-1- METHOD OF PRODUCI NG SI MOX WAFER BACKGROUND OF THE I NVENTION 1. Field of
the Invention 5 [0001] This invention relates to a thin filmSQO wafer
having a buried oxide film (BOX) for form ng a high-speed, |ow power
consunption SO (silicon on insulator) dkvice, and nore particularly to a
met hod of producing a SI MOX (separatlon by |rrpl ant ed oxygen) wafer in which

a buri ed OXIdefI|mISf01(f[’EaﬂI r%@?{] nto a surface of a
waf er and then annealing at a (P)tl g?l enpera ure 5 ]%%crl ption of

Rel ated Art [0002] As a nmethod of producing a thin filmSO wafer, there
have hitherto been known a so-call ed hi gh-dose SI MOX met hod wherei n a dose

in the oxygen inplantationBACKGEQUNROR TEHE BAVERTIONv dose SI MOX net hod

wher ei n oxyg ' Iant ed at a dose | ower by about one
si gni ficant gpgillficdﬁ htﬁ%‘tﬁ "the hi gh-dose SIMOX nmet hod and then the

anneal i ng si s @am ed Phik ihvenBioR r@ltcfY 49hin AHTOOP RS- haE/ Bhuded btide
| ow- dose SI MOX nethod is recently devel oped a so-call ed D (nodified | ow

dose) net hod fiime(BOX) forefokminga high- &pbecBCwaalov@rlcomnpmsESOP(hhmmmde

possi bl e by conduct a final en_inpl ant a n at l.ower,_d and about
r oom t enper at i E0E) &%ﬂ?ﬁ? Hdﬂ%?ﬁﬁ’gﬁé}lqrgp mwat'l REPE Wltﬁﬁ‘ééMgé?t mass
producti on of wher ei n
oxygen ions asXé}SiJrét'i ant @%heﬁer yglgﬂ{}f %igﬁﬁlsﬁé@énﬂ?cégg‘?‘e‘?i??%Eﬁedﬁgfégy 150

keV, a dose: byomeplaﬂﬁlgdwegrgeﬁt&mh&lﬂ@a EiMfaceastch wateu bad (heanhesiiay &taliigh about

500C and thereafter the annealing is carried out at a tenperature of higher
t han 1300@ i MCBPEHBRIEAr) or nitrogen (N2) atnosphere containing 0.5-2% of

(izyg(eggf?g; a@uggﬁsc{%ﬁg8H°§R%F3?§d . Izum et al., Electron lett. (UK) vol.

[0002] As a method of producmg a thin film SOI wafer, there have hitherto
been known a so-called high-dose SIMOX method wherein a dose in the oxygen
implantation is high, and a so-called low-dose SIMOX method wherein oxygen
15  ions are implanted at a dose lower by about one significant digit than that of the
high-dose SIMOX method and then the annealing is carried out in a high oxygen
atmosphere.
[0003] As the low-dose SIMOX method is recently developed a so-cailed
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 {N») 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 implanting oxygen




dose SI MOX net hod have problens that the inplantation time is very |ong and
30 the throughput is bad and the dislocation density of SO |ayer is as very
hi gh as 1x105-1x10 Cm 2. [0005] The | owdose SI MOX met hod i nproves the
above probl ens of the hi gh-dose SIMOX nephod, and is typically carried out
by inplanting oxygen -2. ions under conditions of an accel eration energy:
nore than 150, keV,  a doa ; %101\:@%@1()18 CM -2 and_ a gbstrate t enper at ur e:
about 400- 600€1%HRderFepditions pf ap g Ay cRHEy amAEhand d8keY, adepkr at ure of

o ehy ! fhar SKIBC PN AR 2 IRSERERGeAAN B S0P BOBRARE HRIVERD.

whereby there I's attain I can I Mpr ovenen

buri ed oxi de donlduet{3OXe ahlﬁedlfthdt%ﬂeﬂlpBi}ﬁtlﬁlﬁ dfrmigifemﬁan 1308° Cdh a@akrglat | on
(which may be abbreviated as "| TOX") at the annealing step and the
di sl ocation oPém@ﬁPI}ﬁrf— §0m@u@%aﬂ~éﬂﬁ7 ehexygerewhershy therpiigcatttinedpa significant proc.

