21 82489 PROCESS FOR FORM NG BURI ED OXI DE REG ONS | N PROCESSI NG OF MOS /?

TRANSI STORS 1. Field of the Invention. The field of the invention relates

to the field of MOS transistor fabricati'on where a buried oxide I%gg’i‘ig_

enptoyed. 5 2. Prior Art. Recently a process has been descC f'aog
form¢hg a buri'ed insulative | ayer in siliaen by inplanting oxygen ions.

See ".Electrical Characteristics of Oxygen Inplanted Silicon Substrates”

| EDM 84 begi nni ng MMWWMHWRW

techni que has been used to form.a coi iy 'l\l%%‘é"l‘%tnbve | ayer which is
fornmed bel ow t:he smmmrﬁmmm

above this buried oxide region. Wiile there are several advantages to this
structure, it also hhs Heldrof teobteantiont rst the silicon above the
buried | ayer has a Vet f1edl SEThG! 14RRYALY redatbs g th094QTR) ofSudy result
of the damage caused by the inplanted oxygen ions. The upper surface of the
silicon is al $ernsdsgpentabripating whpram dnried oxhis ogratesmpheysharri er
nobility at the interface of the gate oxide and degrades the gate oxide.
Anot her di sadvantage to this' structure is that the channel regions 20 of
the transistd&s are Bl-ecmrllocauiy i sol at ed fromthe silicon by the

continuous buried in atlve | aye S tob f orwar d
bi ased with the resu ? Y PR occﬁ‘aﬁa]g @gﬁhtfgets gg eq §°ﬁo d‘ﬁ‘éér 2 PRI | ed
by the gate eligsirsad@e ldyedNenpPsildkodl by RBELAHI n@NoBRichaxdsd > | kke silicon

| ayer is 25 forned over insulative regions. The resultant structure
resenbl es a "Electrical Characteristics of Oxygen Implanted Silicon Substrates”,

'\_/ . IEDM 84 beginning at page 804 by Foster, Butler and Bolbot. fﬁis i
10 technique has been used to form a continuous insulative layer which
‘is formed below the surfacé of the substrate. Transistors are then
formed above this buried oxide region. While there are several
advantages to this structure, it also has several problems. First,
the silicon above the buried layer has a very high defect density
15. (e.g., 109/cm2) as a result of the damage caused by the
implanted oxygen ions. The upper surface of the silicon is also
roughened by the implantation, this degrades the carrier mobility at
the interface of the gate oxide and degrades the gate oxide.
Another disadvantage to this structure is that the channel regions
\_/ 20 of the transistors are electrically isolated from'the silicon by the
continuous buried insulative layer causing junctions fo becdhe
forward biased with the result that the channel conductance is no
- longer controlled by the gate electrode. |
In one prior art process an epitaxial-like silicon layer is

25 formed over insulative regions; ‘The resultant structure resembles a



\ ed oxi de region, however, w th openings through t-he buried

ve layer at the site of the channel regions. This places the

_ “regions in electrical contact" with the substrate and overcones song’
of tje, di sadvantages nenti oned above. The openings 5 in the insulative = -
Iaye are used as seed windows to propagee2<€ the nonocrystalline structure
of the substrate into a polysilicon | ayer, thereby form ng t he
epitaxial-1ike layer. over the .insulative regions. One problem w thfth: S |
structure is | | y. of ,selfra i gne
with the chan%gf{erdteg?éﬁés) 16@9§f Htlﬁtgbfgxf a%?gt%preﬁng ﬁ}rougg g‘n {

el ectrode nasknswlaggveclateryasl tlgansdte oft ke oqnmhmIQSrmohhef snhlis(r:]prhdb@f er

b hot ol i t hogr aphi c e msallgnnent tol erance for this

oY obedure i o Lhe <tapSt AdRIENE R BigCHr (ha1oPoRIRR oD SA; EYASA O ohad
channel | engt BseR@Iu@Y dodl ®2OBhe tdlsﬁdmrﬁﬁlgbgr\-ﬁ@&tloﬁé’rf‘ A8y8. Pl §fdnikgks 1
process is _described in copending applications entitled rocess

For mi ng | s8l atBdths |1F§@):|‘P"Ré’§l bger BTE| uded BSfeemd Pendowes tormza:pSghte:cme

