;uve3eXU4466T@f 2 ' 1 DAD 20D4 METHODS OF FORM NG ULTRA- THI N BUEfﬁRggﬁlﬁﬁk
| : AYERS FOR GATE DI ELECTRI CS FI ELD OE THE | NVENTI ON The present
rel ates generally to- nethods of form ng sem conductor devices and
specifically to nethods of formng ultra-thin buffer oxide |ayers bel ow the
gate dielectric in sem conductor device fabrication. 1 2 1 CED 2004
BACKGROUND OF THE | NVENTI ON Many current processes for formng the thin
. buffer oxide |ayer belowthe SiN (silicon nitride) gate dielectric involves
either a furnace or Rapid Thernmal Oxidation (RTO. Oher nethods involve an
extrenely dilute HF oxide etch back froma thicker growm oxide (Si0O). It is
extrenely difficult to grow an oxi de thickness of Less than 10A with the
traditional furnace oxidation. Even with RTO oxidation, controlling the
oxi de thickness is an issue for thicknesses less than 10.i. Wth the oxide
etch back process using extrenely dilute H- i.e. >100:1, control and
uniformty is also difficult to maintain. U S. Patent hb 5,963,818 to Kao
et al. describes a nethod for formng an integrated circuit involves
formng trench isolation regions and a danascene gate el ectrode region
si mul t aneous wi th one anot her by over-|appi ng process steps using, inter
alia, an inverse poly gate CMP. U.S. Patent No. 5,960,270 to Msra et al.
describes a method for forming a metal gate MOS transistor using an inverse
poly gate CWP. Source and drain regions are formed within a substrate .. ... .
self-aligned to-a- I|thograph|calIypatterned feature., The patterned f eat ure
is then renmoved and replaced by a metal lic gate Iayer that is chenicaliy
‘mechani cal l'y polished (CW) to forma netallic plug region that is either
-an inl ai dvETHIOXS 0¥ BORMING FRHARA IPHPNYSUEESR BSe TSl de Rk gned Lo the.
source and drain regions and preferapry functiors—as a§ﬁ¥¥§§—ﬁg%5é§&$~
region. 2 2 1 D ~~ 200h U S. PatpptrNeTgc®43, 576 to Kapoor describes a
met hod of forming a MOS transistor having a narrow diffusion region that is
smal | er than the diffusion :

-l

FIELD OF THE INVEN-TION

The present invention ‘relates generally to. methods of-forming
semiconductor devices and spec1f1cally ta methods of forming ultra- thin buffer

_ onde layers below the gate dielectric in sem1conductor device fabrication. -




. region defined using photoresist in a conventional CMOS pr ocessif_'g,f {%Eezml#
nmet hod i ncludes an inverse poly gate with sidewal| spacers processl YB~S!
Patent No. 5,899,719 to Hong describes a nethod for making an FET (field
effect transistor) having narrower gate el ectrodes and form ng source/drain
regions, including halo inplants, in a nore controlled nmanner. The net hod

includes an inverse poly BAGK@ROUSDEYRTHERGINTRHRCESS: U S. Patent
No. 5,872,038 to Duane et al. describes a proces rmng a

sem conductor device having an el evated active region. A plurality of gate
el ectrodes is fornmed on the sem conductor substrate an a thick oxide | ayer

i s di sposed over th¥agat@urergqogdses féx foratiah ths thet PRGe4 Qxihléga &l 5 Q%1 de
- ysilicon material that is later o%edef8form

| ayer and,i s..fi)l.ed with a polysi )

an el eva&gassé@t 45\51&%@}%4%66(?@@&?6&@(: iveolvegietthenh fubga@UBSREBIE
process iHgi iQ.inverse poly gate CVMP process. 3 2 % DE}CEJZO&
SUMVARY &@Lﬁé&%ﬁ\@%f (;thﬁééﬁ?%ioﬁéliwogfte 31 extrenisle cliluoé HP@xpdeseht back

i nventi ongdQ PARMLSAE, f~formng an extrenely thin (3 -10A) buffer
oxi de Iayér. Ar%g%ée}r"rg%\{%%)pagf@tQQe present invention is to provide a nethod

of formng buffer oxide layers for SiN gate dielectrics by accurate control
of the oxygen inplant dose to permt formation of ultra thin (3 -10A)

buf fer- oxi de |ayer st iQeRerently elifffcuM kd 2HRE ehfaf L or. has now;been
di scovered that the above and ot her obj gcts %ﬁ OFE{ee %kgg%%?ﬁs ‘?Eln{‘fé?lf'?ihlpréy be

acconpl i SH&d the traditiookl dwimgermidetion Speeh WieRIR O Shgafidd Sto qﬁéﬂion t'hs a
met hod of f rm_nggan ultra thin buffer oxide |ayer conprisi ngn[ e 181 F6wi ng
steps. AXRGE¢ dBRKBeassiS eat issha fomithiKitessegleon sh4r0 1 ORI WiRg BA BxREPALAN G at
Least one active area is provided. The silicon substrate has an upper -
surf ace. PAOSSRS PFiNG srtrewiede dikyter HEs ifeo i hvernttdleand | dsi@SrmupsLr aks and
t he STI rcﬁﬁ‘ic?{l‘ts' xygen is inplanted within the silicon substraté. The
oxygen i npl an Wa%ﬁ_ga@' peak concentration proximate the upper surface of
the silicon substrate. The
U.S. Patent No. 5,963,818 to Kao et al. describes a method for forming
an integrated circuit involves forming trench isolation regions and a damascene
gate electrode region simultaneous with one another by over-lapping process steps

using, inter alia, an inverse poly gate CMP.

