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/BACKGROUND OF THE I NVENTION 1. FIELD OF THE INVENTION 5 This i

related to a nethod of producing sem conductor devices and, nore
particularly, to a preferable nethod of production to foam

SIMOX substrate. 10 2. DESCRI PTION OF THE RELATED ART In ge Eummm@'

" sem conduct or substrate having a top single-crystal silicon )

device elenents are forned, and a dielectric (S02) layer in a  *166166*
single-crystal silicon substrate is callijed as SO (Silicon On Insulator)
having two produci ng methods which are 15 knovvn weII as a wafer bonding

nmet hod and an oxygen ion |lr§prq/an ation netho rmer _waf er bondi ng

met hod is that the PSBQBP&' METHOD QE(ﬁEM%QNQE%TpiB BENEEE on ot her

single-crystal silicon substrate on which an oxide filmis formed in
advance and one of two si ‘]ﬁh) rh'ﬁ"lﬂﬁ‘ es is polished to
forma thin active S|I|conrﬂikg3l/§£ﬂé ﬁFJT IS Ca T&g as SI MOX (Separation.
by | Mol anted OXyhdHELD QRHEINYENINe oxygen 20 ions (160+) are

i npl antgd into the single- crystal silicon substrate and a high tenperature

anneal processi i [ au I .

react, so that gg%é}?veg ‘%‘)‘(l‘sd{ae %d g}r |"Zet odral(rgr{aar%ﬁgm{‘%3&2\(:5?%“?#10'-3{}8‘50% éﬁ% The
t hus met hotoFrapariederiy; de amrefee@‘q methad of produptiemtoafore MOSLEL an ap SIVE*
active sil ggbemtatbayer for |l arge-scale integration lately. The SIMOX
substrate has, right after the oxygen ion inplantation, there are both 25
of conpound Si-Owith an unstable conbining state besides chem cal stable
502 i nl@ he SI MOR.DESCRIREION g THit BELAAEDAREN i on i npl antation, so that
it has been said that a heat treatnent at high tenperatures, which is
generally called as an anneal ocessing, after the |o ntation is
oqut red i n-or deln BeseRbr ognipoRit et BhviR i 05 SeleBPRBl PR e
The above phereakesicaglementsarel fdrined cand adiglebtyici(8i0)2) lpybnint asingle-costalisilicoms,

but in 30 geResdlis cdiRd al Q@I Yﬁﬁcémomﬁs%ﬂt&gﬁa\}iﬁ’@{w& %x%@&d'fﬁ%heﬂﬁd?%%sé@d

under a here contai ni ng thergi as, as an
rart Bkt el s o Wafpn Bendiak Rectbed i i, grtion;ibn FEPEREHAN CRETROE . XBE b
t hus Si l\/DXfmbsWa&r bonding method és thatdthesiagletcyystdl silioen bubsiratd iohonded ba}bﬂrer

formed undigl: feﬁyswmb}. Sl POtP (Y D@D FirR s Fe Y 9BRnbOBRd oL B L e

(dose of 1 BHENEles st SR SHow@IRsS BRUTERH 0 e adnp aciieSiican Bape nghs s
required i hitter denll¢dasf SIMOX [{BefatutioadydMplimtd O Eygdnd vin ivhi¢thkighldosepdxygen
interfgee. 10'??’5'EL6()t+ ngeﬁrﬂ an(?édsﬁlgovﬁx@t ﬁ%?ﬁscrgétflp&l?&lﬁcéuﬂara?%fﬁ thh ta%?ef&ﬁfré\' 2003

,. 2 defe i ons
is .ncreas@weaawacvﬂggr(\wﬂa tlh%POr &b@.%@fﬁkﬁ? épewgtsawne.%%e%acr SR Bty

and t he dobwiedfoxideriayerihformed in tlesidicod substster Fae s netierd Has been ddldide gé cnL,

the disl Ocﬁ%%eQ?%lréﬁfe {osfohﬂ% et?ﬁ\eﬂtl%"gh&; g&lfogﬂjaé‘xihs%me?%eélﬁﬁo B&lf' licon

layer where 'S |n ose of ions
is control |ed whml M@Xéubsa asetight affepthe gxygengjom imgplaptatiom ghare age hotian 1. 0

x | O 888 n2of ¢bnioufd SROX with ah ruﬁ@lmﬂe cthnr@ﬁgVﬁit@'be@iﬂéseéHemléhl bfaBl&KSiQWthh@Ct ric
field of t% Xrgugﬁra?%( ngﬁt eli@ﬁﬂe o%ygt%rrnr?on %rgL?tlo g gléﬁa%( ﬁiasvg]ee{\%%ldatgg

decr eased nse as a con o eap Fat An
br eakdown ’éﬂaéélleﬁnteﬂf ipk htghotemperatuses; ivdvicho is zf@ewaélyéaall%as 8n aamﬁl PFPGEssA%e | ow

di :c S Ilgg at |2 gmdil emSiohMmpmn&diﬁmt;@ peq&irled ﬁp&dbfweigm?&t dlalﬁctﬁﬁ Q@,Iee rha&mg) tan &Qrugﬂer ay
0 X | ON an |.0N clli
set ti n? t hlfef'lt(g%{g% gée?eb Hggé‘{“b%f?'&%ﬁ}?a aé“i 37" 'R 'TH tﬁﬁ d%éoé’scb‘\/oq

