;e3e_@v_rrsLuhuNvevT@w7 DESCRI PTI ON METHOD OF PRODUCI NG SI MOX SUBSTRATE
AND THE SI MOX SUBSTRATE 5 Technical Field The present |nve
‘an SO substrate having a buried oxide | ayer near a surfac Mm ’@Uﬂ“@E
substrate and a single crystal silicon surface layer 10 (he 'l ed
an SO |ayer, nmeaning a silicon-oninsulatot tayer) forned therﬁﬁ"”*

Background Art A Separation by | Ml anted OXygen (Sl MOX)
bonded waf er are known as typical exanples_of an SO subst" "H@@ﬂﬂﬂ@ﬂﬂas a
single crystal silicon |ayer forned oﬂgéﬁﬁlﬁgéﬁﬁting mat er

silicon dioxide. The SI MOX mafer is an SO substrate obtained "By

i ntroducing oxyge I&,onNsubstrate.ZO

t hrough t he ion i nmprafts i oxXygeh S gy gERonS r eact
with silicon atons through a subsequensuasnRaTEng process; and thus form ng
a Buried.OXide | ayer (hereinafter called a BOX | ayer). The bonded wafer, on
the other hand, is an SO substrate obtained by: bonding 25 two single
crystal silicofeceriizeal IMehdan oxide |ayer in betmeen and t hen turning

one of the two waf hi ] Lde- C Field
Ef fect Transi stor e%%sﬁ%%? §%£ : Véh{ﬂ% Agg?gﬁaig?bo geggﬁkgéubstrate
30 has high ra@ﬁ%&m%nar%%¥%@@n@§l@ﬂdth@ﬁ m%@éhaupuré§¢gtgﬁc@ sshé@enhi gh

reliability, sgppsesses @néhgrélﬁa@@n@£y§££§0§lwmbsh Lepdscb019G6Ur as a
devi ce size becone n operation with | ow power

consunpton, Eh%é?+ngg%%¥d%g?fﬁgcéﬁs%o¥h ay¥pEr aPPARLRG Pedi bHCBR-G"devi ce
is isolated fromthetsnbsivare toseed thetesns of dielectric capacitance,
signal transm ssion speed is enhanced, and thus high-speed operation of the
- 2 device is realized. For those reasons, the SO substrate has been the
nost prom si ngBaakghr¢cwn@ Xfta hi gh performance sem conductor substrate for

MXS-LSI's of the next generatiOR-by IMplanted OXygen (SIMOX) wafer and a
15 bonded wafer are known as typical examples of an SOI

substrate which has a single crystal silicon layer formed
on an insulating material such as silicon dioxide. The
SIMOX wafer is an SOI substrate obtained by: introducing
oxygen ions inside a single crystal silicon substrate
20 through the ion implantation of oxygen ions; having the
oxygen ions react with silicon atoms through a subsequent
annealing process; and thus forming a Buried OXide layer
(hereinafter called a BOX layer). The bonded wafer, on
the other hand, is an SOI substrate obtained by: bonding
. 25 two single crystal silicon wafers, with an oxide layer in
between; and then turning one of the two wafers into a
thin f£ilm.
A Metal-Oxide-Semiconductor Field Effect Transistor
(MOSFET) formed in the SOI layer of such an SOI substrate
30 has high radiation resistance and high latch-up
resistance, shows high reliability, suppresses a short
channel effect which tends to occur as a device size
becomes smaller, and enables an operation with low power
consumption, as well. Besides, because the operating
35 region of a device is isolated from the substrate itself
in terms of dielectric capacitance, signal transmission
speed is enhanced, and thus high-speed operation of the



5 Among the variety of the SO substrates, the SIMOX wafer has an advant age
inits excellent uniformty of the thickness of the SO |ayer. In the SIMOX
wafer, it is possible to forman SO |ayer 0.4 umor less in thickness and
even to control the thickness of the SO layer to 0.1 10 Vim or even
smaller. An SO layer 0.1 umor less in Thtckness, in particular, is often
used for formng a MX&-LSI for fully depletion type operation. In this

: h k f I | £
ol ati onshi p TFEThe R HFESHErEh vol Faper 1S Seb Srafere R neOhnF PBRRFE5° of
t he thickness Mﬁstﬁﬁeﬁxlhéam@etcpnsmlsum@scamdlu@petaﬂtaqha@hty_aspect for
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the SI MOX waf 8t hHavi i ayer exce I nuni ormt
t hi ckness has hesen g¢merm$10prontsrng 20 canditate of the substrates for

MOSFETs @f the next r n o d S t IS
9 ARGRET 8l d emtﬁtsthé i s%sgaga»?& Lhet £ 20i8x

capabl e of realrzrnq@%he exce erties descri abové, such as the
enhanced radi M358 $s%%n%%v%%ﬁa$%th% ipS 2ex¢ebi R hneRiLPRBI BYePht ERR

with [ow powertieDstend®d i O, thdesol t 18yt gh- speede openeki wafee) Cit {Hanks to
the fact that the devrce active area 1s dielectrically isolated fromthe
substrate itseP?shiblayiagiere BOCPhybaYSRi &hti kM a9r | heSS at br thet eess

them In this [especl, fhe éﬁ%f‘?\’g};} 3th§k£€9%’y5?dtflt18 53y €1 85e e%%agtla“

i nsul ati ng property as possi e concre I's requited t he
| eak defiects ipmf her BO*eh ayesllder eimafs@I Tayeedo pl njmol er deéest ) are as
smal | as possrble and the, dielectric breakdown pro ertgols as c¢lose to that

of a thermally @595?%&5'0%Fd%a¥%&%rl%§'pb%s?%?% ¥ $e€ hEChr BALRERGN2 0of a
SI MOX waf er, oxygensiofsraf@lly- déplettaplatﬁpedopyr@ppbm ngInushasly, a

fixed anDunt of _accel eragting ener typ acce i ng voltage of
200 kV or so. §%°Fs %fdg?ﬁ g?%ﬁﬁng%it?yiﬁh?héggl 5tt %?g%elgorﬂeﬁ after
a hi gh tenper apuepoheatnst ent hehionShap centh nubeisthuesfiotdh wndthgghofual ity
BOX | aygi can x@@s%al eﬁ@' QH&YOWHE n%tee tl@'@l’i‘ié‘ih@é‘f defleﬂeageyntaptrt he

oxygen ions is 1. e cm?2 or wthina limted range ffom 2
5to04 . 5x 1@%“5Eh¥9t%5réteth%rE?nth%k%%h?ﬁn?%hﬂck.f?%uﬂ¥°d?ﬁen90urnal

of Materials 1@eR§§§§r§h,ur\/Qfor18 p@r581.3m£118@3ét éomlg:psayrpéea The @hﬁ@x
waf er produced b 5 62 en ion anpugéImﬁ fied agg n
conventional |y % F%d g% ogﬁ Nﬁﬁysﬁ%s??a %%epr%ﬁﬁ% e%§ £
i npl anting t heunkygemitpnofinbbet thickhes$ ohagrbeengehe omost | prombsengl MOX
15 Substiat e WigRaPLOCUCES Dic! DLEOLLDBs | DSy HYGRETL 08¢ ABRUNCLD (N
| atter range. E dose %f trate %ﬁ% ?ﬁﬁ ow dose éfkg)
substrate haveg?espeEtPVe characteristics, and they are used for different
applications accordingotortheformed on an SOI substrate is capable of
realizing the excellent properties described above, such
as the enhanced radiation resistance and latch-up
25 resistance, the operation with low power consumption, the
ultra-high-speed operation, etc., thanks to the fact that
the device active area is dielectrically isolated from
the substrate itself by laying the BOX layer which is an
insulator between them. In this respect, the BOX layer
30 is required to have as perfect an insulating property as
possible., More concretely, it is required that the leak
defects in the BOX layer (hereinafter called pinhole
defects) are as small as possible and the dielectric
breakdown property is as close to that of a thermally-
35 grown oxide layer as possible.

In the production of a SIMOX wafer, oxygen ions are



20 characteristics. Qut of the two types of SIMOX substrates, in the case
of the | ow dose SI MOX substrate, the dosing anount of oxygen ion
inmplantation is conparatively small, therefore the threading dislocation
density of the SO layer is decreased and_t he | ow dose 25 SI MOX substrate
is expected to be a technol ogy capable of ?eaI|Z|ng | ow cost producti on.

The | ow dose SI MOX substrate, however, has probl ens such as the relatively
| arge density o h th | aye e pr.ebability of
diel ectric bred %é#%?gb %§5%§l*ﬁe %% %%g?fa%e?iﬁ%%oﬁggganégff|C|ent and
so forth, becarseeldeaBOXglayergys thpicaWyh argacdeterahengOxoyuapety of
t he | ow dose t t mh e nct ga t

t hi ckness of t Ppé%;Q?i é? f@ iél%%?%%g ﬂP&ﬁﬁe£§§£ Eﬁ gﬁelgfwantation
anount, al t hougtr @stehe @enmedeaaeeec@sh@ehree@eergt@nelheatubgeah@est,
consi sted of silg e&heuein@%iearﬁaéﬁedh§§h'&@Qlieyageﬁ)1§§ergeaﬁre&ed in

quantities |nS|de ayer and a resul br eakdown
electric fleld°%¥a%%%dB€W?YaVE?n Eh?o%@?%ﬂntﬁBMEVe?OS%Pghé@OBBEnOSOFH?ed

out that, \Aherbiﬁ@e@xyge@ ioniigpkanddt carf desimdgegmountyiithideer eased, in
contrast, t hou the.silicon_island ec d the 5 breakdo electric
field of the g%f%%i%r r§49 ?nﬁ?%@eg 5 ﬂ% éeﬁsftggofCWhe§5Fﬁﬁﬁ Vﬁ%ects

i ncreases as tM&kmegmm and Knptaumat|bhed@eungahnoﬁnMadecneases It has

ther ef ong beonyery, hi Tl Ll oo Sbau! t aB69YS! Yol TBkaNEI BAC whnLesgual ity

of the é X |ayer in om1doée rate éd accor Ing to a
convent i onal t@@ﬁﬁblDgydu¢@dabYeempba@gyngotb@n@KY@ﬁnel@b gmeugbal ity
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has been proposed es use i nter oxidation a
tenperature (i PEUPHRaSUPHEFARE WRPUaPTORUPPBCRESIMALARE ARFt BRECAKYEENt he

| TOX technolOQYohnaﬁ@@ﬁQVLattﬁa)fékﬁgashaﬂgeetoala 1dmpasssesinexani ned
Pat ent Publication he Journal of

