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(57) ABSTRACT 

A method for producing an SOI Wafer by the hydrogen ion 
delamination method comprising at least a step of bonding 
a base Wafer and a bond Wafer having a micro bubble layer 
formed by gas ion implantation and a step of delaminating 
a Wafer having an SOI layer at the micro bubble layer as a 
border, Wherein, after the delamination step, the Wafer 
having an SOI layer is subjected to a tWo-stage heat treat 
ment in an atmosphere containing hydrogen or argon utiliz 
ing a rapid heating/rapid cooling apparatus (RTA) and a 
batch processing type furnace. Preferably, the heat treatment 
by the RTA apparatus is performed ?rst. Surface roughness 
of an SOI layer surface delaminated by the hydrogen ion 
delamination method is improved over the range from short 
period to long period, and SOI Wafers free from generation 
of pits due to COPs in SOI layers are efficiently produced 
With high throughput. 

CONTAINING HYDROGEN OR ARGON USING RAPID 
HEATING/RAPID COOLING APPARATUS AND 
BATCH PROCESSING TYPE FURNACE 
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METHOD FOR PRODUCING SOI WAFER AND SOI 
WAFER 

TECHNICAL FIELD 

[0001] The present invention relates to a method for 
producing an SOI (Silicon On Insulator) Wafer, more spe 
ci?cally, a method for producing an SOI Wafer by the 
so-called hydrogen ion delamination method (also called 
Smart Cut Method (registered trademark)) comprising bond 
ing an ion-implanted Wafer to another Wafer that serves as a 
substrate and then delaminating the Wafers to produce an 
SOI Wafer, in Which surface roughness is improved by a heat 
treatment after the delamination, and an SOI Wafer produced 
by the method. Further, the present invention also relates to 
a method for producing an SOI Wafer that can reduce 
bonding failures during the production of the SOI Wafer and 
can provide SOI Wafers With good yield, in Which a heat 
treatment is performed after the delamination. 

BACKGROUND ART 

[0002] Recently, as a method for producing an SOI Wafer, 
the method comprising bonding a Wafer implanted With 
hydrogen ions or the like and then delaminating the Wafer to 
produce an SOI Wafer (a technique called hydrogen ion 
delamination method: Smart Cut Method (registered trade 
mark)) is neWly coming to attract much attention. This 
method is a technique for producing an SOI Wafer, Wherein 
an oxide layer is formed on at least one of tWo silicon 
Wafers, at least either hydrogen ions or rare gas ions are 
implanted into one Wafer from its top surface to form a 
micro bubble layer (enclosed layer) in this silicon Wafer, 
then the ion-implanted surface of the Wafer is bonded to the 
other silicon Wafer via the oxide layer, thereafter the Wafers 
Were subjected to a heat treatment (delamination heat treat 
ment) to delaminate one of the Wafer as a thin ?lm at the 
micro bubble layer as a cleavage plane, and the other Wafer 
is further subjected to a heat treatment (bonding heat treat 
ment) to obtain an SOI Wafer in Which an SOI layer is ?rmly 
bonded on the silicon Wafer (refer to Japanese Patent Laid 
open (Kokai) Publication No. 5-211128). 

[0003] When an SOI Wafer is produced by the hydrogen 
ion delamination method, the SOI layer surface as it is after 
the delamination at the micro bubble layer as a cleavage 
plane has higher surface roughness compared With a mirror 
polished Wafer used for usual device production, and there 
fore the Wafer as it is cannot be used for the device 
production. Accordingly, in order to improve the aforemen 
tioned surface roughness, polishing using a small amount of 
stock removal for polishing, Which is called touch polish, is 
usually performed. 

[0004] HoWever, the SOI layer is extremely thin, and 
therefore When its surface is polished, there is caused a 
problem that variation in SOI layer thickness becomes large 
due to ?uctuation of the polishing amount Within the surface. 

[0005] Therefore, it Was proposed to improve the surface 
roughness by a heat treatment of the SOI layer surface 
immediately after the delamination, Without using polishing. 

[0006] Japanese Patent Laid-open (Kokai) Publication No. 
10-242154 discloses a method Wherein, after a second heat 
treatment for strengthening bonding of a support substrate 
and a single crystal silicon thin ?lm (bonding heat treat 
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ment), a third heat treatment is performed at a temperature 
of 1000-1300° C. for 10 minutes to 5 hours in a hydrogen 
atmosphere to improve average surface roughness of the 
silicon thin ?lm. 

[0007] Further, Japanese Patent Laid-open (Kokai) Publi 
cation No. 10-275905 discloses a method for producing an 
SOI Wafer Wherein a Wafer of the SOI structure having a 
delaminated surface, Which is obtained by the hydrogen ion 
delamination method, is subjected to annealing in a hydro 
gen atmosphere (hydrogen annealing) to ?atten the delami 
nated surface. 

[0008] Thus, any of the techniques disclosed in the afore 
mentioned patent documents utiliZes a heat treatment in a 
hydrogen atmosphere to improve the surface roughness of a 
delaminated Wafer. 

[0009] The aforementioned Japanese Patent Laid-open 
(Kokai) Publication No. 10-242154 de?nes temperature and 
time for the third heat treatment (hydrogen annealing) for 
improving the average surface roughness. HoWever, if, for 
example, the SOI layer (single crystal silicon thin ?lm) is 
formed from a Wafer produced by the CZochralski method 
(CZ method) and it has a small thickness of about 0.5 pm or 
less, there is caused a problem that a buried oxide layer is 
etched by hydrogen gas penetrated through COP (Crystal 
Originated Particle), Which is a void-like groWn-in defect, 
When the hydrogen annealing is performed. Further, 
although it is knoWn that a heat treatment performed in an 
argon atmosphere also improves the surface roughness like 
the heat treatment in hydrogen, hoWever, it also cannot 
obviate the problem of etching through COP. That is, it is 
knoWn that a CZ Wafer has crystal defects called COPs 
introduced therein during the crystal groWth, and it has 
become clear that, if such a CZ Wafer is utiliZed for the bond 
Wafer to be a device active layer, COPs exist also in the SOI 
layer and in a case of an extremely thin SOI layer, Which is 
required in recent years, the COPs penetrate the SOI layer 
and form pinholes to markedly degrade electric character 
istics. 

