..1- METHOD OF PRODUCI NG SI MOX WAFER BACKGROUND OF THE
INVENTION 1. Field of the Invention 5 [0001] This
invention relates to a thin film SO wafer having a
buried oxide film (BOX) for form ng a high-speed, |ow
power consunption SO (silicon on insulator) device,

and nore parti CMETHOD!OF 2RODUOING SIMONURARER SI MOX
(separation by inplanted oxygen) wafer in which a

buri ed oxi ]ge fil ][n is formed by inplanting oxygen L_onﬁ
10 Cenperature. 2 %é@éﬁpﬁﬁﬁ‘ﬁéﬁﬁjfﬁ%ﬂﬁ%&m%ﬁ 0002] As

a t athinfilmSO wafer, there have
hi {Tﬁe:t?gld fetg%? a so-cal | ed hi gh-dose SI MOX net hod

swhepgory 2 dFlﬁ? 1Iiv'énhB§ ré%9 €6 a t]hﬂﬁmllﬁf‘S@'l Waker I?av'fﬁggai%uﬁ&ljomde
a so-cal led | owdose SI MOX net hod wherei n oxygen

| orfﬂnﬁfBDXprfﬂrafnmmgaﬁ hizhespsed, Iloquovhy cabmnﬁptumeSOI (s111con on
significant digit than that of the gh dose SI MOX
netihBdatapdlevicen and @mosp padiculaglyi to acmethiod @f preducinga AIYPX

:Xy éﬂtqﬁydﬁw@%tﬁs%xggeb e Eﬁwhwﬁﬁ?ﬁ%&%ﬁhﬁ)ﬁfﬁ&??ﬁmed
é@) n%& bR 'é(g%sl Eroeg gﬁ Con C}Q?fﬁ:ﬁ%&i Fl'lf dnemggeat a high

1o| rmbmpelatufen at a Iovver dose and about room tenperature
to form an am)rPhous | ayer, which contributes to the
mass gresauptipnaf Belajed Afts. [ 0004] The hi gh-dose Sl |va

mlB0820n o AT E retind S RuReRE AR b S facer B B hitherto
dOSRen WREE a%0- éahl%ﬁg%%r?%f&&lﬁ@bc ) fhrﬂ)q e?b‘lkﬁsi &@s'%qn the oxygen

tenper at ure: about C and ter e annealing 1Is

carimpbhtativn iathigh, ta@ﬂmasroawred lo®-duse rseMO}h aetBSDGGetein oxygen
argon (Ar) or nitrogen gl at nosphere contai ni ng
150 BOWAIGﬂm@J@}Jg@ha’[fHOGIOS@H@WFI y 8boiang SQgJéﬁcaanlgltthﬁl that of the

:dect %@Tﬂ#@wefho&l%@d tﬁcn thelaAfme hr?g7185)carr?ed5 out’in a high oxygen
atmosphere
[0003] As the low-dose SIMOX method is recently developed a so-called
MLD (modified low dose) method wherein the formation of BOX at a lower dose
20  is made possible by conducting a final oxygen implantation at a lower dose and
about room temperature to form an amorphous layer, which contributes to the
mass production of wafers.
[0004] The high-dose SIMOX method is a method wherein oxygen ions are
implanted under conditions of an acceleration energy: 150 keV, a dose: more
25  than 1.5x10'® cm™ and a substrate temperature: about 500°C and thereafter the
annealing is carried out at a temperature of higher than 1300°C in argon (Ar) or
nitrogen (N3) atmosphere containing 0.5-2% of oxygen for about 4-8 hours (see
K. Izumi et al., Electron lett. (UK) vol. 14, (1978), p.593). However, the high-
dose SIMOX method have problems that the implantation time is’very long and
30  the throughput is bad and the dislocation density of SOI layer is as very high as
1x10°-1x10” cm™. |
[0005] The low-dose SIMOX method improves the above problems of the
high-dose SIMOX method, and is typically carried out by implaﬁting oxygen




dose SI MOX nmet hod have problens that the inplantation
time is very long and 30 the throughput is bad and the
di sl ocation density of SO |aye[ is as very high as
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20 ‘quality improvement is attained. In the MLD method, it is common that the
annealing is carried out in an Ar atmosphere containing 0.5-2% of oxygen for
about 5-10 hours after the ITOX step in order to decrease an oxygen content in
SOI layer.

