1 Semiconductor Chip with Gate Dielectrics for H gh-Performance and

Low Leakage Applications TECHNI CAL FIELD [0001] The present invention

rel ates generally to the field of sem conductor devices and nore _
particularly to sem conductor chips having differing gate dielectrics in
different regions of the chips and the nethods for the manufacturing of
same. BACKGROUND [0002] Size reduction of the netal-oxide-sem conductor
field-effect transistor (MOSFET) has enabl ed the continued inprovenent in
speed performance, density, and cost per unit function of integrated
circuits over the past few decades. As the gate length of the conventional
bul k MOSFET is reduced, it suffers fromproblens related to the inability

of the gate to substantg . ff states of the channel.
Phenonena such as eﬁgc%?hﬁ?g;ewégﬁog\tlﬂq'ggggg%(eﬁlwﬂmu‘tsr ansistors with
short channel Ienéﬂr 15 rranchapd leowrheakage Applicativgse shor t _

channel effects becone particularly pronounced as device geonetries shrink

to 0.13 m cramgNRAEL PRiIgy. One of the primary neans by which short-channel
effects are kept under control is the downscaling of the gate dielectric
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the left aXrlegi%ﬁs of the chips and the methods for the manufacturing of same.

BACKGROUND

[0002] Size reduction of the metal-oxide-semiconductor field-effect transistor
(MOSFET) has enabled the continued improvement in speed performance, density, and
cost per unit function of integrated circuits over the past few decades. As thre gate length
of the conventional bulk MOSFET is reduced, it suffers from problems related to the
inability of the gate to substantially control the on and off states of the channel,
Ph(enomena such as reduced gate control associated with transistors with short channel
lengths are termed short-channel effects. These short channel effects become particularly
pronounced as device geometries shrink to 0.13 microns and belo;)v. One of the primary

means by which short-channel effects are kept under control is the downscaling of the

gate dielectric thickness in conjunction with transistor size reduction.

[0003] The scaling trend of the MOSF ET gate dielectric thickness is shown in
Figure 1. The projected range of the equivalent silicon oxide (SiO,) thickness tox,eq for
high-performance logic applications is plotted using bars (plotted against the left axis).
For example, in the year 2016, to cq is expected to be less than 6 angstroms for high

performance logic applications. The supply voltage VDD is also indicated in F igure 1.



For exanple, in the year 2016, tox,eq is expected to be less than 6
angstrons for high performance |ogic applications. The supply vol tage VDD
is also indicated in Figure 1. 2 Assum ng the nost conservative tox, eq
scaling, i.e. largest value for each bar, the gate |eakage current density
through SiQ2 is calculated and plottegd as the solid line 2 (plotted

agai nst the right axis). Even with conservative tox, eq scaling, excessive
gate | eakage prohibits continued gate dielectric scaling using Si 2. Under
current process technologies, ultra-thin filns are in the range of 2
angstrons to 20 angstrons. Preferably, wultra-thin SSQ2 filns are | ess than
10 angstrons. Such ultra- thi n not onIy Iead to excessive | eakage, but al so
aggravate the probl ens of |co gate depletion, gate
dielectric ‘?Sﬁi"glj'lglﬂf Oﬁﬁﬁn ed‘@rf&?ﬁa r\ét ?t(’!ﬁl“f’&’rteﬁ@ Rapdhn@ate r egi on.

[ 0004] So- caIIed hlgh Kk e Iectrlcs have been proposed because of
their i rrpr gAkagre gputeat ¢ e@&‘%ﬁé@ tfe?{‘ﬁ ralgulated gutnlotipdas thyiselidling 2 (plottedexanpl es
of which include netallic oxides such as al um num oxi de A1203, zirconium
oxi de zr O2,azainet themglitamish b e withfcopsereitive bad, eealisgihcessivae®h edkagand

al um nat es such as | anthanum al um nate may be suitabl e candi dates. Most

hi gh- k gat eprehibitscrontinusd gatg difilgotria sceling watg SiDb.hUndee carrdnkt provesssubst r at e have
poorer interface properties conpared to SiQ2 or SiON on silicon.

Ther ef or e, tedhnblogies,fulied-thlin SinSroin the gt af/Pangs®orhy i Wainptrdniss Préfedblyel ow
the high-k gate dielectric to obtain reasonable carrier nobilities in the
transi stor uffatesio,[fae b 14ds than Ratagtroda. SeectOika-#39nslessilcdms a net hod for
the fabrication of a gate dielectric stack where a dielectric filmwith a
relative digb&eive leakd2R! Bithlsb Yidriva the Btabldmsf poly-silicon (poly-Si) gate

depletion, gate dielectric integrity, and gate dopant penetration to the channel region.

[0004] So-called high-k-gate dielectrics have been proposed beeause of their
improved gate leakage properties. High-k gate dielectrics , examples of which include
metallic exides such as aluminum oxide Al,Os, zirconium oxide ZrO,, and hafnium oxide
HfO,, silicates such as ZrSiOy, and aluminates such as lanthanum aluminate may be
suitable candidates. Most high-k gate dielectrics in direct contact with the silicon
substrate have poorer interface properties compared to SiO; or SiON on silicon.
Therefore, an interfacial SiO, or SiON layer is typicelly inserted below the high-k gate

dielectric to obtain reasonable carrier mobilities in the transistor channel.

[0005] U.S. Patent No. 6,015,739 describes a method for the fabrication of a gate
dielectric stack where a dielectric film with a relative dielectric permittivity or relative
permittivity of 20-200 overlies a silicon nitride film over a native oxide layer formed on a
semiconductor substrate. U.S. Patent No. 6,448,127, describes a method for the
formation of a high-k gate dielectric overlying silicon oxide. The relative permittivity of
a material is the ratio of the electric permittivity of the material to the permittivity of free

space £. The permittivity of free space is 8.85x10™ F/m.



permttivity of 20-200 overlies a silicon nitride filmover a native oxide
| ayer fornmed on a sem conductor substrate. U S. Patent No. 6,448, 127,
describes a nethod for the formation of a high-k gate dielectric overlying
silicon oxide. The relative permttivity of a material is the ratio of the
electric permttivity of the materialgto the permttivity of free space
co. The permttivity of free space is 8.85x10-12 F/m 3 [0006] The gate
dielectric stack structures such as those descri bed above have limted
scalability to ultra-thin equivalent Si Q2 thicknesses bel ow approxi mately 7
angstrons for high performance applications.- Although transistors with

hi gh-k/ Si Q2 or high-k/Si ON stack gate dielectrics provide i nproved gate

| eakage current perfqgrmance, they do so at the sacrifice of swtching
speed. As su@?ﬁelt he lﬁieéﬁtelgle&%‘\‘ﬁ ksfractyrgs sugh agthopasdesenitedabexsihavé on i n
applications where speed performance is inportant. [0007] Qther attenpts at
i nprovi ng delnited ﬁﬁéllaglbmiﬁr‘l‘g@‘ﬁa\ﬁéuwﬁl?bﬂ 104 thitknegmenbelew appropiinatalyhsi st or s on
the sane chip with differing gate oxides. Exanples include U S. Patent No.
5, 668, 035 i s¥gaErnesofoFhigh petforaiance aypBratibas eXithobigh trénsB8is BAR highsi$id, b

Kepler, U S Patent No. 6,265,325 issued to Cao et al., U S Patent No.