[0010] MeanWhile, Japanese Patent Laid-open (Kokai) 
Publication No. 10-275905 discloses that, as speci?c meth 
ods for the heat treatment (annealing), the heat treatment can 
be performed by any one of short time annealing (rapid 
thermal anneal, RTA) of the single Wafer processing in 
Which Wafer is treated one by one and plasma annealing, 
besides the method of hydrogen annealing performed for 
several tens of seconds to several tens of minutes in a 
hydrogen atmosphere using a batch processing type furnace. 
[0011] Among the aforementioned various heat treatments 
(annealing), the rapid thermal annealing (RTA) utiliZing a 
rapid heating/rapid cooling apparatus can be performed 
Within an extremely short period of time. Therefore, it Was 
considered that the aforementioned buried oxide layer Was 
not etched, COPs in the SOI layer could be eliminated 
simultaneously, and thus the surface roughness could be 
improved efficiently. 
[0012] HoWever, When the inventors of the present inven 
tion precisely investigated the improvement of the surface 
roughness of SOI Wafer by RTA, it Was found that it Was 
only short period components of surface roughness that Were 
improved to a level comparable to that of mirror-polished 
Wafers for the usual device production, and long period 
components Were still extremely inferior to those of the 
mirror-polished Wafers. 
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[0013] When the relationship between the heat treatment 
time and the surface roughness Was further investigated, it 
Was found that, in order to improve the long period com 
ponents of surface roughness by an RTA apparatus, a heat 
treatment of high temperature for long period of time (for 
eXample, at 1225° C. for 3 hours or more) Was required. 

[0014] HoWever, since the heat treatment performed by an 
RTA apparatus is one of the single Wafer processing type, 
treatment for a long period of time loWers throughput and 
degrades efficiency. In addition, it increases the production 
cost. Therefore, it is not practical. 

[0015] On the other hand, although a batch processing 
furnace that enables a heat treatment for a long period of 
time can treat a lot of Wafers at one time, it suffers from a 
problem that the buried oXide layer is etched through COPs 
in the SOI layer during the hydrogen annealing treatment to 
form pits due to the sloWer temperature increasing rate. 

DISCLOSURE OF THE INVENTION 

[0016] The present invention Was accomplished in order to 
solve the aforementioned problems, and its object is to 
improve surface roughness over the range from short period 
to long period of an SOI layer surface delaminated by the 
hydrogen ion delamination method Without polishing and to 
secure its thickness uniformity, as Well as to efficiently 
produce SOI Wafers free from generation of pits due to 
COPs in SOI layers With high throughput. 

[0017] In order to achieve the aforementioned object, the 
present invention provides a method for producing an SOI 
Wafer by the hydrogen ion delamination method comprising 
at least a step of bonding a base Wafer and a bond Wafer 
having a micro bubble layer formed by gas ion implantation 
and a step of delaminating a Wafer having an SOI layer at the 
micro bubble layer as a border, Wherein, after the delami 
nation step, the Wafer having an SOI layer is subjected to a 
tWo-stage heat treatment in an atmosphere containing hydro 
gen or argon utiliZing a rapid heating/rapid cooling appara 
tus and a batch processing type furnace. 

[0018] If a Wafer having an SOI layer is subjected to a heat 
treatment consisting of tWo stages utiliZing separately a 
rapid heating/rapid cooling apparatus and a batch processing 
type furnace after the delamination as described above, 
surface crystallinity is restored and the surface roughness of 
short periods is improved in the heat treatment by the rapid 
heating/rapid cooling apparatus, and the surface roughness 
of long periods can be improved by the heat treatment 
utiliZing the batch processing type furnace. Further, since a 
plurality of Wafers can be subjected to a heat treatment at 
one time in the batch processing type furnace, the Wafers can 
be produced With higher throughput compared With a case 
Where Wafers are subjected to a heat treatment for a long 
period of time by the single Wafer processing in a rapid 
heating/rapid cooling apparatus. 

[0019] Furthermore, since this method does not use pol 
ishing such as touch polishing, thickness uniformity of the 
SOI layer is also secured. 

[0020] Further, in the aforementioned method, the tWo 
stage heat treatment is preferably performed by subjecting 
the Wafers to a heat treatment in the rapid heating/rapid 
cooling apparatus and then a heat treatment in the batch 
processing type furnace. 
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[0021] In the present invention, both of the short period 
components and long period components of surface rough 
ness are improved by the tWo-stage heat treatment as 
described above. If the heat treatment in the rapid heating/ 
rapid cooling apparatus for a short period of time is per 
formed as the ?rst stage, crystallinity of the surface is 
restored and COPs in the SOI layer are markedly reduced. 
Therefore, When the heat treatment by the batch processing 
type furnace is performed in a subsequent stage, COPs in the 
SOI layer are substantially eliminated already. Accordingly, 
even if the heat treatment is performed for a relatively long 
period of time, the etching of the buried oXide layer by 
hydrogen gas or argon gas, Which is caused through pen 
etrated COPs, is suppressed, and thus pits are not generated. 

[0022] Further, the present invention also provides a 
method for producing an SOI Wafer by the hydrogen ion 
delamination method comprising at least a step of bonding 
a base Wafer and a bond Wafer having a micro bubble layer 
formed by gas ion implantation and a step of delaminating 
a Wafer having an SOI layer at the micro bubble layer as a 
border, Wherein an FZ Wafer, an epitaXial Wafer or a CZ 
Wafer of Which COPs at least on surface are reduced is used 
as the bond Wafer, and the Wafer having an SOI layer is 
subjected to a heat treatment under an atmosphere contain 
ing hydrogen or argon in a batch processing type furnace 
after the delamination step. 

[0023] If an SOI Wafer is produced by using any one of an 
FZ Wafer, an epitaXial Wafer and a CZ Wafer of Which COPs 
at least on surface are reduced is used as the bond Wafer as 
described above, COPs in the SOI layer can be reduced or 
substantially completely eliminated. Therefore, the problem 
of etching of the buried oXide layer due to COPs is not 
caused, and a heat treatment at a high temperature for a long 
period of time in a batch processing type furnace also 
becomes possible. 

[0024] Further, another object of the present invention is 
to provide SOI Wafers With good yield by reducing bonding 
failures such as voids and blisters generated at a bonding 
surface, When SOI Wafers of Which COPs in the SOI layer 
are reduced are produced as described above. 

[0025] To this end, the present invention also provides a 
method characteriZed by using a CZ Wafer produced from a 
single crystal ingot of Which COPs are reduced for the Whole 
crystal as a Wafer used for the bond Wafer. 

[0026] If a CZ Wafer produced from a single crystal ingot 
of Which COPs are reduced for the Whole crystal is used as 
described above, a usual mirror-polished surface can be used 
as a bonding surface, and therefore bonding failures can be 
reduced compared With a case utiliZing an epitaXial Wafer. 
Further, since the method utiliZes a CZ Wafer, it can be 
applied to a Wafer having a large diameter such as 200 mm, 
300 mm or a further larger diameter, Which are considered 
difficult to be produced for FZ Wafers. Furthermore, since 
COPs are reduced for the Whole crystal (Whole Wafer), the 
stock removal of the delaminated plane for polishing is not 
required to be limited, When the delaminated Wafer is 
recycled as a bond Wafer. 