01 9ogenpral, Emathe3wyy imwhikhsStheebeat érqagnmrlmomsedhmbb@meata@smemaed

SI MOX Subs¢dn@difing Yhet6IR 1029 - 1 P4 O, taddédoOAE B dsQi ifibrk | :gﬁspﬁn 1,80CL 1,200 °C for
di el ectrical l%}ﬁﬁ‘-ﬁar ated by the buried oxide layer from 15 the substrate

silicon antf*f a source and a drain. Fig. 5is a schematic
crosssectional i m/krmivnahﬂl\/liﬁhd@mscﬁil\/m?é supstrate asrudue andoguhligghoftbe buried he

draw ng,_2og4érhr RrARAN:NBioSBH Afoon Jusat B CkmphyPRRNRe oRfecl' 814 im uy/ 0O
o oanoh* SRUE SR AP SShsirye dcORL op 4P don HREREmE MAEROLEoM RE (NEST | e

oxi de | ayethatotheidopd afbkypgntitves asx0jén 108¥%em? ist required in order to form the buried
oxide layer having the abrupt interface. But, there is disadvantages of producing crystal
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20 t he single-crystal silicon substrate and practicing the ann‘r §{
»Jprocessing, has follow ng di sadvantages. First, the high quali § [V)\'AL(ZODS

substrate is that the dislocation density of the top single-crystal silicon
| ayer is low and an electrically insulated state of the buried oxide |ayer
is excellent. However, since the dose of ions is defined in |low |level in
order to 25 restrain generation of the crystal defects, the thickness of
the buried oxide | ayer becone thinned down 80 - 90nm and parasitic

capaci tance between the drain and the sgbstrate silicon in an nMOS and

bet ween the drain and source and the substrate in a pMOS is larger, with
the result that there has been a weak point as an operation speed of

i nverter ideferdtinsicetor snglaspsial silispe dayenavheni thk dess obfonstie ingieaseds and de

layer is aglisesimttht feliifon 0T @HEAMUiNVcatiBs demssydd tREdd4e D€ idvk, WRdhSthE @og der

to attain shaller parasitig ¢ it e 4 n producing of. the SI MOX

subst r at e,°flr:§_’£f " %Fsspﬁ?{cgsiangﬁzﬁr?ggﬁ? Sistosptioh, e?ﬂ&c'l?nlggrfasﬁﬁ *{I\r/'ﬁec'%f}?li ed
oxi de | ayequality ofithe dog siticembiyethwhere wowice elementsfare tiermid\is ddfederesWhgn thei t h
the respl tddsBaf idfies RoRASIASRRhINIRK radgl BEveeR AlS REGM/EME afd BGEL tanal .0 x

resi stance rty of drain electric current is 3 eriqus .a h
sat ur at ed Hﬁgi}gﬁﬁéf’e‘g&rri ‘&Otca:tﬁr‘?’% ce;the FFB'IS'@[ 9h %&‘é’%‘&@’ﬁ&@&‘&?‘" g{jﬂ({ H&}}ﬁ)re,
when t he thirskdroside layer ishsmdller andithebireikdowny voltage isidédrenset. aSorsoquensipmsiae

450nm  t hegdndhig clﬁﬁﬁglgel@f KakingThé high Badak@over Oletirie TRIDSE the blREd 0:98e M@gET i's

serious (see | EEE. '~ 3 JAN 2003 .3 .| Tech. ., 1991 i

"878) and Bt ATISBEShe dowt disIaqaDlen doniste THR o vy e of 21 PefelGEE RS
descri U}ad_ etteogyeof tﬂﬁ)emﬁlka\écfonqoiadq)le_t,abteioni implahitat'rwdma_ddmcn ﬁﬁ_cticdd(hme@ttingt he

i gh qual i ik dotd GXofitBdb a0l YWBLR2LROvARY HA|, WHish00R1, Qoslspsiday. | S

| ow and th; 3 electrically 1 nsulated state of the buri'ed oxide yer is
excel | ent, ¥ that it is a weak poi nt that high-voltage devices such as

| GBBT (I nsul at ed GatMOBidpakals fanand iis ther shove-dascnibed SEMOSbsubsaite dbyodopidge t hus
SI MOX subs o ; [Wela P vy :

fabric tedﬁr{c}ﬁ’hfyhg@s)u, A gft?.% 3‘#‘2‘3"?&‘3‘%‘#’%‘@%&. d_fhg?i%’ﬂg@}‘g?g?‘sg? ol sa
substrate ﬁ?FéHBﬁ@EF COH @NQAPTENNG BN AVHG sk poHaIaNdt180 R 2 SHCIRtE CrasShas
been di ffiseotidnal izt dfai OMEIS ddéviderdesighghasvdestritgd abevd. Clathadrhwihe alspmbolol t age
devi ces ar t i al,i | MRS RY OF
THE | NVENTT éﬁgﬁgmggggrggea?gn@%p R;ﬂg?%;%‘c};gﬁf %S%Aégéconvgﬁfﬁ%%ﬁhﬁa sylbbf*

di sadvant ayBR, meass Sbe appied; keltage.o MOS-typs, E81 ipsedugeds by pnaiepdeg the SEMPY |

p ][ o¥i de t haubseedtéochedd formedhereinghé bericksiidongechyimplaingake orypehliens into