Substrat e, | ed. F, bru 1985, and assigned to the
assi gnee of tﬁeh%l'rggg mveng‘?%{ndre gf %égts%%ﬁ TS |H?/]é’rﬁ1éag‘b‘f Jee8E.
provi des a st ruefebye fBervdﬁltﬁb Ji’tﬂ.&a&@ﬂ'ﬁ-lﬁfket ey eaadvags ages induilaRevabove
descri bed process and structures w thout sone of their disadvantages. O her

ref erences dedPBHPSH t AR RFGBRET Fithnthis ShTHstUTesis| Bet abe opeMIss DEV| CES
FABRI CATED OVtBURixE%S"ch L1A¥EB%.1FOgNE%elf-aligned with the channel regions

10 of the transistors. That is, the gate electrode mask is opticzlly Q,i

aligned to the openings on the silicon wafer by photolithographic
equipment. The misalignment tolerance for this procedufe-is
.currently approximately plus or minus 0.25 microns. For chénnel
'lengths below 1 micron, this misalignment can be a problem This
15 process is described in copending applications entitled "Process for
Forming Isolated Silicon Regions in Field-Effect Devices on a
Silicon Substraté", Serial No. 700,607, filed February 11 1985, and
assigned to the assignee of the present invention.
As will be seen, the invented érocess provides a structure
20 which has some of the advantages of the above described process and
structures without some of their disadvantages. ' \;/
Other references dealing with oxygen implantation into
silicon are: "CMOS DEVICES FABRICATED ON BURIED SiO2 LAYERS FORMED
BY OXYGEN IMPLANTATION INTO SILICON", Electronics Letters, psges

25 593-594, 31 Aug 78, Vol. 14, No. 18, by K. Izumi, M. Doken, and H.
Ariyoshi; "FORMATION OF ABRUPT INTERFACES BETWEEN SURFACE SILICON
AND BURIED SI02 LAYERS BY VERY HIGH DOSE OXYGEN-ION IMPLANTATION",



BY OXYGEN | MPLANTATI ON | NTO SILI CON', Electronics Letters, pages 25 _
593-594, 31 Aug 78, Vol. 14, No. 18, by K Ilzum, M Doken, and H
Ari*yoshi ; " FORVATI ON OF ABRUPT | NTERFACES BETWEEN SURFACE Sl LI CON AND

BUR| ED 'Sl 02 LAYERS BY VERY.H GH DOSE "OXYGEN- | ON | MPLANTATI ON', n - 3-
Japé"‘ése Journal of Applied Physics , pages 1005-1006, Vol. 19 (1980),

5, by Takayoslit Hayashi, Hamao Okanoto-angd Yoshi kazu Homm;

" CHARACTER STI CS OF MOSFETS FABRI CATED | N ST LI CON- ON- | NSULATOR MATERI AL
FORMVED BY HI GH ", Electropics lefters ,

- pages 356- 358, .ﬁﬁ%g?é{%}lﬁg}ﬁ_#_%@ ¢ y Sl E&ﬁ?"p&?"ﬁ- fff?ln'nislfzotto,
H. T. Yuan, and 980)BeN¢avianbe: TaWMbénllPlIEySEli S Rk d dREnEOBRNGATED iRY 2&1 GH

DOSE OXYGEN | MP, ATI, anese Journal of Applied
Physics , Vol . g@w- W%Eg% %ﬁwgg’@éé 8P I8y Yukio 10 Irita,
et al; "SIMOX TEO:IONCON-FVERLOMIE MASESTAL FORRESWIPRECHLBOSE MxSkn TEGNNO! 00y,

Kanagawa, Japan Kat sut oshi lzum, et al; "FORMATI ON OF OXI DE LAYERS BY
H GH DOSE INELARH’%HWFW@ Electomics \batteres, pBees wssPrlacuay/oussm?

