17 MAY 2006 1 DUAL- GATE STRUCTURE AND METHOD OF FABRI CATI NG | NTEGRATED

Cl RCU TS HAVI NG DUAL- GATE STRUCTURES FI ELD OF THE | NVENTI ON [00011@h@A
present invention relates to nethods of form ng sem conductor devi

to device structures fornmed thereby, and nore particularly to nethods for
form ng dual -gate sem conductor device structures and to dual -gate

sem conductor structures forned thereby. DESCRI PTION OF THE RELATED ART -
[ 00021 Integrated circuits that include devices having different gate
dielectric thicknesses (hereinafter sonetines referred to as dual -gate
structures) are becom ng nore common as devices operating at different

vol t age MIIADNIGATE SIR&JCTICRERINBIMETHOD OR INEBRATETING ETBGRATEIY Cui t
designs. For exanple, operating voltages of ut and output transistors
in the same circui tCREYIS HAYINGREA @éﬂ@r%ﬂE‘QCTlﬁR@ﬁ speed, | ower

vol tage devices utilize thinner gate dielectrics than high vol tage devices.
The gate dielectric, such as a gate oxide, of |ower operating voltage

devi ces, however cannot MELBIGIMTHENNVENDEN vol t age of the ol der
technology, ﬁher operating voltage devices. One solution to this problem
istoformtrid QllsTl@rmewamnﬁgnttqm refatas toymethodg pEfosming S@mlmdﬂmr same

substrat &.83¢ biifid &%W%c%% érﬁ%' tﬁérgl;fﬁpapg %r ¢ Cz?rﬁcﬁgﬂ% ﬁ aIInFthﬂ C €s,

however, gives rise uring ¢ exXI LT B 5 such as
the int rfodumtgldnal gete adﬁilcbndmﬂﬁir dwleammﬂegmmbmualn@utoéeﬂ@mtdron steps.

[ 00031 One net hod for form ng an integrated circuit device having a

dual - gat®rue Qgs fepmpgdithpreb Brovided in U S. Patent No. 6,261,978 to Chen et
al., entitled "Process for Form ng Sem conductor Device with Thick and
Thin Filnms" issued July 17, 2001. Chen describes a fabrication process
where a first gate oxi DESCRYBTION O BME RBIeATRBD AARIDstrate. A resi st | ayer

porti ons of - (IRBUH Thgeraii Qeultager mauge derighaving AlpsaeenoREIoBRS of ¢ he
thicknesses (hereinafter sometimes referred to as dual-gate structures) are becoming
more common as devices operating at different voltage potentials are incorporated
into the same integrated circuit designs. For example, operating voltages of input and
output transistors in the same circuit design may differ. Generally, high-speed, lower
voltage devices utilize thinner gate dielectrics than high voltage devices. The gate
dielectric, such as a gate oxide, of lower operating voltage devices; however, cannot
withstand the higher voltage of the older technology, higher operating voltage
devices. One solution to this problem is to form transistors having thicker gate
dielectrics on the same substrate as the low voltage transistors. Fabricating such
devices, however, gives rise to manufacturing complexities and challenges, such as
the introduction of additional cleaning, growth and/or deposition steps.

[0003] One method for forming an integrated circuit device having a dual-gate
structure is provided in U.S. Patent No. 6,261,978 to Chen et al., entitled “Process for
Forming Semiconductor Device with Thick and Thin Films” issued July 17, 2001.
Chen describes a fabrication process where a first gate oxide layer is grown over a

substrate. A resist layer is then patterned to expose portions of the first oxide layer,
and portions of the first oxide layer are removed to expose portions of the
semiconductor substrate. Subsequently, the resist layer is removed, and the substrate

is then cleaned with a solution that does not include fluorine. A second oxide layer is



sem conductor substrate. Subsequently, the resist layer is renoved, and the
substrate is then cleaned with a solution that does not include fluernj b
A second oxide layer is 17 MAY 2006 2 then grown over the cleaned, 323@22@
substrate and the remaining first oxide layer to formtw gate dielectric
| ayers having different thicknesses. [0004] Wile Chen provides one nethod
of fabricating integrated circuit deyices having dual -gate dielectrics,
there remains a need for a nore efficient fabrication process for formng
dual -gate dielectric structures that elimnates, for exanple, the need for
addi tional substrate cleaning steps. Further, as device dinensions

cont i nue then glowh @@érethe Gleihdd) expdsed bibstra@lkad theGbmh Rty ARfo:a8lialéanal
processing difficulties, there remains a need to better utiliZze high-K

di el ect r iterm e s3te dielecirie layers fpving diffarers thickngssesgns uti | i zi ng dual - gate

dielectric stn § il jnsuring,hi il uality for such
dielectric st r[M“x ré"'@ le %ﬁﬂ@&%ﬁ%&%ﬁ%&%ﬁ%ﬁé&%@%ﬁﬁd of

fabri cat idegices ldivitlg Qial-8ate didle kLS tHetd Rmasnsky iR¥E €7 méyefdffiiént hi gh-K
dielectric |ayer is forned in a first area defined for a first gate

st r uct ur abicatigmprogess dergtREmineaiuabigtte disdectriy staucteesdhat eliminates farct ure. A
second hi gh- i I . j ored in the first and second areas.
The fi rsteg%fléﬁ%ghlg%fg%? ?‘Ji{lgxf%ﬁ{é%tﬁ%gesd%% S'e? I B/ ENS an et chant
rel ati ve dimersiing costrmiedo He@bask, givizigeRt té Rakakurrediifnd 286@6aa1Ni gh- K

dielectric |ayer ;‘,ﬁ etched fromthe second area to the first high-K
di el ectr ipEDOF%%‘&dl quiies; theregemaingta negdip bettghutdlizsdvghKtdiclecttiayer i s f or med

in the fi ; ; afk > hah-K diel ectri.c |ayer and
st i e oy g bR el ARERNE RS RO WIS C) ool
havi ng aimbuehg bihdilst quatityufoe such ditlsaripsevdtaesl i ncl uding a first device

having a gate structure including a gate dielectric including a first
hi gh-K dielectric |ayer fornmed over a substrate and a second hi gh-K

dielectric |ayer forned OV%'UN/IPEAIQ?VC%T EaRrvENRgctric layer. The first

hi gh-K dielectric layer has a lower etch rate to an etchant relative to
t he second hi {M008] & method of fabriagténg a dimb-gate on a substrate is provided. A first

high-K dielectric layer is formed in a first area defined for a first gate structure and in

a second area defined for a second gate structure. A second high-K dielectric layer is
formed in the first and second areas. The first high-K dielectric layer has a lower etch
rate to an etchant relative to said second high-K dielectric layer. The second high-K
dielectric layer is etched from the second area to the first high-K dielectric layer with
the etchant, and a gate conductive 1ayér is formed in the first and second areas over
the second high-K dielectric layer and first high-K dielectric layer, respectively.