of _forggn 1. e : n e i he, | Nyar
SeEond‘mob?tg%[} ﬁggee".wﬁf‘g'ﬁ%lie‘%'rg‘ﬁ’g?%@.%g ’ﬁ‘g‘%ﬁﬁ Lh%da @P Qpﬁggtfgl%g’gh%sh%ﬁowg

seni conducditAdveddgsees capabl e of restraining the drain electric current
from ?ec&easi Ng Hitst, 2R high qﬂﬂ@?tﬁrbé@)fkmtrﬁﬂedgkhat e diflagaion déngtyt dfi theltapbj ect
is intende [ : c ces
capabl e ofsq?%%%gﬁtéygﬂﬁo%g 98'2& lggisa@a?/‘fﬁg‘qﬁ%l&gfr" é‘ﬂ? ‘egﬁ’géiggﬂ‘%%‘g{eﬁ g°§‘\éds°

t oget her odayarHe esegtent ubewevaresingththerdose of dons igslefined mwloyoleavelgia erder tes

; {J/ ch gzast KQSL&_&T% @énﬁtml df tA cbtal H&Bﬁ?ﬁﬁé lﬂi{(g_d}leé’é otatllgg Blried oﬁat@ |ldyﬁ£| buda,hﬁegge_ of
an €, Nl -VO Jesdevi ces sucn as | , Ol a S -gat e design
type or ZngBg‘li{lg?wa@a'ng(g'f"? §8&P§ra?f®°t°%¥‘%‘fechel\%@ gﬁp‘irﬁﬁ'}eﬁmﬁ ¢ 3g%sttrlag’qui r ed
over an applicoadn\an aMES yid ppween thegdrpinendrsgbice anddhe sulstratei vk eMODfS t he
buried oXilgget, MY the Seshiltitiaf eEesIhds bekh 8 \Wedk pbiNEaPRES AN sHOREST ifferieh B

inverter but is thinned in view of heat resistance, or a decrease of the

drain el ec eﬂe@seé’urrent and a suppression of a short-channel effect of
MOSFET0 As 30 t Hscenst, mben dlie thiokoessiof the\isied anxidedayhrds adjusted tockssingteasadng t he

fooves ﬂgni‘fﬁ’ﬁéa?ﬁ Hhc 3Ble OF BV dract o ahdlf sBAS MaasldReAPIciffcd B prétulificc | O
00 The b AT RS SO B e, iy Frisiades i 2 rpe o a1 ahe Foskapts ot (RN ider

cor r espondayxy i inceeasdd anduhe empechtute af thealevich @oekanp, eath tberashie tak Meye has
substrate. r i i i rease
bebh Sk Pofits BAF Y.@%atngg ra.féctrfilaﬁ ﬁgﬁﬁﬂ&@gﬁ?ﬁl‘w lof lQredl RlebftfR ééreqfe%

of the operation e resuft rom-t arasi tic” capacitanc nd t he
decr ea®e c?F“?‘i‘Fea"éirtE?tﬁa@F"éE‘f dratn f‘c!%ﬁ"i‘%ﬁ‘!"%gt‘ﬂ‘é’eﬁéﬁatqf%g“é%& -r?‘t&emm’
resi st ancewhnl the deckess sfuthp basied dxidéhayer is definedas fotesamgplect5Ohing therechasnt
I nventi on,pegh RCKedk Pt Bfit PIhdR-ChaNR] eFEctPASRRSSFES ff serious (see IEEE 1991



13 JA N 2003 4 different breakdown electric fields in responsﬁgtzug&¥2@ﬁa
+having different breakdown voltages and corresponding to the

on the SIMOX substrate in order to be able to formall of plural devices
havi ng di fferent breakdown voltages on the same substrate, mniaturization
of the device and a great decrease of the device cost will be 5 achieved.
BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a schematic diagram of the
produci ng process of the device by 10 controlling the thickness of the

buri ed oxide | ayer corresponding to eackh source and drain of the device
according to the enbodi nent of the present invention; Fig. 2 is a schematic

di agr am of the&%rcodupi n&P[i)rocess of the device gé controlling the thickness
of the burlEEMohecheDigay®P1 dpr F2% fifi$dliand prasuetien albsmalbsizeth ORI ES Pecoment

br eakdown #¢fidutges according to the enbodi nent of the present invention; 15
Fig. 3 is a corrglative charf of the thickness of.the buried_ axide |ayer
and the pr opagat'ﬁBﬁ-’ a%ﬁ%ﬁgnﬁ?%qu, eqc_%’f',ﬁe I?—qyﬁf ’s4tﬂ|"§°‘§d8?ﬂ’ r8§I' MeMchart
of the dr athe highl quag'ty_ SaIMDXh_ebsiram m whielr thej axystal_rdisind:atf!on dmﬁﬂ';low?iagd the is a
of the i St eABAEMART el It EburRRIEL a2 if bk it & BaCPIG £l YinEnart
oxi e 1 ayehit hepwalHecsiises Sichiss (HT GRS otn Bl Fasel) fagphot be

si ngl e- cr ylbrtated bn dlomn tHuayWIMOA solbstratei gOonsequentiyy thechighivoltage alevisepbaes;

Fig. 7 15S Geeh PRl ohSthe RAstraihal i@ 1R L bATkd SHRELFEAEAnERET sistrate
[ ayer in e. cas ini,ng.the

i ncreased thickness, of the buried, oXid .th f  def
oxi dati on BPMEFEABY Thswater Bending methad pad sa G af thed it BES GuiauUtRas oL |
t he hi Hh- tthaphéghataltage aevides amh ther loeeadtaga devibesgare ormseda tagethee loatthe digbhar t

of the inc \‘%ﬁﬁ’aﬁ Mk ckhgss of the buried oxide |ayer to the oxygen parti al
pressure i(;u t he MQh-terrp%i ature oxi dation process. DETAI LED DESCRI PTI ON OF

