-1 Sem conductor Chip with Gate Dielectrics for H gh-Perfornmance and

Low Leakage Applications TECHN CAL FI ELD [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 thg nethods for the manufacturing of
sane. } BACKGROUND [0002] Size reduction of the netal -oxi de-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 substanti I £ on,a off. states of the channel.
Phenonena such as redu §Ehﬁf§8§%ﬁﬁvaingéggg}gg@ﬁEaﬁﬁﬂifﬂﬁnsistors wi th
short channel |eng - rdn cakipecApplitasiens short
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channel effects becone particularly pronounced as device geonetries shrink
to 0.13 m cr ppeuRii@abeipl One of the primary neans by which short-channel
effects are kept unéer control is the downscaling of the gate dielectric

t hi ckness inm junqﬁkogﬂyﬂph E¢an55$t0r size reduction. [0003] The scaling
trend of the FET gatesqr e et 13k &eRerayto; the fegldoh sqmicondugfgr devices The
proj ected range of the .equivalent silicon oxide_éSiCQ) t hi ckness to,,,eq
for high- pe?’g‘&%ﬁﬁﬁfé‘qﬂ&&’ sypptondugtorships havipg diffedag gate digldstrios iy differentd

agai nst the left ax|s),.
9 regions of( tLe 2:h1ps 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.
Phenomena 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 bel&w. 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 (8iOy) thickness tox,cq for
high-performance logic applications is plotted using bars (plotted against the left axis).
For example, in the year 2016, toxq is expected to be less than 6 angstroms for high

performance logic applications. The supply voltage VDD is also indicated in Figure 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 Si2 is calculated and plotted as the solid line 2 (plotted
agai nst the right axis). Even with conservative to, ,eQ scaling, excessive
gate | eakage prohibits continued gate dielectric scaling using Si02. Under
current process technologies, ultra-thin filns are in the range of 2
angstrons to 20 angstrons. Preferably, wultra-thin Si02 filns are | ess than
10 angstrons. Such ultra-thin not only |ead to excessive | eakage, but also
ate epletion, gate

aggravate th ns_0Q | y-.silicon oly-Si) g d

diel ectric i ﬁfsg‘é‘?% ‘3,‘" “%f’ﬁg°°§‘§?%at8’86féms°ﬁliff€et-%{é%f£ valge for gachiban thei Sakegi on.

[ 0004] So-call.ed high- ate dielegctrics have been proposed because of
their inpr olfglffgﬁﬁ?‘ge’}t 5‘%&%’2"’8?@}3‘5@ isec@lcufstedangd plptted asiihe selist line@s(plotigdinp| es
of which include netallic oxides such as al um num oxi de A1203, zirconium
oxi de zr 02, FPShikF AshiAxini Huen with gonsgivptivedtesscaling camssiveia@lcakapel

al um nates such as | anthanum al um nate may be suitable candi dates. Mst

hi gh-k gat e PPhibégeqntiaged gateifielsetric sealing osingiSiQy. tUieleséurieanptocessibst r at e have
poorer interface properties conpared to Si02 or SiON on silicon.

Therefore, aficlinetogics adiraithiifins e ibtiENXangryd12 angstionidit6 20 hifgstromer PRty 0w
the high-k gate dielectric to obtain reasonable carrier nobilities in the
transi stor celtatien SiQ,0f66]ard less thital Batigstems. @&ﬁ%lt&&ﬁiﬂ%?&ﬁl?ﬂ%& t¢, et hod for
the fabrication of a gate dielectric stack where a dielectric filmwth a
relative di edreessive teaRggebltalsd dyradite ) EBINASs of poly-silicon (poly-Si) gate

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

[0004] So-called high-k igate dielectrics have been proposed bec.ause of their
improved gate leakage properties. High-k gate dielectrics , examples of which include
metallic éxides such as aluminum oxide Al,0;, zirconium oxide ZrQ;, and hafnium oxide
HfO,, silicates such as ZrSiO,, 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 typicélly 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™"2 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 material t® 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 Si02 thicknesses bel ow approxi mately 7
angstrons for high performance applications.- Although transistors with

hi gh-k/ Si 02 or high-k/Si ON stack gate dielectrics provide inproved gate

| eakage curre rfo .they do so at the sacrifice of swtching
speed. As suc@ooﬁﬁe hiﬁ‘gﬁgégglee\lﬁc%&mﬁg grypyressuck a3 thesedosertipd gbavetieen i n

appl i cations e spee erformance i.s inportant. [0007] Qther attenpts at
i mpr ovi ng dev%é{egé?ﬁ%fﬂﬁﬁ%gtrﬁ' BCHW\V/‘HF‘V§28¥ thicknessos edlow apméximatelsT st or s on
the sane chip with differing gate oxides. Exanples include U S. Patent No.
5,668, 035 i ssARFTPHS fyiehperformance applicatiensn A liNougtBrAB31086Rith BigharSiO9or
Kepler, U S. _Patent No. 6,265,325 issued to Cao et al., U S. Patent No.

6, 383, 861 i ssHEA-YOR¥iack sase diglectrips providelinyirevedRatedoikae 46%nPEBoraemed t O
Gardner et al. [0008] Various shortcomings in the prior art can be overcone

and advant age8\¥ doseat the sxcrifioe of svetthing spded. Bk QNS i@k dcvi@RaRARINCE OF
chip having high-k gate dielectrics on those regions of the chip where

gate | eakage ealisfagtoty scdutinorie applioatidns diheRNgediaisk Beardek id Bipblid, gat e
dielectrics where switching speed is nore inportant. 4

[0007] Other attempts at improving device performance have involved the provision
of tran.sistors 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

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

[o008} 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.




