$é§%§F5$T UNI TED METHOD AND APPARATUS TO PREVENT LATERAL OXI DATION IN A
UTI LI ZI NG AN ULTRA THI N OXYGEN- DI FFUSI ON BARRI ER 5 FI ELD [ 0001]
The present invention relates generally to the field of sem conductor
t echnol ogy and, nore specifically, to preventing lateral oxidation in
transistors wutilizing an ultra thin oxygen-diffusion barrier. 10
BACKGROUND [ 0002] Typically, in sem conductor processes, a transistor
device includes a gate characterized by a gate dielectric overlying a
substrate, UMTEDMETHOD AND ABPARATUSITO BREVENT LATERAL e gat o

el ectrode is_an _electrical lﬁ conductive material, such as doped

pol ysi | i con Q@XIBAHONTMNAGERANSISTOR UTHAZING ANt WbTRATHIN been a

|l ow-k dielectric materi Ilicon dioxi Si2). [0003] However,
due to the great need f%ﬁ#%ﬁéﬁéﬁé&%ﬂéﬁ% the lowk dielectric
has had to becone increasingly thinner. At a certain thinness, however,

the lowk gate dielectric begins to loose its dielectric qualities.

Conseguepjgiyy a nore conventional practice has been to replace the | owk
dielectric wth a high-k 20 dielectric. A high-k dielectric can provide

Ot or urBPEH)G b8l iPnlet B Batds BtStany Y raHia o bR BEtr e s wel 1

For exanpl hi gh-k dielectrjc re highly permnmeable to oxygen diffusion.
i gur o TBFRHCIG9Y AndampreSsitoally. dp Perveing 1B ahaxsiaion in HBBVEITS ¢ hr ough a

high-k gate dielectric 102 in a transistor gate structure 100 according to
P14087Pctilizinganpulira thinraxygee-tdfusiangbarseri gure 1, a high-k gate dielectric
102 overlies a silicon substrate 101. Over the high-k gate dielectric 102
I's-formed a gate el ectrode 104,
10 BACKGROUND
[0002] Typically, in semiconductor processes, a transistor device includes a gate
characterized by a gate dielectric overlying a substrate, and a gate electrode
overlying the gate dielectric. The gate electrode is an electrically conductive
material, such as doped polysilicon or metal. The gate dielectric has traditionally
15  been a low-k dielectric material, such as silicon‘dioxide (Si02).
[0003] However, due to the great need for smaller transistor devices, the low-k

) - dielectric has had to become increasingly thinner. At a certain thinness, however,

the low-k gate dielectric begins to loose its dielectric qualities.. Consequehtiy,' a

: more conventional practice has been to -replace the low-k dielectric with a high-k
20 dielectric. A high-k dielectric can provide greater dielectric qualities at a' lower
thickness than low-k dielectrics. Unfortunately, high-k dielectrics are not without _
~ their problems as well. For example, high-k dielectrics are highly permeable to
oxygen dif_fusion. Figure 1 illustrates the potential effects of oxygen diffusion

- through a high-k gaté dielectric 102 in a transistor gate structure 100 according to
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%Hﬁﬁm%%ﬁmn as a gate termnal, nmade of an electrically conductive material,
suc as doped pol ysilicon. Subsequently, processes such as |ithographies,
anneal s, s and spacer depositions can introduce oxygen 106, either as part
of the process or unintentionally, as anbi ent oxygen, which diffuses

| aterally (horizontally) into the high-k gate dielectric 102 and oxi di zes

por ti ons thé ptibearinfefdnihg o Figurean ask'whe dieldblridnge bipsriey ardintoRd

polysilicon gate el ectrode 104, to formundesirable SI02 deposits 108. io
[ 0004] Thep | d i 3 _ nﬂﬁs f u

effectivgl y&rfﬁﬁg@gése ﬁééth clﬁgé%sdﬁ%%x{rﬁe ga'% g&gli'egq %?‘fi fe; %Igi%%?%ﬁl%4’decrease
the thickness of the aje el ectrode_104 urthermgre, the Si02 deposits
108 r edueB oMW Fealemin. Tas o538 Slctitaly apduiveIrBeienp S4g5.

i ncr easi ng t he capacitance of the circuit. Oonsec_luentl , the benefit of
utili zi ngS&oRPEROlysilisor. ubseayantly, processes sydiicas litbagriaphies; anneals,sj 02
deposits 108 are undesirabl e because they attack the area of the silicon
subst § at and 8pacerateposhions icanimtrodaickl oxiggen 1 D6 seittedr raisipmnt of thy paddeastarng t he
performance of the transistor that will be formed fromthe gate structure

100. BRUEﬁt@ﬁS@lﬁﬁb@hﬁﬁnﬂéﬂg@Rﬁwﬁ%ﬁ@iﬁlﬁé@%tefélgvo(hlbﬁﬁﬂﬂély) MeRkéon is

illustrated by way of exanple and should not be imted by the figures

ol enront oEATRGRE diflectie N0P i i Patiblif of Mg SRS, 2 ¢

el enents an

ot ot ur IO LTS Pk QBB ndvlicth odle B sB oIl dncehpBERaD” 0 ©
St ansi st or vvitq thin oxygen-diffusion barrier, 25 according to one
enbodi POsits { Hg invention. 2 ,K L

10 [0004] These SiO; deposits 108 are very undesirable because they effectively
increase the thickness of the gate dielectric 102 and decrease the thickness of the
gate electrode 104. Furthermore, the SiO. deposits 108 reduce the net dielectric
colnstant of the gate dielectric 102, increasing the cap.acitance of the circuit.

~Consequently, the benefit of utilizing a high-k gate dielectric is lost. Additionally,

15 the SiO; deposits 108 are undesirable because they attack the area of the silicon
substrate 101 where the channel will be, thus detrimentally affecting the

) . performance of the transistor that will be formed from the gate structure 100.
. BRIEF DESCRIPTION OF THE DRAWINGS
- [0005] The present invention is iliustrated by way of example and should not be
20 . limited by the figures of the accofnpanying drawings in which like references
indicate similar elements and in which:
[0006] Figure 1 illustrates the potential effects of oxygen diffusion through a high-
k gate dielectric in a transistor gate structure according to the prior art.
: '[0007] Figure 2 illustrates a transistor with a thin oxygen-diffusion barrier,

25 according to one embodiment of the invention.
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%ﬁﬂ&ﬁ%ﬁ?ﬁ [00081 Figures 3A - 3Millustrate a nethod of formng a
transistor with a thin oxygen-diffusion barrier to prevent |ateral oxygen
di ffusion through an oxygen- perneable gate dielectric, according to one
enbodi nent of the invention. 5 DETAI LED DESCRI PTI ON [ 00091 Descri bed herein
Is a nethod and apparatus to prevent lateral oxidation in transistors. In

the fol | quoosy Figees 3K LM MUSRARUS meBfsd b BriRba franddéiBr afth afBE h.  One of

ordinary skill Tn the art, however, will appreCiate that these specific

details I Vet | Ly i ion. Wile
certain P%hﬁﬁgggﬁgﬁﬁq%ﬁ@%-Pﬁgﬁﬁ%ﬁﬁgégﬁge ‘Qgggggbﬁéﬁ%ghﬂ%gﬁgéﬁgbn t he
acconpanyi n rawings, it is tqg.be understoad thaj, such enbodi nents are
mor o1y 1 Pritertle dte dRlectic, porading o et BPSTmETE Bt RV MO8t | o, and ¢ hat
this invention is not restricted to the specific constructions and
arrangenments shown and described since  nodifications may occur to those
ordinarily skilled in the art. In other instances 15 well -known

sem cHndDETAHILEBIRESGRIBAON ocesses, techniques, materials, equipnent,
etc., have not. been set forth in particular detail in order to not

unneces s oY)y Debsibedeher8inas amRéthed tindt disp aP4tas & bravene Rité raNexid GDih

According to enbodi nents of the invention described herein, a nethod and

appar at : SIG , Ao T-Tor LSt ' j rrier on
tﬁg Si dgtzaﬁézl%oﬁ @t?‘?ﬁ?m%géﬁﬁogxygen?{%éﬁl’ é‘?ﬁ‘?e%ﬁ H‘Jb:s%ﬁo ﬁ'r rier
| at eral | 0

Gat o ai cPBER BlbioqEBHfiaa WE R pob S ularit St Rafpee SaefnfoeBils or i
gt her words, that has a high perneability to oxygen diffusion. By
prevent | #§ NoANeFessagy fq E@cgﬁ% smbadiraents of e ipxeraliany \Woile GBEaNat e, or the
overlying gate electrode, is protected from undesireabl e oxidation. 25
Appl Toc atexe@mplaryambodinieats bakedbrerydessibedandispiown igdbe adtehpanyings si nce
rrpst " gdr;;vl;ingi, it is to be understood that such embodiments are merely iflustrative and
not restrictive of the current invention, and that this invention is not restricted to
the specific constr'uétions and arrangements shown and described sincé :
.. . modifications may occur to those ordinarily skifled in the art. In other instances
15 well-known semiconductor fabrication processes, techniques, materials,
| equipment, etc., have not been set forth in particular detail in order to not
K) L unnecessarily obscure embodiments of the present invention.
[0010] According to embodiments of the invention described herein, a method and
apparatus are described to form -an' oxygen-resistant diffusion barrier on the sides
20 of a transistor. The oxygen-resistant diffusion barrier prevents oxygen from
diffusing laterally into the sidewalls of a gate-dielectric that has very low resistance
o oxygen diffusion, or in other words, that has a high permeability to oxygen
~diffusion. By preventing lateral diffusion of oxygen, the underlying substrate,'or

- ', .ihe overlying gate electrode, is protected from undesireable oxidation.