[0006] An integrated circuit having a dual-gate structure is also provided
including a first device having a gate structure inclﬁding a gate dielectric including a
first high-K dielectric layer formed over a substrate and a second high-K dielectric
layer formed over the first high-K dielectric layer. The first high-K dielectric layer
has a lower etch rate to an etchant relative to the second high-K dielectric layer. The
integrated circuit includes a second device having a gate structure including a gate
dielectric including the first high-K dielectric layer formed over the substrate.

[0007] The above and other features of the present invention will be better
understood from the following detailed description of the preferred embodiments of

the invention that is provided in connection with the accompanying drawings.



integrated circuit includes a second device having a gate structure
including a gate dielectric including the first high-K dielectric z%ﬁQ
formed over the substrate. [00071 The above and ot her features of th 2006
present invention will be better understood fromthe follow ng detail ed
description of the preferred enbodi nents of the invention that is provided
in connection wth the acconpanyi ng dgaw ngs. 17 MAY 2006 3 BRI EF
DESCRI PTI ON OF THE DRAW NGS [ 00081 The acconpanying drawings illustrate
preferred enbodi nents of the invention, as well as other information
pertinent to the disclosure, in which: FIGS. 1-3 are cross-sectional views
of portion of a sem conductor substrate illustrating the formation of a
dual -gate structure thereon; and FIG 4 is an illustration of an integrated
circuit device havi ngB&EFdi}EﬂGRITT(B@N QEHIEBRAWINGS ng a dual - gate

t t DESCRI PTI.ON [ 00091. i | f
BOHJ foﬁgeof a}-ﬁé)hfggﬁﬁ?fgfrﬁ)ﬁnﬁl@& &aémng%ngtqt'r%{g Brelifﬁre ﬂ%é’%ggﬂ?srgg ’g? orvI e

subst r at envkRtiom¥s Bellas mef)ﬁﬁéﬁ%ﬁa%bh'p@ﬁmeﬁﬁmtﬁ@dlwm ifWhichon wafer, a
sem conduct or-on-insul ator wafer, or any other subsStrate used in form ng

seni conduct or Fifa$.el-8 area h@ssemtmahmmrof\mﬁmn dfha sémicbudietoratubtesdst a fir st

and seco esi gnat nerally as ,10A a | OB, defined for a
first an secgr%fhﬁlggﬁﬁgoﬁgf%dgﬁrgﬁ?ﬂ Légure hr?re(ﬁ’ﬂea'ginbodi nent, an interfacial
layer 12A, 12BI(:S4 iQanHMAs@NESn b En HitB@Gteld Q‘éuﬁra@vﬂce%v gcch Rfalfty of" OW h or
chenm cal reaction. Exanples of interfacial layers inclu % O SiON or SiN

Interfaci‘i‘a‘f’m?sd?@ﬁdlm%a|d§alﬁﬁﬁ@$t§lclﬂ§reused to avoid drive current degradation
sonetimes associated with formation of a high-K dielectric layer directly
on a silicon substrate. In an alternative enbodi nent (not shown), no

interfacial layer is for rredHHtA{E,@n) DESCRQHH@Nii el ectric and the substrate.
the interfacial the substrate surface is

Prior toformggﬁ ﬁ
preferably cl BLFIGd i g cresy- S§%ﬁqn& @Mﬁf@pﬁmspf@smwwmcmﬁgm@ cl eani ng

substrate 10. The semiconductor substrate 10 may be a monocrystalline
semiconductor silicon wafer, a semiconductor-on-insulator wafer, or any other
substrate used in forming semiconductor wafers. The semiconductor wafer 10
includes at least a first and second areas, designated generally as 10A and 10B,
defined for a first and second MOSFET gate structures. In one embodiment, an
interfacial layer 12A, 12B is formed over the areas 10A and 10B such as by growth or
chemical reaction. Examples of interfacial layers include SiO, SiON or SiN.
Interfacial layer 12 is generally used to avoid drive current degradation sometimes
associated with formation of a high-K dielectric layer directly on a silicon substrate.
In an alternative embodiment (not shown), no interfacial layer is formed between the
gate dielectric and the substrate. Prior to forming the interfacial layer 12, the substrate
surface is preferably cleaned, using any suitable hydrophilic or hydrophobic cleaning
process, for example. |

[0010] After interfacial layer formation, a first high-K dielectric layer 14A,
14B is formed in the first and second areas 10A, 10B over the interfacial layer 12.
Examples of suitable high-K materials include tantalum oxide (Ta,Os), titanium oxide
(TiOy), aluminum oxide (AL,O3), zirconium oxide (Zr0O,), hafnium oxide (HfO,),
yttrium oxide (Y>03) and lanthanum oxide (La;Os), and their aluminates and silicates.

Formation processes may include atomic layer chemical vapor deposition (ALCVD),



process, for exanple. [00101 After interfacial |layer formation, a first

hi gh-K dielectric |ayer 14A, 14B is fornmed in the first and second ?r ﬁ??ﬁﬂb
OA, | OB over the interfacial layer 12. Exanples of suitable hi gh-k M
material s include tantal um oxide (Ta205), titaniumoxide (TiQ2), alum num
oxi de (A120G3), zirconium oxide (ZrQ2), hafniumoxide (Hf 02), yttrium oxide
(Y203) and | ant hanum oxi de (La205), amd their alum nates and silicates.
Formati on processes nmay include atom c | ayer chem cal vapor deposition
(ALCVD), 17 MAY 2006 4 netal organic CVD (MOCVD) or sputtering. The target
physi cal thickness Ti for the first high-K dielectric |ayer should be

appr oxi mpdeAlYorgdhdd COD (NI@C@%'OE§ﬂ1t@rﬁb?%@'tﬁgettﬂﬂkﬁm%§lggss TPfrtldl nner gate
dielectric of the dual-gate sStructure, and preferably, but not

necessar ifirst higheK dieleditie layesshold herapprexigetelsf that & -the desimed diel@tricl Ref erri ng

to FIG . a second hi gh- Lelectric | r 16 (16A, 16B). i hown for med
over the-%l?lflflée S ﬂﬁgﬁf}}@‘%lr gfotgg!feﬁ?c ¢ 8{/&‘? @%ﬁ gahIrushyre, |pr%fﬁqa§l,ynggts T2 for
the conbingeskcdisatiBs his £ihfkhetS it fHR rhféd 81 58 dhg first high-K dielectric