(1984) by S.S. @i 13ndy. He D]

STRUCTURES FORMED BY 15 INPLAI\#FATI ON"%AE%:E%G@ ‘% oxﬁ'(@r“aﬂ/at’ 58c

Synp. Proc. Vol Bellavab084)"MYLTPPLE EOIHSTRIMTURE{FABRICATED BY HIGH DOSE OXYGEN
IMPLANTATION AND EPITAXIAL GROWTH", Japanese Journal of Applied

Physics , Vol. 20, No. 12, December 1981, page 909-912, by Yukio
10 Iritd, et al; "SIMOX TECHNOLOGY FOR CMOS LSIs", 1982 Symposium-gﬂ

VLSI Technology, Kanagawa, Japan by Katsutoshi Izumi, et al;
"FORMATION OF OXIDE LAYERS BY HIGH DOSE IMPLANTATION INTO SILICON",

Mat._Res. Soc. Symp. Proc. Vol. 27 (1984) by S.8. Gill and I.H.

Wilson; "CHARACTERISATION OF DEVICE GRADE SOI STRUCTURES FORMED BY
15 IMPLANTATION OF HIGH DOSES OF OXYGEN", Mat. Soc. Symp. Proc. Vol. 27

(1984) by P.L.F. Hemment et al.



Aw SUMVARY OF THE | NVENTI ON A process for formng transi‘'stors on a silicon
subsjgrate with underlying buried insulative regions is described. Gate 5,
t are formed on the substrate with each gate nenber being covered
aski ng menber. By way of exanpl €, ordinary processing my be usedy
to fe¥m polysilicon gates with the nmaski ng menbers conprising photoresist.
The *substrate is subjected to an iori¥nplantation step with ions which
conbine with the silicon to 10 forman insulative region. These ions are
bl ocked from bst rat.e maski ng nmenbers, thereby formng a buried
i nsul ative Iaé}&iéégﬁ‘ue@g MNLP 8NWith openi ngs which are in alignnent with
the gate nenbers. Again, by way of exanple, oxygen may be inplanted into

t he substrate foll owed b\é an annealing step to 15 formthe buried

i nsul ative regions. SSATPEESHAPTdIATT N STHESAPES (et FhYIROR FiP¥iate
substrate in ﬁdn%ﬂ?éﬁ%hggb&ﬂ%dgﬂﬁx1%@1?@&\%!'259&“Q '&gfgkebed' el ghgf fect
transi stors. BRI EF SCRI PTI ON O THE DRAW NGS Fl GU

Cr 0Ss- sect Songémberevatd dormeéd\wnoftha sitisitcote subbt exthe gubhe (nhamlbacl bﬁde.s an -
n-well and a field oside region. 5 FIGJRE_2 illustrates .the substrate of
Figure 1 aft e?°“[°rT§df61"iPat“| BESRBaRETRRT I aPY VY| a§e?xamalﬁo|%r§.ir*f%n | ayer

and a

processing may be used to form polysilicon gates with the masking
members comprising photoresist. The substrate is subjected to an
ion implantation step with ions which combine with the.silicon to ~
10 form an insulative region. These ions are blocked from the o/
substrate by the masking members, thereby forming 2 buried
insulative layer in the substrate with Openings whxch are in
alignment with the gate members. Again, by way of example, oxygen
‘'may be implanted into the substrate followed by an annea11ng step to
15 form the buried insulative regions. Source and drain regions are
then formed in the subétrate in alignment with the gate'members

providing the field effect transistors.



‘phot oresi st l'ayer. 10 . FIGURE 3 illustrates the substrate of Fi
after a masking and etching step to form maski ng nenbers and gate ne
FLGURE 4 illustrates the substrate of Figure 2 during an inplantation
(nat- claimed). 15 FIGURE 5 illustrates the substrate of Figure 4 after
anngaling. FIGURE 6 illustrates the substrate of Figure 5 after source
20and drain regions are fornmed in alignnment with the gate nenbers. - 6-
DETAI LED DESCRI PTI ON OF THE | NVENTI ON A tR-ocess is disclosed for formng
met al - oxi de- senlconductor NCS fleld effect devices on a silicon substrate
where a buri RBEER bel ow the devices. In the
foll om ng description, numerous speC|f|c details are set forth such as
specific ions and energy levels in order to provide a thorough
under st andi ng of theF§6URR1 18nucoxdesmsettionall ebevitionovsev pwaveilidom one
skilled in the art that {he present invention may be 10 racti-ced w thout
these specifiRubfikratesvhigh, igciudes an prwell apd p. k#ﬁiﬁh"ﬁ?@ﬁ:e’s’&iﬁg'st eps
such as cleaning steps, etc., have not been set forth in order not to
unnecessari|¥ obscure the present i nvention. The follow ng description
descri bes the fornmatiPFJGUBE 2 11lustrates the substrate of Figure 1 after the

formation of an insulative layer, a polysilicon layer and a

- photoresist layer.