[0027] Further, by subjecting an SOI Wafer produced as 
described above, in Which COPs in the SOI layer are 
reduced, to a heat treatment under an atmosphere containing 
hydrogen or argon in a batch processing type furnace, the 



US 2004/0063298 A1 

surface roughness of the SOI layer can be reduced Without 
producing pits of the buried oxide layer. 

[0028] According to the present invention, there is further 
provided an SOI Wafer Which is produced by the aforemen 
tioned method, characteriZed in that the Wafer has an RMS 
(root mean square roughness) value of 0.5 nm or less 
concerning surface roughness for both of 1 pm square and 10 
pm square. 

[0029] Thus, in the SOI Wafer produced according to the 
present invention, although it is produced Without polishing, 
both of the short period components (for example, about 1 
pm square) and the long period components (for example, 
about 10 pm square) of the surface roughness of the SOI 
layer are improved, and both of RMS values therefor are 
very small, i.e., 0.5 nm or less, Which means surface 
roughness comparable to that of mirror-polished Wafers. In 
addition, the ?lm thickness does not become uneven unlike 
in a case Where the surface is polished. Therefore, such an 
SOI Wafer can suitably be used for the production of recent 
highly integrated devices. 

[0030] As explained above, in the method for producing 
an SOI Wafer of the present invention, by subjecting a Wafer 
having an SOI layer to a tWo-stage heat treatment utiliZing 
a rapid heating/rapid cooling apparatus and a batch process 
ing type furnace in an atmosphere containing hydrogen or 
argon after the delamination step, both of short period 
components and long period components of surface rough 
ness of delaminated plane of the Wafer can be markedly 
improved. Further, crystallinity is also restored, and pits due 
to COPs in the bond Wafer to be used are not generated. 

[0031] Furthermore, the short period components of sur 
face roughness are improved Within an extremely short 
period of time by the heat treatment using an RTA apparatus, 
and in addition, a lot of Wafers can be processed at one time 
and the long period components are improved in a batch 
processing type furnace. Therefore, the heat treatment can 
be ef?ciently performed as a Whole, and thus SOI Wafers of 
superior surface characteristics can be produced at a loW 
cost. 

BRIEF EXPLANATION OF THE DRAWINGS 

[0032] FIG. 1(a) to shoW a How diagram of an 
exemplary process for producing an SOI Wafer by the 
hydrogen ion delamination method according to the present 
invention. 

[0033] FIG. 2 shoWs a graph representing relationship 
among RTA treatment temperature, treatment time, and P-V 
value for 1 pm square. 

[0034] FIG. 3 shoWs a graph representing relationship 
among RTA treatment temperature, treatment time, and P-V 
value for 10 pm square. 

[0035] FIG. 4 shoWs a graph representing relationship 
among RTA treatment temperature, treatment time, and 
RMS value for 1 pm square. 

[0036] FIG. 5 shoWs a graph representing relationship 
among RTA treatment temperature, treatment time, and 
RMS value for 10 pm square. 

[0037] FIG. 6 is a schematic vieW shoWing an exemplary 
rapid heating/rapid cooling apparatus. 
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[0038] FIG. 7 is a schematic vieW shoWing another exem 
plary rapid heating/rapid cooling apparatus. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0039] Hereafter, embodiments of the present invention 
Will be explained With reference to the appended draWings. 
HoWever, the present invention is not limited to these. 

[0040] FIG. 1 shoWs a How diagram of an exemplary 
process for producing an SOI Wafer by the hydrogen ion 
delamination method according to the present invention. 

[0041] The present invention Will be explained hereafter 
mainly as for a case Where tWo of silicon Wafers are bonded. 

[0042] In the hydrogen ion delamination method shoWn in 
FIG. 1, tWo mirror-surface silicon Wafers are prepared ?rst 
in the step (a). That is, a base Wafer 1 that serves as a 
substrate and a bond Wafer 2 from Which an SOI layer is 
obtained, Which correspond to speci?cations of devices, are 
prepared. 

[0043] Then, in the step (b), at least one of the Wafers, the 
bond Wafer 2 in this case, is subjected to thermal oxidation 
to form an oxide layer 3 having a thickness of about 0.1-2.0 
pm on its surface. 

[0044] In the step (c), at least either hydrogen ions or rare 
gas ions, hydrogen ions in this case, are implanted into one 
surface of the bond Wafer 2 on Which surface the oxide layer 
Was formed to form a micro bubble layer (enclosed layer) 4 
parallel to the surface in mean penetrating depth of the ions. 
The ion implantation temperature is preferably 25-450° C. 

[0045] The step (d) is a step of superimposing the base 
Wafer 1 on the hydrogen ion implanted surface of the 
hydrogen ion implanted bond Wafer 2 via an oxide layer and 
bonding them. By contacting the surfaces of tWo of the 
Wafers to each other in a clean atmosphere at an ordinary 
temperature, the Wafers are adhered to each other Without 
using an adhesive or the like. 

[0046] The subsequent step (e) is a delamination heat 
treatment step in Which the Wafers Were delaminated at the 
enclosed layer 4 as a border to separate them into a delami 
nated Wafer 5 and a Wafer 6 having an SOI layer (SOI layer 
7+buried oxide layer 3+base Wafer 1). For example, if the 
Wafers are subjected to a heat treatment at a temperature of 
about 500° C. or more under an inert gas atmosphere, the 
Wafers are separated into the delaminated Wafer 5 and the 
Wafer 6 having an SOI layer due to rearrangement of crystals 
and aggregation of bubbles (this Wafer may be simply called 
SOI Wafer hereinafter including such a Wafer subjected to a 
heat treatment). 

[0047] As for the steps thus far, the method of the present 
invention is the same as the conventional hydrogen ion 
delamination method. And in the present invention, the 
method is characteriZed by subjecting the Wafer 6 having an 
SOI layer 7 to a tWo-stage heat treatment in an atmosphere 
containing hydrogen or argon using a rapid heating/rapid 
cooling apparatus and a batch processing type furnace (step 
(g)), after the delamination heat treatment step (e). In this 
case, the atmosphere containing hydrogen or argon may 
consist of 100% of hydrogen, 100% of argon or a mixed gas 
of hydrogen and argon. 
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[0048] In addition, after the delamination heat treatment 
step (e) and before performing the tWo-stage heat treatment 
step (g), the bonding heat treatment may be performed in the 
step like a conventional method. Since the bonding 
strength of the Wafers brought into close contact in the 
aforementioned bonding step (d) and the delamination heat 
treatment step (e) as it is Would be Weak for use in the device 
production process, the Wafer 6 having an SOI layer is 
subjected to a heat treatment at a high temperature as a 
bonding heat treatment in this step to obtain suf?cient 
bonding strength. This heat treatment is preferably per 
formed, for example, at 1050° C. to 1200° C. for 30 minutes 
to 2 hours under an inert gas atmosphere. 