6, 383, 861 i skinked/SIONGHNk gitedicleetricabrovidamdplov& gahaleaitige But & p&eimaggued to .
Gardner et al. [0008] Various shortcomings in the prior art can be overcone
and advant agiheyido sd a dieunedficelof svitethdrpedd A VBN, it APh-RideRcaom gaduct or
chip having high-k gate dielectrics on those regions of the chip where
gat e | eakagesatsfdteyisoluSion i plicHiohs Whdre sHeed P@¥drdnceYs fhfitalli. N gate

di el ectrics where switching speed is nore inportant.

[oo07] Other attempts at improving device performance have involved the provision
of traﬁsistom on the same chip with differing gate oxides. Examples include U.S. Patent
No. 5,668,035 issued to Fang et al., U.S. Patent No. 6,030,862 issued to Kepler, U.S.
Patent No. 6,265,325 issued to Cao et al., U.S. Patent No. 6,383,861 issued to Gonzalez

et al,, and U.S. Patent 6,168,958 issued to Gardner et al.

[0008} Various shortcomings in the prior art can be overcome and advantageous
features obtained by the provision of a semiconductor chip having high-k gate dielectrics
on those regions of the chip where gate leakage current is more important and having

ultra-thin gate dielectrics where switching speed is more important.



4 SUMVARY OF THE | NVENTI ON [0009] In one aspect, the present invention
provides for an integrated circuit conprising a substrate, a first

transi stor having an ultra-thin gate dielectric formed on the substrate,
and a second transistor having a gate dielectric conprised of a high-
permttivity dielectric material forngd on the substrate. [0010] In anot her
aspect, the present invention provides for a nethod of fabricating an
integrated circuit. The nmethod includes the steps of formng an isolation
structure on a substrate, formng a high-permttivity dielectric materi al
on the substrate, and renoving the high-permttivity dielectric material
froma first region of the substrate while leaving the high-permittivity
di el ectric nYMMARY ®FTHE INVEDITHONegi on of the substrate. The met hod
further includes formng an ultra-thin gate dielectric material over the

first regi dnoosf 0011 ohdaspedt, thnpiehene i:ﬂ@xﬂ%fpmvidé@f&%ﬁﬁﬁ b YERL on provi des
for an integrated circuit fornmed on a subStrate. The 1Thtegrated circuit

i ncl udes a fdoﬁﬁ)ﬁsﬁlggis%k_trﬁfé,rmgt @ahsish haiHPSE 18k fin g&gﬁdfg}e’aggifre iﬂ?’ﬁﬂ?ﬁaisty of

formed therein a plurality of first transistors, e

First transissbar, bArl Wbtk iof BhvinPHERLATRARON, ;LT SL drai n region, a

first channel region fornmed between Irs st drain
regi on, and nﬁ}ﬁﬁéf L&ic 90 or electrically separated fromthe first
channel r egil%n be ﬁg‘ﬁncper mg]iﬂﬁlg%{etdyon%g‘? %’Ilbgiaferi c material. The integrated
circuit also includes a second region forned on the substrate. The second
region has fletfkd t Frearther aspottithalpidsynt dfvestmqneliddsahsd HERbSof BRGA1HRY '
an integrated circuit. The method includes the steps of forming an isolation structure on a |
substrate, forming a high-permittivity dielectric material on the substrate, and removing
the high-permittivity dielectric material from a first region of the substrate while leaving
the high-permittivity dielectric material over a second region of the substrate. The

method further includes forming an ultra-thin gate dielectric material over the first

region.

[0011] In yet another aspect, the present invention provides for an integrated circuit
formed on a substrate. The integrated circuit includes a first region formed on the
substrate. The first region has formed therein a plurality of first transistors, each of said
plurality of first transistors including a first source region, a first drain region, a first
channel region formed between the first source and first drain region, and a first gate
conductor electrically separated from the first channel region by a high permittivity
dielectric material. The integrated circuit also includes a second region formed on the
substrate. The second region has formed therein a plurality of second transistors, each of
the plurality of second transistors including a second source region, a second drain

Tegion, a second channel region formed between the second source and second drain



the plurality of second transistors including a second source region, a
second drain region, a second channel region formed between the second
source and second drain 5 regions, and a second gate conductor electrically
isolated fromthe second channel region by an ultra-thin dielectric
material. [0012] An advantageous featgire of the present invention is that
transi stors having desired high swtching speed can be fabricated on the
sanme substrate as transistors having desirable |Iow gate |eakage current
characteristics. This feature is particularly advantageous for, e.g.,
enbedded nenory arrays. [0013] Anot her advant ageous feature of the present
invention is that it is well-suited for geonetries of 0.13 m crons, 90

nanonet ers, V. el o erein short, annel effects are particularly
pr onounced. ?%goélg’cf ?1? iagﬁéotnglgg ¢ 3?@3?% plgcneally ilatedfemithn sspandshannst tsgiodes t he
advant ageous, f eat ur e .of. bei ng adaptable to doubl e-gate structures, fin-FET
structures, BHGHB@HSWH FCBYRALry transistor structures. 6 BRIEF
DESCRI PTI ON OF THE DRAW NGS [ 0014] For a nore conpl ete understandi ng of the-

present i nvepboign, Ma&ﬁﬁtag&ﬂ‘s’?é&hﬁ&@ﬁhé &%E&P&veﬂt%kﬁ%ﬁ?ﬁtgangigtg%%\’é’vg?-de to

the follow ng descriptions taken in conjunction npanyi ng

d I , LEhs ' (el t ' th lationshi
Detvioon Gat o e o oy Pl e of tulieRef TR ARt AT B P opl

vol t age; desirable low gate leakage current characteristics. This feature is particularly

advantageous for, e.g., embedded memory arrays.

© [0013] Another advantageous feature of the present invention is that it is well-suited
for geometries of 0.13 microns, 90 nanometers, and even below wherein short channel
effécts are particularly pronounced. In addition to scalability, the present invention
provides the advantageous feature of being adaptable to double—gate structures, fin-FET

structures, and other small geometry transistor structures.




[0016] Figure 2 illustrates in cross-section a substrate having an
isolation structure separating a high performance region froma | ow

| eakage current region of a device; [00171 Figures 3(a) through 3(c)
illustrate steps in a preferred enbodi rent nmethod for the manufacture of
an integrated circuit having both high performance transistors and | ow

| eakage current transistors on the sanme chip; [0018] Figures 4(a) through
4(d) illustrate an alternate preferred enbodi nent nethod for the

manuf acture of an integrated circuit having both high perfornmance
transistors and |ow | eakage current transistors on the same chip; [0019]
Figures 5(a) through 5(c) illustrate yet another alternate enbodi nent

met hod for facture of an integrated circuit having both high

per f or mance mﬁgﬁgﬁpm OF dWh @Bﬁé@@%r rent transistors on the sane
chip; [0020] Figure 6 illustrates select regions of an integrated circuit
havi ng both HO peFdrermern cempletgnsilestondingofithd preseneimkeagion Candgnt

transi stors and incorporating advantageous features of the present

i nvention; aAdvantap@oRarcofiefuerse is ndw msde tatiesfoliowing asscHp®Ms dkeh B €gr at ed
circuit having different regions where transistor swtching speed is nore
i mport ant andonjiretien Withvtcerbkageneing deiingsSin vilEE | Nportant, respectively. 8
DETAI LED DESCRI PTI ON OF | LLUSTRATI VE EMBODI MENTS [ 0022] The naki ng and

usi ng of the sent.l. referred, enbodj nents are_ di scussed
g [OB]i ﬁ ﬁ%ur@ 1'is a'chart showing tixe relationships between gate equivalent SiO,

thickness, gate leakage current, and supply voltage;