- 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 formed on the substrate. [0010] In another
aspect, the present invention provides®or a nethod of fabricating an
integrated circuit. The method 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-permttivity

di el ectric mageMMARS TAEIRGENErIHROI on of the substrate. The method
further includes formng an ultra-thin gate dielectric material over the

first i on. 011 ' aspect, th resent invention provides
or "' nt ogr SPSR°ci 7l P R St SRR arat s o riserigd vt i f cul

for an integrated circ or me
i ncl udes a fi&) substrate. The first region has

region forne t he I )
formed therein & nlgllnglagﬁ?sw{eo? gfsi?gg’fs‘slt‘?ré’ﬁglf’% piyplira-tlin ghte diclestricformddumahé t y  of
first transistors in&iudig@ha first source region, a first drain region, a
first channel"P}EH 8% 7 SHCARLITHSISiE Savipga eatp diskectsiogowpriseddbf B hight dr ai n
region, and a first gate conductor electrically separated fromthe first
channel regi J¥BYtyHliglertiematerial formsd onghesubstraté.c nat eri al . The int egrat ed
circuit also includes a second region forned on the substrate. The second

ohural ity of sechnd 11 aiourt sl Meplatefl iR EhAa e R oate gl Bitesdig ccona

plurality of second transistors in

S ; 2i0 2 g (rjreg: (r)] M ifte 8@ Bifcui) 38 ot @A ads ?t{cns%%s OF }o"‘nﬁﬁ@ an ?s?)lasti?)g (s)trxlt?cn?rg lcjxrx g e and
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.

[oo11j] 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
diclectric 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




5 regions, and a second gate conductor electrically isolated fromthe
'second channel region by an ultra-thin dielectric material. [0012] An
advant ageous feature of the present invention is that transistors having

- desired high switching speed can be fabricated on the sane substrate as
‘transistors having desirable |ow gat eé}eakage current characteristics.
This feature is particularly advantagebus for, e.g., enbedded nenory
arrays. [0013] Anot her advantageous feature of the present invention is
that it is well-suited for geonetries of 0.13 mcrons, 90 nanoneters, and
even bel ow wherein short channel effects 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 ot her smalFSgee At d secendgnts epmductertalestricatl Solated IRl Bk sE¥cREChABALI:GE THE
DRAW NGS [ 0014] For a nore conpl ete understandi ng of the present invention,
and the advarkyagedira-tisy didestric efaerience i s now made to the foll owing
descriptions taken in conjunction with the acconpanyi ng draw ngs, in

whi ch: [0015] (F.gure [ . chart. showi.ng the relationshi ps betwen gate
equi val ent Si égd'gfhi c%‘ﬂ@?‘éﬁ%‘a&ﬁ?‘g fF"éﬁ‘i?éﬁg‘edﬁ?SF@n@V,enawalsghqsmaysnsmsbawgag

[ 0016] Fi gured% iirl I u%tssr attﬁﬁs in cross-section a substrate having. an

i sol ation str(Criridis SPGPAE PPRFA sahbe fabneatadom thmesmner substonte dsrtomsistotsdmving

| eakage current .regi.on of a_device; [0017] Figures 3(a) through 3(c)
illustrate st sgrag% low gried@krascruarpshpmetatistivet Rl 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
effects 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.

Vel



for the manufacture of an integrated circuit having both high perfornange
“transistors and |ow | eakage current transistors on the sane chi p; [0?1 ]
Figures 4(a) through 4(d) illustrate an alternate preferred enbodLneE

- method for the manufacture of an integrated circuit having both hig
"performance transistors and |ow | eakage current transistors on the s?ne
chip; [0019] Figures 5(a) through 5(c) Xillustrate yet another alterna eb .
enbodi ment nmethod for the nmanufacture of an integrated circuit haV|ngh o]
hi gh perfornmance transistors and |ow | eakage current transistors on g e
same chip; [0020] Figure 6 illustrates select regions of an integrate t
circuit having both high performance transistors and | ow | eakage curren
transi stors and i ncorporating advantageous features of the present

[ [ ' ] [ [ i nt egrat ed
invention; andBRIEF[IERCRIPFIQNIGF THEIDREWIRGSS 1 n plan view an integr
circuit having different regions where transistor swtching speed is nore

. i S i .tant.. respectively. 8
i mportant and [gd1er e | Pyt 4 RBkadm éﬁfd?:}stdnﬁin p lnceRan,

DETAI LED DESCRI PTI ON OF | LLUSTRATI VE EMBCDI ﬁg&#g §§§@32$I§8 ?ﬁigﬁ?aﬁrd

vel 09, 1S SRREH NoROEL AR RELUMIIR e Py feiions luti on

bel ow. It shou € a , , ) \ )

. i i i be enbodied in a w de
eg(r);“esssof ”ggleég@@?égoﬁg@%ﬁg{{k@%ﬂg&%@gﬁ%@%ﬁ%@& (r:rgﬂt sedi scusse_d are
nerely illustrative of specific ways to make and use the |nv?nt|oq, and do
“not linmt thel®ddipe oFighied is avhart Stmwindhe ré@@fRskps 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 leakage current transistors on the same chip;