[0007] All of the above SIMOX methods include a high-temperature

25  annealing step, and particularly it is known that the annealing conditions largely
affect the quality of the SIMOX wafer. At the end of the annealing step of
SIMOX is usually conducted a heat treatment in an Ar atmosphere containing
about 0.1-2 volume% of oxygen at a temperature of not lower than 1300°C for 5
to 10 hours. In this case, it is known that oxygen diffused into the inside of SOI

30 layer at ITO step is diffused outward by such a heat treatment to sufficiently
lower the oxygen content in the SOI layer and also the residual defect, oxygen

precipitates and the like in the SOI layer disappear, while oxygen precipitates in

BOX grow and are united with each other to disappear the defect in the BOX




SO layer. [0007] Al of the above SI MOX nethods

i nclude a high-tenperature 25 annealing step, and
particularly it is known that the annealing conditions
largely affect the quality of"he SIMOX wafer. At the
end of the annealing step of SIMOX is usually
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cocOm 15y OSSRt mpting oxyen

ions into a surface of a Si substrate and then conducting a high-temperature
annealing, in which an atmosphere in at least an end stage of the high-

20  temperature annealing treatment is an Ar or N; atmosphere containing an oxygen
of more than 3 volume% but not more than 10 volume%.
[0011] (2) A method of producing a SIMOX wafer according to item (1),
wherein the high-temperature annealing treatment is a treatment of a temperature:
not lower than 1290°C but lower than 1380°C and a time: not less than 5 hours

25  but less than 40 hours. |
[0012] (3) A method of producing a SIMOX wafer according to item (1) or
(2), whérein the high-temperature annealing treatment is carried out after an
internal oxidation (ITOX) treatment containing an oxygen of 10-70 volume%.
[0013] (4) A method of producing a SIMOX wafer according to any one of

30 items (1)-(3), wherein the Si substrate has a miscut angle of not more than 2°.
[0014] (5) A method of producing a SIMOX wafer according to any one of
items (1)-(4), wherein the production method of the'SIMO.X wafer is a MLD

‘(modified low dose) method.




(1) A nethod of producing a SI MOX wafer by inplanting
oxygen ions into a surface of a Si substrate and then:
conducting a high-tenperature {apneal ing, in which an
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Therefore, a concentration gradient is caused between up and down of SOI layer
to diffuse the oxygen inward (in-diffusion) to thereby produce the growth of
BOX.

20 [0019] However, if the oxygen concentration in the annealing atmosphere is
too low, the increase of solubility on the surface is not caused and inversely
oxygen diffuses outward (out-diffusion). In this connection, it is reported that
as a result of the out-diffusion, oxygen is diverged from the neighborhood of the
surface oxide film to freely move silicon atom on the surface and cause the re-

25  construction of the surface and hence even if the oxide film is existent on the
surface, step/terrace structure appears likewise the bare silicon surface under
vaccuﬁ or in an inert gas (see D. J. Bottomley et al., Phys. Rev. B, 66, 35301
(2002)). ‘

[0020] The inventors have examined an influence of such a phenomenon on

30 the surface roughness of SOI layer in the formation of SIMOX and found out that
the step/terrace structure (stepwise surface structure) is produced even in SIMOX
wafer and hence the value of the surface roughness as measured by AFM is |

considerably deteriorated. In the invention is first discovered that the crystal
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oxide film At this tinme, the increase of solubility in
the oxi dation course (enhanced solubility) is caused
on the silicon surface just beneath the oxide film to
bri ng about an oxygen concentration higher than a
saturated oxygen concentration at such a high
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confirmed. that this tendency becones remarkabl e as
such as oxygen precipitation in subsequent device process and the like becomes -
high. In the invention, therefore, the amount of oxygen to be included in the
annealing atmosphere is limited to a range of more than 3 volume% but not more
than 10 volume% as a condition of taking good balance therebetween. |
[0023] Also, it is preferable that the annealing treatment is carried out under
conditions that a temperature is not lower than 1290°C but lower than 1380°C
and a time is not less than 5 hours but less than 40 hours. When the annealing
temperature is lower than 1290°C or when the annealing time is less than 5 hours,
the roughnesses of the.surface and the interface are deteriorated, while when the
annealing temperature is not lower than 1380°C or when the annealing time is
not less than 40 hours, the productivity lowers.
[0024] Moreover, it is considered that a ratio of oxygen well balancing the
in-diffusion and out-diffusion changes in accordance with the annealing

