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| NTEGRATED ClI RCUI TS HAVI NG DUAL- GATE STRUCTURES FI ELD OF THE | NVENTI ON

[ 0001] The presjmmmmmmﬂmmmr relates to nmethods of forming sem conduct or
devices and to ures fornmed thereby, and nore particularly to
met hods for form ng«aoeh- gat e sem conduct or device structures and to

dual -gate sem conductor structures forned thereby. DESCRI PTION OF THE
RELATED ART [0002] Integrated circuits that include devices having
different gate dielectric thicknesses (hereinafter sonetines referred to as
dual - 92t ep%) LU A SIRYCTIRE ANDIEPIOFOF TARRT AN ASTEBRATENY 2!
different voltage potentials are incorporated into the sane I ntegrated
circuit designs. ForCIRGUIISHAUYGDUAL-GATERFRUGTURESUt and out put

tr apg i he same circuit design may differ. Generally, high-speed,
I omﬂm’"mmmﬂ“ﬁmm@%w ces utilize thinner gate dielectrics than high voltage
devi ces. e e diel ectri gpiayer ?ﬂEQNgM i de, of |ower operating

t nd the

vol t age” &&Vi ces, however, cannot Wi thsta i gher vol tage of the ol der
t echnol ogy, hi[06&l] Tegredntigvermtionagletes evimetheds hfermigiseinioontuactothi s pr obl em

isto formtransjstors havin hi cker gate dielectric¢s,on th
subst r at &le¥ices pd toglgvics |Sif‘é‘§éf%§ ‘Hﬂ@h&eﬁ&é’? mrsﬂwprec%@ﬂlﬂga%@ﬁnﬁﬁvffﬁég,

however, ¢gi i b It , such as
e i 2 e R e A A AR

[ 0003] Ostruptmtdsddroiestthémbyi ng 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 Form ng Sem conductor Device with Thick and Thin

Films" issued July 17, BSQECRIEMEN OFSTHE RFL.ATEBRARTAati on process where a
first gate oxide |layer is grown over a substrate. A resist |layer is then

patterned to d9¥dnisgrai¢doniesuiss thahinchide deviess hawingliferentgate dloleeirisns of t he

first oxige layer.are renpved to 0se rijons of the sem conduct or

subst r at MG Bl R Pl rGERREG A8 Akt 5 et B R 1 P 1
then cl ean&@ cominbreaselites Speratihatat difRFer ObltagdPordialslavdicaporafedsecond oxi de
| ayer is, 2 then grown over the cleaned, exposed, substrate and the

r emai ni ndnto;the sarpsingrgrated eircuitglesignim kansxample. epesating voltagespfapmut padi ng

di fferent j 0, T MV : i cesyg bricating
i nt egr at eoélttﬂgjlt ?éﬁﬁ%tﬁ%ée iﬂg:eesggﬁé:\l/ﬂ%%h%ﬁﬁ 5%1? {eﬁé\é’i g?@%?l% glér@} %tﬁgcrlgg‘;véﬁal ns a
need for waltage devédekiutiliznthidnebgate dieleetrios tiemdsigh faltagk devicesy Thegdategat e

dielectrig structures that elimnates, for exanp|le, the need for additional
SUbst 1 at IR MEh & &S Ol MW apertipE LBl HsYioe RS WESFh PR £ o
decr ease,ghs¥inAghs higRerd WItSASAEE olef feBitol I hRHE ShepliRly vmt%?: : ggt e

difficulties, there remains a need to better utilize high-
mat er i al gleviges.nOogscalutéeh (o this prablete &5 tgrherny transistons javing Khigker gatgi el ectri c

structure ile jnsuring high filmauality for su dielectric

St uot ur daele i -lpE e bstafdn R (o0 Horsiarh ofbatefSicbar i ng o
dual - gat ejeQites howesdr, gives Hise BmmnueREiring cbimpfxitls @hd Khalleab@¢ such@s! ayer is
formed in a first area defined for a first gate structure and in a second
area def ithemtgodpctipnsf @dditiopalicicaning growtteandiorleperiomstgps. K di el ectric | ayer
is formed int [ [ ne al.gh= j cfric | ayer
has a | ower et[(@ﬁoglja(?lzet ?‘gﬁg‘%%&ﬁg‘%&‘r}g aﬁgﬁ%ﬁr;tgg c{r!él[lggﬁdgéegtebg oﬁlﬁg‘J ‘ﬁjlag%t%

di el ect r istrubw@yeeis prdidedsiad DB oPdierg NI<6 268988 to Cherl ét\ab] entisledt‘Broedssffoom t he
second area to the fiyst high-K dielectrjc er with the etchant, and a

