DESCRI PTI ON

METHOD FOR MANUFACTURI NG BONDED SO WAFER AND BONDED SO
WAFER

TECHNI CAL FI ELD
[ 0001]

The present invention relates to a nmethod for
manuf acturing a bonded SO wafer, and a bonded SO wafer.

BACKGROUND ART
[ 0002]

As an SO wafer for a RF (Radio Frequency) device,
such an SO wafer has been manufactured by increasing
the resistivity of its base wafer. However, it has been
required to cope with higher frequency in order to
handl e further speedup, and accordingly it cones to be
difficult to handle this requirement only by using
conventi onal high-resistance wafers.

[ 0003]

Hence, recently, what have been used and actually
put into practical use include: a bonded sem conduct or
waf er having a base wafer conmposed of a silicon single
crystal, a polycrystalline silicon |ayer on the base
wafer, a dielectric layer on the polycrystalline silicon
| ayer, and a single-crystal silicon |layer on the
dielectric layer; nore specifically, what is called a
trap-rich type SO (Silicon on Insulator) substrate
having a carrier trap layer. The polycrystalline
silicon layer functions as a layer which is effective in
anni hilating generated carriers (also referred to as
carrier trap layer, trap-rich |ayer).

[ 0004]



Regardi ng the manufacturing of trap-rich type SO
wafers, the follow ng techni ques are known.
[ 0005]

Patent Docunments 1 and 2 state that when a
pol ycrystalline silicon layer is formed on a thin oxide
filmwth a thickness of approximately 1 nm having been
formed by cleaning a base wafer, this makes it possible
to suppress single-crystallization due to a heat
treatment step in an SO wafer manufacturing process or
in a heat treatnent in a device manufacturing process,
and the effect as a carrier trap |layer can be sustai ned.

Pat ent Docunent 3 describes a trap-rich type SO
wafer in which a polycrystalline silicon |ayer as a
carrier trap |ayer has a thickness of 4 umor nore, and
a base wafer has a resistivity of 2 to 4 kQcm.

[ 0006]

Pat ent Docunent 4 states that, in formng a trap-
rich layer, an upper portion of a polycrystalline |ayer
| ocated at a |l ower position is anorphized by inplanting
ions of Ar or the like to avoid epitaxial growth of a
pol ycrystalline | ayer deposited at an hi gher position
(paragraphs [0043]-[0044], etc.).

[ 0007]

Patent Docunent 5 states that a trap-rich |ayer
contains a polycrystalline structure or an anorphous
structure, and that the material of the layer is
selected fromthe group consisting of silicon, SiGe, SiC,
and Ge (claim1l etc.).

[ 0008]

Pat ent Docunent 6 states that a nultiple order
radi o frequency harnmoni c suppressing region (trap-rich
| ayer) can contain atons of inplanted ions such as noble
gas atons (such as Ar) (Clains etc.).



Cl TATI ON LI ST

PATENT LI TERATURE

[ 0009]

Pat ent Docunent 1: Japanese Unexam ned Patent
Publ i cati on (Kokai) No. 2015-211074

Pat ent Docunent 2: Japanese Unexam ned Patent
Publ i cation (Kokai) No. 2015-211061

Pat ent Docunent 3: Japanese Unexam ned Pat ent
Publ i cation (Kokai) No. 2016-143820

Pat ent Docunent 4: Japanese Unexam ned Patent
Publ i cati on (Kohyou) No. 2017-510080

Pat ent Docunent 5: Japanese Unexam ned Patent
Publ i cati on (Kohyou) No. 2017-538297

Pat ent Docunent 6: Japanese Unexam ned Patent
Publ i cati on (Kohyou) No. 2012-517691

SUMVARY OF | NVENTI ON
TECHNI CAL PROBLEM
[ 0010]

As descri bed above, an SO wafer usable for RF
device is required to cope with higher frequency in
order to handle further speedup, and it is necessary to
further inprove harnmonic wave characteristics.

Furt hernmore, when DC bias and RF signal are

si mul t aneously applied, second and third harnmonic waves
(DC bi as dependency) need to be suppressed.

Nevert hel ess, there has been no report about suppression
of the DC bias dependency.

