WD 01/ 67510 PCT/JP01/01622 1 DESCRI PTI ON SI MOX SUBSTRATE AND METHOD FOR
PRODUCTI ON THEREOF Technical Field 5 This invention relates to a SO
substrat eylamicigoa buried oxide |ayer disposed near the SigfaefoRh: @
silicon substrate and a single crystal silicon layer [hereinafter referred
to as "SO (silicon-on-insulator) layer"] superposed thereon. Mre
particularly, it relates to a SO substrate obtained 10 by the SI MOX
(Separation by | Ml anted OXygen) technology and a nethod for the
production thereof. Background Art As the SO substrate having a single
crystal silicon |layer fornmed on BEEGRAERTIOBuUl ation material as silicon
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a method for the production thereof.
Background Art
As the SOI substrate having a single crystal silicon
layer formed on such an insulation material as silicon oxide,
15 SIMOX wafers and bonded wafers have been mainly known. The
SIMOX wafer is a SOI substrate which is obtained by implanting
oxygen ions into the interior of a single crystal silicon
substrate and subsequently performing an annealing treatment
on the substrate thereby inducing a chemical reaction between
20 the oxygen ions and the silicon atoms in the substrate and
consequently giving rise to a buried oxide (BOX) layer in
the substrate. The bonded wafer is a SOI substrate which is
obtained by joining two single crystal silicon wafers across
an interposed oxide layer and then transforming either of
25 the two wafers into a thin film.

The MOSFET (Metal-Oxide-Semiconductor Field Effect
Transistor) which is formed in the SOI layer of such a SOI
substrate is capable of repressing the short channel effect
which becomes more severe as design rule of device fabrication

30 process becomes smaller, and allowing a saving in the power
consumption involved in the operation thereof in addition

to excelling in radiation hardened characteristics and



2 avoi dance of latchup and exhibiting high reliability. Further, it is
capabl e of exalting the signal transm ssion speed and realizing high speed

oper at i oanQ;Ol;@gmdevi ce because the operating region of the,#6ViGs: ! S
electrically 1solated 5 fromthe substrate itself. By this reason, the SO

substrate acquires a prospect of becom ng a high-perfornmance

sem conduct or substrate for the appli cdtion of MOS-LSI in the next
generation. Anong ot her species of the SO substrate, the SIMOX wafer 10
possesses the characteristic feature of particularly excelling in the
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proportionality with the threshold 20°voltage of the MOSFET operation, the
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substrate for use in ”}F'Fer FET o t he next eneratlo In the Eanuf acture
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only whenexReldidaninofhexygbhormaty tof Hhidigiest &f ithee SOReLayAL - a regi on
of not | 95?82121‘?@ st wa L8, RRE8BA TRy OF cald Be lddPuletl1 ¥Q 244 8KRL0s

PCT/ JPCL/ O
of notmorethan0.3 #mandalsotheSOI layer havingathickness

in the neighborhood of or even not more than 0.1 4Um can be

15 controlled satisfactorily in thickness. Particularly, the
SOI layer measuring not more than 0.1 #m in thickness is often
utilized in the formation a MOS-LSI adapted for the fully
depleted type operation. Since, in this case, the thickness
of the SOI layer itself has proportionality with the threshold

20 voltage of the MOSFET operation, the uniformity in thickness
of the SOI layer constitutes itself an important factor for
the manufacture of a high-performance device in a high yield.
From this point of view, the SIMOX wafer which excels in the
uniformity of thickness of the SOI layer acquires a bright

25 prospect of becoming a substrate for use in the MOSFET of
the next generation.

Inthemanufactureof a SIMOX substrate, the implantation
of oxygen ions is generally effected by the use of a single
accelerating energy, typically an energy approximating

30 closely to 200 kev. It is well known that, in this case, only
when the amount of oxygen ions to be implanted is either in

a region of not less than 1.5 x 10'° pieces/cm® or in a limited



3 region in the range of 2.5 - 4.5 x 1017 pieces/cn2, the SIMOX structure
obtained after a heat treatnent at an elevated tenperature is enabled to
acquire awklesooxi de layer of satisfactory continuous gidyjpgibhRsM
quality (as disclosed 5 in S. Nakashima and K. |zum, Jour na( of Materials
Research, Vol. 8, 523 (1993), for exagpl e). As respects these species of
SI MOX substrate that are manufactured By inplanting oxygen ions in such
anounts as mentioned above, it is customary to designate the species of

SI MOX manuf actured by inplanting 10 oxygen ions in an anpunt in the forner
range as higgigpsin thevmangehefraies 4nrd ¥ S pieees MM’ MDX SEMAX act ur ed
by i npl ani.i en..l IN ung_ | r e dose
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qual t oy of dereBHEERehRe e BER TG ot op FHRL Db fRt et By PR B RS  he
intermad tbeygeh @shdaihoaAnpamcest 30 €hereonnét erangé eds agli gio-dssan " TOX

process"”) has been gro osed (US-A-5,658,809 and US- A-5,918, 136_or S.
Nakashi ma S&MO¥| subgptaRrgF 8RAELBet FBeRent cof THUPRtHanyepctured Bage WO

01/67510 Pﬁ%ﬂﬁ’%iﬁ%%ﬁygen ions in an amount in the latter range as
low-dose SIMOX substrates.

The high-dose SIMOX substrates and the low-dose SIMOX

15 substrates respectively possess specific characteristics of

their own and find utility in particular applications which

are appropriate for these specific characteristics. of

these species, the low-dose SIMOX substrates acquire a

prospect of decreasing the threading dislocation density in

20 the surface silicon layer and realizing low production cost

as well because the amount of oxygen ions to be implanted

therein is comparatively small. The low-dose SIMOX

substrates meanwhile have the problem of leak defects

generation intheburied oxide layer and insulation resistance

25 deficiency with a high probability because of the small
thickness of the buried oxide layer.

As a measure to contribute to the improvement of the
quality of the buried oxide layer of the low-dose SIMOX
substrate, the internal thermal oxidation process

30 (hereinafter referred to as an "ITOX process") has been
proposed (US-A-5,658,809 and US-A-5,918,136 or S. Nakashima

et al., Journal of Electrochemical Society, Vol. 143, page



4 244 (1996)). According to the I TOX process, the treatnent of oxidation
at an el evated tenperature induces growh of a thernmal oxide filmon the

surface ofygdzybptrate and growth of an oxide filmin a GRILBhNoRHPUNT ON
the upper interface 5 of a buried oxide filmas well and consequently

renders addition to the thickness of g buried oxide filmpossible. It is
reported that this process produces thé consequence of feasibilizing both
the repression of |eak defects and the inprovenment in insulation
resistance in the buried oxide 10 layer. The surf ace silicon layer in the
| ow- dose SPEBX($8881 ) at Aceeidingdm dihes INOXe pdPrgsdi,stbeatreatmanta

density in_the_. LQxigate. r 1 - e I.p.a_hi gher
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treatnment) is carrjed out at a geperally adopted._elevated,te rature of
about 13508E A SRS UL A1t 8y CEREAph GHIRHO T 16U BRPSE) UF BHERCSI MOX
substr & e, od5 ST PHR i HBFI Ui H0vSPPA AN coRs@lgh etk d il daareien and 10
nmin depth and centering around the sites of thréading dislocations are

generated 88 the $hickaesst of e WBuriedyerideyfplm\pasaihler aft, is
Proceedi ng E n at| | S %ﬂﬂ; e , %qg&i’:le&}i ically, the
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manuf ad ur gdyer.such a substrate has the possibility of inposing a
restriction 30 on the perforpance of operation thereof. In the I TOX
t echni que ment | SREFUHHARE sl Heen LAxesrindehe 1o -fRra oS ekr 36 on

which is rgtied 88nt8iRE0EHEBa8INY P41 84aLRETALPLIAAE2Ey in the

approximate range of 10 - 10* pieces/cm® or in a higher range,
though repressed as compared with the high-dose SIMOX
15 substrate. It has been pointed out that when the ITOX
treatment (internal oxidation treatment) is carried out at
a generally adopted elevated temperature of about 1350°C in
the process for the production of such a low-dose SIMOX
substrate, depressions measuring approximately 2 u#m in
20 diameter and 10 nm in depth and centering around the sites
of threading dislocations are generated on the surface of
the SOI layer (W. P. Maszara et al., Proceedings 1997 IEEE
International SOI Conference, page18). Typically, the fully
depleted type device using a SOI of a thickness of not more
25 than 100 nm has the threshold voltage of its operation vary
with the thickness of the SOI layer. Since the depressions
mentioned above affect thelocal variationof theSOI thickness,
the fully depleted type device which is manufactured on such
a substrate has the possibility of imposing a restriction

30 on the performance of operation thereof.
In the ITOX technique mentioned above, since the effect

of the internal oxidation which is relied on to produce an



5 increment in the thickness of the buried oxide filminduces growh of a
surface oxide filmin a thickness of not less than 10 tines the increnent
in the buyigf9xpde film the surface silicon layer inevid@abipy hgs,the

t hi ckness thereof 5 decrease. An effort to secure an increment in the
buried oxide filmowng to the effect _of internal oxidation for the
purpose of inproving the quality of t Re buried oxide | ayer has no
alternative but to decrease the thickness of the surface silicon |ayer,
with the result that the produced silicon layer 10 will inpose a
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for limiting the amount of an oxide on the surface of the
substrate, with the result that the degree with which the

15 buried oxide layer is improved in quality will have its own
limit.

The low-dose SIMOX substrate manufactured by the use
of the ITOX process, though improved in the quality of the
buried oxide layer by the ITOX effect as described above,

20 suffers generation of depressions approximately measuring
2 um in diameter and 10 nm in depth at the sites of threading
dislocations whichpersist inthesurfacesiliconlayer. When
a fully depleted type device using a SOI layer of a small
thickness typically not more than 100 nm is formed on such

25 a substrate, therefore, the device entails the problem of
possibly imposing a restriction on the improvement of the
performance of its operation because the threshold voltage
of operation thereof is affected by the local variation of
the thickness of the SOI layer.

30 This invention, by repressing in the conditions for the
thermal treatment performed in the method for producing a

SIMOX substrate the oxygen concentration in the ambient air
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Disclosure of the Invention

The objects mentioned above are accomplished by the
following items (1) - (20).

(1) A method for the production of a SIMOX substrate
havingaburiedoxidelayer andasurfacesinglecrystalsilicon
layer formed therein by implanting oxygen ions into a silicon
single crystal substrate and subsequently performing a heat
treatment at an elevated temperature on the substrate, which
method is characterized by performing the former stage of
the heat treatment at a temperature of not lower than 1150°C
and lower than the melting point of single crystal silicon
in an atmosphere obtained by adding oxygen under a partial
pressure of not more than 1% to an inert gas and subsequently
performing at least part of the latter stage of the heat
treatment by increasing the partial pressure of oxygen within
a range in which no internal oxidation is suffered to occur
in the buried oxide layer.

(2) A method set forth in (1) abbve, wherein the
temperature of the latter stage of the heat treatment is not
lower than 1150°C and falls short of themelting point of single

crystal silicon.