I
gat e condifemingSemigenductor Dgvieg with Thigieand T@v%ﬁﬁ” ssueshilal 6290bver the

second highs i i . i Lol s adi t .l r,

respecti V(%fk;} 'ﬁeﬁéorg%g?tfﬂiﬁf&ﬁﬁ(?xggr;og%gglhfgfe[%ﬁrls?éﬂgsiﬁgglagr'egfégrb\ggb Zé/rgdt ructure is
al so pr owubigrhté. n&lremist hay eaisftherspattdmei deexpmse portiangefi the first ogidadayer,ncl udi ng a
gate dielegtric including a,first high-K dielectric |ayer fornmed over a
Jubst r ar andarions SE iRt yRiadets? arethoved [uHePS R G0Bs the first hi ghe K
di el ect rigemichahetor’ idstratt S Sule@ltntly dhe Rt Ly er s RRvAAMPhE QWkfraRt Ch rate
to an etchant relative to the second high-K dielectric |ayer. The

i nt egr at deithehictaaned with laisdlsion thae densdotiimelude fluaring: gA acepmd @xiderlayer is e
including a gate dielectric including the first high-K dielectric |ayer
formed over the substrate. [0007] The above and other features of the
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 with the acconpanyi ng draw ngs. 3 BRI EF DESCRI PTI ON OF THE
DRAW NGS




.[0008] The acconpanying drawings illustrate preferred enbodi nents of the

i nvention, 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 formati on of a dual-gate structure thereon; and
FIG 4 is anillustration of an integrmated circuit device having a
plurality of devices including a dual-gate structure. DETAI LED DESCRI PTI ON
[0009] FIG 1 is a cross-sectional view of portions of a sem conductor
devi ce substrate 10. The sem conductor substrate 10 may be a

nmonocr yst [ Telgle layShdel , e ={sul at or
waf er, yorﬁgiﬁgﬂﬁ'ﬁg&subs%g?’eexgg%ég%?ﬁst%ﬁdr%érsem clggggsg? gfr%\}\%é {air:d; The
sen conduformrtwegfatrdidiectrin ddyechdmviatg diffasnt thickness¢s. and second ar eas,

desi gnat ed gengral S OA and 10B, defi for. a.first and.second MOSFET
gat e ot r uot ur o008, Wele Chrpaairone e raktng ioigsried SR 557 s 1 or med
over the ghgas h&vi@@d@&lf’gaﬁ@&eﬁ@ﬁﬁ&sﬁﬁer@Yerﬁziiﬁé’\& RedAfof A RIGk S ¥ficlegACt | ON.

Exanpl es of interfacial layers include SiO, SION or SiN Interfacial |ayer

12 i s genfabrtationpsecess for fomiing dvalsgateadieleetric saejurgsithat elimingtestforres

associ ated wi th formation, of a high-K dielectric,layer directly on a

S con sttt R rorAdfioo bR fiaBng Seht THBEE SRR o Preertaci al
layer is §iHeNSidnPEINRESd MR reddd %iﬂh%h@%neeﬁcag@@lﬁéaemw&ﬁﬁﬁ@iaﬁ- Prior to
forming the interfacial layer 12, the substrate surface is preferably

cl eaned, proresginglfficulticsihese hgmainpaneeaddo betterytitisphigbike dislestitd ng pr ocess,
for exanp] 1001 fter.in faci al. .| aver, formatjon, a first, .high-K

di el ectri r@%}eg%}fegrm ?r]ﬁg’%atfﬁgxrlc\é &‘%ﬁ%&ﬁ"%‘“g ﬁgalfga et 5‘%1@@5538%&{35’% l%’s 1 OA 10B
over the inghrd kigh &ilmlqayiely fdrsuckdiigtrasstakctuges. t abl e hi gh-K material s

i ncl ude tantal um oxi de (Ta205), titanium oxide (Ti02), alum num oxide
(A1203), zirconium oxide (zr02), hafniumoxide (H 02), yttrium oxide (Y203)
and | ant hanum oxi de (La20s), } IW. silicates. Formation
processes may include atom csﬁg)g\éi?\ o {e)%ﬁt:a vaggﬁlgggosi tion (ALCVD), 4
met al organi c [DODS) NMahathyd of fabiiciting aidogl-gaidien b aulgettefhpividel. Alfirstkness T,

for the fjr jgh-K dielectric.layer shaould be approximately that of the

desi req dhahke efegirofmeisume i AEs prea ﬁsﬁne&af%a b g%@ﬁFP@“'}éfmpﬁ%_

dual - gat e, gdcdoHg hidh BefifdifoPh @%c%h@%n)é stréthren K sé%‘éﬁ&ﬁ%ﬂfl{ bieleclitSlaferlifi Ckness
1.5-5.0 nm 001 to Kl 2

in the range of Refterring , a second high-K
di el ect ri forinag @ the dirgt b6A secb8Bpreas. Theofirst highdedieteetric layer has a fawdnietgh- K