[0011]

Meanwhi l e, in the techni que described in Patent
Docunment 2, in the step of depositing a polycrystalline

silicon layer, the deposition is performed by two stages



of | ower-tenperature deposition and hi gher-tenperature

deposition, so that the productivity is inevitably

| owered. In the technique described in Patent Docunent
3 also, the filmformation tinme is increased because of
the formation of a polycrystalline silicon |ayer with a
t hi ckness of 4 pumor nore, so that the productivity is

| omered. As described above, the conventiona

t echni ques have such a problem that inproving the

har noni ¢ wave characteristics of a carrier trap |ayer

| eads to productivity reduction.

[0012]

Here, the result of exam ning a relation between
bonding failure and the thickness of polycrystalline
silicon layers in conventional trap-rich type SO wafers
I's shown in Table 1. Table 1 shows data on
pol ycrystalline silicon |ayers which were forned with a
deposition tenperature of 1130°C and a deposition rate
of 5 ummn, followed by surface polishing. Then, the
relati on between bonding failure and the thickness of
t he polished polycrystalline silicon |ayers was exam ned.



[ 0013]

[ Tabl e 1]
Pol ycrystalline | ayer
Th;?rgsss after Bondi ng
deposi tion pol i shing failure
(um (um
Eﬁgﬁ;ﬁﬂi?%él 1.5 0.8 occurred
EprXearrlmrlreentZal 2.0 1.3 occurred
Eﬁgﬁ;&gf:“éﬂ 2.5 1.7 occurred
Experi ment al 5 5 1.9 none
Exanple 4
Experi ment al
Exanpl e 5 3.0 2.4 none
Experi ment al 3 5 5 7 none
Exanpl e 6
Experi ment al 5 0 4 4 none
Exanple 7
Experi ment al 5.0 4.1 none
Exanpl e 8
[ 0014]
It can be seen from Table 1 that, in the

conventional structures, when the polycrystalline
silicon layers after polishing were so thin that the

t hi cknesses were in a range of 1.7 umor |ess, bonding
failures occurred, that is, the thickness of the
pol i shed polycrystalline silicon |ayer should be

approxi mately around 2 pum or nore to avoid occurrence of
bonding failure. 1In other words, if the thickness of

t he polycrystalline silicon layer is sinply decreased so
as to inprove the productivity, this results in the
probl em of bonding failure. However, if the thickness
of the polycrystalline silicon layer is increased, this
results in problenms of the productivity reduction and
waf er war page.

[ 0015]



The present invention has been nade to sol ve the
above-descri bed problenms. An object of the present
invention is to provide: a nethod for manufacturing a
bonded SO wafer including a trap-rich layer with
I nproved second and third harnoni c wave characteristics;
and a bonded SO wafer including a trap-rich layer with
i nproved second and third harnoni c wave characteristics.

Anot her object of the present invention is to:

I nprove the second and third harnoni c wave
characteristics of a bonded SO wafer including a trap-
rich layer, inmprove the productivity, and suppress wafer

war p and bonding failure.

SOLUTI ON TO PROBLEM
[ 0016]

The present invention has been nade to achieve the
above object, and provides a nethod for manufacturing a
bonded SO wafer by bonding a bond wafer conposed of a
silicon single crystal and a base wafer conposed of a
silicon single crystal with an insulator filminterposed
t her ebet ween, wherein

a silicon single crystal wafer having a
resistivity of 100 Q:'cm or more is used as the base
waf er, and

t he nethod conprises steps of:

form ng an underlying insulator filmon a bonding
surface side of the base wafer;

depositing a polycrystalline silicon |ayer on a
surface of the underlying insulator film

polishing a surface of the polycrystalline silicon
| ayer;

nodi fying the polycrystalline silicon |ayer by

perform ng ion inplantation on the polished



pol ycrystalline silicon |layer to forma nodified silicon
| ayer;

formng the insulator filmon a bonding surface of
the bond waf er;

bondi ng the bond wafer and a surface of the
nmodi fied silicon |ayer of the base wafer with the
i nsulator filminterposed therebetween; and

t hi nning the bonded bond wafer to form an SO
| ayer.

[0017]

Such a nmethod for manufacturing a bonded SO wafer
makes it possible to obtain a trap-rich layer with
i nproved second and third harnoni c wave characteristics.
Particularly, second and third harnonic waves can be
suppressed when DC bias and RF signal are sinultaneously
applied. Moreover, the inprovenent in the harnonic wave
characteristics of the trap-rich | ayer enabl es greater
t hi ckness reduction than conventional trap-rich | ayers
(pol ycrystalline layers). As a result, the productivity
Is increased in relation to the polycrystalline |ayer
deposition, and wafer warpage and bonding failure can be
suppr essed.