U.S. Patent No. 5,960,270 to Misra et al. describes a method for
forming a metal gate MOS transistor using an inverse poly gate CMP. Source and
d?ain regions are formed within a substrate self-aligned to a lithographically-

- patterned feature. The patterned feature is then removed and replaced by a metallic
gate layer that is chemically mechanically polished (CMP) to form a metallic plug
region that is either an inlaid or dual inlaid. The metallic plug region is self-aligned

to the source and drain regions and preferably functions as a metal MOS gate

region.




sacrificial oxide Layer is stripped and renoved. A gate dielectgﬁc bgﬁeéth
formed over the silicon substrate. A conductor |ayer is deposit o
gate dielectric layer. The structure is annealed to formultra-thin buffer
oxi de | ayer between the silicon substrate and the gate dielectric |ayer.
The second option is a nmethod of formng an ultra-thin buffer oxide |ayer,
conprising the following steps. A silicon substrate having STl regions
- Fornmed 4 21 DEC 2004 therein separating at | east one active area is

provi ded.- The si | i'ddh Rarstt Nat 591857600 UeRior dish-ABEs 2 Angidbe i £ Eﬁﬁg' ¢
- layer is formed over the silicon substrate and the STl regions.

sacri fi cMA&IS Brndistardyarings fanrowddidfiesion hezigatthadisedresildd t‘ﬁahaﬁ‘t@ rdlff&%ﬁe” I's
~inmplanted within the silicon substrate. The oxygen inplant having a peak
concentr%%ﬁ%ﬁlE?BQ@#ﬁﬁé%PhéﬁupﬁétHsamba&enbbnMHENED$ ipeodessiigs Mhatfethble
sacr|f|0|a% xi_de Ia IS strvp ed and renoved.. A conductor | ayer is
- deposi t €d° aFHEVS (HY§FBE ifeyyall spFeRss preeassure i s anneal ed to form
ultra-thin buffer oxide |ayer between the silicon substrate and the gate
dielectric layer. 5 21 DEC 20D4 BRI EF DESCRI PTI ON OF THE DRAW NGS The

- f eat d ad th t t
Wil bo more ol ear by omior st Soa e ran tRaTOF LRt dh et ot oh MR |

conj unctFBN @idld ehecaceoniiamt) n@aﬂa@mnragﬁower V%!zltﬁhelle'c de€f gﬁsnﬁomﬁ‘umﬂa' S
designate simlar or correspondi ng el’enments, regions and portions and

whi ch: . Rqgce fdtain 4egiomspatdedingyhalol insplaats in ianm@r@ 25 &8GEH Rhner. The
representation, a first preferred option nmade in accordance wth the
present Mgthad inshad gsi Qs inveryeppdy gate math gdbvpllispavetsipabesssi n
cross-sectional representation, a second pref erred option nmade in
accordance wth the present invention. 6

U.5. Patent No. 5,872,038 to Duane et al. describes a process for
forming a semiconductor device having an elevated active region. A plurality of
gate electrodes is formed on the semiconductor substrate an a thick oxide layer is
disposed over the gate electrodes. A trench is formed in the thick oxide layer and is
filled with a polysilicon material that is later doped to form an elevated active
region above an active region of the substrate. The process includes a plaiﬁ inverse

poly gate CMP process.
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21 DEC 2004 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENT Unl, as e 9004
ot herwi se specified, all processes, structures, |ayers, etc. naﬁf eB .
performed, formed or acconplished by conventional nethods known in the-
prior art. First Option of the Invention Figs. 1 to 4 illustrate the second
preferred option of the present invention. Accordingly, as shown in Fig. 1,
starting silicon substrat @ 2MMARY OFRTHEINVENTICIduct or waf er and has
shal l ow i sol ation trenches (STlI) regions 202 fornmed therein separating
active area 212. Although only two STl regions 202 and one active area 212
~are illustrated in Fi%..l, it is understood multiple STI regions could be
formed within silitthP dUEEYr &t 5 20 eFaphtiha @rasdrt jpivension e paoeRE a

Sacrificj xide | ayer 208 is,fqgrnmed over silicon substrate 200 and STI
r egi ons%g%[otaodfgoflﬁil ARSETERely &%Pégﬁﬁoﬁéé’%f@fl)w& laygr.e preferably from
about 95 to 105A, and nost preferably about 100. Sacrificial oxide |ayer
208 serves to protect silicon substrate 200 from any inplant contam nation

inth b t 4 t ; ] L.npl ant at i t b
porformed (not Shouny. o 25 on I Bh RN AROEEN IR ARV iR: Snelioa sty i o

then carfpimihgbtuffdr axideskykromabayt gkE &i'eléc@riés_E%g &é@u%age; F%rPﬁE’ﬁcit !

energy so as to place the peak oxygen concentration just € siTicon
subst r at@ygsnamp2a2. doteeo peaiitfoygetionandeatthat (30n1 €82 piief eriably, Has
dept h bel ow t he substrate surface between about 20 and 150 ~. Depending
upon the thickness of sacrificial oxide-layer 208, the oxygen inplantation
ener may vary fr about 10 to 50 keV.

. gy y Y T8RS o%}ects wﬂﬁ appear hereinafter.

It has now been discovered that the above and other objects of the
present invention may be accomplished in the following manner. Specifically, the
first option is a method of forming an ultra thin buffer oxide layer comprising the
following steps. A silicon substrate having STI regions formed therein separating at
least one active area is provided. The silicon substrate has an. upper surface. A
'sacrificialr oxide layer is formed over the silicon substrate and the STI fegions. -
Oxygen is implanted within the silicon substrate. The oxygen implant having a
peak concentration proximate the upper surface of the silicon substrate. The
sacrificial oxide layer is stripped and removed. A gate dielectric layer is formed
over the silicon substrate. A conductor layer is deposited over the gate dielectric
layer. The structure is annealed to form ultra-thin buffer oxide layer between the

silicon substrate and the gate dielectric layer.