di el tri | 4. T hysi.cal thj. T2. f t nbi i el tri
et ur cats Y pchan by P R oGNS 1ol fic Rber, e SERABERAE ' T o
di el ectri gielcei¥RIaye? iSEtehtddrdif tHeRborff aréd¥@ thefighigh K dietcdtrid Ay &kngss for the

thicker gate dielectric of the dual-gate structure. The second hi gh-K
di el ect ri thejetghant, agl paie epndwciive loper infarmed it dirstiapd segpnd Areapp¥iness of

| ess than . Q0% 2], . f ! al -gate
structur ethé%ﬁéﬁwrdl th%%‘r'%tzéé%}li%flggad ?{%Y%%g%@ggcﬁcg J%F’-%%%g&set ‘ucture, the
first high-K dj08becAniigtegradrcirtdit iddnga daalgatesstimbturaisalsopravidat chant

relative o the efch rate to the sane etchant{ of the second hi gh-K
di el ect ri Bcjudinga ftir@t deviige havmerogate st ,ctqrﬁlqchﬁlrtsraegaéﬁgx@feeﬁrwﬂra@u@a&e et chant

sol ution i ﬁg&g L I § : RSy .er than the
first hi gﬁ{skﬁiégy%?&ﬁmquﬁ%ﬁgan e ggg‘éﬂ%ﬁesﬂgg S?ﬁ’?ggltl ﬁlﬁlg?‘fs{g sel ection
and/ or bylaperdfoanead ongr thecfinfst high-Khdigleeticdayek.e The first highd€ diblectrixc lagere a | ower

etch rate, The first high-K |layer 14 may be, for .e | e,. nmet.al oxi de and
t he seconhasrﬁqﬁﬁ@ketf: %‘F 901*8’ %ﬁb@lfﬁwﬁé‘f é’F Sg‘fqnidgléﬁ}léf,éa‘{m??ﬂc §-a i gher etch
rate thanigdyeaB@tiuiGntif@es Lsecbbfi ?&h&fﬂa@ﬁ\g%téimhctuwﬁéﬁlhingﬁ{ tioned, in

lieu of or in addition to material selectiron, the first hi dielectric

| ayer 14 dwglectsis ipeludiag thedfinsthigh-dudielertric later Formad overdhe substrateant bef ore
formati on of t nd high-K.diglectri.c, |ayer 16 thereqver.. One exenplary
processi ng net E@ﬁfiﬁe %Odﬁgﬂdﬂ%{efef‘@f%sqfﬁlﬁp et pYEIO mbetbgtt?reduce t he

et ch rat eyferdtéal fabrdlihdolMeivitig dtailed descripfonBf the Efﬁfé&ecﬁérﬁlﬁbdiﬁléntk 8f bel i eved
that the anneal step increases the density of the anneal ed |ayer, but the
appl i cant thedevention fjatis previged injcoppecgon yithribe srepmpanying dramdegsy. This is a
particularly effective nmethod when it is desired to use the sanme materi al
for both the first and second high-K | ayers. After formation of the first

hi gh-K dielectric layer 14 in FIG 1 and before the formation of the second
hi gh-K dielectric |layer 16 thereover, as shown, in FIG 2, the first high-K
5 dielectric layer is annealed in a N2, NH3, 02, NO or NZO environnment at,
for exanple, 500C to 1000C for between 30 seconds to 1 hour. According to
J. Chanbers, ECS



. Sep., Effect of Conposition and Post-Deposition Annealing on the Etch Rate
of Hafniumand ZirconiumSilicates in Dilute HF, the etch rate of a
dielectric materials decreases as the silicon content of the dielectric
materi al s decreases and anneal steps are added. This is indicated by the
followi ng chart showing the etch rate of various dielectrics in a dilute HF
solution. Thermal PVD Hf 02PVD HO02P V D H f-P V D H f-Oxi de
(non-SilicateSilicatehigh-K)(50:50)(50:50)nateri al Ther mal No anneal No
anneal 1000C forNo anneal 1000C fortti 30ti 30s eps epm nutess epnutes
mireat mrent (Nx anneal) (NZ anneal )Etch Rate23 0/ m n33 0/ m n<0.1 0/ m n85
O/mn2 /mn The above chart shows, inter alia, that for a physical vapor
deposited (PVD) haf ni uBRIRF @ESCRIPTIONIGF FHEDRAMANIER r eases from 33 0/ m n

to less than O | n after g 3Q m nute nitrogen gnneal, process at 1000C.
Simlar resul t@]ﬂggfeﬂ%ewomp@wm& FAiRgSSITIpstEate @%?emeﬁﬁg@gﬁlrfw Ao rate of
t he anneaj Qi 155 bi LsitiBh 8065 hddd appeghed haf ni um
oxide, it rﬁgnt??{l,l ]%lrg} aﬁkgﬁﬁﬁ?ﬁnpg&m £ tgﬁ noné’cgorsg%eéssg Haf nium Sili cate.
[ 0014] Si mi | ar FI@S.ul-8 saareveross-a¢ctionaleyiows eff portionHaf snsemmcoxdudor debsisité ed on a
illustrating the formation of a dual-gate structure thereon; and
FIG. 4 is an illustration of an integrated circuit device having a plurality of

devices including a dual-gate structure.