[0020] Figure 6 illustrates select regions of an integrated circuit having both high
performance transistors and low leakage current transistors and incorporating

advantageous features of the present invention; and



. 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 ments of the present invention, at |east two
~different gate dielectric materials are formed on a sem conductor chip to
obtain both high- performance devicescgnd | ow- | eakage devi ces on the sane
chip. Preferably, a silicon oxide Si or silicon oxynitride Si ON gate
dielectric is provided for high-perfornmance devices, and another gate
dielectric conprising a stacked high-k/Si 02 or high-k/SiON gate dielectric
is provi ded for | owl|eakage devices. [0024] In the preferred enbodi nents,
"hi gh- performance" refers generally to devices having gate delays on the
order of picoseconds. In order to achieve such short gate delays, high
per f or mance W8Ices Kigwedalusiratenin pign vievan intagrated sireuithavingalifferent regiens hi gh
gate | eakage current of 1 Alcn2 or higher. "Low | eakage" devices refers
gener al | y t owhereviapgstorsmiichigg ispes agmorsiimperiant ahdivhers lawp pakegevatreritys 3 or der s
of magnitude | ower than that of high-performance devices. One skilled in
the art w | | moeciagottae, fefpettight e del ays and | eakage currents are functions
of multiple variables, including device design, mninumfeature size,
materials and the like. 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 performance paraneters wll
change significantly. As such the terns "high-performance” and "I ow
| eakage" shoul d not be considered as absolute paraneters or
characteristics, but should be construed as being relativistic terns mnth a
hi-gh- perfornance device switching at appreC|any faster speeds. or shorter
gate del ays :




~than a | ow | eakage device (for the given application) and a | ow | eakage
devi ce showi ng appreciably inproved | eakage current performance rel ative a
hi gh- performance device (again relative to the technology in which the
. invention is enbodied). 10025] The preferred enbodi ment of the present
‘invention includes a seniconductor chip that may be provided with an
ultra-thin gate dielectric conprising 02, silicon oxynitride SiQN,
silicon nitride for high-performance devices, and another gate dielectric
conprising a high permttivity (high-k) dielectric for |ow | eakage devices.
In the currently preferred enbodi ments, high-k dielectrics are dielectrics
with relative permttivities of 8 or larger. The gate dielectric
conprising a_high-k dielectric may be a stacked dielectric consisting of a
hi gh-k di el eEETAALEDOESGRIETEAN Ot B UETRATIVEERYBODEMENTSes of hi gh-k
dielectrics include netallic oxides such as hafni um oxi de H102, zirconium
oxi de Zr02, #0@2fi nunTlednalen@dRDBing afithdyarasemlppiefherel 8R68dimehts ardi distugxd de
Ti 2, yittrium oxide Y203, and tantal um oxi de Ta20b, oxynitride of a nmetal, -
such as  zi r dodtitaibbetow.nit should beZagpeddiatal) HoReven itha Y esehtihebitibh FeMdes
metallic silicates such as zirconiumsilicate ZrSiO4, and netallic

al umi nates, sida}a@Sicablé GRBAIVE BheEHII AL Ran b8 Bfbodiddiif B WidlBleRrdlshésnod | | be

apparent to one of ordinary skill in the art and can be eval'uat usi ng

d
routine expecodioim. afteQPecitidledBotEMmBhts d@&iéﬁéi’f'da?é fn‘éxtefsj iﬁuMaEQggf ﬁ,@&ﬂl %ﬁégt Y

greater than 8 may be considered a high- el ectric. npres o

interfacial haKeind d%g h}%qﬁ\éiﬁgi%,zan&q ndt | tﬂg%ct,ﬁ;eloifﬁ‘neslh\l'én&gﬁ.e}?or%gs%h as

. . . m of .
zi.rconium silicate, ic alumnates such as zirconi um al Lgm nat e.

[00261 A SChefbAdk, Qinrhfrefl:elle AREAL TSR SRS STl Bl WidldrSR0°

to the same or similar features common to the figures.

{0023] In the prefe'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/em? or higher. “Low-leakage” devices refers generally to
devices 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 yariables, including device design,
minimum feature size, materials and the like. The present invention is applicable to a

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



~region in the sem conductor chip is shown in Figure 2. Wile a bul k

sem conductor substrate 10 is illustrated in Figure 2, this invention is
not restricted to bulk sem conductor substrates, and generally applies to
.any substrate, e.g. silicon-on-insulator (SO) substrates. In the
‘preferred enbodi ment, as shown in Figure 2, the isolation structure 12 is
shal l ow trench isolation. It is understood that isolation may al so be
acconpl i shed by other means of isolation such as any of a nunber of
variations of |ocal oxidation of silicon (LOCOS), such as recessed,

sem -recessed LOCOS, through the formation of silicon "islands" on an

i nsul ating substrate, and the |like. [0027] For purposes of explanation,
substrate 10 is illustrated as being divided into two adjacent regions.

