1 Method for Fabricating a Conpound Material and Method For Choosing a
Wafer The invention relates to a nmethod for fabricating a conpound nateri al
wafer, and in particular a silicon insulator (SO) type wafer, conprising -
the steps of: provid- ing two wafers and attaching, in particular by

bondi ng, the one wafer to the other. The invention, furthernore, relates to
a nethod for choosing a wafer which is suitable for the fabrication process
of a conmpound naterial wafer and to the use of a wafer in the fabrication
process of a conmpound material wafer. On the final product, e.g. a SO
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met hod for choos- ing a wafer according to clains 2. Surprisingly, by
determ ning the edge role off value using the second derivative

On the final product, e.g. a SOl 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-
fion of 5 mm away from the outer periphery lead to SO| 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 uéing 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



of the profile of each of the wafers and by using only wafers with an edge
role off value (ERO of nore than 50 nm and in particular nore than 100
nm nmore in 2 particular of nore than 150 nm in the fabrication process of
the wafers, the nunber of voids generated close to the periphery of the

waf er can be reduced. Here the term"ppofile" stays for a height profile of
the wafer in the radial direc- tion for the surface at which attachnent to
the other wafer will occur. Further- nmore the two wafers need not to be of
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) 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 SOl type wafers.



geneous wafer edges can be taken into account. Preferably the nethod can
further conprise a step of providing an insulating |ayer on at |east one of
the two wafers prior to attaching the wafers. Reduced nunbers of voids for .
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observed for conmpound material wafer st rfictures conprising an insulating
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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.
.
The invention also relates to the use of a wafer according to one of claims=8=to

18.

Specific embodiments of the present invention will become more apparent from
the following description with reference to the accompanying drawings wherein:

Figs. 1a 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-
fects 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



Fig. 3 is a block diagramillustrating an enbodi nent of the inventive nethod
for fabricating a conmpound material wafer, Fig. 4 illustrates the way of
determ ning the edge roll off value using the second | erivative, and 4

Fig. 5 is a three-dimensional diagramrepresenting the average nunber of
void defects as a function of the ERO d4al ue of the two wafers used in the
fabricating process of a conpound naterial wafer. A state of the art
conpound material fabrication process, applicable in particular to SO
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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 wa-
fer 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 (sSOI),
SiGeOl, GeOl, 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 SOI wafer 21. The size of the defects in the figure is exaggerated



compound material wafers can be fabricated using this process. An exanple
for another conpound material wafer would be: strained Silicon on insul ator
(sSA), SiGd, Gd, silicon on quartz SOQ or direct silicon bonding
wafers (DSB). In addition, further |ayers may be present. Fig. 2a
Illustrates a top view of the silicon opn insulator wafer 21 obtained by the
descri bed nethod. On the surface of theYtransferred | ayer 23 defects 25a,
25b and 25c etc. can be observed They are positioned at about 3 mm avvay
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approxi ametey. 1 mmin 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 conplete. These voids can
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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 25¢ 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:



Fig. 2a. Next in step 33, the edge roll off value of each of the wafers is
deter- mned. Wth the bondi ng defects 25a, 25b and 25c¢c as shown in Fig. 2a
“and 2b predom nantly being present up to about 3 mmfromthe edge 27 of the
com pound material wafer 21, the edge roll off value according to the first
enbodi - nent of the invention is deter@ ned preferably at about 0.5 mm- 2.5
mm in par- ticular, at 1 mmaway fromthe outer periphery 27 of the wafers
11 and 13. According to the invention the edge roll off value is determ ned
usi ng the second derivBRQe Yfa)t-Ngfga)file of the waflg¢rs 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 attachnment will occur.
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out erroneous co
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-
lated, e.g. from the measured profile itself or by reintegrating twice the second
derivative profile. Double integration is typically used to fiiter 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 nm, 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



tributions to the ERO val ue, which can be due to a m salignnent of the wafer
on the neasurenent 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 determned in the radial direction at one or nore positions
on the wafer, for exanple along Iine Bgshown in Fig. 2a. The second
derivative is illus- trated in the bottomview. It is nunerically cal cul ated
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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 nm, 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.



lustrated in Fig. 2. Fig. 5 illustrates the advantageous effect of only
using wafers which have an edge roll off value of nore than 50 nm in
"particular, nore than 100 nm even nore in particular nore than 150 nm

