SPECI FI CATI ON  MANUFACTURI NG METHOD OF Sol WAFER
Technical Field (00011 The present invention relates
to a method of renoving a damaged | ayer renmi ning on
an Sol layer after delam nation-and inproving a
flatness (a difference between a maxi numthi ckness
and a m ninum thickness) and in-plane filmthickness
distribution after polishing the SO |ayer in an SO
(Silicon On Insulator) wafer manufacturing nethod by
iton inplantation del gprgariosarm®@l hod. Background Art
[ 00021 A technol ogy which is a so-called ion

i mpl antation delanination nethod (a smart cut nethod)

for del am ngij [-QD- t ter bondlng
to manuf act@é@%@g&%@%gg @bd é,?% fR
manuf acturing nmet hod of an Sol wafer. Thls nethod is a
technol ogy of forming an oxide filmon at |east one of
two silicon wafers, inplanting an hydrogen ion or a
rare gas ion from an upper surface of one silicon
maéehni¢aﬂfﬂﬂahda m cro bubble layer (an ion-inplanted

ﬁ 1 - 0inthe wafer, then bringing the

0pkbl anted surface into close contact with the

other e | %%gﬁﬂgff§véﬂ§53ﬂ1§e gxkdecdid MetgitRseguently
perfornlng eat treatnen
removing a damaged layer remaining on an SOI layer
after delamination and improving a flatness (a
difference between a maximum thickness and a minimum
thickness) and in-plane film thickness distribution
after polishing the SOI layer in an SOI (S8ilicon On
Insulator) wafer manufacturing method by ion

implantation delamination method.

Background Art
[0002]

A technology which is a so-called ion implantation
delamination method (a smart cut method) for '
delaminating an ion-implanted wafer after bonding to
manufacture an SOI wafer is disclosed as a
manufacturing method of an SOI wafer. This method is a
technology of forming an oxide film on at least one of
two silicon wafers, implanting an hydrogen ion or a
rare gas ioﬁ from an upper surface of one silicon wafer

to form a micro bubble layer (an ion-implanted layer)



del am nati on heat treatnent) to del am nate one of the
wafers in the formof a thin filmwth the mcro
bubbl e 1ayer being determ ned as a cl eavage pl ane,
and further conducting a heat treatnent (a bonding
heat treatnment) in sone cases to firmy bond the

waf er, thereby providing an SO wafer (see Japanese
Patent Application Laid open (kokai) No. 5-211128).
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[0003]

According to this method, the cleavage plane (a
delaminated plane) is an excellent mirror surface, and
the SOI wafer having high uniformity of a film
‘thickness of an SOI layer is relatively easily obtained.
However, when fabricating the SOI wafer by the ion
implantation delamination method, a damaged layer is
present on an SOI wafer surfacé after delamination due
to ion implantation, surface roughness is higher than
that of a mirror surface of a regular silicon wafer,
and unevenness occurs in a film thickness distribution
of the SOI layer. Therefore, in the ion implantation
delamination method, such a damaged layer or surface
roughness must be removed.

[0004]

In order to remove this damaged layer and others,

mirror polishing called touch polishing with a wvery



‘However, when the SO |ayer is subjected to polishing
whi ch is machining, since a renoval stock in polishing
is not uniferm there arises a problemthat film

thi ckness uniformty of the SO |ayer achieved by
hydrogen ion inplantation and del am nation is
degraded. (0005] Thus, a nethod of renoving the
danmaged | ayer by conducting so-called sacrificial
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e Inventlon [0007] 3 Thus, the present
i nvention was acconplished in vieM/of t he

abovenaxp! ai nednpHoblFeemavdnigt the a@amaged layer by
conducting so-called sacrificial oxidation, in which a
heat treatment in an oxidizing atmosphere with respect
to an SOI wafer after delamination is performed to form
an oxide film on the SOI layer and then the oxide film
is removed, has been proposed. This method can remove
. the damaged layer without carrying out polishing as
machining. ’

[0006]

However, since performing this sacrificial
oxidation alone cannot sufficiently improve surface
roughness of an SOI layer surface, touch polishing as
mechanical polishing is eventually required to improve
surface roughness, and again there occurs a problem
that a flatness of an SOI wafer and film thickness

uniformity of the SOI layer are degraded.:

Disclosure of the Invention

[0007]



obj ect of the present invention to provide, in an ion
i npl antati on del am nati on net hod, a nethod of
manufacturing a high-quality SDI wafer which can
renove a damaged | ayer and surface roughness
remaining on an SDI |ayer surface after delam nation
while maintaining filmthickness unifornmty of the
SDI |ayer without degrading a filmthickness
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tichémpuofvac profduidtd vity in wafer manufacture.