N, 10 FIGURE 3 illustrates the substrate of Figure 2 after a

. masking and etching Etep to form masking members and gate members.

FIGURE 4 illustrates the substrate of Figure 2 during an
implantation step (not claimed) .

15 ' : :
FIGURE 5 1illustrates the substrate of Figure 4 after

annealing.

FIGURE 6 illustrates the substrate of Figure 5 after source

20and drain regions aig formed in alignment with the gate members;



15 | ementary MOS (CIVDS) transistors. It will be apparent that ' the

pro fray be used to formonly n-channel or p-channel transistors or

oth pes of devices. Referring to 'Figure 1, a p-type silicon substrate *
10 ipZillustrated with an n-well 12 A field oxide region 14 is shown at;20
the ®dge of the well. Oher channel —stops, etc., that may be errpl oyed are”

not illustrated in the drawi ngs since-they are vveII-known The n-well 12

and field oxi BETAIAEDORESCRIREIOM OFf FHBINVENTEON or di nary processing. Next an
insul ative layer 15 is formed on the substrate 10 as 25 shown in Figure
2. By way of exanple, an ordinary silicon dioxide |ayer (gate oxide) is

grown on the substraseprobesn fs plilytodddc dor | oraiing Gmd ta 10 xd senid¢dmdub tyer
15 using conventional nethods. This | ayer may be doped (e.qg..phospborus
doped). Now a(HeSkifAglt Bifect7dqvdces ot thtcﬁnhéubﬁ"f"%?l Fisyie Paglé’iiefG and

patterned fo gﬁtdﬁ%g@tﬁ;@n@sr&mhnael%dw@raevebgé ol iyphegd %H'].Swing

t echni ques: e resultant” structure I's shown in Figure 3 wth
phot or esi st nﬂek¢mtmnbmeﬁou§aspanﬂfﬂp7bieft@thsedtrfer@tm |fayth SLI?h aﬁd ‘the

pol ysilicon gate nenbers 16a and 16 etch |n aI| nnent. Wi th . the ski ng
members from tsﬁécjtﬁitcyéi’?‘?c?d‘a PRSARY ?8"&]83/ Va1 al glﬂ’s‘t rigfl%ntmm“gmg first

exanpl e (not %awm)ndiweoﬁ%Qétﬁ@s%ntsmmakm ed 1¢i #1068 068V icRBS at
sufficient energy to 10 rnplant themto approxinately 0.35 to 0.5 mcrons

bel ow t he gat dossver itat exd wkélldy inaghofardxihpt cheaPTRRSE Lol n aNSioR| Tt &Py

10 practiced without these specific details. In other instances,
well-known processing steps such as cleaning steps, etc., have not
been éet forth in order not to unnecessarily obscure the present
invention. .

The following description describes the formation of

15 complementary MOS (CMOS) fransistprsf It will be apparent that the
process may be used to form only n-channel or p-channel transistors
or other typeé of devices.

'Referring to Figure 1, é p-type.silicon substrate 10 is
illustrated with an n-well 12. A field oxide region 14 is shown at

20 the edge of the well. Other channel stops, etc., that may be

employed are not illustrated in the drawings since they are

well-known.' The n?well 12 and field oxide region 14 may be formed _y

using ordinary processing.
Next an insulative layer 15 is formed on the substrate 10 as
25 shown in Figure 2. By way of example, an ordinary silicon dioxide
layer (gate oxide) is grown on the substrate. Then a polysilicon