[0016] Figure 2 illustrates in cross-section a substrate having an isolation structure

separating a high performance region from a low leakage current region of a device;

[0017] Figures 3(a) through 3(c) illustrate steps in a preferred embodiment method
for the manufacture of an integrated circuit having both high performance transistors and

low leakage current transistors on the same chip;

[0018] Figures 4(a) through 4(d) illustrate an alternate preferred embodiment method
for the manufacture of an integrated circuit having both high performance transistors and

low leakage current transistors on the same chip;

[0019] Figures 5(a) through 5(c) illustrate yet another alternate embodiment method
for the manufacture of an integrated circuit having both high performance trahsistors and

low Jeakage current transistors on the same chip;

[oo020] Figure 6 illustrates select regions of an integrated circuit having both high
performance transistors and low leakagé current transistors and incorporating

advantageous features of the present invention; and



in detail below. It should be appreciated, however, that the present
i nvention provides many applicable inventive concepts that can be enbodi ed
in a wde variety of specific contexts. The specific enbodi nents di scussed

are nerely illustrative of specific ways to nake and use the invention,
and do not limt the scope of the invention. For ease of reference, common
reference nunerals will be used throughout the figures when referring to

the sane or simlar features common to the figures. [0023] In the preferred
enbodi mrents of the present invention, at least two different gate
dielectric materials are formed on a sem conductor chip to obtain both

hi gh- perfornmance devi ces and | ow | eakage devi ces on the sanme chip.

Preferably, a silicon de Si.O2.or .silicon oxynitride Si. at e,

di el ectric P&%hy ovi(i:O M ?ﬁl“sﬁ?‘&w Blaprirhahieeraled sreay ?‘a‘ﬁ%d‘%@g‘ﬁg‘o%t e
dielectric conprising a_ stacked, high-k/Si Q2 or_ high-k/SiON gate dielectric
i s provi dedVhae UpRsiEoraiiahjRe Ihsed {gégo_re Rzt 30d wheee lgpdsakpged™sAYS di ment s,
"hi gh-performance” refers generally to devices having gate delays on the
order of pivesdmpadant, eeggdr to achi eve such short gate. del ays, high
performance devices typically enploy ultra-thin gate dielectrics with high
gate |l eakage current of 1 A/cnR or higher. "Low | eakage" devices.refers
generally to devices having | eakage current that is approximtely 3 orders
of magnitude | ower than that of high-performance devices. One skilled in
the art will recognize that gate delays and | eakage currents are functions
of nmultiple variables, including device design, mninumfeature size,
materials and the |ike. The present invention is applicable to a broad
range of feature sizes and device designs. As feature sizes continue to
shrink, gate :



9 delay and | eakage current perfornmance paraneters will change
significantly. As such the terns "high-performance” and "Il ow | eakage"
shoul d not be considered as absolute paranmeters or characteristics, but
shoul d be construed as being relativistic terns with a high-perfornmance
device switching at appreciably fasteg speeds. or shorter gate delays than
a |l ow | eakage device (for the given application) and a | ow | eakage devi ce
showi ng appreciably inproved | eakage current performance relative a

hi gh- performance device (again relative to the technology in which the
invention is enbodied). [0025] The preferred enbodi nent of the present

i nvention includes a sem conductor chip that nmay be provided with an

ultra-thin i & [BEY i . nitride Si ON
11 con it PERRIHTLESE .I%E@J?ﬁéﬁ%{e}ga@eﬁve%%@@ﬁ%ﬁ%r gate dielectric
conprisin i gh rmttivity (high-k) dielectric for | owl|eakage devices.
I nrr}[)he cgr@% Igy %Pﬁ%’@&“&%ﬁ%a?ﬂ@ﬁ?éﬁfewW&?% eé‘?@ét‘??“é%“%&‘éc"g?eél ectrics
with relative rmttivitjes of 8 or larger. The gate dielectric
conpri si ng '&%agfﬁ’f’ Wdilé?}@t‘{dr c@PpRgialsd. howexsrathpidhe preaqnbbrventionPsniddest i ng of a
high-k dielectric overlying an interfacial layer. Exanples of high-k
di el ect ri csMPRCIPRHEAbIENRINtve conepRfs thatepmtbe gmbpdiedinmwisikivametyptpecifigi r coni um
oxi de Zr02, al um num oxi de A1203, | ant hanum oxi de La203, titani um oxide
Ti @, i ttreoniaxtsxilhe sed®, enehodiments discussed xiedecrdlin 06 ratoveyafispecifdevays ta et al |
such as zirconiumoxynitride Zr OxNy and hafni um oxynitride Hf OxNy,
nmetal | i c sinakeand sissihe invastiong prddnnat hinst the sapeoAhSindntican Fonefsabf i ¢
al um nates, such as zirconium alum nate. O her .

reference, common reference numerals will be used throughout the figures when referring

to the same or similar features common to the figures.

[0023] In the p;efe'rred embodiments of the present invention, at least two different
gate dielectric materials are formed on a semiconductor chip to obtain both high-
performance devices and low-leakage devices on the same chip. Preferably, a silicon
oxide SiO; or silicon oxynitride SiON gate dielectric is provided for high-performance
devices, and another gate dielectﬁc comprising a stacked high-k/SiO, or high-k/SiON

gate dielectric is provided for low-leakage devices.

[0024) In the preferred embodiments, “high-performance” refers generally to devices
having gate delays on tﬁe order of picoseconds. In order to achieve such short gate
delays, high performance devices typically employ ultra-thin gate dielectrics with high
gate leakage current of 1 A/cm? or higher. “Low-leakage” devices refers generally to
devicés having leakage current that is approximately 3 orders of magnitude lower tﬁan
that of high-performance devices. One skilled in the art will recognize that gate delays
and leakage currents are functions of multiple variables, including device design,
minimum feature size, materials and the like. The present invention is app‘licable toa

broad range of feature sizes and device designs. As feature sizes continue to shrink, gate



i gh- i trics will be apparent to one of ordinary skill in the art and
Qgghbg gb::ﬁgted usi ng rout?ge experimentation. In general, any dielectric
with a permttivity greater than 8 may be considered a high-k d!ele_c]t_rlci
Exanpl es of the interfacial layer include Si®, 10 SiON, netallic silicates
such as zirconiumsilicate, and netalgic alum nates such as Z|rcpn|un1d
alum nate. [0026] A schematic of the high performance device region an ,
| ow-| eakage device region in the sem conductor chip is shown in FlguL¢ .
Wiile a bul k seniconductor substrate 10 is illustrated in Figure 2, this
invention is not restricted to bulk sem conductor substrates, ang
generally applies to any substrate, e.g. silicon-on-insulator (ﬁ )
substrates. In the preferred enbodi ment, as shown in Figure 2, the Chat
i sol ation stplarendleakpge prenhpgrfoowartce pammetegokialt dhempe sié:ﬁﬁo’inw)d&sfs%%ﬁ’ﬁ,@ a
isolation may also be acconplished by other means of 1sol ation suc ﬁs any
of a nunber &fme Shiglpirdusande” ant dbw lekbgishaUld bt ticbhS@ed dsGrRke Such e,
recessed, sem -recessed LOCCOS, through the formation of silicon "islands

on an i nsul apimpetstshs chaidsrisaegbithBolll ke cods@RAds b'é%x% \5@%({3‘3‘%%2 négi@m

[ IS i bei ng
expl anation, substrate 10 is |IIustrat¢d as | f _ _ o
j ac i folngin Ik 0 d.in egj on .
B e S R i L T R T T A RN

; . _. . . 1 usin
P gh- K gate o ol ot 1 et @efoe b B! BPULARNFEd dop drhBesdovbemhey Bepar at ed

i < [ ; . j in the art wl recogni ze t hat
Faure 2 1 e et e B e i Ehieprnst e dative

(again relative to the technology in which the invention is embodied).