DETAILED DESCRIPTION

[0009] FIG. 1 is a cross-sectional view of portions of a semiconductor device
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,0s), titanium oxide
(Ti0,), aluminum oxide (Al,O3), zirconium oxide (ZrO;), 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),



. substrate by atom c | ayer chem cal vapor deposition (ALCVD) and etched
using H2S04 at 1 SOC for 30 m nutes, both in and out of the presence of HF,
as reported by the sem conductor research consortium I nternational SEMATECH
(1 SMT) . 6 DielectricHFInitial Final Delta Thick. Etch Rate

(0/ m n) Layer present ?Thi ck. Thi ck. ALCVD¥0218. 934. 1- 184. 86. 2Hf 02 ( no- anneal

st ep) ALCVD500 ppnR40. 726. 5-214. 27. 1H 02 ( no- anneal

st ep) ALCVDNo219. 8215. 3-4. 50. 2Hf | Dz(anneal 120 m n. @60C) ALCVD500

ppnR220. 4216.2-4.2 ' 0. 1llra(anneal 120 m n.

@60C) Thengw %@b\ﬂ?gﬁ@)(ﬁfﬁ SOphidridie ThR RO sical thickness T for th
ppnB061. 92964%- 97.03. 2Wxi de )As (I:)an b@eseen&?rom t he t%ib| e, tlher e%ch rate

of the hafinst highdidiglecuicdayer shoudd bagpproxiawten thas obthg desifedatiglégfrin t h t he
dditi f th tep. ,[0015 f i FI G i I
oo o RS ot AR bR b BEL b R b e B i o

di el ect r i ot haoeRsarily) has 8 thidldRssgfthe'r@gé 6f 1.51%0 hil nner gate structure, and
t he second hi gh-K dielectric |ayer 1% is then etched fromsecond area 1 OB

in order to fol0MtNRefgming taFiG ek aspeondthighk dieleeirigdayer £6 (16, dPB) 5t t he dual
t t f Th i- ahe K. diel. Pc,l i S f t ched
9 ol cr Byt 2P GRS K IR B TEmARal BibEETI0Y Tan®

whi ch hastha cbibiRiked alefddtricstictuge indRidiR| tRE figstl hiphc AlectiddTagércld apdt h t he
second high K dielectric, |ayer (S ue to material selection and/or

16B
processi nigpondaighaK @@hﬁk‘rﬂ@)}){/ﬂ 16 yhkould e thap e the paretobysinglphigkness fr exanpl e, a

wet - chem : L : . : ..etch process
appropri a@gkl}lgzre? E?%Eﬁeﬂ&r%a %t;tlﬁgﬁgﬁ g[a '643045%?@&“ g&%ég%%@%?%%? {ntche pr esent
met hod, tlagersiéquefdrablyg butaa nedessirily, hat aytdckrkésofdad thaiBl G, opt i onal |y

anneal ed after_the aforenentione toi?—?gr roce whi ch renoves second hi gh-K

S,
diel ectric | ayl@P12ld8 anexamplagsme 1%%5%1%@‘&@‘?’!@“&@}5‘ coul d further
i nprove tj j : 4 . C i.gha i I Q; A and al so
renove soﬁgeg;edtt%ﬁlﬁvgﬁgg%gjg;‘gﬁg? ﬁéﬁ%} %ﬂ?ﬁgﬁlﬁk‘gﬁgﬁﬁfﬁ%‘éﬁﬁa Af ter
f ormi ng t Wehayatlewer etlerdte foanl etohantsrelative tretht ietchtrata nal thesame dtohantef st r uct ur es
in areas 10A anqg,1l rocessin continue to.formthe devices of the
|t ogr at ol PR HEPCk AIGKTET (S & A ORISR o PEETPReScht haee, o
Struct ur é§ehant SolutidiPeHinVREnHM! BE bdcbfid hAheK Saybf 16 BidReslfadlef @hn e fi st
device and dielectric |ayer 14B for the second device. Typical post-gate

di el ect ri frst bighd€ layer bt cBdseinhs ascemplished threwglf matetial sglection ardardit  No.
o251 ST S BB e Wb QR B o o o
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



.[0018] Gate el ectrodes 18A, 18B and source/drain regions 20A, 20B are
such as poly-silicon or

f or ned.