THE PREFERRED EMBODI MENTS) 30 The present invention attains the objects by

recogni zi ng two phenonmena oSUMMARYOF, THE INVENTION that a buried oxide
| ayer is preparedly formed in a SIMOX substrate therein through an anneal
processing after_an_oxygen ion inplantation, one phenonmenon of a thickness

i ncreae of a bJronsidenng dhe pfoyementjongdneapnentionab disadiaptagss, d bissH of gt nent
35 of the @kddX inuligionatr dn@nddie tof [fst, pirevideethen nidthad nefnpgsdacing die t he

buri ed oxi s%ﬁiéo%ﬁ&opéfew)i’&@ chbabi %fﬁptﬁ{n@ttﬂé geﬂéés%tl{%@ﬁ‘r]%Erﬁa&ﬁﬂfon%féd‘& Sl MOX
substrate after tTormng preparedl-y an~-oxidatron shie mask on a_ top
si l'i con | aperinygrierhe Sepqndxobigefs is stendednto provigley g stiwds of gierucingn thenat |
i n the S| MeMicondaétondeviced cigablkdfessiraiting the di£ip ektiricROfrentdyo decreadg bym and
a thi C%n_est e % athQ'Q el%lt!{ri %Freg?ga ge.l ?)43 k ii‘cfotsg tngnt?vﬁﬁﬁ 10 kiﬁpn& tﬂ: %oﬁf’j@fs’[ rate
IS practiced l% an oxi (_fa Ion trea rren‘f 0 ?our ours fn an oxygen
at mospher ePragucing the\gemigoadygtordeviges sapablespf foraing hef devicesdwpving different
phenomenorbredkddtvhClolfafes tdpbitikn 6f Ihefsaihb aubstiate; dwitish dge Thd aspl 1bw-volisgecased
to 118 nm cie%ic[e? glpcﬂqls ﬁSSFé:P aF gisag-altighnety{)ee %Sfo%& gteabgﬂtdanog(pipﬂgé iv&?ag% io?‘gv
and the high-voltage devices such as IGBT, MOSFET of a stack-gate design type or
25  MOSFET of an offset-gate type which are employed in use required over an applied
voltage of 5V.
It is preferable that the thickness of the buried oxide layer is thickened in view of
the operation speed of the inverter but is thinned in view of heat resistance, or a decrease
of the drain electric current and a suppression of a short-channel effect of MOSFET. As
30 the method of producing MOS semiconductor devices meeting the above-mentioned
antithetic condition, the present invention is intended to form the MOS devices on
thickened part of the buried oxide layer by means of the high-temperature oxidation
treatment after forming mask-pattern corresponding to each source and drain of the
devices on the SIMOX substrate. Therefore, conventional disadvantages which are the
35  decrease of the operation speed resulted from the parasitic capacitance and the decrease of
the drain electric current by the negative electrical resistance will can be suppressed. And

in further design of the present invention, since a buried oxide layer is possessed of



perirod, and surveying how the buried oxide |ayer increases in _pRopori.i
t he changed respective oxidation tenperatures under the definﬂté éﬁhé
to increase the top thermal oxide filmto about 400 nm as shown in Flg 6,
it is confirmed that the thickness of the buried oxide |ayer is increased
in proportion as the oxidation tenperature is increased. 10 The effect on

i ncreasing the thickness of the buried oxide layer is confirmed at over
1150 C. Simlarly, Fig. 7 charts a defined case when the oxidation tine
period is four hours and the 02 concentrgation is 70% In the

above-nenti oned figure t he oxi dation tenperature graduated on the

hori zont al is is dlca ed.b umeri cal val yes of. 104

reci procal dﬁ? r?'ﬁeb“é g1Vt ect"é‘h%‘épiét'ﬂrrﬁsmﬂ?ﬁjt ?‘Q?‘iﬁshat"g}gpé'lﬂgeeﬁﬂ i"‘?a%‘q%%m at

t he upper obltagee aodhaotrespoﬂdmgmeﬂw mhskephtuem_ o ¢hef SIMOE, subktentd n otdeessbef t he

buried oxi el @Y ffmi 31 IR HGAP BEYibEh RIVARP bithePlht AredidBwR IciBhCPn WTTREREL Ur €
er i e oxi da )

is increased. The huried oxi not |ncrease tion
t enper at ur SUbSTAS, C@‘"‘éﬁ‘l‘ﬂz?tf"“t‘?feth6>9%&'£? apth at §read Jssrepsgof g’ed@f"lcﬁéﬂ“a‘é" hhe

utilitabi aaclievedod, for exanple four hours, an effect on the growh in 20
t hi ckness can not be recogni zed because the i ncreased thickness is below a
detection limt. However, the thickness increase of the buried oxide |ayer

i s recogni zed about 30 RUHERESCRIBIIQN OB THE BRAWINGS goes up at 1350 C.