| ayer 14 and second high-K dielectric |layer 16 should be that of the

target physi cd001lhRekaangtorIJG. 21 wisecond bigheK gixestrili leyerctor(16Apt6B)He dual - gat e
structur he secand .hi gh- i.el.ectric, | r16. preferably, but not
necessar %R/Jn Oélén © Of"?{itgﬁﬂgéglggfﬁflbei%mﬂ%merla%fghe W‘gﬁiﬁ]tﬁlf’_ﬁ“%ﬁ?éﬁgnp! ary

met hod othd iiBindll deldttat s@adtre Shdlbdihp R BRehigh/K @idfeatRayd: 144hd device

havi ng a dual-gate structure, the first high-K dielectri'c layer 14 has a

| ower et 8¢ropdhighls diglectwie lagien 16 shionld kecthatoofithestarget physicabthicknessdfos ane et chant

of the ' K.di el ric,laye 6. Ryt anot.her i.n the presence
of the s eee A 1eEh R P -G S s e RBPU BB HGHEK 1 ayer 16
et ches f &yeel6 pleferablicbut hot cedshngly; Kad Bthedkndd.of Tk tha6 a0 dae acconpl i shed

t hrough material selection and/or by processing the first high-K
di el ectric | ay¥f2] n ayexemplary meshps offormning ardual-gate struqtare andi gh- K | ayer 14
may be, f.Q% . i de S hi.gb- K | ayer 1 may be a
metal si Pﬁcgaf?%am l?g%&ﬁéagg{aghﬁ%%‘%? 82 .gggh;kgfeéﬂ}%ﬁg% l}l%}gkré?lﬁﬁﬁg%ygg to the

14 has a lower etch rate to an etchant relative to the etch rate to the same etchant of

the second high-K dielectric layer 16. Put another way, in the presence of the same
etchant solution or environment, the second high-K layer 16 etches faster than the
first high-K layer 14. This can be accomplished through material selection and/or by
processing the first high-K dielectric layer 14 to have a lower etch rate. The first
high-K layer 14 may be, for example, a metal oxide and the second high-K layer 16
may be a metal silicate, which has a higher etch rate than the metal oxide to the
selected etchant.

[0013] As mentioned, in lieu of or in addition to material selection, the first
high-K dielectric layer 14 may be processed to reduce its etch rate to an etchant
before formation of the second high-K dielectric layer 16 thereover. One exemplary
processing method for high-K materials that has been shown to reduce the etch rate of
the high-K material is a thermal anneal step. It is believed that the anneal step
increases the density of the annealed layer, but the applicants do not wish to be
limited by any particular theory: This is a particularly effective method when it is
desired to use the same material for both the first and second high-K layers. After
formation of the first high-K dielectric layer 14 in FIG. 1 and before the formation of
the second high-K dielectric layer 16 thereover, as shown, in FIG. 2, the first high-K



sel ected etchant. [00131 As nentioned, in lieu of or in addition to
material selection, the first high-K dielectric |layer 14 may be processed
to reduce its etch rate to an etchant before formati on of the secohtMAY 2006
hi gh-K dielectric |ayer 16 thereover. One exenplary processing nethod for
hi gh-K materials that has been shown to reduce the etch rate of the high-K
material is a thermal anneal step. Itgis believed that the anneal step

i ncreases the density of the anneal ed | ayer, but the applicants do not w sh
to be limted by any particular theory. This is a particularly effective
met hod when it is desired to use the same material for both the first and
second_hiyalckid Y@ anrhic8in a NI WL OIYNES of SO bhfisdfedl. fordighgte! 11 ¢ 1 ayer
14 in FIG andybelfore thén?g\?nlg?{sonpof Ot hépseclond gh- IE di e ectrl C

| ayer 1659(Pl°é}ted0@®°,c fas betiwgem 30 secoRidGo houwrhActordiig thﬂgfﬂhamlﬂc?s BEB 2006 5

di el ectr| c yer i ann | ed 2, NH3, 02,. NO g 20 envi ronnment at,

for exa @é&f’@pﬁ? %Po%éi\l HOQM%%’&&%"%%E??‘MO According to
J. Chaﬂbﬂrafn mﬁ@%dzﬁ‘é&u fiefits HIDIFREPES itfelcfih AROFEAWIHEP Rt RN ANNeal i ng
on the Etcthate of I—ggﬁlulm asng ZIIE?COI’II um g?'lr?cat es él?l Pﬁ% eaHF the etch
rate of deaéasbeatthe elhnm eonitert of thtaticlectse matksialsiecehtdsaod anmaal staps of t he
dielectric als S anne are adde This is

i ndi cat ef® tﬂg‘g‘f(ﬁ So‘fsil i‘ﬁ% %F?qg‘m%\ﬂ €ar{ %@"‘g‘(‘%ﬂi‘et@&g‘éa@f AP%us

di el ect r Hiefectritsn ddlieerHiIg@t i on. Ther mal PVD Hf GQ2PVD Hf02PVD Hf - PVD Hf -

xide (non-SilicateSilicate hi gh- K) (50: 50) (50: 50) material Thermal No
anneal No anneal 1000C for No anneal 1000C for Att3 O ii
Thermal PVD HfO, |PVDHfO, |[PVD Hf-|PVD Hf-
Oxide (non- Silicate Silicate
high-K) (50:50) (50:50)
material
Thermal No anneal [No anneal|1000°C for |{No anneal | 1000°C for
Annealing? | step step 30 minutes | step 30 minutes
Treatment (N, anneal) (N; anneal)
Etch Rate 23 A/min 33 A/min <0.1 A/min | 85 A/min 2 A/min

The above chart shows, inter alia, that for a physical vapor deposited (PVD) hafnium

oxide layer, the etch rate decreases from 33 A/min to less than 0.1 A/min after a 30

minute nitrogen anneal process at 1000°C. Similar results are seen with hafnium

silicate. Although the etch rate of the annealed Hafnium silicate is higher than that of

annealed hafnium oxide, it is still significantly lower than non-processed Hafnium

Silicate.

[0014] Similar results were also reported for Hafnium Oxide deposited on a

substrate by atomic layer chemical vapor deposition (ALCVD) and etched using

H,S04 at 150°C for 30 minutes, both in and out of the presence of HF, as reported by

the semiconductor research consortium International SEMATECH (ISMT).