 25  Application is particular advantageous for high-k gate dielectrics since most high-k
3 '




%ég&%gq' gate dielectrics are highly perneable to oxygen diffusion.
nsequently, an advantage of the oxygen-resistant diffusion barrier is
that transistors can have very thin gate dielectrics yet not suffer from
| ateral oxidation that normally occurs wth high-k gate dielectrics. As a
result, integrated circuitry can be fornmed smaller s wthout experiencing

loss in patd delriits He Highly plinhédbie td BR%Eh diffdsler. Zohbbywdrtyt 8s a

transi stor 200 with a thin oxygen-diffusion barrier 206, according to one

enbodi ”E%Hv-é‘rfnta?@%f Y Eﬂf}esigg]fgfﬂfﬁkﬁﬂmt&rﬁélgigrﬁatzcra f%&%r@nﬂ 200 is

t :
formed on a sificon subsStrate oxygen- pernea ate dielectric

202, suc I,ghs l.el ectri.c hei Lahly r.meable to axygen

i 11 usi one o g llaints, Vet ot SyfL B s s o RRIBR BathosaMibiSds gar o

el ectrode_ﬁ 4 is inturn formed on the oxygen-perneable gate dielectric
202. A t it ?estygsat%hem&mn Asa resil Infemsales) GiesUiBLoaDe FIMacnaliers of t he
gate electrode 204 and on the sidewalls of the oxygen-perneable gate

di el ett r withouiZExpeHencing tessst perfe00andssor reliabilitydes a pair of thick sidewal l
spacers 208 fornmed adj acent to the outside edges is of the oxygen-diffusion

barrier RO61] Figaré Rastziey a #@0sistur| 200a6ittpa Bisih oxpden-afusioe isHraen206&gi ons
210 each conprising a pair of tips or source/drain extensions 211 and a

deep jun&édo@d}n§@¢lbﬁ6/eﬂitﬁidi}néﬁmf%ﬁé irfveation. h%?errihgg&?]gdlgieio%, la & sRdted N9 to

Figure 2, the Thin oxygen-diffusion barrier 206 me a mterial that
i's highl | O.:f M | o] ) ti.aqnal durin 20
proc egs i 2In%d %’13 bgﬁ@éﬂtgi Ssllé(g)‘rﬁ SCH(? g?r?\;él mrée @&g{ﬂl&eﬁ%\éﬁ% %%??Jééf%%tggt hat gwoul d
i nci dent xpose .t h en-perneapl e gate dielectric, k202 to oxygen,
oual y 2SR BE A Gt AT B BOBl hefegplat GrueniBStar it o nng

anbi ent oxygen. The oxygen woul d easily pass through the oxygen-perneabl e
gat elodi dpeaeq P thesurfageioidhe @ubatrauee’zmrmf agateyelegtsede 204 iptuay t he

overlying gate el ectrode 204. The 25 oxidation would form undesirable
sil i con fdimed de thitepogjanspernmableogate dikeetried02. A thin oxygen-diffusion

barrier 206 is formed on the sidewalls of the gate electrode 204 and on the
sidewalls of the oxygen-permeable g.ate dielectric 202. The transistor 200 also
includes a pair of thick sidewall spacers 208 formed adjacent to the outside edges
15 ofthe oxygen-diffusion barrier 206. The transistor 200 includes a pair of
source/drain regions 210 each comprising a pair of tips or source/drain extensions
) - 211 and a deep junction source/drain contact region 212.
[0012] Still referring to Figure 2, the thin oxygen-diffusion barrier 206 is made of a
material that is highly resistant to the diffusion of oxygen. Conventionally, during
io processing of a transistor, certain processes could be performed that would

incidentally expose the oxygen-permeable gate dielectric 202 to oxygen, usually
during an oxidation process or via other processes containing ambient oxygen.
The oxygen would easily pass through the oxygen—permeéble gate dielectric 202
and oxidize the underlying substrate 201 or the overfyiné gate electrode 204. The |

25 - oxidation would form undesirabie silicon dioxide deposits that would adversely
' 4




;21 PCT' affect the performance of the transistor, perhaps even
rendering the transistor inoperable. The thin oxygen-diffusion barrier

206, however, covers and seals the sidewalls of the oxygen-perneable gate
dielectric 206 and prevents the lateral diffusion of oxygen into the
oxygen-perneabl e gate dielectric 206. 5 [0013] Figures 3A - 3Millustrate a

met hod ofaffeer ﬂﬁbf}ﬁrﬁrﬁ‘léﬁdﬂ@bﬁﬂ]@rtraﬁsiéﬂoraﬁéFHaﬁs SN I8RdSHAf tHe itmsiR@grr 1 er to
prevent lateral diffusion of oxygen through an oxygen-" permeable gate

di el ectr g, ehaie; gp@‘%huh fén-u %[}RI% hePﬁoé mwmggg,wg& aq&éeﬁé {Heng to

Fi gure 3,5\ |tyo |on régl ons rred

substrate. 300, The term "substr c a.sem uct or vvafer such
io as mﬁ@%? QFﬁ\en@‘YQF’PTp@(SWeaﬁé g@gﬂeﬁé@ éﬁé@ﬂpé’é’e‘fﬁ? ﬂﬁa‘@% @he or nore
i nsul ative sem -insul ative, conductive, or sem conductive |ayers and

mat eri al SifusiRof opygen ifa the exyaenarmeablegate dialeatrici286n- on- i nsul at or
silicon-on-sapphire, and other advanced structures. |solation regions 302

may be s[l8pRigures 8 + 3M iliustrate @STethodmf foledipg trteansistoswittaaitiain r egi ons
formed by etching a trench into the substrate 300 15 and then filling the

trench okyyen-diffision bathicpXd Provent latérdpdiffasiontdioxyglrelreeldh &n oRpderr-i al .
Field isolation regions 302 may al so be forned ut|||2|ng ot her et hods,

such as g%&o F et hods.
£0014] he pl ur afﬂ@%ﬁ& c;llﬁso at Ir@i?g?%éh%%@m%émgé%ﬁﬁg I%Je\ﬁe%%' 323 of oneI
ype e co , r exanpl e,
) 30353@?'“92(9 P’*ﬁ&“ﬁ%ﬁ‘é.% affy of e ftbBlon Hieds iﬁ? l‘%lﬂﬁ%f':é%% 5301 oy
oot (RTeAc g R SUbSE: pSromisgsos s SOMCOONGHOENGIRE P dose of
3. 0x1013/cn12 at an energy of 230 keV followed by a second inplant of boron
i onsloat ag MeBecrystalling,silvon/ asrvelims stvctuses thpj haive BhelasVnoretinswaliet r at e 300

in order to produce a p-well having a
semi-insulative, conductive, or semiconductive layers and materials. Thus, for
example, the term embraces silicon-on-insulator, silicon-on-sapphire, and othér
_ aannced structures. Isolation regions 302 may be shaliow trench isolation (STI)
- or deep trench-isolation regions formed by etching a trench into the substrate 300
15 and then filling the trench with a deposited oxide, nitride, or other dielectric
| material. Field isolation regions 302 may also be formed utilizing other methods,
: ) such as LOCOS, recessed LOCOS, or silicon on insulator (SOI) methods. -
-[0014] The plurality of isolation regions 302 isolate a well 303 of one type
| conductivity from wells 301 of other type conductivity. For example, well 303 may
20 be .a region of a p-type conductivity while wells 301 may be regfons of n-type
conductivity, or vice-versa. A well of p-type conductivity may be formed by a first
* implant of boron atoms at a dose of 3.0x10"%cm? at an energy of 230 keV
followed by a second implant of boron ions at a dose of 4.2x10"%/cm? and an

-energy of 50 keV into substrate 300 in order to produce a p-well having a

25 concentration of 7.0x10"/cm®. A well of n-type conductivity may be formed by a
. 5 |




%‘;‘M%}%ﬁant ration of 7.0x1017/cnB A well of n-type conductivity may be

orimed by a 5 P14087PCT' first inplant of phosphorous atons at a dose of
4x1013/cn2 and an energy of 475 keV, a second inplant of phosphorous atons
at a dose of 2.5x1012/cnR at an energy of 60keV, and a final inplant of
arsenic atons at a dose of 1.1013/cnR at an energy of 180 keV into a

silicon sipfighpRheoNshdgphofoROateRmBiat atddde &Haxib e’ shPas ehdrgyatel7st 0
produce an n-well having an n-type concentration of approximately