::IEEEI ijgfad as %u%?%pmé) v%trtgr%t#zﬁrlt@h% a%loﬁ @@géis @W%ﬁ%g%%?nz Is a

met hod wher ei mer’hﬁélefx;ddmne(whﬁh Rdy BX WBBRvidtdPARTAN gt fe srlRhGhg kepperature
(400-650C), a further oxygen inplantation of a dose’lower by one

signi ficant dinglthe dislgationadngitpt isatdyasdrant dhpbkafsee &. Nakashiom eanl. aPwocphous

| ayer on the ace th lLed oxide film(BOX) (see O W Holland et
al ., Appl. Hﬁé ’|Pé1~°t8f ?ﬁfﬂy d@sﬁ% h996), p574 and U.S. Patent No. 15
5930643). Acq gt | I I nuous
growt h of BO 066 | n guﬁﬁ% gq\gﬂp ggﬁ?ﬁ%g ela agthn%ggg%xe{%t}@ Og%{gz and

al so evernti n ]bhedmatﬂimﬁntetha@ﬁnﬂn@aeﬁahod Mereﬂ]ﬂi eftoethe ehBtingloxgxerdat i on may
be conducted at a rate higher by 1.5 tines than that of the conventignal

| TOX. As a rigglpgtatioiat aabtht@mmragnvéﬁﬂgp At & Turther opagemimplan@dorof m  and
a significant 8&&18%'& w h@?fgﬁ}{f%‘ﬁ{‘& gﬁt 1s%£ﬁfé'drb%‘i'2\t Matn{ &?n&%gﬁu%éo P'm It is

common that t annea carri out re containi ng
0. 5- 2% of OXYegﬁﬂné@houﬁh(?Bi ol thkGulrfaue 6f Betttiricdhiid i $BOX)i(FecODIW, t O

decrease an oxygen content in

Holland et al., Appl. Phys. Lett. (USA) vol. 69 (1996), p574 and U.S. Patent No.

15 5930643). According to this method, it is possible to conduct the continuous
growth of BOX within a wide and low dose range of 1.5x10-6x10"" ¢m™, and
also even in the subsequent ITOX process, the internal thermal oxidation may be
conducted at a rate higher by 1.5 times than that of the conventional ITOX. As
a result, the BOX film is very near to the thermal oxide film, and a significant

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 disappe:cir the defect in the BOX




SA layer. [0007] Al of the above SI MOX nethods include a high-tenperature
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 condugted a heat treatnent in an Ar

at nosphere containing about 0.1-2 volunme% of oxygen at a tenperature of not
| ower than 1300C fqr. 5 to 10 S...ln this case, it _is known that oxygen
di ffused int aft'fﬁémﬁrfyth‘“e" %@%kﬁéggléq)g%?rf%e is oyt p Howeyers the€®08ut ward by
such a heat tdhaaliBticld fibtlimdeaBhbinest B1fHe dOPI0%Y At GOLEMIy! N the SO

| ayer and al so the relgi 3uai’l Jje%dgct,é%%(eﬁgen eprecllaglé%/at es aﬁ% tLg like in the
SO | ayer di sibpgiead stably Byethexpgesmtipnacmpitiodt.es in  BOX grow and are united

wi th each other to disappear the defect in the BOX 3 | ayer and further a
good SO /BOX interface is forYeMMABYQETHE AN VIO har acteristic on the

surface rqug of s ot. . i . | Ly by

t he conve(r%t i gtgg?ﬂmet h%%%rw&t&%ﬁﬁhllm@f%otﬁﬁ)‘ggﬁ%q@ﬁgéﬁ& S above
si tuations, iatmbﬁloamfgabﬂﬁﬁgs@hstymohwﬁ@hism_m@ wifePREEreirttheRfaee of
advant ageously produci ng a SI MOX waf er wherein the surface rou%hness S

| ar gel y i npr oveghress isnergstyotioprov ot inthe pradictinafafra SO walgh tisongiX SIMERod.
[ 0009] The inventors have nmade various studies in order to achieve the 10
above obj ect MHY°Gi scovered that the state of crystal structure