-[0008]

To achieve this object, according to the present
invention, there is piovided a manufacturing method of
an SOI wafer by an ion implantation delamination method,
eomprising at least: forming an oxide film on a surface
of at least one of a base wafer serving as a support
. substrate and a bond wafer functioning as an SOI layer;
implanting at least one of a hydrogen ion and a rare
ges ion from a surface of the bond wafer to form an ion
implanted layer; subsequently bringing the bond wafer
into close eontact with the base wafer via the oxide
film; performing a heat treatment to cause delamination
in the ion implanted layer se that the SOI layer is
formed; then conducting a heat treatment in an

oxidizing atmosphere to form an oxide film on the

surface of the SOI layer; subsequently removing the.



SO layer by using ozone water; and polishing the
surface of the SO layer. [0009] As explained above
according to the method of manufacturing the SO ’
wafer by the ion inplantation delam nation nethod,
when the surface of the SO l|ayer is cleaned by using
ozone water before the step of polishing the SO

| ayer surface, a filmthickness distribution of a

native oxide filmon tg SO .l aye f 0
cpsrrshutg P skghidia dEotorparias FHE 3ELIECTPE the
cl.eanin g -2 eanh ngk i :
e T R i A
Sgg&g%gtgfegggcgoqflﬁg@g@d.ng abrasive grains on the
ntire polished surtace at the time of polishing, the
[bbb@qthlckness.dlstrlbution and the flatness after
pol i $hi ng ar e i nproved, and the high-quality SO wafer
can hg ekpisisatl ybobeai aedorthegeby ehaamerhgd of
productivity. [0010] At this time, a heat treatnent
m?@wﬂa@taa&agﬁmhel 891 sefemgby R BENCAFPILEATEGLoHt a
enperature higher than that in the d i nati.on_heat
dterl@fm_rmttdloarf rethode WheDa ki Patugh aﬁ@ato%t %g‘]&t %%—?Et .Ea/@%
.expl.ai ned above, when the heat treatnent | ar [
lﬁytcr?ﬁiatnﬁdr SYp&SE NP0 OFﬁ’é‘ebB’ﬁ?t_?df &F eatthae %ttee%pg |rfl a? Sr e
I - - -
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distribution of a native oxide film on the SOI layer
surface before polishing is degraded as compared with
" an example where acid cleaning (e.g., SC-2 cleaning) is
carried out like a conventional technology, but this
has the opposite effect of spreading abrasive grains on
the entire polished surface at the time of polishing,
the film thickness distribution and the flatness after
polishing are improved, and the high-quality SOI wafer:
can be efficiently obtained, thereby enhancing
productivity.
{0010]

At this time, a heat treatment to increase bonding
strength may be carried out at a temperature higher
than that in the delamination heat treatment after the
delamination heat treatment.

As explained above, when the heat treatment is

carried out with respect to the bonded wafer at a

temperature higher than that in the delamination heat



treatnment after the delam nation heat treatnent, the
bondi ng strength of the SO |ayer (a bond wafer) and a
support substrate (a base wafer) can be increased. O
course, a delam nation heat treatnent tenperature my
be set to a higher tenperature so that this heat
treatnment can al so function as a bondi ng heat

treat ment. [0011] Further, it is desirable that the
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readlly renmoved by sacrificial oxidation. [0012]
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ozone water is 3 ppmor nore and 10 ppmor less in
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When the removal of the oxide film by the etching
is performed by using the aqueous solution containing
the hydrogen fluoride in this manner, the oxide film
alone can be etched, and the damaged layer remaining on
the surféce of the SOI layer can be readily removed by
sacrificial oxidation.