7 (3) Anethod set forth in (1) above, wherein the tenperatures
respectively of the fornmer stage and the latter stage of the heat
treat ment way 0860 not lower than 1300C and fall short ofpdfigiBichi NY
point of the single crystal 5 silicon. (4) A nethod set forth in (1)

above, wherein at least part of the latter stage of the heat treatnent is
performed in an atnosphere forned by addi ng oxygen under a parti al
pressure in the range of 1 - 10%to an inert gas. 10 (5) A nmethod set forth
in (1) above, wherein the tenperatures respectively of the former stage
and the latter (3)ade bethdd sedt forth nént (e 2bevienowheywdn tihker 1350C

d fall [ 00 .DOj ' i1 : d
least “part SRPERECPERE AFane i R e b ForRYL e M encit gl 1
at nospher estageedf byhadakag txgaementuradss eaqiamiotallopeesshaa 1BO0OP® range

of 1 - 10%t n_inert gas. (6) net hod for the productjon of a Sl MOX
substrate 2R v%ﬁ&;iaSBBFFeﬂgoﬂgﬁemééyb?gaPl‘Eil%ts‘& e gingte er¥stad silicon

20 | ayey fghhigdohherein by inplanting oxygen ions into a silicon single
crystal substrate and subsequently perform ng a heat treatnent at an
el evat ed tenper &furd methe@ seibsiorite inilohabpEenowhesetnadtickedstzed by

per f or i ngpLe LONIRS 1S4ALE 0t acbNEe NGA Hd-a2L BBk nAhe s LYMEFAiLe Of NO!

| ower than ower n ting point of singl'e crystal
silicon i hnapnattmeppbeseofpaimedd byy asiddingg covypygpan wnbsr @ grartial
pressure of _not nore tgﬁn 1%to an 'nerioﬂag and subﬁgquently perform ng
at | east pBFESBRIENE™ 50Fef38P5gR ot The'Realt 2Br&8FHEnP28c a tenperature

of notighi gher thap W0REBEOdaset0 textmdige @) i 8b6vapl wheirddhni athé n the
buried oxide layer. (7) A nethod set forth in (6) above, wherein the
t enper at ur ESBPEEABUFBF HEASRIGG Y PhethR formezathage and kbe MG 67510

PCT/ JPQOL/ Oéégae of the heat treatment are each not lower than 1350°C
and falls short of the melting point of the single ciystal
silicon, and at least part of the latter stage of the heat

15 treatment is performed inanatmosphere formedby addingoxygen
under a partial pressure in the range of 1 - 10% to an inert
gas.

(6) A method for the production of a SIMOX substrate
havingaburiedoxidelayer andasurfacesinglecrystalsilicon

20 layer formed therein by implanting oxygen ions into a silicon
single crystal substrate and subsequently performing a heat
treatment at an elevated temperature on the substrate, which
method is characterized by performing the former stage of
the heat treatment at a temperature of not lower than 1150°C

25 and lower than the melting point of single crystal silicon
in an atmosphere obtained by adding oxygen under a partial
pressure of not more than 1% to an inert gas and subsequently
performing at least part of the latter stage of the heat
treatment at a temperature of not higher than 1300°C so as

30 to induce an internal oxidation in the buried oxide layer.

(7) A method set forth in (6) above, wherein the

temperature of the former stage of the heat treatment is not



8 I ower than 1300C and falls short of the nelting point of the single
crystal silicon. (8) A nethod set forth in (6) above, wherein the

t enper at U@ Als7ifge treatnment for internal oxidation is inpdgpigefsange of
1150 - 1280C. (9) A nethod set forth in (6) above, wherein t(] tenperature

of the treatnent for internal oxidation is in the range of 1150 - 1250C
(10) A nethod set forth in (6) above, erein the partial 10 pressure of
oxygen in the treatnent for internal oxidation is not |ower than 50% (11)
A method set forth in (q& above, wherein the tenperature of the forner
stage of tHReweaathapdatRERtand fingtls BbABE ehamelgedtingheo intmedr bher e of

t he subseq r @Eg{i f |nternal oxidation is in the range of 1150
- 1280C, a%g'%tgtlte E rt| JsgLreg:ré)ure of oxygen is not lower than 50% (12) A

met hod for the mlsc)dm:tinenhoﬂ a<i MBXrshbdir at €) habiowe ,a wheresich okhde | ayer

and a surface s n Ie cr st al I er f rned therein.b lLantin
oxygen Fong I %% E?h Eﬁgtc2é§t&P §EB§@r8Fésaﬁ&°éu%ggﬁHen{I3

perforngngtglehgahg@rggtrmmooar_ 11133@4>@vat ed tenperature on the substrate,
which nmethod is characterized Eerformn the fornmer stage of the heat

treatment at a t@lpek algrBodf ﬁﬁﬂ kR tiBan(@)58L0vend Wftﬁ/@lﬂ h&het he
mel ting poify %Eg%h?%' %fcrt}‘l%t reSichbnen fg,?_ &Hté?nﬁimﬁﬁﬁsfja ﬁblé' pgd by

addi ng oxygen Fan a partial pressure o nore t o an I nert
gas, subsedbhentrpgepertf dilsiofg-alAkaic ¢ reat nent by incr easi ng the parti al

pressure of oxy e i.n ich the burled oxi de [l.a ot

al | owed to indud g%r}nz%g@%gpﬁog %59 gﬁ”&ﬁ ta}‘Pe a’f?"g?rﬁépt ggﬁrjai']?ﬁng t he
gener a1 onpelesikiirer 88l ogyydat iprcid dl@tientedoroinderhayesxiagduces by
increasing,the partial pressure of oxygen and performng a heat treatnent,

a tenper at dfe P8t AGWEROtHRNePHF0 PCT/ JPOL/ 01622
(11) A method set forth in (6) above, wherein the

temperature of the former stage of the heat treatment is not

lower than 1300°C, the temperature of the subsequent treatment

15 for internal oxidation is in the range of 1150° - 1280°C, and
the partial pressure of oxygen is not lower than 50%.

(12) A method for the production of a SIMOX substrate

havingaburiedoxide layer andasurfacesinglecrystalsilicon

layer formed therein by implanting oxygen ions into a silicon

20 single crystal substrate and subsequently performing a heat

treatment at an elevated temperature on the substrate, which

method is characterized by performing the former stage of

the heat treatment at a temperature of not lower than 1150°C

and lower than the melting point of single crystal silicon

25 in an atmosphere obtained by adding oxygen under a partial

pressure of not more than 1% to an inert gas, subsequently

performing a heat treatment by increasingthe partial pressure

of oxygen in a range in which the buried oxide layer is not

allowed to induce internal oxidation, and thereafter using,

30 during the generation of internal oxidation in the buried

oxide layer induced by increasing the partial pressure of

oxygen and performing a heat treatment, a temperature of not



9 higher than 1300C. (13) A nethod set forth in (12) above, wherein the
tenperatures respectively of the fornmer stage of the heat treatnent and
the subsequgfils7h@at treatment are each not |ower 5 than 13R4Gpa06heh2! |
short of the nelting point of the single crystal silicon. (14) A nethod
set forth in (12) above, wherein the tenperature of the treatnent for

i nternal oxidation is in the range of 21150. - 1280C. 10 (15) A nethod set
forth in (12) above, wherein the tenperature of the treatnment for internal
oxidation is in the range of 1150 - 1250C. (16) Anethod set forth in (12)
above, whehdigherhdhgar tli3f0°Cpr essure of oxygen in the treatnent for

(12) above, wheraid chatSeaR opaFLEk oA b0 T ioBREF AR, BB o

the heat trempleraniirasd rdpettiseqyentt hhat formetrmerntgar efeanb hehtl ower
than 1300C and | ower than the nelti ngagoi nt of the single_ 20 cr%stal

silicon, th&SAEMSEARS EhsrsuhredipideRaRhtHaAMEEMT e FEFN NRtet UPT

oxi dati®n ihann1thec angessli1 Bird-t o¥28REmeandind Peiaeréf aln g Eﬁ%ﬂée of
oxygen is not |ower than 50% (18-) A nmethod set” forth in (12) above,

wherei n t herysé&apesdtldcen .respectively of the former stage of the heat 25

treatnent and tpﬁél%ﬁequd hgg{ofﬁgﬁﬁhr@‘rﬂt <alr2e) e3s; QOtwﬂ%’i‘\@ ntgﬁﬁelsooc

and | ower than tIng poin he sSingl'ée’ crystal silTcon,
t enper at ur ¢éembetrh¢useb ofqihet tireadimeant fofroinkpraahabxddadadnonsi &ni n t he

{han 50% 383 EfI9R SEVBIO0GbSt FAP bt oduced by a met hod set forth in any
of (1)1e (18) agtlz\sg- N AftHodl 46X gekshr ahe COPrdsdwng, awheréagetrengl e WO
01/ 67510 PCT/JPOL/ 01622 . ] ) L
temperature of the treatment for internal oxidation is in
the range of 1150° - 1250°C.

(16) Amethod set forthin (12) above, wherein thepartial

pressure of oxygen in the treatment for internal oxidation
15 is not lower than 50%.

(17) A method set forth in (12) above, wherein the
temperatures respectively of the former stage of the heat
treatment and the subsequent heat treatment are each not lower
than 1300°C and lower than the melting point of the singie

20 crystal silicon, the temperature of the subsequent treatment
for internal oxidation is in the range of 1150° - 1280°C, and
the partial pressure of oxygen is not lower than 50%.

(18) A method set forth in (12) above, wherein the

temperatures respectively of the former stage of the heat

25 treatment and the subsequent heat treatment are each not lower
than 1300°C and lower than the melting point of the single
crystal silicon, the temperature of the subsequent treatment
for internal oxidation is in the range of 1150° - 1250°C, and
the partial pressure of oxygen is not lower than 50%.

30 (19) A SIMOX substrate produced by a method set forth
in any of (1) - (18) above.