(step/ ter racaogh) t NernetiEABR kTR VhrfolS sRNEANIJAGe S ok Rledeli, changed by

an oxygen concentration in the annealing and a mscut angle o
substrat d0 pabbveabgrt and discoveygkthat therstaabvf atyistah siractuhe(stopiteahea)@pfahd t he

surface roughness %1[‘ the SO |ayer i s, changed acconpanied therewiith, and as
a result, theURGeMRIMSH Rike puraling isjarshprhanged by[aepygeTRencengation g

summary and Go ﬁﬁﬁéﬁﬁ‘h}g Qfd %fmfsggt zln%Yee&I é%b@t’i‘ﬁe?ﬁar{ieﬁﬂaﬁ%he OXygen

concentration in the annealing and the surface roughness of the SOT layer is
changed accompanied therewith, and as a result, the invention has been
15  accomplished.
[0010] That is, the surnmary and construction of the invention are as follows.
(1) A method of producing a SIMOX wafer by implanting oxygen
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 {reatment 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), wherein 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 SIMOX wafer is a MLD

(modified low dose) method.




(1) A nethod of producing a SIMOX wafer by inplanting oxygen ions into a
surface of a Si substrate and then conducting a high-tenperature annealing,
in which an atnosphere in at |east an end stage of the high 20 tenperature
annealing treatnent is an Ar or N2 atnosphere contai ni ng an oxygen of nore
than 3 vol ume% but not nore than 10 volunme% [0011] (2) A method of
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but | ower th%iﬂ%’@%]l@ﬂﬁn&raﬁbﬁ?quﬂﬁiqs|a‘ﬂ831el§h%<ﬁé)(ﬁinhﬂﬂrsﬁrfac?&rdilghnés@ﬁ_ than 40
hours. [0012] (3) A nethod of producing a SI MOX wafer according to item (1)
or (2), wher¥Ph the high-tenperature annealing treatment is carried out

after an internal oxidati A an oxygen of 10-70
volume% [0013] (4) A m%ﬁﬁ%ﬁfﬁg@ Eﬁ%&%@gc}accor ding to any
one of 30s te[ﬁtb(l)@i)-(l?b). VR QB figgraim §P£}ﬁkﬁﬁﬁ§%§h§%}i{6nmt%%nn€ﬂ% of not

nore than 2. 4] (5) A nmethod of “producing a waf er according to
any one of istgnmclubjve(ef)lIOfhetepi n t he production nmethod of the SIMOX waf er

is a MLD (nodified | ow %g;lel\)%rret haod. - 4- 0015l According to the invention,

there can be obtained ¥ 3o OIT)BRESE O dus qualities and

very 900d i n jyhersur iEeqd SHONES SnRhiiotin BRLERRESERLETI ON OF THE DRAW NG
S i a g condi

5 [0016] FIG a pattern gram of anneal | I'ons at an anneal i ng

step inclusiveovs] | TOXt thieeigh-tdnerattld &M ealmPRepBRBEMEMIERh MINTS [ 0017]
The details of the invention will be explained below [0018] At the

hi gh- t enpgér atitipdandatiem thhexidatéen of thersilidea syxipeeis promotwl fofgramtthickon, t he
oxi dation of (;[que ﬁil’l’ll CRY s i];nae(,: ﬁlei fciRase B geo(fulgiﬁt; e %X%cﬂiti%iﬁ course

(emhanced solubility) is caused on the silicon surface just beneath the oxide film

to bring about an oxygen concentration higher than a saturated oxygen

concentration at such a high temperature (see U. Gosele et al., Appl. Phys. Lett.

15 67,241 (1995)). On the other hand, an oxygen of a saturated concentration at
this temperature is existent on the silicon surface just above BOX oxide film.
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
vaccum 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




oxide film At this tinme, the increase of solubility in the oxidation course
(enhanced solubility) is caused on the silicon surface just beneath the
oxide film to bring about an oxygen concentration higher than a saturated
oxygen concentration at such a high temp®rature (see U. Gosele et al.,
Appl . Phys. Lett. 15 67, 241 (1995)). On the other hand, an oxygen of a

saturated co ' . ' Sﬁﬁg ] ' ' | hcon
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(in-diffusion) to thereby produce the growth of BOX 20 [0019] However, if
the oxygen coMERe Fanshaessiip SCHda¥sineal i ng at nosphere is too |ow, the
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of the surface oxide filmto freely nove silicon atomon the surface and
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et al., Phys. nBevof e sfifeon30BiHate (a%%él?)a}fec{s({ﬂ@@ﬂrﬂi@%eroh%‘(&% Bf 80T e gxam ned
an influence of such a phenonenon o 30 the surface roughness of SO | ayer

in the fornatRakentdNo. SEMOK Gnid i notrdilbkdovwhtiat thidhendeegy heeonmas eembrkableur e