Fig. 5 is a three-di nensional dlagraqg wherein the average nunber of
crystalline defects for a sanple of IO 000 -wafers 1is plotted against the
determ ned edge roll off values of ERO = Y(a) -Y(fga=149mm for both the

waf er 11 serving as a donor substrate and the second wafer 13 serv- ing as a
support substrate in the fabrication of a SO wafer 21. The wafers were

anal ysed using a Raytex DynaSearch tool, which establishes the ERO val ue
based on the second derivative. As can be clearly seen, the anpunt of
defects of the type as shown in Fig. 2a and Fig. 2b can reach in average
nore than ten in case the edge roll off value for both wafers is |ess than
50 nmand nore than two in case the edge roll off value is less than 100
nm wher ei ndlpﬂwgige roll off value has been determ ned using the double
derivative ne 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 nore
than 180 nm mmbwsforlfabﬁbaﬁn@la‘@onfpmhndcmatml awafenp inrpartiadiar iaakilivod-en,

in particular i n ins ator fer, conprising the steps
of providing '?Wjﬁ%@g m‘f"a ) Comp %h?ggi&?% barticul ar bonding, the one
waf er to the other, charact eri zed In determ ning pri or to attaching an edge

roll off (ERO rH iA ‘@g two wafers using the second derivative
of the profll ?h Q 0 ﬁ%ﬁmaﬁgfs (11, 13) and

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(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” 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 which is suitable for the fabrication process of a
compound material wafer according to the preambile of claim 1,

characterized in that

the second derivative of the profile of a wafer is determined to establish the edge
rolf off (ERO) value of the wafer and only wafers with an ERO of more than 50nm,



using wafers with an ERO of nore than 50nm in particular, nore than 100nm
nore in particular, nore than 150nm wherein the ERO i s obtai ned by
‘determining: ERO = Y(a) - Y(fga), wherein a and fqga correspond to two
positions on a radius of the wafer and wherein Y(a) corresponds to the

hei ght of the wafer at a radial position for whicch the second derivative
"V' is zero, and Y(fga) corresponds to f?ne hei ght of the wafer at a radi al
position of about 0.5mMmto 2.5 nm in particular at about 1nm away fromthe
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nmor e t han 100wMerdinttite ER@isrddtsinbdbydagrmiﬁihg_n 150nm are chosen for the
fabrication process, wherein the EROis obtalned by determning: ERO = Y(a)
- Y(fga), wherein a and _fqga correspond to two positions on a radius of the
waf er and wheE8® = ¥(@hy YfdA).esponds to the height of the wafer at a radial
position for which the second derivative Y' is zero, and Y(fga) corresponds
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300mm type WafdeeHVative 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).

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),



4. Method according to one of clains 1 to 3, wherein the ERO is determ ned
at several positions of the wafer and wherein an average ERO is cal cul ated
fromthe individual values. 5. Method according to one of clains 1 to 4,
further conprising a step of providing an insulating |ayer (15) on at |east
one of the two wafers (11, 13) prior to attaching the wafers. 6. Method
according to one of clains | to 5, furthfép conprising a step of forming a
predeterm ning splitting area (17) in one of the wafers (11, 13). 7. Use of

a wafer with .l . aor . i i

more than 100r iR 2 3R ‘g ebmagid 3w oRinofB b A s Ol el id wigheft
pr f)pess of a¥ mdpmds%o}thb he@wvmbf ﬂ"_%l\)/afﬁ'r atE awlid_li'ab[!ldti)sitiqrﬁfo(rj wtl;ich the second
silicon-on-insyl ator pe .waf er, rein the i S ohtaine )
et er i ni ng: | eIV a) et and ¥ faalicomeshond 1 tnertimoRteH o Wafer at 3 radisl
positions on a i i Y @9%9

hei ght of the ﬂg@ﬁjg{ ngétg)g?rgfﬁ g)%?m'\rqm%é?ﬂ laircégaatbr?g?gmnd (S:Eadrn?\t/ﬁaét1 ié"\‘/tgr
Y'(a) is zero, penghery{28) correspond to the height of the wafer at a radial
position of about 0.5mmto 2.5mm in particular at about 1 mm away fromthe
outer periphery (27).