Hi gh- per f or manteRiyday R Wutrbnt @rférﬁTaH@egp' Me usi.ng. e.g., SiC2,
SiON or sinilar conven{%fgonal g?te di el ec é}fl‘%:tglgf%@ﬂ? ?s‘ﬁ‘g@c‘f“@gkédéuwm ent
devices wll thgsFabhifeptathnbd 8% | using a high-k gate dielectric.
Regions 9 and | 1 airae1 I:‘éi I'Tust ratngdlog‘gle%keﬁgﬁga?gglafl"ép%@“é&ﬁe‘ieg6? ahsplyte
structure 12. ne ski L -the . .a (1.l recognize that Figure 2 is for
il lustration only andJthcﬁ'grta&?'ﬁ}éwg’ib? tho\é\qd&%?éi‘?@ﬁ{“,e ahbringielativigéntsrros with aegi on
9 and | 1 will:ya nsider.ably {n actual. inplenmentations. Additionally,
nul tiple hi gh-hl pggﬁ or %%ncc% e S&ﬁ@"@g&hﬁwwblwﬁmemmmu gaje delsysll  may
be fornmed on i_nal hi As an_exanple, |ow | eakage current 11 could
have forned t azlraglgw??&ﬁ%e%we QS? thy £1vgR epRlication) akd g bovclenkagatlevice shopirgmar y
desi gn parame%er. . .Hi gh-performnce region 9 could have fornmed therein
support | ogi ¢ *PRIF bl s leakpgesprren perimarseirdlathicrghigpp@ bringnce dEWES
important congideration. 11 [0028] Methods for the fabrication of gate
diel ectrics f 82K ERl et tedhrelognimivhiobvhe 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 ZrO,, aluminum oxide Al,O;, lanthahum oxide La;03, titanium oxide
Ti02_, yittrium oxide Y,03, and tantalum oxide Tay0s, oxynitride of a metal, such as
zirconium oxynitride ZrOxNy and hafnium oxynitride HfOxNy, metallic s;ilicates such as
zirconium silicate ZrSiO4, and metallic aluminates, such as zirconium aluminate. Other
high-k dielectrics will be apparénf 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 inclvude S10,,




~ | eakage applications on the sane sem conductor chip are described bel ow. A
- semi conductor substrate 10 is provided with device isolation 12 such as
shallow trench isolation. The substrate 10, preferably a silicon wafer,

. may then be cleaned before perform ng the deposition of the
‘high-permittivity dielectric. Substrate 10 is preferably cleaned such that
only a thin native oxide |ayer 14 remal®s on the substrate 10 surface, as
shown in Figure 3(a). The thickness of this native oxide layer 14 is
typically several angstrons thick, and usually below 5 angstrons. In
alternative enbodi nent, native oxide layer 14 is renoved prior to the

hi gh-k dielectric deposition, by nethods known and used in the art, such
as hydrogen baking at el evated tenperatures, e.g. greater than 700 degrees
Cel si us. Fi guiSéON{mptailiclsiliehteasuer as FecoBfuSSHERS b ictafigninat after
the native oxide Ilayer 14 renoval. [0029] A ﬁigﬁﬁﬁggﬁkgﬁﬂﬁgﬁg@?%?% is then
deposi ted on theonidhbMeigxé.de | ayer 14, preferably by chem cal vapor
deposition (CVD) process. For exanple, hafniumoxide H Q2 may be grown by
CVD usi ng precursor gases.- such as hafniumt-butoxide H (OC4H9)4 and
oxygen 02. Th&%8lowt hAtsehgseatisofithe highyperforhatcadericeagion andbe-leslage dedce

Cel sius, and the pressure can.be about 1x10-5 Torr. A post-deposition
anneal in ni feesRdR thesemondurtorhip ie shpavsinigse 2f Whifle b GulRki@milegaees Cel si us:
and tinme of up to 30 seconds may be perforned to inproved the gate

di el ectric qusubstgte 1Qisidinstratedtio Sizund 2, tide peshtidnSnsradstdtslodaused, such as
sputtering, reactive sputtering, atomc |layer deposition, etc. After the
hi gh-k gate dseatiemtduttor sibpinaés] amhgenérally hFE ARRY sSsthtel Sg. sﬁ%&%% i mask
the | ow | eakage device region 11 using conventi onal pho%olit ographic

techni ques. T(EOsubstrated]ilaltieciréfefred EmbdEmbiht o REGH B FiBhE 9, 88 Yot ion

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), s_uch 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 regidns. High-performance devices will be formed in region 9 using, e.g.,
Si0;, 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—perfonnanc§ region 9 could have formed therein support logic for the memory array

wherein switching speed is a more important consideration.



12 region 9, which is left exposed during the photolithographic step is
Tenoved by techniques such as wet etching or dry etching. For exanple, the

etching of HFO2 may be acconplished by wet etch using sul phuric acid

. H2S04. The resulting cross-section of the wafer is as shown in Figure 3
“(b), wherein high-k dielectric nateriat 16 remains, overlying native oxide
| ayer 14 in the |low | eakage region 11 lhd has been removed in the

hi gh- performance region 9, thus | eaving native oxide | ayer 14 exposed in
that region. Figure 4 (b) illustrates patterned high-k layer 16 for the
alternative enbodiment in which native oxide |layer 14 has been renoved
prior to the high-k gate dielectric deposition. [0030] The next process

step invol vemosdie t ngahsdtbr @é fa%ﬁ;@atl@lﬁfoﬁ%ati: BieRRtrRY bl InfdnYbrioRHRcE BHd 18-

el evated tenperatures. The oxidi zing anbi ent nmay contain species such as

walter vapor Rl Qi aethe02n 1RAGAE sOrtcoiluckdh QYR dAIC: DB, Sne oxi dati on

step results ormation of a sificon o ayer n exanpl e of
the oxidatio ep. .S ip-sity . stea L. h (1SSG i 02 by using a :
si ngl e- waf er Perngl%?"g P‘it%resﬂlgrﬁfa%eb%bs% 3“’5 }cfé]g g’étg\ﬁtﬁ‘t“cé’f?%tl%fégi %‘gé aﬁlﬁﬁo‘&gﬁ‘?" ssure of
6 Torr. Another .ex | e of the oxidatiaqn step is fuyrnace oxide growh in
an 02 anbie n{Soé{lorh?ﬁ%§B‘P§é‘?§°cllap?r8€°§%fyea ?‘ﬁ?ond” fnfapnep Fﬁk%‘l‘?dgef"&’ 30 ninutes
and a tenperatgre,ranging,tron160Q-800 degrees Cel sius. The silicon oxide
18 formed i nPertoRmingthy depesitiey ofdhrluehiaeruiivity dicksstrica pubsiiate 19 is preferabbss i n
the range of 2 to 30 angstrons. This oxidation layer is illustrated in
Fi gure 3(c) . clsaed sychahat pply adkin gativeroxids laysn 14 remains anttbe subsloate t0 svafapes as oxi de
layer 1.4 in high performance region 9, and not on the high-k dielectric
layer 16 in shownliebigutged(2)e Jho thickbesstad thienativh exide layembt in gpitatipsavesk | ow’
| eakage region 11 during the oxidation step or to subsequently renove oxide
| ayer 18 angstroms thick, and usually below 5 angstroms. In alternative 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) ill}lstrates 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(OC4Hy)s and oxygen O;. The growth temperature may be between 350 to ’500
degrees Celsius, and the pressure can be about 1x107 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 copventional