I Ox10174g08s sbboddinilaliorPREBRAALE Sdhaty B by ey SRl duarf °0i ons and

n-type conductrvi hef “neans” we nown to

t hose of __ordinar kill in the art. [0015], The nethod {ontd nue, as
shown i neﬁ?@é’rog%gé?\%\/\?@ a@Pahmaflié*ﬁ8&%'9@0%3%"%?%8{??‘9af)qmy ﬁr‘}nsul ative
("dielectric") layer 304 on the substrate 300 and on isolation.regions
302, t heaReBRERtefi 180 kalbintwa silisen sybsiraiaihavine acentesntiation BE XM F/EE| on of
oxygen, or, in other words, an oxygen-perneable dielectric |ayer 304. In
one efrboiti ordat togirotihee anwewell baving ha retypgeaonpentraticn & appeddroatale | ayer 304
is a high-k dielectric material and nmay be deposited between 2 Ato 50 A

é hi ck. 17000V Qﬂi@!tob@fd(}mrémﬁt&dftﬁét typeksinddemis regidtis andaigipeof hi gh-k
lelectric mat eri al i n'(':I ude sputter deposition or evaporation techniques.
i el ecty el o ay be STl Uil Kb ai KEMAI @ thedol ™ Pon 1
g(g)r(r;o?:réﬁh%#lﬂﬂ%ﬁgrqoirgr us\é\gr ??\ tsﬁl;Stzgnt :‘ glr Imﬁt ihi)ghg[ |t Eﬁgglr(;?ég. devi ces
Forr ocl dUVIS] Qe PEONaRY Cartiids, o ShPRAD EiGHsie 4B ik baRkSl qonosiing; )
anor phous silicate oxides (H 02, ZrQ2), and paralectrics (BaxSrj_xTi 03,
PbzrieTi B@egtrically insulative (“dielectric”) layer 304 on tﬁe substrate 300 and on

isolation regions 302, the dielectric layer 304 being highly permeable to the

diffusion of oxygen, or, in other words, an oxygen-permeable dielectric layer 304.

In one embodiment bf the invention, the oxygen-permeable dielectric iayer 304 is

a high-k dielectric material and may be deposited between 2 A to 50 A thick.

15 Conventional techniques for blanket depositing a layer of high-k dielectric material

include sputter deposition or evaporation techniques.
) [0016] The term “high-k” is a relative ferm that refers to a material with a dielectric |

constant (k) substantially higher than that of silicon dioxide (SiO.), or in other

words substantially higher than k=3.9. Exemplary high-k materials used in the

20. = formation of integrated devices include metal oxides (Al,O3, ZrO,, HfO2, TiOo,

Y203, Lax0s, etc.), ferroelectrics (PZT, BST, etc.), amorphous metal silicates (Hf,

Zr), amorphous silicate oxides (HfO,, ZrQ,), and paralectrics (Ba,Sry«TiOs3,

PbZrTi1xO3).

[0017] High-k dielectrics are very useful to the formation of transistors because of

- 25 the effective electrically insulative properties of the high-k material compared to its
: B




hgg&%kcgigh-k dielectrics are very useful to the formation of transistors
because of 25 the effective electrically insulative properties of the
hi gh-k material conpared to its 6 P14087PCT physical thickness. The high
dielectric qualities allow high-k dielectric materials to be deposited
very thin yet still possess very good effective electrical "thickness" - in

many CafS%rﬁ‘dﬁhhﬁ:’kﬁé&ﬁrTﬁ@ﬁi@htdi@eé’cﬁE%biiﬁ& e highdediclbtriRknagsiakftoSi 02 at
an equival ent physical thickness. 5 [0018] Despite the nany advant ages of

utilizin i~dhs | ' . . A1) 54 However ,
many cl agggjs 8? R%‘?&%”Eh@f’}et%@'! 4;%%@%&@;%6%%?%?%%&@@%fg;ég\?}gﬁ% age, they
are highl erneabl e to oxygepn diffusion, or in her wor ds. xygen

nol ecul eg'}/ W%PVHBF%%U]LEFE %?X%Q%EJLE8%8{']%@?&6'%%'5&'??5 %"gé'pztag ugh pores
in the high-k dielectric material. Consequently, according to one io

enmbodi meBAuialephBhysical iRiciHIESSt he oxygen- permeabl e diel ectric | ayer 304 may
synonynously be referred as a high-k dielectric. However, other enbodi nents
of the [00¥8hDespitarthe many adeantades ofditiizingta highredieleictticsn thaforanadionot
necessarily high-k materials, but that are still highly perneable to

oxygen doff 4 trahsistor] KSWéler, anyekiosks sBRNighX dicReficsdrave M@Wihfortufatgur e 3C,
wi th bl anket depositing 1is an electrically conductive material 306 over

tochnol gy YRR el B RGRY epmBHEle toHiach Biftslohl, B AERACERBIE! Chauct i ve
ot o ol o BEYLS BB o A caBbou s EpadL it o
preferable. Conventjonal polysilicon, blanket deposijfion 20 processes are
wel | kndes it j"&?‘g,ﬁ‘?'ﬁ&ﬂﬁmﬂ@”@h&ﬁ’lﬁcﬂquﬁaﬁbrﬁcﬁﬁm Qe (cvp)  and
physi cal vapor deposition (PVD). Such deposition processes typically take
pl ac¥ aterkogiment of e invention, thermygen-peameablestieleciriciayanidd magse
deposit Is())/gonymously be referred as a high-k dielectric. However, other embodiments of
the invention may utilize other dielectric materials that are not necessarily high-k
materials, but that are still highly permeable to oxygen diffusion.
[0019] The method may continue, as shown in Figure 3C, with blanket depositing
15 an electrically conductive material 306 over the oxygen-permeable dielectric layer
304, to a thickness scailed with the technology. In one embodiment of the
) - invention the electrically conductive material 306 is polycrystalline silicon, or
polysilicon, and is deposited to a thickness of between approximately 600 A to
2000 A, 1600 A being prefefable. Conventional polysilicon blanket deposition
20 processes are well known in the art, including chemical vapor deposition (CVD)
and physical vapor deposition (PVD). Such deposition processes typically take
place at temperatures in the range of 600 to 650 °C, however these deposition
processes may take place at higher temperatures. Silane or gas streams

| containing N2 or Ha, at 100%, may be used in the polysilicon deposition process.

25 The electrically conductive layer 306 can be ion implanted to the desired
7 .




£3egs may take place at higher tenperatures. Silane or gas streans
confaining N2 or H2, at 100% may be used in the polysilicon deposition
process. 25 The electrically conductive |ayer 306 can be ion inplanted to
the desired 7 w, P14087PCT' conductivity type and |evel prior to, or after,
patterning. In other enbodinents of the invention, other materials may be

utilized dondaetityige afd Wvelprictto, o #HteCBatlimingP th Bier lenfibdihfft gis netal ,
nmetal alloy, and netal oxide, single crystalline silicon, anorphous

silicon, g4 bdugil [ ry.al s J he t rma gate
5 el ect ré@éem\}[ébg%]&q%@%grr%tnﬁ% %’é;bgc%'#{%i@&nh}e&\kﬁwt? ﬁr“s %{Hhapg] Q%‘?%Ig)ﬁask 3%2 on
the electricall conductjve | ayer 306, as shoq i.n Fi qur 3D.- 3E.

Sever al R@'Wsﬁ{QRéV\?Pcﬁ‘eq%ﬁéa\{’ ’Hﬁ%yﬁﬁpyeﬁﬂﬂd?%téf?ﬂ e Ingle G Sﬁﬁéﬁ aliG¥k on an
electrically conductive |ayer 306. In_the enbodi nent of the invention
shown inamcﬁﬂh‘éussﬂfcqfhé'"ﬁ@)édoh@l@ﬁf eeterialy wel kpewndn thejan o trmba geteng a hard
mask | ayer 308, such as a nitride layer, via a chem cal vapor deposition

(CVD) 5 ovelectrbdeel ectrical |y conductive |ayer 306. A typical
phot ol i t hography process can then be perfornmed including the well-known

steps of [(#26KThE methdd Fiaybonbinde AMTbARINGS: RarBALSK 852 6f thet¥RGtricaly or m a
phot oresi st mask 310, shown in Figure 3D. Then, as shown in Figure 3E, the

15 patt : ' i 39 1 ol SR
308pgy e%ﬂdﬁ{cﬁxggg‘a ﬁ%giﬁ%@%ﬁhﬁgf’ Igbtﬂgﬁg g%eg{)ew%ée"g(e ec Ilrﬁléca (#3 o

ducti I ' h ' k 310 | i h,
thus. or SHeY PR HPRIR fordBlrie 5 s lRath B ah sietncaprielie Vo er 306,
[[00211 The nethod.continues, as shown in Figure 3F, with renoving the 20
phot oreéﬂgheﬁaibpdﬂen%f] he fnuenfien shewa|ir FigyreAD. the bashmastS12498Y 306 down

to the top of the oxygen-perneable dielectric |ayer 304 using the
har diomadie prmeddy depositing a hard mask layer 308, such as a nitride layer, via a

chemical vapor deposition (CVD) over the electrically conductive layer 306. A
typical photolithography process can then be performed including the well-known
stebs of masking, exposing, and developing a photorésist layer to form a
- photoresist mask 310, shown in Figure 3D. Then, as shown in Figure 3E, the -
15~ pattern of the photoresist mask 310 is transferred to the masking layer 308 by
etching the masking layer 308 to the top of the electrically conductive layer 306,
/} - using the photoresist mask 310 to align the etch, thus producing a hard-mask 312
over the electrically conductive layer 306.
[0021] The method continues, as shown in Figure 3F, with removing the
| 20  photoresist mask 310 and etching the electrically conductive layer 306 down to
the top of the oxygen-permeable dielectric layer 304 using the hard-mask 312 to-
align the etch, thus creating a conductive structure 318, also known as a gate
- electrode or gate terminal, underneath the hard-mask 312. The etchant 316
| should etch the electrically conductive layer 306, but not the hard-mask 312 or the

