zero, and Y(fqa) corresponds to the
height of the  wafer at a radial position of about 0.5 mm to 2.5mm, in
particular at about 1mm,  away from the outer periphery. Using this method
and with edge roll off values of  more than 50 nm, and in particular of more
than 100 nm, even more in particular  of more than 150 nm, for both wafers
even further improved results concerning  the defects have been achieved.
Preferably, each of the wafers can be a 300 mm type wafer. For 300 mm type
wafers, more voids are generated than for smaller wafers, so that ways to,
reduce  the number of voids for this class of wafers is of particular
interest for the large  size wafers. For even larger wafers, e.g. 450 mm
wafers, this Is also expected to  be the case. Advantageously the ERO can be
determined at several positions of the wafer  and an average ERO is
calculated from the Individual ERO values. Thus inhomo- 



geneous wafer edges can be taken into account. Preferably the method can
further comprise a step of providing an insulating  layer on at least one of
the two wafers prior to attaching the wafers. Reduced  numbers of voids for
the ERO values determined on the basis of the second de- rivative method are
observed for compound material wafer structures comprising  an insulating
layer, like for example SOI type wafers. 3  Advantageously the method can
further comprise a step of forming a predeter- mined splitting area in one
of the wafers. Such a method step is used to enable  the transfer of a thin
layer of material from one wafer onto the other and voids  are created in
the thin layer. Even when using this method, reduced numbers of  voids for
the ERO values determined on the basis of the second derivative  method are
observed for compound material wafer structures fabricated this way.
According to a preferred embodiment the edge roll off value determination
and/or  the choosing of a wafer can be carried out after the step of
providing an insulat- ing layer on at least one of the two wafers or after
the additional step of forming  a predetermined splitting area in one of the
wafers. Here the ERO value is de- termined just before the bonding on the
wafers like they are going to be bonded. __7~.  The invention also relates
to the use of a wafer according to-one of claims=6=to  Specific embodiments
of the present invention will become more apparent from  the following
description with reference to the accompanying drawings wherein:  Figs. I a
to 1e illustrate the fabrication process of compound material wafers like
known in the art, Figs. 2a and 2b illustrates a compound material wafer
known in the art with de- facts close to the outer periphery in a top view
and in a crosscut view, 



Fig. 3 is a block diagram illustrating an embodiment of the inventive method
for  fabricating a compound material wafer, =ig. 4 illustrates the way of
determining the edge roll off value using the second  lerivative, and 4
Fig. 5 is a three-dimensional diagram representing the average number of
void  defects as a function of the ERO value of the two wafers used in the
fabricating  process of a compound material wafer. A state of the art
compound material fabrication process, applicable in particular  to SOI
wafers, is illustrated in Fig. 1. It comprises the following steps and will
be  described for a SO[ wafer: In the first step, illustrated in Fig. 1a,
two Si wafers 11 and 13, e.g. 300 mm wa- fers, are provided. In the second
step, shown in Fig. 1b, a thermal oxide layer 15  is grown on wafer 11.
During a thermal growth actually the wafer gets encapsu- lated by the oxide.
The oxide on the back and on the side is, however, removed  at a later
stage. In the following step, illustrated in Fig. 1c, atomic species 17,
like hydrogen ions or rare gas ions, are implanted through the thermal oxide
layer 15 into wafer 11, to thereby create a predetermined splitting area 19
inside  wafer 11. Then in the following step, the second wafer 13 is bonded
to wafer 11,  such that the oxide layer 15 is positioned between wafer 13
and 11. Then, energy, in particular thermal energy, is provided to the
bonded wafer sys- tem such that detachment occurs at the predetermined
splitting area 19 to  thereby create the desired silicon on insulator wafer
21 comprising the initial wa- fer 13, the oxide layer 15 and a transferred
layer 23 which had its origin from we- far 11. Of course, instead of
creating a silicon on insulator wafer 21, also other types of  