The second option is a method of forming an ultra-thin buffer oxide

layer, comprising the following steps. A silicon substrate having ST regions formed




As shown in Fig. 2, sacrificial oxide |layer 208 is stripped. (pr'%r EE 2004
Rapid Thermal Nitridation (RTN)). Sacrificial oxide |ayer 208 né@ bg ’
stripped using an isotropic HF wet etch or DHF strip. During an RTN
process, nitride (SiN) or a high k dielectric (such as Taz05, Ta305, or
Tiz) gate dielectric layer 206 is formed through a controlled chem cal
vapor dep&ETTisSREms ab%@é‘é@%‘? afii g aresbis\proyidesl. ditel sliton eubayae 12Q6H S

conprised. i s Wil e.used hereafter. SiN gate dielectric |ayer 206
has a tﬁ?%ﬁ%reg’g%(?e(ﬁrﬁ 585%‘51@%%?%{18 1888, 1sfermedr@fesrtal sjlidarosultioatt 2@ fhe 30A,
and nost bl QU 1 25A sho in Fig. 3, thick conductor |ayer
226 is ﬁ%&‘?&f‘éﬁ éisea?%%ﬁlaé&e VEf l@cefg?ﬁn@g@gﬁgrth%@te elediric byet.é@)e}rge%ZG
has a t hi.C : 0. 2750A re preferably from about 2400
to 2600{},5 gﬁ@%ﬁ%&é q’éﬂ%?‘é#%‘%f%ﬁg%%&u%égf@éﬁ Jfgﬁ &8y IR boeingag prak

lysili i .21 DEC 2004 h [
Fro i, o nate domoe e Ble ubPr SHAARR 8 s ml Ghoutibr b of bmses 07 bbou

5 to 25 sdden HBEEpPE& hadako Fdp - r,about, 10 to 20
seconds, and ﬁ%%ilpreggrably fréﬁfﬁggiﬁggg%d%g%@%%éggggoég%ﬁPvfth%g@G

seconds. diphiotricdayes Thesouyger Bt aimealeditibobeeedidhRIOB RS %ngg er
inplantation 230 to pile up at,the SiN gate dielectric |ayer 2 Y

subst r at ¢t2E6Rithe eilicapsubsipgaridothegatsididedisiciage. 200 occurs at the SiN
gate dielectric layer 206 / Si substrate 200 interface and ultra-thin
buffer oxide layer 204 is fornmed having a thickness fromabout 3 to 25A,
nore preferably fromabout.3 to 15A, and nost preferably fromabout 3 to
10A. By adjusting the oxygen inplant dosage, the desired ultra-thin buffer
oxi de 204 thickness may be achieved. This nmethod allows formation of an-
ultra-thin buffer oxide |ayer 204 through the accurate control of the
oxygen inplant dose. Afterwards, the conductor |ayer 226, SiN |ayer 206 and
oxi de 204 are patterned to create gate el ectrodes (not shown). Further
processing forns S/ D regions, conductive interconnection to create

transi stors and ot her devices. Second Option of the Invention Figs. 5to 9
illustrate.the second preferred option of the present invention. 9




21 DEC 200 Accordingly, as shown in Fig. 5, starting silicon su tr@tE m
may include a sem conductor wafer and has shallow isolation tre h1e ?S
regions 302 fornmed therein separating active area 312. Although only two

- STl regions 302 and one active area 312 are illustrated in Fig. 9, it is
understood nultiple STl regions could be forned within silicon substrate
1300 separating nultipl BRAEFIDESERARTIONIO HEETDMWERR}@‘C silicon :
substrate 300 is then cleaned prior to Rapid Therna ridation (RTN).
During the RTN process, nitride (SiN), or high k diel ectrlc (such as Ta, 05,
Ta305, or TiQZ), gate dielectric layer 306 is formed through a controlled
chemi cal vapor depa: etfﬁéﬁll‘émqﬂvta@é@d?rth‘éenahbﬁs ag@d:@hﬂg%e}%féké‘sehgyer
306 is co i.sed ﬁ],fl SiN as w be used hereafter. SiN gate dielectric

| ayer - 306‘%\?%&” éﬁd@@%@ Flreéﬂi’atﬁbiﬂrstp@dtbosoﬂ& folivariegpteateiptibhyta ke m
about 20} u;p@ n&l %ref erably about 25A. As shown in Fig. 6,
sacrificral 88 ‘fv SAFIRPRBY B FAMINES N yhvieh dikel refenence Irayeerad06 t o

a thickn f 110A. no referably from about 95 to
105A, angéﬁgggm i é‘?g’ %}%r%g%é"ﬁd%,&ém%%r F‘? 18?%?n‘£PPHé°rI‘ irgpdider ves to

protect SiN gate d| electric layer 306 fromany inplant contam nation in the
subsequent inplant step. Well and channel inplantations may then be