538§, S. Nakashijr l.: t
I ect r oditer cafuSBETREG, VBBt VBFOT4GSS BY 2y ISALLBR GERG PEYERE 1ot
t echnol ogy, a &heumtl Ly- ghewhavkederbnger grows on the substrate surface

through an oxi dat i oy, LT galfeRbsat s fubkObuberpeLat he, £A0d1oRt abbe s

time, sone anount o t her y-grown oxi yer at e upper |nter?ace of
the 25 BOX | ayepbshhgtenhavet rpERBREAVROSEBABRELEH1FRKkESt hanBOXhrHyRFe

t hi cker. Furth@ﬁedlEobaalbeeﬁeﬁepep eﬂcabebnghec@bﬂhehg eefeﬁés are
decreased as a result, d.the brea ge%Qe ectric flelg S. inproved at the

same tife. In ¢ @rP?%ﬁFféEﬁHBFOQQUthB ?, VP F¥PRBCBSsArYCfor the 30

surface oxi de bapetrtavegronnbyhaotakessfthha 16wt does shroknsubaseata,t he

thi ckness of t Eeség‘ﬁﬁéeémoERE BP%?K%ﬁéﬁoﬁontQméf§H£§ oHrgécr'bEd

t hi ckness of t In the structur I na tained, it is
necessary to resmpprétitieldnduallof thrraaerentbe théeéﬁbéﬁré%élegaéh@ﬁace

As a consequenggnsipgr eshagebsen §a96£U5§|dEbBb£sé8 tQﬁdleﬁéemswtdeéethe
BCM Iayer thlcknﬁgi s@%sgrgﬁgsggeeggecteg %gebgcg Laye hno ogy cgp e of
realizing low-cost production. The low dose SIMOX
substrate, however, has problems such as the relatively
large density of pinhole defects in the BOX layer, the
high probability of dielectric breakdown property of the
30 BOX layer becoming insufficient and so forth, because the
BOX layer is thin. With regard to the BOX quality of the
low dose SIMOX substrate, when it is attempted to
increase the thickness of the BOX layer by simply
increasing the oxygen ion implantation amount, although
35 the pinhole defects decrease, granular substances
consisted of silicon (hereinafter called silicon islands)

are generated in quantities inside the BOX layer and, as



- 5 _ substrate thicker without being influenced by the above restriction,
it has been proposed that, in a nethod wherein a series of oxygen ion
inplantations is conducted while changing the average depth of the

i npl antation 5 step-by-step or continuously and a heat treatnent at a high
tenperature is applied thereafter, the cuntlative distribution of inplanted
oxygen is controlled so that it falls, after the series of oxygen ion

i npl antation, wthin nge,_in_which iLlic | apnd r o]

gener at ed, and® tﬁ%?u}ﬁé gh t?r%ﬁ¥d8%n %b§%§§%%g %eié g?séhgsﬁpg ;8§%fa
single BOX | ayes abveredhe hOQGVEEnpetahasebeeatpomaaedenut(sbetjawhaese
Unexam ned Pat a 7 echn IS
theoretically €€%5|%?éé§o£%§ta 1aﬁga@ﬁég 5%51§¥B%§bﬁ3£egg gggﬁghﬁder
dosi ng condlt|bﬂsCQUtéﬁﬂb,thboéqbchheeﬂlMGGQDMﬂﬁaémﬂsuﬁééreﬁﬁﬁcﬁnéo§hﬁg

conditionrs it B?eéﬁ@@@ﬁ'Qi@c%PlebEﬁé@daOQOQQeQH@k'iXyggxlgaYFgergﬂ the
oxygen ion is inplanted using a fixed accel erating voltage wever i's

necessary, in Fh% BeppdERdCf cERRi BiRNOLS €8REFBF Qﬁcfﬁésﬁéaﬁsvépﬁe of the
di stribution Oéxy@@haﬂbﬁdlﬁﬁygﬂﬂatﬂoﬂoaoﬁmﬁg &hatn? dedrbak¥et0221€Mhids |

. about ha] { trat
T SiT i con di QFBRSEOFR BPaRr vEDY pRERERE L RetR: FRELACPOFURRLYT FBREPSF M g
in the BOX | ayehe whdlei fualptyrati tiyeoBOpedtge?Siappkar lonw tihee SIMOX

di stri byt on ol bupl a0Led gxX0eR alierqtls serhescnleREYgRm! O

i npl ant at’i on caus y changesS i n process condrtirons or-o r factors,
preci pitation takkgopbare durlng the hi gh tenperature heat treatnent around

each of the peaks aﬂﬁ 8 §é89£85§§§ £3y86n£§189£ef96”§ﬂ0v§9a§§€ use of the

unst abl e nature of t ropose as describ as a problem
that precise ah@PH@V?@9PE €6n¥P6IBB¥ {prepr ofethei LovedareedIMAXor der to
ggo!d fhe lnSt@bbbgfﬁtelnatB@cﬁﬁambgyﬁhaQSbéehephﬁpbgéﬁ wh@ealmgﬁéygeaelon

i mp ation_an | ture_heat tr nent _are_repeate
S ochnol agy hasohobtBF OpbsSULaRBHEP ne xBgRhER oHET REF AFEHE S DATEE B2 E xed
accel erati ng ebhkegyaandxhdghion-pBoceespeharairahitat taééedenheaiéoxepeated

(See Japhneac DRENANIAGY MALBRDT UL Lt ol k7 I1743%) ° The ahract cof

(see Japanese at ent |cat é The o | ect of the
proposed technéneggmisedoPsteatiuBebleratisn BachHad-2hp éévn@rdﬁslocatlons

in the SO |aYﬁékaH§EEYeQbE§|negh@YJBQQHangftB@eé@ﬂBQEeHQBQEaSSleﬁyEhe
substrate at eacg ste the inp antaﬁlon

i npl ant &% on of° réﬂgvradzﬂéérngAﬁﬁBﬁ £28nts ah%|ET8¥|P908P°EPE§s 4nd 10
recovering furthermbidom-thewneduddd tlapagegtbweugh appl yuhgtaabegh

tenperat ure heggrggggtggpgu?gtgg SQEHa?EOﬁhﬁerP%QH£aLL°Q ﬁ&?ﬂs- In this

t echni que, however, the i antation o e oxygen | on anoun
conventlonalIyt@ﬁﬁﬁé§éérﬁorabﬁodaélhbeaSﬁW@htH@Se SPReEXaBaBsEr afe is 15

divided into seMefabl§9ea§owangxhaecau§e§ ae @hanggpeﬁ iﬁ@e%hhégnéﬁstﬁé t he
BOX | ayer flnaII bt al ned.  Be een ﬁgintEd ou si ng

The t aris Gue bok, PREeE ) oRndr ERkenThi PREUERS P halBose| Roke FAEHEMRA Yan
internedi ary suapeandhlasea corgeghenceitt hes2beéhatepsstedl theti bherface

of the BOX 'aySEnRET deObEalggg agcggggéaoggtedresult, and the
breakdown electric field is improved at the same time.
In the ITOX technolegy, however, it is necessary for the
30 surface oxide layer to grow by not less than 10 times the
increase in the thickness of the BOX layer. For this
reason, to secure a prescribed thickness of the SOI layer
in the SIMOX structure finally obtained, it is necessary
to restrict the amount of oxidation of the substrate
35 surface. As a consequence, there has been a natural
limit in the increment of the BOX layer thickness.
As a measure to make the BOX layer of a SIMOX



As a nmeasure to avoid the problem a proposal has been made, wherein the
inplantation is divided into two steps and a | ower accel erating energy than
that in the 25 first step inplantation is applied in the second step

i npl antation, and by so doi ng, oxygen ion;r are inplanted preponderantly at
the interface of the BOX |layer formed after the first step heat treatnent
and the SO layer, and thus the flatness of the interface is inproved (see

30 Japanese U N84 Ratante Publdicatd %.‘Nf&) ﬂ#flzéeqr?%é £ %o

technol ogy is al'so an invention armng rovin ty o t%e hi gh
dose SI MOX subststatietdmn, dst thas mﬁﬂrammnmdnfthm’@, tmaﬁl wlm i on
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for a high performance LS| it possible to |ncrease ness
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crystallinity gf+dhe SQoddydia By SEPPTBSRd NGy RdYe €198 NEYk ofof hes silicon
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hi gh tenperat Uk TBP hRt ‘é%&%rﬁ £ e B0 Htdnt e WRIHE i n a
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el afes2Bo a nebhoB St T BHICY hotih St SUBeT TN & hn B SR A S e

probl ems and, 135t fuerdierhan o2 tih‘ie SOOzéu@vaaLeepr @UQOEdabyaéppb{u fg4Bhe

technol ogi es of {he ppthoghiaRdikt the b&ghLAedoR¥ehbeat 9bhowhng; iRaRS.
dioxides, in order to prevent the silicon islands from
forming in the BOX layer, and, if a plurality of peaks

| 25 appear in the distribution of implanted oxygen after the

series of oxygen ion implantation caused by changes in
process conditions or other factors, precipitation takes
place during the high temperature heat treatment around
each of the peaks and a single BOX layer is not formed.

30 Because of the unstable nature of the proposed method as
described above, it has a problem that precise and
delicate control of the process is required in order to
avoid the instability.

In the meantime, as a technology wherein oxygen ion

35 implantation and high temperature heat treatment are
repeated, a technology has been proposed wherein oxygen

ion implantation at a fixed accelerating energy and high



_ 9 _ Anethod of producing a SIMOX substrate wherein a BOX [ayer and an
SO |ayer are fornmed by applying the inplantation of oxygen ions into a
silicon substrate and a heat treatment at a high tenperature thereafter, 5
characterized by: form ng a BOX | ayer throggh applying a high tenperature
heat treatnment after an oxygen ion inplantdtion; and then, repeatedly,
appl yi ng oxygen ion inplantation so that the peak position of the

e o okehBPL0RE0 AXUOC0-LachORR B0CAL <BAOLL 00,1 0peOUErL03" the

i.nterface betmeen %g rea orne
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a method of pr@gaglngpan&wné%ﬁ&h@aepaee%dbnslggl t.LSn nge

characterized in that the dosing 15 anount of an a I ona oxygen ion
i npl antation doé$4fhot eXBBe@PPAEtt 8f aFhBOBFAROARBURECHNOLREYOAPgER i Ons

i npl anted earl fegucEuaéheetsq BBENOHsOtnpEREYAENE 18] SENOXsUbSthatBe
terjzed in that the 20 accelerating energy

according to t ove, char
appl i ed ?o the9§§y8%ﬁeFoglPﬁiién?QFFbﬂe?sbﬁlFF@PEﬁFngBﬁ1§ﬁ§ﬁ98ppl|ed to an
addi ti onal oxygemer@ﬂednphaﬂhetsoBstEutéh@t eacﬁebbéé ef preducing a SI MOX

b th ara teri artiall 25 renovi ng
fﬁesgLﬁggcgcgﬁig% Otf%ge g¥$%5d51Y6 Fo?éPEﬂBtQHBPg|BﬁaF oxygen

ion inplantat|DﬁQUFnedhé®51agnemh@dtoinpoodup&ngaalsywﬁx stibpkr aha
according to tpscépgygmgc@@f@ﬁéﬁrfzsﬂ metggauws E {DSHRV' ng the

surface of the SO |ayer 1s etc usin a rea
Ot herwi se, a n%PR%Hl%$ %r%ﬁﬁ%lﬁﬁmﬁeEﬁhHR?sﬁﬁétrh?@aamébtdﬁﬁgeroeahh above,

characterlzed tmethﬂﬁléﬂﬁaﬂﬁéﬂogt srenPH|931§h€e§Hﬁi@G§ 050&99e§C1th§yer
it he renoval , of. an oxi de | after formn oxi di zin

surface of t helBRHRRF&FEON C® ?9?s%xyﬁe%e%ﬂBdg%?ubFOBGEVﬁﬁtbQEﬁktx
substrate accoemphoyed fbe pbodecichasacigri dedei oTbRt stberpRLBOds _ g _

15 divided into several steps, and it causes no change in
the thickness of the BOX layer finally obtained.
Besides, it has been pointed out that, using the
technique, waviness occurs conspicuously in the BOX layer
formed at an intermediary step and, as a consequence, the

20 flatness of the interface of the BOX layer finally
obtained is deteriorated.