temperature. That is, as the annealing temperature is high, the oxidation step is

easily promoted and hence the in-diffusion becomes dominant even in a



5 a mscut angle of the silicon substrate in the

formati on of SIMOX becomes |large. The term "m scut

angl e" used herein nmeans an angle of shifting a cutting
face froma plane orientation {100). Although it is

al ready known that the m scut angle of the silicon
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1290C but Tower than 1380 25 and atine 1s not |ess
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ti thatjod thegnd #A&h 5 hours, the roughnesses of the
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productivity [ owers. 30 [0024] Moreover, it is
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to any of high-dosé method, low-dose method and MLD (modified low dose)
method, but is particularly preferable to be applied to the MLD method.
[0029] The invention is describ‘ed with respect to the case of applying to
SIMOX process through the MLD method below.
[0030]  (Examples)

‘ At first, oxygen ions are implanted into a Si substrate having a miscut
angle of 0.1-0.15° under conditions of an acceleration energy: 170 keV, a dose:
2.5x10"7 cm™ and a substrate temperature: 400°C, and further an ion implantation
is carried out at room temperature and a dose of 2x10*° cm™. Then, ITOX
process is conducted at 1320°C for 10 hours and thereafter an annealing process
of 1350°C and 10 hours is carried out in an Ar atmosphere containing various

oxygen concentrations. As to a part of the substrates, the annealing treatment is



easily pronoted and hence the in-diffusion becones

dom nant even in a -6- relatively | ow oxygen
concentration. However, the forqmation of step/terrace
structure on the surface is liable to be easily caused
when the tenperature is high. Therefore, it is
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consi dering both the effects. 5 [0025] As shomn in
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to the full step of the annealing, but is sufficient
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in the above step. Because, the surface state of
siliconis mainly determined by the end stage of the
annealing step. In this case, the oxygen concentration
at a 15 stage before the end stage is preferable to be
about 1-3% somewhat |ower than that of the end stage.
[0027] In the invention, it is preferable that the

m scut angle of silicon substrate in the formation of
SIMOX is not nore than about 0.2. Wen the <niiscut
angle of the silicon substrate exceeds 0.2, the
roughnesses of the-surface 20 and the interface are
consi derably deteriorated. [0028] Further, the SIMOX
process according to the invention is applicable to
any of high-dose nethod, | ow dose nethod and M.D

(nodi fied | ow dose) nethod, but is particularly
preferable to be applied to the M.D nethod. [0029] The
invention is described with respect to the case of
applying to 25 SIMOX process through the M.D net hod
bel ow. [0030] (Exanpl es)



At first, oxygen ions are inplanted into a Si substrate
having a mi scut angle of 0.1-0.15 under conditions of
an acceleration energy: 170 kgV, a dose: 2.5x1017 CM
-2 and a substrate tenperature: 400C, and further an
ion inplantation 30 is carried out at roomtenperature
20033] dosEabdé 12x1015 cml . Then, |TOX process is
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neer ration—mxaCEx 07Ty IO 051356
¥9 018 Conpar atixd Examdb 2 B350 013% 3 o 89 | Gomparative

1350 0.1 4.1 0184 4 4 1350 0113 3 0 _85!|]lnvention arpple

1% |05 1350 0.15 5.5 0.81 "

10 |1 1350 0.15 4.7 0.84 g

11 |2 1350 0.15 4.5 0.84 "

12 |4 1350 0.15 3.5 0.85 Invention
Example

13 |6 1350 0.15 3.4 0.86 "

14* | 8 1350 0.15 3.5 0.84 i

15 |10 1350 0.15 3.4 1.6 :

16 |12 1350 0.15 34 2.1 Comparative

: L - | Example

17 0.5 1350 0.2 7 0.9 " '

18 |1 1350 0.2 6.3 1 !

19 |2 1350 0.2 4.5 1.1 _ T

20 (4 1350 0.2 4 1.2 Invention
Example

21 |6 1350 0.2 3.9 1.3 o

22* | 8 1350 0.2 3.8 0.9 g

23 |10 1350 0.2 3.8 1.4 g

24 112 1350 0.2 3.8 1.9 * Comparative
Example

*: It shows a case that the invention is applied to only an end stage in annealing

step.