[0025] The preferred embodiment of the present invention includes a semiconductor
chip that may be provided with an ultra-thin gate dielectric comprising SiO,, silicon
oxynitride SiON, silicon nitride for hi gh-performance devices, and another gate dielectric
comprising a high permittivity (high-k) dielectric for low-leakage devices. In the
currently preferred embodiments, high-k dielectrics are dielectrics with relative
permittivities of 8 or larger. The gate dielectric comprising a high-k dielectric may be a
stacked dielectric consisting of a high-k dielectric 6ver1ying an interfacial layer.
Examples of high-k dielectrics include metallic oxides such as hafnium oxide HfO,,
zirconium oxide ZrQ,, aluminum oxide AL O3, lanthaﬁum oxide La,0;, titanium oxide
Ti02., yittrium oxide Y,03, and tantalum oxide Ta;0s, oxynitride of a rnetgl, such as
zirconium oxynitride ZrOxNy and hafnium oxynitride HfOxNy, metallic silicates such as
zirconium silicate ZrSiO4, and metallic aluminates, such as zirconium aluminate. Other
high-k dielectrics will be appare'nf to one of ordinary skill in the art and can be evaluated
using routine experimentation. In general, any dielectric with a permittivity greater than

8 may be considered a high-k dielectric. Examples of the interfacial layer include SiO,,




arrangenment of region 9 and 11 will vary considerably in actual

i npl enentations. Additionally, multiple high-performance regions 9 and | ow

| eakage current regions 11 may be formed on a single chip. As an exanple,

| ow | eakage current 11 could have formed therein a nenory array, wherein

| eakage current is a primary design pg ameter. High-perfornance region 9

coul d have forned therein support logic for the nenory array wherein

switching speed is a nore inportant consideration. 11 [0028] Methods for

the fabri-cation of gate dielectrics for high-performnce and | ow |eakage

applications on the same semni conductor chip are described below. A

sem conduct or substrate 10 is provided with deV|?e |Eflat|onl;2 suchfas
allow tren i solation. The substrate 10, preferably a silicon wafer,

ﬁgy t hen be h\éﬁ’éﬁalﬁ‘é?g%es ek FortisPHymisHisageqsd sictalbinalomirtates such as

hi gh-permttivity dielectric. Substrate 10 is preferably cleaned such that

only a thin AEORHE PRSI ayer 14 renmi ns on the substrate 10 surface, as

shown in Figure 3(a). The thickness of this native oxide layer 14 is

Lypically sewBid RGSIGONE of il il BRGURUALL K RELGH B ANISLL O Brir

al ternative embodi ment, native oxXi e daye;O AN ALLL AN
i ah- i ic.d t : . et.hods . X rt, :
gls ° Ey I(; r glgg lnegegLo:nglé ﬂ%{% 8’2‘?%’ \b(glf%éoé %%{lg rﬁ)sg’roﬁ’fld? @“xe,gz g" 2hylk serpugandusign feg rees
i i i rates the cross-section of the wafer 10 after
tOﬁLSInlaJtts i vgl g%({}rbg%éé ?@V@b“#%geﬁéﬁﬁw& ApyiByentian K o teRtrigteddo Bkl ectric is then
deposited on_the native oxide |ayer 14, preferably by chem cal vapor
deBosi tion ( WongPﬁe’é???tr%r and SRRy anplies i @Ry sibsiate, e.g. silicon-on-insulator

(SOI) substrates. In the preferred embodiment, as shown in Figure 2, the isolation
structure 12 is shallow trench isolation. It is understood that isolation may also be
accomplished by other means of isolation such as any of a number of variations of locél
oxidation of silicon (LOCOS), spch as recessed, semi-recessed LOCOS, through the

formation of silicon “islands” on an insulating substrate, and the like.

[0027] For purposes of explanation, substrate 10 is illustrated as being divided into"
two adjacent regiohs. High-performance devices will be formed in region 9 using, e.g.,
Si02, SiON or similar conventional gate dielecfric material. Low leakage current devices
will be fabricated in region 11 using a high-k géte dielectric. Regions 9 and 11 are
illustrated as being separated by isolation structure 12. One skilled in the art will
recognize that Figure 2 is for illustration only and that the size, placement, and
arrangement of region 9 and 11 will vary considerably in actual implementations.
Additionally, multiple high-performance regions 9 and low leakage current regions 11
may be formed on a single chip. As an example, low leakage current 11 could have
formed therein a memory array, wherein leakage current is a primary design parameter.
High-performance region 9 could have formed therein support logic for the memory array

wherein switching speed is a more important consideration.



Hf Q2 may be grown by CVD using precursor gases such as hafniumt-butoxide
Hf (OC4H9) 4 and oxygen 02. The growth tenperature may be between 350 to 500
degrees Cel sius, and the pressure can be about 1x10-5 Torr. A
post-deposition anneal in nitrogen N2 anbient at tenperatures of up to 950
degrees Celsius and tinme of up to 3044seconds may be perfornmed to inproved
the gate dielectric quality. O her nethods of deposition may al so be used,
such as sputtering, reactive sputtering, atom c |ayer deposition, etc.
After the high-k gate dielectric deposition, a lithography step is
performed to mask the | ow | eakage device region 11 using conventional

phot ol i t hographi ¢ techni ques. The high-k dielectric in the high-perfornmance
devi ce 12 rpog2apn 9 Methids forithe fabfi¢ation pHgaediellactringfot highpbbalantdwgiaphi ¢ st ep
is renoved by techniques such as wet etching or dry etching. For exanple,

t he et chi ngleaitagkthpticatins b theasinOsalitsaesoldhipygt dedcfibedtsidvg gul phuric acid
H2SO4. The resulting cross-section of the wafer is as shown in Figure 3

(b), wher ei gl @HRadtordublu@eet 101i€praRded ivith ddfcd SHBEIASI2 sublY &7 Midwtrﬁ@ﬁi ve oxide
| ayer 14 in the | ow | eakage region 11 and has been renoved I n the

"o perof mBAge, "R (WEcheR ARSI SEhgEy AUGL AgPDoed, I
or i or to t reRrafe R lephslrait v PEb BB BB CButf i ebFocess
SLep | nuol VeRuLhe baeb Ty Shu e RSE n ah o0 e el 8t
orep roonlt o in BN e BEUNGs OF thisativg kide oy L43e typreally soveral < Ot ! OF

angstroms thick, and usually below 5 angstroms. In al;emative embodiment, native oxide

layer 14 is removed prior to the high-k dielectric deposition, by methods known and used

in the art, such as hydrogen baking at elevated temperatures, e.g. greater than 700 degrees

Celsius. Figure 4(a) illustrates the cross-section of the wafer 10 after the native oxide

layer 14 removal.