-performed (not shoWigs. 1As 4ssxdiethativalfy GHudtra@NirCbeL8edHTN L 330)
is then carried-out at a dose fram agout 1ET 1to 1E ge %?g%ﬁlg%&%sgs

energy s&rgpreterpchoptiohengrbain acpgtmeeonck the ptdsent irehtibgl ow the silicon
substrate as at 332. The oxygen inplant dosage and energy may be adjusted
to optimze the required buffer oxide 304 10 21 DEC 2004 thickness (see
bel ow).. The oxyge% n‘gl a t%i‘lﬁon energ may vary from about 10 to 50 keV.
As shown in Fi g 8 1&acrtPf Fna&ﬂaﬂél HVé@tEBGBCHOSS-seqthmpédepqeseiteflahj;y
using ang éc%?x Qg t etch or DHF st Tgl ck conductor layer 326 is

t hen deposi over gggaﬁ?g}gaolrggnqeaygpt B oresehhduandiont ayer 326 has
a thickness fromabout 2250 to 2750A, nore preferably from about 2400 to
2600A, and nost preferably about 2500A. Conductor |ayer 326 nmay be
polysilicon (poly) or a netal, for exanple. As shown in Fig. 9, a furnace
anneal is then perforned from about 715 to 985C for about 5 to 25 seconds,
nmore preferably from about 750 to 950C for about 10 to 20 seconds, and nost
preferably from about 800 to 900C for about 10 to 20 seconds. This causes

t he oxygen atons introduced through the oxygen inplantation 330 to pile up
at the SiN gate dielectric layer 306 / Si substrate 300 interface.

Oxi dation of Si substrate 300 occurs at the SiN gate dielectric |ayer 306 /
Si substrate 300 interface and ultra-thin buffer oxide |ayer 304 is forned
havi ng a thickness fromabout 3 to 25A nore preferably fromabout 3 to
15A, and nost




referably fromabout 3 to 10A. As referenced above, by . adj ust i f¢ 00k
gx'ygen ir%l ant dosage, the desired ultra-thin buffer oxide 304 tqug‘:pggsg

may be achieved. This nethod allows formation of an ultra-thin buffer oxide
| ayer 304 through the accurate control of the oxygen inplant dose. 11 21
DEC 20D4 Afterwards, the conductor |ayer 326, SiN gate dielectric |ayer 306

and oxi de 304DERADGEDADRSCRIPTIONLE DREeP RERERTGS ENRRINANAND) - Furt her

rocessing fornms S/ D regions, conductive Interconmectt
Fr ansi st o?s and other devices. While particular embodi ments of the present
“invention have been illustrated and described, it is not intended to limt

i i esaotiefiined felle J | 21 DEC 20D4
tCIrjil :\/gvs\gt Icfgl mexi.gé,té\ nmet hod of F (b)i;ﬁrfnTeﬁbag?ﬂgle%grsgig’tsﬁ#%tggisf ﬁy BXi 8 F‘é’?’er,
conpr i sitfyPERETIEH), sarmgd serepecorpplistiall by orsichtioaR] SHARLEE!IE JAN iATITL
regions formed therein separating at |east one active area; sald silicon
substrat%mi’lra"\‘ﬁtng an upper surface; formng a sacrificial oxide |ayer over
said silicon substrate and said STl regions;

First Option of the Invention

Figs. 1 to 4 illustrate the second preferred option of the present

invention.

Accordingly, as shown in Fig. 1, starting silicon substrate 200 may
include a semiconductor wafer and has shallow isolation trenches (STT) regions 202
formed therein separating active area 212, Although only two STI regions 202 and
one active area 212 are illustrated in Fig. 1, it is understood multiple STI regions

could be formed within silicon substrate 200 separating multiple active areas.

Sacrificial oxide layer 208 is formed over silicon substrate 200 and STI
regions 202 to a thickness of from about 90 to 110A, more preferably from about 95
to 1054, and most preferably about 100A. Sacrificial oxide layer 208 serves to

protect silicon substrate 200 from any implant contamination in the subsequent

implant steps.

Well and channel implantations may then be performed (not shown).




i npl anting oxygen within said silicon substrate; said oxygen i n e
a peak concentration proximte said upper surface of said sili gﬂnai bEEa‘XﬂﬁQ
substrate; stripping and renoving said sacrificial oxide |layer; formng a
gate dielectric layer over said silicon substrate; depositing a conductor
| ayer over said gate dielectric |ayer; annealing the structure to form
ultra-thin buffer oqxh i i.li.con suhstrate and sai d gate
diel ectric |ayer. 2. %Xg?}%‘?hg%ﬁ%%ha?%%%éﬁsww Wt # depalfrani de
“layer i s aboam1ddud BB ten 1A A ks ' t jelectric, layer is from
about 10 to 50A; said conduct orﬁ Pﬁgﬁafgh%%’?nsg)bgsutOzéztl@ﬁettae OKHERK;
and sai d cohtergratiimjustibélen the dicdrayi@stiate b gpypbout 3 to 15A thick. 3. The
met hod of claim 1, wherein said sacrificial oxide |ayer is about 100A
‘thick; said gate dielectric layer is fromabout 20 to 30A; said conductor
| ayer i s about ZSOOﬁlthi ckk; and said ultra-thin buffer oxide layer is from
about 3 to 10A t hi difie park o2¢g@ECOROEratiof 182 mrkhadh oy MELN
sai d oxy%eE in&l antation is perforned at a dosremFrom 2{3135% ﬂleg}%btew&%
cm z and “BASERET Firiageonetatrent aliutt 20 50dKEST. A5 Depeadimt @@ nofheCiraiiRels of
- wherein séai d.%%te ’.gi gl ectsii c layer is fornmed using a pid Ther nal
Ni tri dat PON LN ISR JREes208% therfney gan ivplestatitmenerty mhgneiy fsah dbaanea! i ng
step is pgsheLied from about 800 to 900C for about 10 to 20 seconds. 7. A
. met hod of fsorm ng an ultra-thin buffer oxide layer, conprising the
-followi ng steps: providing a silicon substrate having STI regions forned
~therein separating at | east one active area; said silicon substrate having
an upper surface; fA¥ Bhe@nairSELY if isghak: i r said silicon
substrat g{agggﬂ;gi d STI regi ons%’r séisgbi}gg%ﬂqg?%?yo% %)\ée}sa%éﬂpﬂ‘?gvi(ﬂgoglto
t hi cknes rna bblitri i oo RIMSY: SddiiH el toxige Y aid,silicon
substrate; said _oglgen i npl ant ha)\?\i ng a RyLH208 mﬁtyhé@stﬁ%ped HsIng
an isotropic wet etch or DHF strip.