According to a conventional nethod, the thickness of the buried ox!de | ayer
![ Ea? tSIhlal fﬁ?ciﬁgﬁ‘? at ?s{ %a&%lgﬁﬁﬁc 8(92)151‘&1 O?Pmeh%%}i&h% ﬂr[)cc%?rl)f bﬁii@& de&%d
25 unddP t gentelling thiecshclswwf the bursd %dﬁr bmertqoegﬁmﬁtngﬁe C‘pﬂ‘rheﬁé’llf'?@@ﬂd éralq35o C

and the thlochieerasnceﬁcdohﬁngmh@zsmd@dlﬁiehtraﬂtﬁe ﬁl@§dnﬂﬁﬂeﬁ&mﬂb0m 400 nmin
accordance with ggg 2oresenctlhfl nve he temperature.condition
I t

on ref
is required at K3 %‘6“%‘{%‘%’?& ¢ pf%’f’gf’% RRE%1Y e T lcteh Y
t hi ckness icoutralling thef thickness \ofithe) bunigddexifdejayer cemespending tecthet davives having i s

the same agiffdiént BRARASWIPTE §§éd&6rd‘ir%rf§ﬂﬁ@éﬁﬁﬂimérﬁ@f@@'ﬁr@dehﬂmvé}ﬂloﬂpper limt

30 te rature shoul,d be un r t e I ting
poi nt 98 i 11 conrBad 7 et el oRdRE e Thiréhiho Sy and (€
concent r at PEpagationtdelaytimrein GYOSshEi e exercises basically an influence on
the thickness ingjgeasea ebrrélRvedsartest tRX tfth VHRE ah@ Asd draih elSdtFiY Srrdid in
experi rrentzug %ﬂggw t he increased thickness of the buried oxide 35 |ayer
accordi ng xygen partial pressure is changed on the prem se that the
oxi dati on treat nEigt S isa schematiaicrosstseftaomal vigw o MOSFET; t he tenperature

condi tiggn of 135@: C@Tstﬁrcoh@ﬁn@é‘%ﬁﬁ't o?rtﬁé%%%a'ﬁgn t@mB&Qﬂ@é ta¥d [th&9n&GbREG as
shown Fig. 8 can

there can HYC l?"&%?d"fetge B H%e‘ﬂ?’fle% @yﬁrn'"tth% gatsﬁ |°(§ 2R (%kdaf'ﬂ'?: Pé%é'quo'BB'ftb&#éab about

over the Oginglerrrystal sdicominyér fixtheahightdneperdtinclaxidasion prcessse i s extrenely few

in the 02 concenggpaty RNy Qo chﬁ@%‘fstﬁe Q&lda‘%ﬁ%‘rln rafuYe Qﬂd tthe lbd?éd%&fl ace
bet ween the_ga(rl e |de éager and .t subs e Si |co not

he
di scri mi naftiekness,of ﬁtb“f‘f' 1dg Jaer dp cqsel dFﬁ%‘“SQ 0¥ i‘fb‘éh‘(“i“ﬁtﬂeﬂﬂd 8%er
0. 5% cam efcmrﬂmuﬂsenéhm ©e iconsentrinéort dfi 70kningbe hightemparatofe dxidation Ipl'(RflssOkmdje
| ayer. Because, Pig§® 4 DfrdifiRERA} b fhe GRAGIE HIGER drtndBitadde 15 ol 1 ed

as the malrlwacto In order to use oxygen I n e at nosp eretothe
i nsi de of ROxEpIAParia) pegssure in ﬁ‘hF(E‘FﬂhdFmP%‘&E‘F" ‘c”h‘ aHORPreGess-con | ayer or a
substrate silicon layer and forma residence | anm nation of Si02 on the
buried oxide | qy&F

concenfration over f-(%l S requi re? as t'l:1e %lir\%%ﬁg?ﬁ%%%ra%ﬁ%o di ffuse
into t silicon layer. It can be naturally understood fromFig. 8 that the
t hi ckness i ncreatke m-‘esdnhmvbmtdrmﬂtamsitmwayﬂy feBoghiAifgd iwze;ﬂmebum&ﬂrwofawaen

concentr at i t ot her
hand, t he é‘éwﬁ% f'?% B o o SR i, ALEF R rord 34 3, o Mokl O
silicon | atherein th mnmhldnrmsamgueﬁgr ¥ oxygen mmnm!arwmeonep@nomneg nrr)
on whi ch aoffa tma@.essnhweasé&)tfd buled QRideTayr? by m eeRipefdtine | ookidnbisk tﬂe&tn{eaf med

is tre urs.in atrms 700 a but
5 o8 o S e BMERPBRRRIE SRt b bt
Consequent layer bynthe Heglptemraitutg oxislationti treasmenthef the (HIENE suhstrateddier ing
accordi ng &Qpﬁr@dlthﬂ dXidution ishicRVMAsK 6a o Sicé Ry&UsT 186 SBMOIE skbadtate. IGn
formed through the anneal processing treated vvlglh hi gh tenperature in the
inert gas atnosphere after conpleting an oxygen ion inplantation to the
single-crystal silicon substrate, and when the sem conductor devices are
formed on the SIMOX substrate the top single-crystal silicon |ayer
practiced in a dielectric separation by the buried oxide |ayer, the

oxi dati on Shl eId 25 mask |s preparedly forrred to rreet the speC|f|ed regl on.
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13 JAN 2~t~~ defined as between 1150 C and | ess than the nelting point
tenperature of the singlecrystal silicon, and the high tenpera‘d?qLAN 2003
oxidation treatnment may be practiced in t he oxygen gas atnmosphere
cont ai ni ng hi gher oxygen concentrations than those in the anneal
processi ng. The high-tenperature oxidation treatnment can certainly realize
the thickness 5 increase of a buried oxide |ayer by practicing in the
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WHAT IS CLAIMED 1IS: 1. A method of produci ng sem conductor devi f
t he sem conductor device on a SINCMpsubstra?e designed to fornfg%gubgghgnﬂg
oxi de layer by practicing an anneal 5 processing under an inert gas