layer 16 is formed on the layer 15 using conventional methods. This



2x10i 8/ cn2 of 018 atomns i-nplanted at an energy of 200KEV may be used wiA3:
the substrate tenperature of approxi mtely 500 degrees C duriuig
imglantation. The inplantation is illustrated in 15 Figure 4 by the |
20..“The presence of the inplanted oxygen region within the substrate |
show?i“”by the dotted |ine 22. The maski ng nenbers 17a and 17b are
sufficientl'y thick to prevent the oxygen lons frombeing inplanted into the
substrate bel ow the gate nenbers. Thus,_4ine 22 is broken at openi ngs 23
and 24. Also, the 20 photoresist nenbers 17a and 17b are sufficiently
thick to prevent the oxygen ions fromreaching the polysilicon gate
menbers. The ilsgearrsd beodrpedr €e shhQwhobphdrie dhgieddod |Nowe a2badiangt Meyeraski ng
menbers 17a and the dotted line 27 for the masking nenber 17b. |f, for

i nstance, a hdPdERERFYRBEDTRE BPIYSA)dFoR Jayer 6 #Bf; Batseraed X defins gate
is sufficient nIeQ:bQFEVﬁ'iBF p&‘ﬁ%i@ﬁ'%tgiiiﬂﬁrgﬁﬂelﬁb iuegt 0 'fh@ere% ultant,

pol ysi | i con nenbers e oxygen 1s = - | oyed, her ions t

react with sildtreoctore fier shawn lins!:llgm-lev& dmyethmobﬁeﬂed nisltrin'gnﬁémee,
nitrogen to fgi a al*} 2n nitride- gurled | ayer . As nmentigned, a

‘har dened: phdt ct@sPRE 17R Apresd, Tpam 712 2R sien Bolwsiddron gats, mpmRarEng 5
menbers my bel@abayrsb etEyed\ay thw Wthathd ok £5¢ HenbeyE1reRY e
used to formsilicon nitride nmasking nmenbers which in turr are used to

define the pol painsidderydayer Y& this case, the photoresi st

By way of illustration, in a first example (not claimed),
\;) _ . the substrate is implanted with oxygen ions at sufficient energy to
10 implant them to approximately 0.35 to 0.5 microns below the gate

oxide interfaceQ By way of example, & dose of approximately
: 2:1018/.cm2 ot 016 atoms implanted at an energy of 200KEV
may be used with the substrate temperature of approximately 500

-degrees C during implantation. The implantation is illustrated in
15 Figure 4 by the lines 20. The presence of the implanted oxygen

region within the substrate is shown by the dotted line 22. The

masking membérs 17a and 17b are sufficiently thick to prevent the

oxygen lons frpm being implanted into the substrate below the gate

members. Thus, ling 22 is broken at openings 23 and 24. Also, the
] .. 20 photoresist members 17a and 17b are sufficiently thick to prevent

the oxygen ions from reaching the polysilicon gate members; The

4dmplanted lons are_showﬁ by the dotted line 26 for the masking

members 17a and the dotted lipne 27 for the masking member 17b. 1f,

for instance, a hardened photoresist layer is used, 1 micron of

25 - thickpess is sufficient to prevent penetration of the oxygen ioms
. into tbe polysilicon members.

¥hile oxygen is



e silicon nitride are used to block the ions..- In.any event, the

mas Ki mber should withstand the ion inplantation. 10 Therefore, a

har gle phot oresi st | ayer. should be used. In the case of silicon s
itrye€, a high tenmperature fil mshould be used or a refractory nmetal may--

be used. In accordance with the i nvention, the polysilicon itsel'f is used“*
as a -maski ng. | ayer. An extra thick Iayer of polysilicon is fornmed- and--15
etched to define the gates. After the inplantation, the upper portion of
the | ayer (e.g., the portion containing the oxygen ions) is renoved | eaving
the non-inplanted polysilicon gatesg.For the processing shown in Figure 4,

after the inplant t|o ‘the m k n nbers are renove a refractory
20 et al |gB % erndfes & ﬁﬁr'rg rFf‘cthof“t}émﬂeE‘ésééPy 8% 5 renove

~it, that i sxnédle.twtaahmymmml Rs&5; ptat-t imftanbe, galteogéi URL Ubem)a The
substrate S nOM/subg;cted to an annealing step in an inert gas such as
ni trogen. TRElkAMspd ié‘e‘t‘b‘Fe |‘h‘§t"aﬁc’éyei“s p#saaéﬂtft?Peé f&r#?d‘é‘é“&! 1150

degrees C. §; - el ea

silicon to ?@é‘rﬁ;?gi%%ﬁ’gd '%“ |gpée"ra % HEEKITP ¢ Ibglgjr' ol ngf‘r? as
shown i n 5Fi gedber, neprbecehp Doyadd . pr BE aBYi ag exambSe HSE @hboorferi1Bt ShiyerCmayd
drain regions 32 and .33 in alignment with gate 16a and the regions 35 and