During an RTN process, nitride (SiN) or a high k dielectric {such as
Ta,0;, Ta,Q;, or TiO,) gate dielectric layer 206 is formed through a controlled
chemical vapor deposition (CVD) process. Pfeferably, gate dielectric layer 206 is
comprised of SiN as will be used hereafter. SiN gate dielectric layer 206 has a

thickness from about 10 to 50A, more preferably from about 20 to 304, and most
~ preferably about 25A.

As shown in Fig. ‘3, thick conductor layer 226 is deposited over SiN
gate dielectric layer 206. Conductor layer 226 has a thickness from about 2250 to
2750A, more preferably from about 2400 to 26004, and most preferably about

. 2500A. Conductor layer 226 may be polysilicon (poly) or a metal, for example.




peak concentrateion proximate said upper surface of said sili co&aﬁgﬁgtrm;

- -stripping and renoving said sacrificial oxide layer; formng a

dielectric layer over said silicon substrate; said gate dielectric |ayer
having a thickness of fromabout 10 to 50A; depositing a conductor |ayer
over said gate dielectric layer; said conductor |ayer having a thickness of

from about 2400 t&* 110y K 4 R AQIace asnealcs dhen perfbanend tdmhabibi nHuf f er
oxi de | tween said sidicon substrate and said gate dielectric |ayer;
ot 0 ul B BT B PP EF Scinl IR S R ity AR faoes abofit FHOEAB0NE (Bt o

:ngér |t P : %lbg‘ltlgg(f%%o %@gr%siz%?éggcaﬁtEgg%g\%lg%g%?‘f%g@%r@nﬁgé9%"2{ g}‘[]a’q%zlitgayer is
U tra R ROr s onmaSfidsa i Shion Avhe Befelutsd dhrekeh ohernayses nod
about LELH T LB g o P R BT BB W Tie e 50R 0 Fovbstore 1o
Rapi d Ther mal N LE et on (e o, Sbalg e s W R s R i
sai d anSeatbstgatet209 inserfare adredirinRM BLEWE oS0 e P00L14 g%rn?%{;g%\fi%% fo 20

seconds. 12. A nethod of formnpng an ultra-thin buffer oxi

conpr i sithigknaws from ehiony 3step8A, pronei diaferablgiftdraosbEits s abé, hawd RghsST!
regi ons fogﬁn%q t.her eailt}n separating at | east one active area; said silicon
subst r aPEERRAY G 2hpper tRdPface; forming a gate dielectric |ayer over
said silicon substrate and said STl regions; formng a sacrificial oxide
 ayer over said gate dielectric layer; inplanting oxygen within said

silicon substrat e;BySdeﬂsﬁf%( L okggelzr? E‘&lp aan\‘clcpc%age, the desired ultra-thin buffer

oxide 204 thickness may be achieved.

This method allows formation of an ultra-thin buffer oxide layer 204

through the accurate control of the oxygen implant dose.

Afterwards, the conductor layer 226, SiN layer 206 and oxide ‘204 are
patterned to create gate electrodes (not shown). Further processing forms S/D

regions, conductive interconnection to create transistors and other devices.

Second Option of the Invention

Figs. 5 to 9 illustrate the second preferred option of the present

invention.




eak concentration proximate said upper surface of said si l'i con-gsub abem
gtri ppi ng and rermv!ong said sacrificial oxide layer; depositing ﬁcﬁﬁguz@ér
layer over said gate dielectric layer; annealing the structure to form
ultra-thin buffer oxide |ayer between said silicon substrate and said gate
dielectric layer. 1p él C 2004 13. The method of claim12, wherein said
gate dielectric |ayerforSgénfasoavm £ig-50Atasuigisdmoni fibstaite 3RO dRal ayer

ia- i ck: i dyct I is fromabout 2400 to

2500 T i ae S e A bl efer SR red sRalfpaoplafion trenches 5 Hboagiods 502 15A

thick. 1 : Laim.-12,  wh in,.said gate dielectric layer is

f r';)% abog?r%g&fg@%gﬁgégzﬁaghga%rt %i %F%ﬁ?gx‘f_xggzgggé:r“z}’ i‘;"é’?ﬁ[ﬁ ﬁgﬂsuﬂﬂe?k% e
ayer 1t romabonesd Tor R e ek B, 1 ReeRBtSiod ritheio sthkesienn

sai d oxygeuld bpfamtad Wothih SilRS LbIEI A0 idd Qyabput [ 1E14 1o 1E16
cm 2 anégan energy from about 10 to 50 g&egggﬁdﬁé‘% SIS AR m 12,
wherein said gate dielectric layer formation includes the steps of:

- performng a Rapid Thermal Nitridation (RTN) of said silicon substrate; and

forming a gate di elldet nppet ayefacovdrsifiedrd sabsirs@N3cbs KAt e1hY5hem, £2l
vapor geg%gi, ion. 17. A method of formng an ultra-thin bug ereo;}? e ?%yer,

copr < geehePommb by Sttt o i
rsﬁg!s?rn:tt g?ﬁg&%rqgggéﬁ g;bg'gf(%; %t,alﬁ(gg @?tTiOS)?Sggteocrl]i%le?:tric layer 306 is formed through
a controlled chemical vapor deposition (CVD) process. Preferably, gate dielectric
layer 306 is comprised of SiN as will be used hereafter. SiN gate dielectric layer 306

has a thickness from about 10 to 50A, more preferably from about 20 to 304, and
most preferably about 25A.