[0012]

Furthermore, it is desirable that an ozone
concentration in the ozone water is 3 ppm or more and
10 ppm or less.

When the ozone concentration in the ozone water is
3 ppm or more and 10 ppm or less in this manner,
cleaning using this ozone water enables appropriately
to degrade the film thickness distribution of the
native oxide film on the surface of the SOI layer as °
compared with the conventional acid cleaning, and

subsequent polishing enables to obtain the SOI layer



6 having the uniformfilmthickness distribution.
[0013] Moreover, it is desirable that the polishing is
carried out by touch polishing. Wen the polishing is
carried out by touch polishing, the wafer can be
subjected to mirror polishing with a very smal

renmoval stock, and flattening can be carried out

wi t hout degrading the filmthickness distribution as
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@vEr expl ai ned SO waf er manuf acturing nethod has a
‘high flatness and a high quality with a uniforned
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i nvention, according to the method of manufacturing
carS@d wafteb byt ateh imrlistplmnt at i on  del ami nati on

met hod, when bonding is carried out through the oxide
fil naca ddeamioddsibemd dspeaimarimst qut vhdqusiy
ggp%ﬁgyed layer to formthe oxide filmon the surface
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£3am ke gL MYt 8 YR MR Y NELdh 148 theSKNess,
thereby obtaining the high-quality SOI wafer.

[0014]

The SOI wafer manufactured by the above-explained
SOI wafer manufacturing method has a high flatness and
a high quality with a uniformed in-plane film thickness.
[(0015]

Like the present invention, according to the method
of manufacturing an SOI wafer by the ion implantation
delamination method, when bonding is carried out
through the oxide film and delamination is performed in
the ion implanted layer to form the oxide film on the
surface of the SOI layer and the oxide film is removed
by etching and then the surface of the SOI layer is
cleaned by using the ozone water and thereafter is
polished, a damaged layer and surface roughness
remaining on the SOI layer surface after delamination

can be removed while maintaining film thickness

uniformity of the SOI layer, and the high-quality SOI



uniformty of the SO |ayer,. and the high-quality SO
7 wafer can be obtained w thout degrading the film

t hi ckness uniformty even though the surface of the
SO layer is polished in particular. Further,
therefore, a yield and productivity in wafer

manuf acture can be inproved. Brief Explanation of the
Drawings [0016] FIG 1 is a schematic process draw ng
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.ﬁﬁ%ent§%% [ 0017] A¥though an enbodi nent according to

1hfe PrESEHE11 s Y@ Opa it L tubow. berexphar petherefore, a
hereinafter, the present invention is not restricted
Jher@tand Heredu@t Grityi sn awafdenenef peberescar g ng
showi ng an exanple of nmanufacturing steps in a nethod
ufproeedf acturing an SO wafer by an ion inplantation
del am nati on nmethod according to the present
i nvention. The present invention wll be expl ained
maj nLy b an_gexa e, where two silicon wafers are
Qﬁﬁﬁ%dgxgiq%?Flo?gg%hEh?oﬁr?ﬂb?%ﬁtation del ani nat i on
E¢¢f§ depicted in FIG 1, at a step (a), two silicon
-surface wafers are prepared, and a base wafer 1

Servigy 8 &5 5 schematic process drawing showing an
example of manufacturing steps in a method of
manufacturing an SOI wafer by an ion implantation

delamination method.

Best Mode for Carrying out thé Invention
[0017] |

Although an embodiment according to the present
invention will now be explained hereinafter, the
present invention is not restricted thereto.

Here, FIG. 1 is a schematic process drawing showing
an example of manufacturing steps in a method qf
manufacturing an SOI wafer by an ion implantation
delamination method according to the present invention.