compound material wafers can be fabricated using this process. An example
for  another compound material wafer would be: strained Silicon on insulator
(sSOl),  SiGeOl, GeOI, silicon on quartz SOQ or direct silicon bonding
wafers (DSB). In  addition, further layers may be present. Fig. 2a
illustrates a top view of the silicon on insulator wafer 21 obtained by the
described method. On the surface of the transferred layer 23 defects 25a,
25b  and 25c etc. can be observed. They are positioned at about 3 mm away
from the  edge 27 of the SOl wafer 21. The size of the defects in the figure
is exaggerated 5  for illustrative purposes. In reality the have a size of
approximately 1mm in di- ameter. Fib. 2b illustrates a cross cut along line
AA shown in Fig. 2a. It can be seen that  the defects 25b and 25c correspond
to areas where the transfer of layer 23 was  not complete. These voids can
go the whole way through the transferred layer  and the insulating layer 15
to reach the interface at which bonding occurred.  These defects are usually
attributed to bonding defects. When two wafers are  bonded, they are
actually put into close contact to each other and then a pres- sure is
applied, typically on one edge of the wafer. On the edge oppositeto the
point where bonding has been initiated perturbations of the bonding wafer
can  occur which then can lead to the observed defects, e.g. due to a
locally lower  bonding force. Fig. 3 is a block diagram illustrating an
embodiment of the inventive method for  manufacturing compound material
wafers which allows a reduction of the de- scribed type of defects, at least
on average over a certain number of wafers, for  example, over about 10 000
wafers. The first step 31 consists in providing two wafers, like in the
method illustrated in  



Fig. 2a. Next in step 33, the edge roll off value of each of the wafers is
deter- mined. With the bonding defects 25a, 25b and 25c as shown in Fig. 2a
and 2b  predominantly being present up to about 3 mm from the edge 27 of the
com- pound material wafer 21, the edge roll off value according to the first
embodi- ment of the invention is determined preferably at about 0.5 mm - 2.5
mm, in par- ticular, at 1 mm away from the outer periphery 27 of the wafers
11 and 13. According to the invention the edge roll off value is determined
using the second  derivative of the profile of the wafers Y(r). The profile
Y(r) corresponds to the  height profile in the radial direction r, usually
expressed in nm, of the surface at  which later on attachment will occur.
Alternatively also the wafer thickness profile  may be used. The edge roll
off value is determined using the second derivative  of the profile of the
wafer, and is defined by: 6  ERO = Y(a) -Y(fga) (1) Thus ERO, expressed in
nm, is the difference of height (or thickness) between  two locations,
namely the location at radius "a" and at radius "fqa". The value of  "fqa"
is chosen to be in a the range of a radius of 147.5 mm to 149.5 mm, in par-
ticular, at a radius of 149 mm, in case of a 300 mm wafer. The value of "a"
is not a fixed value of a radius of the wafer, but corresponds to  the first
position starting from "fqa" in the direction towards the center, for which
the second derivative of Y(r) is equal to zero: Y"(a)=O. The second
derivative is preferably determined using a numerical process based  on the
profile measurement of the wafers. It is determined at several positions of
the wafer and from the individual values, an average ERO value can be calcu-
fated, e.g. from the measured profile itself or by reintegrating twice the
second  derivative profile. Double integration is typically used to filter
out erroneous con- 



tributions to the ERO value, which can be due to a misalignment of the wafer
on  the measurement chuck, leading e.g. to a slightly skipped wafer. Fig. 4
illustrates this process. The top view illustrates the height profile of a
wa- fer which is determined in the radial direction at one or more positions
on the  wafer, for example along line B shown in Fig. 2a. The second
derivative is illus- trated in the bottom view. It is numerically calculated
using the height profile:  Using this data the position "a" for which the
second derivative is zero is deter- mined. Then the corresponding wafer
heights Y(a) and Y(fqa) are determined  from which in turn the ERO value is
calculated using equation (1). Then in the step 35, only such wafers are
chosen for further processing which  have an ERO value of more than 50 rim,
in particular more than 100-nm. The inventive process then continues with
the steps of providing an insulating  layer, like layer 15 shown in figure
1b, on at least one of the two wafers (step  37). A predetermined splitting
area is then provided (step 39), which corre- sponds to the process step
shown in figure 1c. Then in step 41, the wafers are 7  attached to each
other, which corresponds to the process step illustrated in Fig.  Id. The
detailed description of the method steps illustrated in Fig. 1 is incorpo-
rated herewith by reference. According to variants of embodiments 1 and 2,
the edge roll off value determina- tion step 33 and the choosing step 35
could also be carried out after providing an  insulating layer 15 on at
least one of the two wafers 11, 13 or even after the step  of forming a
predetermined splitting area 17 in one of the wafers 11, 13. Furthermore,
according to the a second embodiment of the invention steps. 33  and 35
could also be carried out as an independent method for choosing a wafer
which is suitable for the fabrication process of a compound material wafer
as il- 