As shown in Fig. 6, sacrificial oxide layer 308 is formed over SiN gate
dielectric layer 306 to a thickness of from about 90 to 1104, more preferably from
about 95 to 1054, and most preferably about 100A. Sacrificial oxide layer 308 serves

to protect SiN gate dielectric layer 306 from any implant contamination in the

subsequent implant step.

Well and channel implantations may then be performed (not shown).

As shown in Fig. 7, an oxygen implantation (at 330) is then carried out
‘ata dose from about 1E" to 1E' cm™ at an optimal energy so as to place the peak
oxygen concentration just below the silicon substrate as at 332. The oxygen implant

dosage and energy may be adjusted to optimize the required buffer oxide 304

10




formng a gate dielectric |ayer over said silicon substrate andézgi ﬁEﬁTt
regi ons; said gate dielectric |ayer having a thickness of from u 0 qﬂé
50A; form ng a sacrificial oxide |layer over said gate dielectric |ayer;
said sacrificial oxide |ayer having a thickness of fromabout 95 to 105A
16 2 1DEC 2004, i npl anti ng oxygen within said silicon substrate; said
oxygen i CKRESHEGE §law)p @urgeaninpibneriger exdrgRlfap Aagy YRR LW, fAGE of
said sili n.vsubst rate; stripping and renoving said sacrifical oxi (Ee l"ayer;
deposi ti_r?g%g conductor | ayer over said gate dielectric; said conductor

| ayer "having a thickness of from about 2400 to 2600A; 18. The nethod of
claim17, wherein said gate dielectric layer is fromabout 20 to 30A; said-
sacrificial oxide |layer is .abﬁut %OOA thick; said conductor layer is about
2500A thick; and said”ulYFdot HBnShiArdicia e ade layanr308sisfatuppaboptefarabty 10A

t hi ck. 1%sin-§"§n{£%ttztbgﬂ? 2 ‘% %tgb%%alﬁ/ﬂte%rei n said oxygen inplantation is

performed at” a cl os rom a l1HE16 cmz and an energy from about
10 to 50 keV. 20. The nethod of claim17, wherein said gate dielectric
| ayer formation includes the steps of: performng a Rapid Ther nal

Nitridation (RTN) qfhi@aicgnahkﬂ'ogqu [8n Sﬁt%agn%‘?%ﬁ{\?at e ch'f?' ectric

| ayer over said silicon substrate by chem cal Vvapor gnte eciric

et lhod_ oflayfesr3ién " armdutor dagreri ReOHES ar chrills [BYE ab AAPIISINI74E more
fol | owi ng steps: ) ' ’
preferably from about 2400 to 26004, and most preferably about 2500A. Conductor

layer 326 may be polysilicon (poly) or a metal, for example.

As shown in Fig. 9, a furnace anneal is then performed from about 715
to 985°C for about 5 to 25 seconds, more preferably from about 750 to 950°C for
about 10 to 20 seconds, and most preferably from about 800 to 900°C for about 10 to
20 seconds. This causes the oxygen atoms introduced through the oxygen
implantation 330 to pile up at the SiN gate dielectric layer 306 / Si substrate 300
interface. Oxidation of Si substrate 300 occurs at the SiN gate dielectric Ia)-rer 306 /
Si substrate 300 interfate and ultra-thin buffer oxide layer 304 is formed having a

thickness from about 3 to 254, more preferably from about 3 to 154, and most

preferably from about 3 to 10A.

As referenced above, by adjusting the oxygen implant dosage, the

desired ultra-thin buffer oxide 304 thickness may be achieved.

This method allows formation of an ultra-thin buffer oxide layer 304

-_through the accurate control of the oxygen implant dose.
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providing a silicon substrate having an upper surface; formng az) 2[!0'} '
sacrificial oxide |layer over said silicon substrate; inplanting XX/QEF’;
within said silicon substrate; said oxygen inplant having a peak
concentration proxi mte said upper surface of said silicon substrate;
stripping and renoving said sacrificial oxide |ayer; 17 21 DEC 200h
formng a gate dielectric |ayer over said silicon substrate; depositing a
conductor |ayer over said gate dielectric layer; annealing the structure
wher eby sai d oxygemfierplaads, thacionidi@tss] i Nl ra-thi uf fer
oxi de | ayer bet%veen said silicon subst rg?ée)lrga?% Sggi%gt%gtl%lgﬁﬁrgﬁ%??&gﬁr&éer.
22. The pstdeodldbarepattart tovbened gacobldcsadbs fh& ' er is from
about 95 to 105A thick; said gate gi el ectri céélt gﬂ;/(gﬂrﬁ{iog@%jr'g%rgﬁ%témfﬁssf%g 50A;
‘sai d confRidRbS/|Layesians, cooduativatin24@OnhecEO0A drlohek iraAREiSA dndl §d.3:t hi n
buffer oxide |ayer is fromabout 3 to 15A thick. 23. The nethod of claim
21, wher EFK8%i d sacrificial oxide layer is about 100A thick; said gate
dielectric layer is fromabout 20 to 30A; said conductor |ayer is about
2500A thick; and said ultra-thin buffer oxide layer is fromabout 3 to 10A

thick. 24. The net 40f claim 21, wherein said oxygen inplantation is
“performed at a doswp%rﬂaﬁbs}igrl%ﬂo‘fh@i@f@%mezPé‘?ﬁfnénnefﬁetigy faanbadout