The present invention will be explained mainly by
an example where two silicon wafers are bonded. First,
in the ion implantation delamination method depicted in
FIG. 1, at a step (a), two silicon mirror-surface

wafers are prepared, and a base wafer 1 serving as a



- 8 support substrate and a bond wafer 2 functioning
as an SO |ayer neeting device specifications are
prepared. [0018] Then, at a step (b), at |east one of
the wafers, e.g., the bond wafer 2 is subjected to
thermal oxidation or the like to forman oxide film3
having a thickness of approximately 0.1 to 2.0 pun on
a surface of this wafer. At a step (c), at |east one

%pﬁof‘&'%lﬁgﬁ‘ré@é‘ & 2 péRM &Sy | PNfukelionih® as an

ogen ion in this exanple is inplanted into one
sorle1 Hfet heedontly Vadelce Spvd e ¢diel omxi atee fpiepd oedred
. thereon to forman ion inplanted layer 4 which is in
peobgl el with the surface in an average penetration
depth of the ion. [0019] A step (d) is a step of
superlheposiatg a sEdras®) wafterlebstto dre fpridxsepfers,
agai nst the hydrogen ion inplanted surface of the
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i ls quently, a step (e) is a delamnation

eat treatnent step of conducting delamnation with

the ipgn g step (c), at least one of a hydrogen ion and a
rare gas ion, e.g., the hydrogen ion in this example is
implanted into one side of the bond wafer 2 having the
oxide film formed thereon to form an ion implanted
layer 4 which is in parallel with the surface in an
average penetration depth of the ion.

[0019]

A step (d) is a step of superimposing the base
wafer 1 to be appressed against the hydrogen ion
implanted surface of the bond wafer 2 having the
hydrogen ion implanted therein via the okide film,
bringing the surfaces of the two wafers into contact
with each other in a clean atmosphere at a room
temperature enables to bond the wafers without using,
e.g., an adhesive.

[0020]

Subsequently, a step (e) is a delamination heat
treatment step of conducting delamination with the ion.

implanted layer 4 being determined as a boundary to



i mpl anted | ayer 4 being determ ned as a boundary to 9
separate the wafers into a del am nated wafer 5 and an
SO wafer 6 (an SO layer 7 + the buried oxide film3
+ the base wafer 1). Wien the heat treatnent is
performed at a tenperature of approxi mately 500C or
nore in, e.g., an inert gas atnosphere, the wafers
can be separated into the delam nated wafer 5 and the

sgggalfgacfeertth% %ffe&%arirn%ml.a%&ﬁﬁ@ a5 and an

onmeration of air ernore, a damaged

E%ﬂ?%hﬁ%ﬂ“ﬁ“%dﬁ5éﬁltﬂ%%eﬁya 4 A phaliQyidgieidoncihe 3 +
elamnated SO wafer ~ surface. [00211 After the

e YESALIFRSTN, WhdoRdieGdiaatt rdatandments giepf dxsmed
carried out at a step (f). At this step, since a

ahonditRgnpsiraangieh oFf aghe cMifertse lapBEFsedr agaienshn, each .,
other in the close contact step and the del am nation
alme dnetrrte gtase RtIOS@ exte  t Hds tfeeqd)Caihde (¥IP3=Rtedo
weak to be used in a device process as it is,
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el am™nation heat treatnment is perforned at a high
siemerature, e.g., 800C or nore so

[0021]
' After the delamination step, a bonding heat
treatment step is carried out at a step (f). .At this
step, since a bonding strength of the wafers appressed
against each other in the close contact step and the
delamination heat treatment step at the steps (d) and
(e} is too weak to be used in a device process as it is,
a high-temperature heat tréatment is carried out with
respect to the SOI wafer 6 as a bonding heat treatment
to provide sufficient bonding strength. It is
preferable to carry out this heat treatment in, e.g.,
an inert gas atmosphere at 1000 to 1300°C in the range
of 30 minutes to two hours.

In this case, the delamination heat treatment is
performed at a high temperature, e.g., 800°C or more so
that this heat treatment also serves as the bonding

heat treatment, and the bonding heat treatment which is

.._10_..



that this heat treatnment al so serves as the bonding
heat treatnent, and the bonding heat treatnent which
is 10 .solely perforned nmay be omtted. [0022]
Moreover, at a step (g), a heat treatnent in an
oxi di zi ng atnosphere is first conducted to form an
oxide film9 on the SO layer 7, thereby taking the
damaged layer 8 into the oxide film9. Additionally,