(20) A SIMOX substrate comprising a surface single



10 crystal silicon layer having a thickness in the range of 10 - 120 nm
and a buried oxide |ayer having a thickness in the range of 80 - 200 nm
and char agioarieze@ by the undul ation of the surface of thequpsi/iagbe havi ng
an anplitude of not nore 5 than 8 nm In the present invention, in the
heat treatnent carried out subsequent,to the heat treatnent of the first
step, the treatnent is carried out under the condition increasing the
partial pressure in the range that |1 TOX effect does not generate 10 than

that of the first step. Although the ITOX effect does not generate under
such condi Frrélﬁtallnséﬂ-ﬁﬁpnmb?ﬁ?dﬁ%l@ﬁ tharkrgassinfthgaangs ed Qi de

| ayer does_neboi I EAs% HulSed sszlid@ei%éﬁ 19-;% aﬁ'%rh' xf 'd?m | Eer

decrease along wth the treatnent tinme. On
process, 1¥apgepafi 89 wiadd mlmeaodnvbarm’narlzEd))b}prtdmegsdwﬂercepn abt |ess

(o oo ko REABET £35L BlnBLESEN v Y BIVRECYREILE Ry Bhgss e

treat memt ithanuphessed conpar ed to the conventional |TOX treat rrent
process. Therefore, it becones 20 EOSSI bl e to maintain that |onger heat

treatment tine dftthe BRIV RB 488y r Ry ﬁl}é%’%é:éfe@ftmﬁnltl%%ﬁ%%?er and

as a resublhit shbSeg§aERe %Sﬁé)'h%attotﬁ?'@ﬁi:ﬁéﬁ% (@Erﬁﬂlaerfﬂr%%ks@@fae%ﬁ of the
buried oxide layer. "Brief Description of the Drawings 25 Figs . 1A, 1B and

1C are a ditagpamentl isteaxyird ont ypders*émucmndnttelqrann@re@smga’ﬁlg@ of the
e et P 10 SO OB by IRIE BT PLLL
are a M agtaami thastohtilg firsttypeep30 Akchowgh titie m@moxeeffbcthdvge of the
Cr s 2e LI S e o AR AR o ek o RIS RBAA . v
01/ 67510 PERLiERPEEB1622the buried oxide 1ayer does not increase, the
leak defects of the buried oxide layer decrease along with
the treatment time. On the other hand, in this process,
15 comparing with the conventional ITOX process wherein not less
than 30% of the oxygen partial pressure, lower oxygen partial
pressure atmosphere is used, so growth of surface oxide film
during the heat treatment is surpressed compared to the
conventional ITOX treatment process. Therefore, it becomes
20 possible to maintain that longer heat treatment time until
reaching the desired thickness of silicon layer, and as a
result, it becomes possible to decrease further leak defects
of the buried oxide layer.
Brief Description of the Drawings
25 Figs. 1A, 1B and 1C are a diagram illustrating in type
section the manner of change of the cross-sectional structure
of a SIMOX substrate in the process of this invention for
the production of the SIMOX substrate,
Figs. 2A, 2B and 2C are a diagram illustrating in type
30 section the manner of change of the cross-sectional structure
of a SIMOX substrate in the process of the conventional ITOX

technique for the production of the SIMOX substrate,



11 Fig. 3 is a typical observation of the profile of the surface of a SO
| ayer in a sanple using an I TOX tenperature of 1350C, Fig. 4 is a typical
obser vat i gip @fe7kfoe profile of the 5 surface of a SO | aygictiypodosanpl e

using an I TOX tenperature of 1250C, and Fig. 5 is the result of a rating

of a working exanple of this inventi in the second node of enbodi nent.
Best Mbode of Enbodying the Invention I0 Now, the node of enbodying this
invention will be described below In the rret hod for producing a SI MOX

substrate by inplanting oxygen ions into single crystal _silicon

substrate and EdBsedudfitd yCR¥GRY rﬂk??g?]%’arjl'éé&n PleibreRrotilgnct Bhat ed 15

tenperat ur g,@RakRecBid 'S@qn1§¥9§ti@taesahﬁié UV HPRTHR! @éﬁﬁeré@uf@e
conditions for the heat treatnent at the elevated tenperature. The forner

stage of th& Hréé@"(t?reat ment at the elevated tenperature is perfornmed in an

h b I
o1 cssure 20 of -RaB-nloh®, " cnnhp Cpea AP EE MR BtolIFEof BB oS o

the hedi tsaafaeptof :a sSousegquentiy aefbnpleduding ey eFOKNgempdeaparsi al
pressure of oxggg within a range in which no |TOXeffect is suffered to
occur. h8fwi  n s invention, the former stage of the heat

treat rrent at anpelevet ed e LESREIAldY & FaRlingNeE abpyekisgPetdmpred in an
at nosphere obtained by adding a trace anount "of oxygen under a partial

pressure oPInshifi gpwenthan 1% tbeafernedt mgds afidemBedimeRt.treatnent is
subsequent bésgekgagngq_ ﬁhb@dﬁ;ﬁﬂﬁe'&ggu&ﬁvght g, higher than 1300C. Still

otherwi se, in thrs invention |n|t|a stage of the heat treatnent at
an el eMat ed t enfNewat urhee meadé i ofiecemiioaiyeings pleis oinednihoan wdtliinsipder e

obt ai ned b ad%g? 8 g ;r ace anount of oxygen under a partial pressure of WO
01/ 67510 FB1852°

In the method for producing a SIMOX substrate by
implanting oxygen ions intoasinglecrystal siliconsubstrate
and subsequently performing a heat treatment at an elevated

15 temperature on the silicon substrate, this invention relates
to the conditions for the heat treatment at the elevated
temperature. The former stage of the heat treatment at the
elevated temperature is performed in an atmosphere obtained
by adding oxygen in a trace amount under a partial pressure

20 of not higher than 1% to an inert gas and the latter stage
of the heat treatment is subsequently effected by increasing
the partial pressure of oxygen within a range in which no
ITOXeffect issufferedtooccur. Otherwise, inthis invention,
the former stage of the heat treatment at an elevated

25 temperature mentioned above is performed in an atmosphere
obtained by adding a trace amount of oxygen under a partial
pressure of not higher than 1% to an inert gas and the ITOX
treatment is subsequently performed at a temperature of not
higher than 1300°C. Still otherwise, in this invention, the

30 1initial stageof the heat treatment at an elevated temperature
mentioned above is performed in an atmosphere obtained by

adding a trace amount of oxygen under a partial pressure of



12 not higher than 1%to an inert gas, then a heat treatnment is perforned
by increasing the partial pressure of oxygen wthin a range in which no

| TOX ef f eqo dis7saf fered to occur, and subsequently the | POt/ jpogaichent 1S
performed at a 5 tenperature of not higher than 1300C. The tenperature of
the heat treatment in the fornmer stage;,is preferred for the purpose of
heal i ng the damage done by the inpl an%ation of oxygen ions to be not | ower
than 1300C and | ower than the nelting point of single crystal. silicon. 10
Mre preferably, the tenperature is not lower than 1350C and | ower than
the neltindPoiriIhsr fhensiligte @y dngrtsgpseofhenag bheaitc reakigpltes of
the inert §aspedrdfmed) byniiQeR!s iRy thféetp%ﬁ%-l B slshelel 8&?§xg gh not

need to be particularly “discrimnated but is only require Inert in
nature. 15Wiidiguparange ofn wWhd.chr nat HEQK edifeiott ésesufficesd rist ogerd,to be

particularlxidi L 1] byt is Y. lred to allo t har ough
restoration ro%&%%g&ﬁghngg% t:tzgll?se]&?l Fﬁ%%g:w&%al 18 ?ﬁg\%’&&}“g iou§t8 be -
typicalby tusapdraturd e apnr dxighaire thanga 30@Pcl to 6 hours. 20 The
at nosphere for the forner sta%e of the heat treatnent prefers addition

thereto of a trdd& EABRATABRISRFJdIF PRBMtHaREMANE AR tHE TR eTERTRNG t he

surface of jshpreifireen Fa¥ethel pRPbESATSEMNLHL in & 1A RER Y avakt bgn by the
i npl antation “of oxygen ions is healed duri n% the former stage of tThe heat
25 treat nefhe LRplRataiionapfppengen elasis tive bexpgtnlevebetkanidd 00°¢

excessi vel . L pi-t « Wi I_Reyi f or med
W Eh the daneEgeasrenad Who REATIo BELRL OF Siine cdstll KLl iERN 0
conseql@nt Mpret peepénably, fdrantampeabiafractonptSl e tihamcl B e°aht fail .

i necaSuar, Chandehe AR e BRI O or e R YU S 6 BE SR AL GO he
i rreduci bl asmtppiual eXahEIadlof the ifefe¢apgsadqgba Hed AW tHeRY AZH10
PCT/ JPOL/ 01622 | )
be cited. The inert gas does not need to be particularly
discriminated but is only required to be inert in nature.

15 The duration of the treatment of interest does not need to
be particularly discriminated but is only required to allow
thorough restoration from the damage caused in the crystal.
The duration to be typically used is in the approximate range
of 1 to 6 hours.

20 The atmosphere for the former stage of the heat treatment
prefers addition thereto of a trace amount of oxygen from
the viewpoint of preventing the surface of the silicon layer
from coarsening. The damage brought on by the implantation
of oxygen ions is healed during the former stage of the heat

25 treatment. If the partial pressure of the oxygen to be added
is excessively increased, the oxygen precipitates will be
inevitably formed with the damaged portion as the core before
the damage is healed and, consequently, the plan to form a
satisfactory SIMOX structure will fail. For the purpose of

30 precluding the formation of this oxygen precipitates, it is
necessary to decrease the amount of oxygen to be added to

the irreducibleminimum. Preferably, it is decreasedtobelow



13 o. The partial pressure of the oxygen in the latter stage of the heat
treatnent effected by increasing the concentration of oxygen subsequently

to the fowESi@de of the heat treatment 5 is only requi rgdyfpgf@2M thin a
range in mhicﬁ no | TOX effect is suffered to occur. For the purpose of

deriving the |largest possible effect {romthe repression of |eak defects
during a fixed duration of treatnent, 3t is commendabl e to hei ghten the
concentration of oxygen. Fromthe viewpoint of securing 10 a prescribed
duration of treatnment, it is commendable to avoid heightening the
concentrat ildn of oxygen excessively on account of the necessity for

repressing the e .surfa i Lon. In qrder .to.recanci|e these two
Vi ewpoi nt s, the&%l%r g%?%%‘%# ?Eg%sf%ferosfgéh% ooﬁggﬁgr*%rt&% l&ﬁ:&grr ?Jﬁ%g%art i al
15 pressur efofhokgge it rdatiea v @ffecodd by -intQ¥asiine tlespenaenteat 0dnt he

t r eat ment isg)ro erl%i?set at a high level for the purpose of decreasing

| eak def ecPL OXRIGRSERReANSBE{Y hBTheRMehshade SdahrAt bHheRtRRRh t he

mel tings poiit oRf y then sl el @ oChy StidlhirShl +&0he ARty ARER MY SiTokabEyebpt | over
t han 1350C and |lower” 20 than the nelting point of the single crystal

silicon. THSUYHELerRd gareaqwn ofortiehe paapAestol desavingddqid tatgestal | ow
formati on g}Bs 134 BEReL! ££8H Eﬁé/efe&';ée Lot ienid '1%%% g@&%@gséu i{lﬁe effect
raa the e

of this invention is increased In ac nce as uration 0
treat ment kst ekedghtredt ich odghrédreme@bt durtati s cromfiedid sl ergiat hesghteper |y not

| ess than four hours %éomt he effect thereof, it is

Vi ewpoi of
comendan! 0o eoRerntrat Soh qF p¥rethor Kit SheY TQYPOInt AESTRIELRG: ¢ he

nei ghbpy hoathds APiwiaarhteBhidrer végwnenht) iefid bemmennapy e tf addeg heat
treatment. 3Q The tenperature of the [ TOX treatnment is required to be not

| over t hanheightendng: HehguFPBSENSFapieBu@hgOBRICRn EXERERIVIEIN HRR upper
interface gbcbiatby gt A¥bdsshitl MoV RIVEEHY Fid/ J5&dd 0¥028rface

oxidation. 1In order to reconcile these two viewpoints, the
treatment is preferred to be performed under the partial
15 pressure of oxygen in the range of 1 - 10%. The temperature
of the treatment is properly set at a high level for the purpose
of decreasing leak defects. It is preferably not lower than
1300°C and lower than the melting point of the single crystal
silicon and more preferably not lower than 1350°C and lower
20 than themelting point of the single crystal silicon. Though
the duration of the treatment is only required to allow
formationof asurfacesilicon layerof aprescribedthickness,
the effect of this invention is increased in accordance as
the duration of the treatment is elongated. Though the
25 duration of treatment is properly not less than four hours
from the viewpoint of the effect thereof, it is commendable
to set the upper limit of the duration of treatment in the
neighborhood of 20 hours from the viewpoint of the economy
of the heat treatment.
30 The temperature of the ITOX treatment is required to
be not lower than 1150°C for the purpose of producing an

increment in the upper interface of the buried oxide film.