10 to 50j | ai 1 1erein said gate dielectri
ayer 115 ord any neoaripedis o MR 1 B i ey wsemtas deinahe

met hod obych@tdllA+inWgigd. N sai d annealing step is perfornmed from about 800
- to 900C for about 10 to 20 seconds. 27. The nethod of claim 1, wherein the
gate dielectric layer is conprised of SiN. 28. The method of claim?7,
wherein the gate dielectric layer is conprised of SIN. 18
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2 1 DEC 2004 29. The nethod of claim 12, wherein the gate diel ecﬁerf ﬁE]:aym
is conprised of SiN. 30. The nethod of claim 17, wherein the gat
dielectric layer is conprised of SiN 19

A v/ . Av. AO. A ALv. Ai v. AY. Ai ve. Av. Av. ACv. Aiv. AY, . A ,.Alv, Alv, . Al,.AvVv. A YW
HMZv) . r Qr TYkp}ztoje_ZU) ca]ca]cha]c
a) ca] caV] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]c a] ca] ca]ca]ca]ca]cal ca] cajc”alc
a]calcalc”talc”alc al\'jfkw q_=Xc[{vgkfa\W]ca]ca]ca]ca] c”a]ca]ca]cra]c
aJca] ca]calcalcalcalcalc™alc aJca]calc
aJca] calca]calcalca]calca]calcalcalcal[r
" =HBENAHHOREWREL ' (" (' (2(0))+-|wnmhc”Y]]]ca] ca]lca]ca]c, alca] ca]ca] c”ha]ca]c
a] ca] ca] ca] ca] ca] ca] ca] ¢ a] ca] ca] c&leAMS] ca] ca] ca] ca] ¢
a] ca] cg}%@ F--\---.../x/001353w33344: 4F4655556
6\ 6¢c66 17'%? wr mhc”Y] ] ] ca] cal ca]ca]calcaljca]ca]c”alc a]ca]ca]ca]c
a] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca]ca] ca]c a]ca]ca]ca]ca]ca]cal 7WB889;

<<=
=X====}>>? G GEABNIRTC0000IE B) xdme-dhiz] Yy fferapids baiecajarapusing dhe &lkaying
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]c
a] ca] cﬁ%E %] ca] ca] cal e DDDHEEEFYFFFFGGHHI! | 1 3J2JJJJ- KKKLSLYLeLLL2MV} xsni d_Z] ]
ca] ca] ca] ] l€@al ] ] ] calc,a

| ] lca] lca] lca] C@]@v&?ﬂg eglgl?ﬂ §Cal kGt ﬁ%@ ¢8Rl Hkieal haldalLplahgalt
PGPPPPI@a@@@avaaﬁaaﬁmwuﬂwm&% j sh dppéd aafea] C
a] ca] ca] ca] ca] cal cal ca ca]cg(gi cal ca] ca]

a] ca] ca] ca] aldng & spei]c ¢ld yew‘c&a]sgh] dhransubstsesoaid STI regions;

PGPPPP Rr 1TT
a] ca] CS_]E ca]c ﬁ“g C a] YRR %C aﬁ.lcgtrazt]e] LE]J& nygLn implant having a

a] ca] cg&aa&&@bﬁ@]ﬁad )5 E@Ja@ahggbﬁa]ﬁak%kﬁﬂ]ﬁﬁéwwﬂs%]&; 10 10
107V109%& ()-|0|s$1oo 9& ()-1F 10 )-1X, YD 10% ;|; & ()- viowg ()-MzZva?QF;

1! stripping an removing said sacrificial oxide layer;
0, * 0, 0, | 0, * - 0, ! - YO 0, !
?#EO/E’H r& Qr 6#10% 1 & Qecmcolgér%v(e)rsY S#]}O/S‘r r & ge) pl0%r & ()- YWw10%r & (

ming a gate di aid sificon substra
depositing a conductor layer over said gate dielectric layer;
annealing the structure to form ultra-thin buffer oxide layer between said silicon

substrate and said gate dielectric layer.

2. The method of claim 1, wherein said sacrificial oxide layer is from about 95 to
105A thick; said gate dielectric layer is from about 10 to 50A; said conductor layer is
‘from about 2400 to 2600A thick; and said ultra—thh buffer oxide layer is from about 3 to
15A thick.

3. The method of claim 1, wherein said sacrificial oxide layer is about 100A thick;
said gate dielectric layer is from about 20 to 30A; said conductor layer is about 2500A
thick; and said ultra-thin buffer oxide layer is from about 3 to 10A thick.
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4. The method of claim 1, wherein said oxygen implantation is performed at a dose

from about 1E*to 1E'® cm2 and an energy from about 10 to 50 keV.

5. The method of claim 1, wherein said gate dielectric layer is formed using a Rapid

Thermal Nitridation (RTN) process.