S s 0 mm &epepnut esstepnutes 3 Treatnment (N2 anneal ) (N2 anneal) Etch Rate23
Almn33 AAmn<0.1 AAmn85 AAmn2 AAm n The above chart shows, inter alig, 6
that for a physical vapor deposited (PVD) hafnium oxide |ayer, the@tm 100
rate decreases from33 Almin to less than 0.1 AAmn after a 30 mnute

ni trogen anneal process at 1000C. Simlar results are seen with hafnium
silicate. Although the etch rate of tshe anneal ed Hafnium silicate is higher
than that of anneal ed haf ni um oxi de, is still significantly |ower than
non- processed Hafnium Silicate. [0014] Simlar results were also reported
for Haf ni um Oxi de deposited on a substrate by atom c |ayer chem cal vapor

deposi t i|dDicleflicVD) | AR et ¢gdalusi NFind2 SOk ThrEC E?Jhlggegilﬁﬁﬁ g, both in
and out lof the pregsence of HF, as|reported by the|sem con research-
consor t i|dmyPht er natreseal? MKECI—I (ThBMT) _17 MAY 2006 6
LDaslasgﬁgls@ﬁqtfg Ihlll:kI I ck. 'ZE%{’/”“k?éﬁgw.ffgfs%\sé”zéﬁfoz (no- anneal step)
ALCVD50Q mio3R4tho-26. 5-214127.1 H @2 (no- [anneal step)

anneal step)

ALCVD 500 ppm | 240.7 26.5 -214.2 7.1

HfO, (no-

anneal step)

| ALCVD No 219.8 2153 |45 0.2

HfO,

(anneal -

120 min. @

560°C)

ALCVD 500 ppm | 220.4 2162 [ -4.2 101

H{O,

(anneal -

120 min. @

560°C)

Thermal No 3037.9 3035.0 |-2.9 0.1

Oxide

Thermal 500 ppm | 3061.9 29649 |-97.0 3.2

Oxide |

As can be seen from the table, the etch rate of the hafnium oxide dielectric layer
decreases significantly with the addition of the anneal step.

[0015] Referring to FIG. 3, a resist layer (not shown) is then patterned to
expose portions of the second high-K dielectric layer in area 10B defined for the
thinner gate structure, and the second high-K dielectric layer 16 is then etched from
second area 10B in order to form the gate dielectric of the thin gate structure of the

dual gate structure. The second high-K dielectric layer 16 is preferably etched



ALCVDNo219. 8215. 3-4.50.2 H 02 (anneal - 120 nmin. @560C) ALCVD500

ppn220. 4216. 2-4.20.1 H 2 (anneal - 120 mn. @5600C) 9
Ther mal No3037. 93035. 0-2. 90. 1 Oxi de Ther mal 500 ppnB061. 92964. 9- 97. 03.15 Wi 8@
As can be seen fromthe table, the etch rate of the hafni um oxi de
dielectric layer decreases significahtly with the addition of the anneal

" step. [0015] Referring to FIG 3, a resist |layer (not shown) is then
patterned to expose portions of the second high-K dielectric layer in area
| OB defdoﬁqﬂbtélglrfrdnlﬂﬂle drdd TOBRGtilgadethetitrstalicle@ric Riyer I4B‘-,‘ vidctonds ahi gh- K
dielectric layer 16 s then etched from second are OB in order to form

the gat éOWPre?t@h:Wq o tB¢ selefdeq ¢ichang sprapayed %%l:%seapnd wgh Kygiglechigt e structure.
I\/AY 2006 7
The secqgge prbg&ah%]w rﬁétsﬁélrse%gﬂlutﬁ c]rﬁprbcsesﬁﬁ@f & ﬁpé%h &})gct .t

conpl ete e area I zi'ng t I rst ayer 14B,
whi ch haschaprotessvaray diccfor BEEIIBplE,Oa WIaedmhea:lteeﬁi whxglfﬂi’;ﬂiﬁﬁ)@ﬂg]é@ with the

second K di el tl’lﬁ g/ 16B, e f terj sel ecti on and/ or
process:}#g 3, arany At fﬁtﬁ StYH %Wéqpna @gc[{lm s may be, for exanple,
a wet - chenmi Ca[bO%]QH oﬁéblﬂgod‘lﬁlen{'@ﬁ%?re‘ﬁrﬁ%tﬂfd tﬂél\é%ondq{lgﬁ@ydlgfe@t‘ﬁ'é etch

process appropriate for high-K materials
layer 16A and 14B optionally annealed after the aforementioned etch process,

which removes second high-K dielectric layer 16B from area 10B. This post-
annealing step could further improve the film quality of the second high-K dielectric
layer 16A and also remove some etching damage on the first high-K layer 14B.

[0017] After forming the gate dielectric layers of the first and second gate
structures in areas 10A and 10B, processing can continue to form the devices of the
integrated circuit that include the aforementioned gate dielectric structures, i.e.,
combined dielectric layers 14A and 16A for the first device and dielectric layer 14B
for the second device. Typical post-gate dielectric formation processing steps are set
forth in U.S Patent No. 6,261,978 to Chen et al, the entirety of which is hereby
incorporated herein by reference, but are briefly outlined hereinafter.

[0018] With reference to FIG. 4, gate electrodes 18A, 18B and source/drain
regions 20A, 20B are formed. In one embodiment, a conductive material, such as
poly-silicon or silicon germanium, is formed over the first and second gate dielectric
structures 10A and 10B. The conductive material is patterned and etched to form gate
electrodes. Appropriate masking layers and implants are used to dope the gates and
their respective source/drain regions. N-type dopants are used in P-well regions to
form n-channel transistors, and p-type dopants are used in N-well regions to form p-
channel transistors.

[0019] In one exemplary processing method, silicide regions 22A, 22B are
formed over exposed surfaces of the source/drain regions 20A, 20B and the gate
electrodes 18A, 18B of the devices after forming doped source/drain regions and doping

the gate electrodes. The silicide material can include refractory metals such as titanium,



[0016] In one enbodi nent of the present nethod, the second high-K
dielectric layer 16A and 14B optionally anneal ed after the aforemenﬁ M&nﬁ{dﬁ
etch process, which renoves second high-K dielectric |ayer 16B from area
OB. This post- annealing step could further inprove the filmaquality of the
second high-K dielectric layer 16A afd al so renove some etching damage on
the first high-K |ayer 14B. [0017] After formng the gate dielectric |ayers
of the first and second gate structures in areas 1 OA and | OB, processing
can contdobalk, thelybdenmmt, loe tiedikec8dichle fotmeationmhaogcedoedmplishediby atsbit i ncl ude
the aforenentioned gate dielectric structures, i.e., conbined dielectric

| ayers 1"3‘;@%&@@,&&for the first device and dielectric layer 14B for the

second devic f : i i r i ing steps are
set forth i o0 LR B oy o oI PP RERE: P2, D' o " ch

i s her elyLD) lagear o241 4B parei intebgonnedte 26 amegenbratly dorencdr Tlef 1D byed | ned
hereinafter. [00 Wth reference to F|G 4, gate .electrodes 18A, 18B and
Sour cer dvEIHLY el Qe nsis gt i s (RO AGTEDGIPHRISES conduct | ve
mat er i al gon§tHft(1AS-K)RRAYriA ok k&QH(eQThéidtérG&meQﬁrzg%@gﬁgﬂ%/ in%fd@&%d over the