(stepwi se surface structure) is produced even in SIMOX wafer and hence the
val ue of ¥he 18@cedangeotish fssatmosphsga dy thepmpgaliav i s consi der abl y

val ue of Whe BdFFEEROtGhHEIIRSP BRI i
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deterioration of the surface roughness in SO |ayer, [0021] Also, it is
clearly confith#ed vohere % f oxv gend dhreQuibd&Enies of omugais not gaused and also

the re-construction of the surface is not caused. As to the upper limit of the

15  oxygen concentration, it has been found that when the annealing is carried out in
an atmosphere having an oxygen concentration of more than 10 volume%, ITOX
step is inversely promoted by the in-diffusion of oxygen and the oxygen
concentration in SOI layer is too high and the possibility of causing problems
such as oxygen precipitation in subsequent device process and the like becomes -

20 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

25  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.

30 [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 formation of SIMOX becones
| arge. The term "m scut angle" used herein nmeans an angle of shifting a
cutting face froma plane orientation (100). Although it is already known
that the miscut angle of the silicon sufstrate largely affects the surface
roughness of SO (see US Patent No. 6531411), it is not still known that

anneal ing. | C30ORa0 AE PoHEatRio  JIRPEIGGE Mhhaio i A TRARRE S, [

that when t hetruetifesh tHegsurBice & lidtae toObé edsilyaiauivd whoapaRhempeRturtds RighDspher e
containing nore than 3 vol une% of oxygen, the out-diffusion of oxygen is
not caused ardeesfess, itiipémpertanifie adiyst the wxygen pencsnirpticeconsidrmgdwibee. As to
t he upper Iim'fﬁt t%f the 15 oxygen concentration, it has been found that when
t he anneal i n§ *€Scarried out in an at nosphere havi ng an oxygen

concentrati onpefs]mor Ad d ekl MO, UB%typittPannShBRy €p oRSINERK ¥s RIRFREELd by
the in-diffusion of oxygen and the oxygen concentration in SO |ayer is too

hi gh and t he byessinthihation of ITE3X stappt prrolakizaly highiokygen aoggamatpmenidpnt at i on

i n subsequent deyjce éar oces anfi t he |i ke becones, 20 h'ilgh. In the invention,
t her ef or e, tﬁ&n%ﬂ!ﬁ&rﬂ Rott aor)?%’é(ﬁ % lgvhexyese cqneditiatiopne The aneealingy at nospher e
islimted t £ Bagolr : O 9 0 vol ume%
as a conditi gﬁﬁlgglgﬁgg?c%dlg (gg ﬂi)zgjﬁg%@leo\ﬁt Aﬁéﬁ%f’g%&%eeﬁ%e[ %ﬁ%ﬁ titl’]lg‘fr)}f }i t is

pref er abl e t lkambidagioanneal i ng treatnment is carried out under conditions
that a tenperature is not |ower than 1290C but |ower than 1380C 25 and a
time is A8t (@&t harilso.Hbe pBNGRLNG [ikeatmerm ah an odivsiedPxygpR poRdsEITARRR A | Ng
tenperature is. | qwer, than C.or _.when the anneal i | i s tess than 5
hours, the ragctﬁogr lr?éstgetge br*V%%ﬁgn %Sﬁqtgggesg%rgl%’t%é’ﬁfe%%c’er at%grggerpe(’fcfhéf eriorated,
whil e when t h@neAMBEBE 18 GuifRIRR kb aPplicd 101t 1ERVeh chilalgd 3BMo1Ar1 MALN t he
annealing tine is not |ess than 40 hours, the productivity |lowers. 30 [0024]
Mor eover, it ihtheoahest dteped Behatscatheauifacostaexafgaliconeis imdinlyateté rmgnediey

1St on g Pyl ] ushon hogges 1 accer erce, auib b sl g
Step IS 15  stage before the end stage is preferable to be about 1-3% somewhat lower than
that of the end stage.
[0027] In the invention, it is preferable that the miscut angle of silicon
substrate in the formation of SIMOX is not more than about 0.2°.  When the
“fiiscut angle of the silicon substrate exceeds 0.2°, the roughnesses of the-surface -
20  and the interface are considerably deteriorated.
[0028] Further, the SIMOX process according to the invention is applicable
to any of high-dose 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 described with respect to the case of applying to
25  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