6. The method of claim 1, wherein said annealing step is performed from about 800
to 900°C for about 10 to 20 seconds.

7. A method of forming an ultra-thin buffer oxide layer, comprising the following
steps:

providing a silicon substrate having STI regioﬂé formed therein separating at
least one active area; said silicon substrate having an upper surface;

forming a sacrificial oxide layer over said silicon substrate and said STI regions;
said sacrificial oxide layer having a thickness of from about 95 to 105A;

implanting oxygen within said silicon substrate; said oxygen implant having a
peak concentrateion proximate said upper surface of said silicon substrate;

stripping and removing said sacrificial oxide layer;

forming a gate dieleciric layer over said silicon substrate; said gate dielectric
layer having a thickness of from about 10 to 5011;

 depositing a conductor layer over said gate dielectric layer; said conductor layer

having a thickness of from about 2400 to 2600A;

annealing the structure to form ultra-thin buffer oxide layer between said silicon
substrate and said gate dielectric layer; said ultra-thin buffer oxide layer having a
thickness of from about 3 to 15A thick.
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: 8. e method of claim 7, wherein said sacrificial oxide layer is about 100A thick;

said gate dielectric layer is from about 20 to 30A; said conductor layer is about 2500A

thick; and said ultra-thin buffer oxide layer is from about 3 to 10A thick.

9. The method of claim 7, wherein said oxygen implantation is performed at a dose

from about 1B to 16 cm2 and an energy from about 10 to 50 keV.

10.  The method of claim 7, wherein said gate dielectric layer is formed using a Rapid

Thermal Nitridation (RTN) process.

11.  The method of claim 7, wherein said annealing step is performed from about 800

to 900°C for about 10 to 20 seconds.

12. A method of forming an ultra-thin buffer oxide layer, comprising the following
steps:

providing a silicon substrate having STI regions formed therein separating at
least one active area; said silicon substrate having an upper surface;

forming a gate dielectric layer over said silicon substrate and said STI regions;

forming a sacrificial oxide layer over said gate dielectric layer;

implanting oxygen within said silicon substrate; said oxygen implant having a
peak concentration proximate said upper surface of said silicon substrate;

- stripping and removing said sacrificial oxide layer;
depositing a conductor layer over said gate dielectric layer;
annealing the structure to form ultra-thin buffer oxide layer between said silicon

substrate and said gate dielectric layer.
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13.  The method of claim 12, wherein said gate dielectric layer is from about 10 to
50A; said sacrificial oxide layer is from about 95 to 105A thick; said conductor layer is
from about 2400 to 2600A thick; and said ultra-thin buffer oxide layer is_from about 3 to
15A thick.

14.  The method of claim 12, wherein said gate dielectric layer is from about 20 to
30A; said sacrificial oxide layer is about100A thick; said conductor layer is about 2500A
thick; and said ultra-thin buffer oxide layer is from about 3 to 10A thick.

15.  The method of claim 12, wherein said oxygen implantation is performed at a

dose from about 1E™* to 1E' cm-? and an energy from about 10 to 50 keV.

16. The method of claim 12, wherein said gate dielectric layer formation includes the
steps of:
performing a Rapid Thermal Nitridation (RTN) of said silicon substrate; and
forming a gate dielectric layer over said silicon substrate by chemical vapor

deposition.

17. A method of forming an ultra-thin buffer oxide layer, comprising the fdﬂowing
steps:
| providing a silicon substrate having STI regions formed therin separating at least
one active area; said silicon substrate having an upper surface;
forming a gate dielectric layer over said silicon substrate and said STI regions;
said gate dielectric layer having a thickness of from about 10 to 504;
forming a sacrificial oxide layer over said gate dielectric layer; said sacrificial

oxide layer having a thickness of from about 95 to 105A;
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stripping and removing said sacrifical oxide layer;
depositing a conductor layer over said gate dielectric; said conductor layer

having a thickness of from about 2400 to 26001&;

18.  The method of claim 17, wherein said gate dielectric layer is from about 20 to
304,; said sacrificial oxide layer is about100A thick; said conductor layer is about 2500A
thick; and said ultra-thin buffer oxide layer is from about 3 to 10A thick.

19.  The method of claim 17, wherein said oxygen implantation is performed at a

close from about 1E™ to 1E'¢ cm-2 and an energy from about 10 to 50 keV.

20.  The method of claim 17, wherein said gate dielectric layer formation includes the
steps of:
performing a Rapid Thermal Nitridation (RTN) of said silicon substrate; and
forming a gate dielectric layer over said silicon substrate by chemical vapor

deposition.

21. A method of forming an ultra-thin buffer oxide layer, comprising the following
steps:
providing a silicon substrate having an upper surface;
forming a sacrificial oxide layer over said silicon substrate;
implanting oxygen within said silicon substrate; said oxygen implant having a
peak concentration proximate said upper surface of said silicon substrate;

stripping and removing said sacrificial oxide layer;
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annealing the structure whereby said oxygen implant facilitates formation of an

ultra-thin buffer oxide layer between said silicon substrate and said gate dielectric layer.

22. The method of claim 21, wherein said sacrificial oxide layer is from about 95 to

105A thick; said gate djelectric layer is from about 10 to 50A; said conductor layer is

from about 2400 to 2600A thick; and said ultra-thin buffer oxide layer is from about 3 to
~ 15A thick.

23. The method of claim 21, wherein said sacrificial pxide layer is about 100A thick;
- said gate dielectric layer is from about 20 to 30A; said conductor layer is about 2500A

thick; and said ultra-thin buffer oxide layer is from about 3 to 10A thick.

24.  The method of claim 21, wherein said oxygen implantation is performed at a

dose from about 1E to 1E!6 cm? and an energy from about 10 to 50 keV.

25.  The method of claim 21, wherein said gate dielectric layer is formed using a

Rapid Thermal Nitridation (RTN) process.

26.  The method of claim 21, wherein said annealing step is performed from about

800 to 900°C for about 10 to 20 seconds.
27.  The method of claim 1, wherein the gate dielectric layer is comprised of SiN.
28.  The method of claim 7, wherein the gate dielectric layer is comprised of SiN.
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