[0029] A high-k gate dielectric is then deposited on the native oxide_layér 14,
preferably by chemical vapor deposition (CVD) process. For example, hafnium oxide
HfO2 may be grown by CVD using precursor gases such as hafnium t-butoxide
Hf(OC4Hyg)s and oxygen O,. The growth temperature may be between 350 to !5 00
degrees Celsius, and the pressure can be about 1x10”° Torr. A post-deposition anneal in
nitrogen N, ambient at temperatures of up to 950 degrees Celsius and time of up to 30
seconds may be performed to improved the gate dielectric quality. Other methods of
deposition may also be used, such as sputtering, reactive sputtering, atomic layer
deposition, etc. After the high-k gate dielectric deposition, a lithography step is _
performed to mask the low-leakage device region 11 using Conventional

photolithographic techniques. The high-k dielectric in the high-performance device



in the formation of a silicon oxide |layer 18. An exanple of the oxidation
stepis in-situ steamgrowh (1SSG of Si Q2 by using a single-wafer

rapi d-thermal based process at 850 degrees C at a pressure of 6 Torr.

Anot her exanple of the oxidation step is furnace oxide growth in an 02
anbi ent at atnospheric pressure for gaine of between 1 to 30 mnutes and
a tenperature ranging from 600-800 degrees Cel sius. The silicon oxide 18
formed in the high-performnce device region may have a thickness in the
range of 2 to 30 angstrons. This oxidation layer is illustrated in Figure
3(c). Note that the oxide grows only over the exposed native oxide |ayer
14 in high performance region 9, and not on the high-k dielectric |layer 16

in |low | eak i ] i need to mask | o | eakage
region 11 dﬂlrgg n 96%@@%%%%%%%&3%%%& g}% 4@@@8?@8@8 ﬁ’%’ Vi ﬁﬁ%?fié%yoxi de Iayer
18 fromthe_l,ow | eakage reqgi,on. 1 0031].1n so nbodi ne t he
oxi dat i on st%%uﬁﬁﬁsﬁéggﬁﬁ?HaéﬁmSV'éY%?WP%a%FPéﬁnggt %?mﬁ§gﬂgh§xﬁ?ﬁeﬁés such
as renote plasma njtrjdatio RP In the RPN process, the silicon oxide
i s exposed taéc%{“ﬂfsbﬁ{ %»éwsﬁ fit*‘g‘ ‘gsm%\}l%‘@hh%q LTSI ER TS 5’&6 Fisuktipg eresysestionefdee to -
performthe nitridation treatnent. N trogen radicals in the plasm react
with porti on¥afgris ag showayin Freyee Hib).deherdn highv diclentie mglerialdérempins ng gat e
dielectric. The equivalent silicon oxide thickness of the ultra-thin gate
di el ectric iqverlyias nptie-griderlayembthinethellow leskageigion lilsind hestseet hamovédin the
angstronms. [0032] The oxidation and/or nitridation process steps result in
t he formati drgloperfdrmanaelregian D thus Igaing mhitie¢ exite fageri 14 expeselimpthatregibmr mance
devi ce region, as shown in Figure 3(c) .

Figure 4 (b) illustrates patterned high-k layer 16 for the alternative embodiment in which

native oxide layer 14 has been removed prior to the high-k gate dielectric deposition.

[0030] The next process step involves the treatment of the wafer in an oxidizing
ambient at elevated temperatures. The oxidizing ambient may contain species such as
water vapor H;O, oxygen O, ozone Os, or nitrous oxide N,O. The oxidation step résults
in the formation of a silicon oxide layer 18. An example of the oxidation step is in-situ
steam growth (ISSG) of SiO, by using a single-wafer rapid-thermal based p‘rocess at éSO
degrees C at a pressure of 6 Torr. Another example of the oxidation step is furnace oxide
growth in an O, ambient at atmospheric pressure for a time of between 1 to 30 minutes
and a temperéture ranging from 600-800 degrees Celsius. The silicon oxide 18 formed in
the high-performance device region may have a thickness in the range of 2 to 30
angstroms. This oxidation layer is illustrated in Figure 3(c). Note that the oxide grows
only over the exposed native oxide layer 14 in high performance region 9, and not on the
high-k dielectric layer 16 in low leakége region 11. Hence, there is no need to mask low
leakage region 11 during the oxidation step or to subsequently remove oxide layer 18

from the low leakage region.



and 4(c) for the cases where native oxide |layer 14 remains or is renoved,
respectively. This ultra-thin gate dielectric 18 may conprise silicon
oxide or silicon oxynitride. The equivalent silicon oxide thickness tox,eq
of this ultra-thin gate dielectric is preferably less than 7 angstrons.
[0033] Note in Figure 4(c), the high~l dielectric layer 16 is forned
directly on silicon substrate 10. As di scussed above, typical high-k
dielectric materials have poor <characteristics at the silicon interface,
whi ch may result in undesirable device properties and performance. Figure
4(d) illustrates a preferred enbodinment in which an interfacial |ayer 20
is formed on the substrate 10 prior to the formation of the high-k

dielectric r i I [ 4 ' il . oxi de or
ai 11 con oxyloFFT g st Bifaddundt 8 Gladidn SeBHAG o2 KSHopeS 19 il BBRIOR o v
| ayer as de [ baove). .This interfacial |a b i licon, oxide,
i1t con: oxyaririee PRRES shotmt uSt Skt i acoR Ve B RaN PionSS e 1 e
such as haf.niumoxynitride. Ln,the case ere the interfacial |ayer is
silicon oxid ‘for‘ioﬁ“%d@e’ﬁ’é’sgf%?h?ﬁ?"gﬁ?s‘g' ?Wﬁ%{lc%ﬂaﬁ‘éjtmﬁ?ﬂ@tdéﬁsﬁ?rﬁe ®n oxygen
anbient at tepperatures ranging fromz 14 500 to 800 degrees Cel sius. The
i nterfacial p‘f’%‘@ﬁhen‘&?‘d&fl%‘btf%“?rﬁ-r Netresy ragialsin the plasma aeast withy portiges «fvD, -
thermal oxidation followed by RPN, etc. In the preferred enbodi nent, the
thi ckness ofhesiicen pridetorfarm apitioggroeontraning axigdiclecioim Thapguivalensilicen 30
angstrons. [0034] In accordance with another enbodi nent of this invention,
a subst r at eoxide {hickhess pE ik altiaghingateditleatds inltRe high-perforinaecs; deaivd regian isi con

oxide or silicon oxynitride interfacial
less than 10 angstroms.

[0032] The oxidation and/or nitridation process steps result in the formation of the
ultra-thin gate dielectric in the high-performance device region, as shown in Figure 3(c)
and 4(c) for the cases where native oxide layer 14 remains or is removed, respectively.

" This ultra-thin gate dielect;ic, 18 may comprise silicon oxide or silicon oxynitride. The
equivalent silicon oxide thickness f,y¢, of this ultra-thin gate dielectric is preferabiy less

than 7 angstroms.