[0049] In the present invention, after the delamination heat 
treatment step (e), the Wafer 6 having an SOI layer is 
subjected to the bonding heat treatment as required, and then 
subjected to the tWo-stage heat treatment in an atmosphere 
containing hydrogen or argon using a rapid heating/rapid 
cooling apparatus and a batch processing type furnace. In 
this case, since it is inef?cient to separately perform the 
bonding heat treatment (step and the tWo-stage heat 
treatment, the tWo-stage heat treatment using a rapid heat 
ing/rapid cooling apparatus and a batch processing type 
furnace according to the present invention may also serve as 
the bonding heat treatment. 

[0050] As for the order of the heat treatment using a rapid 
heating/rapid cooling apparatus and the heat treatment using 
a batch processing type furnace, the heat treatment using a 
rapid heating/rapid cooling apparatus is preferably per 
formed ?rst, in particular, When a usual CZ Wafer having a 
lot of COPs is used as a bond Wafer. 

[0051] This is because of the folloWing reasons. A CZ 
Wafer contains COPs introduced during the crystal produc 
tion as described above. Therefore, When the SOI layer is 
thin as required in recent years, the COPs may exist While 
penetrating the SOI layer to form pinholes. In such a case, 
if the Wafer is subjected to a heat treatment in an atmosphere 
containing hydrogen or argon over a long period of time in 
a batch processing type furnace, hydrogen gas or argon gas 
may penetrate through the pinholes and etch the buried 
oxide layer 3 to form pits during the heat treatment. 

[0052] Therefore, When a usual CZ Wafer is used as the 
bond Wafer, if the heat treatment by the rapid heating/rapid 
cooling apparatus is performed ?rst to improve the short 
period components of surface roughness and simultaneously 
restore the surface crystallinity to markedly reduce COPs in 
the SOI layer, and then the heat treatment is performed in the 
batch processing type furnace for a relatively long period of 
time to improve the long period components, both of the 
short period components and long period components of 
surface roughness Will be improved, and possibility of the 
generation of pits Will also be eliminated. 

[0053] On the other hand, if an epitaxial Wafer, FZ Wafer 
or CZ Wafer of Which COPs at least on surface are reduced 
is used as the bond Wafer, the aforementioned problem of the 
etching of the buried oxide layer is not caused. Therefore, 
either of the heat treatments may be performed ?rst in 
principle, and it also becomes possible to perform the heat 
treatment at a high temperature for a long period of time by 
using only a batch processing type furnace, While omitting 
the heat treatment using a rapid heating/rapid cooling appa 
ratus. 

Apr. 1, 2004 

[0054] That is, if the material of the bond Wafer is suitably 
selected, an SOI Wafer excellent in both of the short period 
components and long period components of surface rough 
ness can be obtained by subjecting the Wafer to a heat 
treatment at a temperature of about 1000-1300° C. for 10 
minutes to about 5 hours in a batch processing type furnace, 
While avoiding the problem of etching of the buried oxide 
layer, as in the case of performing the tWo-stage heat 
treatment. 

[0055] Examples of the CZ Wafer of Which COPs at least 
on surface are reduced include a CZ Wafer produced from a 
single crystal ingot of Which COPs are reduced for the Whole 
crystal by changing a usual CZ single crystal pulling rate 
(about 1 mm/min) to a pulling rate of, for example, 0.6 
mm/min or loWer, a CZ Wafer produced from a single crystal 
ingot of Which groWn-in defects such as COPs are reduced 
for the Whole crystal by controlling V/G (V: pulling rate, G: 
temperature gradient along the direction of solid-liquid 
interface of crystal), or a CZ Wafer produced With usual 
pulling conditions and subjected to a heat treatment in an 
atmosphere of hydrogen, argon or the like to reduce COPs 
contained in at least a region of Wafer surface to be an SOI 
layer, and so forth. 

[0056] Through the aforementioned steps (a) to (g), there 
can be obtained an SOI Wafer 6 of high quality, in Which 
both of the long period components and short period com 
ponents of surface roughness are improved, and Which has 
an SOI layer 7 of high crystal quality and high thickness 
uniformity and shoWs no pit formation (step 

[0057] Further, by selecting a CZ Wafer produced from a 
single crystal ingot of Which COPs are reduced for the Whole 
crystal as the CZ Wafer of Which COPs at least on surface are 
reduced, the folloWing remarkable advantages can be 
obtained. 

[0058] That is, it is considered that, as a bond Wafer for 
producing an SOI Wafer of Which COPs in the SOI layer are 
reduced compared With an SOI Wafer produced by using a 
CZ Wafer produced under the usual crystal pulling condi 
tions, besides use of a CZ Wafer produced from a single 
crystal ingot of Which COPs are reduced for the Whole 
crystal, an epitaxial Wafer, FZ Wafer or CZ Wafer subjected 
to hydrogen (argon) annealing may be used. 

[0059] HoWever, in the case of epitaxial Wafer, an epi 
taxial layer is deposited on a surface of usual mirror 
polished Wafer, and its surface roughness (haZe level) is 
degraded compared With a usual mirror-polished surface. 
Furthermore, projections called mounds and the like may be 
generated on the surface. Therefore, if such a surface is 
bonded, bonding failures called voids or blisters are likely to 
occur due to the in?uence of the degraded surface roughness 
or protrusions. Therefore, there may be used a measure of 
slightly polishing the epitaxial layer and then using it for 
bonding. 

[0060] On the other hand, in the case of a CZ Wafer 
produced from a single crystal ingot of Which COPs are 
reduced for the Whole crystal, since a mirror-polished sur 
face of a mirror-surface Wafer sliced from the single crystal 
and processed can be used as it is, the bonding failures can 
be reduced compared With an epitaxial Wafer. 

[0061] Further, When the bond Wafer after the delamina 
tion is recycled as a bond Wafer, the delaminated plane must 
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be polished before use. However, an epitaxial Wafer suffers 
from a problem that, if the stock removal for polishing 
becomes large, the epitaxial layer may be removed. There 
fore, it is necessary to take a countermeasure such as 
depositing the epitaxial layer With a suf?ciently large thick 
ness beforehand or making the stock removal for polishing 
small. This problem is similarly applied to a Wafer of Which 
COPs are reduced only in the vicinity of the Wafer surface, 
like a CZ Wafer subjected to hydrogen (argon) annealing. 

[0062] In contrast, in the case of a CZ Wafer produced 
from a single crystal ingot of Which COPs are reduced for 
the Whole crystal, since COPs are reduced for the Whole 
Wafer, the stock removal for polishing is not limited for 
recycling at all, and the Wafer can be recycled for a plurality 
of times. 