As a measure to avoid the problem, a proposal has
been made, wherein the implantation is divided into two
steps and a lower accelerating energy than that in the

) 25 first step implantation is applied in the second step
implantation, and by so doing, oxygen ions are implanted
preponderantly at the interface of the BOX layer formed
after the first step heat treatment and the SOI layer,
and thus the flatness of the interface is improved (see

30 Japanese Unexamined Patent Publication No. H4-249323).
However, this technology is also an invention aiming at
improving the guality of the high dose SIMOX substrate
and, as the implantation of the total oxygen ion amount
conventionally employed for producing a high dose SIMOX

35 substrate 1s divided into steps, like in the previous
example, it causes no change in the thickness of the BOX

layer finally obtained. What is more, because the oxygen



of renoving the surface of the SO |ayer is surface polishing.
Additionally, in the nmethod of producing a SIMOX substrate according to the
above, it is desirable that 5 the nunber of repetitions of the oxygen ion
inplantation and the high tenperature heat treatnent is two. Further, in
any of the methods of producing a SI MOX su?astrate according to the above,
it is desirable to forman oxide | ayer on the surface of the silicon

substrate 10 Bl 40 U LIYORD wntwpé@@&gaiﬁ@%gnén%é grthegoxide
Layer after the oxygen i1on iInplantation or the, hi t enper atur e heat
treatment. Furdherhe iBOR heayes obreadprbeinedgla Siadisebstt@Pe BReordi ng

to the above, ddrisayiesifabl el habtddndderOxygeroi B8 tHphantagéon is
conduct ed under a condition o{ﬁan accel erat%nlg energy of 150 to 250 keV and
a dosing anpurRFRORY FRFRAPATY chi 2, ERBRIARE addPti HEaFaBRkSgERT on

i mpl ant agi on i shEasekict € d e del i ek gogsli 6 f obthofrox deget eniatiag energy of
150 to 250 keV and a, dosi ng 20 arm}lémt of P.%_?to glx 10" cm 2, and that the
total depth of"3HEFHNHVAITRT PRECSIFTR oM st ateli $2%8 to 300 nm The

present invention i®he fabsidet,of ShdMPr ssdast r aveept boicesl by ppplydagaany

f th hod I I i i ck
of the So 25 Toy B HdY e fs e e DL TR Aot B RS T RRE S esS
t hi ckness of therBOK dxide laperecdfi shaOSINORSOubatrAceovidimgutothde

present jpnventiion,e 89 BPG davele$i MIATp 4P 101 a P BnEohNSaLL opal (L ow dose
SI MOX substrate 1s once forned through an oxygen ion 30 inplantation and a

hi gh t enper at (RS HFEE 1HERRHEMR . 1F0FC tAF QV28sHn 1 Ghed 2 het Hx§8En i npl ant ed
at an additi onalbosygen fo&N 4 nplsnt gt Derpiecd pLEateg wHaking ihe subsequent

hi gh tenperature_ h treatnment, th recipitation_takes_ place stably
because ¢ he BHOTSAIe 355 ATSREReT orhec ket 04 nme « RS p &t TERYSE R By gen
i s absorbed i sINeX Bpbdtayete psoduceduby , emplopipossidl @exygembiann a
single X | ay. . . 1n ﬁ?ﬁ; i on, .1 es jhyentjion, it
is al so¥|§)ossi bij{{ep f%ﬁ?én%’lr%xgsae e{tﬁipc Igée(sis&gfd?%% %8{?% éylg?é%inlgé;! g%b(?he
same time, redidelitie efenshe yBOf lagepi ndrod ea degeled oh predBO§atke. 5
Brief Descriptéi®n £ipdihesdX aw ngs

Disclosure of the Invention

20 In the SIMOX method wherein an SOI structure is
formed by applying the implantation of oxygen ions into a
single crystal silicon substrate and a heat treatment at
a high temperature thereafter, the present inventors
newly discovered that it is possible to increase the

25 thickness of the BOX layer, while maintaining the
thickness and crystallinity of the SOI layer and
suppressing the formation of the silicon islands in the
BOX layer, if, after a BOX layer is once formed through a
high temperature heat treatment, oxygen ions are

30 implanted again in a position deeper than the BOX layer
thus formed and then a heat treatment at a high
temperature is applied once again. The present
invention, therefore, relates to a method of producing an
SOI substrate which solves the above problems and,

35 further, to the SOI substrate produced by applying the
technologies of the method, and it is realized by the

following means.



Fig. 1 shows the production processes 1) and 2) of a SIMOX substrate
according to a conventional technol ogy and schematic secti onal
illustrations of silicon substrates at the production processes and the 10
di stributions of oxygen concentration in the silicon substrates. Fig. 2
shows the production processes 3) and 4)” df = SIMOX substrate accor di ng to
the first enbodi nent of the present invention and schematic secti onal

illustrations 15 of silico bstrates at_t odycti o raocesses and the
di stributions of ofygber?hcﬁ@%ﬁféﬁa‘bcﬂ% 3 téﬁgqq{ iscuo%rﬁts{?bncﬁor TEUED. 3
shows the prodact layeyr aoesses DI, Wyandryd oirmeSIhODampbsinatthaccor di ng
to the second ,emhqdi,nent 20 .of resent. r.nventj .gng i

sectional ill d‘g@é"t%ltgaﬁcsloonf Ostfjlci){,}&ﬁergu s érqajtdeigo :a{] &jtlﬁlg' produc ?%%é:o%ne%ses
and the di striabltsiagns rfa twergeratc andeigly atdnpefatute Fidredfteubst r at es.

Fig. 4 shows r tJ 'Od%%ﬁﬁj ) o}
subst ratg acctg?%r%gcq;t%g%linegpttﬁ{'r e ?ﬂqgﬁ%n%’dxofﬁiyh%ngcr%éan hi%ﬁglrﬁrg%)%nd
schemati ¢ sectiigialt MparatEtg Gieatoft B3It AR AR LEHIShel PF oduct i on

processes and ithe G+ idHit i 0N5 Qe DX a5 LONEN Al O dd dbggsn | 160N
substrates. 30 Fig. 5is a graﬁg}h showi ng the densit (gé the pinhole defects
in the BOX | ay@Pladd@idiathgq He'ah rdte (P ahiRf ¥ |¥s et he present

invention, a edrManibniain exanpiE anted eompat atd Vi et &t &igorfions a
graph show ng .t he breakd el ectric 3 i f, t er ring
the fi rg to tlt%"‘?edr etigarppﬁ:\gge olfn% I(raf‘—’lpcreeg%grl V%le%%/%n 9 ggn\?)pgg o%’en%}lgér)\a
exanpl e and a foompat atand Ehearmpimtrate hefgunder i sand (@ dphashowi ng t he

density of defgcts ridhd he SOL{AY S en 10 ddhedéfst,. to third exanples

of ,the present ‘invention, a conventional exanple and a conparative exanple.
5 Best Mvde for Carfufhtitprcutd MRENQR et i TP RIEING bl TIENh M PRFE AL S t he

present inventiih XY anehhsieafdipdir fasad 2y the sedenalé Caserid onal
illustrations in Figs.1 to 4,, 10 Th][e first half of the processes to

produceld SI MBRVUYstFatd RIGHHHF + PRHFSHHRN eIt T HeP Hraeminot
i nvention enpledyteddiecy oditcdli ado pirog essemofot heheSlddPgeaubssnsit e accor di ng

to a conventi c&qnallgnetc&éméé)lgyiésﬁovm in Fig. 1. In the processes shown in
Fig. 1, 1) an of’ygen
Further, a method of producing a SIMOX substrate

according to the above, characterized in that the

20 accelerating energy applied to the oxygen ion
implantation is different from that applied to an
additional oxygen ion implantation.

Further, a method of producing a SIMOX substrate
according to the above, characterized by partially

| 25 removing the surface of the SOI layer already formed
before the additional oxygen ion implantation.

Further, a method of producing a SIMOX substrate
according to the above, characterized in that the method
of removing the surface of the SOI layer is etching using

30 a reactive substance.

Otherwise, a method of producing a SIMOX substrate
according to the above, characterized in that the method
of removing the surface of the SOI layer is the removal
of an oxide layer after forming it by oxidizing the

35 surface of the substrate.
Otherwise, a method of producing a SIMOX substrate

according to the above, characterized in that the method



15 inplanted zone 2' is fornmed by charging a single crystal silicon
substrate 1 into an ion inplantation apparatus and i nplanting oxygen ions
up to a prescribed dosing amount in the surface of the substrate, while
heating the substrate so as to nmaintain itﬁ crystallinity. Then, the 20
substrate is discharged fromthe ion inplantation apparatus and, 2) a Sl MOX
structure having an SO l|ayer 3' and a BOX |ayer 4' is fornmed by applying a

hi gh tenperatu h a heat e r|ac I as to be
noted that . wheh Taray HBE At EF et Bafe B8, heoRbT N TavbEl PEC S uriencla
applylng, fpr paobismteg. an accel erating voltage of 150 to 250 kV for the
Oxygen ton | bl ant akhane sbhal gy Jooh! ahbenct Ao80bR! BrgallkgfoduairbxBIX

| ayer, to apply a dosing anoun rescri bed
dosi ng amount . th%tbiygeﬁcﬂﬁﬁd309lhﬁlhh@aﬁb@ﬁeanétthé ﬁﬁghrﬁ@%ﬁeﬁﬁﬁﬁre heat

treat ment desc{h@eﬁuﬁﬁéyeoérEe?ékh@ﬂoh@eoﬁlEﬁ& 9%¥§8H KeR hﬁ?h@ﬂ%@%h@ﬂ and
the first h|m1t§%prMUre treatnment, respeciivel

expl anati ons ofN@hFBedBighi BEPBRT28BIEnREAE FF?éFméﬁﬁanWEWP -of the present
invention shown in Figthdr, aiheényoaplehengethedpr@@egﬁeauﬁha@nalBzﬁbg 1,
the substrate |sbcha£€ed i nt o t t N % ngéantatlon ggg gtu? agai n,
and 3) an oxyg®h°tbh ﬁp?%ﬁ?ﬁﬁ 98n 2the rBPREd appPSERY R 6h