[0033] Note in Figure 4(c), the high-k dielectric layer 16 is formed directly on
silicon substrate 10. As discussed above, typical high-k dielectric materials have poor
characteristics at the silicon interféce, which may result in undesirable device properties
and performance. Figure 4(d) illustrates é preferred embodiment in which an interfacial
layer 20 is formed on the substrate 10 prior to the formation of the high-k dielectric layer
16 (also illustrated in Figure 4(d) is silicon oxide or silicon oxynitride layer 18, which is
formed after the high-k dielectric layér as described above). This interfacial layer may be
silicon oxide, silicon oxynitride, a silicate such as hafnium silicate, or an oxynitride such
as bafnium oxynitride. In the case where the interfacial layer is silicon oxide, it may be

formed by a thermal oxidation step in an oxygen ambient at temperatures ranging from



| ayer 20 is then fornmed on the device regions, as described above and as
shown in Figure 5(a). A high-k dielectric is then provided over the entire
wafer. A lithography step is performed to mask the | ow | eakage device
region 11. The high-k dielectric in the high- perfornmance device region 9
is then renoved by techni ques such asjgvet etching or dry. etching. For
exanpl e, the etching of Zr2 naybe acconplished by wet etch using

sul phuric acid H2SO4. The etching of the high-k dielectric may stop on the
underlying silicon oxide or silicon oxynitride |layer 20, as illustrated in
Figure 5(b), or, in an alternative enbodinent, it may partially or fully
etch the underlying silicon oxide or silicon' oxynitride |layer 20, as shown

in Figure 5@k, gh@hldWisRGIshii ?h@ﬁm@é?f SRy r?rﬁg%%'bg? edﬁgtgg.ggee @gd/ or

nitridation process step may be per orne shown

1] Ut 1 at s o, ORI R AN YA g ﬁrgg%gedgmgwgggf or mance

reg|on 9 e. Cl rcui reg| regi on
tranzbstor is illustrated

| n each r egﬁ%{’fgg S&P}[Wé“?gf%‘ﬁ%q% r @F%Wg‘i/émgﬁtaﬂé%@ﬂlséﬁ AEIPRY in the art

wi ||l recognize that each region wll contain nultiple transistors and

ot her strucposaps, dndcdobddhcd wili tHeyembddanéit St isSinidhtibh & sdbdtfafr ®Rtith T €9 ons
wi |l not necessarily be adjacent one another. [0036] Transistor 30 is

i sol at ed frighdidridticmian 24brivddd, Sied 4intok RGP silis] MyhRiad iSEiicial’ €9i on 12.
The STI region 12 is formed froma trench about 2500 to about 5000 15

angstrons. ihe Zbrlﬁi‘l&tﬂfdn%e(i bi 4h@96\)%et rlagleﬁk NG A abovihal agﬁg)g)n ik Flre di oxi de,

as an exanpl e. nore heavi | ope Sem con UCt or redglon can Optl onal | Yy

be forned t fr{a)(.) ro Klgﬂgc dielectric is then provided over the entire wafer. A lithography step is

performed to mask the low-leakage device region 11. The high-k dielectric in the high-
performance device region 9 is then removed by techniques such as wet etching or dry .
etching. For cxample, the etching of ZrO, may be accomplished by wet etch using
sulphuric acid HSO4. The etching of the high-k dielectric may stop on the underlying
silicon oxide or silicon oxynitride layer 20, as illustrated in Figure 5(b), or, in an
alternative embodiment, it may partially or fully etch the underlying silicon oxide or
silicon'oxynitride layer 20, as shown in Figure 5(c). Following this etch step, an optional

oxidation and/or nitridation process step may be performed (not shown).

[0035] Figure 6 illustrat;:s an exemplary integrated circuit having both a high
performance region 9, ¢.g., a logical circuit region, and a low leakage current region 11,
e.g., a memory array region. One exemplary transistor is illustrated in each region for the
sake of clarity, although one skilled in the art will recognize that each region will contain
multiple transistors and other structures, and that typically, transistors in the different

regions will not necessarily be adjacent one another.

[0036] Transistor 30 is isolated from transistor 40 by a shallow trench isolation (STI)

region 12. The STI region 12 is formed from a trench about 2500 to about 5000



further isolation, Alternatively, other isolation, such as field isolation,
can be utilized. [0037] The stack gate dielectric for |ow | eakage current
transi stor 40 conprises a high-k dielectric layer 16 overlying interfacial
| ayer 20. These layers are formed as described above. Silicon oxide gate
dielectric 18 for high performance trqansistor 30 is also formed in a
manner as descri bed above. As noted above, high performance transistor 30
could have a gate dielectric forned of silicon oxynitride, or other known
alternatives. Gate electrode materials are deposited and then patterned
usi ng standard photolithographic and etch processes to formgate

el ectrodes. [0038] A lightly doped inplant is then fornmed for each

transi stor dnggioai. TReGisch icfilled Wigh aseuliter, PidALE Silicd @oXiBgia®n &adpld S not
bei ng doped. Sidewall spacers 32 and 42 are then forned over both gates

fol I owed by mafEhdiGdVadp¥d SmeshdudiBl ABlos 50Qhn §eRally RTSHAAb providiese

i npl ants, preferably using arsenic and/ or phosphorus for the n-channel

devi ce and ?H{?{g?&laftigﬁ; An&nmnggmgé i3a§t3§ne guchfagﬁ%illi\g}%ﬁt/i_ﬁg,%g gé JfiPled regions

34 and 44 o e transistors n respec agai n, resist
can be used to protect the region that is not being doped. [0039] A

di el ectric Pedykbr 60h¢ stadkogatrediclostre farhew thekage surréhintransikital cbmpdsds ay er
typically conprises an oxide such as silicon dioxide or a doped glass such
as phosphodhigli-k dickcgicaser 1§ 83@Yyingrintbdsaql koepio sitkiclayas gedsmedBPSG) . Vi as
are formed in the dielectric layer 60 and filled with conductive materi al
to form condes@ibsd bsve PEiligsn 0ide gabs didlcteis a B Bbrdightpatfornt a6l tieksisv® 309 eri al

coul d be tungsten. Although each source, drain and gate is shown as 16
also formed in a manner as described above. As noted above, high performance
transistor 30 could have a gate dielectric formed of silicon oxynitride or other known

alternatives. Gate electrode materials are deposited and then patterned using standard

photolithographic and etch processes to form gate electrodes.

[0038] A lightly doped imﬁlant is then formed for each transistor region. Resist can
be used to protect the region that is not being doped. Sidewall spacers 32 and 42 are then
formed over both gates followed by more heavily doped implants for each transistor.
These implants, preferably using arsenic and/or phosphorus for the n-channel device and
boron for the p-channel device, form the source/drain regions 34 and‘ 44 of the transistors
30 and 40, respectively. Once again, resist can be used to protect the region that is not

being doped.