I n one enbodi nent,

silicon germani um

a

conductive materi al

is formed over the first and second gate dielectric
structures 10A and 1 OB. The conductive materi al

is patterned and etched to

formgate el ectrodes. Appropriate maskgng | ayers and inplants are used to
dope the gates and their respective source/ drain regions. Ntype dopants
are used in P-well regions to formnchannel transistors, and p-type dopants
are used in Nwell regions to form p-channel transistors. [0019] In one

exenpl ary dRIR&RSIE) s ARicARE in & N,] NHI®,, K8 88, & efvirchaRnfhiS fdr *kARAle OV ET
exposed surfaces of the source/éraln regi ons %0 and the gate el ectrodes 18
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acconpl i spRehiti 2Ad Teicbnidhd SiNEAEs RTRARSHF, HEQERlralfa Ad1aGri¢ Aitdrialsat i on of
the transistors, an interleval dielectric (ILD) layer 24 (24A, 24B) and
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one interconnect 26 is shown, but other interconnects can certainly be

o0

formed t
w der an
t her ef or
vias pri
| ayers.

al um num
the inte

D COTnect 1
il al | ow cor
B, primari
marily fori
The i ntercd
copper, (
[ connect s {i

hrh%@{'fa' ST
\Nnections t
YOARid¢ thébpr
nvertical
can

O_1 nprove

Gn&éﬁ%ﬂi kg.

PR, I PR I, T
o be made |between2vi
i zontal connections
connecti ons between
i ncl ude clonducti ve

Dopants |or alloyin
electrom grati on res

Etreng
af ortigzé
Sitigate | LD
pver | ying

g el ements
stance or

eWals §

) UTl |
¥¥P%nc S
Sdicates,
conducti ve
&S
can be adq

ot her

p

aA

e
er eas

led to

electric
are form
mat eri al
the inte
sem cond

AThertmal el | 4

o mﬁthighz

e

[ TRANRGHS -
ctor devi

LIINJ | tayingald
he interca
SRt er conn
16, a passi
e. | n addi

nnect ope iq? before
P openi NP0

vation | ay]
tion, othg

s t iaﬁﬁeafﬂy}ﬁOﬂ%ﬂ) | Yor
Bes

128
?(lleL;&DmTa Ve

pNbe sd mivab
formng t

B is forne
s and i nt¢

FEER owi ng { AR

1000°C | fay ¢
he conduct i
THRARES |
QY &inehiye

br connect |

b S
ve
on of

evel s

can be f

DEtohAR#s nd

b@dedmim f

circuit

Hevice-and

r3eA/mis ubs

t<01 AAhiny

ated circu

C85umined

[

Dirdmimt ed

nlfinnfp|>

an i nteaqr
~J

t chin
p

1099] As

menti oned above, annealing the first high-K dielectric Iayér 14 after

formati on
hi gh- K digﬁggé

ric

ol :
SR chal MibRs

A

ayer

can

it Bl ?érff

e use

i

ook Bl

A

fh
pa

e

i

r

cul

irst

arly

when it i exidedayeecthé etchsratet deereassddrdin 3B-Adniih € Res tHad OYhiAGmim4ftdrer30 ayer 14

and | ayer

16. The annealing step also%F
qual i ty oMmiRye nitipggaesnnenlyprogessi &l KIO0FG.

hi gh- K di ghg&t&r

devi ce of area

o FThe YA AT AR Ml g

a6y of

experi

rovides the benefit of inproving the
cSigrilaggesnlts are spen withphataiy i r st

£l

roug

t he
ment s

on Haf ni uanr3alededPoiuyr Sxide aip acstilbsignifishrilye lowea tHaihbe procgssell Hifaiuact ri c

| ayer dep
suppr essi

reported
(1 SMT) .

[ 0023]

o

by th

Yedufts
by ut

jtion process with an internedi ate anneal
168k | eakage density of the forned capacitor device, as again

RO hes

wefe> A& 1%[3%1%21“1%9

il'rzing e etc

et

i

ctivi

Mg,

step resulted in

9

EMATECH
ashi gh-

K

di el ect r i sulistygteby atomicHayemehdmidaldaparrdepesitiad (AleCVDh endretchatiusingpi ds t he need

to re-cle
dual - gat e

s On B B0 Bieacsog 7 e el

terfaci al
f@? Beesencs of

g

Fod

FErBOr B

i ng

t he

ti onal

dual - gat eHeQeMBdon@ictd R6G8ch conbiriluInfeRRtioRASEMAREHCHN1S0GY. Further, the
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deposi tion tools,

process may be acconplished in-situ by using cluster
such as are available from ASM I nternati ona

hi gh- K
under t

he
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. 10 What is clained is: 1 1. A nethod of fabricating a dual-gate structure
on a substrate, conprising the 2 following steps: 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 gate structure; 5 formng a second
high-K dielectric layer in said flrst and second areas, said 6 first high-K
dielectric layer having a | ower etchbrate to an etchant relative to said 7

second high-K dielectric |ayer;