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




~fromthe | ow | eakage region. 13 [0031] In sone enbodi nents, the oxidation
step nay be followed by a nitridation step, using a process such as renote
plasma nitridation (RPN). In the RPN process, the silicon oxide is exposed
. to a high-density renote helicon-based nitrogen discharge to performthe
‘nitridation treatnment. N trogen radicati in the plasma react with portions
of the silicon oxide to forma nitrogen-containing gate dielectric. The
equi val ent silicon oxide thickness of the ultra-thin gate dielectric in
t he hi gh-performance device region is |ess than 10 angstrons. [0032] The
oxi dation 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 |ayer 14 remains
or is renovedesioadpwhichyelet exposgd duringithephatelithapmaphiakitey is camaved b8 may
conprise silicon oxide or silicon oxynitride. The equivalent silicon oxide
t hi ckness t oxteeltligies senhsas et etghing prdry atebingi EFvectaniple, ite eprhifgaf Oy mhebs
than 7 angstrons. [0033] Note in Figure 4(c), the high-k dielectric |ayer
16 is formed acemplishgd by wesetch oong wiphstic atié H3S0,. ABhedesltitpsosksa8Hive of thy Pi cal-
hi gh-k dielectric materials have poor characteristics at the silicon

interface, whwaflrisay shicatintFigule 8 (teehdral hezhdedicREmrb nisial | @maifd

performance. Figure 4(d) illustrates a preferred enbodinent in whi ch an
interfacial éwylging 2QtiveSoxi@s BRA 19 thb ove 18R M Bonl D1 BIdiHAE picd rbiGve g% ftion
of the high-k dielectric layer 16 (also illustrated in Figure 4(

silicon oxi denig-p&rifdrifafe R%A! th a\h tlvxl,%xlfigfﬂg@ ﬁxﬂﬁé&r H?lq 1% ofi! the

hlgh Kk dlelectrlc | ayer as described a ove) aci a er  may be

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

native oxide layer 14 has been removed prior to thé 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 re;sults
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 I;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 temperature 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 Ieaka'lge 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.




silicon oxide, silicon oxynitride, a silicate such as hafniumsilicate, or

~-an oxynitride such as hafniumoxynitride. In the case where the

interfacial layer is silicon oxide, it may be formed by a thernmal
. oxidation step in an oxygen anbient at tenperatures ranging from 14 500 to
"800 degrees Celsius. The interfacial |ayer may al so be formed by ot her
techni ques such as CVD, thernal oxidatYon followed by RPN, etc. In the
preferred enbodi nent, the thickness of this interfacial |ayer may range
from2 angstronms to 30 angstrons. [0034] In accordance wi th another
enbodi ment of this invention, a substrate 10 with isolation structures 12
is provided, and a silicon oxide or silicon oxynitride interfacial |ayer
20 is then forned on the deyice regions,, as described above and, as shown in
Figure .5(a)l%%Mhig mémalieérﬂl?e@meetsi ‘i‘e PRIAtN P Ebedolowed by apifidationatf er . A
| it hography step is perfornmed to nmask the | ow | eakage device region 11.
The hi gh- k™ dSEP.8EigL aProcgss yeh a3 igROteTlasmarniadationdPNg.e Iy the RBN myodess, thgen
removed by techni ques such as wet etching or dry. etching. For exanple,
the etching eiicaya@@ideingkrosediosripgh-dénsity omoteheliconhased nitggesdisghrgeite aci d
H2SO4. The etching of the high-k dielectric may stop on the underlying
sili con oxi dgerformghd nitridation yreatnentd dNitragearradifals inshé plhdmsd seadt exithi portfong of €
5(b), or, in an alternative enbodinent, it may partially or fully etch the
under | yi ng stHeisilicon oxidel® form aSittdgenontXiyiniptgatediReldcdy® rTHRQquikalefHiWdn i N
Figure 5(c). Following this etch step, an optional oxidati.on and/or
nitridation pxiaethicknéds P tHEa¥ DS iPEH¢ Qlel¥Blic (e hifhPMbrmidfe0 dSicdegidh & 6
illustrates an exenplary integrated circuit having both a high performance
region 9, €. fbss thin 1®&Hgs@bmei rcuit region, and a |ow | eakage current region