14 Then, for the purpose of repressing the generation of depressions
around the sites of dislocation on the surface of the' silicon |ayer, this
t enper at uwe dif75@qui red to be not higher than 1300C. It igmipogoReef erably
not higher than 5 1280C and still nore preferably not higher than 1250C.
The success in repressing the generatlil{)n of depressions around the sites
of dislocation owwng to the use of the tenperature specified above may be
| ogi cally expl ai ned by supposing the follow ng nechanism Specifically, in
the ITOX treatnment at 10 1350C, the reaction of oxidation in the interface
between tRBeBur fiR%e SREdLUIRAANALL HERKasSHRY | Bler Jemerating ¥fcal |l ed

reacti on- ragﬁrleis ibRd 816RnAeCRYSE dd1e ¥ A8 0@ tiSndbhf Eﬁ@dsuffﬁ@é‘gh t he

surface of the su strate into the interior there_o can be secured in a
ful ly suffpfithe sifdgran layerhetis demperdtiow hg régupred dscbegiot

penetratiop.dislo | 0 socally. accel era Ldagipn is nerat ed at
the sites g%géggl g@é{li (Tjgooucg'de tt & &ég& ng?gﬁgéiyi ﬁ??e%l%%%ﬁiﬁ%‘h and
| ocal HleplessPtorndaseitbnsagentlifgrgbhermietighethehsnlliosoiclaystie at the
rel evant parts on account of, the Eresence qf hi gh-i ndex 20 crystal plane of

a hi gh reaBPFERSFat® TIsTIRI IERET 3t PFe PAt PR BFSLARS | R4 eat nent

is | overediheom d39QF diB®och@abhi GPLRY toXtHalLSD JithBer e &F{Bgce bet ween
the surface oxide filmand the silicon layer is shifted fromthe

react i on- r BPECLEiletbpyediays beol egibcal 1Y i inad byl aippds28ggiiress
because the,2iByah %egﬁ(grgfﬁng'S{:ﬁ)fe%ﬁl%q_ctaﬁrlgzugEntﬂfe TIox 8L& Eﬁe{ﬁé?aﬂ nterior
8 8OI’ e (0] ?men

I s decreased i n ac dance as t enper at’ure the'trea I's” | owner ed.
When tHe r2abs0fONn thd medcdadidmowfi exidattied fin the imféufaca-beattveedn nted

eaction cOREERREATS SHAT Kb raeE T T osn Irveh Spbpei e o tiad vl ue
of oxygen, réhetasaekatat Bnredlatiepbétatife th bfygeh ¢ peatat f1@degthi ch
woul d occur during the reaction-rate WO 01/67510 % [/ JPOL/ 01622
through the surface of the substrate into the interior thereof
can be secured in a fully sufficient amount. At the sites
15 allowing the presence of penetration dislocations, locally
accelerated oxidation is generated at the siteé of dislocation
under the reaction-rate limited condition and local
depressions are consequently genei‘ated in the silicon layer
at the relevant parts on account of the presence of high-index
20 crystal plane of a high reaction rate constant. When the
temperature of the ITOX treatment is lowered from 1350°C, the
reaction of oxidation in the interface between the surface
oxide film and the silicon layer is shifted from the
reaction-rate limited process to the diffusion-rate limited
25 process because the amount of oxygen diffused through the
surface to the interior is decreased in accordance as the
temperature of the treatment is lowered. When the reaction
of oxidation is shiftedtothediffusion-ratelimited process,
since the rate of the reaction is uniquely fixed not by the
30 reaction constant in the interface being oxidized but by the
feed volume of oxygen, the accelerated oxidation at the parts

of dislocation which would occur during the reaction-rate



15 limted process is no |longer generated and, as a result, the |ocal
depressions in the silicon layer are repressed. In order for the reaction
i n the i nwerdimogi0of oxi dation to be governed by the feed praatmwoodicexygen
the tenperature of the ITOX 5 treatnment is |owered properly to 1280C and
preferably to 1250C. The partial presggire of oxygen in the |ITOX treatnent
does not need to be particularly restricted but is only required to be in
a range in which the I'TOX effect is attained. From 10 the vi ewpoi nt of

taili t.he durat f.t th f [
Commended T Soh BrPEeAci e 0 HARDes ATRPER G P nES, ARGP e SbRE 100"

vol . % andosiedepred£iche Ynitheldia ilcuigEapé réeer ?Q%s‘é@'d %n Yheaee the
parti al pressure of oxygen is less than 100 vol. % the gas with which 15

t he oxygen fo& Fbﬁe‘tﬁafﬁaﬁ/l%l&nth%épﬂie@§§ce,0@f%d@&lo&ﬁﬁ&%govérn?ﬁe i nert
gas, argonandyl tFOLeN-JRY B gg&?%n,t@Héﬂk iU r £ LIS ¥ € He f@ duration

of the ITOX"treatnent is adjust as to obtaln eventual | ayer

of a statedrsdtglendssis |lowe2@de pmogely dendr280°¢ apdcpreédrbbﬂ:ywe it is

var| abl e Wllé t;Ee tenmperature of ITOX treatnment. \Wen the thickness of the
| ayer I'm~the typically adopted range of 50 - 200 nm the duration

of the | TOX treatkf@@iantiallnptdees&w ofi BRiygenaigethef 18ox 8rs8aumentt hough
not excl usi veﬁg 25 The condition for_the inplantation of oxygen iqns in

the productP&s it paed JSPI@’G)P%’EW‘%%@S&E@%FHMBE@Quitmssonerﬂ?%ﬂFiLBﬁ does not

need to be ARkl eHl@ilangd ThiwkicH Mhdeg®x aFrey Ied 4tARsi RN bPrbp the |ow
dose range or the high. "dose range or otherw se, whichever may suit the

occasi b9 béde vaewppgmtthé vuekpbl hrg othelalradsion dfegkedéfieots, thihe

con 00, e A e eERGTE b« SRGIR. A S oM gt g Bz o 1

PCT/ JPOL/ 0¥824 preferably in the range of 30 - 100 vol. %, and more
preferably in the range of 50 - 100 vol. $. Where the partial
pressure of oxygen is less than 100 vol. %, the gas with which

15 the oxygen is mixed may be an inert gas. As typical examples
of the inert gas, argon and nitrogen may be cited, though
not exclusively.

The duration of the ITOX treatment is adjusted so as
to obtain eventually a SOI layer of a stated thickness. It

20 cannot be generally specified because it is variable with
the temperature of ITOX treatment; When the thickness of the
SOI layer is in the typically adopted range of 50 - 200 nm,
the duration of the ITOX treatment is in the approximate range
of 3 - 8 hours, though not exclusively.

25 The condition for the implantation of oxygen ions in
the production of the SIMOX substrate according to this
invention does not need to be particularly limited. The dose
of oxygen ions can be in the low dose range or the high dose
range or otherwise, whichever may suit the occasion best.

30 From the viewpoint of decreasing leak defects, the condition
of heat treatment contemplated by this invention is expected

to bring a large effect when it is adopted where the low dose



16 which is liable to generate | eak defects is in use. As regards the
condition for the | owdose inplantation, typically the dose is In the
range of Rdhoe7401l7 cm2 - 4.5 x 1017 CM -2 when the accqlegighi/en2ener gy
to be used is 180 keV. The 5 inplantati on of oxygen ions may be carried out
to a plurality of repetitions. Fromt vi ewpoi nt of decreasing the
crystal defects in the SO |ayer, the tenperature of the substrate during
the inplantations of ions is preferably in the approximate 10 range of 500

- 600C. The apgar atus_ for use in the heat treatnent at an el evated
t enper at ur ¥hdE8sishdiahdeda geperphe iead TS TS AStidyusat &S re¥Rydf equi r ed

to be capakhg BBnHQ’EiShmj@E TE RRAlGIILE! rEltntaactloiia St§bgeal eFPenet ure for
: 35

a stated period of tine. As 15 a ppar at | S whichis us d vant ageousl vy,
typical ly dose thth@ﬁ@eIl’mgﬁ' @ﬂ1éat5-t<r eat’i ng % ur habex i/ b@méuwl@eln The
| anp annea

satisfies é:&%ur %%%éagg&? ?}e%frggg flcj)por(;g(r)l et reﬁ% rrglra#dmﬁav' eémglrjl?a?lsolnt

of tred neﬂmpléataeipacés duygye2Dionsdidy bascd o iddeuepes at pouralitype
heat-treati %g furnace other than the tenperature of treatnent and the
duration oP® FFBELAEAPMSrhe tenperature of insertion, the

t enper at ur e- i NCH@RRI 'ﬁﬂesk}iédz otihe b%@@b%bﬂé@ngeﬁhéaétﬁgtaﬁp@éf'ec@éC do
not need to be particularly gl scrim nated he increase of tenperature

and the dednehbe 6PIi daperat the tﬁﬁ?esétéﬁghOéathEeaubﬁtra‘s‘es@lllrl-ngnto a

Plural ity ehesiigfsncatBoaeoprdanee Ml dd sy pnechpsotlidue -

i nventi on, e"gecel era I'ng Vo to be
of oxylen rengei 8£1800ReV, 6007C exanpl e, the S| MOX subst rate 30 which is

produced 112 CORBLLACHLAT, SEIPLLS! [ R AEE SRS VB0 OB, e
of not nor geimparaldrandbss W Wb 1o B&’Iiialﬁm&@ﬂéxzﬂy limited but is
only required to be capable of performing the heat treatment
at a stated temperature for a stated period of time. As the
15 apparatus which is used advantageously, typically the
high-temperature heat-treating furnace may be cited. The
lamp anneal furnace is capable of performing this treatment
so long as it satisfies such factors as the temperature of
treatment and the duration of treatment. As respects the
20 conditions for the operation of the heat-treating furnace
other than the temperature of treatment and the duration of
treatment, the temperatlire of insertion, the
temperature-increasing speed, the temperature-decreasing
speed, etc. do not need to be particularly discriminated.
25 The increase of temperature and the decrease of temperature
may be each carried out as split into a plurality of stages.
In accordance with the first aspect of this invention,
when the accelerating voltage to be used for the implantation
of oxygen ions is 180 kev, for example, the SIMOX substrate
30 which is produced in a construction comprising a surface
silicon layer of a thickness of not less than 200 nm and a