1A 1R Adbmed My Hd@ddiidyBP.  formed on the SO

| ayer is renoved.” This renoval of the oxide film9
@ore performed by conducting etching wth an
aqueous sol ution containing a hydrogen fluoride. Wen
a hytbektltreri, c agcied stepat{gint ai headr tireditoent nin thi s
manner, the oxide film9 alone is renmoved b et chi ng,
oaridlitiengs@tmesidre @ fisorfiiwsitc ieantaiamhded Tomyan i s
renoved by sacrificial oxidation can be obtained.
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impurity is further "pronmpted by a strong oxidizing
thWRyk iefe tHiQn020RGN ¥R dheoteiad] Wymidrdiet Gan diching

. prevented fromagain adhering to the wafer outer

with an aqueous solution containing a hydrogen fluoride.
When a hydrofluoric acid treatment is carried out in
this manner, the oxide film 9 alone is removed by
etching, and the SOI wafer 6 from which the damaged
layer is removed by sacrificial oxidation can be
obtained. Further, such a hydrofluoric acid treatment
with respect to the wafer is easy and also has an
advantage,of a low cost.

[0023]

Furthérmore, at a step (i), cleaning using ozone
water is carried out. When ozone water cleaning is
added after the hydrofluoric acid treatment, removal of
a metal impurity is further promoted by a strong
oxidizing power of the ozone, and the metal impurity
can be prevented from again adhering to the wafer oﬁter
surface. That is, since the ozone water demonstrates
an oxidation-reduction potential higher than that of a

‘hydrogen peroxide, it can be considered that the ozone
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surface. That is, since the ozone water denonstrates
an oxi dation-reduction potential higher than that of a
hydr ogen peroxide, it can be considered that the ozone
- 11 water has the higher oxidizing power and
strongly ionizes an inpurity, especially a netal

el ement, thereby preventing the inpurity from
adhering to the substrate surface. Mreover, as

HUa 184 Wih élit%ﬁl%%r Adyiadont ?)Q)w%? 2rd %3%@%%%  a

cleani ng usin ozone water has a ten

iidratRes Srofimpuiatiy/ e espddaifiy @ aRtlhe eSwidars is
degraded, but this has the opposite effect that a
thRidcHi RE A@eRt ngprerds mpurtihy feom pelhwafiery s ftaee
at the next polishing step, e.g., touch polishing,
stilbiss rianger euinfgciche Moaterees ,ard aomplamed hiidiness
distribution of the SO |ayer after touch polishing.
gaineraldly: eldeptiedy SO Sdedndyer £4ea3ipg ustigdddieade
the flatness as nmuch as possible is a cormon, pract,ice
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itionally, 1t is preferable for an ozone water
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and 10 ppmor |ess. Wen the ozone water concentration
thickness distribution of the SOI layer after touch
polishing. Although cleaning the SOI layer so as not
to degrade the flatness as much as possible is a common
practice in the conventional example, it was revealed
that the polishing agent spreads when the native oxide
film on the surface has appropriate roughness in case
of performing subsequent polishing, thereby assuring
the flatness and film thickness uniformity of the
surface of the SOI layer after polishing.

[0024]

Additionally, it is preferable for an ozone water
concentration in this time to be, e.g., 3 ppm Or more
and 10 ppm or less. When the ozone water concentration
is 10 ppm or less, the surface roughness of the native
oxide film on the SOI layer before polishing can be

appropriately degraded, and the film thickness

distribution of the native oxide film of the SOI layer
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iIs 10 ppmor less, the surface roughness of the native
oxide filmon the SOT | ayer before polishing can be
appropriately degraded, and the fil mthickness
~distribution of the native oxide filmof the 50 |ayer
12 surface can becone uneven. \Wen the fil mthickness
di stribution of the native oxide. filmon the surface
is made uneven before polishing in this manner, a
§Q£f§gén8a§t5%b&mé BYeveny. Wﬁ@ﬂcﬁh@ofi§ﬁlﬂﬂléiﬁ@ss
ozone water cleaning enables to make t.he film
ahseknessiodi st rihyt heoioé dRedS(Eilmyen dhéesurface is
polishing nmore uniformas conpared with the
m@@aemﬁéoeﬂlb@ﬁmhadpoltbhéngrinihhtaseanﬁerheaozone