[ 0018]

In this event, the nodified silicon |ayer may have
a thickness of 100 nmor nore and 1000 nm or | ess.

[ 0019]

This allows shortening of the time required for
the step of depositing a polycrystalline silicon |ayer,
and further inprovenment in the productivity. Moreover,
waf er warpage and bonding failure can be nore
ef fectively suppressed.

[ 0020]
In this event, the ions inplanted by the ion



I npl antation can be Ar ions.
[ 0021]

This enabl es nore effective nodification of the
pol ycrystalline structure.
[ 0022]

In this event, the underlying insulator film my
have a thickness of 0.5 nmor nore and 20 nm or |ess
i mmedi ately after the deposition of the polycrystalline
silicon |ayer.

[ 0023]

This makes it possible to nore effectively
suppress single-crystallization of the trap-rich |ayer,
whi ch woul d ot herwi se occur due to a heat treatnment in
the SO manufacturing process.

[ 0024]

Additionally, the present invention makes it
possi ble to provide a bonded SO wafer conprising:

a base wafer conmposed of a silicon single crystal
having a resistivity of 100 Q-cm or more;

an underlying insulator filmon the base wafer;

a nodified silicon |ayer on the underlying
i nsul ator film

an insulator filmon the nodified silicon |ayer;
and

an SO |ayer on the insulator film wherein

the nodified silicon | ayer has an anor phous region
contai ning a spherical defect.

[ 0025]

Such a bonded SO wafer achieves inprovenent in
second and third harnonic wave characteristics and is a
bonded SO wafer capable of suppressing second and third
har noni ¢ waves when DC bias and RF signal are

si mul t aneously applied. Moreover, the bonded SO wafer



is capable of thinning the nodified silicon |ayer and
has little warp and bonding failure.
[ 0026]

In this case, the nodified silicon | ayer may have
a thickness of 100 nmor nore and 1000 nm or | ess.
[0027]

Accordingly, warp and bonding failure are further
suppr essed.
[ 0028]

In this case, the underlying insulator film may
have a thickness of 0.5 nmor nore and 20 nm or | ess.
[ 0029]

Accordingly, single-crystallization of the trap-

rich layer is further suppressed.

ADVANTAGEOQUS EFFECTS OF | NVENTI ON
[ 0030]

As descri bed above, the inventive method for
manuf acturing a bonded SO wafer makes it possible to
obtain a bonded SO wafer with inmproved second and third
har nmoni ¢ wave characteristics. Additionally, the
i nventive bonded SO wafer achieves such a bonded SO
waf er that second and third harnonic wave
characteristics are inproved. Further, since the
har noni ¢ wave characteristics of the trap-rich |layer are
i nproved, filmthickness reduction is possible in
conparison with conventional trap-rich |ayers
(polycrystalline |ayers). Consequently, the
productivity is increased in ternms of the
pol ycrystalline | ayer deposition, and wafer warpage and

bonding failure can be suppressed.

BRI EF DESCRI PTI ON OF DRAW NGS



[ 0031]

FIG 1 is a production flow for illustrating an
exenpl ary enbodi ment of a method for manufacturing an
SO wafer according to the present invention.

FIG 2 shows schematic sectional views for
illustrating an exenplary enbodi mnent of an SO wafer
according to the present invention.

FIG 3 is a cross-sectional TEM photograph of the
I nventive SO wafer.

FIG 4 is an explanatory drawing of a structure in
t he cross-sectional TEM phot ograph of the inventive SO

waf er .

DESCRI PTI ON OF EMBODI MENTS

[ 0032]

Herei nafter, the present invention will be
described in detail. However, the present invention is
not limted thereto.