buried oxide layer of a thickness of not more than 90 nm is



17 enabl ed to decrease the density of |eak defects fromthe heretofore
normal | evel of not |ess than one piece/cn2 to not nore than one

pi ece/ cn2wobM@hsion this case, the thickness of the surfagegirhi/een | ayer
can be easily decreased to below 5 200 nm by subsequently perform ng an

| TOX treatment or such an oxidizing t{eatnent as the sacrifice oxidizing
treatnent or an etching treatnent using a liquid chem cal reagent or
reactive ion etching nmethod. In accordance with the second aspect of this
i nvention, 10 _when the | ow dose SI MOX substrate is_produced by using an

i on-i npl anfEAPAELpItEd AT TEEECattdi & 44N B Y| B2k | dnf et ghromnthae range
of 150 - 23Qrke¥rand ﬁaﬁhsﬁlﬂé(radeﬁtﬁ&tfﬁg,fst E]Eanﬁfr@ﬂ?i.feb@?cﬁf t%m{%éﬁéh o

substrate, the SO layer of a thickness ot nore than 120 n
required i mowieetiranubaet piecescnf. t Myean dat thdsf cebe,ethecthieknesstors fit

for fully p e 1,0 r d,on th riged. oxi de

| ayer havi %gf éﬁég%dﬁftaal%%t f/g?%?}évleag' ef)l;lgfl ﬂgb‘??%%ﬁ?e%?%%?g%%% % %?‘%‘6 a

t hi ckne®s 2100t he byrgbsequithtly?2 e rforminghah ErGpindattentobrt ech

undul ation of surface restrained to gel ow 8, nm In.2Q the fully depleted

type oper aBPoRFI¢hEIRE ISR PEaHRE SAGY WSl Sh OO 1PA; EkPREEERE the SO
layer. At bheaRopHbRihY tAELPhERE I3 iAQYEL iigHickeasmhibalt P@a?éﬁgeoff 50 -

120 nm the change of "1 nm.in thickness produces a change of 10 nV in the
t hreshol d ¥6Rchd¥e Sphcetchdngy peghodt-hr eshol d voltage 25 in the fully

depl eted type ogﬁr%&%gﬁ&g%&%etﬁhe@é&@%@Eﬁ of sthigoiy;ifyzi%{;}?oéhe.

variation there erated int approxinmate fange o fis
commenbabl wheo thpr @sw-tlhee 8aAMDAt subhsbtkatheishpridessdobytheids@ ahayer to

bel ow 8 nm, _Si.nce _the_ Sl substrate cont.enpl ated hy thi,s invention 30
Festraine LRBZABBIATERE AT Sor 0P THETREF SHAREPS Ao BOFaR Ot HE
el ectric fial heffgtge tamnsicstopsel ksrindicyigiealuly udogerbeted tnee
operation M odtction 6F 0K Fupstrate, Lh 80T ayer of & thidkness o 020
of not more than 120 nm which is required in the manufacture
15 oftheelectricfieldeffecttransistors fit for fullydepleted
type operation canbe produced on the buried oxide layer having
the quality improved by the ITOX treatment and having a
thickness in the range of 80 - 200 nm, with the amplitude
of the undulation of surface restrained to below 8 nm. In
20 the fully depleted type operation, the threshold voltage
varies with the thickness of the SOI layer. At the popularly
adopted SOI layer thickness in the range of 50 - 120 nm, the
change of 1 nm in thickness produces a change of 10 mV in
the threshold voltage. Since the typical threshold voltage
25 inthe fully depleted type operation using the SIMOX substrate
is 400 mV and the variation thereof is tolerated in the
approximate range of 20%, it is commendable to repress the
variation of the thickness of the SOI layer to below 8 nm.
Since the SIMOX substrate contemplated by this invention
30 restrains the local undulation of the SOI layer to below 8
nm, the electric field effect transistor element of the fully

depleted type operation which is superposed on the SOI layer



18 is enabled to realize a threshold voltage with repressed dispersion.
The third aspect of this invention conbines the first aspect and the
second asywerii/@%10t hi s i nvention and enables 5 the respectpcverpei/heei s
thereof to be realized in a conbined state. It goes w thout saying that the
first aspect of this invention and thfssecond aspect of this invention do
not need to be executed in a conbined State but may be inpl enented

i ndependent|ly of each other. 10 Now, the working exanples of the first
aspect of this invention and the second aspect_of this invention will be
speci fi cal 1% gk EDerenlize kethheshplddvaipage withnrspressedtion
conbi nes t kg dddrsligspect of this invention with the second aspect of this
i nvention and the effect thereof 15 is the sum of the respective effects of
the two aspects The thiigd aspetitoaf this imient iagpecmbdheshéhenténsiton wil |

be omtted fr || owi ng .specifjc cription. .First .Mde. of
Enbodi nent %ﬁpﬁgps%ﬁ%cfgﬁevég‘é?gdlgﬁ?%{: p?ggtzr}]esd }W&ﬁq 8H§1 568?89650
i mpl ant 8d ithet respegitdrelef feets titdrddie tol becodalbd €d Sinladesmbihed

conditions qf 550C_of substrate tenperature, 180 keV of accel eration
vol tage, afd@FSc 16%792%% W% Uitoﬁggg,gg thak dhe firgt pspectrd Ehgs 24) .

Then, thesqi@iSnlalgthe 8¥8hAL! Yo pdt26@0i ik 3 nhedl:ilbnedd inddt heegace and
subj ected therein to 25 a high-tenperature heat treatnent under varying

condi t i ons to Dse epeghteshiar at goabhagd- stasenbnt may ber iophedentedpl it in
two steps. ;ARS8 nrtg.ty %(L)Ee%acqlo conditions, i.e. 1350C of
on + 0-5

tenperature, arg oxygen of dtnosphere, and 4 hours of duration
of tred®nent, wilosr,ushe frorkiahly ehemphbésrsf tthe3E ifrertmaspeartf acethixsde film

3 0T e, ULARE 20 QBRSO B 800,38, BUERS SH{ o Lover B

defects 7 wpee YOOI 1§ Dddb HPEIPLOW]162Fince the third aspect of this

invention combines the first aspect of this invention with

the second aspect of this invention and the effect thereof

15 is the sum of the respective effects of the two aspects of

the invention, this third aspect of the invention will be
omitted from the following specific description.

First Mode of Embodiment

Nine silicon wafers 1 were prepared. Oxygen ions were

20 implanted in the region 2 in each of the silicon wafers under

the conditions of 550°C of substrate temperature, 180 keV of

acceleration voltage, and 4 x 10" cm™ of ion dose (refer to

Fig. 1A and Fig. 2A). Then, these wafers 1 were severally

placed in a heat-treating furnace and subjected therein to

25 a high-temperature heat treatment under varying conditions.

The high-temperature heat-treatment was performed as split

intwosteps. Atthefirststep, commonconditions, i.e. 1350°C

of temperature, argon + 0.5% oxygen of atmosphere, and 4 hours

of duration of treatment, were used for all the wafers to

30 formasurface oxide film 3 on the surface of a surface silicon

layer 4 and a buried oxide layer 5 in the silicon wafer (refer

to Fig. 1B and Fig. 2B). 1In this case, leak defects 7 were



19 partially generated in the buried oxide |ayer. At the second step, a

fi xed tenperature of 1350C was used and the atnosphere and the duration of
treat mentywei%¥@ried in the wafers. The heat treatnment WgspeidRkesed for
8 hours in the atnosphere 5 having the partial pressure of t(1e oxygen added
to argon varied in the range of 1 - 10% (Exanples 1 - 5) (refer to Fig.
1C) . As controls, sanples were manufattured in the case of omitti ng the
second step and conpleting the heat treatnent within the first step
(Control 1) , the case of performng the treatnment 10 of the second step
for 8 hour panitipliyegererated jneshebarded ehidedpyenr.f i Aedhet s€censl( Cont r ol

2), the ca f 1 ) 13 t S o} hour s
Win the parePad EhrdlEdibentind SEITE0 e Pasged SH A RRor B Poond The
case of panfiotine dgriahd oy efAtireitmeint hereaconickdstiapciowadetgur STAS Wit h

: , o :
20). "The SPRBRWLT EFEneBHSHABANET POHRF b L1 G BHST s EPPpREROSBRCE sur f ace
oxi de |myepavhih§ thedpoit UL ipte3Gbhe d NtBAGKyYen dd@edRbO o PEr s84 f ace
silicon | ayer and the buriegﬁbxide 20 | ayer "were neasured Tor thickness by

means of spicthescrpie ofell| i pkdtretBRampilies tthi-ckheleelstr $id Féonm 1@yer in
each of th i | . T .hi ' 340 nm
to 170 nm sLaepen |Oﬁ'g%’o%a@€gg%yr%%%§f%%%¥§?ap h%@gggﬁyy%rérﬁg%{{#g}e BOX

| ayer thi ckhesseowsd fshepdand dem@beting th€ohéablt 2 therd n vtid iat tiee

sanpl es, the_apounts L,TO re_.cal cul at ed differences fromthe BOX
ayer thi cEAERE RTCRRoL Aha tHE £3Rentf RRfTor VA 0% CrerEBRETof 2 and
Exampl s lof Hhe d&€oidiiaie RS 80hothe WP l@Mehairt ibhepi-eksaBt osanpl es
were not found to differ fromthe thickness in the sanple of Control 30 1.

This fact SBEPRFYECR TeiRd asi Ondt HACH 80+t Hes CanmpieRer fRFBIRG ed | TOX.
I'n the sanphgs:Ala{(RERE FStRe shd EE@P i Soumacl ﬂéh?& Wit TH¥ ZEB&EI&

respective amounts of 6 nmand 20 WO 01767510 PCT/ JPOL/ 0162
pressure of the oxygen fixed at 20% (Control 3), and the case
of performing the treatment of the second step for 4 hours

15 with the partial pressure of the oxygen fixed at 50% (Control
4) (refer to Fig. 2C).