30  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 formation of step/terrace
structure on the surface is liable to be easily caused when the tenperature
is high. Therefore, it is inportant to-ddjust the oxygen concentration
considering both the effects. 5 [0025] As shown in FIG 1, the typical
anneal i ng st I | TOX step at a
relatively th a%ie?g%@%%%gnél g‘rgg%l lg%@ﬁﬂ@g%ﬁ%yn%ﬁé%t ep at a relatively

| ow oxygen c@a03dft r atfheBurfiteronghedk iand sedic d:xiy@Ra cancaisitiod of thd thas
invention are &ref erable to be applied to such a_ conbination. 10 [0026]

Al so, the anfk mq#gSIM%Xtmfﬁt argtmegsuErd; 1o Hbéadn sespdfs §s showvs i Ffablnedn accor di ng

to the inven ece sar.i ied t full ep. of

anneal i ng, E‘?‘%% M?IS et ecfuﬁtjélg ﬁ‘gﬁoﬁhﬁﬁss ch (il lﬁgésatgura?ﬁ é’n"c?l%gt age of about
1 hour ig tbﬁoﬁk@f(ﬁcéh@&osc%%@?%% redptet Rl §i36 8f 30 A€ xADugd ddecon is mainly
determ ned by the end stage of the annealing step. In this case, the oxygen

concentratl orepatseateiDysd najoc b€ Rorse(rodtenennd sguage |Alsprﬁf66maﬁabe0x:cgeme about
1- 3% sonewhat | ower .,than that of the nd sta e%[ﬁ0027 In the gﬂ‘flg?tlon it
i s pref er abl 8OR¢sEIratiRISINERSYLed P ée‘%?ln any) ipg B $RECHOFGOPY K mat i on
of SIMOX is not nore than about 0.2. Wien the m scut angle of the silicon
substrate exceeds 0.2, the roughnesses of the surface 20 and the interface
are considerably deteriorated. [0028] Further, the SIMOX process according
to the invention is applicable to any of high-dose nethod, |ow dose nethod
and MLD (nodified | 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 nmet hod bel ow.
[ 0030] (Exanpl es)




At first, oxygen ions are inplanted into a Si substrate having a m scut

angl e of 0.1-0.15 under conditions of an acceleration energy: 170 keV, a
dose: 2.5x1017 CM -2 and a substrate tenperature: 400C, and further an ion
i nplantation 30 is carried out at room tehperature and a dose of 2x1015 cn®.
Then, I1TOX process is conducted at 1320C for 10 hours and thereafter an
anneal i ng prc[gm ofr.b3oPC and 10 hours is carried out in an Ar atnosphere

cont ai ni ng var+qus nvugnn concept-rations—As to a part of the substrates
the anneal i ngVQ-r|&XEHERT | s | AnncalngiyfMascus ) Syriage an| SHEacst age drRematbsir i h
the anneal i g st/&gncquiEption WP@GWF%t,éﬂgl@uqﬁmeﬁnoDmﬁﬁace oxygen
concentratiqgn of| (vhlemefe)s |¢HCRi ned H(YOX WRines (18r e comaentratbnt 9 obt ai n
results as showi in Table 1. [0032]|MreoYein xt he [saxi@ctecmdughness of SO
I s nmeasured by ysing AFM 5 (atom’c force mjgp ﬁﬁope) vvith respgct to a sige
Of 10 mx 1 HT cHlﬁj epres tigssu Uy io\id.l Utf#‘.? RITb \(% mearrs El ati"étlve
Al so, the sUrfade oxygen d¢oncentration is|neasured y a seconvl?
m croprobe spectiroscopy (SHMS) -8- 100331 (Tahle 1 Oxygen j Qm ‘?‘m
M scut Surfdce Surface RendrR30 concbfidr at i 4 termer(b%re angl & 'r oughness
oxygen (vol Ue% A C () Rng 1830 concef@flratidil 11mp0.84x10-17 ¢M-1) 10 m1
0.5 1350 0. 144 940.8 Conpanagsye Exapgnl € 3.3 1350 ®33 4.2 0. 93n7erdioh350
0.14.10.84 4 4 1350 0.1 3.3 0.85 Ipvention Exanple Example
5 6 1350 0.1 3.2 (.86 "
6% |8 1350 0.1 3.2 0.83 g
7 10 1350 0.1 3.2 1.5 "
8 12 1350 0.1 3.2 2.0 Comparative
Example
9 0.5 1350 0.15 5.5 0.81 "
10 |1 1350 0.15 4,7 0.84 "
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 "
15 110 1350 0.15 3.4 1.6 "
16 |12 1350 0.15 3.4 2.1 Comparative
e e 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 "
20 |4 1350 0.2 4 1.2 Invention
Example
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 38 1.9 Comparative
Example