wat er concentration which is less than 3 ppm
pobhshingestert (j5 Prduced; ,aﬁ@uchhﬁohb%bénﬁxﬁfﬁﬁﬁed
effect is al so decreased. [ 0025] ccor di
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ff' fés‘?”%&a(g%% fgh {cﬁgzébn};%gééqﬂéf HcHbBg. steps

eplc obtain 16
é%%e¥@£ef§% ?ehéf'Bﬂeaogbﬁgehgflec§9@eﬂﬁkatf@nthh&ch
t1rne hydroflTuoric acid treatnent was perforned at
22C E9s BRaBeTOpEs, andieinnagckedstbgivasednoadyuctad
with a concentration of 10 ppn1for 60 seconds.
the above-explained effect is also decreased.

lC ness

[0025]

According to such an SOI wafer manufacturing method
of the present invention, the high-quality SOI wafer
having a more excellent SOI layer film thickness
distribution can be efficiently produced.

[0026]

(Example 1)

The steps were carried out as depicted in FIG. 1 to
obtain 16 SOI wafers each having a diameter of 300 mm.
At this time, a hydrofluoric acid treatment was
performed at 22°C for 60 seconds, and ozone cleaning was
conducted with a concent:ation of 10 ppm for 60 seconds.
.Measuring a thickness of a native oxide film on an SOI
layer surface of each wafer at 9 positions within the
plane after ozone cleaning, a P-V value (a difference
between a maximum value and a minimum value) of the

film thickness of the native oxide film was 0.1441 nm,

- 13 -



Measuring a thickness of a native oxide filmon an SO
| ayer surface of each wafer at 9 positions within the
pl ane after ozone cleaning, a P-V value (a difference
bet ween a maxi num val ue and a m ni nrum val ue) of the
filmthickness of the native oxide filmwas 0.1441 nm
13 and a standard deviation had a val ue of 0.0522.
Then, touch polishing with a renoval stock of 30 nm
a REFdRIARY i tiesPad 0 ddrus Wi are Iy thesd,

ayer, then a thickness of the SO |ayer at a point
i@ pSLEshing afitdress wperdal roman @it memgshery

of each wafer was nmeasured at approxi mately 4000
ast dinoed , wiarth meapage talthe duftacey dudhg (¥ layer,
di fference between a maxi mum value and a m ni nrum
shdnue) wiickres0of 4@ ST 1 FRYeR ckhes BT WHehas 3
wafers was 5.81 nm and a standard deV|a{éon f tq;
IGOIOY ARFS faBFRT HiIhds OYie | RERHRESFE B %b vpler

g R L e ey
A od L Tnd LR Sathdy A hS e forbdbdbethelr a
naximum value and a minimum value) of the SOI layer
film thicknesses of the 16 wafers was 5.81 nm, and a
standard deviation of the SOI layer film thickness

itself was 0.80. Table 1 shows this result.

[0027]

[Table 1]
P~V value of SOI Standard
layer film deviation of SOI
thickness (nm) layer film

thickness

1 5.9 0.68

2 6.9 0.89

3 7.7 0.94

4 3.9 0.46

5 6.2 1.08

6 5.3 0.74

7 6.4 0.87

8 5.5 0.69

9 4.6 0.77

110 6.8 0.75

11 6.5 0.84

12 4.9 0.85

13 5.5 0.83

14 6.0 0.92

15 4.8 0.76

16 6.1 0.71

Average value 5.81 .80

[0028]
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56.21.08 6530.74 76.40.87 8550.69 94.6
0.77 10 6.8 0.75 11 6.5 0.84 12 4.9 0.85 13 5.5
0.83 14 6.0 0.92 15 4.8 0.76 16 6.1 0.71 Average
value 5.81 0.80 [0028] - 14 (Conparative Example 1)
Then, as a conparative exanple, SC 2 cleaning was
carried out at the step (i) depicted in FIG 1 like a
conventional exanple in place of ozone water cleaning,