i npl antati on umﬁeoxsdehlapeacoelEhatsngfaobtagethhaslﬁmeopeabbstrahe

di stri byty on o g a portion
of the gpready %?ﬁe %&g Qg?é% §8Kf?Hél%ﬁt?thgﬁegggbg%r%?@Okgwgﬁgcharg d
fromthe ion ippldathayen aéparathg anrgenhéan 4npiaBEROXOst pactliee hRahi ng

an SO |ayer 3;aRdepaBW¥e! a¥8E #rbathenped by applylng a high tenperature
heat treatment in a_10 heat treatnent furnace. gen _ion inplantation

and the high tenper%?ﬁ?%eﬁea%ntFB%tW%HPOGeEErPEEGUQBBQe aPéMPXli l ed the

second oxygen $@Bstﬁ@?@nh6bb@ﬂlﬁ§dtbhEhéeabﬁdehlQB ienpesatubeecheatt
respective

treatnegh g in_the gxg% ﬂaglons of é ig gescrl tion. 15 By the
met hod shown i %lﬁxy§ B h8P okYBeA" FBREOP PP ahPBEUGFeEhBREEL0Rd oxygen ion

i mpl ant ati on aggnégaienoofoabthecaktieadyifigr apdrBPXokaysod 40 ﬁB@nkeheahdmer

side during the ?85?§8UQHBUE€C8@d hkg t enpgratyre heat, tr 'ﬂ}odél or der
to realize the s e“aggregation o the oxyger ions |n

process, it |sCWEgPRabpB %BPéBHFﬁéFOPhé5d6§Pﬁ§CgﬁéuHﬂd6F ﬁhéoﬁﬁ}ééﬁnléﬁs of

the second 0Xygﬂ“at@éléﬁ@£Qﬂéaéhéﬁg§ooﬂ5IBQttbO2§UCE§d hhataoﬁobﬁﬁgfiVSt
oxygen

n |nplanta 0|n t he_pr eci pi Qn of th gen ions
proceedg%Hurln ?H% 2% SQCXngohg #pgpaﬂuP@dhé gﬁiﬁﬁﬁiﬁs at the
oxygen ions inpfabhedranovhé sécbhd exygeqnlenrfapéamBa?Oonoa@gﬂegate in
priority to the BOXhaygr.dengl 1fady-tohed, WLEDRUL PLegipbbaLlag.cLiem
i ndependent|ly. Wat 1s he preC|p|fat|on pr bcess from t he second
oxygen ion 30 pﬁ@ﬁaﬁ@étbmnapgthégséaﬁnafhtgﬁ rerpedat areondanat teathent

hardly affects,tBecliPpgErhbteriace oh thetBOXel afeexflessagrach@sybl, the
BOX | ayer. 4 is_made thicker nalntagnggﬁgood unlfornlby of ththhlckness

of the S8 |aytPYeB5CAst]E GEHPXKAB d8mafetPnfPPcPBdaBA thE material
wherein i ons atkitkptanted byet hexi ipiant ederons becébesol asgenmas the ions

lose their energy aﬂgcording to the present invention, a BOX layer

(

similar to that of a conventional low dose SIMOX
substrate is once formed through an oxygen ion

30 implantation and a high temperature heat treatment. For
this reason, when the oxygen implanted at an additional
oxygen ion implantation precipitates during the
subsequent high temperature heat treatment, the
precipitation takes place stably, because the BOX layer

35 already formed exists and the precipitating oxygen is
absorbed in the BOX layer. As a result, it is possible
to obtain a single BOX layer stably. 1In addition, by the



- 13 decelerate in the material wherein ions are inplanted. The degree of
the damage inflicted on the material wherein ions are inplanted by the

i npl anted ions, therefore, becones large at the vicinity imrediately 5
above the position where the ions halt. By the method shown in Fig. 2, it
ts possible to concentrate the danmage généPaFEd in a substrate by the
second ion inplantation on the inside or |ower portion of the BOX | ayer 4
formed during the first_high. tenperatuyr o t

reason, it is %%Eiéé)efgégékkéfésé£t%g %%gﬁ %%éggggeﬁéelgﬁ%ségﬁ Fé?ned SO
| ayer 3' gener@tisrkigysg hef seEtonBOdxygeear i amdj npt abbat sameandmeasradnesul t,
to suppress th e tion pof f C r ead] LSl ons in the
50 "ayer 3 foHed e e e S REh R SR PeRiete, FACHEE ARY SRRk en | i
t he second enbodi nent of the present invention shown in Fig. 3, after

conpl eti Bg thegp|oLessesr SHOYWn i B FiBe Brawingbe SO layer 3" is made
thinner by renoving a part of its surface. Then, the substrate is charged

into 20 the ion inpiaHt at i DrCEPpEFat BECAYEF HORNBYAFEBRF§eh )i BAGI APl QAt &t i on
is carried outshyoapphysfgs seichicedracegl e6aki ognyeht aggal habkchhel1pgak of

the distribution,of .inplanted ogggen iogi ig Igcated gt tTe | ower portion
of the already?}%r T aRF CHNAL ShOWRSTATEPRS 9f S&lifigPeafter, the
substrate i s déslehargess faonmhaeproduchpbanpadcensappandt tkeand, then, a

SI MOX st puct ur g, Y o [ l ayer 4,15 forr by
appl yi n%ba hi g??l%]%yrﬁ)%l?% 5’?% %fea@ﬁ’eégt (?rgﬁ %‘%P%(tﬁgét l?rEé%n@ﬁ@ﬁ%Pnace. 30
By the nethod shoswravesig. 3, it is possible to inplant oxygen ions in a

desired position wi khouts changl nond heragcel esat hegouekLaos) uaed i) bhea

second oxygen ion inpfantation so nuc romthe accel erating voltage used

inthe first okieh $HPSERPrant@EPHRINSsteokpar fAESHi BRPPAETERENGE §RBWn in
Fi9-|2- As a C@ﬂ@@@@@”ﬂﬁ%eﬁbﬂoﬁr§ﬁd0§¢géméh§cC@é@fﬂ@hb@gi@lpkbfations

accel erating voltage. used_in_ the secopnd_oxygen.iopn., _- i antation
xpands 5 1 i 1% HerEAHRE 5P RGeSt e Re i PabFhion: pEfcspRBr arng RS
enpl oyed and, dostthbstieasonf oxyperorescepnssabient bnexpandilheohr eedomin
the thicknesses,9f, 1 he, 5O and BOX layers finally formed. At the same 5

time, the |oad 1 nposed on the ion inplantation apparatus by the change of
operating conditionBigs &l$kovatelle noPRuehient pEPREEEes dlech4asardadlive

ion etching, etehingrmsk nguids el xed s6LsEHONg Ofo hyHEOELEORECABLE i RB AL
ni trous _acid, nechani cal etc. be used as 10 the net hod of

ol i shing, . an
renovi ng% par®f ofPe Rt nTa&%Yegh%?%c%n%e?%?%m%Bb?y?ﬁ@t%ﬁﬁaéecond oxygen
ion inplantati bhiustribeotdi ofl eibdbdonestbotrsbespaesene pagadttdanshown in

Fig. 4, aft i S i Fi _
Cher mal 1 y- gr o SR SeoT aphd *RE JEEEEEEAE0a! O byatn SoaPephEatipn ayer
3', and then 4intheeoxidectaydrbstratedved. A solvent to selectively

di ssol ve the oxide fayersosnhéhe LthkephByubeidnedrboestbs 5¢myal .5y ang
Subsequgntly, é?SINCM structure having an Sginéager 3 and, a BO nger 4 1is

f on med 9 appl n@f5§ SFMEXsubstrate “accor © the third embodiment
of the present invention and schematic sectional

illustrations of silicon substrates at the production
processes and the distributions of oxygen concentration
in the silicon substrates.

30 Fig. 5 is a graph showing the density of the pinhole
defects in the BOX layer, comparing the first to third
examples of the present invention, a conventional example
and a comparative example.

Fig. 6 is a graph showing the breakdown electric

35 field of the BOX layer, comparing the first to third

examples of the present invention, a conventional example

and a comparative example.



20 inplantation in the sane manner as in Fig. 2 and 6) a heat treatnent. By
this nethod, too, the sane effects as those explained in the description of
the second enbodi nent are expected to show. It has to be noted that, in the
first to third 25 enbodi nents of the preiint i nvention shown in Figs. 2 to

4, respectively, it is acceptable to for an~oxi de | ayer on the surface of

a silicon substrate prior to the first oxygen ion inplantation and to

renove the oxide | ay si.ng .a e ; | b baye af first
oxygen 30 ion inpl gq)réf%t iwonl%ora tgﬁ%%l ngq&ﬁingﬁ%tq{eérrpog%a%u% %fga‘%g{eréeg{rféﬂnt
i mredi at el y t hbee&fdTerd ayler ,orcdampadiatg tife ddnket |tayerh ot neckrpl eheof

substrat e surlkage J-3 Aol araReddih [ e SR Idie AUl g1 e aeygen 1 on

i nplantation in the above case, e to for e oxl | ayer 35
in a thi cknessogPag@timcorexdrdel n order to obtain the SO |ayer after the
hi gh tenperature heat treatnment, on the other hand, it is necessary to
restrict the thickness - 15 of, the surface oxide |ayer to 400 nmor so

at the | ar gesBesthélode fon &aHNd et it VR 43R present i nventi on
shown in Figs. 2 t@erdfdresflectdntldinalts o exalplmcevhet ei fvdhel oxygen i on

inplantation is repeated twce in.total, but the partial remyval_ of the SO
| ayer and { he “SICIARH P EAIEY AP SRR HH SR et ur e heat
treat ment nay iid usapeatiethsasin anggsas T heo IO | ayer does not di sappear. when

an acceigr ating 10 vQl tiaig__teshtofhajisfo éfg'%?eo'é&\{?%r}%a% g\ggi&go&p;%lg% né;fcpgxto 6 X