25 oxygen-permeable dielectric layer 304. To prevent lateral etching into the
8 ’ i




§h4&ﬂpb?e etch, thus creating a conductive structure 318, also known as a
gate electrode or gate term nal, underneath the hard-mask 312. The etchant
316 should etch the electrlcally conductive |l ayer 306, but not the

hard- mask 312 or the 25 oxygen-perneable dielectric |layer 304. To prevent
lateral etching into the 8 P14087PCT sidewalls of the gate el ectrode 318,
a dry et %idévfa!l@rcﬂl%g”'éﬂb%léﬁtn*ohbz.ﬁ@ga%ﬁl&ﬁb'ﬁefeﬁﬂﬁ@dtll THidrine® hot

phosphorous etch may then be applied renove the hard-nmask 312. [0022]

Next, th ng the s
oxygen- pgr Errgggﬁgmg@% cehgﬁéwﬂﬁgﬁ%r §%§&Ma§}ﬁ§é&9§é%8§ﬁ§qﬁ§ 'Is?ﬂb(g}teﬁg?e 300 and
to the I sol ation regions 302. The etch chem stry shoul d be
such tha aF‘i ngen- perneabl e dielectric layer 304 is etched but neither
the substrate 300, the gate electrode 318, nor the isolation regions 302
are et chBlﬂZZ}rN@Xtetﬂtq]mleﬂme@aﬁcoamua @8 sBowngn Figiereo3G gwith ptahingthee
dielectric layer 304 directly underneath the io gate el ectrode 318. This
porti®on Gt@en-pernealhicedietectricdayendi4 ROheitop af the dubstratea30and)td thedi el ectri c
‘and is the sane material as the oxygen-perneable dielectric |layer 304. The

portion &p8 dffthd Relatisk ¥6GioReBORATHE @d:tﬁbl@é‘rﬁfstr? shéNIﬂrbeUéU&hr tﬁ@ﬁfHé t he gate

electrode 318 will herein be referred to as a "gate dielectric"
"oxygen- ,a@%ﬁqu? | e HY tion,
described in 15 JT:n%rg (ﬁe%gftﬁgﬁ égé:g)\jtess e ox@yeéﬁﬂ%@%ag%ﬂgge?omﬁl ectri c

319 comp dielectric mater The, gat trode 318 aligns
the etc 4;*%%?%@&09??#383{*8%5'?@&{5@ e e DEnAELTnE B B8R Roct 11 ¢ 310
are verthrﬁ 5@1 ned to the sidewalls of the gate electrode 318. To

i ni m ze® QIR Rable Helertiicdayey 3\%‘1'@08% undegnesth Bieef er abl e
to a dry etch. In one enbodinent of the invention an 20 exenplary etch
chenliost igaterglecirade 3d8. dhsopartier 3d0«h thediekaticlayenis04 isralsmknownias a

gate dielectric and is the same material as the oxygen-permeable dielectric layer
304. The portion 319 of the oxygen-permeable dielectric layer underneath the
gate electrode 318 Wiil herein be referred to as a “gate dielectric”, or “o*ygen-
permeable gate dielectric”. In one embodiment of the invehtion, as described in
15 further detail above, the oxygen-permeable gate dielectric 319 comprises a high-k

.dielectric material. The gate electrode 318 aligns the etch so that the sidewalls of

) the oxygen-permeable gate dielectric 319 are vertically afigned to the sidewalis of
the gate electrode 318. To minimize the risk of etching the substrate, a wet etch
may be preferable to a dry etch. In one embodiment of the invention an

20 exemplary etch chemistry may include a 50:1 HF etch for 40 seconds, or until the

oxygen-permeable dielectric layer 304 is completely removed from the surface of
| the isolation regions 302 and from the surface the substrate 300, except for
direc;tly underneath the gate electrode 318. Because of the highly diffusible
~nature of the oxygen-permeable gate dielectric 319, the etching of the oxygen-

25  permeable dielectric layer 304 should be careful not to infroduce oxygen, whether
9




@ﬁp perneabl e dielectric layer 304 is conpletely removed fromthe
surtface of the isolation regions 302 and fromthe surface the substrate
300, except for directly underneath the gate el ectrode 318. Because of the
highly diffusible nature of the oxygen-perneable gate dielectric 319, the
etching of the oxygen- permeable dielectric |ayer 304 should be careful not
to i ntrodireethoay gar of teasroesss sihcd tHBlEAGERGEMcaBRIdate afelogrit 399 wilhe

process since the oxygen-perneable gate dielectric 319 will be exposed and

the oxyggg sABBL&H 4 h&dlid Yiffused gt e

di el ectri cé?%?g. [Og(ggﬁésgﬂ)g%gat%l%lnéct ro%lbl:%qg’}fﬁS ﬁg"ﬂgé ggtnﬁeaperrreabl e gate
di el ectr 31 her define a conposite structure 324, sonetinmes known
as a gat égtgt%%'(??mt;%%t or gate of an integrated device, such as a

transi stor shown gure 3 t he S|dewalls of the gate structure 324
begi n at 107/ TR Saifleasesled 14 pad Ine SgeBoarbabIosdo Rlogre 1A downwar d
along the entire length of the sidewalls of both the gate electrode 318
and the iogpthendelneraxsmpasite struckire 324 sorseines knpwo2s]a gatetstrugliirghown i n
Figure 3H, a thin oxygen-resistant |ayer 326 is bl anket deposited over the
top of tdwegatefef &t intezjrated d&2fceasdctabe adransistemntAg shdvem iyt Riguire BI8; thesi des  of
the gate structure 324, including on (touching) the entire |length of the

si dewal |§d@haﬂ§;§fttﬁé‘g§t@§1ﬁf&u@d§2 fﬁ%@tﬁé"@p%ﬁl‘ig@ FHRHARL 'gate SibBtrodd the

sanme tine th hi n- oxygen resi stant | ayer i's deposited on top of any

exposed Paf i Pl f‘d Jd’i_}wtn%éé H%grtﬁé eniifdie ﬂb{hhczfﬁhgﬁla%%mg%lf B t‘lo‘lgganattér to the

oxygen-resi Stant |ayer mat eri a resi st
di ffusia d al so does n n en nol ecul es that may
i it erfaﬁq%‘&fﬂfﬁﬁe%cg{hen?’g%ﬂé’e{%\?@ﬁ er%a(i 9@%&” éégﬁeabl e gate dielectric
319. In other wor ds, the oxygen-resistant |ayer 326 is
10 [0024] Next, as shown in Figure 3H, a thin oxygen- re5|stant layer 326 is blanket

deposited over the top of the gate structure 324 and along the entire length of the

sides of the gate structure 324, including on (touching) the entire length of the

sidewalls of the gate electrode 318 and the gate dielectric 319. At the same iime,

the thin-oxygen resistant layer 326 is deposited on top of any exposed portion of

15 the substrate 300 or isolation regions 302. The oxygen-resistant layer 326 is a
material that should be resistant to the diffusion of oxygen and also does not
) contain oxygen molecules that may interfacially diffuse into _the touching oxygen-
permeable gate dielectric 319. In other words, the oxygen-resistant layer 326 is
highly resistant to oxygen diffusion and is free from diffusible oxygen. An

20 exemplary material for the oxygen-resistant layer 326 is a nitride, such as silicon

nitride, boron nitride, magnesium nitride, etc., formed by any well-known process

of depositing a thin nitride film. Exemplary blanket deposition processes include a

Bistertiarybutylaminositane (BTBAS) process, an atomic layer deposition (ALD)
‘process, or a hotwall process (ammonia + Silane).

25 - [0025] During the formation of the thin oxygen-resistant Iayer 326, just as during
10 _




Jpcresi stant to oxygen diffusion and is free fromdiffusible oxygen. An
0 exenplary material for the oxygen-resistant layer 326 is a nitride, such
as silicon nitride, boron nitride, nagnesiumnitride, etc., formed by any
wel | - known process of depositing a thin nitride film Exenplary bl anket
deposition processes include a Bistertiarybutylam nosilane (BTBAS)

process, tha etdhing of th@m&@iﬁg@ﬁﬁéétﬂé‘ dichdRic 12yeP 884 BesSibedl dtivéakarepr ocess
(ammonia + Silane). 25 025] During the formation of the thin

oxygen-r ggi I ' _ L v ing of the
oxygen- pgflggrgg{%taglégﬁgg lt’:}erglg(r:It ?é@g’ a@dﬁ%g E’@%ﬁrég%%ﬁg@’e‘!ﬁ%a@g&s?{!@% d be
taken to en, fraom pei IAtroduced into, th rocess en the
oxygen- péﬁ%@%@’%ﬁ%%’%ﬁg%gt‘g&@&gﬁﬁhﬁ@a%ée@%BB%%'"FE‘E’MW@ Pi ng the
pat t er ni ng of .the gxy%ﬁn- perneabl e dielectric |ayer 304 and during the

f or mat i oR2BEHING plEheioxygenpgEnealie diglesific laype 304 29d dukipgdhe BBIPWigRe may be
substantially limted by performng all, or part, of the method in a

subst &nt Phthethigyganiresistant layier 326 Aixygsm ekpesura nvayche substentiallyr | even
with best efforts, mnute anpbunts of anbient oxygen may inadvertently be

i nt r oduckhmiited bl pgrfohaingrailc espart,asfdhadethed Br & sListehfidilysoxygshdreehe
oxygen- perneabl e dielectric layer 304. Thus, io the nmethod of depositing

the thi nemiiifieritosich&a vhéuih. FRAVGTRY, dvéh'vif bos ofBRS! irfiRg o prevent
| ateral oxidation, or, in other words, to prevent oxidation to the area