36 in alignherised t0 fpRmesibiponTRitride Ebﬁ‘h’d'rﬂ fements which dn Enemare,
pl aci ng maskiéd dEabLIne QKT pd1RIR1E6WIgRRSs ! Nah b WiGe - GRABASLoresist

transistors and then inplanting a
and/or the silicon nitride are used to block the ions. 1In any
event, the masking member should withstand the ion implantation. Q;)
10 Therefore, a hardened photdresist layer should be used. In the
case of silicon nitride, a high temperature film should be uséd or a
refractory éetal m#y be used. '
in accordance with the invention, the polysilidon itself is used
aé a masking layer. An extra thick layer of polysilicon is formed and-
15 etched'to define the gates. After the implantation, the upper portion
of the layer (e.g., the portion containing the oxygen anS) is removed
leaving the non-implanted polysilicon gates.

For the proceésing shown in Figure 4, after the
1mﬁ1antation, thé masking members are removed. (If a refractory
20 metal is used as a masking member. it may not be necessary'td remove </
it, that is, the metal may Femain as part of the gate structure.)
The substrate is now subjected to an annealing step in an inert gas
§uch as nit;dgen. The substrate, for instance, is placed in a
furnace at 1150 degrees C. for 160 minutes. The impianted oxygen
'25 reacts with the silicon to form the buried Si02 layer 30 shown in
Figure 5. -

Finally, as shown in Figure 6, conventional processiaog



5 p-type dopant in alignnent with the gate 16b to formthe regi ons 35 aggud
36. Thens a nasking nenber is placed over the p-channel devices and an
n-¢ ype dopant is inplanted to formthe regions 32 and 33. It is inportd
tonote fromthe structure of Figure 6 that the gate nenbers are
self=al i gned with the openings 23 and X of the 10 buried oxide 30. This
overcones one of the problens nentioned in the Prior Art Section where the
epi t axi al - | i ke dsagieto idryr ovrcehindigiradperigigss (§£eda Ve NAaVa) 1 great Nertn
advantage to the structure of Figure 6 is that the channels of the

transi stors &% ilﬁ"eﬂ"lé?cttPFc’éqgié’Bgt%%t“ﬂ/i 36 innaligamentavith gake 18P tHehs are
not isol at edis omhBPOY 1a3AE | Yoy B8 -M@Eysﬁﬁlclih@ema%glikg%mﬁaﬁgé 0SS rWeh S
beconme the channels of the transistors are protecte romthe oxygen :

i npl ant at i on*§EhPEhEbAtadREHYfereTBRtNnedndrangistone wid teeon implmutingamnged by
the inpl apt ap+6ibe Abpdht LHCEiF gnen® WABKtENGARE! 1618300 MNARE Ldl8onBaRME] S
to cause the drain-to-source | eakage in the 20 off-state of the transistor.
Anot her advat®hgi®-i sThetat at meskimgnnetbeyaie phaicdd ¢verethecre chenpelotderiees
fromthe sur d rTE_ 5 g  qpl ant ati on. I s, prevents

t he degr adat %g&r:\%lnnic anngﬂggﬁgfi%géaﬁgabn%gt ggégr? gg\}ee '8 ?‘Hles -cl];ga ?{)f‘%'
described in the PrierisrimpSetiritonoofotehitsompyllei s ictnre TéHE Figatd teARhat
structure for .25 CMOS devi ces has reduced | atch-up sensitivity, reduced
junction capiBft&atCcPePRETF TR el ~Rbl 8h6dr BRI AP noresAeEe 123 8rdubsofatle

| eakage. 10 FhQPPed 2xREOCHSS THES NeELoksS BhbPEA the pf 1 ThP%d P Poned in the

Prior Art Section where the epitaxial-like layer'is grown through

N
openings (seed windows). Another advantage to the structure of

Figﬁre 6 is that the channels of the transistors are in electrical
contact with the substrate, that is, they are not isolated.