101' cm?2 are appli‘ed to e oxygen ion inpla , aS ex earlier,
it is desirablsahsiatattehaaastirdinesy @n dagiddiogfentheo s uriaiceresenthe SO

llayer or the syifage Hf e]En?felo%jé HGAD S & Y S cd $s 2D SN O e NBFOE N

order to 15 obtain the e ct’'s, of the present j'nvention, and 300 nmor |ess
in order to prdRATT At aS'GOIIda]WEq' %3 cﬁﬂ‘tﬁr‘s‘éﬁﬁﬁe‘aﬁr}%.tqwqq’ﬂ%glﬁa%@wqths
possible to ferig.the fimaldhe grcdgmeSQAhdwayein iri@nyl desj red dhygamess up
to an ui)%)er Ii.m'tlof e4 Ozonmgzr, SO A8 Iocg as gt is within é20rasn elnot
et ting! The SAFHLAEETACHDEar  + by IS D ALETEHIT o 119 pFORE
condi tions. | mitlhedn rsibsttorats rld ientmdinmeindrs iofp tdret g s ppawanis on
shoun in Fi 9522 Uydadi@SRPChioely. s dile rald b e ddie BOX daysgq | s al 50
i nproved vvitharesﬁec%.ato g,l%eﬁ]gy |nhlo<{e Jg%ects, o reakdown l:‘lfgectri c
field and so faiqUt a9 tHhe tMTdaRs Lhfthhe Bt 1alfer Winckedseatimhet st ent
of the qualitsdgRQUamyy fecms aeateri s dhgsdotednofy [ herlas) Nthe
anounts_at the second and subsequent. o en ion inplantation processes
i ncrease® and 545 HR o ﬁ%%%?iﬁ%ﬁ’b@%r&o%ﬁ‘@t@%? T espect to
t hese qual ity aaspaddtsasofaridie 0% |siMoX diruictudssitahieg tdratsaheldydml  of
the dosing a nt t B&% cfv;}d n;li YV o) . i ntation
processes isn;b'? Ia}acgta i ?ea%p Cf‘n' %Eprmre%?rg r%y%%%fg%lﬂﬁ&gﬁ x 10"
cm 2 or 35 noreemperature heat treatment in a heat treatment furnace.
It has to be noted that, when forming a SIMOX substrate
25 in a low dose range by applying, for instance, an
accelerating voltage of 150 to 250 kv for the oxygen ion
implantation, it is desirable, to obtain a high quality
BOX layer, to apply a dosing amount of 2 to 6 x 107 cm™
as the prescribed dosing amount. The oxygen ion
30 implantation and the high temperature heat treatment
described above are called the first oxygen ion
implantation and the first high temperature heat
treatment, respectively, in the explanations of this
description.
35 In the first embodiment of the present invention
shown in Fig. 2, after completing the processes shown in

Fig. 1, the substrate is charged into the ion



with regard to an apparatus used for applying the oxygen ion inplantation
according to the present - 16 . invention, any apparatus is acceptable
‘as long as it is capable of accelerating oxygen ions by applying a voltage
and thus inplanting theminto a silicon wafer through the surface, and
there are no specific restrictions as te ilzs-5 type, ion inplanting nethod,
‘etc. Wth regard to the conditions of the first oxygen ion inplantation in
t he production of the SIMOX substrate according to the present invention,
the conditi onstBRLAHE HRE RRRAFEFHYR 272 R raady3 5hdwnCX¥BeRvEPD the 10

‘condi tions of itrmafﬂﬁesa ARV Een i@nféfﬁ%&%ﬁtéﬁﬁlﬁiﬁgn@i gegessarily limted
to those of the |l.ow dose ran t he COﬂdI#IOﬂS of % so-cal |l ed nlddle

dose or high &&5&?@%ﬂﬁ?%ﬂmﬁé§%%esﬂ%% EN )] ?I?El?%rb% LeBantPAbsEP&hown
above may be qppﬂtmm ﬂ%ﬁ di&m#ﬁbmm&nhcﬂf|fmmoympgaﬁh@dl5xﬁ§¥hlayﬂs is
quality, .such @as es i nhol e. def ect akd wn_el ec field,
and so f%rth %P Rﬁﬁ gf%g eféw§%e%?%t%.€ eﬁpg%?e%fﬁ%% ytﬁ%r%?és%§§
invention is e&ﬁyemxﬂt()tk@i@nsEBaMhetmetm@bsbndtelDﬂsdn$cba3gédmﬁdome

range are use ual kty N u

al so acceptabIdtehagtqE)]!Lé(]]Ij d% eac%€f$ﬁ ?ééé%?g%gogégentﬁg%’in%l%n? |on and t he
second and sub@@quénvﬁb%yﬁéhngomn|%%1ah@hﬁioh #d oa t BX okayieredsiéps. For
the purpose of:dGrlueing 55@1&{&@9% e@érﬁ%éflaw@e Jcat’f?éatl'nén’cstﬂe

desirabl e that the ternperature of strate at east durin
first ok{gen itAeH nﬁﬂ%ﬁﬁ%&%nf%nm toT%@wbge%olowmp%@@ﬁ@Hl@@ apd

apparat us Usedt}‘lfé)rhfgml‘gégné@f@@tﬁﬁé U}Ii@a’beafeéilélﬁ@xﬁﬂ'e@%%cfﬂeé@ 4Bole &@@ﬁl fic
restriction as the apparatus_is. capa carryi out a _heat
[ roat mont at SHoY aht SRSrad Y Sen SR oRm Sattarel ed Pl a5 fndar 4.
a high tenperdtigl twuetavateaemntat urnecenean, beespeediaslya, dési thbl e
apparatus for ¢ gﬁﬁghggggﬁ% & | aips iptdace can also be applied, as

[

long as it satisfies 35 required perfornances in terns of treatment
t enperatfre, tine, BfctheaHeethrdi $homs bt Bldead s t Foatpenger ui@Bee ot her

than the treatimntatespeiattne sebhd By SENi@S impldltathdh gé@gregate

tenperature, heating rate, (#%%ﬁf d so forth are not limte
specifically, ¥ht ??é& o ek tontkRP et e nl ?mﬁro?lﬁ%re
st eps. during the subsequent second high temperature heat

treatment. In order to realize the stable aggregation of

20 the oxygen ions in the above process, it is desirable to
control the dosing amount of the oxygen ions of the
second oxygen ion implantation so as not to exceed that
of the first oxygen ion implantation. By so doing, the
precipitation of the oxygen ions proceeds during the

| 25 second high temperature heat treatment so that the oxygen

ions implanted at the second oxygen ion implantation
aggregate in priority to the BOX layer 4' already formed,
without precipitating them independently. What is more,
as the precipitation process from the second oxygen ion

30 implantation to the second high temperature heat
treatment hardly affects the upper interface of the BOX
layer 4', as a result, the BOX layer 4 is made thicker,
maintaining good uniformity of the thickness of the SOI
layer.

35 As is well known, the damage inflicted on the
material wherein ions are implanted by the implanted ions

becomes larger as the ions lose their energy and



with regard to the conditions of a high tenperature 5 heat treatnent, it is
desirable, for renoving the damage caused by the ion inplantation and
obtaining a high quality SO structure, to conduct the heat treatnent at a
tenperature of 1,300C or higher but below the nelting point of silicon.
However, the heat treatnment 10 tenperaturé%:s not limted to the above
tenperature range. A non-oxidi zing atnosphere using an inert gas or an
atmosphere condaldi 80, e STR! LnamueL -0k, gen:addedst a,bhenRonrexhdi 2i ng
atnnsphere is S|ra Te as t he atnDsp ere o the heat treat

renovi ng the dém@gésguse Hofetke, damage hbﬁlh@éeésanutyelmﬁtﬁédaﬂo t hose

at mospher es, a@ﬁeﬁélﬁxighé'Qgeaiﬂg§9ﬁﬁé8 b$ @héolﬁﬁﬁﬁﬂkéﬁ|§onér90n ,
nitrogen, and the like are used ically, as the inert gas. However, it

i s not necessa?h¢9ef9ﬁ¢tebe?ﬁm?ﬁehﬁrﬁﬁr@hthethF@ﬁlF¥nﬁ@W8@&ﬁéeéU

oxi di zi ng treaipené PRY ?@s@@theﬁhéﬂbsﬁﬂéeﬂbnﬁOhbh% hlgb teapReahyge heat
treat nent. Exanpl e Exa f the, present hnventlon axe” exp Iabned 25

hereafter basetl'OWthe StBentti ttséit PBR&FPLFI hSt FRPFERETPRCFEGE. d8MRge4.
Oxygen i ons meg@néﬁ@ta@ted anstbetsatéape aﬁepséyped(ieﬁ)1mpnaa@atlon

substrates at an gg@élngrvggtggepg%t%§9 ky %Hg HBX ES&ErIn a3 E%tlon

anount of 4 x ﬂ%l accordrng € processes’s fd The
t enperature ofdmhensubherénestdhighgtemperehurﬁphaatatmeatwastsetFat 600C

for the, B“rposgh$§ P@éﬁ&ﬁ'”i@gléhgbésﬁﬁlétéb' EF¥esEh EE% Eﬁgﬁpéakgs

wer e di scharge romthe [oni ntation a us an ecte heat
35 treatment ath@ @éﬁ@édatﬁ@émeﬂ $0300&EY 6K |gaéﬁeré¢eé hy theaSﬁégﬂd

treatment furnageqéR 19ﬁnlﬁp@a§%&€%oﬁtaﬂetuas aTBesh@@t tbeathpBrbsWashe
conducted in an a? xed with |.%of or |ess of

oxygen. The st?%%?ﬁ?EEBF ?ﬁedgﬁﬁgFFaF%CH|§EthQ@GdFPSnPPﬁéoFBFﬁaeé Was
eval uated by speetsoscopyereBl Epsmaat aftandrhassacbaduhti ght Bembekakayer
measur eq ;I oug 4 hi ckness, and 5 the BOX | ayer was 85 nmthick
In the ﬂlrst 2§%§§Igra%%%$3£ to the first enbodi ment of the present

i nventi on shown in Figthe, sat@ed eohpiéneny ohetpeopresestshowanihoRi g. 1,

the substrate yas,ghanopdqylngo E?@ekoeohﬁﬁbﬂﬁkéthﬂa apBaeakes 1HoQACenagain
and subjected tp another 0xygen ion inplantation process at an accel erating

vol tage of 210Fk¥ ahd #p FBeaﬁOFnﬁPXﬁfaﬁuthaﬁéaﬁttBﬁnze% PY1reBRY 2RI TRe

tenperature ofpihe sBbstgaterdaekng mh@nloahen@baatabt@nlgaaha@bedluheoln
t he f|r§ i mpl e_substra F 9$as di scharged from

ntation 600C. Then, 15
the ion |nplan?%?lbﬂnaﬁﬂginggtéﬂa EBBF&EPBE £824"h&k t¥ERE pPBcess at
a tenperature ohplaB8€ion higherrfed 6uh. bynapplatingspheheanf argon ni xed

with 1% of or Less)of,oxy eGoi@a%Qetﬂgéttkée?EHE”Eff@BQaﬁ§st§§BGElkﬁeo?eat

treatnent, 20 t he substra di scharged from furnace was eval uat ed
descri bed ear|BPlapyedpaiyeBEcHPNE- éﬁlﬂﬁgéﬁﬁér9t ABealpusil porthensef
| ayer neasur ed:rheughl¥adBOrbpmea Bbkckagss, 4andst BRoBPXihayeg,130 nm

, 25 Thereafter, the substrate is discharged from the ion
implantation apparatus and, then, a SIMOX structure
having an SOI layer 3 and a BOX layer 4 is formed by
applying a high temperature heat treatment in a heat
treatment furnace.