[ 0033]

As noted above, there have been demands for: a
met hod for manufacturing a bonded SO wafer including a
trap-rich layer with i nproved second and third harnonic
wave characteristics; and a bonded SO wafer including a
trap-rich layer with i nproved second and third harnonic
wave characteristics.
[ 0034]

The present inventors have earnestly studied the
above-descri bed object and consequently arrived at a
met hod for manufacturing a bonded SO wafer by bonding a
bond wafer conposed of a silicon single crystal and a
base waf er conposed of a silicon single crystal with an
i nsulator filminterposed therebetween, the nethod using

a silicon single crystal wafer having a resistivity of
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100 Q'cm or more as the base wafer and including steps
of : form ng an underlying insulator filmon a bonding
surface side of the base wafer; depositing a

pol ycrystalline silicon |layer on a surface of the
underlying insulator film polishing a surface of the
pol ycrystalline silicon |layer; nodifying the

pol ycrystalline silicon |ayer by perform ng ion

i npl antati on on the polished polycrystalline silicon

| ayer to forma nmodified silicon layer; formng the
insulator filmon a bonding surface of the bond wafer;
bondi ng the bond wafer and a surface of the nodified
silicon layer of the base wafer with the insulator film
i nterposed t herebetween; and thinning the bonded bond
wafer to forman SO |ayer. The inventors have found
that this nmethod for manufacturing a bonded SO wafer
makes it possible to obtain a trap-rich layer with

i nproved second and third harnoni c wave characteristics,
and suppress second and third harnonic waves

particul arly when DC bias and RF signal are

si mul t aneously applied. Moreover, the inprovenent in

t he harnoni c wave characteristics of the trap-rich |ayer
enabl es greater thickness reduction than conventi onal
trap-rich |ayers (polycrystalline |layers), consequently
I ncreases the productivity in relation to the

pol ycrystalline | ayer deposition, and allows suppression
of war page and bondi ng failure. These findings have | ed
to the conpletion of the present invention.

[ 0035]

Furthernore, the present inventors have earnestly
studi ed the above-descri bed object and consequently
arrived at a bonded SO wafer including: a base wafer
conposed of a silicon single crystal having a

resistivity of 100 Q:cm or more; an underlying insulator

11



filmon the base wafer; a nodified silicon |ayer on the
underlying insulator film an insulator filmon the
nodi fied silicon |ayer; and an SO |ayer on the

i nsulator film |In the bonded SO wafer, the nodified
silicon layer has an anorphous regi on containing a
spherical defect. The inventors have found that this
bonded SO wafer achieves inprovenent in second and
third harnonic wave characteristics. These findings
have led to the conpletion of the present invention.

[ 0036]

Her ei nbel ow, an exenpl ary enbodi nent of the
i nventive nmethod for manufacturing a bonded SO wafer
will be described with reference to the drawi ngs. Note
that the drawi ngs are conceptual draw ngs and do not
necessarily reflect the actual dinmensions.

[ 0037]

First, a bond wafer 10 conposed of a silicon
single crystal is prepared (see Step S11 in FIG 1, and
FIG 2(a)).

[ 0038]

Next, on the bond wafer 10, an insulator film 14,
which forns a buried oxide filmlayer (BOX | ayer) 16, is
grown by, for exanple, thermal oxidation, CVD, or the
li ke (see Step S12 in FIG 1, and FIG 2(b)).

[ 0039]

Next, through the top of the insulator film 14, at
| east one type of gas ions selected from hydrogen ion
and rare gas ion are inplanted into the bond wafer 10
with an ion inplanting apparatus to thereby forman ion
I npl anted | ayer 17 (see Step S13 in FIG 1, and FIG
2(c)). In this event, an accelerating voltage of the
ion-inplantation is selected such that a targeted
t hi ckness of an SO | ayer 15 can be obtai ned.

12



[ 0040]

Next, to renove particles on a bonding surface of
t he bond wafer 10, pre-bond cleaning is performed (see
Step S14 in FIG 1).

[ 0041]

On the other hand, separately fromthe above-
descri bed bond wafer, a base wafer 11 conposed of a
silicon single crystal is prepared (see Step S21 in FIG
1, and FIG 2(d)).

Note that the base wafer 11 having a resistivity
of 100 Q-cm or more can be used for manufacturing radio-
frequency devices. The resistivity is nore preferably
1000 Q-cm or more, particularly preferably 3000 Q-cm or
nmore. The upper limt of the resistivity is not
particularly limted, and can be, for exanple, 50000
Q-cm.

[ 0042]

Next, an underlying oxide film (base oxide film
20 is formed on the base wafer 11 (see Step S22 in FIG
1, and FIG 2(e)). The underlying oxide film 20
preferably has a thickness of 0.5 nmor nore and 20 nm
or less. Wen the thickness is within this range, it is
possi ble to nore effectively suppress single-
crystallization of an anorphous region contained in a
nodi fied silicon |ayer 13, which would otherw se occur
due to heat treatnment during the SO manufacturing
process.