first and second gate dielectric structures 1 3. The conductive
mat er i al pargorpalhevngurianms a wheidelygafrormnganse whtact todbiesilicidppr opri at e

maski ng | ayer,s ,and,i nml.ant sed tq.dope the gates. and t r

" espect iECEGgA LPUR e e dhE ORIy G S At Lot BT | 1 egi ons

to fornkBhGABMUEbthef MRFESHNRES carfdiitaRily YO CorfRAANESnREE 0 WHRH silididy wel |

regions to form;l)“}-rl channel transistors. [0019] In one exenplary processing
e

met hod, region@RBe Theprahspoptions appwider and aldowreennsedensds ho swde beeates of t he

sour ce/ dr.ai.n.regi-ons .20 20B and the.gat.e . el ectrodes 18A,. 1 of the

dovi ces UF pRYoRS PR Ea nasoR, B SR PRl e s Pyn R gt o

el ect r odagers, Migeréds|viidyi fiendFly €srhaVerfiéd comdctioe Bethécaacdverlyinget al s such as
titanium 17 MAY 2006 8 cobalt, nolybdenum or the like. Silicide formation

may be KOBEWGSIviedpsas. de antgpanect Gag apglgdesiopdealiye materials such as

aluminum, copper, or the like. Dopants or alloying elements can be added to the
interconnects to improve electromigration resistance or other electrical or reliability
properties. Typically, adhersion/barrier layers are formed within the interconnect
opening before forming the conductive material within the interconnect opening.

[0021] Following the formation of the interconnects 26, a passivation layer
28A, 28B is formed over the semiconductor device. In addition, other ILD layers and
interconnect levels can be formed as needed to form a substantially completed
integrated circuit device and ultimately an integrated circuit chip.

[0022] As mentioned above, annealing the first high-K dielectric layer 14 after
formation thereof lowers the etch rate of the layer such that the first high-K dielectric
layer 14 can be used as an etch stop layer, particularly when it is desired to use the
same high-K dielectric material for layer 14 and layer 16. The annealing step also
provides the benefit of improving the quality of the thicker high-K dielectric structure
- the combined first high-K dielectric layer 14A and the second high-K dielectric

layer 16A of the device area 10A. This phenomena has been illustrated through
experiments on Hafnium Oxide/Poly-Si capacitors, wherein a double high-K

dielectric layer deposition process with an intermediate anneal step resulted in



[ 0020] Follow ng the formation of the transistors, an interleval dielectric
(ILD) layer 24 (24A, 24B) and interconnects 26 are generally formed. The

| LD |l ayer typically includes one or nore films that include an oxil &eNAYaZUUE
nitride, a low dielectric constant (lowK) naterial or the |like. The

i nterconnects 26 generally include two portions. The via portions are
relatively narrow and make contact togthe silicide region 22A. It should
be noted that for illustrative purposes only one interconnect 26 is shown,
but other interconnects can certainly be forned to connect to other
silicide region 22B. The trench portions are wi der and all ow connecti ons
to be MadEpRSIsIAEIT leakiage &SIty @R the faﬁﬁém%%ltorr aevies, Ak GpaiR rdgoRed b?/ form
hori zontal connections within ILD |ayers, whereas vi as primarily form
verti cal thesemieandueter tﬁ@camdeenomérunylnﬁgnamu&EMA/E@HyEMT) The

i nt erconnects ud duct.i v er.d als.su copper,

o the 11 ke, EFEFRRAH By REAHG Ui Sritetinop e hiries ¢ it Bk

I nt er conieeeSndtRod HREANE! &ov6 ! the MetiodlavBids HIRSletl 8flcl®dn Bb Bfsusteect ri cal or -
reliability roperties. Typi cally, adhersion/barrier |ayers are forned

wi t hi n t faed rertasmabe inserfacial pasier h3 dbelﬁg)the dﬂ@kgatm@rmhaompmdeﬂsi asvmaynieet er i al
within the |cétd§rcnqnnect o{t})enlnﬁ1 Jféogﬂ Iowngsthefo tion of the
i nt er conTERTECIIEO™ & 10re SORRTHISHAL dyglsgate Kasmatiompprocess: fichay Ml or t he

sem condidescibed 8VCH&h. FumiRfldhd Afital RHERS mal Be h@e&{;ﬂlsﬁ&ﬂm-dlﬂatb%ﬁﬁ@nect

l evel s can be fornmed as needed to form a substanti al |y conpl éted

i nt egr at €lpster high K dapesition tapls, wchlaﬁraltf:@wﬂ%&ﬁe frﬂme‘?g‘ﬁl}éltlettmﬁtlpudlmd@hl p. [0022]
As menti t h| lectri.c la 14 after
f or mat i o(rel&tetger e%&?ommhg%% éef 3)‘7@@?@5‘9 W%gﬁiuﬁe first

hi gh- K diappreadh foforrhiay euallgate amduﬁey ﬁaaﬁaﬂlyedlﬁhgﬁk%ﬂuétatéﬁhawﬁ@rt icularly
when it is desired to use the same high-K dielectric material for layer 14

and | ayed! feﬁent'ﬁh?éecéﬂ?lgﬁ¢@‘?§)se§tep al so provides the benefit of inproving

the quality ofyg tr nmbi ned
first high- K I ezP&I:I% ?}ll%g'ﬁg@&eurlggtﬁ ﬁJ ? témseglcogn E‘.‘%‘L&}? dm&cl ect ?I c |layer
16A of tlhastkﬁmi afeheadlebc&mAayedes, lphemmaﬁgh-lﬁacaelbam layelr ustiot #dhd hr ough

experi me i de/ Pol capaci tors, wherein a doubl e high-K
di el ectri E’ﬁﬁ‘gﬁf W6t %%Wﬂﬁﬁ%&@!ﬁﬁ@aﬂ%ﬂ@samém st ep

resul ted die'i‘ectnc layer 16. For example, the first dielectric layer 14 may be a high-K

S
Stl

dielectric layer and the second layer 16 may be, for example, SiO,, SiON or SiN.
[0025] Although the invention has been described in terms of exemplary
embodiments, it is not limited thereto. Rather, the appended claims should be
construed broadly to include other variants and embodiments of the invention that
may be made by those skilled in the art without departing from the scope and range of

equivalents of the invention.