327 of t I ! - t jelectric
310 by 15700 ety pA )R e e BB SE Er B B Fae i et hoc
of - :deposi ting the ygen-resi stant | ayer 326 be advantagequs since is
oxi dat i Oq{l(i)m%yﬁ%egaﬁﬁgéﬂf?lﬁeén €jaXypeq: ef’?"ﬁ%‘?'?%éeﬁt&@ﬁﬁye&gﬁo nper at ur es
(e.g., less than approximately 650C). The | ow tenperature reduces the
chandes the nestbad offlapesiting thetthivroxygentiesigiant layer 326 may fuddesbest rat e 300

if, by chance, a small
optimized to prevent lateral oxidation, or, in other words, to prevent oxidation to

the area 327 of the substrate 300 underneath the oxygen-permeable gate
dieléctric 319 by lateral diffusion of oxygen. For example, a low-temperature
method of depositing the exygen-resistant layer 326 may be advantageous since
15 oxidation of the substrate 300 is less likely to occur at low temperatures (e.g., less
than approximately 650°C). The low temperature reduces the chances of even
_ ) minor oxidation to the portion 327 of the substrate 300 if, by chance, a small
“portion of oxygen is somehow introduced. A BTBAS process is advantageous
because it can be performed at a low temperature, between approximately 550° C
20 —650° C, compared to some other methods, such as a hotwall process, which is
- typically performed at a temperature of approximately 800° C. Therefore, in one
embodiment of the invention, a BTBAS process may be utilized to deposit the
oxygen-resistant layer 326.
[0026] An exemplary BTBAS process is a CVD process that may include heating

25  atleast the surface of the substrate 300, the sides of the oxygen-permeable gate
1 ' :




AoLbdeTof oxygen is somehow introduced. A BTBAS process is advantageous
because it can be perforned at a | ow tenperature, between approxi mately 550
C 20 - 650 C, conpared to sone other methods, such as a hotwall| process,
which is typically perforned at a tenperature of approximately 800 C.
Therefore, in one enbodinment of the invention, a BTBAS process may be

utilized dielecteip@90} ahdithe sliy9aRd tRSHSthaRjatd akefrode 818 kPQ26hporateenpl ary
BTBAS process is a CVD process that may 1 nclude heating 25 at |east the

surface @fetfdish 8 kfn?ét@ly%ﬁ%@"’ d fb%ﬁ:g?é?rgferéﬁﬁ g@?zgegﬁéﬁ,} g?g?trgs e 11

(z' P14087PCT dielectric and es a e el ectrode
318 to a I en approxi mately 500 C.to .650 C, preferably 600
C. Then, oﬁ?@%gﬁé%ﬁreeﬁ rr’asﬁnp"f"@gri‘?‘%sé\f @P"é‘\ég "1‘3??&"%‘?'&89%&%@3@3 y flowi ng
nol ecul ar _nitro ep ésﬁé at approxi mately 2,000 standard cubic centineters
per secoﬁHp@‘Hﬁ%ﬁy §tanderq sykye Cﬁntl@séréﬁﬁm@ny (306N} @WORRI BTBAS at
approximately 800 mlligrans per mnute (nmgn). The N2, NH3, and BTBAS
conmbi he {MHf)aEt@APProximeieln280 scem aandhBTBASataippapimatsiy808 Inyilligrainper second.
The BTBAS process hernetically seals the oxygen-resistant |ayer 326 to the

si des of pgaminutd agm)deTHELR,,aNid;, taind RIEBAS dioplised 0 ford Bliconaitrid@athk One
ordinarily skilled in the art will recognize that in sone enbodi nents of

the invepité enapmoRMiateRV APEPSESAAY. CTHE W?ro%s%?ﬁﬁéﬁda:ﬂ??g S t@é‘i the

oxygen- resistant |ayer 326 may al so be advantageously uti

o avan AgEneSER R s28Re el B B oSst Mhd BEEE. oen has

sonehow l.at er al diffused into is the oxygen-perneable gate dielectric
319, -buté'%]lteﬁ 'téeﬁér’per ature nethods may

10 [0027] One ordinarily skilled in the art will recognize that in some embodiments of
the invention, other low temperature processes of depositing the thin oxygen-
resistant layer 326 may also be advantageously utilized. Atthe same time, it
shouid be important to note that a low-temperature process is advantagéous to
limit oxidation of the area 327 if some oxygen has somehow laterally diffused into

15 the oxygen-penneable gate dielectric 319, but high-temperature methods may
also be utilized in depositing the oxygen-resistant layer 326 if no oxygen has

) Ia_terally diffused into the oxygen-permeable gate dielectric 319. Furthermore,
high-temperature methods may also be utilized if only a minor amount of oxygen
- has laterally diffused into the oxygen-permeable gate dielectric 310 since minor
20 oxidation may be acceptable to a certain degree.
[0028] In one embodiment of the invention, the thin oxygen-resistant layer 326
“should be deposited thick enough to act as a diffusion barrier to oxygen, to
prevent oxygen from diffusing laterally into the sidewalis of the okygen-perméable
. gate dielectric 319 during subsequent processes. However, the thin oxygen-

25 resistant layer 326 should not be deposited so thick that it will interfere with the
' 12




%Jﬁ&.ifg&uti lized in depositing the oxygen-resistant |ayer 326 if no oxygen
a aterally diffused into the oxygen-perneable gate dielectric 319.
Furthernore, high-tenperature nethods nmay al so be utilized if only a m nor

anount of oxygen has laterally diffused into the oxygen-perneabl e gate
dielectric 310 since mnor 20 oxidation may be acceptable to a certain

degree. [s8B2&dudnt f&ﬁfétiﬁﬁ%@ﬂﬂ)-ﬁfﬁﬁ!:aln@g, deBeribety ﬁfﬂégéiﬁu rthBEb&IBIWD hTherefore,

oxygen-resi stant |ayer 326 shoul d be deposited thick enough to act as a

di ffusi ok ! : . D _ e |ffasi:ng | aterally
into theﬂjsP%\%a 09}”3?’9?%%3?}’%@&@%%@%P@aeg‘a%grsgﬁorg}' St 'glg during
subsequent pr.ocesses. However, th hi xygen 25 resistant |ayer 326

shoul d nHFpﬁﬂp ??%@pg'@"l’?ﬁ‘t@[&/ f}h;‘? bBQRWI Il interfere with the 12
P14087PCT subsequent formation of tip-inplants, described in detail further
bel ow. THWREF et asishowndn Eigsrei teihe thin aygentesistanblayer B26 isnetehed
oxygen-resistant |ayer 326 is deposited between approximately 2A to 300A
[ 0029 Nasihg sesubstemtially verficaluoeadisotropie, éfoh technjquen- Aasirdsatrdpid elghr 326 i s
etched 5 using a substantially vertical, or anisotropic, etch technique.

An ani sofechRigeetised anteSBhdtRtrY IRt tBh&d FimERIPT M verdibal(aRfsehtggicpri marily
in the vertical (anisotropic) direction, although a small anpunt of

hori zont &ledtib O ) ' q . ] yad Or the
ot ch mmy TR aRAlgRl SheltRiSuRP At Rikidhtal Mo BAETBIANS fRE BLAY. il e,
chem str ad. 4 or, CF4,+ 02,in l,asma. generatqr). ip The
i ot r (e cnEmisle P the o{th g o eudRiaE SR ih BasrBodm t ne ¢ op
of  the \gﬁtﬁ el ectrode 318 as well _as fromthe top surface of the isolation
regi ons Bafloyide ([GFshehamisty(e-gn LRz 8UEFatOdn a Plaseamanesatenson except
i mredi ately to either side of the gate structure 324. The ani sotropic
et chg hoe/anisotrepiy etchaemoves the thds Oxydern-resistantdayer326i feorarbe kapyefr 326
along the entire length of the sidewalls of

the gate electrode 318 as well as from the top surface of the isolation regions 302

and from most of the top surface of the substrate 300 except immediately to either

side of the gate structure 324. The anisotropic etch, however, leaves a portion

330 of the oxygen-resistant tayer 326 along the entire length of the sidewails of

15  both the gate electrode 318 and the oxygen-permeable gate dielectric 319.