The SIMOXwafers consequentlymanufacturedwerestripped
of a surface oxide layer with hydrofluoric acid. 1In each of
the wafers, the surface silicon layer and the buried oxide

20 layer were measured for thickness by means of spectroscopic
ellipsometry. The thickness of silicon layer in each of the
samples is shown in Table 1. The thickness varied from 340
nm to 170 nm, depending on the conditions used at the second
step. The BOX layer thickness was found to be 85 nm in Control

25 1. In the other samples, the amounts of ITOX were calculated
as differences from the BOX layer thickness of Control 1 and
are reported in Table 1. 1In Control 2 and Examples 1 - 5,
the thicknesses of the BOX layer in the relevant samples were
not found to differ from the thickness in the sample of Control

30 1. This fact supports a conclusion that none of these samples
generated ITOX. In the samples of Controls 3 and 4, the

generation of ITOX in the respective amounts of 6 nm and 20



20 nm were recogni zed (refer to Fig. 2C with respect to the buried oxide
part formed by I1TOX). Thereafter, the | eak defects in the BOX | ayer of each

of the saflR A%¥@re rated by the copper el ectrodeposition pg,iphsis- A
gi ven sanple was imersed in a plating solution containing copper 1ons in

such a manner that only the surface of the substrate touched the sol ution,
with the rear side of the substrate h&Pd in contact with an electric
cathode and an electric anode disposed in the plating solution. By 10
applying a | ow voltage of about 10 V, a nmagnitude incapable of breaking

t he BOX | ayay were gleCodndiamsk hrefier dopsd ¢ 8C wiltdrresdest tichthebpadied of

copper was r%t‘_:lerdCI q%(ll&gielﬁo flaftﬁ(r? of the substrate directly above the

portions contalni*ng 1e t's 1’ the BOX | ayer. By taking count of
these sites of Thae@frerends tlieak deliecdensntyhofBdredkatef @Ft ach t he BOX

| ayer was rateqd. The ratio of generation of |eak defects was cal cul ated by
di vi di ng tlﬁ"}t SRS é%ﬁ?edgflag@(ds Yhide GBPREKe§LEf tERdegesditipnof

particles ang i irsanegugﬁéﬁ%tﬁ{w% wiSNaid A P nt B 1V fAf 8 oULiipg t he
i npl antati on of oxygen 20 ions. The ratios of |eak defect generation are
shown in T&ONainiRg AERPFECEANY ANueech & manper tthatoaniylthe sinfaget rol 2

whi ch perf rFrrq t I t I ur, Lt.h _the.par I e re of
oxygen fi xg) a?‘eoggl})tstt%%ttg{%&ulc\?{eed\sléﬁ%ue So%]‘lw!tthjean’rSl’tj“l%g1 t(l)_'1lh &8 rrdéﬁégt
gener at i on ofashieosmibsttoraliee el d dmegnitbede wiShr apr edentirig oathpfdeeci abl e

decrease in_the density.of |eak ..defects.in the BOX |ayer. as, conpared with
Control 1.9 E?aﬁg?%{:%icvﬁ%.epgelrsﬁﬂsrﬁfﬁ Whﬁg?r%ﬁﬁ‘%?&h‘i sfoc}ruq@%urgyvm th the
partialo pagpIyieigh Dwg@cmﬁag?«@dnatabb%t tbev) & alaighd tudldienehphBge ratio
of | eak defect generation was found to be 0.75, a 30 magnitude indicating

t he mani f eSfathRARINGNtEE BAX olayge itpedfmemetviaenexthe| epposhten

f d I : | | xygen
Prxed at -2 o B o e SEpeR AL b Babb bR wdifo bt aBia BuMERr 2acl Y

of the substrate directly above the portions containing leak
defects in the BOX layer. By taking count of these sites of
15 copper deposition, the density of leak defects in the BOX
layer was rated. The ratio of generation of leak defects was
calculated by dividing the density of leak defects thus
obtained by the density of particles and extraneous substance
generated on the surface during the implantation of oxygen
20 ions. Theratios of leak defect generation are shown in Table
1 as numerical values relative to Control 1. In Control 2
which performed the treatment for 8 hours with the partial
pressure of oxygen fixed at 0.5, the relative value of the
ratioof leakdefect generationwas foundtobe 0.9, amagnitude
25 representing no appreciable decrease in the density of leak
defects intheBOX layer as comparedwithControll. InExample
1 which performed the treatment for 8 hours with the partial
pressure of oxygen fixed at 1%, the relative value of the
ratio of leak defect generation was found to be 0.75, a
30 magnitude indicating the manifestation of an effect of the
treatment. In Example 2 which performed the treatment for

8 hours with the partial pressure of oxygen fixed at 2%, the



21 relative value of the ratio of generation of |eak defects was found to
be 0.65, a magnitude indicating a clear trend of decreasing the |eak

def ects. Wwaanse7s1w Exanple 3 which perfornmed the treat nentpdarpoBotsosr s with
the partial pressure 5 of oxygen increased up to 4% the relative value of
the ratio of generation of |eak def ec%f was found to be 0.5, a magnitude
representing a clear decrease of |eak ‘defects. Wien the treatnent was
performed for 8 hours with the partial pressure of oxygen increased to 7%
(Exampl e 4), the rel ative value 10 of the ratio of generation of |eak

def ect was T®l2tixed vadae ofhéber §éitﬁ=9n9fvvﬁ§nﬁ§ﬁfiépﬁe8ff deak defiestfith the

partial  Phassybandl t8xKaeh. s 80T EaRsth it tidptamiy ) c188f. £03ha(Cont rol
6t he 7

3) respectively, the relative Val ues ratio generation of |eak
def ect s wepd idecasasiiing fthend.aak el 4. Then Coin rmam\ml@m pehichnmed t he

or the  plEEeeg pre e o i heBkE Naar e b s P R BRR R y

thin, the &l akyyenvialdeafed hp taUisq dhegailertivoradiicl @Bkhedehetds was
found to be 0.4, 20 y\ooggmo PCT/JPOL/ 01622 22 Nr -1 Nrl NM!nt7 H
0) (D wo0) °fi9¢ngragton pt feakdefests yag fqund,te ke §- 5 @ Paepifvdsvu U O

-HO . 1i 3bptesdndi®ly alclddd e die df X18ak-aePeltf. Owidh A2

treatment was performed for 8 hours with the partial pressure
of oxygen increased to 7% (Example 4), the relative value

10 of the ratio of generation of leak defect was 0.4, and when
the treatment was performed for 8 hours with the partial
pressure of oxygen increased to 10% (Example 5), and 20%
(Control 3) respectively, the relative values of the ratio
of generation of leak defects were invariably found to be

15 0.4. In Control which performed the treatment for 4 hours
with the partial pressure of oxygen increased to 50% for the
purpose of preventing the silicon layer from becoming unduly
thin, the relative value of the ratio of generation of leak
defects was found to be 0.4.

20
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cri PA 4 FCWUAWWC7 x H 3 W 01/67510 PCT/JPQOLl/ 01622 23 The results
shown in Table 1 indicate that the | eak defects in the buried oxide |ayer
of a SI MO¥omafeesiocoul d be decreased by increasing the pargdm@popogssure of
oxygen during the course of the high-tenperature annealing treatnent
performed at the 5 second step. They f%ther indicate that the effect is
anply obtained particularly by increasing the partial pressure of oxygen
to above 4 % Fromthe fact that no generation of the |TOX effect was

observed at any parti al essure of q up to. 10% it is inferred that
t he decrease inIﬂ\fa‘TF tg"t?go‘i@18@%11%318911????@%%%%*Q?f6P§§sure of
oxygen at tﬂi*@tﬁé‘lﬁfﬂe&b%&db”l&yéﬁ'@ﬁeafgIﬁox wh@%r Soft§ iy a@l‘:rleasgac hani sm
from the decrease of |eak defects by the | TOX effect descri bed

US- A- 5, 658,b80m<amlawﬁsemt11@51 pyRasure Orﬁweyge@dmcang mgourae results
of Table 1 j { | e artlal
pressure c())ffs %?(%gle in erﬁa}%reé %Pﬁégﬂégigﬁaﬁ“ﬁen S %gﬁg%ﬁgg ahc

anount s5 of seéeomeaseepn ttt'haey Hucithessinfitatesuidftatheseffeon 1si amprlywer e

d a ed pith th ht ai ned .Cont 1 ol d 4in which th
i Toct of PRORMIR BRRbIGHLAPTRPY HOCHy A5r s E RS graTioi Dasing oo Foak

def ects i nokeeBOo laxffe 245Q0d FESMRAE $a8t HINRNE nBbySh &L 1 6n TEERe
controls. By usi ng the method of this invention, therefore, an equal
density of @ékef eFEcrasi pbspevebeat Any rRantisd pagssaEe of axXBURIX waf er
having a sykf age; gl i a t &1@5@% SI MOX
waf er posse Si %glg suﬂfag'cée@sﬁ? F%fgﬁl Itgii/{ér %vclmrm |l>?12 ea% ggégg t he

| eak dE® ecodtiad neddoyBOKx i ngarhecparbial geessased ff oxpgen adttdie sateond.

step in a range of 1 - 10% is different in mechanism from

the decrease of leak defects by the ITOX effect described
in US-A-5,658,809 and US-A-5,918,136.
What is more important about the results of Table 1 is
15 the fact that in Examples 1 - 5 which used the partial pressure
of oxygen in the range of 1 - 10% at the second step, the
amounts of decrease in the thickness of the surface silicon
layer were repressed as compared with those obtained Controls
3 and 4 in which the effect of ITOX was generated and the
20 effects of decreasing the leak defects in the BOX layer stood
comparison those obtained in these controls. By using the
method of this invention, therefore, an equal density of leak
defects in the BOX layer can be realized in a SIMOX wafer
having a surface silicon layer of a larger thickness and,
25 in the SIMOX wafer possessing a surface silicon layer having
a fixed thickness, the leak defects in the BOX layer can be
decreased to a greater extent.
Second Mode of Embodiment
Seven silicon wafers were prepared. Oxygen ions were
30 implanted into each of the siliconwafers under the conditions
of 550°C of substrate temperature, 180 keV of acceleration

voltage, and 4 x 10" cm™? of ion dose. Then, these wafers



Second Mode of Enbodi ment Seven silicon wafers were prepared. Oxygen ions
were 30 inplanted into each of the silicon wafers under the conditions of
550C of swhsiilease t enperature, 180 keV of acceleration valdmageward 4 X
1017 cm -2 of ion dose. Then, these wafers WO 01/67510 PCT/JPOLl/ 01622 24
were severally placed in a heat-treatifng furnace and subjected therein to
hi gh-tenperature heat treatnent under varying conditions. The

hi gh-tenperature heat treatnment was performed as split into two steps. At
the first step, all 5 the_ wafers were treated under invariable conditions
of 1350C WPresfiaLRreplargddna begtybreatdny tyrpges 4id auhdsphede, and

4 hours of tﬂ%&‘étiirloriothfg{lﬁ-?{ ratiird r}?eas@cn%{@aﬁﬁ&& Woh&8r @gf?%ﬂgt he

so-cal l ed 1 TOX process © reatment, the sanples were treate n
at nospher e chodigd oy -addiFhe 7higll-tenpsrainsxy featt otaegbmenti t Was he

t enper at ur veral.ly vari Ln, t range of .11 - 1350. The duration of
the treat r‘# %ng“egaéﬁ gggggréflﬁ?epﬁ%ssg%p%ﬂj @s]tt ggleagltrgggfggpa ‘?irl;ed

t hi ckneSs thk Wdfeirsnve et tite gvedundleryimba 2l ieTle giohidd @4 ongy®f 135bec SI MOX
waf er s consequentléerranuf actured were strigped 15 of a surface oxide |ayer

with hydr oPEubPRBEERFRYCTHRFIOR e U -SuVPdce® 9F cedvarafér 2ERISPRRTBOX ayer

in each of sjhier WBHBE Df HEFEL IBASY €k Qedhi ChReSSe B¥cBRARS: Hf waPSRI ral
el lipsonmetry. The thickness of the silicon |layer was invariably 100 nmin

all the sa#piraedpelade-aaiklefIfi0XnroreReRf thueatmant wabe2oamplest ed as

described gooyee Ihechhi ¢kliess ofs il POS ANy AFEUIPG Ao3LuE yarYing

with the tenperature of treatnen e amount was cal cul ated as
t he dil0 er emggehr bm tilrgont, hivdkhesheotemperBOXreayevenhith wasi&d iwn when

the 1 TOX eat ment L.Lte Thereafter, ,the surface of the SO
| ayer in e%{bﬁ §8Hﬁ?e\3@\?\éig18%)s'e?% Vi tﬁ{l?hguﬁf"ﬁlB? 3755 é{‘%n’ﬁ’ée?‘b‘?%'ét
M cr oscope atradh t dip &kt pé whHd 4050 BefabRo §ide ad iGidéneigIckiesHr oduct

code

of 100 nm to the eventually obtained silicon layer.
The SIMOXwafers consequentlymanufacturedwerestripped

15 of a surface oxide layer with hydrofluoric acid. Then, the
surface silicon layer and the BOXlayer in each of the wafers
weremeasured for thickness by means of spectral ellipsometry.
The thickness of the silicon layer was invariably 100 nm in
all the samples because the duration of heat treatment was

20 adjusted as described above. The thickness of the BOX layer
assumed a value varying with the temperature of treatment.
The amount of ITOX was calculated as the difference from the
thickness of the BOX layer which was 85 nm when the ITOX
treatment was omitted.