15 1Importantly, the monocrystalline silicon regions which become the
channels of the transistors are protected from the oxygen
implantation (by the masking member) and thus the silicon is not
damaged by the implantation. Also, there is no back channel region
under the channels to cause the draln-to-source leakage in the

20 off-state of the transistor. Another advantage is that the
-channel-gate oxide interface is protected from the surface damage
caused by the oxygen implantation. This prevents the degradation in
channel surface mobility and gate oxide quality described in the
Prior Art Section of this application. The resultant structure for

25 CMOS devices has reduced latch-up sensitivity, reduced junction

capacitance and virtually no source/drain contact-to-substrate

leakage.



transistors in conjunction with a self-aligned buried-insulative Iayer.
1. A process for formng transistors on a silicon substrate

cofpni/giing the steps of: form ng gate nenbers on said substrate; subjecting’=

sahka“gubstrate to ion inplantation of an‘ion 5. which conbines, with sai:
siltcon to formburied insulative regions in said substrate in allgnnent

W th said gate-nenbers, said gate menberd0Obei ng sufficiently thick such
that said inplanted i ons do not penetrate through said gate members;

form ng source and drain regions in said substrate in 10 alignnent with

sai d gate nenbers Tq"érm%lW‘g"’teﬁés’éaspG’PFPmcéﬁb%ﬁlf@rgm@imms t hat have
been i npl armqsm&ssahdcam%ctmrﬁw Lrsaéiffl-éipg’n% afGrfed TRLL 11, 581 d
substrate with buried insulative regions. $ process #lned by
claim1l whekagiem.said i ons are ions of oxygen 3.- The process defined by
claiml1 wherein said gate nenbers 20 conprise polysilicon. 4. The process
defined by claim?2 wherein follow ng said |nplantat|on an anneallng step is
used to forma buried



"~ Silicon di'oxide |ayer. 25 5. The process defined by claim4 wherein sal
anneal ing step occurs in the presence of an inert gas. 6. A process f
fokm ng ‘transistors on a silicon substrate 30 conprising the—steps-
form ng maski ng nenbers over predetermned site ,
form-g of masking members conprising the formumnmﬂ“" ﬂi&m’ve layer—
said substrate and the-formation of said gate nerbers over sa I nsul ative
| ayer; 35 - 12 - subjecting said s _@bstrate to ion inplantation of an ion
whi ch conbines with said silicon to forman insulator, said inplantation
bei ng bl ocked by said gate nmenbersgLatmgreby formng a buried insulative
| ayer having openings in alignnment™ with said gate nenbers, said gate
menbers being suffiti enﬂlgtol:és’sckon Fopwiergetrtansidtdrs ansa faidiedo syiseietey
penetrating said gaE&n[pggmﬁ éeégﬂgg source and drain regions in said

sal t

substrate in alignnme e menbers; 10 renovi ng those
portions of said gate nEGRI4RG gek@imerhars eresaid mubeknede; with said ions:

wher eby transistors ar eglifetBihg! Saiddbubstrdiet £ati0n imrpllartation of an ion
5 which combines with said silicon to form buried insulative regions

in said substrate in alignment with said gate members, said
gate members being sufficiently thick such that said implanted
ions do not penetrete through sald gate members;

| forming source and drain regions in said substrate in

o 10 alignment with said gate members,
_ removing those portions of said gate members that have
- been implanted into said ions;
whereby transistors are formed in said substrate with buried
insulative regions. .
18 _
2. The process defined by claim 1 wherein said ions are
ions of oxygen.

3. The process defined by claim 1 wherein sald gate members
20 comprise polysilicon.

4., The process defined by claim 2 wherein following said
~ implantation an annealing step is used to form a buried
silicon dioxide layer.
25 _ _
5. The process defined by claim & wherein said annealing
step occurs in the presence of an inert gas.