[0030} The portion 330 may be referred to as a “thin oxygen-resistant spacer”
| ) since it is similar in appearance to conventional thick spacers typically formed

during the fabrication of a transistor. However, the typical function of a thick

spacer is to prevent vertical doping of impurities to certain regions of the:

20 substrate, whereas the function of the portion 330 left on the sidewalls is to

prevent the lateral diffusion of oxygen into the oxygen permeable gate dielectric

319. In addition, typical thick spacers may not necessarily be oxygen-resistant,

may contain interfacially diffusive oxygen, and are formed much thicker.

| Consequently, herein the portion 330 left on the sidewalls wil be referred to as a

25 “thin oxygen-diffusion barrier” since one of its functions is to act as a barrier to
- 13




§ﬁ &95? the gate el ectrode 318 and the oxygen- perneable gate dielectric

15 6030] The portion 330 may be referred to as a "thin oxygen-resistant
spacer” since it is simlar in appearance to conventional thick spacers
typically formed during the fabrication of a transistor. However, the
typical function of a thick spacer is to prevent vertical doping of

i npuri ti exygen diffusiahn regi ons of the 20 substrate, whereas the function of
the portion 330 left on the sidewalls is to prevent the lateral diffusion

of OXyge'[‘o(]s'iLOr Hé‘lﬂ:rpc‘f h- d?t?&é?&?%ﬁ:eg%%@ c@b@n‘s%drﬁe?rme%gﬁ ééh!@ﬂf@ tion,

typical thic spacers y not necessarily be oxygen-resi stant may contain

| nterfac uently,
her ei n t @GE%'P%' %%ﬁéﬁ?@%ﬂﬁﬁaﬁ&%?g@é@ﬁ% g W By SRR ™ b
"thin ox g&fusmn barrier” smgcs gne of its functions is to act as a
barrier "'ei SReyepe RebRIsEsNL LYYeen (P Qs Blsn. thpig shrectty, appligdduring a

oxygen-di ffusion barrier 330 covers and hernetically seals the sidewalls
of the oRYRREGUEBE Presese ofambientaiygen thatBxBis infthe dmospherexygeld-péisst usi on
barrier 330 were not present, oxygen (02, 03, etc.) that is directly

appl i ed lateralhgthrovgisivriesporaes i thiy oxeRs-peImeabls gate dislgctao 3t10ainddniost s in the
at nosphere, would pass laterally through fine pores in the

oxygen- ppersibheusstfted00 lﬁﬁierrhéatﬁjtﬂe 6%éd35@rmédb% §bﬂe’ difRchiesty at e 300
under neat h t he oxygen- perneab e gate dielectric 310, .oxidizing the silicon

substr at ;dilElngkfﬁe %h@&? ubﬁfﬁ? d‘?%f ﬂn%ﬂ&eﬁ'éimgpﬁg%lic%ﬂ diggRgsi ts. The

silicon | OXI e deposits wou eventu ormance of 1o the
e R T8 Bl B At i S el LS iR e 27
21550 dhe irdegrat devicd by interfering with curent fiow through the channal 357 A¢ o' ©
the same time, if not for the a thin oxygen-diffusion barrier 330 oxygen would
laterally diffuse into the oxygen-permeable gate dielectric 319 into the touching
gate electrode 318 directly above the oxygen-permeable gate dielectric 319. If the
gate electrode 318 is made of a material that can be oxidized, such as polysilicon,
15 - silicon dioxide deposits may also form at the interface between the gate electrode
318 and the gate dielectric 319. Since silicon dioxide is a dielectric, formation of
' ) - silicon dioxide deposits in the substrate 300, or in the gate electrode 318, would -
jncrease the physical thickness of the gate dielectric 319. Furthermore, since
silicon dioxide has a relatively low-k dielectric value compared to that of the
20 oxygen-permeable gate dielectric 319, the effective electrical k value of the gate
| dielectric 319 would dramatically decrease, essentially negating the advantageous
| burposes for using a high-k dielectric material.
[0032] Another advantage of the thin oxygeﬁ-diffusion barrier 330 is that the edges

of the gate electrode 318 touching the oxygen-resistant spacers 330 are sealed as

25 well. The seal of the thin oxygen-diffusion barrier 330 to the edges of the gate
14




g,qgﬁgb?ctrode 318 directly above the oxygen-perneable gate dielectric 319.
e gate electrode 318 is nade of a material that can be oxidized, such
as polysilicon, 1s silicon dioxide deposits may also format the interface

between the gate electrode 318 and the gate dielectric 319. Since silicon
dioxide is a dielectric, formation of silicon dioxide deposits in the

substrat éle%‘ﬂ@de@ﬁ8idhdtt3§héléB?e@bﬁmbr&?ge@faﬁrmééﬂé Gatd HRIRARE3{dReIBhYSI cal
t hi ckness of the gate dielectric 319. "Furthernore,” since silicon dioxide

has a re | | e red to that of the 20

oxygen- pé@@r@}%tﬂgiﬁﬁé%é%ﬁg?ﬁ%tﬁﬂgégxg{e"f%rgé?\gp?ect ive electrical k val ue of
the gate Lelectri 1 uld dramati cal |y decrease, essentially negating
the aavaUsEimmddier et fiming R mogehdfacabaret e cootoaray [ 0032]
Anot her advant age of the_thin oxygen-diffusion barrier 330 is that the
edges ofoRtiwegas shewe i Fiawse 3dgWith fermning tips 848xiehallowssasrresfdraipacer s 330
are sealed as 25 well. The seal of the thin oxygen-diffusion barrier 330
to t he eexfessions,ttyeutifaing aldp iMplanrtproPask) SNGEr@isawtli-kokews t8:hmilieso t he
edges of the oxygen-perneable gate dielectric 319 help to inprove the hot

el ectr orr_nka'%/fb%_tdtMEedeo fohe tipsB2D iaths subfRRs BobMMdirt &hbodifiedt of g ng the
oxygen-di ffusion barrier, the nethod may continue, as shown in Figure 3J,

with Torifyaion B ARl 368 B4R RACHAIT arofsSARSIARBCRY L | T 2/ no
a tip inmplant process. Nunerous well-known techni ques nmay be utrlized to
formti | at.e n_one enbodi of ,th | nvention,
t he subgﬁ?g‘?@“ég@@%@&éghﬁ W%I?SQ%'S l:ﬂ'é%%& nﬁﬂvﬁg‘;@h@qﬁﬁg{x%i vity to
that of t hﬁ conduct i v|§1t ﬁ of the vveH . 303. .For example, if well 303 had a
prtype 8 Hﬁ@’t’tyv’i%?? he e implagt wogld ipgiudaimp@RERg NYPe §eNduIVEKiIANSy n- t ype
conductivity ions, )
10 suchas arsenic ions, into the top of the substrate 300 to form conventional N-tip
regions. If however, the well 303 had an n-type conductivity, then the tip implant
would include implanting p-type conductivity ions, such as boron ions, into the top
of the substrate 300 to form convention P-tip regions. The gate electrode 318
protects the substrate region beneath the gate dielectric 319 from being implanted
15 with ions.
[0034] The dose of the implantation is lower than that used to form deep
) source/drain junctions described in further detail below. For example, in one
embodiment of the invention, the n-type conductivity ions may be deposited with a
dose in the range of approximately 1x10'% ions/cm?. In addition, to ensure that the
20  tips 340 are formed to a shallow depth, the implant energy should be low, for
“example around 10 keV.
'[0035] In one embodiment of the invention, the ions are implanted at a directly
-vertical angle (90°) forming tips 340 that are in alignment with the outside edges of

the oxygen-diffusion barrier 330. A rapid thermal process (RTP) anneal may then - |

25 - be performed to drive the tips 340 underneath the oxygen-diffusion barrier 340
' ' 15 :




i|q4§é,yg as arsenic ions, into the top of the substrate 300 to form
conventional N-tip regions. |If however, the well 303 had an n-type

conductivity, then the tip inplant would include inplanting p-type
conductivity ions, such as boron ions, into the top of the substrate 300
to formconvention P-tip regions. The gate electrode 318 protects the

subst r at endggirgallyagideaidath e edigendbahRebld g‘atéjeﬁeléétﬁglsbgl ng inplanted 15

with ions. [0034] The dose of the inplantation is |ower than that used to

form deerroossgwn@earer@ Mm%a; #u‘ﬂ?%gﬂfﬁ@ﬁé%{é?bvr\{llir}{e&géﬁilf{haq%rtr?ér bel ow. For

exanple, 'In |nent e conductivity ions

s oo IS My e BerORed Iebinnldnt PR Shafow TR 5905 ah ardis 8" 1o a
shal | ow éb] t he i npl ant energ%/ should be low, for exanple around 10
keV. [00&531p dHrargisd iomiginlaniptiom may feavire arsflghﬂhehlgbﬁ@rrmlén’qenﬂrgm ed at a

directly wvertical angle (90) formng tips 340 that are in alignnment with
t he out seinee duryanglefof theciomiygiantaticnt may oequiser thedons(be inplapied t her nal
process (RTP) anneal may then if 25 be performed to drive the tips 340

under neathnroudiethexygenpeitibhs of oxyderrdiffesion darridr RHARIAECKy partially

under neath the oxygen-perneable gate dielectric 319. [0036] One ordinarily

skilled p érrﬁéw@gate daazésff.ermg%lréaérﬁm&zu(ggﬁamd&gp@ teﬁﬁeyagr;.gggs ooy De

performed to i ant the shallow tips at an an
o nce t L@ﬂ%é'%?‘@ FHE e ol eabic Bt G Tone 1o be”
the. oxydd MS%J o, Figubre KCT 3L b T oG Gy eHEINSEBL PAIBGnder | yi ng
528 1?))( ﬁlr(])i( sggéérgsgﬁnad?gégnlt ?or a?ﬁ%oﬂémfwg ?heo éﬁt%? gidgsvgqg?)?lth% t%?nt gxyogl;e?'ll- sotrie
diffusion barrier 330. Thick spacers 344 may consist of silicon nitride or may be a
combination of silicon nitride and silicon oxide. In one embodiment of the
invention, the thick spacers 344 are an oxide/nitride/oxide (ONO) composite
- formed by a rapid thermal oxidation process. In another embodiment of the
15 invention, thick spacers 344 are a nitride/oxide composite. The nitride/oxide
spacers may be formed by blanket depositing a thin, approximately 50-100A,
2 ) oxide layer 341 over the isolation regions 302, the tip implants 340, the thin
oxygen-diffusion barrier 330, and the gate electrode 318, as shown in Figure 3K.
The blanket deposition of the oxide layer 341 may include any weli-known CVD
20 process, including a BTBAS process. it is advantageous to keep the deposition |
temperature low, preferably at 650°C so that the thermal energy does not disturb
the implanted tips 340. Next a 500 - 1800A thick silicon nitride layer 342 is
) deposited onto the oxide layer 341. Silicon nitride layer may be formed by

standard CVD deposition methods, including BTBAS deposition techniques.