{hsisbya ot pi g 1O 1501 wafers each having a dianeter
of 300 mMmm At thi's time, conditions of a hydrofluoric

aci d The@at BRNt Wnpahe isamexanpllkgssd-2 Blesplieg and
SC-2 cleaning was performed at 80C for 180 seconds.
débasied imta dthittenessewf (i@ rgpicteakiide F1¢ mlonike SO
| ayer surface after SC-2 cleaning |ike Exanple 1, a
denventlane Wesx s 4 mmlacs tahdwmenea tay chl s ng,

0.0047, _and they were better values than those in
wobtaining 10 SOI wafers each having a diameter

of 300 mm. At this time, conditions of a hydrofluoric
acid treatment were the same as those in Example, and
SC-2 cleaning was performed at 80°C for 180 seconds.
Measuring a thickness of a native oxide film on an SOI
layer surface after SC-2 cleaning like Example 1, a P-V
value was 0.0154 nm, a standard deviation was 0.0047,
and they were better values than those in Examples
(including the following Examples 2 and 3 explained
below). Subsequently, when touch polishing with a
removal stock of 30 nm was performed with respect to
the surface of the SOI layer and then an SOI layer film
thickness was measured like Example 1, an average value
of P-V values of the SOI layer film thicknesses of the
10 wafers was 8.23 nm, a standard deviation of the SOI
layer film thickness itself was 1.12, and it was
confirmed that these values were worse than those in

Examples 1 to 3.
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(i ncluding the follow ng Exanples 2 and 3 expl ai ned
bel ow). Subsequently, when touch polishing with a
renoval stock of 30 nmwas perfornmed with respect to
the surface of the SO |ayer and then an SO | ayer
film thickness was neasured |ike Exanple 1, an
average value of P-V values of the SO |ayer film
t hi cknesses of the 10 wafers was 8.23 nm a standard
[clbeb' tion of the SO |ayer filmthickness itself was
,and it was confirmed that these val ues were

' [}Mb‘-?]]ee tj;an those in Exanples 1 to 3. 15 [0029]
[Table 2] P-V valye of SO Standard layer film

deviation of SO |@Erivckiedsre @mSAlaydrSHandaTad hi ckness
17.11.01 2 8.4 11xyer3d®in1.23 4 |8lgrilatiion 7 90T
1.03 6 9.2 1.13 |%hhcknks35 (rf)8. 3 1.120/e® Biid 1. 22
10 7.4 1.12 thickness

1.01

.11

.23

.12

.03

.13

.05

QO =IOV} [LOIN | =

.20

.22

(e}

10 .12

NI WWIWQWININIW N s =

[sel RN RENe] feeR ENE INa ] B kool RNo] Koo} BN |
w

d Eadd R TN Y PR Py Py g R

Average value .12

[0030]
(Examples 2 and 3) |

The same steps as those in Example.l were carried
out with respect to 10 wafers except that an ozone
concentration in ozone water was set to 15 ppm (Example
2) or 20 ppm (Example 3) at the ozone cleaning step.
At this time, a P-V value of a native oxide film
thickness on an SOI layer surface of each wafer after
ozone cleaning was 0.1693 nm or 0.1885 nm, a standard
deviation was 0.0627 or 0.0734, and these values were
higher than those of Example 1 and Comparative Example
1 after ozone cleaning. Furthermore, after touch
polishing with respect to the surface of the SOI layer,
a P~V value of an SOI layer film thickness was 6.21 nm
or 6.83 nm, a standard deviation of the SOI layer film

thickness itself was 0.86 or 0.93, and these values
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Average value 8.23 1.12 [0030] (Exanmples 2 and 3) The
sane steps as those in Exanple 1 were carried out '
with respect to 10 wafers except that an ozone
concentration in ozone water was set to 15 ppm
(Exanple 2) or 20 ppm (Exanple 3) at the ozone
cleaning step. At this tine, a P-V value of a native
oxide film thickness on an SO |ayer surface of each
Ler (107008 oeall g s 1683 Bl Gnkies

WﬁﬁF %gﬁdgh%% gg@%atﬁgh@%% 0627 or 0.0734, and
t@(';}%@e sYalus: f)lz:gx\ﬁ%rtgveeh Esp1da) ey bl ingl

arative ter ozone cl eani ng.