[0063] Further, a CZ Wafer produced from a single crystal 
ingot of Which COPs are reduced for the Whole crystal is 
advantageous in vieW of the possibility of the production of 
Wafers having a larger diameter. As for FZ Wafers, the 
maximum diameter of Wafers currently produced on com 
mercial level is 150 mm, and it is extremely difficult to 
obtain Wafers having a diameter of 200 mm, 300 mm or a 
further larger diameter. As for CZ Wafers, on the other hand, 
those having a diameter of 300 mm are already mass 
produced, and study for production of those having a further 
larger diameter is also progressing. Therefore, it is Well 
possible to meet the demand for a larger diameter. 

[0064] As described above, the production of SOI Wafers 
by the hydrogen ion delamination method using CZ Wafers 
produced from a single crystal ingot of Which COPs are 
reduced for the Whole crystal as bond Wafers is the only 
method that simultaneously has three kinds of advantages, 
i.e., reduction of bonding failures, reuse of bond Wafers and 
usability for Wafers of a large diameter. 

[0065] The tWo-stage heat treatment performed in the 
present invention Will be explained in more detail hereafter. 

[0066] First, the heat treatment performed in an atmo 
sphere containing hydrogen or argon using a rapid heating/ 
rapid cooling apparatus can be performed in a temperature 
range of 1000° C. to the melting point or loWer of silicon for 
1-300 seconds. 

[0067] By subjecting a Wafer having an $01 layer after the 
delamination to a heat treatment in an atmosphere contain 
ing hydrogen or argon using a rapid heating/rapid cooling 
apparatus, crystallinity of the SOI layer surface can be 
ef?ciently restored in an extremely short period of time, 
surface roughness, in particular, short period components 
thereof (about 1 pm square) can be improved, and COPs in 
the SOI layer can also be markedly reduced. The heat 
treatment can be performed more effectively in a tempera 
ture range of 1200-1350° C. 

[0068] Examples of such an apparatus that can rapidly 
heat and rapidly cool an $01 Wafer in an atmosphere 
containing hydrogen or argon, Which is used in the present 
invention, include apparatuses such as lamp heaters based 
on heat radiation. As an example of commercially available 
apparatuses, SHS-2800 produced by AST Corp. can be 
mentioned. These apparatuses are not particularly compli 
cated, and are not expensive either. 

[0069] An example of apparatus that can rapidly heat and 
rapidly cool a Wafer having an $01 layer in an atmosphere 
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containing hydrogen or argon, Which is used in the present 
invention, Will be explained hereinafter. FIG. 6 is a sche 
matic vieW of an apparatus capable of rapid heating and 
rapid cooling. 

[0070] The heat treatment apparatus 20 shoWn in FIG. 6 
has a bell jar 21 composed of, for example, silicon carbide 
or quartZ, and a Wafer is heat-treated in this bell jar 21. 
Heating is performed by heaters 22 and 22‘, Which are 
disposed so that they should surround the bell jar 21. These 
heaters are each constituted by an upper heater and a loWer 
heater Which are separated from each other, so that electric 
poWer supplied to each of them can be independently 
controlled. Of course, the heating mechanism is not limited 
to this, and the so-called radiant heating, radiofrequency 
heating and so forth may also be used. A housing 23 for 
shielding heat is disposed outside the heaters 22 and 22‘. 

[0071] AWater cooled chamber 24 and a base plate 25 are 
disposed under a furnace, and they shut the inside of the bell 
jar 21 off from the outer air. An SOI Wafer 28 is held on a 
stage 27, and the stage 27 is ?xed at the top of supporting 
shaft 26, Which can be freely moved upWard and doWnWard 
by a motor 29. The Water cooled chamber 24 has a Wafer 
insertion port (not shoWn in the ?gure) Which can be opened 
and closed by a gate valve, so that the Wafer can be loaded 
into and unloaded from the furnace along the transverse 
direction. The base plate 25 is provided With a gas inlet and 
exhaust outlet, so that the gaseous atmosphere in the furnace 
can be controlled. 

[0072] By using such a heat treatment apparatus 20 as 
mentioned above, the heat treatment of an $01 Wafer for 
rapid heating and rapid cooling in an atmosphere containing 
hydrogen or argon is performed as folloWs. 

[0073] First, the inside of the bell jar 21 is heated to a 
desired temperature, for example, 1000° C. to the melting 
point of silicon, by the heaters 22 and 22‘, and maintained at 
that temperature. By independently controlling the electric 
poWer supplied to each of the separate heaters, temperature 
pro?le can be obtained in the bell jar 21 along its height 
direction. Therefore, the heat treatment temperature can be 
selected by changing the position of the stage 27, i.e., the 
length of the supporting shaft 26 inserted into the furnace. 
The atmosphere for the heat treatment is controlled by 
introducing an atmospheric gas containing hydrogen or 
argon through a gas inlet of a base plate 25. 

[0074] After the inside of the bell jar 21 is maintained at 
the desired temperature, an $01 Wafer is inserted from the 
insertion port of the Water cooled chamber 24 by a Wafer 
handling apparatus not shoWn in the ?gure, Which is dis 
posed at an adjacent position of the heat treatment apparatus 
20, and placed on the stage 27 Waiting at its loWest position 
via, for example, a SiC boat etc. At this point, because the 
Water cooled chamber 24 and the base plate 25 are cooled 
With Water, the Wafer is not heated to a high temperature at 
that position. 

[0075] After the SOI Wafer is placed on the stage 27, the 
stage 27 is immediately elevated to a position of desired 
temperature of from 1000° C. to the melting point of silicon 
by inserting the supporting shaft 26 into the inside of the 
furnace by the motor 29 so that the SOI Wafer on the stage 
should be subjected to the high temperature heat treatment. 
In this operation, because the stage moves from its loWest 
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position in the Water cooled chamber 24 to the desired 
temperature position Within, for example, only 20 seconds, 
the SOI Wafer Will be rapidly heated. 

[0076] Then, by maintaining the stage 27 at the desired 
temperature position for a predetermined period of time (for 
example, 1-300 seconds), the Wafer having an SOI layer can 
be subjected to the high temperature heat treatment in an 
atmosphere containing hydrogen or argon for the time that 
the Wafer is maintained at the heating position. When the 
predetermined time has passed and the high temperature 
heat treatment Was ?nished, the stage 27 is immediately 
descended by pulling the supporting shaft 26 out from the 
furnace by the motor 29, and positioned at the bottom of the 
Water cooled chamber 24. This descending operation can 
also be performed Within, for example, about 20 seconds. 
Because the Water cooled chamber 24 and the base plate 25 
are cooled With Water, the Wafer having an SOI layer on the 
stage 27 is cooled rapidly. Finally, the SOI Wafer is unloaded 
by the Wafer handling apparatus to ?nish the heat treatment. 

[0077] When additional SOI Wafers are to be heat-treated, 
those Wafers can be introduced successively into the appa 
ratus and subjected to the heat treatment, since the tempera 
ture in the heat treatment apparatus 20 is not loWered. 