» atnosphere at high tenperature after inplanting oxygen ions into a
single-crystal silicon substrate and to forma single-crystal silicon |ayer
(a'top silicon layer) dielectrically separated fromthe substrate silicon,
conprising the steps of formng in advance an oxidation shield mask on
correspondi ng specified regions of one & plural sem conductor devices
formed on the top silicon | ayer of the SI MOX 10 substrate growi ng partly

the buried I I es nd| ther Xce he re I ons
shi el ded bfg ?ﬁéejgcr?ﬁ%ﬁ ‘fﬁ% Bre%e% '"He" "thglﬁ) g re er‘f"&%‘f {)hﬁ dfarvg $Hhent
under an oxygen Et%§b%‘é$épmﬂé$s plgtyc@gttbe Sliﬁﬂbgt\rthﬁ SIMQKsubsgiratg ay2 a
source or atadi@pmmrsumdﬁatetm &id inGi@Rteb 8y @E pestiuting pi*(hie§§<en3d part Of the 15

b d de |
according Lo O aftte sfhlR ARSRE0 1 B BRI SER ABREE s Huti ey
nMCS; afd wﬁéreewﬂ kwrsgugpn iegintpdaritasion. Wiiedmpianiatientconditien dedefingd mhen nask

are dgf I ne?c@%r&@d%ﬂ&gﬁb@'l% k%v Aumeub&dom D1 P16 2N ITRG BT MY frh Plantd@ Vi Ces
accordl ng (0]

semc ctor dev esaedfln as a
pMOS; and \%ge&aﬁorp%g %Bg‘g#f aPS}ﬂi’@r %8 ‘Mﬂ'ﬂﬂ%@ tdBptF' gﬂ'ét ‘@gc‘g‘bt t he
speci fi ed Ztom dhgisorfacesdfi the dauitritg. tTherenae bompodretfsx@dnms:nbmstabbfcdmhmldg ain
and the sOufafehesthies $i3h BBl AT GGn SEALGRRGNCL Or devi ces to Torm fhe

sem condquct or deyj ces, on substrat e _designed to forma huried oxide
| ayer § pract i chgh Q}F%ﬂ’?ﬁ%‘d?m‘f?ﬁﬁﬂ%éss‘?'ﬁﬂ'cﬁﬁd’ém%ﬁt‘? framy a guded oxide ker & at
hi gh t enperesigned feafrh 8i02 vptharhiemixgl %blex;agsato pracieitind diekecsicrsgpaationy/cf the

silicon sula%g.ﬁwn &9& $r6mf @ @h@bnﬁfaﬂgil&n%r% nﬁ,g'thgme#fs’aeeéf Aﬂaﬁhﬁﬁhﬁgca' ly

separated f trate sili.co

2 BEb R O The,abShepmmeal bheessgers aidte
advance an Ef)? HP?Q) y dBF OKYERHOR 'BR H‘é‘ogu &, akovepmgd! r‘?ﬁ‘?sﬁ@gt‘ﬁt e ?egl on
to form | owubstrateagprodessédasienin athmspﬂew aintamng dmmimédr(gas abduert gas Hagingeadl i n

the topssi lifRM dt8%e0. 5% dzh ragly%a%%ﬂéﬁh@mhﬁﬁﬁbmﬁ 39 fi elH% t'lgl@ t@ﬁr i ed

oxi de Iayer correspon re ns except t

| e .[egi on
mask by pr a%@géﬁeﬁgpwvanecgﬁ UGG Rt |ﬂ?fé?qnch¥ qdﬁ%%r]%p%ﬁ@éhe é‘r‘i‘“ﬁ?%%n
at nospher e gasseAs a rdsult, £buded bbedes Laysit with ehemicallstable Athte0 GBdrmed by comtiimigg

hi gh-vol tag@e ﬂ@YAn‘E&F ﬁg r“b‘?ns Wei tﬁcf %nh&?x”s(i ﬁx‘éte{he‘?ﬂ:e{-f?&stoﬂ kbnfrt%ﬁ'oQEﬁ %} pthe

buri ed oxi yer orm ng a devi ces havin ferent

vol t ages t SPSEHBS alsHptal theprpdetermingd,deptbs.n The denth wéioh 31»2 byradayide lawss dés on
the thi2b fifdrmedégomivhaldyf adjistediy chatginy tidactesration énergy ofthdroxygeit ighsoduci ng

sem conduct or dem&aeﬁ&g QFedii"oﬂgeJ ® tﬁl: ﬁiu@férmed SIMOX substrate and, in the case of
the pMOS used in an inverter, the thickness of the buried oxide layer corresponding to a
source S and a drain D is selectively increased in the pMOS in the embodiment of Fig. 1
to remain the part of the buried oxide layer positioned right under a gate G in the
256  thickness in producing the SIMOX substrate.