Exanpl es of the nethod for formng the oxide film
with such a thickness include formng a screen oxide
filmby thermal oxidation, and formng a thin oxide film
(several nmor |less) by wet cleaning. An exanple of the
t hermal oxidation includes thermal oxidation treatnment

in a Dry®, atnosphere at 800°C. Exanples of the wet

13



cl eaning include cleaning with SC1 (a m xed aqueous
solution of NHiOH and H.(%;), SC2 (a m xed aqueous
solution of HCI and H.(G), sulfuric acid-hydrogen
peroxi de water m xture (a m xed aqueous sol ution of
H.SO: and H.O®), ozone water, etc., and cleaning with a
conmbi nati on thereof. By these nethods, a uniform oxide
filmwth a thickness of approximately 0.5 to 20 nm can
be formed.

[ 0043]

Next, a polycrystalline silicon |ayer 12 is
deposited on the underlying oxide film20 (see Step S23
in FIG 1, and FIG 2(f)). The polycrystalline silicon
| ayer 12 can be deposited at atnospheric pressure with
hi gh speed by using a general CVD apparatus and
trichlorosilane as a source gas of the polycrystalline
silicon layer 12. It is a matter of course that the
deposition is also possible in a reduced-pressure
at nosphere usi ng nonosil ane, dichlorosil ane,
tetrachlorosilane, or the like as the source gas. As
| ong as polycrystalline silicon is grown, the deposition
tenperature, source gas, deposition pressure, and so
forth are not particularly limted.

[ 0044]

Next, a surface of the polycrystalline silicon
| ayer 12 deposited on the base wafer 11 is flattened by
polishing (see Step S24 in FIG 1, and FIG 2(g)).
Since the polycrystalline silicon [ayer 12 has a | arge
surface roughness, it is necessary to flatten the
surface by polishing.

[ 0045]

Next, as a feature of the present invention, the

pol i shed pol ycrystalline silicon layer 12 is nodified by

perform ng ion inplantation on the polycrystalline

14



silicon layer 12 to formthe nodified silicon |ayer 13
(see Step S25 in FIG 1, and FIG 2(h)).

The ions to be inmplanted are not particularly
limted, as long as the ions do not act as a dopant for
increasing free carriers and are capable of nodifying
t he polycrystalline structure. The ions to be inplanted
are preferably Ar ions fromthe viewpoint of enabling
nore effective nodification. Besides, it is also
possible to use Si ions, Ge ions, Oions, Cions, etc.

The ion-inplantation accelerating voltage is
appropriately set according to the thickness of the
pol ycrystalline silicon |ayer and the type of the ions
to be inplanted. The acceleration voltage can be
approximately 100 keV to 1 MeV, for exanple.

The dose is not particularly limted, but can be
approxi mately 0.1x1016 to 5x1016/cn?, for exanple. A
hi gher dose allows the nodified silicon |ayer to expand
to a deeper position.

The nodified silicon |ayer preferably has a
t hi ckness of 100 nm or nore and 1000 nm or |ess. Wen
the thickness is within this range, the harnonic wave
characteristics are further inproved, and it is not
necessary to excessively formthe polycrystalline
silicon layer. Thus, higher productivity in the step of
depositing a polycrystalline silicon |ayer is achieved.
The thickness is nore preferably 200 nmor nore and 500
nmor |ess. Moreover, in view of suppressing occurrence
of wafer warpage also, it is better not to formthe
nodi fied silicon |ayer that has too |large a thickness.

[ 0046]

Next, pre-bond cleaning is perforned to renove
particles on a surface of the nodified silicon |ayer 13
(see Step S26 in FIG 1).

15



Note that Steps S11 to S14 in FIG 1 and Steps S21
to S26 in FIG 1 can be conducted in parallel.
[ 0047]

Next, the base wafer 11 having the nodified
silicon layer 13 fornmed and the bond wafer 10 having the
insulator film 14 fornmed are brought into close contact
wi th and bonded to each other such that the surface of
t he base wafer 11 where the nodified silicon layer 13 is
formed conmes into contact with the inplanted surface of
t he bond wafer 10 (see Step S31 in FIG 1, and FIG
2(i)).