17 MAY 2006 9 suppression of | eakage density of the forned capacitor
device, as again reported by the sem conductor research consortium

I nternational SEMATECH (I SMTI). [0023] Further, by utilizing the et cH T MAY 2006
selectivity of the high-K dielectric layers in the nethod descri bed above,
t he met hod avoids the need to re-clean the substrate and re-formthe
interfacial layer 12 during the dual -gateydormation process, as may be
expected froma nore conventional dual-gate formation process, such as that
described in Chen. Further, the anneal process nay be acconplished in-situ
by using cluster high-K deposition tools, such as are avail able from ASM
‘I nt er nat i onalWhagkedlainiedgs:t r ademar k POLYGON. The net hod t hereby provides a
cl eaner and nore robust approach to form ng dual -gate structures and

speci fi call y ldual Agaethod of \Eﬁbﬁeatfeg hdualggte stiuétiver et substedtecomipcisingitiek nes ses.
[ 00241 Inzon?lﬁﬂggging@t of the present nethod and dual -gate structure, at
| east one“of "THe '?%Ctric | ayers 14, 16 is not a high-K dielectric |ayer,
as long as the fidrafingh Bt@alghlk did@fic kfelR% st QURNeRES Por'AtiSt doaf AN
etchant relative to the second dielectric |ayer 16. For exanple, the first
di el ectri¢ | syesture andinya paeond pregldefinedifos heetond gateayructuzend t he second | ayer

nas boen Hescr i bolb it &g PR diecric oy B SRt R SEbend Atat. S 1 o
thereto. &at fiest hightk depaeiicRdechavinga PR bRh BRe t-a QKL esd t O

i nclude ot her variants and enbodi nents of the invention that nay be nade
by those &ki F§ceRd highell diclgotriclayerout departing fromthe scope and range of

equi val engs of thgj i VY. Q0 Waat is claiyred is:.1.1. A
met hod of  fabri caf.gtlclrllié}éggﬁ Sa&né’;"g %ﬁ/gt‘%%lg?tgf iaygﬁ rgmssﬂﬁisste?%ﬁdg}e%%r‘?ﬁﬁdi]fg?tng t he
2 foll ow g bighd€dielectric layer with said etchant; and ' :

10 forming a gate conductive layer in said first and second areas over said second

11 high-K dielectric layer and first high-K dielectric layer, respectively.

1 2 The method of claim 1, further comprising the step of processing said first
2 high-K dielectric layer to lower said etch rate of said first high-K dielectric layer.

1 3. The method of claim 2, wherein said processing step includes the step of

2 annealing said first high-K dielectric layer before forming said second high-K

3 dielectric layer, whereby said etch rate of said first high-K dielectric layer is lowered.
) !

1 4. The method of claim 3, wherein said first and second high-K dielectric layers
2 comprise a first high-K dielectric material.

1 5. The method of claim 3, wherein an anneal temperature of said anneal step is a

2  between about 500 and 1000°C.

6. The method of claim 5, wherein said annealing occurs in a nitrogen, ammonia,

2 oxygen, nitric oxide or nitrous Oxide ambience.



3 formng a first high-K dielectric layer in a first area defined for a
first gate 4 structure and in a second area defined for a second gﬂ1ﬂéY2W6
structure; 5 formng a second high-K dielectric layer in said first an
second areas, said 6 first high-K dielectric |ayer having a | ower etch
rate to an etchant relative to said 7 second high-K dielectric |ayer; 8
etching said second high-K dielectric | ayer fromsaid second area to said
first 9 high-K dielectric layer with said etchant; and 10 form ng a gate
conductive layer in said first and second areas -over said second 11 high-K
dielectric layer and first high-K dielectric |ayer, respectively. 1 2. The
met hod ofl cl & m 1Thé methoe of 63| whéxgin AR1 SineRi sty Re8S AR S@hdailii rst 2
hi gh-K dielectric layer to lower said etch rate of "'said first high-K
dielectriz IEW@%Q%%@@: The met hod of claim 2, wherein said processing step
includes the step of 2 annealing said first high-K dielectric |ayer before
formng said second high-K 3 dielectric |ayer, whereby said etch rate of .
said first h§.gh-KThd gkthed of 6lairdyer is lowered. 4 1 4. The nethod of claim
3, wherein said first, and second high-K dielectric layers 2 conprise a

first hicgh-K di el Whereingsaidefinsthigh-K dielctritHeyaris dapasited te haven thickagssr ei n an

& 16, Tho iRy EfafotlR) i Bhe By feak aRTHMRCRL BRNCoRR RN f ogen,

anmoni a, 4 2 swegea,andi tric oxi de or nitrous Oxi de anbi ence. 17 MAY 2006 11
1 7. The thod of , claim3, wherein said annealing step occurs in-situ with

said 2 forning sVBysin spidgecondhigh-Kdialegiricdaysr is depositedjie havern thickaess r st
hi gh- K digel i ' i e ' : r oxi mat el
caal t0% rpEitmp®h ol HEMnlS A B alMFEBE i BeBBRES e

a
7 structure minus said target thickness for said gate dielectric for said second gate
8 structure. '

9. The method of claim 1, further comprising the step of forming an interfacial
2 layer between said substrate and said first high-K dielectric layer in said first and

3  second areas.

10.  The method of claim 1, wherein said second high-K dielectric layer is formed
2 from a high-K dielectric material having a higher etch rate to said etchant relative to a

material forming said first high-K dielectric layer.

11.  The method of claim 1, further comprising the step of annealing a remaining
2 portion of said second high-K dielectric layer and said first high-K dielectric layer
after said etching step.

12. The method of claim 1, wherein said first and second high-K dielectric layers
2 are selected from the group consisting of an oxide, aluminate and silicate of tantalum,

titanium, aluminum, zirconium, hafnium, yttrium and lanthanum.

" 13.  The method of claim 1, wherein said etching step includes a wet etch

2 processing using HF, H,SO4, H;PO4 or HNO;.



4 structure, and 5 wherein said second high-K -dielectric layer is
deposited to have a thickness 6 approxinmately equal to a target thi kn?%ﬁ
for a gate dielectric for said first gate 7 structure mnus said taﬂgémA 06
thickness for said gate dielectric for said second gate 8 structure. 1 9.
The met hod of claim1, further conprising the step of form ng an
interfacial 2 |layer between said substratig and said first high-K
dielectric layer in said first and 3 second areas. 1 10. The nethod of
claim1l1l, wherein said second high-K dielectric layer is formed 2 froma

hi gh-K dielectric material having a higher etch rate to said etchant
relative to a 3 material formng said first high-K dielectric layer. 1 11.
The nmethod of, claim 1, further conprising the step of annealing a renaining
2 portionlof Yai d Anudesratd giicwt lavinge dual- gatesjroptuzs: domprisingi r st hi gh- K