[0039] A dielectric layer 60 is formed over the device. This dielectric layer typically
comprises an oxide such as silicon dioxide or a doped glass such as phosphosilicate 'glass
(PSG) or borophosphosilicate glass (BPSG). Vias are formed in the dielectric layer 60
and filled with conductive material to form contacts (or plugs) 62. As an example, the

conductive material could be tungsten. Although each source, drain and gate is shown as



having a contact opening to it, it is understood that fewer (or nore)
contacts could be wused and could contact whichever regions the particul ar
design requires. [0040] After formation of the vias or plugs, an etch stop
| ayer (not shown) is preferably formed over dielectric |ayer 60, follow by
anot her dielectric |layer (not shown),ig which can then be patterned with
vias and trenches which are subsequently filled with a conductive materi al
such as copper using a danascene or dual danascene process. In this
manner, transistors in the respective high performance and | ow | eakage
current regions can be interconnected within the regions as well as

between the regions. [0041] Figure 7 illustrates in plan view an exenplary
|t egrat ed chiyil dcBBNGMRY i, i shiblirB ) O h as an
array of errbec?llge%d cDRAI{:/I ﬁéeérmrgy "fhe neénnér;ﬁg{hgtri’rggé %bmgl% Sonrtrp glcsogdj of 1 ow

| eakage curr ns r . dllustrated in Figure
6. Su?rouﬁdlﬁghghéggﬁd‘#%%?ghég%%%% “%%ﬁ%#ﬁﬁmgﬂ %ﬁ??é?ﬂﬁﬁ%e tranS|stgrs

such as transistor 30 of Figure 6, are shown adjacent menory array 70 in
regi on 80. A084&ond Afdotetionefthe yias egplogs, Zibettlsstap Ber (hbtuhbw@tied adj acent
| ogic region 85. Enbedded nenory region 75, having all or primarily |ow

| eakage cur r preferdbipfosingd oves diclestrioNBle66 Ebllovaby AIFRREMRAERIRr (B RHoWn) O @
CPU or DSP circuit conprising high- performance transistors in region 85.

Qther combi n@hichBsn MBEbEPARAGE Wathtvias Ahd BbstRes WELE BB 1 19&"(31tﬁ9kage
current regions and transistors wll be apparent to tho I'nary

skill i n thecchdhetive @8etial ﬁ&%ﬂ%&@p&f usk ed(ﬁf[ﬁé(%ﬂ% of Jﬁ‘éﬁ&&ﬂa@{bg@&»?oce%p ggially

useful in small sized technologies. For exa ein Cl reuit
that includegdhansi shigorsth @0 gesée%t&@ﬁgh performance and low leakage current

regions can be interconnected within the regions as well as between the regions.

[0041] Figure 7 illustrates in plan view an exemplary integrated circuit 65 having a
first memory array region 70, such as an array of embedded DRAM memory. The
memory array 70 is comprised of low leakage current transistors, such as transistor 40
illustrated in Figure 6. Surrounding support logic, comprised of high-performance
transistors, such as transistor 30 of Figure 6, are shown adjacent memory array 70 in .

| region 80. A second embedded memory region 75 is also illustrated adjacent logic region
85. Embedded memory region 75, having all or primarily low leakage current transistors
is preferably an embedded cache memory for a CPU or DSP circuit comprising high-
performance transistors in region 85. Other combinations and arrangements of high-

performance and low leakage current regions and transistors will be apparent to those of

ordinary skill in the art.

{0042) Aspects of the present invention are especially useful in small sized
technologies. For example, the integrated circuit that includes transistors 30 and 40 can
be formed using 0.13pm or 90 nm technology or even smaller. In these cases, the

transistor channel lengths (of most if not all of the transistors) will be about 0.13um and




be formed using 0.13mor 90 nmtechnol ogy or even smaller. In these cases,
the transistor channel lengths (of nost if not all of the transistors)

will be about 0.13mand 17 90 nmor |ess, respectively. It is expected that
the present invention will also be useful at smaller dinensions, e.g., for
a physical gate length of 45 nmor 1ggs. [0043] In the foregoing
specification, the invention has been described with reference to specific
enbodi ments. However, various nodifications and changes can be mnade by one
skilled in the art wi thout departing fromthe scope of the present
invention. Accordingly, the specification and figures are to be regarded
inan illustrative rather than a restrictive sense, and all such

modi fi cati 09§ n@lefldst& 0 j ed. Wi thin the scope of the present
invention. 18 WHAT I'S W%Dltﬁg?ip?&k&%ﬂﬁmf Pedgt Bventiogiwill glse bewsebiiasi ng: 2
a substrate; 1 trangi stor .having an ultra-thin gate dielectric
fornmed on tﬁ%ﬁgeggﬁegl%@gf 5'&‘1’1?“‘ YAS’%aZEGﬁgeng‘ihé’ﬁﬁWl%&vi ng a gate
dielectric conprised of a high-permttivity 5 dielectric material forned on

the substral0@43}l 2.InTHedoiepbiag sk Edatidn fdiidveRionda@b 4 e%}ﬁ)g gy, sai d
substrate is selected fromthe group 2 consisting of 3] I'con, germani um

and si | i conrefitericasipadifit emBoBmedtt CHHALRINALGH SidigUiibaof 4G aim | yherein
said ultra-thin gate dielectric is sel egtvglé fitblibnsina nees can\g,g
made by one skilled in the art without departing from the scope of the present invention.
Accordingly, the specification and figures are to be regarded in an illustrative rather than -

a restrictive sense, and all such modifications are intended to be included within the

. scope of the present invention.



2 fromthe group consisting of silicon oxide, silicon oxynitride, and
silicon nitride. 1 4. The integrated circuit of claim1 wherein said
high-permttivity dielectric material 2 is selected fromthe group
consisting of metallic oxides, oxynitrides of netals, nmetallic 3 silicates,
and nmetallic alumnates. 1 5. The senigconductor chip of claim1 wherein the
relative permttivity of said high- 2 permttivity dielectric layer is
greater than 8. 1 6. The semi conductor chip of claiml wherein said

hi gh-permttivity dielectric 2 material is from2 to 500 angstrons thick.
1 7. The sem conductor chip of claim| wherein said ultra-thin gate
dielectric has an 2 equivalent silicon oxide thickness of |less than 10

Angstrons. YHATES CEASMEBSconduct or chip of claim| further conprising an
interfacial layer 2 underlying said high-permttivity dielectric nmaterial.
9. The sémi tondust attegrdtedinhit ebapiisg:Wher ei n sai d-interfacial layer is
selected from the group consisting of silicon oxide, silicon oxynitride,
metal lic2silicatesbstaste nmetallic alumnates. 10. A nmethod of fabricating
an integrated circuit conprising: 2 formng -an isolation structure on a

substrat®; 3 fof fishehnisfdl B Wit i ielectric material on the
substrate; 4 r em)visng ntglﬁdgkﬁ%‘,é L pr)lg]rl{ﬁ‘% kh\t{'!ll %%?%egfté‘fz e on thersubstrate; andom a

first region of jhe whi| e | eaving the high-permttivity
dielectric material ongareaflag}&sﬂea%%& graéagcﬁ%lﬁ‘?t"‘b?"ﬂgpnsed of a high-permittivity

5  dielectric material formed on the substrate.

I 2 The integrated circuit of claim 1 wherein said substrate is selected from the group -

2 consisting of silicon, germanium, and silicon-on-insulator.

1 3.  The integrated circu?t of claim 1 wherein said ultra-thin gate dielectric is selected

2 from the group consisting of silicon oxide, silicon oxynitride, and silicon nitride.