8 etching said second high-K dielectric

I ayer from said second area to said first 9 hlgh K dielectric layer with

second eas over
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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, aresist 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



7 structure mnus said target thickness for said gate dielectric for said
second gate 8 structure. 1 9, The nethod of claim11, further conprising the
step of formng an interfacial 2 |ayer between said substrate and said
first high-K dielectric layer in said first and 3 second areas. 1 10. The
method of claim1, wherein said secong high-K dielectric layer is formed 2
froma high-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 met hod of claim1, further conprising the step of annealing a remaining

2 por i onoflichal ShofefiR At B i MeShe Rk iy @dpsahlaligb 8 N1 9K

diel ectrie er sal i'ng ste he’ ne of claim1,

wher ei n $ewet dt(tlrmte tanige mwd(ttdﬁagfedﬁmpital wnh theseta@peiigh K di¢lectdel ect ed from
t he group consisting of an oxide, %um nat e nd silicate of tantalum 3
titani umlayer e kdie o materih selagtion an O ROCGESING mﬁaaﬁéphsaqah&mﬁﬁ €1 13. The

met hod of. 4 2

processi ng ﬁ?%&ﬂg%%%%ﬁ%%@% I%%b%‘ &ehkgﬁépﬁm%a F?g(rbgt ed circuit
havi ng a HN@i, oganyeoﬁxbmtch pnoeesscapmpprlsuerfgrhlgh-& fatesalsdevi ce having a gate
structure incl i el ec icin g,a 3 first K.dielectric
| ayer forned J@@ﬁgngﬁ% g%fg’é’e'é the pre thR 8?%‘9&%&‘}?&@ G er for med
guer sal dafer 16A A AUBIrLbfloRGNY hfnchN Gfter tﬁ@bﬂ)rérhérﬁfen@d &lh &Srdéb@sl ectric |ayer
5 having a | ower etch rate to an etchant relative to said second high-K

di el ect r ivhi¢hasearovegseannd High-ks dicteatticdaydrd 6BHenm argad 0BaThisposteict ur e i ncl udi ng

te dielectric incluyding.8 said first high:K diel f or med
over sai dnacHoE ap b Touhetmotik et ety e o pE Bl K iR cr ei m sai o
gate di el]gek 64 28H a8 irénSRCRHR e?clﬂl@é’d&ﬁabééaﬁl the fift BIERES g@i 14ppr oxi mat el y
said first” high-K dielectric |ayer The integrated circuit of claim

15, wherein s 0le7¢a°tf€er(f¢rmle$ﬂﬁg©te(ﬁlelsmld lgyierssaf thre fiwst/anskesepend gate onbi ned
L ckness. o AR QLI Ehia R rSSanEcl hriSucle bR b Gyl e grag, and said

first hlé} BCtY ¢ eln rat EIGCUY aim 14,

wher ei n dategrafedredicuid et ﬁﬂﬁﬂedlegﬁ‘bﬁnﬁnﬁbﬂddcgatHﬁsleétﬁbfsﬁﬁétu&@FIIHI se an
interfacial |ayer fornmed between said substrate and said 3 first high-K

di el ect r €M Wérdlel‘ic'ﬂl%layqlﬁé44‘@’@@}5&@&*&&8&*’?’”@@%Fh&?eﬁfrﬂlay‘?mépel n said
first hig E‘%t'ﬁ%qt‘g.%hﬁ%%bg rpb?c 5g%¥ Al negﬂngq?ﬁﬁattﬁﬁ feSRld Q&hspdsdeef ore said

second hi ectrlc ereover.
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 hereafter.

[0018] 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 20 and the gate electrodes

18 of the devices after forming doped source/drain regions and doping the gate

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



.1 19. The integrated circuit of claim 14, wherein said first and second
high-K 2 dielectric layers conprise a first high-K dielectric material.

13 1 20. The integrated circuit of claim 14, wherein said second hi gh-K
dielectric layer 2 is fornmed froma high-K dielectric material having a
higher etch rate to said etchant 3 thagnp a material forming said first

hi gh-K dielectric layer. 1 21. The printed circuit board of claim 20,
wherein said first high-K dielectric 2 nmaterial is a netal silicate and
sai d second high-K dielectric layer is a metal oxide. 1 22. The integrated
circuit ofobaliahflybdenutt)@f feNikeaisHicidd Rimavitth REF BOABhPisheddbyd irect ric

| ayers are sel ected fromthe group consisti ng of an oxide, alumnate and 3
silicate adigningpratessy titani um al umi num zirconium hafnium yttrium and

| ant hanum 1 2 qQd fac |nte rate rcuit device,
conpri si ng theﬁgzmm‘%gﬁtﬂg‘%ﬂ% °§°&ﬂ?e aﬁ’d % ap ﬁ"’é‘ﬂdlﬁi °Gitl ectric Iayer
in a firsgrpyesgerss gmd 2ﬁBIarﬁ115teE&ﬁ1n&Q§%éresgeﬁéiﬁH§df&n{éﬁ Fhé irplaydevi ce and
in a second aréa definéd for second ?ate structure of a 5 second devi ce;