25 Thereafter, the surface of the SOI layer in each sample
was observed with the aid of an atomic force microscope (made
by Digital Instruments Corp. and sold under the product code
of "D-5000") torate the irregularity thereof. Fig. 3depicts
the example of observation of the profile of the surface of

30 SOI layer in the sample using the ITOX temperature of 1350°C
and Fig. 4 the example of observation of the profile of the

surface of SOI layer in the sample using the ITOX temperature



of "D-5000") to rate the irregularity thereof. Fig. 3 depicts the exanple
of observation of the profile of the surface of 30 SO |ayer in the sanple
usi ng t hewlolf@$7s@nper at ure of 1350C and Fig. 4 the exanplgtefropPges vati on
of the profile of the surface of SO layer in the sanple using the |ITOX
tenperature WD 01/67510 PCT/JPOL1/01622,_25 of 1250C. In Fig. 3, a |local
depression is discerned and is found ??omthe profile to have a depth of
about 12 nm In Fig. 4, roughness is observed throughout the | ength of
the profile but ng local depression is discerned. These 5 sanples were

et ched wit Rfal2810u€t ot B nely By Lfcdlngeprpgsdrnudsi digeegngddastr oni c
actd at a 4al i1Budlt Zrom! thiel bro¥idcOlol A8yE%h hRKeh ¥esabBgRYed. nifien the
waf er surfaces consequently~“exposed in the sanple by tﬁe etching were
observed Vint Fighe4ai doughaesesptiisc abseirveds tbpenghbet! tbeal ldagthssifon 10

shown in Fig. 3 Moynd to correspond to the site.of threadi
di sl ocat i or?%len ptr\téi\%si%el i cq:n 1% ?c.:a% %%Br?ﬁ%lgrémbﬁeglt?SFF&?adeﬁasFo Fig. 4
li kewi s® slsawplasClwafe Segohell thHieh piesenaeioh Weddid® v shegahgyon, it
is concl udﬁd that :the generation of a depression at the site of _threading
di sl ocat i oRYE5OEdUREdEnACH Hofhd RNKAMIAAC It athe EaFiedrt I%yeld Bépilcted, in
Fig. 4. Singe bhechaugbnessyel A8 SafdASE. Ofngtejﬁetﬁle! 28 ga¥gécegserved
in,. Fig. 4 1s equivalent t0 the roughness. o the interface between the
sili con | agensgaydeniid YBpAssdin thiets dnpledpy Ehdet aitiag weék s obaetued
roughness r | t & r | ' of_.the interface roughness
and has no'E}ﬁ g]h fg@%e%lgtifegﬁggk%ggg%&fﬁ%%‘%‘i é:(%lrle ﬁgflzgtrl. d‘?ﬁggééﬁﬁ sanpl es
whi ch g ed shawyi gFidO3 vasfeuaduresorvespoader ehe g itesi £dhteadiagX
tenperature, anmount, of L TOX . and depth Qf a depression on the surface of a
silicon I a?&?iﬁ’ga{‘&opi nd™t h‘éh?elsa]t]ijd‘r%n Tﬁré‘Yreésul t $HSE skbfn SATRLG. 5. The
depth of tb@r@‘é@b@‘ﬁ&ﬁ.ﬁ% €8 t+hg.surf AcsyDie tdiowd |d caRalra¥eyn WastHecreased
i n accordance as the | TOX tenperature was | ower ed.

presence of threading dislocation, it is concluded that .the

generationof adepressionat thesiteof threadingdislocation

15 1is absent from the surface of the silicon layer depicted:in
Fig. 4. Since the roughness of the surface of the silicon
layer observed in.Fig. 4 is equivalent to the roughness.of
the interface between the silicon layer and the BOX layer,
it is concluded that this surface roughness has resulted from

20 theprojectionof the interface roughness and has not affected
the thickness of the silicon layer.

The seven samples which used varying ITOX temperatures
were severally tested for ITOX temperature, amount of ITOX,
and depth of a depression on the surface of a silicon layer

25 to find the relation. The results are shown in Fig. 5. The
depth of the depression on the surface of the silicon layer
was decreased inaccordance as the ITOX temperaturewas lowered.
Though the depth which was 12 nm at 1350°C decreased to 7 nm
at 1300°C and to 3 nm at 1280°C, absolutely no depression was

30 found to occur below 1250°C. The amount of ITOX was likewise
decreased in accordance as the temperature of the ITOX

treatment was lowered. Though the amount of ITOX which was



Though the depth which was 12 nm at 1350C decreased to 7 nm at 1300C and
to 3 nmat 1280C, absolutely no depression was 30 found to occur bel ow
1250C. Theoymmusito of 1 TOX was | i kewi se decreased in accorpdaneel/es2i he
tenperature of the ITOX treatnment was | owered. Though the amount of | TOX
whi ch was WD 01/ 67510 PCT/JPOL/ 01622 28 nm at 1350C was barely
decreased gradually to 25 nmat 1250C " it was still 15 nmat 1200C and 7
nmat 1150C. At 1100C, the amount of ITOX was not nore than 1 nm

i ndi cating_ the absence of the effect of the treatnment. These results 5

support a é8nBRusFoh PRt was ot vt Hecerpead gradvaklyeits sbsnmatl the
L emper at Ur &555°4 0K fhd GEIA0Es hiicalepser® GRAON nhhe: SUIe Ofet he

silicon layer can be conpletely avoi at any tenperature of the heat
treat nent baPOVE 4 BECamThattof dToXcwasinathimorieothandepmesindicatingesunmed

to 10 var ' he ki pd evice- to be fabricated,on_ the S| MOX
substrate gﬁgl %E%g?g rél)gaiftl?%néa‘fpf%éétesogf ftore t%ﬁg%%g\?ﬁ%e’. ;gge%ﬁere%%%gﬁ for the
t ol er arice, stippodtspesstbas Obn tthe tt dil clkaegts tak efhectsoFirmox payetsts cl ai ned
to fall within 5% (the value specified in the 1999 NTSR Load Map). Since
the subst r kte11E1% ARSI Vi REoLPHFREBAD LAGArct 1S BROFBPSARE R Iy

depl eted tyBesHPYLER of NendINEdTRRSRG: ant Bel BEmBH 8RELT AP0 PHedO

| ayer thickness becones rigid. In the Case of the typical “thickness, 100
nm of theati ppFokeMagsAturreodi $per beah treatmpott hedkWed@58T6t be

oD S 1 AT BUAALE o 1 £OTEA LU bRk LR11 07
of thell0 t hvakpesstivftitehdrisid of om deayiere ite kepedieitditeden ehersined within
descri bed SRBSEERTAIAN FOBAIGH-TA GMBFEHes8 T5F COPMPGe TORS hpor At ur e
of not hi ghgeekhpsr EHDEoerbulcll,| thetdispsesidn e he ERicKRESsigf al |ible
fulfillment of this requirenment, it is commendable to use a tenperature of
not the silicon layer is claimed to fall within *5% (the value
specified in the 1999 NTSR Load Map). Since the substrate
15 furnished with a thin SOI layer is used for the fully depleted
type device, the demand imposed as to the dispersion of SOI
layer thickness becomes rigid. In the case of the typical
thickness, 100 nm, of the silicon layer, the dispersion of
this thickness 'must be repressed within #5nm. Further, from
20 the viewpoint of the variation of the threshold voltage in
the fully depleted type operation, the dispersion of the
thickness of the silicon layer is expected to be restrained
within the difference of 8 nm between the maximum and the
minimumas already described above. This invention isenabled
25 byusinganITOX temperatureofnot higherthanl1300°Ctofulfill
this requirement. For more infallible fulfillment of this
requirement, it is commendable to use a temperature of not
higher than 1280°C. The use of a temperature of not higher
than 1250°C is appropriate for the purpose of perfectly
30 avoiding the effect of this local depression.
Industrial Applicability

As described above, this invention makes it possible



hi gher than 1280C. The use of a tenperature of not higher than 1250C is
appropriate for the purpose of perfectly 30 avoiding the effect of this

| ocal depwes@idso | ndustrial Applicability As described ab@uerpoi/bics2
invention makes it possible WO 01/67510 PCT/JPOL/ 01622 27 by defining the
condition of the partial pressure of ?den and the condition of
tenperature at the step of high-tenpefature heat treatnent in the process
for the production of the SIMOX substrate to repress the |eak defects 5 in
t he buried, OXIde fil decrease the | ocal depression on the surface of
silicon | ap¥ eéﬁalnsghgecw@mo QfpshraPRrTERENTSFRIF Qﬁn&?‘é(él?é\rl stic
properties 7548 01,0816 th
productlonaOﬁq;ﬁgéa)(s %%gégﬁe EEV|%§mP§§€§§#§gNE¥%de ayegg% d a surface
single crybﬂ@h%ﬂampanatungmmEdbrmﬁéatmen£lmbethﬁpmawmas@ okggeftheons into

roatmont EOSNCRELY e ROk e S P R FoB ek Ao ReBhoa | <

charact®ri zmdtlme pearfiednorgdehei o) npscséage e 19l ldepirdssdainment at a
tenperature of not |ower than 1150C and lower_than the neltlng%p0|nt of

singl e crydhs SUFFRESOLE HLCAR d@NSEphard 6%@%&-%%6" S MFI S HESE%9E8n under
a partial eRERIYNG QB.@W%f@@%%ﬁﬂﬁ%lcl%kﬁ%é%%ﬂé@ert gas and subsequently
perfornmng at least” part of the latter "stage of said heat treatment by
increasing the partial pressure of oxygen within a range in which no
internal oxidation is suffered to occur 15 in said buried oxide |ayer. 2.
A method according to claim 1, wherein the tenperature of the latter stage
of said heat treatnent is not |ower than 1150C and falls short of the
melting point of single crystal



silicon. 20 3. Anethod according to claim1l, wherein the tenperatures
respectively of the fornmer stage and the latter stage of said heat