In a process shown in the left side of Fig. 1, a mask-pattern 3 is formed on the top
of the SIMOX substrate 3 (process (1)). The mask-pattern 3 works in order to practice the
local growth of the buried oxide layer 2 corresponding to the regions of the source S and
the drain D as the specified regions to decrease the parasitic capacitance and to mask the

30 top silicon layer except the S and D from the oxidation. The mask-pattern 3 may be
formed with the general pattern forming method by thermal oxide oxidation below 1100 °
C.
The local growth of the buried oxide layer 2 corresponding to the specified
electrode S and D is practiced by the high-temperature oxidation of the substrate 1 with
35  the above-formed mask-pattern 3. This means that the substrate 1 is processed to remain
in a heat furnace under the oxidation atmosphere containing residual Ar gas having O2
concentration 70% and to practice the oxidation treatment in the state of heating up at



wherein the oxidation shield mask is forned in advance on the s
regions corresponding to specified regions of the | owvoltage dﬁ\s C.ZéN),ZU[B
the buried oxide | ayer corresponding to the | owvoltage devices after
controlling thickness of the buried oxide |ayer in response to the devices
havi ng different breakdown voltages by the high tenperature oxidation;
wherein the thickness growh is partly carried out in the buried oxide

| ayer corresponding to regions expect the regions shielded by the nask by
oxi dation treatnent under an oxygen atntksphere over 1,1s0 Cto the
substrate; and wherein at |east a source or adrainis formed in the top

silicon |a rethe dif art of the xide | ayer.
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7. A seni coHdelayer 2 gewespending &4 die trpdp Slanil sxcanﬁpamrqbrql@ddy the wSkET. 8.
A pluralitpatefn 3greweonduct or devices as claimed in claim7 being formed on
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(e.g., when mask matenal is a silicon nitride film, it is removed by phosphoric acid
solution), and the low-temperature oxidation below 1150 °C is practiced. In this case, the
top silicon layer corresponding to the regions removing from the mask 3 is primarily
20  oxidized, so that the irregularity of the surface of the substrate after the oxide film is

\J

removed in the later process (3) can be fewer.
Fig. 3 shows a correlativeness of the thickness of the buried oxide layer of
CMOS - LSI having an SOI structure and propagation-delay time. And Fig. 3 shows a
result in the case of the applied voltage 2.5V, the thickness 10 nm of the gate oxide film,
25  the gate length 2.5 pm. The propagation-delay time in CMOS - LSI has been 22ps in the
thickness 450nm of the buried oxide layer and has increased 30ps in the thickness 90nm
of the buried oxide layer and the performance has been inferior. However, in CMOS -
LSI according to the first embodiment in which the thickness of the buried oxide layer
corresponding to the source S , the drain D shown in Fig. 1 is defined as 110nm, the
30  propagation-delay time is shortened to 26ps. This means that the propagation-delay time
can be improved by the decrease of the parasitic capacitance of the source and the drain.
Fig. 4 shows a correlativeness of a drain voltage and a drain electric current in the
case of changing the gate voltage VGs to 3V, 2V and 1V. In the figure, the reference
symbol A means when the thickness of the buried oxide layer right under the MOS device
35  is uniformly defined as t=110nm, the reference symbol B means when, in the MOS device
formed by the first embodiment, the thickness of the buried oxide layer right under the
source and drain is defined as t=110nm and the thickness of the buried oxide layer right
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under the gate is defined as t=90nm, and the reference symbol C means t=450nm in the
conventional method. In the example C according to the conventional method, saturated
drain electric current reduces by about 10%. However, in the producing method
according to the present invention, the average thickness of the buried oxide layer

5 between the device and the substrate silicon can be thin, and an effect on suppressing the
reduction of the drain electric current caused by the negative electrical resistance is
confirmed.

Incidentally, the example of producing the pMOS in the afore-mentioned
embodiment is described, and in producing the nMOS, there are the disadvantage of the

10 parasitic capacitance in the drain electrode parts, so that the buried oxide layer
corresponding to the thus drain electrode parts may be partly grown to solve.

The reduction of the drain electric current caused by the negative electrical
resistance or the parasitic capacitance as the disadvantages in the source or drain in the
MOS devices is designed to be improved in the thus far described embodiment. Next,

15  other production process example of an embodiment to be able to form devices having
different breakdown voltages on the same substrate in mixture is shown in Fig. 2. The
starting point substrate 1 in the above embodiment as well as the embodiment in Fig. 1 is
processed through the anneal procéssing by means of the heat treatment at 1350 °C for
four hours under an atmosphere containing therein Ar gas + 0.5% O2 after the oxygen ion

20  implantation ts carried out under the conditions of acceleration voltage 180 keV, dose of
ions 4 x 10'7/cm?. :

In the thus substrate as the starting point substrate, it is designed that the growth
of the buried oxide layer is practiced on the partial buried oxide layer 2 corresponding to a
high-voltage device part requiring the thick dielectric separation film by dividing the

20  region to form the high-voltage devices from the region to form low-voltage devices.

In a process of the left side of Fig. 2, a first mask-pattern 5 is formed on the
SIMOX substrate 1 to prevent the top silicon region except the region to form high-
voltage devices from oxidizing (process (1)). The mask may be formed with a general
thermal oxide film.