30 By the method shown in Fig. 3, it is possible to
implant oxygen ions in a desired position without
changing the accelerating voltage used in the second
oxygen ion implantation so much from the accelerating
voltage used in the first oxygen ion implantation,

35 comparing with the method shown in Fig. 2. As a
consequence, the freedom in the combination of the
accelerating voltage used in the second oxygen ion



In the second exanple according to the second 25 enbodi nent of the present
invention shown in Fig. 3, after conpleting the processes shown in Fig. 1,
the surface of an SO |ayer was etched with a m xed sol ution of

hydrof luoric acid and nitrous acid up to ggpepth of about 120 nmto obtain
an SO layer roughly 200 nmin 30 thickness. Then, the substrate was
charged into the ion inplantation apparatus once again and subjected to an

0o ol ant ot B ab a0 PR PR Ena] BO:ATHLERAEARACKRY 28RR o 3nE EBRT o1k
during the 35 {mplamphbheat fDREVASVBeeMPASYEA BRE, fﬁpgtthﬁplaﬁﬁapmanltat

600C. Then, th@eé&@éérﬁ&@sﬁ@iedtécéﬁﬁgﬁé &BQ”EEQ%dbﬂ”1h”ﬂh@nkﬁﬁbﬁﬂesse
appar at us and sub#ecte to a hea treatnment at a tenperature of

1, 300C or hi ghef the 80F.apd aﬁxa%ﬁﬁgﬁﬁeﬁénéﬂlsré@ﬁmﬁﬁxedAm thel1%A8e or

| ess of exygen:ife! henbeabalir enboEBY BHrﬂﬁﬁeloﬁfHﬁFlbﬁ%aQQ%h %bga&@%n% the
substrate dlscharged fromthe furnace, 6 was eval ua describ

earlier, by spetttRRceprLes| PhsBRBERYINASCENAeELPRS ?ﬁeaééﬁvpéﬁéﬁ neasured

roughly 160 nnméﬂethhakneéahna@deghguém»ébay@éciaoennbnletbh@nbblrd exanpl e
according to the third_ embodi resent, | g on.shown .in Eig. 4,
ShehncrRoR 57 pyaESEnap

10 after conpl%Y?%bn?hgsbpgcas@éée °Bi § Fafl $S4FofR%xi de’

| ayer roughly Qﬂﬂrou$|aciﬁbcmaehsnmaslfpohedhmnga s&cfacenobeansﬁﬁlabayer

at a tenperatu 0Cc0 L gk n hen, e i y o emoved
usi ng aq?olutlgﬁeg% %h§$o§%u%??%gg§?dg ggrE %2 Fégu ?§ ggga?tghf%gﬁ SO
| ayer about 22@eﬁﬁ¥¢naPHlEkﬂ§s§h¢eﬁﬁFﬁéé eKYERE daPstmalantasdonen

impl antation and heaf theatnepl éﬁb@dﬁﬁ@ﬂ@cbﬁdt%Bbﬁ%GH%HE|XnU@Q%&o&he sane
conditions as in the second exanple. The | ayer "and BOX | ayer finally

obt ai ned were 3BOUE 4BOFhrafd 2 éeﬁnFQWP ﬁtﬁﬁﬁcﬁﬁés§r°F§§6§étF@QW? 1¥he
qual ity of therB§X hayeuSaoihbhﬁa$aypbe6whhuﬁlabtaeped Bas se¥akmatednand

conpar ed.. Besi des t he_.sanpl bove three | es, so eval uat ed
me?g a ggnple g?e S%Bﬁ%%%?l ngﬁ égﬁpig Y5Foduced® h?g§8h§9h§%5r85é§§es 25
shown in Fig. laped assaepbeedf aAcenpueati ve eridmplévpigdddedolleotigh t he
processes Sho“@m%@eFigge} ﬁycghéhﬁﬁkEhﬁa9X¥Qe sbB”bepkﬂetQEhBOaﬁnnunt was

6 x 101' cm?2 e sane anount | antat1 on anpunt
of the exanple%uﬁé%%?ﬂphbytoatﬁéM9¥e§EﬁPCBGIPnPéHFP6nanTﬁ@IpﬂﬁHGFe3déP€cts

in the BOX |aY§rBMEFEa?¥ﬁ|maigdeYméBeb90§E§&yﬂh§tBWQaﬁE&BQd wher ei n: each
of the npl es,was_a [an ed,.so a sur ubstrate
touched n eIeiTPg?9%a égﬂtépnfhﬁ ESﬂﬁe% PBfS §§ 4Rd tfe go?? mPduff ace of
t he substrate heathedeatrabhhodeByahdianmaenbdd, wasopl abedsienet béfects as
electrolyte; t1Pr0:cCORPELiRLAt € PALLLEDS WBLE RS LR QLMQQ the top
embodiment are expected to show.
It has to be noted that, in the first to third
\ 25 embodiments of the present invention shown in Figs. 2 to
4, respectively, it is acceptable to form an oxide layer
on the surface of a silicon substrate prior to the first
oxygen ion implantation and to remove the oxide layer
using a solvent as described above after the first oxygen
30 ion implantation or the first high temperature heat
treatment immediately thereafter. 1In order that the
oxlide layer formed on the substrate surface is not erased
by the sputtering during the oxygen ion implantation in
the above case, it is desirable to form the oxide layer
35 in a thickness of 30 nm or more. In order to obtain the
SO0I layer after the high temperature heat treatment, on
the other hand, it is necessary to restrict the thickness



- 20 surface of the substrate inmedi ately above the portions where

pi nhol es existed in the BOX | ayer, by applying to the anode and cat hode a
l ow vol t age of about 10 V which would not destroy the BOX | ayer; and the
density of the 5 pinholes in the BOX | ayers was eval uated by counting the
nunber of the copper plated portions. Frgl35-shows the pinhole density in
each of the sanples of the conventional exanple, the first to third

exanpl es of the present arative exanple. It was 10

nventi.o nd the co
made clear th& S§ tsﬁlé?g&%‘?ploé‘&c{]?f altari’eerfitr%t G 1hit S ipl ¥ and t he
conpar ati ve examyest.t he pinhole density was reduced to about one fifth
that of the sanple _@f the conventi.onal examl e, and.that the nunber of
pi nhol es decreased Tg‘se tfji:l}é:sfco?cé:] DCM te“g?o‘ﬂ%%e gfygoe%tl IRfi3E 1 on 15
i ncreased. | niswesgssinorshdwre ibr dakpow? eded riredpedtdivadlyt heaBOX | ayer of
each sanpl e | ya er.el n: S - ch. s
di vi dedn'alﬁ)nt oV\%?a(g ?\ :f%ﬁe lsé 5&%%@%%%3? ﬂ%}nogroarlpﬁ%%lna te'a{e?(?hgl}“n gﬁz;rﬁ%ee%ér,]\?‘i%d
el ectrode was thdiceed 2G-ode It hédutoy heurtfeanet aff wemdvalf ahetheci@bnkaysr
vacuum deposi tion;e ah AbddduBites ffded o0 e hatdomsudace of each

sanpl e substrate as the other el ectrode by vacuum deposition; and the

br eakdown el edEMRERtAIIE dfeathd B MeftefMataP e\ EIRAARE BF AN Yidy e
vol tage to thgoAl 1258l edd0drs A ddie AU, eliedd afde rdhe- botdeom surface
of each, substrate, thus i nposi n% m el eafptéf'qiéa[' el d on the BOX Ia%?er and
rreasuriln(g t he VO @aG® 94 dwithd At Ah&' iahd S INH AW 19 41 £ X
strength was qaltwnaf eslrdyasib Vi €ld ngo t tiee vokyage Loposedlenthetibnel estrodes
by the 30 thickness of, the .BOX | ayer.. Fig.. 6 .sho t.he breakdown el ectric
field of the BORIAVE iS5 dach 'of t he sdae(rlﬁ)llrea}sbsjb? V@haet gto}h?/gth?tr% 2 S e,
the first to tdeintd efamileesvarfhache fcoipardll vieayexampt ethd tsusfatearf in t he
figure that, i ; : i rs i |

thd N8 15 esS.LrF%]leé %ecw):ﬁtécl & 1@ Adigd rﬁﬁ@émz?soré&? to

breakdown electric field of t ayer 1s higher than that _ 1n the
convent}dnal &effie the sfdeTtsund Jie Pt i gy, attht30G pm - 21

the sanpl e of drhe «a@mar alrder el rodedsod tinyde s dosi ng anount
as in the first, to third exar?l q:sr{ t he di el .etctri c bre,ab dov;p g{:aracteri stic
e

of the BOX | ayer® 3RS 35 el i or a6 1t et sE Y S Ridhtiithal 5
exanpl e. Thi s fiisgirles Wikt iyn dre GQIs € ayeer numtrery afesiheedidhicdmesd anpsta n
t he BOX | ayer | I JRP1 1 creasi t INg ALk he
oxygen ions aﬁgﬁ%ggég ?ngﬁdct 12:yft ﬁdedﬂérr%aﬁlalé{(}gmsﬁel%gtlr% %%Il&'g ecreggshelﬁ{ 4

contrard0to eXFe@catiovn letdimgy the sl avee dbiaRBEaT, d¥f ects eval uat ed
in terms of etagpdidrildtdile PtdAnemPiprrdssamiEitidnd.s clear fromthe

figure that, in the sanples of the first tq third exanples, the defect
density is kept at %é‘r@arlerlsetvéio & t%?%%%ﬂfé’htﬁ It%é%(é?ﬁﬁ%mdespi te
the fact 15 t hatventeynursdernaenin addjs. dnado iOn regdearttiatdlon. tHe figure

al so shows th%xa i Q]ef scahrg)lgﬂmpf & g@@;ﬁ%}ﬂﬁwéﬁﬁ%q}%ec tgbe

11’1gt 1%}@
sanme anmount of” oXygen 1 ons as 1n the sanp exanpl es

was i nptant ed tihe ciehstlep defipadent st brapkdsfrel afdisia f igfld nds@o
forth, as the thickness of the BOX layer increases. The
extent of the quality improvement becomes greater as the
total of the dosing amounts at the second and subseguent
oxygen ion implantation processes increases and, to
30 obtain tangible improvement effects with respect to these
quality aspects of the BOX layer, it is desirable that
the total of the dosing amounts at the second and
subsequent oxygen ion implantation processes is at least
0.1 x 107 cm™® or more, more preferably, 0.5 x 10' cm™® or
35 more.
With regard to an apparatus used for applying the

oxygen ion implantation according to the present



20 layer is higher by nore than 10% which indicates that the danmage

i ncreases as the anmount of the inplanted ions increases. This result can be
interpreted as follows: in the first to third exanples, the oxygen ions
were inplanted at the second oxygen ion inplantation in the 25 | ower side
of the BOX layer fornmed through the first “fleat treatnent and, for this
reason, nost of the damage generated at the second inplantation was