6. A process for forming transistors on a silicon substrate
30 comprising the steps of: _
forming masking members over predetermined sites of said
substrate, said forming of masking members comprising the
forming of an insulative layer on said substrate and the
formation of said gate members over said insulative layer;
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buried insulative layer. 15 7. The process defined.by.claim G'Mérei n
sajd™™NQns conprise ions of oxygen. B. The process defined by claim?7

20 said buried insulative | ayer which gguman T di oxi de. '9
cess defined by claim8 wherein said anﬁ”“ﬁmllﬁllllslﬂm t he ey W
pr ce of an inert gas. 25 10. The- process tdeféned By &l arm6 mhereln
sai d gate nenber conprises polysilicon. A process for formng
transistors on a silicon substrate co |ng the steps of: 30
formng an insulative layer on said su s1t$ate; formng a polysilicon |ayer
over said insulative | apebjectihg sain) sabgptrataltiot jorofimpleskétign mfhberisnover

sai d polysi|icon | aygich 3mines ukn-odlArdi1IGR 1h!#uidl drf Yndthattd, Codtitber S

fromsaid polysilicon l'ayer in ment WI 1 sai d naski ng nenbers:
subj ecting sai d subdmpkaréation; rinanpioskech Py oteidiaath TRIReThi EPETEBY DI nes wi t h
said silicon to for %ﬂﬁln@@%ﬁied&néﬂgtm bayer hsviegtdpehirgssin faadtghmeht sai d

il i con subst rate, ) SR 428 Gal TRREe0 LY Shl" hGlBHL 'ohadd sbikrikReRagCk Sal ¢

i ons fron1conp|
thick to prevent said ions from completely penetrating said

gate members;
forming source and drain regions in said substrate in
alignment with said gate members; '
10 removing those portions of said gate members that have .-
been implanted with said ions; : ' | o/
whereby transistors are formed in said substrate with a
buried insulative layer.

15 7. The process defined by claim 6 wherein said ions
comprise ions of oxygen.

8. The process defined by claim 7 including the step of
annealing said substrate following said implantation to form
20 said buried insulative layer which comprises silicon dioxide.

9. The process defined by claim 8 wherein said annealing
occurs in the preserce of an inert gas.

25 10. The process defined by claim 6 wherein said gate member
comprises polysilicon.

11. A process for forming transistors on a silicon
substrate comprising the steps of:
30 forming an insulative layer on said substrate;
forming a polysilicon layer over said insulative layer;
defining a plurality of masking members over said
polysilicon layer;
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benetrati rig said polysilicon gate nenbers; annealing said substrate to form ,
a buried.insulative region in said substrate fromsardions and said qﬁj%i

si Ficon, said insulative 10 region including o ngs fornmed in
allgnrrent with said. gate nenbers; formng sourcenB m ” Hm in sai
subsPRate in alignnment with said gate nmenbers

menbers; 15 renovi ng those portions of said gate rrenbers that have
been.i rrpl anted with said ions; whereby transistors are forned in said

substrate. 12. The process def i ned by claiqg1l_wherein said ions are 20
ions of oxygen. 13. The process defined by claim12 wherein said masking

menbers conprise a silicdRTMNGr# dduraldty ofgate membepe Jrem sadidinoherilbgort] ai m
12 wherein said mskllagemntuﬂgnmmmﬂtaesﬁdrﬂgkw @eybeiRfal . 15. A

process for formng transjstor [eSo) ubtra hstantially as
her ei nbef ore descri bed vvl‘e'{"ﬁJ Eng ngﬁ‘ %?lt&gg? é@@@ %\ 97 g & &R ngs.

16. A transistor whewmbigh cmhida%edth rsa&émﬂ.dtam.'c@c! vﬁorrh anhmquiwgssrwian
claimed in any ofie ObefdathMhelsli¥ade of39aid silicon substrate, said gate members
being sufficiently thick to block said ions from completely
penetrating said polysilicon gate members;
annealing said substrate to form a buried insulative region
in said substrate from said ions and said silicon, said insulative:
10 region including openings formed in alignment with said.'gate
N members;
| forming source and drain regions in said substrate in
alignment with said gate members;
removing said masking members;
15 removing those portions of said gate members that have
been implanted with said ions;
whereby transistors are formed in said substrate.

12. The process defined by claim 11 wherein said ions are
20 ions of ozygen.

-~

13. The process defined by claim 12 wherein said masking

members comprise a silicon nitride.

25 14, The process defined by claim 12 wherein said masking
members comprise a refractory metal.

15. A process for forming transistors on a silicon
substrate, substantially'as hereinbefore described with
30 reference to the accompanying drawings.

16. A transistor whenever produced in accordance with the
process as claimed in any one of claims 1 to 15.
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