11, e.g., a nenory array region. One exenplary transistor is illustrated
in each region for the L
[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 dielectx"ic_ 18 may comprise silicon oxide or silicon oxynitride. The
equivalent silicon oxide thickness #oy,¢; 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 layc'r as described above). This interfacial layer may be
silicon oxide, silicon oxynitride, a silicate such as hafnium silicate, or an oxynitride such
as hafnium 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




sake of clarity, although one skilled in the art will recognize that each

“«region will contain nultiple transistors and other structures, and that

typically, transistors in the different regions will not necessarily be
. adj acent one another. [0036] Transistor 30 is isolated fromtransistor 40
"by a shallow trench isolation (STI) rﬁ%ion 12. The STI region 12 is forned
froma trench about 2500 to about 5000'15 angstrons. The trench is filled
with an insulator, such as silicon dioxide, as an exanple. A nore heavily
doped sem conductor region 50 can optionally be formed to provide further
isolation, Alternatively, other isolation, such as field isolation, can be
utilized. [0037] The stack gate dielectric for | ow | eakage current
transistor 40 conprises a _high-k dielectric layer 16 overlying interfacial
| ayer 20. Theldo BaY deeseasCelsiugy g inderfacigbloyerintydilsatheformedi Uyl athen taghniigies gat e
dielectric 18 for high performance transistor 30 is also forned in a
manner as dewch pH@WDatheumal orilanen HowtbweRPHjegh Ipdhef mrefeand embddiment)tsé or 30
could have a gate dielectric forned of silicon oxynitride. or other known
al t er nat i vesthiciatse ofthisdhtecfddalimgee mag kmgafromdepgsidn®to30dngdhemspat t er ned
usi ng standard photolithographic and etch processes to formgate

el ectrodes. | 0038] lightly doped inmplant is en. forped for each . .. .
transi st or r[&g:ﬂin. é@g?chféagg$wﬁlg@o&geggm€gﬁxwrgto% @\‘S InKentiog gt JRstrateal0 With ot
bei ng doped., Si dewal | spacers 32 and 42 are then _forned over both gates
fol l owed by WOREPIREHGTES 1ddRravirer pathe slisagoxidson sificemeryaitsde interfaeiale
i npl ants, preferably using arsenic and/or phosphorus for the n-channel
devi ce and By éf isthen fammedor thedadre weiphs es desenbedhevesandras shiawrein Figueyi ons
34) and 44 of the transistors 30 and 40, respectively. Once again, resist
can be used (®- gk bighdudielneri¢ sghaprprotidad dver thoentire 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 example, the etching of ZrO, may be accomplished by wet etch using

sulphuric acid H;SO;4. 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

0 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, e.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 shallqw trench isolation (STI)

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



. being doped. [00391 A dielectric layer 60 is fornmed over the device. This
dielectric layer typically conprises an oxide such as silicon dioxide or a
doped gl ass such as phosphosilicate glass (PSG or borophosphosilicate

- glass (BPSG. Vias are fornmed in the dielectric layer 60 and filled with
conductive material to formcontacts (Qélplugs) 62. As an exanple, the
conductive material could be tungsten. t hough each source, drain and gate
is shown as 16 having a contact opening to it, it is understood that fewer
(or nore) contacts could be used and could contact whichever regions the
particul ar design requires. [0040] After formation of the vias or plugs, an
etch stop layer (not shown) is preferably formed over dlelectrlc | ayer 60,

fol l ow by an gslromsd ﬁ!ch%%xéﬂﬁ dhl@X %Vm(aﬂ?ﬁ ﬁ&?‘% h as s1 écﬁf‘{&)l/oxfl r113 acril exa?r{the.a

patterned w vias an renc are subsequ

conductlve ter| S_Co usi danasce e or._du scene
process. nR ﬁf%ﬁ??é{ﬁﬁg?l’e Sﬁlghcgf@fc&r?gl%’ ?%‘éanr(’Bg‘ﬂ@ YP?/@”H’F@FP %r nmance

and Iom/Ieak current e s can b interconnected within the regi ons

as wel | as bEffierdsplatioa- Aé&jﬂ% Y’ﬂﬁ‘%ﬁﬁ’ afiopueh 2 ficdd igelation, san herptireth view an

exenplary integrated circuit 65 having a first nenory array region 70,
such as an appfy of mEhedpsd. BRAMHIESDLY. 1eJ<lage cdﬁeﬂaf%s@{ofauc&ﬂpdsésfoml sed
r

of | ow | eakage current transistors, such as ansistor 40 ill'ustrated in

Figure 6. Sumépmwl&wlu%g%%&gg% 9@85 géi g@f This8 %rafré)%%&fﬁ

transistors, Such as tr isto are s | acent nenory
array 70 in 4 region 75 is al
illustrated ad jgig%gr%?&%o Sﬁc%ﬁ@?@%g%"@%ge%%%& ?r%rnfmrlceg:fag lsn?%ﬁplﬁaw ng

al ¥ or pri marls':ol rrlrxé) nlaerglal%% Casdede %n& abovg1 : Is%f)t(e)é gbove 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 imblant 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




. Is preferably an enbedded cache nenory for a CPU or DSP circuit conprising
“hi gh- performance transistors in region 85 Oher conbinations and
arrangenments of high- performance and | ow | eakage current regi ons and
- transistors will be apparent to those of ordinary skill in the art. [0042]
Aspects of the present invention are efgeci ally useful in small sized
technol ogi es. For exanple, the integrated circuit that includes transistors
30 and 40 can be forned using 0.13mor 90 nmtechnol ogy or even snaller.
In these cases, the transistor channel |engths (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
di mensi ons, et for . a gh si cal. gate | ength of 45 nmor less. [0043] In
the foregoi ng apatt FIEAst PREFIDE AL L5 Uerstrd thas femsefor anwsdraoniaets apuldbe
reference to sg ci fic enbodi nrents. However, various nodifications and
changes can b&° ﬁﬁ@é"‘ﬂ‘g"%@tﬁfqhﬂéf‘df‘?g*\ortsﬁ’@mcu{ﬁdWrcMmarti ng fromthe
scope of the present invention. Accordingly, the specification and figures

are to be regposgd i NAAL fhindtioh batHe (Bas { Lhan.. a resirictive. sense, and

al| such nodifications are | ntended tgOgéﬁg%gfla%gatowz}yﬁfﬁotﬁ}gwnggope of the

present i nvenpefabld BrmMVer hi I hS 1. An int ated circuit

conpri si ng: g subs%rggle; arblé%es tlf&%r?&b’?%wﬁé%%fﬁ%ifﬂ% YT (RS shpyynd,

dielectric fopfRf Almbie Ea%ﬁ;[eﬁ%i&’ vigsaalng trenches which are subsequently filled with a
conductive material such as copper using a damascene or dual damascene process. In

this manner, transistors in the respective high 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
ﬁrs_t 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 0.13pum 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