lustrated in Fig. 2. Fig. 5 illustrates the advantageous effect of only
using wafers which have an  edge roll off value of more than 50 nm, in
particular, more than 100 nm, even  more in particular more than 150 nm.
Fig. 5 is a three-dimensional diagram  wherein the average number of
crystalline defects for a sample of 10 000 wafers  is plotted against the
determined edge roll off values of ERO = Y(a) -Y(fqa=149mm) for both the
wafer 11 serving as a donor substrate and the second wafer 13 serv- ing as a
support substrate in the fabrication of a SOI wafer 21. The wafers were
analysed using a Raytex DynaSearch tool, which establishes the ERO value
based on the second derivative. As can be clearly seen, the amount of
defects of the type as shown in Fig. 2a  and Fig. 2b can reach in average
more than ten in case the edge roll off value for  both wafers is less than
50 nm and more than two in case the edge roll off value  is less than 100
rim, wherein the edge roll off value has been determined using  the double
derivative method. At the opposite, the amount of these defects is in
average less than two in case the edge roll off value of both wafers is more
than  100 nm. 8  CLAIMS 1. Method for fabricating a compound material wafer,
in particular a silicon-on  insulator (SOI) type wafer, comprising the steps
of. providing two wafers (11, 13); attaching, in particular bonding, the one
wafer to the other,  characterized in determining prior to attaching an edge
roll off (ERO) value of each of the two  



wafers using the second derivative of the profile of each of the wafers (11,
13) and  using wafers with an ERO of more than 50nm, in particular, more
than 100nm,  more in particular, more than 150nm, wherein the ERO is
obtained by determining:  ERO = Y(a) - Y(fga), wherein a and fqa correspond
to two positions on a radius of the wafer and  wherein Y(a) corresponds to
the height of the wafer at the first radial position  starting from "fqa" in
the direction towards the center for which the second  derivative Y" is
zero, and Y(fqa) corresponds to the height of the wafer at a  radial
position of about 0.5mm to 2.5 mm, in particular at about 1mm, away  from
the outer periphery (27). 2. Method for choosing a wafer in the fabrication
process of a  compound material wafer according to the preamble of claim 1,
the second derivative of the profile of a wafer is determined to establish
the edge  roll off (ERO) value of the wafer and only wafers with an ERO of
more than 50nm, 9  in particular more than 100nm, more in particular, more
than 150nm, are chosen  for the fabrication process, wherein the ERO is
obtained by determining:  ERO = Y(a) - Y(fga), wherein a and fqa correspond
to two positions on a radius of the wafer and  wherein Y(a) corresponds to
the height of the wafer at the first radial position  starting from "fqa" in
the direction towards the center for which the second  derivative Y" is
zero, and Y(fqa) corresponds to the height of the wafer at a radial
position of about 0.5mm to 2.5 mm, in particular at about 1 mm, away from
the outer periphery (27). 



3. Method according to one of claims 1 or 2, wherein each of the wafers (11,
13) is a  300mm type wafer. 4. Method according to one of claims 1 to 3,
wherein the ERO is determined at  several positions of the wafer and wherein
an average ERO is calculated from the  individual values. 5. Method
according to one of claims 1 to 4, further comprising a step of providing an
insulating layer (15) on at least one of the two wafers (11, 13) prior to
attaching the  wafers. 6. Method according to one of claims 1 to 5, further
comprising a step of forming a  predetermining splitting area (17) in one of
the wafers (11, 13). 7. Use of a wafer with an edge roll off (ERO) value of
more than 50nm, in particular  more than 100nm, more in particular, more
than 150nm, in the fabrication process  of a compound material wafer (21),
in particular a silicon-on-insulator type wafer,  wherein the ERO is
obtained by determining: ERO = Y(a) - Y(fqa), 10  wherein a and fqa
correspond to two positions on a radius of the wafer and  wherein Y(a)
corresponds to the height of the wafer at the first radial position
starting from "fqa" in the direction towards the center the first radial
position  starting from "fqa" in the direction towards the center for which
the second  derivative Y" is zero, and Y(fqa) corresponds to the height of
the wafer at a  radial position of about 0.5mm to 2.5 mm, in particular at
about 1mm away  from the outer periphery (27). 