*: 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 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




56 1350 0.1 3.2 0.86 " 6* 8 1350 0.1 3.2 0.83 7 10 1350 0.1 3.2 1.5 8 12
1350 0.1 3.2 2.0 Conparative Exanple 9 0.5 1350 0.15 5.5 0.81 10 1 1350
0.15 4.7 0.84 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 1850 0.15 3.5 0.84 15 10 1350 0. 15
3.4 1.6 16 12 1350 0.15 3.4 2.1 Conparative Exanple 17 0.5 1350 0.2 7 0.9
18 1 1350 0. 3xy6%eﬁ chncdmratioh 32l ard greffeﬂabily 3 o&yé&?@o&eﬁtrﬁién%daaeéem' on
Example 21 6 1350 0.2 3.9 1.3g22* 1350°0.2 378 0.9 23 10 1350 0.2 3.8
1.4 24 12 1380GnG. l8m8%lb¢ oo muae Hianvid) viduawfd.e *: |t 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 atnosphere becones |ow. On the other hand,
the value of the surface oxygen concentration becones high as the oxygen
concentration in Ar atnosphere increases. Fromthese facts is clear an

opti mum -9- oxygen concentration range, -dfd preferably the oxygen
concentration is nore than 4 volune% but not nore than 10 volume% 1|11 -10-
VWhat is clai @ﬁaﬂﬁﬂ&mcé\iﬂm hod of producing a SI MOX wafer by inplanting
oxygen 1ions into a surface of a Si substrate and then conducting a

hi gh-tenperature anrieal A ngthodofyrodhciap aBIMBKeifer bynimplahtdagbxggenend st age
of the high 5 tenperature annealing treatnment is an Ar_qr N2 at nosphere

cont ai ni ng andoBxRELH suaceRfraSk Ribsirate sl themsanduciiag 2 highetomperatet® vol ume%
2. A met hod of uel N I f et [ to cl ai wherein the
hi gh-t enper atur ‘Lé)ilia){l gﬂaﬁrglncgl %%rie\/g{éﬁéﬁﬁrgil%gtgl%grt%él{%%ghs?aggf&éﬂ% éirﬁl)lér ature: not

| over thag 139@Gedatiire hﬁﬂ@lin&hﬁﬁ&trﬁ&ﬁqgaﬁlﬂﬁ ot NJ fiBiospieire LOBSiriNamn oxfeuar s 10

but | ess than 40 hours. 3. met hod of producing a SIMOX wafer according to
claim1 or 2,of mygrertkim3 vhlunk%hbut rotpeemstthae 1Gnnband%g treatnment is carried

out after an internal, oxidatipon. (l1TOX) tr nt containin .oxygen of
1070 vol umesh 4. A et Homerodieragrsine & SRk watrero-aelan th AIES: any one
of 15 cl al MyHerdn HORIGLR tote At BRI st R ”&%%E 8 Rnfflerdiffe; MOr €
than 2. 5. A matrﬁi({)l(} o§ gglr ogﬁyglﬁang ea SI ND)%at\%v%f er acc?or I ngnt o) an;}ﬂ%ﬁe of
claims 1-4, whet®ier thivelP9Wdlinitilonemiiahdd80TC ke a SimMdOXonkdse thanss kouvk D
(nmodified | ow dose) nethod. it

10 but less than 40 hours.

3. A method of producing a SIMOX wafer according to claim 1 or 2,
wherein the high-temperature annealing treatment is carried out after an internal
oxidation (ITOX) treatment containing an oxygen of 10-70 volume%.

4, A method of producing a SIMOX wafer according to any one of
15 claims 1-3, wherein the Si substrate has a miscut angle of not more than 2°.
5. A method of producing a SIMOX wafer according to any one of
claims 1-4, wherein the production method of the SIMOX wafer is a MLD

(modified low dose) method.