[0078] Another example of the rapid heating/rapid cooling 
apparatus (RTA apparatus) for S01 Wafers used in the 
present invention Will be explained hereafter. 

[0079] The heat treatment apparatus 30 shoWn in FIG. 7 
has a chamber 31 consisting of quartZ, and a Wafer 38 is 
heat-treated Within this chamber 31. Heating is achieved by 
heating lamps 32, Which are disposed under and over the 
chamber and at left and right of the chamber so that they 
should surround the chamber 31. Electric poWer supplied to 
these lamps 32 can be independently controlled. 

[0080] An auto shutter 33 is provided at the gas exhausting 
side, and it shuts the inside of the chamber 31 off from the 
outer air. The auto shutter 33 has a Wafer loading port not 
shoWn in the ?gure, Which can be opened and closed by a 
gate valve. The auto shutter 33 is also provided With a gas 
exhausting outlet, so that the atmosphere in the furnace can 
be controlled. 

[0081] The Wafer 38 is placed on a three-point supporting 
part 35 formed on a quartZ tray 34. A buffer 36 made of 
quartZ is provided at the gas inlet side of the tray 34, so that 
it can prevent the Wafer 38 from being directly bloWn by the 
introduced gas ?oW. 

[0082] Further, the chamber 31 is provided With a special 
WindoW for temperature measurement, Which is not shoWn 
in the ?gure, and the temperature of the Wafer 38 can be 
measured by a pyrometer 37 installed in the outside of the 
chamber 31 through the special WindoW. 

[0083] By using the heat treatment apparatus 30 men 
tioned above, the heat treatment for rapid heating and rapid 
cooling of a Wafer is performed as folloWs. 

[0084] First, the Wafer 38 is loaded into the chamber 31 
from the loading port and placed on the tray 34 by a Wafer 
handling apparatus disposed at an adjacent position of the 
heat treatment apparatus but not shoWn in the ?gure. Then, 
the auto shutter 33 is closed. 

[0085] Subsequently, electric poWer is supplied to the 
heating lamps 32 to heat the Wafer 38 to a predetermined 
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temperature, for example, 1100° C. to 1300° C. In this 
operation, it takes, for example, about 20 seconds to attain 
the desired temperature. Then, the Wafer 38 is maintained at 
the temperature for a predetermined period of time, and thus 
the Wafer 38 can be subjected to a high temperature heat 
treatment. When the predetermined time has passed and the 
high temperature heat treatment is ?nished, output of the 
lamps is reduced to loWer the temperature of the Wafer. This 
temperature decrease can be also performed Within, for 
example, about 20 seconds. Finally, the Wafer 38 is unloaded 
by the Wafer handling apparatus to ?nish the heat treatment. 

[0086] As explained above, the heat treatment by using a 
rapid heating/rapid cooling apparatus (RTA apparatus) 
according to the present invention include a method utiliZing 
such an apparatus as shoWn in FIG. 6, Wherein a Wafer is 
immediately loaded into a heat treatment furnace set at a 
temperature Within the aforementioned temperature range, 
and the Wafer is immediately unloaded after the aforemen 
tioned heat treatment time has passed, a method utiliZing 
such an apparatus as shoWn in FIG. 7, Wherein a Wafer is 
placed at a predetermined position in a heat treatment 
furnace and immediately heated by lamp heaters or the like, 
and so forth. The expressions of “to immediately load” and 
“to immediately unload” mean that there are not employed 
the conventional temperature increasing and decreasing 
operations performed over a certain period of time and the 
so-called loading and unloading operations in Which Wafers 
are sloWly loaded into and unloaded from a heat treatment 
furnace. Of course, hoWever, it takes a certain short period 
of time to transport the Wafer to the predetermined position 
in the furnace, and it takes several seconds to several 
minutes depending on the performance of a transportation 
apparatus for loading a Wafer. 

[0087] When the heat treatment is performed by using 
such a heat treatment apparatus as shoWn in FIG. 6 or 7, the 
atmosphere for the heat treatment in an atmosphere contain 
ing hydrogen or argon according to the present invention 
may be, for example, 100% hydrogen atmosphere, 100% 
argon atmosphere or a mixed gas atmosphere of hydrogen 
and argon. 

[0088] If such a heat treatment atmosphere is used, crys 
tallinity of a damaged layer of SOI Wafer surface is surely 
restored and surface roughness, in particular, short period 
components thereof, can be improved Without forming a 
harmful coated ?lm on the SOI Wafer surface. 

[0089] Among the heat treatments constituting the tWo 
stage heat treatment performed in the present invention, the 
heat treatment performed in an atmosphere containing 
hydrogen or argon by using a batch processing type furnace 
Will be explained hereafter. 

[0090] The term “batch processing type furnace” used 
herein means a so-called batch type heat treatment furnace 
of, usually, vertical type or horiZontal type, in Which a 
plurality of Wafers are placed, hydrogen gas is introduced, 
temperature is relatively sloWly elevated to subject the 
Wafers to a heat treatment at a predetermined temperature 
for predetermined time, and the temperature is relatively 
sloWly loWered. Such an apparatus is capable of heat treat 
ment of a large number of Wafers at one time. Such an 
apparatus is also excellent in the controllability of tempera 
ture, and hence enables stable operation. 

[0091] The heat treatment conditions for the batch pro 
cessing type furnace are basically the same as those for the 
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aforementioned RTA apparatus except that the heat treat 
ment time becomes longer. It can be performed in 100% 
hydrogen atmosphere, 100% argon atmosphere or a mixed 
gas atmosphere of hydrogen and argon at a temperature of 
from 1000° C. to the melting point of silicon, and in 
particular, it can be performed more effectively at a tem 
perature range of 1200-1350° C. 

[0092] By performing a heat treatment in an atmosphere 
containing hydrogen or argon using a batch processing type 
furnace as described above, the long period components (for 
eXample, about 10 um square) of surface roughness of SOI 
Wafer can be improved. In particular, if the heat treatment 
using the aforementioned batch processing type furnaces is 
performed after the heat treatment using the aforementioned 
rapid heating/rapid cooling apparatus, surface roughness of 
SOI Wafers can be improved over the range from short 
period to long period, and SOI Wafers free from pits gen 
erated due to COPs can be obtained, even if CZ Wafers are 
used as bond Wafers. 

[0093] Further, compared With the treatment method by 
using only the rapid heating/rapid cooling apparatus for a 
long period of time, the heat treatment can be performed 
more efficiently, and SOI Wafers eXcellent in the surface 
characteristics can be produced With a high throughput at a 
loW cost. 

[0094] The SOI Wafer of the present invention produced as 
described above can be an SOI Wafer of Which both of RMS 
values for 1 pm square and 10 um square concerning surface 
roughness are 0.5 nm or less. 