dielectrig | ayer -sai.d.etching _step. 2. The t hod. of .claim 1,
wherein said fi rstaﬁl %%@%Vé%%agn}%a %t?(gmcéf:gﬁchding ?Aét? gﬁeft%cr’gc gingat ed from
the group confistHighl ditleaticdxycd Fornld Wver@ubsRRe afill bisscdhe hihh-K Ingeksem 3
titanium alym nym zirconium hafnium yttriumand | anthanum 1 13. The

met hod of 4cl dRYRF formgdever spid Hirsy hishdh idipecticlay ¢rnedid fiest highviédiedectric lager
[ ' 7 _MAY. 2006. .14, .
itegrat o o e dlpwEbotet ol il e Bant Whdhye sl Sccon Biehiic BietroicHiyery

devi ce hawi ngmd gate structure including a gate dielectric including a 3
first high-K dielectric |ayer formed over a substrate and a second hi gh-K
dielectrid 4 | ay&Seridrsyicahavings gate strusturginglndingn gatedieckecic ingluding sai d
first higl-Ksgidgatsalibn-& biadhbeh ' rate to an etchant
relative to said rsec%ngili gmléeg?(\e@g{érgiogm{ éa%jy/éggru;bg%&gnd 7 a second device
having a gate structure including a gate dielectric including

1 15.  The integrated circuit of claim 14, wherein said gate dielectric of said second

2 device has a thickness of approximately said first high-K dielectric layer.

.1 16.  The integrated circuit of claim 15, wherein said gate dielectric of said first
2 device has a combined thickness of approximately said second high-K dielectric layer
3 and said first high-K dielectric layer.

1 17.  The integrated circuit of claim 14, wherein said first and second gate
2 structures further comprise an interfacial layer formed between said substrate and said
3 first high-K dielectric layer.

1 18.  The integrated circuit of claim 14, wherein said first high-K dielectric layer is
2 annealed after formation and before said second high-K dielectric layer is formed

3 thereover.

1 19.  The integrated circuit of claim 14, wherein said first and second high-K

2 dielectric layers comprise a first high-K dielectric material.



8 said first high-K dielectric layer fornmed over said substrate. 1 15. The
integrated circuit of claim1l4, wherein said gate dielectric of Saifz@ﬁfﬂﬂ?
2 device has a thickness of approximately said first high-K dielectr]

| ayer. 1 16. The integrated circuit of claim 15, wherein said gate
dielectric of said first 2 device has a conbi ned thickness of approxi mately
said second high-K dielectric layer 3 angd said first high-K dielectric
layer. 1 17. The integrated circuit of claim 14, wherein said first and
second gate 2 structures further conprise an interfacial |ayer forned

between said substrate and said 3 first high-K dielectric layer. 1 18. The
i ntegrated c20.cui Thoteptabdtituit WRdigl N, Skl saiééecaﬁ@iggﬁgaﬁie@ﬁflc%ﬁr! ayer

is 2 annealed after formation and before said second high-K dielectric
| ayer is 4 oritdermedifren adigh-K dielegric Teateriahbaxgnge bighet etchuiate wofsaidleséhantl 4,

wherein i dafi ond . hi.gh; K di,electric layers conprise a first
hi gh- K d?%l egﬁ%zﬁaﬁ%{}gfoﬁﬁ% iafgg%@hﬁ%%dﬂecfl‘? Y The integrated circuit of

claim 14, wherein said second high-K dielectric layer 2 is fornmed froma
high-K dielectric_mterial having a higher etch rate to said etchant 3 than

a material forni nfhepimed cipanit bpaghofclaie?® stherein said Brst highsd dieletriopr i nt ed
i it - Gl al . in-sald fii. i,gh-.K,di electrigc 2 terial
Cs o e oy o pliafi B bR kB Tk SBTRE RS it

oxide. 1 22. The integrated circuit of claim14, wherein said first and
second high-K 2 dielectric |ayers are selected fromthe group consisting of
an oxi de,! al ¥/ nalk® igkegratedsgirquitnfelaim Idawhereinsaid finstandserond high-Kum
zirconiu i j . 23, t had_,of . manuf.act uri ng
an int egiE ate Efg{;ﬁ?&?}%&t eélgé(}g&&ggﬂorrgﬁl ggﬂ)&?fﬁ%m&%gf@%\’fm ﬁgalg?lg%ge:mg form ng
a first H ghsikcatk ef tenthlung tit@yen, aloménun, zirtoriie shadeiuin) ¢rifi@rana ldntaatimgat e 4
structure of a first device and in a second area defined for a second gate
structure of a

1 23. A method of manufacturing an integrated circuit device, comprising the

2 following steps:

3 forming a first high-K dielectric layer in a first area defined for a first gate
4 structure of a first device and in a second area defined for a second gate structure of a
5  second device; '
6 processing said first high-K dielectric layer to lower an etch rate to an etchant
7  ofsaid first high-K dielectric layer;
8 forming a second high-K dielectric layer in said first and second areas over
9  said first high-K dielectric layer, said first high-K dielectric layer having a lower etch
10 rate to said etchant relative to said second high-K dielectric layer;
11 etching said second high-K dielectric layer from said second area to said first
12 high-K dielectric layer; '
13 completing said first and second devices; and
14 completing said integrated circuit device.

24.  The method of claim 23, wherein said processing step includes the step of
2 annealing said first high-K dielectric layer before forming said second high-K

dielectric layer, whereby said etch rate of said first high-K dielectric layer is lowered.



5 second device; 6 processing said first high-K dielectric layer to | ower

an etch rate to an etchant 7 of said first high-K dielectric |ayer; i AY 2006
form ng a second high-K dielectric layer in said first and second ar% y

over 9 said first high-K dielectric layer, said first high-K dielectric

| ayer having a lower etch 10 rate to said etchant relative to said second
hi gh-K dielectric layer; 11 etching said second high-K dielectric |ayer
fromsaid second area to said first 12 high-K dielectric |ayer; 13
conpleting said first and second devices; and 14 conpleting said

integrated circuit device. 1 24. The nethod of claim 23, wherein said

processing spep i Mht kid@sodiITR1HMEM, Mheretn SRRt hitDsesaidhikh-KSdielRbGR 14§ er
dielectric layer before form ng said second high-K 3 dielectric |ayer,

wher eby sdi dcemptiserafiest bighdadiglactricomataiigh- K di el ectric layer is |lowered. 17
MAY 2006 14 1 25. The nethod of claim 24, wherein said first and second
hi gh-K dielectric layer 2 conprise a first high-K dielectric material. 1