treat mentwy@/e&eh not | ower than 1300C and fall short ofpdiioty®isti Ng
point of the single crystal silicon. 4. A nmethod according to claim1,
wherein at |east part 25 of the Iatte% stage of said heat treatnent is
performed in an atnosphere forned by %Idi ng oxygen under a parti al
pressure in the range of 1 - 10%to an inert gas. 5. Amethod according to
claim1l1, wherein the tenperatures respectively of the forner stage and the
latter stadé?dMSsaid 30 heat treatment are each not |ower than 1350C and

falls short of tlh_ez? ek hbA% JoL BE fp%dtu 1D § STMER ﬂbé&%ﬁ%%ﬁg?@%at

| east part of the Tatter stage of said heat treatnent 1Is

PCT/ JPOL/ 0B622rizel wevifder hegem asmd at susflhacee sfiogied cy s&ddi sglarpgen under
a partial ;pressure in.the range of 1 - 10%to an Jinert _gas. .6. Anethod
for"the pr JBYEh brenpd LSt 87 Lo 4K Praoapudies ol s tiseh and a
sur f ace5si rglmeyley ¥eyatkasi susotrade laaesubsegaenthgr genf byminglaaRbhlg oxygen
ions into a silicon single crystal substrate and subse uently%gerforrri ng a

heat treaffERIAN AT AN BRCER MFEPSIGTE G PR SR ISTRT YRS WALER net hod
s charact g Y RAELAIHGRY e phOBRREoHAGE he FBLHchestabECaETEN! a

a tenperature of not lower than 1150C 10 and I ower an the nelting point
of single caisk heatitreshmentagn dempsyeadng cobf digtedobpratiihmd 1&0%ygen under

a partial r o] 9 j.nert & ently
et for m ng “0c noder Shal bhERREH IR A B s MEle, MRT 1A, BURIBAN "t
t enper &0 ur dnofinnatmbsgheret bpnaileGpaddind dxygeardunelean ai paethal

oxidation in the buried oxidela%/ '

er. . 7. A.nmethod accoydi to claimé,
wher i n t NETESTIEFRP Pt BPTEREIAR Lo FO R Best 935 AHLARPEFEIPRERY | s not
| ower thanpelIRREmNGL aldagtspaiic off the nakieRdskayst of shhe BeAgl €
crystal treatment by increasing the partial pressure of oxygen within
a range in which no internal oxidation is suffered to occur

15 in said buried oxide layer.

2. Amethod according toclaim 1, wherein the temperature
of the latter stage of said heat treatment is not lower than
1150°C and falls short of the melting point of single crystal
silicon.

20 3.Amethodaccordingtoclaiml, whereinthe temperatures
respectively of the former stage and the latter stage of said
heat treatment are each not lower than 1300°C and fall short
of the melting point of the single crystal silicon.

4. A method according to claim 1, wherein at least part

25 of the latter stage of said heat treatment is performed in
an atmosphere formed by adding oxygen under a partial pressure
in the range of 1 ~ 10% to an inert gas.

5. Amethod accordingtoclaiml, whereinthe temperatures
respectively of the former stage and the latter stage of said

30 heat treatment are each not lower than 1350°C and falls short
of the melting point of the single crystal silicon, and at

least part of the latter stage of said heat treatment is



silicon. 20 8. A nethod according to claim®6, wherein the tenperature of
the treatnent for internal oxidation is in the range of 1150 - 1280C. 9. A
met hod acwe@y @ichgot 0 cl aim 6, wherein the tenperature of s@dhpbi/embirent for
internal oxidation is in the range of 25 1150 - 1250C. 10. A nethod
according to claim6, wherein the par?’c?al pressure of oxygen in said
treatnment for internal oxidation 1is t lower than 50% 11. Amet hod
according to claim6, wherein the tenperature 30 of the forner stage of
said heat treatnent is not |ower than 1300C, the tenperature of the
subsequent PEr&armedt IRoAD atnespherediaamecddyi addinghexyargeudder 150 -

1280C, and . 2 O_paksi e oxygen is
not | ower Phgﬁlg\gwg}%ggéigngﬂggg%éﬂéﬁeggrgducﬁs Bnéé())fg% %ﬁ%ﬁ (ﬁj Strate
havi ng a buri ed6eXi netheg éorarite produd tten sifryb EMOK ywsibalit rsitld lvapning ayer
formed therejn bé ir’qﬁ)Lﬁmt' n ox%ﬁﬁ‘n lons_into_ a si;alicon 5 fi ng] £ crystal
substrate 2nBUSiBdeftifie ;agg?:f i AU FRAE S1Pehe nehysh At ed
tenper & ur ea9Brsedhed bhkl-at 8, byingh antehgosky gert honaci @t aesh bycger f or m ng
the forner stage of said heat treatnent at a tenperature of not |ower than

1150C andStBHeF ‘f%t%%é‘“ﬂ?@lttﬁ% ﬁBF‘rﬁu}éﬁe%li%"FJe}’ BRSS9 ARRRAY0 in an
at rospher 6. 0B, ABRY 4t/ a AUl 28 a@af&eﬁ¥é R4 @lsupRiest, Gpf oot more
than 1% to an inert gas, subsequent performng a heat treatnent by

i ncr easi ngmehbogaisi ahapaetsuiredobyorggéornhng thagtoirmenhsieage hef buri ed
oxi de | aye[, _i§ no | to in i n xi.dation,. .and geafter
using, 15 éﬁ%ﬁ&be%%g%ﬁgﬁﬁ{r%g‘tti %ao?‘gf‘\‘ﬁ%?‘%g%eg‘% B8 oweh tsh%‘lndli)srsi(gd oxi de
| ayer Ihduagd bywenctieasitige e Hiad ipalingr e$sslingdé coxyyeD siilhietf or m ng

a heat treatnment, a tenperature of_not hj.gher than 13Q0C. .
2n an atmosphere obtained by addl%g oxygen unger a partial

pressure of not more than 1% to an inert gas and subsequently
performing at least part of the latter stage of said heat
treatment at a temperature of not higher than 1300°C so as

15 to induce an internal oxidation in the buried oxide layer.

7. Amethod according toclaim 6, wherein the temperature
of the former stage of said heat treatment is not lower than
1300°Cand falls shortofthemeltingpointofthesinglecrystal
silicon.

20 8. Amethod according toclaim 6, wherein the temperature
of the treatment for internal oxidation is in the range of
1150° - 1280°C.

9. Amethod according toclaim 6, wherein the temperature
of said treatment for internal oxidation is in the range of

25 1150° - 1250°C.

10. A method according to claim 6, wherein the partial
pressure of oxygen in said treatment for internal oxidation
is not lower than 50%.

11.Amethodaccording toclaim6, whereinthe temperature

30 of the former stage of said heat treatment is not lower than
1300°C, the temperature of the subsequent treatment for

internal oxidation is in the range of 1150° - 1280°C, and the



13. A nethod according to claim12, wherein the 20 tenperatures
respectively of the fornmer stage of said heat treatnent and the subsequent
heat treayvEnis7ee each not | ower than 1300C and fall shad@mhibtee: nelting
point of the single crystal silicon. 14. A method according to claim 12,
wherein the 25 tenperature of said trgatnment for internal oxidation is in
the range of 1150 - 1280C. 15. A nethod according to claim 12, wherein the
tenperature of said treatnment for internal oxidation is in the range of
1150 - 1250C. 30_16. A nethod according to claim 12, wherein the partial
pressure oPaFkigdnPressaire Ofe MG fisr Nodt dovar SGhadatilén is not | ower

than 50% VO 01467530nRETLIPRLLOLAR2 0 BhulTioh BRt BOd1ABROEHHBE beEC! a1 m
'y of the

12, wherein the tenperatures respectively ormer stage of said heat
treat nent &aeiniges subsedozntelegten arha sumif ages igurle coystaleilichan 1300C

and | ower than the neltin oint .of .the .single 5 crystal,silicon, the
Fomer at ur dagpr HeriEd et By sRntalt i BxFaRa 0 Inedia pinieh o the
range o8 1%30Qle d2PO€al antbstierpand shibpegasntdyfefygeing & nehtl oner

than 50% 18. A method according to claim 12, wherein the tenperatures
respect i velly S8EMERE FloPRetleYalfd GFMPEradtHESOD 8B TemtenyhifB

subsequent nBegba! £ 82LHRRIARES1988N bIObel-2UPhi hEARnL308EnRR]SkgYR! ohan the

mel ting point of the single crysta ilicon, the tenperature of t
subsequent saidaiehttrefadmanit akrialt egpiedativee ¢ riat Lhweraplyan 4150760 -

L0 sondaptl ToRBE  Bhn O MR o SRR o oS AT BT hS 13 A
20. ASI0VOXiauhat ahesphapei shbg@ined Uy aoklisiqgixygury sindler ai pagenallayer
having a t%&%ﬁ@%ﬁ% g ggg ﬁgggetﬁgn]fé-ff}%%.inert gas, -subsequently
performing a heat treatment by increasing thepartial pressure
of oxygen in a range in which the buried oxide layer is not
allowed to induce internal oxidation, and thereafter using,

15 during the generation of internal oxidation in said buried
oxide layer induced by increasing the partial pressure of
oxygen and performing a heat treatment, a temperature of not
higher than 1300°C.

13. A method according to claim 12, wherein the

20 temperatures respectively of the former stage of said heat
treatment and the subsequent heat treatment are each not lower
than 1300°C and fall short of the melting point of the single
crystal silicon.

14. A method according to claim 12, wherein the

25 temperature of said treatment for internal oxidation is in

the range of 1150° - 1280°C. .

15. A method according to claim 12, wherein the
temperature of said treatment for internal oxidation is in
the range of 1150° - 1250°C.

30 16. A method according to claim 12, wherein the partial
pressure of oxygen in said treatment for internal oxidation

is not lower than 50%.



nm and a buried oxide |ayer
nm and characterized by the irregularity of the

havi ng anw@lé7sede of not nore than 8 nm PCT/JP01/01622
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17. A method according to claim 12, wherein the
temperatures respectively of the former stage of said heat
treatment and the subsequent heat treatment are each not lower
than 1300°C and lower than the melting point of the single
crystal silicon, the temperature of the subsequent treatment
for internal oxidation is in the range of 1150° - 1280°C, and
the partial pressure of oxygen is not lower than 50%.

18. A method according to claim 12, wherein the
temperatures respectively of the former stage of said heat
treatment and the subsequent heat treatment are each not lower
than 1300°C and lower than the melting point of the single
crystal silicon, the temperature of the subsequent treatment
for internal oxidation is in the range of 1150° - 1250°C, and
the partial pressure of oxygen is not lower than 50%.

19. A SIMOX substrate produced by a method set forth
in any of claims 1 - 18.

20. ASIMOX substrate comprisinga surfacesinglecrystal
silicon layer having a thickness in the range of 10 - 120
nm and a buried oxide layer having a thickness in the range
of 80 - 200 nm and characterized by the irreqularity of the
surface of said substrate having an amplitude of not more

than 8 nm.

having a thickness in the range 20 of 80 -
surface of said substrate

200