[0095] The SOI Wafer of the present invention, of Which 
both of RMS values for 1 pm square and 10 pm square 
concerning surface roughness are 0.5 nm or less as described 
above, has surface roughness substantially comparative to 
that of mirror-polished Wafers over the range from short 
period to long period and is eXcellent in the ?lm thickness 
uniformity. Therefore, it can be preferably used for the 
production of recent highly integrated devices. 

[0096] The present invention Will be speci?cally 
eXplained With reference to heat treatment tests according to 
the present invention as Well as eXamples and comparative 
eXamples. HoWever, the present invention is not limited to 
these. 

[0097] <Heat Treatment Test Using RTA Apparatus> 

[0098] Production of SOI Wafers: 

[0099] First, using a base Wafer 1 and a bond Wafer 2, both 
of Which Were mirror surface silicon Wafers produced by the 
CZ method and having a diameter of 150 mm, a Wafer 6 
having an SOI layer Was obtained through delamination of 
the bond Wafer 2 according to the steps (a) to (e) shoWn in 
FIG. 1. In this production, thickness of the SOI layer 7 Was 
made to be 0.4 pm, and the other major conditions including 
those for the ion implantation Were as folloWs. 

[0100] 1) Thickness of buried oXide layer: 400 nm (0.4 
MB) 

[0101] 2) Hydrogen implantation conditions: H+ions, 
implantation energy: 100 keV, implantation dose: 
8x10 /cm2 

[0102] 3) Delamination heat treatment conditions: in N2 
gas atmosphere, 500° C., 30 minutes 
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[0103] In this Way, the Wafer 6 having an SOI layer 7 With 
a thickness of about 0.4 pm Was obtained. 

[0104] Measurement of Surface Roughness: 

[0105] First, as for surface roughness of a delaminated 
Wafer as it is obtained in FIG. 1(e), i.e., a Wafer having an 
SOI layer not subjected to the tWo-stage heat treatment 
according to the present invention at all, P-V (Peak to 
Valley) value and RMS value of its surface (delaminated 
plane) Were measured by atomic force microscopy for 1 pm 
square and 10 pm square. The P-V values Were 56.53 nm in 
average for 1 pm square, and 56.63 nm in average for 10 pm 
square. The RMS (root mean square roughness) values Were 
7.21 nm in average for 1 pm square, and 5.50 nm in average 
for 10 pm square. 

[0106] Subsequently, the Wafer having an SOI layer 
obtained through the aforementioned steps of (a) to (e) 
shoWn in FIG. 1 Was subjected to an RTA treatment in a 
temperature range of 1000° C. to 1225° C. in an atmosphere 
containing hydrogen, and then its surface roughness in terms 
of P-V value and RMS value Was measured for 1 pm square 
and 10 pm square by atomic force microscopy. 

[0107] The results of the above measurement are shoWn in 
graphs of FIGS. 2-5. 

[0108] FIG. 2 shoWs a graph representing relationship 
among the RTA treatment temperature, the treatment time 
and the P-V value for 1 pm square. This graph shoWs that the 
RTA treatment in a temperature range of 1000° C. to 1225° 
C. for several seconds to several tens of seconds greatly 
improved the short period components (1 pm) of surface 
roughness compared With the untreated one, and provided 
P-V values comparable to that of a mirror-polished Wafer 
(PW). In FIG. 2, values corresponding to the temperatures 
of 1000, 1100, 1200 and 1225° C. are plotted With squares, 
triangles, rhomboids and circles, respectively. 

[0109] FIG. 3 shoWs a graph representing relationship 
among the RTA treatment temperature, the treatment time 
and the P-V value for 10 pm square. It can be seen that the 
long period components (10 pm) of surface roughness Were 
gradually improved as the treatment time became longer, 
unlike the case of the aforementioned short period compo 
nents, and, to obtain a P-V value comparable to that of a 
mirror-polished Wafer (PW), although it depended on the 
treatment temperature, a period of around several thousands 
of seconds Was required even When the treatment Was 
performed at, for eXample, 1225° C. 

[0110] FIGS. 4 and 5 shoW the measurement results for 
the short period components (1 pm) and the long period 
components (10 pm) of surface roughness in terms of RMS 
values, respectively, and they shoW relationship among the 
RTA treatment temperature, the treatment time and the RMS 
value. 

[0111] From the results shoWn in the graph of FIG. 4, it 
can be seen that, although the RMS value decreased by the 
RTA treatment at 1200° C. as the treatment time became 
longer and the surface roughness tended to be improved With 
time, the RMS value Was markedly improved to a level of 
a mirror-polished Wafer (PW) by the RTA treatment for 
several seconds or several tens of seconds at any tempera 
ture. The relationship of the symbols used for the plotting 
and the temperatures in FIG. 4 is similar to that in FIG. 2. 
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[0112] On the other hand, as for the long period compo 
nents of surface roughness, unlike the case of the aforemen 

tioned short period components, they Were gradually 
improved as the treatment time became longer as evident 

from the graph of FIG. 5, and, to obtain an RMS value 

comparable to that of a mirror-polished Wafer (PW), 
although it depended on the treatment temperature, it can be 

seen that a period of around several thousands of seconds 

Was required even When the treatment Was performed at, for 

example, 1225° C. 

[0113] From the above results, it can be seen that the short 
period components (about 1 um) of surface roughness are 
greatly improved to a level comparable to that of a mirror 
polished Wafer by the RTA treatment for an extremely short 
period of time (several seconds or several tens of seconds), 
Whereas the long period components (about 10 pm) cannot 
be made to be at a level comparable to that of a mirror 

polished Wafer, although it depends on the treatment tem 
perature, unless the heat treatment is performed for a long 
period of time (several thousands of seconds or more). 

Examples 1 and 2 and Comparative Example 1 

[0114] Heat treatment of SOI Wafers: 

[0115] An SOI Wafer produced under the same condition 
as the SOI Wafer used for the aforementioned heat treatment 

test using the RTA apparatus according to the steps (a) to (e) 
shoWn in FIG. 1 Was subjected to a heat treatment by an 
RTA apparatus under each of the conditions shoWn in Table 
1 (100% hydrogen atmosphere), and then subjected to a heat 
treatment by a batch processing type furnace (100% argon 
atmosphere) to obtain an SOI Wafer, Which Was subjected to 
the tWo-stage heat treatment according to the present inven 
tion (Examples 1 and 2). Separately, there Was also prepared 
a Wafer subjected to the heat treatment by the RTA apparatus 
but not subjected to the heat treatment by the batch process 
ing type furnace thereafter (Comparative Example 1). 