25  Again, it is advantageous to keep the deposition temperature low. Then, silicon -
' ' 16




[0037] Next, as shown in Figures 3K - 3L, the nmethod may conti nue by

?% B 10 thick spacers 344 adjacent to, and touching the outer sidewalls
the thin oxygen- diffusion barrier 330. Thick spacers 344 may consi st of

silicon nitride or nmay be a conbination of silicon nitride and silicon

oxi de. In one enbodi ment of the invention, the thick spacers 344 are an

oxide/nitride/ oxide (ONO conposite fornmed by a rapid thermal oxidation

pr ocess. nitrivenlagéh®42 and oflidedayerd4 1tdre anisotiopially etohedttbiforin thickcers 344 are
a nitride/oxide conmposite. The nitride/oxide spacers may be forned by

bl anket gepesd ngas'ﬂ‘sﬁci%rﬂm P:Ql&rr@éL”BFr@t}‘uc'ﬁ%‘p%QQr@ 3440%\ife timer 341 over the
I sol ation reqi ons 302, th t| p 1 mplants 340, the thin oxygen-diffusion

R W#&%ﬂ e de SR er@*gﬁ'tﬁg WigfFeaselin oo 20
| BTBA K h

Geposi 11 M- £8 a@%%ﬁwye etk spararesid sriuitl ?éa ik AR er mal ener gy

does not disturb the inplanted tips 340. Next a 500 - 1800A thick silicon

ni t risde engugh teqrevent thie pubsaguenbdeepthigh deselion implantation, depeiikash nitride
| ayer may be formed by standard CVD deposition nethods, including BTBAS

deposi t i meioweda Fidguprec3M, firomaiveAgiaeiming the porﬁdnaﬁtfmgﬂmﬂewtttp 34ep t he
deposition tenperature |ow. Then, silicon 16 ~n' P14087PCT' nitride |ayer

342 and hdefifeathtRE tRd spdcurgigot ropical Iy etched to formthick spacers
344, as shown in Figure X. The thick spacers 344 ensure that a subsequent

L CTROR i e e L
€npugh 10, PLSYE FhphiFpHeBSE RN ASFRunticH s SRS atR rd RS D
10 well region 303. The deep implant includes implanting ions with the same
conductivity type impurities used to form the tips 340. For example, if well 303 is
of a p-type conductivity, an n-type ion is implanted, whereas for an n-type
conauctivity well, a p-type ion is implanted. Exemplary- n-type ions include arsenic
and phosphorous, whereas exemplary p-type ions include boron. At the same
15 time, if the electrically conductive gate electrode 318 comprises polysilicon, the
deep implant process can be used to dope the polysilicon in the gate electrode if
} ‘ not previously doped. In one embodiment of the invention, the deep implants 348
are formed to a concentration of between 1x10'%/cm® — 5x10%%cm?® and a depth of
approximately 0.15-0.25 micrometers. An activation anneal may be performed to
20 activate the tips 340 and deep implants 348. The anneal may be performed with a
RTP at a temperature of between 900° C — 1200° C, with 1050° C being
preferred, for approximately 10 — 300 seconds, with 20 seconds being preferred,
in a nitrogen atmosphere.

[0039] Several embodiments of the invention have thus been described.

25  However, those skilled in the art will recognize that the invention |s not llmlted to
- 17




?ﬁ%ﬂﬁbb? Figure 3M fron1overmhe|n1ng the portion of the Sha||OM/tIp 340
eath the thick spacers 344. [0038] Next, as shown in Figure 3M the
substrate 300 is subjected to a deep, high dose i npl ant process to form
deep junction source/drain regions 348 in the io well region 303. The deep
i mpl ant includes inplanting ions with the sane conductivity type inpurities

used to tigs BmbbEinterS d84&tbeld? bu?@ﬁh"@é PradtiEeWith rﬁ%ﬁéaﬂion@no@alﬂaﬁﬁcﬂﬁ

conductivity, an n-type ion is inplanted, whereas for an n-type

conduct i ary n-type ions include
arsenic Wﬁ]ﬁ:l‘ﬁ% girt%nﬂ gcw%)(lfa?%aéﬁpeéx@h%a%@g thlef‘?)er@'l&’ons i ncl ude boron. At
the same 15 tine, if the electrically conductlve gate el ectrode 318
conprlses polysilicon, the deep inplant process can be used to dope the
polysilicon in the gate electrode if not previously doped. In one

enbodi mrent of the invention, the deep inplants 348 are forned to a
concentration of between 1 x1019/cnB - 5x1020/cnB and a depth of
approximately 0.15-0.25 micronmeters. An activation anneal nay be perforned
to 20 activate the tips 340 and deep inplants 348. The anneal may be
performed with a RTP at a tenperature of between 900 C - 1200 C, with 1050
C being preferred, for approximately 10 - 300 seconds, with 20 seconds
being preferred, in a nitrogen atnosphere. [0039] Several enbodinments of

t he invention have thus been described. 25 However, those skilled in the
art will recognize that the inventionis not limted to 17 P14087PCT the
enbodi nents descri bed, but can be practiced with nodification and
alteration wthin the spirit and scope of the appended clains that follow
r- 18
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| What is claimed: 1. A nethod, conprising: formng a gate structure on a
silicon substrate, the gate structure conprising an electrically
conductive gate el ectrode on an oxygen-perneable gate dielectric, the gate
structure having sidewalls; formng a thin oxygen-resistant |ayer on an
entlre S|demall | ength of the gate structure, the thin oxygen-resistant

| ayetVhal iselaiedt oxygen fromdiffusing laterally into the oxygen- perneabl e
gate dielectric, wherein the form ng the thin oxygen-resistant |ayer is
performed at a tenperature |ess than 650C to prevent |ateral oxidation;
and flor ni AJNeNPhicEMBAisiRG] ati vel y thick sidewal | spacers, each of the pair

of rel ati Y&h’b(ngt AT strﬁbtd@’@f{ 4 sﬁ&ﬁﬂ%‘b&ﬁt@ rtH@SattersﬂUbt@refdornﬁ)trlsinaléﬁreI&ﬂﬁa%
second l'-!&ijltﬁg%té erein the first |ayer conprises l'icon oxide and t

secofénd psciredsor ap p&&@nmefmeme 94tR dictgcio; W@ gete fuctusg Baving f or rred
adj agBivali®, and in contact with, the outside edges of the thin

oxygen- dlffu5| on barrier and adj acent to and in contact with the silicon
substrate between the thin oxygen-diffusion barrier and the second |ayer.

2. The metdipthgd thil Glydbr-redistarit iSr GPEREATE BRIchAN Bh b RS PGS ShET @i N

of
extensions in the yPbcon substrate adj acent to tﬁm gate structure
i mmth"a%{gynéﬁ@ﬁntflwcr@rev% oxygen feppy gifsiog efanallydmo ﬂn%@wg@n-pegneabiee met hod

of Cbé‘tbrﬂrélectﬁ@ Wh%lré”h maeo@mu@fmmﬁ roQFg%Wr@mS‘ﬂaﬁi ;syetrré Serfo%8d al éte?nayrabrek
dielectric materi al . The met hod claim1l, wherein the th

oxygless e 0G4 e prwetrlaiegalpesiﬂm ﬁﬁda thi ckness between appr OXI matel y 2 A
to 300 A 5. The nethod of claim1, wherein the thin oxygen-resistant |ayer
does not contain diffusible oxygen. 6. The nethod of claim1, wherein the
thin oxygEnings Raietreptiyaby thick sgiew,a[l ppagers, each of the pair of relatively thick

sidewall spacers formed from a first layer and a second layer, wherein the first layer comprises
silicon oxide and the second layer comprises silicon nitride, wherein the first layer is formed
adjacent to, and in contact with, the outside edges of the thin oxygen-diffusion barrier and
adjacent to and in contact with the silicon substrate between the thin oxygen-diffusion barrier and
the second layer.

2. The method of claim 1, further comprising forming shallow source/drain extensions in the
silicon substrate adjacent to the gate structure immediately after forming the thin oxygen-diffusion

barrier.