1 4. The integrated circuit of claim 1 wherein said high-permittivity dielectric material

2 1sselected from the group consisting of metallic oxides, oxynitrides of metals, metallié

3 silicates, and metallic aluminates.

| The semiconductor chip of claim 1 wherein the relative permittivity of said high-

2 permittivity dielectric layer is greater than 8.

1 6. The semiconductor chip of claim 1 wherein said high-permittivity dielectric

2 material is from 2 to 500 angstroms thick.

7. The semiconductor chip of claim 1 wherein said ultra-thin gate dielectn:c hasan

2 equivalent silicon oxide thickness of less than 10 Angstroms.



the substrate; and . formng an ultra-thin gate dielectric material over
the first region. 1 11. The nmethod of claim 10 further conprising: 2
removing a native oxide fromthe substrate before form ng the
hi gh-permttivity 3 dielectric material on the substrate. 1 12. The net hod
of claim10 further conprising: 2. fgigrng an interfacial layer on the
substrate prior to formng the high-permttivity 3 dielectric material on
the substrate. 1 13. The nethod of claim 10 wherein the step of form ng an
ultra-thin gate dielectric 2 conprises exposing the substrate to an
anbi ent selected fromthe group consisting of 3 H2O, 02, 0,3, and N20. 20 1
14. The nmethod of claim 10 further conprising: 2 formng a first gate
el ectrodg in,the first region;, 3 formng a second gate electrode in the
second rglgi ot; QII‘FGF‘FHCH f9’§]£“1’§1§&{?811§%ﬁ'@}%é@mﬂﬁlmrﬁmesfﬂc@dej@reI ect r ode;
5 formng first- source and drain regions.in the substrate; 6 form ng second
spacers dj dtWrRlyingeid Bighgrpdihatyslidedtiiomateialnd 7 forni ng second source
and drain-regions in the substrate 1 15. An integrated circuit conprising:
2 a substrate; o . o , . o

1 - 9.. * The semiconductor chip of claim 8 wherein said interfacial layer is selected-from

2. the group consisting of silicot: oxide, silicon ogyg_iti_id’e,ig{g‘tal}ib silicates, and metallic

3. aluminates,

1 10 Amethod of fébﬁcétipg'ag_integrated circuit comprising; -

2 - forming an isolation structuré 6n a Substrate;
3. - - forming a high-permittivity é!ielectric material on the substrate;
4 removing the high—pennittivity dielectric material from a first region of the.

5 substrate while leaving the high-permittivity dielectric material over a second region of
6 the substrate; and

7 - forming an ultra-thin gate dielectric material over the first region.

1 11.  The method of claim 10 further comprising:

2 removing a native oxide from the substrate before forming the h1 gh-permittivity

3 dielectric material on the substrate.

1 12. ' The method of claim 10 further comprising:

2 forming an interfacial layer on the substrate prior to forming the high—pennittivity

3 dielectric material on the substrate.

1 13, The method of claim 10 wherein the step of forming an ultra-thin gate dielectric

2 comprises exposing the substrate to an ambient selected from the group consisting of

3 H,0,0,, 0s,and N;O.



3 afirst region formed on the substrate, .the first region having forned
therein a 4 plurality of first transistors, each of said plurality of
first transistors including: 5 a first source region; 6 a first drain
region; 7 a first channel region forned between the first source and first
drain 8 regions; and 9 a first gateogglectrode electrically separated from
the first channel region by 10 a high permttivity dielectric material;
and 11 a second region fornmed on the substrate, the second region having
formed therein 12 a plurality of second transistors, each of the plurality
of second transistors including: 13 a second source region; 14 a second

drain region; a C ch el region_ fornmed between the second source
and secgnd?216lgVﬂP%ﬁ%§8%gW§382 c5OmPrISRgsecond gat e el ectrode
electrigally ispolated fromthe second channel 18 region by an ultra-thin
di el ect?i c mat eformipg a first gate lgetrodetin e diraesiom; cui t of clai m 15 wherein the
ultra-thin dielectric material has an 2 equivalent silicon oxide thickness
of | ess3than 10frmigseseesd gate electiide inl the egoad egionj rcuit of claim 15 wherein
the first region is separated fromthe 2 second region by an isol ation
structufe sel ecloauing fishspahes gdjauent the fisst gité Elect@bie;shal | ow

5 forming first source and drain regions in the substrate;
6 forming second spacers adjacent the second gate electrode; and
7 forming second source and drain regions in the substrate

1 15.  Anintegrated circuit comprising:
2 a substrate;
3 a first region formed on the substrate, the first region having formed therein a

- 4 . plurality of first transistors, each of said plurality of first transistors including:

5 a first source region;
6 a first drain region;v )
7 a first channel region formed between the first source and first drain

8 regions; and

9 a first gate electrode electrically separated from the first channel region by
10 a high permittivity dielectric material; and
11 a second region formed on the substrate, the second region having formed therein

12 aplurality of second transistors, each of the plurality of second transistors including:

13 a second source region;
14 a second drain region;
15 a second channel region formed between the second source and second

16  drain regions; and



3 trench isolation, |ocalized oxidation of silicon (LOCOS), and SI|%ﬁ0n

i slands formed on a 4 silicon-on-insulator (SO) substrate. 1.1F. t e
integrated circuit of claim15 wherein the high-permttivity dle_gc ric
material 2 is selected fromthe group consisting of netallic oxides, L 1
oxynitrides of metals, netallic 3 sibijcates, and netallic a!unlnaéesi 19
The integrated circuit of claim15 wherein the high-permttivity dielec [ c
material 2 has a relative permttivity of at least 8. 1 20. The |gaeg%ﬁ e
circuit of claim15 wherein the first region is a menmory array. % . e
integrated circuit of claim15 further including an interfacial ay_erI .
between 2 the substrate and the high-permttivity dielectric material.

i i i ' / el -thin djelectric
. The7integrated chkeohd g0t eledtd ket i§dited £ et e@ontd}z:hn S
ﬁgterial IS g sel ected fro%1the gr oup con§{st|%g @?_SI{ICOH OX¢de, silicon

oxyni t rligde regiolbyid lELMiR dlelde 8 maderial.
1 16.  The integrated circuit of claim 15 wheréin the ulfra-thin dielectric material has an

2 equivalent silicon oxide thickness of less than 10 angstroms.

I 17. The integrated circuit of claim 15 wherein the first region is separated from the
2 second region by an isolation structure selected from the group consisting of shallow
3 trench isolation, localized oxidation of silicon (LOCOS), and silicon islands formed on a

4 silicon-on-insulator (SOI) substrate.

1 18.  The integrated circuit of claim 15 wherein the high—pennitti\;ity.dielectric material
2 1sselected from the group consisting of metallic oxides, oxynitrides of metals, metallic

3 silicates, and metallic aluminates.

1 19.  The integrated circuit of claim 15 wherein the high-permittivity diélectnic material

2 has arelative permittivity of at least 8.
1 20.  Theintegrated circuit of claim 15 wherein the first region is a memory array.

1 21.  The integrated circuit of claim 15 further including an interfacial layer between

2 the substrate and the hi gh-permittivity dielectric material.

1 22, The integrated circuit of claim 15 whetein the ultra-thin dielectric material is

2 sclected from the group consisting of silicon oxide, silicon oxynitride, and silicon nitride.