TABLE 1 

Heat Heat treatment by 

treatment Heat treatment by batch processing 

condition RTA apparatus type furnace 

Example 1 12250 C., 10 seconds 12000 C., 1 hour 

Example 2 12000 C., 30 seconds 12000 C., 1 hour 

Comparative 12250 C., 10 seconds None 

Example 1 

[0116] Surface Roughness Measurement: 

[0117] Surface roughness (RMS value) of the SOI Wafers 
obtained in the aforementioned Examples 1 and 2 and 
Comparative Example 1 Was measured before and after the 
heat treatment by atomic force microscopy for 1 pm square 
and 10 pm square, and the results are shoWn in Table 2. 
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TABLE 2 

Results of Before heat After heat 
surface treatment (RMS: nm) treatment (RNS: nm) 

roughness 1 ,um 10 [um 1 ,um 10 [um 
measurement square square square square 

Example 1 7.21 5.50 0.18 0.28 
Example 2 7.50 5.80 0.20 0.30 
Comparative 7.45 5.75 0.21 1.60 
Example 1 

[0118] As clearly seen from the results shoWn in Table 2, 
substantially no difference of the RMS values before the heat 
treatment Was seen among the Wafers for both of 1 pm 
square and 10 pm square. 

[0119] On the other hand, after the heat treatment, 
although there Was almost no difference of the values among 
the Wafers for 1 pm square, the values for 10 pm square of 
the Wafers of Examples 1 and 2 Were greatly improved to a 
level near their RMS values for 1 pm square. HoWever, as 
for the Wafer of Comparative Example 1, Which Was not 
subjected to the heat treatment by the batch processing type 
furnace, the RMS value for 1 pm square Was greatly 
improved, Whereas the RMS value for 10 pm square Was 
signi?cantly larger than those of the Wafers of Examples 1 
and 2, and thus it can be seen that the long period compo 
nents of surface roughness Were not improved suf?ciently. 

Examples 3 and 4 

[0120] Production of Bond Wafers: 

[0121] A silicon single crystal ingot Was produced by the 
CZ method With applying a magnetic ?eld, in Which the 
pulling condition (V/G) Was controlled to reduce groWn-in 
defects in the crystal. This ingot Was processed in a con 
ventional manner to produce a mirror-surface CZ Wafer 

(diameter: 200 mm, crystal orientation <100>) of Which 
COPs Were reduced for the Whole crystal (Example 3). 
COPs and haZe level on the surface of this Wafer Were 
measured by using a surface inspection apparatus (SP-1, 
produced by KLA/Tencor Co., Ltd.), and it Was found that 
no COP having a diameter of 0.12 pm or more existed on the 
surface and the haZe level of the mirror surface Was about 
0.03 ppm in average. 

[0122] Separately, a CZ mirror-surface Wafer (diameter: 
200 mm, crystal orientation <100>), Which Was produced 
from a silicon single crystal ingot pulled With usual pulling 
condition (pulling rate: 1.2 mm/min), Was loaded into an 
epitaxial groWth apparatus to produce an epitaxial Wafer 
having an epitaxial layer With a thickness of 10 pm at 1125° 
C. (Example 4). 

[0123] The number of COPs having a diameter of 0.12 pm 
or more existing on the CZ Wafer surface before the depo 
sition of the epitaxial layer Was about 1000 per Wafer in 
average. HaZe level of the epitaxial layer surface Was about 
0.2 ppm in average. There also Was a Wafer having projec 
tions called mounds. 

[0124] Production of SOI Wafers: 

[0125] Ten Wafers for each of the Wafers produced as bond 
Wafers by the methods of the aforementioned Example 3 and 
Example 4 Were prepared, and SOI Wafers Were produced 
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under the same conditions as the aforementioned heat treat 
ment test by the RTA apparatus according to the steps (a) to 
(e) shoWn in FIG. 1. By inspecting the SOI surfaces and 
bonding surfaces after the delamination, existence of voids 
or blisters Was investigated and cause of their generation 
Was examined. As a result, it Was con?rmed that no void 
considered to be generated due to the haZe or protrusions of 
the bond Wafer surfaces (bonding surfaces) Was observed at 
all for the SOI Wafers produced by using the Wafers of 
Example 3, Whereas voids or blisters considered to be 
generated due to haZe or mounds on the epitaxial layer 
surfaces Were present on three SOI Wafers of ten SOI Wafers 
produced by using the Wafers of Example 4. 

[0126] Heat treatment of SOI Wafers: 

[0127] The aforementioned SOI Wafers of Example 3 and 
Example 4 after the delamination Were subjected to a heat 
treatment at 1225 ° C. for 3 hours by using a batch processing 
type furnace in an atmosphere of 97% argon/3% hydrogen, 
Without polishing the SOI layer surfaces. 

[0128] Surface Roughness Measurement: 

[0129] The surface roughness of the aforementioned SOI 
Wafers obtained in Examples 3 and 4 Was measured for 1 pm 
square and 10 pm square before and after the heat treatment. 
The results are shoWn in Table 3. 

TABLE 3 

Before heat After heat 
treatment RMS: nm treatment RMS: nm 

1 ,um 10 ,um 1 ,um 10 ,um 
square square square square 

Example 3 7.33 5.60 0.18 0.35 
Example 4 7.42 5.73 0.19 0.33 

[0130] While the present invention Was explained above 
With reference to the examples, the present invention is not 
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limited to the embodiments described above. The above 
described embodiments are mere examples, and those hav 
ing the substantially same structure as that described in the 
appended claims and providing the similar functions and 
advantages are included in the scope of the present inven 
tion. 

[0131] For example, While CZ Wafers and epitaxial Wafers 
Were used in the aforementioned examples, Wafers that can 
be used in the present invention are not limited to those, and 
FZ Wafers and hydrogen (argon) annealed Wafers can also be 
used. 

[0132] Further, While the present invention Was explained 
above mainly for the cases of bonding tWo of semiconductor 
Wafers (silicon Wafers), the present invention is not limited 
to those, and can similarly be applied to cases Where a 
semiconductor Wafer and an insulating substrate (for 
example, substrates of quartZ, sapphire, alumina etc.) are 
directly bonded to produce SOI Wafers. 

What is claimed is: 
1. A method for producing an SOI Wafer by the hydrogen 

ion delamination method comprising at least a step of 
bonding a base Wafer and a bond Wafer having a micro 
bubble layer formed by gas ion implantation and a step of 
delaminating a Wafer having an SOI layer at the micro 
bubble layer as a border, Wherein a CZ Wafer produced from 
a single crystal ingot of Which COPs are reduced for the 
Whole crystal is used as the bond Wafer. 

2. The method for producing an SOI Wafer according to 
claim 1, Wherein the Wafer having an SOI layer is subjected 
to a heat treatment under an atmosphere containing hydro 
gen or argon in a batch processing type furnace after the 
delamination step. 

3. An SOI Wafer produced by the method according to 
claim 2, Which has an RMS value of 0.5 nm or less 
concerning surface roughness for both of 1 pm square and 10 
pm square. 