6 processtypigaliningludes gne or Ig@telﬁlms éhatemc de anayidde, 2 pittideaerdowdiedecttc rate to an

i ol oot ri RISy iR Y el B blefoonhat 26 Bel LM RRET ™ gk

di el ect ri gortige 'TheSaa PortibhSare Pelatively ﬁhrﬂivesﬁd makd eontdct foathe Bidicilel ower etch 10
rate to said etchant relative to said second high-K dielectric [ayer; 11

et chi ng skBPns 8éoHshpuldibe poted dhas dorrijlustragiye pusppsamoplyi enesiatesioanentdd t o sai d
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devi ces; sai d d ClTcul The et hod

of claim &gxonme: Q’hﬂtremhcbomimaseswngr aicdgllowicdnndetoris he bé trage bétweranneal i ng
said first, high-K dielectric |ayer befqre form n(I:J sai d second high-K 3
di el ect r i Wapagtons. |rrachasythereforeirimarply frmyhorizontal eonngetionsgrithin Hild| ectri ¢

layer is fa9¥\‘§,r\gﬂereas vias primarily form vertical connections between overlying

conductive layers. The interconnects can include conductive 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, adhesion/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 forma 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 second high-K dielectric layer
16A of the device of 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



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
met hod of claim 24, wherein an anneal tenperature of said anneal step is 2
a between about 500 and 1000 C. and said annealing occurs in situ with said
formng 3 steps in a nitrogen, amoni & oxygen, nitric oxide or nitrous

oxi de anbience. 1 27. The nethod of claim 23, further conprising the step
of formng an interfacial 2 |ayer between said substrate and said first
high-K layer in said first and second areas. 1 28. The nethod of claim 23,

mherel n SRbpresfee oteae dbnhy I forified apREitdr el 06 R Agdin ke b)) IN- K

dielectric terial having a"higher etch rate to sal d etchant ative to a

3 mat er i ahe femicomdpcsmiresefiichsbndortiym Knteinatiersd SEMABYEH.(ISMZR. The net hod of
claim 23, whergj id first..and second high-K.dielectric |layers 2 are

sel ected from@h&lgﬁﬁgﬁr’@gﬂgﬁhﬁnﬁﬁ% ‘E}f’oh _Sﬂecé&?%&f&‘ﬁﬁH%'mléeﬁﬁg? ffS cate of
tant al umin3hd mbadH dBRcriBbd AbdVeMhe Fhdilddtivails thehdald Yoe-Ybad e RubvRdtd ant hanum

1 30. The nmethod of claim 29, wherein said etching step includes a wet etch

2 pr ocessindgedeimthelimerfapigiOayer i3 Posing thetduaBgate f@matipm prasessgassmaybei r cui t

chip comprising. 2 an integrate i.fcuit. having a dual ,gate structure, said
"t bor ot e frof Mot HoRRRcR il Btk oD e e iS04

pl ural it ydegérite@tih ChefleFintiRsg, the ahdi ?iﬂ'cesé nidy He@@sdmplished Hi-siflebyl wsthghavi ng a
gate structure including a gate dielectric 5 including a first high-K

di el ect r i dugtenhigh-Kodepesition tols supliss areaveilable SeaohdMilingmatiopallindeect r i ¢

| ayer for V. { St i i ri-¢ | ayer d te el ectrode
7 o med e SO PRUCYQON T RO Mo plovidyaiéibes SR PrsBBhfy . &

di el ect r i gpptadigRto formng digl-gate GibadtuRt asdspedifizallypdwil-gateambiurdseladingve to said
second high-K dielectric |ayer; 9 and 15 10 at | east a second device
havi ng a %ﬂ?’@%@lﬁﬁé“t’l‘}ﬁ@cl@f’éﬁﬁdi ng a gate 11 dielectric including said first

T el MBSO L b Ve hoiEs e
least one of the dielectric layers 14, 16 is not a high-K dielectric layer, as long as the
first dielectric layer 14 has a lower etch rate to an etchant relative to the second
dielectric layer 16. For example, the first dielectric layer 14 may be a high-K
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.