26. The net hod. of Thé aietodbf cHMAMNA WhaRiPdBRkalltEpeh@td6aRl anfiédl depineal
step is 2 a between about 500 and 1000 C. and said annealing occurs in

situ w t h?sap&ctsenihept 590 end hROA °F. andhsaid aepealingeneprsiia sitoxith said feriming c
oxide or pit . oxi.de ambi ence. 1 27. .The t hod, of cl.aim 23, further
conpri si ng tlgltgﬂ sZ]tneapm f’g?no?walaaﬁxygﬁ‘e?‘;é%?ﬁ&e °f2mF8§ﬁe9x“§ee%%8’?Fes ai d
substrate and said first high-K layer in said first and second areas. 1 28.
The met hod of _claim 23, wherein said second high-K dielectric layer is

for ged 21 frémm a W_h@ﬁlﬁﬂlodi‘é'lcbém@3cﬁl.ﬂ®|@’é<¥qlaﬂ>r_im%ﬁgt§a :_fiﬁghlérhg_ %‘tr]iowrfséalle to
o2 4t chant el e, L SR SSA8 SRRl it o

dielectric layers 2 are selected fromthe group consisting of an oxide,
alum nate, and_siljcate of tantalum 3 titanium_ alum num_ zirconium
haf ni um &/tt $.um ;ﬁgmegﬁ)gwjﬁm 23, wherein said second high-K dielectric layer is formed

2 from a high-K dielectric material having a higher etch rate to said etchant relative to a

3 material forming said first high-K dielectric layer.

29.  The method of claim 23, wherein said first and second high-K dielectric layers
2 are selected from the group consisting of an oxide, aluminate and silicate of tantalum,

3 titanium, aluminum, zirconium, hafnium, yttrium and lanthanum.

1 30.  The method of claim 29, wherein said etching step includes a wet etch
2 processing using HF, HSO4, H;PO,4 or HNOs.

. 31.  Anintegrated circuit chip comprising:
an integrated circuit having a dual gate structure, said integrated circuit
comprising a plurality of active devices, said plurality of active devices including:
at least a first device having a gate structure including a gate dielectric
including a first high-K dielectric layer formed over a substrate, a second high-K
dielectric layer formed over said first high-K dielectric layer, and a gate electrode
formed over said second high-K dielectric layer, said first high-K dielectric layer

having a lower etech rate to an etchant relative to said second high-K dielectric layer;

O 0 0 &N U A WD e

and



1 30. The nmethod of claim29, wherein said etching step includes a wet etch
2 processing using HF, H2SO4, H3P04 or HNO3. 1 . 31. An integrated circuit
chip conprising: 2 an integrated circuit having a dual gate structJleMAYsAlf
integrated circuit 3 conprising a plurality of active devices, said
plurality of active devices including: 4 at |least a first device having a
gate structure including a gate dielectriy¢ 5 including a first high-K
dielectric layer formed over a substrate, a second high-K 6 dielectric

| ayer fornmed over said first high-K dielectric layer, and a gate el ectrode
7 formed over said second high-K dielectric |ayer, said first high-K

di el ectrigc |ayer 8 havdtn@saa&mﬁdd@imﬁﬁ@a@smtﬁémin%sgﬁéi ve to said
second high-K dielectric layer; 9 and 17 N 2006 15 10 at Teast a second
devi ce hidvi rijelgctygincludingsaid fisst hight K diiglestric ayut 2gatd eldrieddeciormed theredvati ng
said first high-K dielectric and a gate el ectrode fornmed thereover. 1 32.
The integrated circuit chip of claim31l, wherein said first and second gate
2 struct ur es3X. ur tTier ineeited Gfudtithip $fldidG 1awhbR%aid FPBEH RRbNESARe Sai d
substrate and said 3 first high-K dielectric layer 1 33. The integrated
circuit céhi ptigetuEssirhe omprise an interficinl fayesformed betmieom saifh seftstrte apd paiger s

i ncl ude fi -y . ial. 1 34. The integrated circuit chip of claim
31, vvher?i n %@%%E%'g{]%@ggﬁcg#% dielectric 2 layer is formed froma high-K
dielectric material having a higher etch rate to said 3 etchant than a
material formng said first high-K dielectric layer. 1 35. The integrated

. ! . ayer .
circuit dhi pof clhsiptegated girsutichipseficpim;3ls whereihsaid firsé prdbsecond high-Kat er i al
is anetal sidd al:ch hi gh-K dielectric layer is a netal
oxide 1 %6. 1 ééglﬁ{r?ﬁlgg?g%rgtgdl |?(§I§|9tt@ﬂ%lhi p of claim3l, wherein said first and
second high-K 2 dielectric layers are selected fromthe group consisting

of an oxide,, alun.nate and 3 siljcate of tantalum _titanium _alum num
Z2i [ CONi ur]r] Bk i [}h}e 19’geg§ait 1Leuly cbﬁ’rﬂfﬁéﬂ%@r’?‘nl’ wherein said second high-K dielectric

2 layer is formed from a high-K dielectric material having a higher etch rate to said

3 etchant than a material forming said first high-K dielectric layer.

35.  The integrated circuit chip of claim 34, wherein said first high-K dielectric

2 material is a metal silicate and said second high-K dielectric layer is a metal oxide

36.  The integrated circuit chip of claim 31, wherein said first and second high-K
2 dielectric layers are selected from the group consisting of an oxide, aluminate and

silicate of tantalum, titanium, aluminum, zirconium, hafnium, yttrium and lanthanum.

37. A method of fabricating a dual-gate structure on a substrate, comprising the
following steps:

forming a first dielectric layer in a first area defined for a first gate structure
and in a second area defined for a second gate structure;

forming a second dielectric layer in said first and second areas, said first
dielectric layer having a lower etch rate to an etchant relative to said second dielectric
layer;

etching said second dielectric layer from said second area to said first

O 0 9 AN bW -

dielectric layer with said etchant; and



1 37. A nmethod of fabricating a dual-gate structure on a substrate,
conprising the 2 following steps: 3 formng a first dielectric Iayzgplv %
first area defined for a first gate structure 4 and in a second ar AY 2006
defined for a second gate structure; 5 formng a second dielectric layer in
said first and second areas, said first 6 dielectric |layer having a | ower
etch rate to an etchant relative to said1igecond dielectric 7 layer; 8
etching said second dielectric |ayer fromsaid second area to said first 9
dielectric layer with said etchant; and 17 MAY 2006 16 10 form ng a gate
conductive layer in said first and second areas over said second 11

diel ectrile |ayer dforchifig 4 gite dbRIRENVE idget RYRId ﬁrét%ﬂ%%dnu%éés o¥er3did sbshget hod
of clai mi%? wherein said first dielectric layer is a high-K 2 dielectric

| ayer andlsafiplectiidarer and fisstdiglectrielayer, respectively. hi gh- K di el ectric | ayer.

1 38.  The method of claim 37, wherein said first dielectric layer is a high-K
2 dielectric layer and said second dielectric layer is a non high-K dielectric layer.