. ultra-thin gate dielectric has an equival ent silicon oxide thickness of
‘less than 7 Angstrons; and a second transistor having a high-permttivity

gate dielectric material formed on the substrate, wherein the first

- transistor is a high speed switching type and the second transistor is a

| ow gat e-| eakage type. 2. The integratiz circuit of claim1l1, wherein said

substrate is selected fromthe group nsi sting of silicon, germanium and

silicon-on-insulator. 3. The integrated circuit of claim1l or 2, wherein

said ultra-thin gate dielectric is selected fromthe group consisting of

silicon oxide, silicon oxynitride, and silicon nitride. 4. The integrated

circuit of any one of the preceding clains, wherein said high- permttivity

dielectric jal s selected fromthe group consisting of netallic

oxi des, oxg%}b?’ﬁ %é%sg’o’?sl’ﬁ%ti"ﬁfy fit {exercisddnal theipsesesdnveation wilt #lsd becuseful at

al um nates. 5. gh .integ%ate? circuit of any one of the preceding clains,

wherei n the PRPATCURISIORS gy dPnA REysisal gate length ofviSpm oi fessi vi ty di el ectric

| ayer is greater than 8. 6. The integrated circuit of any one of the

precedi ng cl poay, WRKR Bresdind (gﬁh nergttivit ielectric material is

from2 to 500 angstrons tfﬁ%glggsgé agB;IEn e%“r’eé‘}llg'blesiq’re%&‘fsc’al?eda"i‘iﬁ‘ one of the
precedi ng cl giference ey i.sing. an interfacial |ayer underlying said
hi gh-permittivity di epfe egitE F:“\@Hané’ft girsi gﬁ?‘”eé‘?’f’ Arauy medifjrationtiand ghanges cagfbec| ai m

7, wherein saigl p 8" bal,layer.is selected fromthe group consisting of
si li con oxide, S?}{'(IB cg%{ﬁgéi( ;ﬁ/’n‘P% i a’ét}m'r‘\té{%ﬁ?rf‘i’%fe‘%‘f’ thecsseresof thnpresest inbérition.19

Accordingly, the specification and figures are to be regarded in an illustrative rather than -
- arestrictive sense, and all such modifications are intended to be included within the

. scope of the present invention.




alumnates. 9. A nethod of fabricating an integrated circuit conprising:
formng an isolation structure on a substrate; formng a high-permttivity
dielectric material on the substrate; renmoving the high-permttivity
dielectric material froma first regiog of the substrate while |eaving the
hi gh-permttivity dielectric materi al $er a second region of the

substr at e; Ok ultra-thin gate dielectric material over the
WAL AR

first regi -thin gate dielectric has an equivalent silicon
oxi de thickness of less than 7 Angstrons; wherein the ultra-thin
dielectric material over the first region fornms a first gate material for a
first tradsi st@rintegrated eiecuificgmppisingi ttivity dielectric material over the
second regi ogsﬁgme,a second gate naterial for a second transistor. 10.
The nethod of clarm9, further conprising: renoving a native oxide fromthe

substrate bef afiestitensistog havigg bh glrap@ingddid di¢ietitic foitédat the ubbbbR! kAl on the
substrate. 11. The thod of claim9 or_ 10, further con'?risi ng: formng an
i nt er f aci #tra-thngate diclqclichasanequivalsnt slicanpxids thickgess o lass gwn%er mttivity
dielectri i.al,gon the substrate. 12. The method of any one of clains
9-11, wherern thé step of forming an ultra-thin gate dielectric conprises
exposi ng t he suésndataesistor haviagrh hightpesmitd ity gaté diztectrivematetiblformehsh st i ng of
H2O, 02, Q3, and N20. 13. The nmethod of any one of clains 9-12, further
conprisin 1€ substrate,

wherein the first transistor is a high speed switching type and the second transistor

is a low gate-leakage type.

2. The integrated circuit of claim 1, wherein said substrate is selected from the group

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

3. The integrated circuit of claim 1 or 2, wherein said ultra-thin gate dielectric is

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

4.  The integrated circuit of any one of the preceding claims, wherein said high-
permittivity dielectric material is selected from the group consisting of metallic oxides,

oxynitrides of metals, metallic silicates, and metallic aluminates.

5. The integrated circuit of any one of the preceding claims, wherein the relative

permittivity of said high-permittivity dielectric layer is greater than 8.

6.  The integrated circuit of any one of the preceding claims, wherein said high-

permittivity dielectric material is from 2 to 500 angstroms thick.

7.  The integrated circuit of any one of the preceding claims, further comprising an

interfacial layer underlying said high-permittivity dielectric material.