.2 structures further conprise an interfacial |ayer forned between said
substrate and said 3 first high-K dielectric layer 1 33. The integrated
circuit chip of claim3l, wherein said first and second high-K 2 | ayers
include a first high-K material. 1 34. The integrated circuit chip of claim
31, wherein said second high-K dielectrigg2 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
circuit chip of claim34, wherein said first high-K dielectric 2 materi al
is a nmetal syhaeatdimedjsali d second high-K dielectric layer is a netal
oxide 1 36. The integrated circuit chip of claim3l, wherein said first and
second hilgh- k 2 dAeheshod pLfabrigating aalual-gatk struatare fonarsubsteatey comprisiog hest i ng of
an oxide,,alpyminate and 3 silicate of tantalum titanium alum num

Zi r coni urf hmiwﬁ?ﬁﬁfﬁstri umand | anthanum 1 37. A nethod of fabricating a
dual - gat &3 st ruct Ufiméy AfistRghICHRIecERMBYdrSh A%irdtReeadlefiabd foMaTstSlaftPS: 3
forming a first dielectric Iayer in a first area defined for a first gate
struct ur &t 4 stmgturp and beesaedndiarea defdricdfeda sesondigate sowadurgat e structure; 5

form ng second djelectric LN, said first .and second areas, .gaid
firot e ot erectri Brruies nfiod RERI PRI e ¥ i b BT SBPRRARES sl e 10
sai d secapd flisehipblK dizlebtriAPér habin@ladbiveBetsintdle GREUIChadt Rlativt td Said ayer from
said second area_to said first 9 dielectric layer with said etchant; and

16 10 f orhi nepcand bigh-K diclrstriq lgen ayer in said first and second areas over
said secand 11 di Lk R ang § . el rdo J r Lvely.
36, The ot hod of CSrar sbf ;o RMRIERR ddikahe BB Rl SR aed GMRAGY T,
2 di el ect9i chighyi€¢diebndiclayet widcsadletdhat;eeidri c | ayer is a non high-K

dielectric layer. . Ae.Ae. ASe. Ay. Asf. A>R As . Ay. Ay. A9f . As@ A
10 Y form?ng a gate cond%ctive layer in said ﬁrg/t ang second are% over said second

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

p——

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.
4

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,

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

2 oxygen, nitric oxide or nitrous Oxide ambience.
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2 wherein said first high-K dielectric layer is deposited to have a thickness

approximately equal to a target thickness for a gate dielectric for said second gate
structure, and

wherein said second high-K dielectric layer is deposited to have a thickness
approximately equal to a target thickness for a gate dielectric for said first gate

structure minus said target thickness for said gate dielectric for said second gate

0 2 O W A W

structure,

1 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.

1 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.

1 13,  The method of claim 1, wherein said etching step includes a wet etch
2  processing using HF, H,SO4, H;PO4 or HNOs.
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14.  Anintegrated circuit having a dual-gate structure, comprising:

a first device having a gate structure including a gate dielectric including a
first high-K dielectric layer formed over a substrate and a second high-K dielectric
layer formed over said first high-K dielectric layer, said first high-K dielectric layer
having a lower etch rate to an etchant relative to said second high-K dielectric layer;
and

a second device having a gate structure including a gate dielectric including

said first high-K dielectric layer formed over said substrate.

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

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

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

and said first high-K dielectric layer.

17. The integrated circuit of claim 14, wherein said first and second gate
structures further comprise an interfacial layer formed between said substrate and said

first high-K dielectric layer.

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

thereover.

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

dielectric layers comprise a first high-K dielectric material.
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20. The integrated circuit of claim 14, wherein said second high-K dielectric layer
is formed from a high-K dielectric material having a higher etch rate to said etchant

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

21. The printed circuit board of claim 20, wherein said first high-K dielectric

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

22. The integrated circuit of claim 14, wherein said first and second high-K
dielectric layers are selected from the group consisting of an oxide, aluminate and

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

23. A method of manufacturing an integrated circuit device, comprising the
following steps:

forming a first high-K dielectric layer in a first area defined for a first gate
structure of a first device and in a second area defined for a second gate structure of a
second device;

processing said first high-K dielectric layer to lower an etch rate to an etchant
of said first high-K dielectric layer;

forming a second high-K dielectric layer in said first and second areas over
said first high-K dielectric layer, said first high-K dielectric layer having a lower etch
rate to said etchant relative to said second high-K dielectric layer;

etching said second high-K dielectric layer from said second area to said first
high-K dielectric layer;

completing said first and second devices; and

completing said integrated circuit device.

24.  The method of claim 23, wherein said processing step includes the step of
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.
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25.  The method of claim 24, wherein said first and second high-K dielectric layer

comprise a first high-K dielectric material.

26.  The method of claim 24, wherein an anneal temperature of said anneal step is
a between about 500 and 1000 °C. and said annealing occurs in situ with said forming

steps in a nitrogen, ammonia, oxygen, nitric oxide or nitrous oxide ambience.

27.  The method of claim 23, further comprising the step of forming an interfacial

layer between said substrate and said first high-K layer in said first and second areas.

28.  The method of claim 23, wherein said second high-K dielectric layer is formed
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.

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

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

30.  The method of claim 29, wherein said etching step includes a wet etch
processing using HF, H,SO4, H3PO4 or HNO;.

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;

and
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