[0034]  As seen from Table 1, the surface roughness tends to be deteriorated
as the oxygen concentration in Ar atmosphere becomes low. On the other hand,
the value of the surface oxygen concentration becomes high as the oxygen

concentration in Ar atmosphere increases. From these facts is clear an optimum



1350 0.1 3.2 0.86 6* 8 1350 0.1 3.2 0.83 7 10 1350
3.2 1.5 8 12 1350 0.1 3.2 2.0 Conparative Examle
.5 1350 0.15 5.5 0.81 " 1Qg4l 1350 0.15 4.7 0.84 11
350 0.15 4.5 0.84 12 4 1350 °0.15 3.5 0.85 Invention
Examle 13 6 1350 0.15 3.4 0.86 14* 8 1350 0.15 3.5

0. Bﬁygfﬂrﬁcd&eﬂ@ﬁﬁbrﬂnaﬁFe ,and pl‘eféralﬁy i d:36@nQodéendratioR islmore
Conparative - Examle 17 5 1350 0.2 7 0.9 18 1 1350
0. thag f8valumeds butlmsonmezham 50 yolung$54 1350 0.2 4 1.2
MExa 21 6 1350 0.2 3.9 1.3 22* 8 1350 0.2 3.8 0.9 23
10 1350 0.2 3.8 1.4 24 12 1350 0.2 3.8 1.9 Conparative
Examle It shows a case that the invention is applied
‘to only an end stage in annealing step. 5 [0034] As
seen from Table 1, the surface roughness tends to be
deteriorated .as the oxygen concentration in Ar

at nosphere beconmes low. On the other hand, the value
of the surface oxygen concentrati on becones high as the
oxygen concentration in Ar atnosphere increases. From
these facts is clear an optimum

5 6
0.1
90
21




-9- oxygen concentration range, and preferably the
oxygen concentration is nore than 4 vol une% but not
nore than 10 volume% i -10- What is clainmed is: 1. A
met hod of producing a SIMOX wafer by inplanting oxygen
ions into a surface of a Si | _substrate and then
conducting a hi gh-tenperat ald@-anneal i ng, in which an
at nosphere in at least an end stage of the
hi gh-tenperature annealing treatnent is an Ar or N2
at nosphere containing an oxygen of nore than 3 vol une%
Wpalis griedidr e t han 10 vol une% 2. A nethod of producing
a SI MOX wafer according to claim1, wherein the
1. A ngthddefpreduing raeS IM@X wefat byrigplamtiag bxpgen iond inta atsudare wean$i of
suBstia®ygnd it LbRjuctingta highwetipetdn@e adndQIhg, iCwhibiian tevsphedelivadt least
anlerd @fdge 6% theMigh-BmbériiEre anAdalinAFeatricRBID aP AN W2atrRddbhdr& Somtaining
artdkdbn @mbrgl&ra%3v§mé%r5%m@mo@fma%@@u%m a SI MK watf er

according to claim1 or 2, wherein the h| gh- tenperature

nn aI|n treat is, carried, out

2 Aeite) ﬁgé%ﬁr%?{?égeﬁmm@% AT A i B bRl fpare
a”fBa"?@)tr%’P @‘reﬁtme’/@ {ewparayre: B‘Ptéﬂﬂ% AY 1290y I\HS%W%H”@“ 1380°
C.a0¢ ailiapMgt iees 162Nl hAuTs tytless thapH{@heis: t he Si substrate has

a mscut angle of not nore than 2. 5. A nmethod of
3. prrosthuddi ofi groducislg l(SMVIQUE fvefer aocardingltorpgpirh @ oc2, aihemeib thger high-temperature
annVBating trébti &re ispaniddl 6dtiafét an Msried Oxidatiort (TROXSrbADXeabmtsiningaral
oxyda of hed fdimsked. ow dose) et hod.

4. A method of producing a SIMOX wafer according to claim 1 or 2, wherein the Si substrate has
a miscut angle of not more than 2°.

5. A method of producing a SIMOX wafer according to claim 1 or 2, wherein the production
method of the SIMOX wafer is a MLD (modified low dose) method.