[ 0048]

Next, the bonded wafer is subjected to a heat
treatment to forma mcro bubble layer in the ion
I npl anted | ayer 17 (del am nation heat treatnment), and is
del am nated al ong the m cro bubble | ayer thus formed.
Thus, a bonded SO wafer 21 is manufactured in which the
buried oxide filmlayer 16 and the SO |ayer 15 are
formed on the base wafer 11. Note that, in this event,
a del am nated wafer 18 having a delam nating plane 19 is
derived (see Step S32 in FIG 1, and FIG 2(j)).

[ 0049]

Next, the bonded wafer 21 is subjected to a
bondi ng heat treatnent for increasing the bonding
strength at the bonding interface (see Step S33 in FIG
1).

The bonded SO wafer 21 can be manufactured in the

manner descri bed above.

EXAMPLE
[ 0050]

Herei nafter, the present invention will be
described in detail with reference to Exanple, but the

16



present invention is not limted thereto.
[ 0051]
( Exanpl e)

According to the manufacturi ng nmet hod havi ng been
descri bed using FIGs. 1 and 2, a bonded SO wafer was
produced. Note that, as the base wafer, a p-type single
crystal silicon was used which had a dianeter of 200 mm
a crystal orientation of <100>, and a resistivity of
9000 Q-cm. The base oxide film formation,
pol ycrystalline silicon | ayer deposition
(trichlorosilane was used as the source gas), polishing
of the polycrystalline silicon |layer, nodified silicon
| ayer formation by ion inplantation, BOX oxidation,
hydr ogen ion inplantation, delam nation heat treatnent,
and bondi ng heat treatnment were performed under the
foll ow ng conditions.

Underlying oxide filmformation: 800°C, dry O,
oxide filmthickness: 15 nm

Pol ycrystalline silicon |ayer deposition: 1130°C,
at nospheri c pressure, deposition rate: 5 pmmn, film
t hi ckness: 1.35 pum

Pol i shing of polycrystalline silicon layer: stock
renmoval : 1 pum (filmthickness after polishing: 0.35 um

Modi fied silicon |ayer formation: Ar* ion, 210 keV,
1.0x1016/ cn?

BOX oxi dation: 1050°C, oxide filmthickness: 400
nm

Hydrogen ion inplantation: 105 keV, 7.5x1016/cn?

Del am nati on heat treatnment: 500°C, 30 m nutes,
100% Ar at nosphere

Bondi ng heat treatnent: 900°C pyrogeni c oxidation
+ 1100°C Ar annealing for 120 m nutes

SO layer: 145 nm

17



The bonded SO wafer thus prepared was used to
produce a radio-frequency integrated circuit device.
[ 0052]

(Conpar ati ve Exanple 1)

A radi o-frequency integrated circuit device was
produced using a bonded SO wafer in the same manner as
i n Exanpl e, except for:

Modi fied silicon |ayer formation: none (no Ar ion
I npl ant ati on).

[ 0053]
(Conpar ati ve Exanpl e 2)

A radi o-frequency integrated circuit device was
produced using a bonded SO wafer in the same manner as
I n Exanpl e, except for:

Underlying oxide filmformation: cleaning with
SC1+SC2, oxide filmthickness: 1 nm

Pol ycrystalline silicon |ayer deposition: 1000°C,
at nospheric pressure, deposition rate: 1.8 pmnin, film
thickness: 2.8 pum (1.8 pum after polishing)

Modi fied silicon |ayer formation: none (no Ar ion
i npl ant ati on).

[ 0054]

Sanpl es obtai ned from Exanpl e and Conparative
Exanpl es were eval uated as foll ows.

[ 0055]

After a nodified silicon |ayer was forned, the
waf er shape was neasured by nmeasuring the surface
roughness (RMS) on a 10 um square surface of the
nodi fied silicon |ayer with an AFM and neasuring the
wafer warp (pm.

Mor eover, when a base wafer and a bond wafer were
bonded, the occurrence of bonding failure was eval uated.

When no bonding failure occurred, "bonding failure:

18



none". When bonding failure occurred, "bonding failure:
occurred".
[ 0056]

The second harnonic wave (2HD) and third harnonic
wave (3HD) characteristics of the produced radio-
frequency integrated circuit devices were neasured. The
smal l er the numerical value of the second harnonic wave
(2HD) and third harnmonic wave (3HD) (i.e. |arger
absolute val ue of the negative nunber), the nore
excell ent the device properties.