30 The buried oxide layer 2 corresponding to only the region to form high-voltage
devices is partly grown by practicing the high temperature oxidation of the substrate 1
having the mask-pattern 5. This means that the substrate 1 is processed to remain in the
heat furnace under the oxidation atmosphere containing therein residual Ar gas having
concentration O2 70% and to practice the oxidation treatment in the state of heating up at

35 1350 °C for four hours (process (2)). Therefore, an area 6 is formed by practicing the
thickness increase in the part of the buried oxide layer 2 corresponding to the region
where the high-voltage devices are formed region where the mask-pattern 5 does not
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the low-voltage devices (e.g., MOS + LOGIC) are formed at places except the area 6. The

above-described devices may be formed by a well-known method (non-shown).
In a process shown in the right side of Fig. 2, after forming the first mask-pattern
5 on the top of the SIMOX substrate, the substrate is processed through the high
10 temperature oxidation under the predetermined O2 concentration atmosphere at
temperatures of between 1150 °C and less than the melting point temperature for silicon
for several hours, so that the area 6 corresponding to the increased buried oxide layer 2
can be formed. The next process is that the oxide film and the mask-pattern 5 are
removed from the substrate and, in a further process, after forming a second mask-pattern
15 7 on the top of the SIMOX substrate 1, the substrate is processed through the low-
temperature oxidation below 1150 °C, the thickness of the top silicon layer is adjusted to
requiring thickness and an area 8 is formed. At the end, the high-voltage devices are
formed on the area 6 and the low-voltage devices are formed on the area 8. Incidentally,
after forming the area 6 and removing the oxide film from the surface of the substrate, the
20  thickness of the partial area 6 may be further increased by heating under the
predetermined O2 concentration atmosphere at temperatures of between 1150 °C and less

than the melting point temperature for several hours again.
Conventionally, there have been two types of SIMOX substrates produced by the
oxygen ion implantation. One is applied to high-voltage devices and the other is applied
25  to low-voltage devices. The thickness of the buried oxide layer of the SIMOX substrate to
form the high-voltage devices is defined as 450nm and the thickness of the buried oxide
layer of the SIMOX substrate to form the low-voltage devices is defined as 90nm.
However, by applying the producing method for MOS - LSI according to the present
invention based on the SIMOX substrate having the thickness 90nm of the buried oxide
30 layer, the thickness of the partial buried oxide layer can be increased to 400nm and both
of the high-voltage devices and the low-voltage devices can be formed together on one
substrate formed by the oxygen ion implantation method.
Incidentally, there is other non-shown design to be able to eliminate
simultaneously the disadvantages causing, in particular, the parasitic capacitance or the
35 negative electrical resistance in each source and drain of the low-voltage devices by the
way in which the substrate is processed through the processes shown in Fig. 1 after
controlling the thicknesses of the buried oxide layer corresponding to each region to form
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1. A method of producing semiconductor devices to form the semiconductor device
on a SIMOX substrate designed to form a buried oxide layer by practicing an anneal
processing under an inert gas atmosphere at high temperature after implanting oxygen ions
into a single-crystal silicon substrate and to form a single-crystal silicon layer (a top
silicon layer) dielectrically separated from the substrate silicon, comprising the steps of:

forming in advance an oxidation shield mask on corresponding specified regions
of one or plural semiconductor devices formed on the top silicon layer of the SIMOX
substrate;

growing partly the buried oxide layer corresponding to other regions except the
regions shielded by the mask by processing a high-temperature oxidation treatment under
an oxygen atmosphere over 1,150 °C to the substrate; and

forming a source or a drain in the top silicon layer on the thickened part of the
buried oxide layer.

2. A method of producing semiconductor devices according to Claim 1,

wherein the semiconductor devices are defined as a nMOS; and

wherein the specified regions which are not shielded by the mask are defined as
the drain.

3. A method of producing semiconductor devices according to Claim 1,

wherein the semiconductor devices are defined as a pMOS; and

wherein the top silicon layer corresponding to regions except the specified
regions shielded by the mask is defined as both of the drain and the source.

4. A method of producing semiconductor devices to form the semiconductor
devices on a SIMOX substrate designed to form a buried oxide layer by practicing an
anneal processing under an inert gas atmosphere at high temperature after implanting
oxygen ions into a single-crystal silicon substrate and to form a single-crystal silicon layer
dielectrically separated from the substrate silicon, comprising the steps of:

forming in advance an oxidation shield mask on the surface corresponding to the
region to form low-voltage devices of the plural semiconductor devices formed in the top
silicon layer of the SIMOX substrate;

growing partly the buried oxide layer corresponding to regions except the regions
shielded by the mask by processing high-temperature oxidation treatment under an oxygen
atmosphere over 1,150 °C to the substrate;
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A method of producing semiconductor devices according to claim 4,

wherein the oxidation shield mask is formed in advance on the surface regions
corresponding to specified regions of the low-voltage devices on the buried oxide layer
corresponding to the low-voltage devices after controlling thickness of the buried oxide
layer in response to the devices having different breakdown voltages by the high
temperature oxidation;

wherein the thickness growth is partly carried out in the buried oxide layer
corresponding to regions expect the regions shielded by the mask by oxidation treatment
under an oxygen atmosphere over 1,150 °C to the substrate; and

wherein at least a source or a drain is formed in the top silicon layer upper the

different thickness part of the buried oxide layer.

6. A semiconductor device formed by the method of any one of claims 1 to 5.
7. A semiconductor device as claimed in claim 6 and comprising a MOSFET.
8. A plurality of semiconductor devices as claimed in claim 7 being formed on the

same substrate and having a plurality of different breakdown voltages.