8.  The integrated circuit of claim 7, wherein said interfacial layer is selected from the

group consisting of silicon oxide, silicon oxynitride, metallic silicates, and metallic



formng a first gate electrode at the first gate material in the first
region; formng a second gate electrode at the second gate nmaterial in the
second region; formng first spacers adjacent the first gate el ectrode;
formng first source and drain regions gn the substrate; form ng second
spacers adj acent the second gate el ect ! de; and form ng second source and
drain regwnétgsthe substrate. 20 14. An integrated circuit manufactured
according to any one of the nethod clains 9- 13. 15. An integrated circuit
conprising: a substrate; a first region formed on the substrate, the first
region having formed therein a plurality of first transistors, each of

sai d plur 8l it ¢ Bethed pkiabrieating an ipfegrated-qiiryit¢gmpesingy st source region: a
first drain region, & ik reqdi Jormed between the first source
and first draﬁﬂhﬂﬂ%?gﬁé?ﬁ&%ﬁ%ﬂgﬁgﬁbgfﬁg%%%%eIectrode el ectrically separated
from the firsformusnakighrpegmittivibydiakectri¢! hateridl bnnhdsubseser i c material, said

ultra-thin gate dielectric has an equivalent sjilicon, oxide thickness of
| ess than 7 AFGRV FW%@E%GI#@@‘FWa?HW@@rﬁHEg@H Bétheat e, t he

second regiiftafdaviRdedveh h!iélﬁg ' ivﬁ?f R LR d &Xﬁeﬁgl SREQNLhEFYHLSHLT S
each of said plurality of second transfistors 1 ncluding:
the substrate; and
forming an ultra-thin gate dielectric material over the first region, said ultra-thin
gate dielectric has an equivalent silicon oxide thickness of less than 7 Angstroms;
wherein the ultra-thin dielectric material over the first region forms a first gate
material for a first transistor, and the high-permittivity dielectric material over the second

region forms a second gate material for a second transistor.

10. The method of claim 9, further comprising:
removing a native oxide from the substrate before forming the high-permittivity

dielectric material on the substrate.

11. The method of claim 9 or 10, further comprising:
forming an interfacial layer on the substrate prior to forming the high-permittivity

dielectric material on the substrate.

12.  The method of any one of claims 9-11, wherein the step of forming an ultra-thin
gate dielectric comprises exposing the substrate to an ambient selected from the group
consisting of H,O, O,, O3, and N,0.

13.  The method of any one of claims 9-12, further comprising:
forming a first gate electrode at the first gate material in the first region;
forming a second gate electrode at the second gate material in the second region;
forming first spacers adjacent the first gate electrode;
forming first source and drain regions in the substrate;
forming second spacers adjacent the second gate electrode; and

forming second source and drain regions in the substrate.



a second source region; a second drain region; a second channel region
formed between the second source and second drain regions; and a second
gate electrode electrically isolated fromthe second channel region by a
hi gh-permttivity dielectric material. éG. The integrated circuit of claim
15, wherein the first regionis separa@ d fromthe second region by an

I sol ation structure selected fromthe group consisting of shallow trench

i solation, |ocalized oxidation of silicon (LOCOS), and silicon islands

formed onld anlinRgrtedcitcnl whamuictir&Ohdcosdihg td @lyeone bf the i&hodElamisg-ed
circuit of claim15 or 16, wherein the high-permttivity dielectric
material i3 selected fromthe group consisting of netallic oxides,
oxynitrides of nmetals, netallic silicates, and netallic alum nates. 21

18. The integrated circuit of any one of clains 15-17, wherein the

hi gh- per milf1 i Yintiytegehteell chebiticompeisiapi al has a relative permttivity of at

| east 8. 19. The integrated circuit of any one of clains 15-18, wherein the
first region PSUSTRIyh- speed switching |ogic device. 20. The integrated

circuit of anyfRafeRbn fdrAlel®on i dBstriBEHE .ﬁ?sttré(;g‘?oé ohfxg(i fMrdi 2 | Oow

gate | eakage nenory device. 21. The integrated circuit of any one of clains
15-20, f uplundity iofi€itst thansistars, ¢ach ef faidiphirality af €irst inahsistors indladingbst r at e and
the high-permtti Xh}g(sgliugéree%}orni;c mat eri al .
a first drain region;
a first channel region formed between the first source and first drain regions;
and
a first gate electrode electrically separated from the first channel region by an
ultra-thin dielectric material, said ultra-thin gate dielectric has an equivalent silicon
oxide thickness of less than 7 Angstroms; and
a second region formed on the substrate, the second region having formed therein
a plurality of second transistors, each of said 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
regions; and
a second gate electrode electrically isolated from the second channel region

by a high-permittivity dielectric material.

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

silicon-on-insulator (SOI) substrate.

17. The integrated circuit of claim 15 or 16, wherein the high-permittivity dielectric
material is selected from the group consisting of metallic oxides, oxynitrides of metals,

metallic silicates, and metallic aluminates.



22. The integrated circuit of any one of claims 15-21, wherein the
ultra-thin dielectric material is selected fromthe group consisting of
silicon oxide, silicon oxynitride, and silicon nitride.

21
18. The integrated circuit of any one of claims 15-17, wherein the high-permittivity

dielectric material has a relative permittivity of at least 8.

19. The integrated circuit of any one of claims 15-18, wherein the first region is a high-

speed switching logic device.

20. The integrated circuit of any one of claims 15-19, wherein the second region is a

low gate leakage memory device.

21. The integrated circuit of any one of claims 15-20, further including an interfacial

layer between the substrate and the high-permittivity dielectric material.

22.  The integrated circuit of any one of claims 15-21, wherein the ultra-thin dielectric
material is selected from the group consisting of silicon oxide, silicon oxynitride, and

silicon nitride.