Moreover, 2HD and 3HD were neasured when a DC bi as
of +20 V or 0 V was applied, and the differences were
cal cul ated to evaluate the DC bias dependency of 2HD and
3HD. The smaller cal cul ated value, the nore excellent
the characteristic and the smaller the bias dependency.

[ 0057]

Further, the productivities were conpared. The
productivities of Exanple and Conparative Exanple 1 were
cal cul ated and eval uated on the basis that the
productivity in the step of depositing a polycrystalline
silicon layer in Conparative Exanple 2 was taken as 1.0.
[ 0058]

Table 2 shows a summary of these eval uation
results. Note that the conditions of form ng the
pol ycrystalline silicon |layer 12 and the nodified

silicon layer 13 are also shown in Table 2.
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[ 0059]

[ Tabl e 2]
Conpar ati ve | Conparative
Exanpl e Exanple 1 Exanpl e 2
Base wafer Diameter: 200 mm, <100>, 9000 Qcm
Underlying oxide film 15 nm 15 nm 1 nm
Deposition 1130°C 1130°C 1000°C
t enperat ure
p at nospheric | at nospheri c | at nospheric
ressure
pressure pressure pressure
Pol ycrystalline Dep?Zlglon 5 ummn 5 ummn 1.8 pym m n
silicon layer Deposi 11 on
t hi ckness 1.35 um 1.35 pm 2.8 pm
Thi ckness
after 0.35 um 0.35 um 1.8 pm
pol i shi ng
Modi fi ed | on species Ar *
silicon layer |Acceleration
formation vol t age 210 keV n/ a n/ a
(ion
i npl ant ati on) Dose 1x10%%/ cre
SO | ayer/BOX | ayer 145nm 400nm
2HD (dBm) -106.5 No -106. 8
3HD (dBm) -121.0 measur ement -116. 8
2HD di fference (dBm 2.5 due to 34.8
. bondi ng
3HD di fference (dBm 13.4 failure 33.3
Surface roughness (RMS) 0. 268 nm 0. 309 nm 0.220 nm
WAr page 13 pm 7 pum 43 um
Bondi ng failure none occurred none
Productivity in step of
depositing pol ycrystalline 2.5 2.5 1.0
silicon layer

[ 0060]

I n conparison between Exanpl e and Conparative

Exanpl e 1 where the polished polycrystalline silicon

| ayers had the sane thickness,
i n Conparative Exanple 1,
nmeasure the harnoni ¢ wave characteristics.

no bondi ng failure occurred in Exanple.

t hat

so t hat

hi gh production yield and excel | ent

characteristics are obtai ned.
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[ 0061]

I n conparison of the harnonic wave characteristics
bet ween Exanpl e and Conparative Exanple 2, since the
t hi ckness after polishing in Conparative Exanple 2 was
as large as 1.8 uymto prevent the bonding failure, the
characteristic equivalent to that of Exanple was
obtained in regard to 2HD, but the result of 3HD was
inferior to that of Exanple. Meanwhile, the val ues of
t he DC bi as dependency were | arger than those in Exanple
1. This indicates that excellent DC bias dependency was
obt ai ned i n Exanpl e.

The war page of Exanple was successfully reduced to
| ess than half of Conparative Exanple 2.

Moreover, in Conparative Exanple 2, the underlying
oxide filmwas 1 nm and accordingly it was deposited at
a | ower tenperature to prevent single-crystallization of
t he polycrystalline silicon |layer. Hence, the
deposition rate was | ow, and the productivity was
| owered. In contrast, in Exanple where the deposition
rate was hi gher and the deposition thickness was smaller,
the productivity is greatly inproved.

[ 0062]

Further, it was revealed that when the nodified
silicon layer 13 was formed by inplanting ions into the
pol ycrystalline silicon |ayer 12 as in the present
i nvention, even though this thickness range of the
nodi fied silicon |ayer was 1000 nm (1 pnm) or |ess and
the thickness was quite small in conparison with the
conventi onal techniques (see Table 1), no bondi ng
failure occurred. The reason may be conceivably
explained in relation to the fact that the surface
roughness on the polished surface of the polycrystalline

silicon layer 12 was inproved by the ion inplantation as
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shown by the surface roughness neasurenent results of
Exanpl e and Conparative Exanple 1. Although the
phenomenon of the surface roughness inprovenment was not
cl ear, conceivable are: (1) the uneven Si crystal
surface was knocked on and made smooth by the | arger
atons; (2) the high-dose inplantation increased the
tenperature of the silicon surface and caused the
rearrangenent or other simlar nodification.