|ntroduced to t e si de X Lka

consequence, e |n ?%gncgﬁ Q@%%g%?u o%%a??%%bgﬁbgg éoigﬁ PP ?orned SO
| ayer was al | e:/amlebe @ﬁm%ﬁer@tme avpyenr esust By aPpﬂ-ElEBeérVPﬂaéﬂgel n
the first to tdyd dtl%%@%ﬁ?aﬁ@fﬁ%d’cﬁémt9n£89ap§§§§88n'W?QE' ‘EHroE ﬁ the

i ncrease of the defects In |l ayer 1's suppressed in spit
increase in thHIG53RRN 30/ B@ﬁ¥%p$éﬁt%?l6Re%h%h%treﬁhrkét%ﬁéstﬁﬁckﬁeé%sof

the BOX bayer {ypd NCI&@SEAp1iMeiMgMREEhO48, P aRO! es in the BOX Iayer IS
decreased and the bhreakdown el ectric f|elg is ra g ared with
t he conventi onal e%%h%here$%ﬁﬂsY?|%?eA®%P %Eb???t? Aéh?sféﬁﬁFaPﬁe €8bove,

t he present iMm‘ntimﬂamk&slénlinpbbéllbi”edud:ﬂlbhlEOprﬂhiHCSIIMOXOéuBsSi”W
Substrate. 10 SRR A, O QAL LY RO L ugLs hooeLLhLekRestohs hearher

t han t hat of a roduced a conven
applying to a.EQWKﬁO%@bB@mQQeap¢odhneddbyseownnveﬂewewar meb&od addltlona

oxygen 1@ '”p'c?&ﬁ@i{fé‘néoof hesetﬁfrgea&ggé{utwa oh EQE dEsbh! QJF'&'HQ

i npl anted oxygen 1s located at t orti ower e Interface etmeen
t he BOX | ayer %ﬁ?%ﬁﬁ@f¥bwn%6“hh%dtﬁ@ %ﬁ%%@r@ﬁethﬁel@Unéeﬁeaﬁéngeheﬁnda hi gh

tenperature heale té&BMons of £ §6ALMBIda AiaBIB04o0E BFOHYGHNEo8e SI MOX

substrate wherein a buried oxide |ayer and a, surface silicon |ayer are
forned by appl§4W@FtWﬁ@F%p?%%t%??b%go?m%%QBehs|e%%g?ﬁ EhgnthP%%nsgﬂﬁgtrate
and a hi gh teneses uigy heataprebédent rbhetraf perposbasacigptraednythéor mi ng

L DU ot g5 | gL i puoh aPRLYLngs 2,1 oy (SRRECEL Wigplent T eat o
i npl ant ati on sdeféatst Hergrlafown electric field, and so forth, however,
greater effects are expected when the present invention
is applied to the cases where the conditions of the low
dose range are used and much improvement in the quality
20 is required. It is also acceptable to divide each of the
first oxygen ion implantation and the second and
subsequent oxygen ion implantation into two or more
steps. For the purpose of reducing the crystal defects
in the SOI layer, it is desirable that the temperature of
25 the substrate at least during the first oxygen ion
implantation is 500 to 600°C or so.

With regard to an apparatus used for a high
temperature heat treatment, there is no specific
restriction as long as the apparatus is capable of

30 carrying out a heat treatment at a desired temperature
for a desired period of time. Typically, a high
temperature heat treatment furnace can be named as a
desirable apparatus for the purpose. A lamp anneal
furnace can also be applied, as long as it satisfies

35 required performances in terms of treatment temperature,
time, etc. The conditions of a heat treatment furnace
other than the treatment temperature and time, such as



10 position of the distribution of inplanted oxygen is |ocated at a portion
| ower than the interface between the buried oxide |ayer, already forned,
and the substrate ' thereunder; and then applying anot her high tenperature
heat treatment. 15 2. A nethod of producing,a SIMOX substrate wherein a
buri ed oxide layer and a surface silicon layer are formed by applying the

i npl antation of oxygen ions in a silicon substrate and a high tenperature

heat treat nent cthla%rg@@etgt erémp%%rt@%erlh-?ee@l% M R Jihe purdd i de20
| ayer through app nper at ure Heat treat nent after an oxygen

i on |nplantat|éﬁrt¥héﬁeaﬁﬁFylﬁﬁ”&ﬁda§@QHhﬂﬁﬂa%H®géW@<ﬁ? § MR i%Bn so
that the dosi ngoamuat mafy totéecmutdteraalmoxy@ﬁmm ma;rlerrma;ﬁsatl on does not
exceed the total do% ng anoun% the O%%%F 1 0ons gp nt.ed earller and
that the peak position of SCh& i $tr|ht?utcl 15t SHp © ntae l@i&/&@ﬁ"ﬁ‘?al J¢4t ed
at a port%on | beert tmaatmb@tlnuerhac@ebetweé@,tH@rbuemm&ung(hthQamage

al ready forned t S r not her

hi gh tenperaturg%%ggtg&rgggnént q§%ﬁ§n%§Qq aﬁgdf&%%g 3C qg§ﬁhcu
substrat e wher gbalatiyusiodd sct>r|u@¢u|r@yertoar¢d>naiumrfté@ehaaltu mat;wmt arte a
formed by appl yipget-3e yir@Plantakiodr cofb OMMIRR A YT 12 13,5t ‘?r%lzﬂl?ﬁj”at?
and a high tenperature heat treéatment ther after, characterlze form ng
the buried oxi 813% PéyéﬂlﬂHP@uthﬁﬁEWFﬁngtéehmﬁﬁttéﬁﬁ@ﬁéﬁﬁﬁe heat

treat mento af t ek eAPe@bygLe i1@N nlortpllahtleteldo '1»0 RN 23RRIY ithehy Addid | onal
oxygen ion inplantation so that, P%F celeratin enerqy formerly
applied to thef8%¥¢§en ﬁoﬁopnﬁﬁéﬁﬂéﬁpﬁnQFEQﬁ & fe e 180 MM HAE T H5Se &rto

t he add|t|onalanxygmospherenpbammamum@ andnbhatahhenmeaE[mxygemnm&muihe

di stribution of | ant ed xy9en i S d at ortl . than the
interface betweent % EFP% g idé Fng% alreég %F%ﬁ§?& aﬁﬁ € substrate
t her eunder ; andtmbéphapplpﬁnqh@n@ﬁhérthﬁ@hﬂ@@ﬁpématmEQOWeww tuheatdmpatge . 4. A
met hod of prod%wage@ SEMOX syl t&%fc%s\g’%%&q 8 Bued g e Tayer and a
surface S|I|con I'ayer ‘are formed by appl i i mpl ant ati on of oxygen
ions in a sili@SAOSEHSEEEY e 2RAd 23 ﬁ#@ﬁlﬂé@ﬂe@éﬂﬁﬁ@hﬁéétJﬁtéQ#ﬁEnt

thereafter, chaeaeberabzed bwrgber, mnﬂ&rto@ent)uralned toel de xleakle tldfe@ygh
appl ying a high tenpgrature heat .tr tnent % after an _oxygen .ion

i mpl ant ation; tREACEPPLYI A§ & ad&FFloﬁ§F oxy Q&R VESH ifipltEnt &t on so t hat
the dosi ng anporteskathéyaddmtitedalcoxpgen |@mrKMpkaneamu@m deaperatuexceed
the tot dosi y n i er h
accelergtlng e%grqu#R% Ee%q§8%¥ %%? E %the gxgﬁgﬁ%%%ﬁnﬁ a%ﬁ%t%o%hls
di fferent fronﬁ?ﬁ@?raﬁﬁFﬁeéeﬁé ﬁh@aéﬂﬁmﬁlonal oxygen ion |nplantat|on and
that the peak position of the distribution of inplanted oxygen is |ocated
at a portion Iomer han the interface between. the buried oxide |ayer,

al ready forned, EX3BPARd the substrate t her eunder; and then appl yi ng anot her
hi gh tenperature hea&kampéasnmedt the. pﬁememhodnabnmuodue&egeap$bNEMdsubstrate
hner oD A pa R @ae,| BUSEAONT SRl ELRRRAT I SA0.iBNEY 308 LRTRI R
appl yi ng the |onanta tion of Co i ons 6N substrate and a
hi gh tenperatuig Eesas. tﬁeépnént thereafter characterlzed by: form ng the

buried oxide |ayer bQ&@Eth%RB|%b@% %m@ﬂ%ﬁtb@”&%r%h@r%uQ%%Eet%%abnﬁpheafter
an oxygen ion |nBIantat|on then partially renoving the surface of

surface silicohlPlyeflafFeadyupstmeges at” an accelérating voltage of

180 KV and up to an implantation amount of 4 x 107 cm™,

30 according to the processes shown in Fig. 1. The
temperature of the substrates during the ion implantation
was set at 600°C for the purpose of maintaining their
crystallinity. Then, the substrates were discharged from
the ion implantation apparatus and subjected to a heat

35 treatment at a temperature of 1,300°C or higher for 6 h.
in a heat treatment furnace to form the SIMOX structure.

The heat treatment was conducted in an atmosphere of



35 then applying an additional oxygen ion inplantation so that the peak
position of the distribution of inplanted oxygen is |ocated at a portion
lower than the interface - 25 between the buried oxide |ayer, already
fornmed, and the substrate thereunder; and then applying another high
tenperature heat treatnent. 6. A nethod-ofl8producing a S| MOX substrate
wherein 5 a buried oxide |ayer and a surface silicon layer are forned by

applying the inplantation of ox%gen ions_in a silicon substrate and a high
f enper at ure heHIRT dReihtWiHerEafeeror it ereseeehy: Toe nf WEUEHE Buri ed

oxi de layer t Qlfﬁ)ltg'rb _fmm%zﬁgt@ J\igd_fhaltﬁgazel r B 3 etkk@ﬁfuf:ﬁ@@é §iT1 f 10haf t erfan
oxygen ion inplantation; then partially r ving the surface of the surface
silicon Iayer%ﬂ%&ﬁﬁﬁf%lﬂ%ﬂﬁﬁe{%ﬁﬁﬁ%&ngT %Rﬁéﬁﬁﬁ¥Yo%%%'oﬁﬁg%nr?%$ft’

i npl antation sthe fE0I tley dosiensanedntowdhlhed atidut i omath bodygess j cand

i mpl ant ation dges 4t Jte%get%e%‘%]?é ot alydosing amount of 15 the oxygen ions

i npl anted earlier and . eak position of the distribution of
i mpl ant ed oxygen i st dgut efdizat eporplomdametinganotblee i Hiiest ace bet ween

the buried oxigg,dayent gihfeaﬁié/ 08 Sk, Prﬂfiex’i@f‘oﬁué’%%ﬁtfntﬁ eunder; and

t hen appl yi ng anot her hi tenperature 20 heat treatnent. 7. met hod of
produci ng a SIaiPes R late Rhek e PECIRFIRY DHQWR 1RyBEd ank athir f ace

silicon layer aigsdiEddy appyeddide 1K@ 26nt atheha 9f a QXYW edbp LB a
silicon_substrate and a high t\gtgferat%re heat treatnment 25 thereafter,

char act £¥ i zed BFE AT hFThe® B L OFALTARET tPF IR 29I ying a hi gh

t enper at ure heaipldareadiis mifdess anaOXyPedcd et APl wat vd 1 vage tdere parkv al |y
renovi ng the surC{ ace oCI a{[nheir?%fn caetsi | i conurlltaye% %I reﬂgy f ormed,,, t hen

appl yi ng an addit i'Bna1® & g T HR T T At it bh %o 30°that The actaferati ng
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thickness, and the BOX layer 130 nm.