w%%%&@ehﬁQ&% @ﬁ%ﬁrﬂh@ﬂamaﬂxﬁy!ﬂmgnpnmﬂﬂanwﬁqmgarat1ve
the surface of the SO ayer a P-V value of an SO

Ekay@n ef ill.m t hi ckness was 6.21 nm or 6.83 nm a
standard devi ati on of the so | ayer film thickness
[onsalif was 0.86 or 0.93, and these val ues 16 mere
hi gher than those in Exanple 1 but |ower, than

in CﬁhpaﬁatpvbeERQﬁﬁﬁetEattﬁ@@e@feﬁﬁpglﬁPW&nFH@n 15 not
f h th | her, th Co A
BRI D, (088 FAPALND FPRAE G hat e RLai e
t t
1'@2%3%%%%'8 HE L oRis a%}fdel%aqﬁ‘%ﬂi‘e RIS and

N ! IG1 1hAS P eid VIS sl Bedl addicasial
g%fﬁ %éﬂgﬁﬁﬁga aConcep e

described in claims of the present invention and
demonstrates the same functions and effects is included

in a technical scope of the present invention.
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described in clainms of the present invention and
denonstrates the sane functions and effects is
included in a technical scope of the present
invention. 17 CLAIMS 1. A manufacturing nmethod of an
SOT wafer by an ion inplantation delam nation nethod,
conprising at least: formnAgsn oxide filmon a
surface of at |east one of a base wafer serving as a
support substrate and a bond waf er functioning as an

1. SOV afehy sLILAT g Aty L ook aneoat .2 dudnagen, | 00,

and ‘a rare roma surrace

impDahoBm 3 |dmammmm@d hayaod, Sj.d@tﬁgﬁqiﬂkﬁcbyabr iLegisng
the bond wafer into close contact wth the base wafer
fogmanghenoR¥dels i T M por f Br ARG 3L IRdat2t re3@ fenPREoC L 2

ba§%u§§fg%l UNAL P d Ny tQSFEBE}t IS AU £ | BYET aSBohRat

| ayer i1s fornmed conducting a heat
waferafoeot liomiay od dizi n@Iatlmy@pcherleantamfmm ah ogikdd

filmon the surface of the SOT | osu uen
onf oy Ang e 1 AT THDY EEER Ghe St ot oMt dalegea®
of | aper bbsdr eread dy saehi hchiahn qmwiaatnwu 1ahen;
cleanlng the surface of the SOT | ayer by using ozone

SRS EReR Lifh Rt T 1% 0HeS CBRBEN A or 11 { REOBS oRENLact
w1Mﬁt€h8'§a%epm® r PLE ?HQ éQl@@“5¥1¢é f@fﬁ?ﬁﬁe

degradi ng a roug ihess” of 'a native Oxi Thon t
he &OTt rbaymensurﬁcamumddpbbmshlamgdrhars utrhi@ceoof t he

s St 89" LR, Wi 3y ThE FRTBEELALT DB
conducting a heat treatment in an oxidizing atmosphere
to form an oxide film on the surface of the SOI layer,
subsequently removing the oxide film by etching, so that
a damaged layer is removed by sacrificial oxidation;
then cleaning the surface of the SOI layer by using
ozone water in which an ozone concentration in the ozone
water is 3 ppm or more and 10 ppm or less, thereby
degrading a roughness of a native oxide film on the SOI
layer surface; and polishing the surface of the SOI

layer by touch polishing.

2. The manufacturing method of an SOI wafer according
to claim 1, wherein a heat treatment to increase bonding
strength is carried out at a temperature higher than
that in the delamination heat treatment after the

delamination heat treatment.

3. The manufacturing method of an SOI wafer according
to claim 1 or 2, wherein the removal of the oxide film

by the etching is performed by using an aqueous solution



to claim1, wherein a heat treatnent to increase

bonding strength is carried out at a tenperature

hi gher than that in the del am nation heat treatnent

after the delamnation heat treatnent. 3. The

manuf acturi ng nethod of an SOT wafer according to
cofk@iiMihra hyahesehnriheheeval of the oxide film

by the etching is performed by using an aqueous

solution - 18 - 0 containing a hydrogen fluoride. -
19
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