[ 0063]

Next, the SO |ayer of the bonded SO wafer
obtained in Exanple was renoved, and the resulting cross
section was observed with a TEM FIG 3 shows the
cross-sectional TEM phot ograph. Mreover, FIG 4 shows
an explanatory drawi ng of the structure for expl aining
t he cross-sectional TEM photograph in FIG 3.

By inplanting Ar ions into the polycrystalline
silicon layer 12 in S25 of FIG 1 and FIG 2(h), the
pol ycrystalline silicon |layer 12 becomes the nodified
silicon layer 13. As shown in FIGs. 3 and 4, the
nodi fied silicon [ayer 13 includes an anorphous region
23 contai ning spherical defects at the top and a
pol ycrystalline | ayer 24 at the bottom Note that, in
FIG. 3 and 4, a top coat 22 for TEM observation is
formed at the uppernost |ayer. The spherical defects
are presumably fornmed after the ion-inplanted
pol ycrystalline silicon |ayer 12 underwent heat
treatments (delam nation heat treatment and bondi ng heat
treatnment) in the SO wafer manufacturing process. The
spherical defects have a structure in which spherical
cavities (pores) and spherical anorphous silicon are
m xed. Additionally, the anorphous structure of the
anor phous region is retained by the presence of the

underlying oxide film 20. Such a structure as described
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above was constructed by the present inventors for the
first time.
[ 0064]

The nodified silicon |layer 13 having the anorphous
regi on 23 containing these spherical defects makes it
possi ble to obtain a bonded SO wafer that has little
war page and bonding failure and achi eves thickness
reduction of the trap-rich layer together with favorable
har noni ¢ wave characteristics.

[ 0065]

It should be noted that the present invention is
not limted to the above-described enmbodi ments. The
enbodi nrents are just exanples, and any exanples that
have substantially the same feature and denonstrate the
same functions and effects as those in the technica
concept disclosed in claims of the present invention are

included in the technical scope of the present invention.
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CLAI M5

1. A nmet hod for manufacturing a bonded SO wafer by
bondi ng a bond wafer conposed of a silicon single
crystal and a base wafer conposed of a silicon single
crystal with an insulator filminterposed therebetween,
wher ei n

a silicon single crystal wafer having a
resistivity of 100 Q-'cm or more is used as the base
waf er, and

t he nethod conprises steps of:

form ng an underlying insulator filmon a bonding
surface side of the base wafer;

depositing a polycrystalline silicon |ayer on a
surface of the underlying insulator film

polishing a surface of the polycrystalline silicon
| ayer;

nmodi fyi ng the polycrystalline silicon |ayer by
perform ng ion inplantation on the polished
pol ycrystalline silicon |layer to forma nodified silicon
| ayer;

form ng the insulator filmon a bonding surface of
t he bond waf er;

bondi ng the bond wafer and a surface of the
nmodi fied silicon |ayer of the base wafer with the
i nsulator filminterposed therebetween; and

t hi nning the bonded bond wafer to form an SO

| ayer.
2. The method for manufacturing a bonded SO wafer

according to claim 11, wherein the nodified silicon |ayer

has a thickness of 100 nmor nore and 1000 nm or | ess.
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3. The method for manufacturing a bonded SO wafer
according to claim1l or 2, wherein the ions inplanted by

the ion inplantation are Ar ions.

4. The method for manufacturing a bonded SO wafer
according to any one of clains 1 to 3, wherein the
underlying insulator filmhas a thickness of 0.5 nm or
nore and 20 nmor |ess immediately after the deposition

of the polycrystalline silicon |ayer.

5. A bonded SO wafer conprising:

a base wafer conmposed of a silicon single crystal
having a resistivity of 100 Q-cm or more;

an underlying insulator filmon the base wafer;

a nodified silicon |ayer on the underlying
i nsul ator film

an insulator filmon the nodified silicon |ayer;
and

an SO |ayer on the insulator film wherein

the nodified silicon |ayer has an anorphous region

contai ning a spherical defect.

6. The bonded SO wafer according to claimb5, wherein
the nmodified silicon |ayer has a thickness of 100 nm or
nore and 1000 nm or | ess.

7. The bonded SO wafer according to claimb5 or 6,

wherein the underlying insulator filmhas a thickness of

0.5 nmor nmore and 20 nm or | ess.
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