In the second example according to the second

25 embodiment of the present invention shown in Fig. 3,
after completing the processes shown in Fig. 1, the
surface of an SOI layer was etched with a mixed solution
of hydrofluoric acid and nitrous acid up to a depth of
about 120 nm to obtain an SOI layer roughly 200 nm in

30 thickness. Then, the substrate was charged into the ion
implantation apparatus once again and subjected to an
oxygen ion implantation process at an accelerating
voltage of 190 kV and up to an implantation amount of 2 x
107 cm™®. The temperature of. the substrate during the

35 ion implantation was set, as in the first implantation,
at 600°C. Then, the substrate was discharged from the

ion implantation apparatus and subjected to a heat
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conditions as in the second example. The SOI layer and
BOX layer finally obtained were about 160 nm and 130 nm
20 in thickness, respectively.

The quality of the BOX layers of the samples thus
obtained was evaluated and compared. Besides the samples
of the above three examples, alsc evaluated were a sample
of a conventional example produced through the processes

25 shown in Fig. 1 and a sample of a comparative example
produced through the processes shown in Fig. 1 such that
the oxygen ion implantation amount was 6 x 10 cm™
which was the same amount as the total implantation
amount of the examples according to the present

30 invention.

The pinhole defects in the BOX layer were evaluated
by the copper plating method, wherein: each of the
samples was arranged so that only the top surface of the
substrate touched an electrolyte containing copper ions

35 and the bottom surface of the substrate touched a
cathode, and an anode was placed in the electrolyte;

then, copper plated portions were made to form on the top
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conventional example, the first to third examples of the
present invention and the comparative example. It was
10 made clear that, in the samples of the first to third
examples and the comparative example, the pinhole density
was reduced to about one fifth that of the sample of the
conventional example, and that the number of pinholes
decreased as the total amount of the oxygen implantation
15 increased.

In succession, the breakdown electric field of the
BOX layer of each sample was evaluated, wherein: the SOI
layer of each sample was divided into sections 1 mm® each
by lithography and etching and an Al electrode was formed

20 on the top surface of each of the sections by vacuum
deposition; an Au film was formed on the bottom surface
of each sample substrate as the other electrode by vacuum
deposition; and the breakdown electric field of the BOX
layer was evaluated by applying a voltage to the Al

25 electrodes and the Au electrode on the bottom surface of
each substrate, thus imposing an electric field on the
BOX layer, and measuring the current flowing at the time.
Here, the electric field strength was calculated by
dividing the voltage imposed on both electrodes by the

30 thickness of the BOX layer.

Fig. 6 shows the breakdown electric field of the BOX
layer in each of the samples of the conventional example,
the first to third examples and the comparative example.
It is clear in the figure that, in the samples of the

35 first to third examples, the breakdown electric field of
the BOX layer is higher than that in the conventional

example. It was found out, on the other hand, that, in
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clear from the figure that, in the samples of the first
) to third examples, the defect density is kept at the same
level as in the conventional example, despite the fact
15 that they underwent additional ion implantation. The
figure also shows that, in the sample of the comparative
example, to which the same amount of oxygen ions as in
the samples of the first to third examples was implanted
in one step, in contrast, the defect density of the SOI
20 layer is higher by more than 10%, which indicates that
the damage increases as the amount of the implanted ions
increases. This result can be interpreted as follows: in
the first to third examples, the oxygen ions were
implanted at the second oxygen ion implantation in the
25 lower side of the BOX layer formed through the first heat
treatment and, for this reason, most of the damage
generated at the second implantation was introduced to
the inside or the lower side of the BOX layer and, as a
consequence, the influence of defect formation on the
30 finally formed SOI layer was alleviated.

Summarizing the above results, it is clear that, in
the first to third examples according to the present
invention, the increase of the defects in the S0I layer
is suppressed in spite of the increase in the oxygen ion

35 implantation amount, while the thickness of the BOX layer
is increased, the number of pinholes in the BOX layer is

decreased and the breakdown electric field is raised,
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5 it possible, in the production of a SIMOX substrate, to

obtain a high quality BOX layer whose thickness is
heavier than that of a SIMOX substrate produced by a
conventional method, by applying to a SIMOX substrate
produced by a conventional method additional oxygen

10 implantation so that the peak position of the
distribution of implanted oxygen is located at the
portion lower than the interface between the BOX layer
already formed and the substrate thereunder and, then, a
high temperature heat treatment.
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formed by applying the implantation of oxygen ions in a
5 silicon substrate and a high temperature heat treatment
thereafter, characterized by: forming the buried oxide
layer through applying a high temperature heat treatment
after an oxygen ion implantation; then applying an
additional oxygen ion implantation so that the peak

10 position of the distribution of implanted oxygen is
located at a portion lower than the interface between the
buried oxide layer, already formed, and the substrate
thereunder; and then applying another high temperature
heat treatment.

15 2. A method of producing a SIMOX substrate wherein
a buried oxide layer and a surface silicon layer are
formed by applying the implantation of oxygen ions in a
silicon substrate and a high temperature heat treatment
thereafter, characterized by: forming the buried oxide

20 layer through applying a high temperature heat treatment
after an oxygen ion implantation; then applying an
additional oxygen ion implantation so that the dosing
amount of the additional oxygen ion implantation does not
exceed the total dosing amount of the oxygen ions

25 implanted earlier and that the peak position of the
distribution of implanted oxygen is located at a portion
lower than the interface between the buried oxide layer,
already formed, and the substrate thereunder; and then
applying another high temperature heat treatment.

30 3. A method of producing a SIMOX substrate wherein
a buried oxide layer and a surface silicon layer are
formed by applying the implantation of oxygen ions in a
silicon substrate and a high temperature heat treatment
thereafter, characterized by: forming the buried oxide

35 layer through applying a high temperature heat treatment
after an oxygen ion implantation; then applying an

additional oxygen ion implantation so that the
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4. A method of producing a SIMOX substrate wherein

10 a buried oxide layer and a surface silicon layer are
formed by applying the implantation of oxygen ions in a
silicon substrate and a high temperature heat treatment
thereafter, characterized by: forming the buried oxide
layer through applying a high temperature heat treatment

15 after an oxygen ion implantation; then applying an
additional oxygen ion implantation so that the dosing
amount of the additional oxygen ion implantation does not
exceed the total dosing amount of the oxygen ions
implanted earlier, that the accelerating energy formerly

20 applied to the oxygen ion implantation is different from
that applied to the additional oxygen ion implantation
and that the peak position of the distribution of
implanted oxygen is located at a portion lower than the
interface between the buried oxide layer, already formed,

25 and the substrate thereunder; and then applying another
high temperature heat treatment.

5. A method of producing a SIMOX substrate wherein
a buried oxide layer and a surface silicon layer are
formed by applying the implantation of oxygen ions in a

30 silicon substrate and a high temperature heat treatment
thereafter, characterized by: forming the buried oxide
layer through applying a high temperature heat treatment
after an oxygen ion implantation; then partially removing
the surface of the surface silicon layer already formed;

35 then applying an additional oxygen ion implantation so
that the peak position of the distribution of implanted
oxygen is located at a portion lower than the interface
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Q- A method of producing a SIMOX substrate wherein

5 a buried oxide layer and a surface silicon layer are
formed by applying the implantation of oxygen ions in a
silicon substrate and a high temperature heat treatment
thereafter, characterized by: forming the buried oxide
layer through applying a high temperature heat treatment

10 after an oxygen ion implantation; then partially removing
the surface of the surface silicon layer already formed;
then applying an additional oxygen ion implantation so
that the dosing amount of the additional oxygen ion
implantation does not exceed the total dosing amount of

15 the oxygen ions implanted earlier and that the peak
position of the distribution of implanted oxygen is
located at a portion lower than the interface between the
buried oxide layer, already formed, and the substrate
thereunder; and then applying another high temperature

20 heat treatment.

7. A method of producing a SIMOX substrate wherein
a buried oxide layer and a surface silicon layer are
formed by applying the implantation of oxygen ions in a
silicon substrate and a high temperature heat treatment

25 thereafter, characterized by: forming the buried oxide
layer through applying a high temperature heat treatment
after an oxygen ion implantation; then partially removing
the surface of the surface silicon layer already formed;
then applying an additional oxygen ion implantation so

30 that the accelerating energy formerly applied to the
oxygen ion implantation is different from that applied to
the additional oxygen ion implantation and that the peak
position of the distribution of implanted oxygen is
located at a portion lower than the interface between the

35 buried oxide layer, already formed, and the substrate
thereunder; and then applying another high temperature

heat treatment.
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" Def aul t Paradﬁ&ﬁﬁ'ﬁﬁﬁqmgh applying a hlgh temperature heat treatment
after an oxygen ion implantation; then partially removing

the surface of the surface silicon layer already formed;
then applying an additional oxygen ion implantation so

10 that the dosing amount of the additional oxygen ion
implantation does not exceed the total dosing amount of
the oxygen ions implanted earlier, that the accelerating
energy formerly applied to the oxygen ion implantation is
different from that applied to the additional oxygen ion

15 implantation and that the peak position of the
distribution of implanted oxygen is located at a portion
lower than the interface between the buried oxide layer,
already formed, and the substrate thereunder; and then
applying another high temperature heat treatment.

20 9. A method of producing a SIMOX substrate
according to claim 5, characterized in that the method of
removing the surface of the surface silicon layer is any
one of etching using a reactive substance, the removal of
an oxide layer after forming it by oxidizing the silicon

i 25 at the surface of the substrate, and surface polishing.
10. A method of producing a SIMOX substrate
according to claim 6, characterized in that the method of
removing the surface of the surface silicon layer is any
one of etching using a reactive substance, the removal of

30 an oxide layer after forming it by oxidizing the silicon
at the surface of the substrate, and surface polishing.

11, A method of producing a SIMOX substrate
according to claim 7, characterized in that the method of
removing the surface of the surface silicon layer is any

35 one of etching using a reactive substance, the removal of
an oxide layer after forming it by oxidizing the silicon .

at the surface of the substrate, and surface polishing.
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12. A method of producing a SIMOX substrate
according to claim 8, characterized in that the method of
removing the surface of the surface silicon layer is any
one of etching using a reactive substance, the removal of

5 an oxide layer after forming it by oxidizing the silicon
at the surface of the substrate, and surface polishing.

13, A SIMOX substrate produced by the production
method according to any one of claims 1 to 12,
characterized in that the thickness of the surface

10 silicon layer of the SIMOX substrate is 10 to 400 nm, and
the thickness of the buried oxide layer thereocf is 60 to
250 nm.