3. The method of claim 1, wherein the oxygen-permeable dielectric layer is a high-k dielectric

material.

4, The method of claim 1, wherein the thin oxygen-resistant layer is formed to a thickness
between approximately 2 A to 300 A.

5. The method of claim 1, wherein the thin oxygen-resistant layer does not contain diffusible
oxygen.
6. The method of claim 1, wherein the thin oxygen-resistant layer is a nitride.
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1~. |I'. 19 7. The nethod of claim11, wherein the thin oxygen-resistant
| ayer is forned via a BTBAS process. 8. The nethod of claim1, further

i ncluding performng the nethod in a substantially oxygen- free
environment. 9. A method conprising: depositing a hi gh k dielectric |ayer
on a _substrate, the high-k dielectric |ayer being hig perneable to

oxygdn di f fednehed a‘eqb%m“ﬁ'@reahth@ﬁ@epwg?arrﬁvste@demﬂﬁ f%ﬂ%\g@ﬁ BJBAShe hi gh-k

di el epddess. | ayer; patterning the electrically conductive layer and high-k
dielectric layer to forma gate structure on the substrate, the gate
structure having an electrically conductive gate electrode and a high-k

gat e gdi el eHelmhéihod brecifmer wdwéainbnad.ﬁ@ BQH&HIﬁ@ethQ %e@h&i iRGlduBSEnNg ofigeh- k gate
dielectric having vertically aligned sidewalls; blanket depositing a thin

oxyg&eeEBYFYTRIN. | ayer over the gate structure and on the vertically
aligned sidewalls of the electrically conductive gate el ectrode and high-k
gate dielectric, the thin oxygen-resistant |ayer deposited to a thickness
bet wlen afpPeiRPHARBPRAINGA t 0 300A; anisotropically etching the thin
oxygen-resistant layer to forma thin oxygen-resistant |ayer Iayer on the
vertically aligned sidewalls of the gate el ectrode and the hig %ate

di el ect ri dePaNg & wwrﬁﬂgequﬁﬂ%iﬁywa@@swﬁéb@htghtl‘cﬂ@e@ta? laye'zm@g nighg ¢ he

thin gwm@,ld‘xgg@@mMrl er, wherein the thick spacers conprise a
subs anti al | I n oxygen |ayer deposited on the outer sidewalls of the

thin oxyg@ﬁp?%gs%"ﬂ%Ctﬂ'%yéPomt‘\@ lays epdin highkiQleftiadays i con nitride |ayer

deposi t ed paﬁé‘mha%éé@&h@éﬂ Icahdmenmapercammﬁa&%bmclé}erﬂ%hsmﬁra apd of claim
9, wherein the electrical conductive |l ayer conprises éSI I icon. 11.

The FEYHYE Brihe pehsiaty; thﬂ@%ﬁtﬁm{@ h@wn%af@ﬁg?@f@ﬁalwé@n@%w@ galesiRcherngnd ayer
CoNphinkfsk gate dielectric, the electrically conductive gate electrode and high-k gate dielectric having

vertically aligned sidewalls;

blanket depositing a thin oxygen-resistant layer over the gate structure and on the
vertically aligned sidewalls of the electricall'y conductive gate electrode and high-k gate dielectric,
the thin oxygen-resistant layer deposited to a thickness between approximately 2A to 3004; 7

anisotropically etching the thin oxygen-resistant layer to form a thin oxygen-resistant layer
fayer on the vertically aligned sidewails of the gate electrode and the high-k gate dielectric; and

forming thick spacers adjacent to outer sidewalls of the thin oxygen-diffusion barrier,
wherein the thick spacers comprise a substantially thin oxygen layer deposited on the outer
sidewalls of the thin oxygen-resistant layer and a substantially thick silicon nitride layer deposited

on the substantially thin oxygen layer.
10. The method of claim 8, wherein the electrically conductive layer comprises polysilicon.

11. The method of claim 9, wherein the thin oxygen-resistant insulating layer comprises

nitride.

12. The method of claim 9, wherein the thin oxygen-resistant layer is deposited utilizing a low-

temperature process.
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nitride. 12. The method of claim9, wherein the thin oxygen-resistant |ayer
is deposited utilizing a | ow tenperature process. 20 13. The nethod of
claim9, wherein the thin oxygen-resistant |ayer is deposited at a
tenperature of |ess than 650C. 14. The nethod of claim9, wherein the thin
oxygen-resista | ayer, is free fromdiffusible oxygen. 15. An apparatus,
corrpr1ir‘)3$i ng'Ne4Re 9@8%%‘5’5%@@'@"65’?'8 ogyasnaesiptapt iayesis denegited d@strate; an
el ectierinperature 6pDiBskIBEN680WAt € el ectrode over the oxygen-perneable gate
dielectric; a thin oxygen-resistant |ayer covering the entire sidewall

| ength of the gate dielectric, the thin oxygen diffusion barrier to

preveat oxpganetht®on dhimfg)siheeein deatiabkyyehibsthhBagterét R akifubisle and
t hi ck Sé)acers adj acent to outer sidewalls of the thin oxygen-diffusion

bar r i%¥9®Mherei n the thick spacers conprise a substantially thin oxygen

| ayer deposited on the outer sidewalls of the thin oxygen-resistant |ayer
and al subz\}antially thick silicon nitride |ayer deposited on the

subst'8nt i AMAPPRRRIYF BAVEINY ayer. 16. The apparatus of claim 15, wherein the
gate dielectric is a high-k dielectric material. 17. The apparatus of
claim15, wherein the electrically conductive structure is polysilicon.

18. The afP&¥asrsPEmeabls dateidielecificpwriing Resubalr#ieoxygen-resi stant | ayer has
a thickness between approximately 2 Ato 300 A 19. The apparatus of claim

15, wherei nﬁﬁegf tpi n oxygen-resi stant |ayer conprises a nitride material.
20. The afp&tiieiotonerdiVmaet: clomeraionet the oxwieR-RepeRie paigidialealic: | ayer s
free from dlihif hggoh-Resistarit 58r cadiring the entire sidewall length of the gate dielectric, the

thin oxygen diffusion barrier to prevent oxygen from diffusing laterally into the gate dielectric; and
thick spacers adjacent to outer sidewalls of the thin oxygen-diffusion barrier, wherein the

thick spacers comprise a substantially thin oxygen layer deposited on the outer sidewalls of the

thin oxygen-resistant fayer and a substantially thick silicon nitride layer deposited on the

substantially thin oxygen layer.,

16.  The apparatus of claim 15, wherein the gate dielectric is a high-k dielectric material.

17. The apparatus of claim 15, wherein the electrically conductive structure is polysilicon.

18. The apparatus of claim 15, wherein the thin oxygen-resistant layer has a thickness
between approximately 2 A to 300 A.

19. The apparatus of claim 15, wherein the thin oxygen-resistant layer comprises a nitride
material.

20. The apparatus of claim 15, wherein the thin oxygen-resistant layer is free from diffusible
oxygen.
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21 rw 21. An integrated circuit, conprising: a silicon substrate; a high-k
gate dielectric overlying the silicon substrate, the high-k gate dielectric
having sidewalls; an electrically conductive gate el ectrode overlying the
hi gh-k gate dielectric; a thin oxygen-resistant |ayer covering the entire

si dewal | | f,the,.high-k gate dielectric, the thin oxygen-resistant
| ayef"'to p“?ﬂ@‘t&a@?%%}%ﬁ 90%(5’5'13'8% fusing laterally into the gate dielectric;
and thick spacers adjacent to outer sidewalls of the thin oxygen-diffusion

barrier, rein the. thick spacers conprise an oxygen |ayer deposited on
t he out er\grs]sﬁﬁgoﬁwlgséra@’ the thin oxygen- diffusion barrier, and a silicon

nitride | ayer deposited on the oxygen layer. 22. The integrated circuit of

R R e T e S A

oxygeidewelts; st ant | ayer is free from diffusible oxygen. 24. The integrated
circuit of claim?21l, wherein the high-k gate dielectric has a dielectric
constant substantially higher than that of silicon dioxide. 25. The

i nt egr at edneiectically @hdodtive patklclecidae evarlvirteths high-Kggatieledirie] ectric
conprises a material fromthe group consisting of netal oxides,

ferroel ectrics, anorphous netal silicates and silicate oxides, and

par al ect r adisin o®®en-resistant layer covering the entire sidewall length of the high-k gate

dielectric, the thin oxygen-resistant fayer to prevent oxygen from diffusing laterally into the gate

dielecfric; and

thick spacers adjacent to outer sidewalls of the thin oxygen-diffusion barrier, wherein the
thick spacers comprise an oxygen layer deposited on the outer sidewalls of the thin oxygen-
diffusion barrier, and a silicon nitride layer deposited on the oxygen layer.

22. The integrated circuit of claim 21, wherein the thin oxygen-resistant layer comprises a

nitride material.

23. The integrated circuit of claim 21, wherein the thin oxygen-resistant layer is free from
diffusible oxygen.

24. The integrated circuit of claim 21, wherein the high-k gate dielectric has a dielectric
constant substantially higher than that of silicon dioxide.

25. The integrated circuit of claim 21, wherein the high-k gate dielectric comprises a material

from the group consisting of metal oxides, ferroelectrics, amorphous metal silicates and silicate

oxides, and paralectrics.
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