Sem conductor Device with H gh-k Gate Dielectric and
Quasi - Metal Gate, and Method of Form ng Ther eof
[0001] This application clains the benefit of U S
Provi si onal Application No. 60/590,060, filed on July
21, 2004, entitled "Sem conductor Device with H gh-k
Gate Dielectric and Quasi Mtal Gate,"” which
application is hereby incorporated herein by

Semi{: GLERTPevicEy 'ﬁiﬁ'—ﬁ {eoﬁge%ct;m §nﬂ'§ﬁﬂ§il-l|%btﬁf‘@}ate,
e vari.ous quﬁ qﬁg%ﬁ? SCIL eﬂjgfne alTy relate to
the fabricat? ¥ Ao &9Ptes, "and nore
particularly to transistors having higlr-k gate
di el ectrics. BACKGROUND .[00031 In the sem conductor
[0001] 2T ThiskbplicitdfahibARhELdnRTiH SE.QV Brdvistingl AbSlicaR6l NBr s1RsHR060,
even a devi ces becone snaller due to ongoi ng
filed on P41, 9604, BRAG L ARYAR R FRUIL Wit iy R UNEIARRR arllRisi
PeT @EtTTCs Creates prociens I'n mantdfacturing reliable -
_ MOS transistors, .includin rt .channel effects
Metal GiCpien App e RS fHHer T M RBOEITEs P FOogas’ i g k
dielectric materials as the gate dielectric naterial
to i mprove device perfornmance. For purposes of this
- TECHNId@3ScFIEpDi on, a high-k dielectric is a material having
a dielectric constant k greater than that of silicon
di oxi de, the traditional ielectric materjal, which
[0002] |, Zhis iR tee YRt %mwﬁlp% Fsibicarplig a0 the
. Materials wth a dielectric constant of greater. than
fabrication, of sgpisordiictor deviess, and merepartigplariy & fransistorgyyangchighk gate
~dielectrics provide a simlar equivalent oxide -
dielectricthi ckness (EOT) to larger scal ed devices while using a
‘ reduced actual dielectric thickness, which neets the
reduced scaling requirenents of advanced CMOS
BA£EHEQQ ses. The use of such materials creates
addi t1 onal problens, however, in the

.[0003] In the semiconductor art, it is desirable to improve transistor performance even as
devices become smaller due to ongoing scaling. Reduced device scaling with conveﬁtional gate
dielectrics creates problems in manﬁfacturing reliable MOS traﬁsistors, including short channel

a effects (SCE). Itis known.in the priof art to use high-k dielectric materials as the gate dielectric
material to improvle device performélﬁce. For pmpoées of this description, a high-k dielectric is a
material having a dielectric constant k greater than that of silicon dioxide, the traditibnal
dielectric méterial, which has a dielectric constant of approximately 3.9. Materials with a
'dielcctric constant of greater than 3.9 are said to be “high-k” dielectrics. Higltk dielectrics
provide a sim_iiar equivalent oxide thickness (EOT) to larger scaled devices while using a
reduced actual dielectric thickness, which meets the reduced scali;lg requirements of advanced

CMOS processes. The use of such materials creates additional problems, however, in the




1 manufacturing and reliability of the transistor
devices, including a threshold voltage (V) .
variability in the MOS transistors, particularly of
p-type MOS transistors, which nmakes conmmerci al

devi ces using the high-k dielectric materials |ess
desirable. Further, reduction in scale and the use of
certain desirable high-k dielectric naterials on

_ silicop substrates is. bel.ieved tq contribute to
manufacfugigl FRGE AR G 4RG GHO TSI LS e HOBE G Qi 00
‘ ~___anegative effect on the performance of transistaqrs
variabiligra R AMOS e HET Rl Sharept MO Tyoiotas VRISIRERS
entitled "A Hi ghly Manufacturabl e Low Power and Hi gh
commergpglevices Sin® thvgskriictealic ma®rials lgsp Agsirgble GRpigher, reduction in
El ectrodes,"” by Iwanoto et al, Internationa
scale andihe ater afinktain dBémbledsgiNeditienigic afatértrds ¢rEgEcoplsE@Iptes is believed
: Decenber 2003, describes a MOSFET of the p-type which
to contribtBE® Prepatddi deutadsitidni i Bariep@bEiliel, @lheubitak anepaties éffdct on the
Hf Si O, over a silicon substrate, and describes the

- performaiS€ofanGi8blAhMBAta vl disy MBst Maehannel control Iing
- step to inprove the Vt variability effects. This

paper describes the threshold voltage shift problem .
[0004] patraper catitisd b Elaghle Mappfaptugaplsd o Peveragd $ligh spasd HHAI0
are fabricated using high-k dielectric materials.
CMOS FEOG@IDWe! Palye$i @it Elctolles Py fvametoait abilnkinatioral Eldsonics
Pol ySi / Metal Oxide Interface", by Hobbs et al., 2003

Devices Bigsipsifuli IBEEVISIM] coheabagi00B) deaibesh MOSFET ofihe p-type
Papers, describes the role of the poly Si/nmetal oxide

which uskdd pifiafe 19¢h-k Bhte AR cticvabitageHemd, baaistlicbnblbdese.end
poly Si  depletion. 100061 A paper entitled "55 nm

_ describe%hg Pse'\gf RLib Xigeby S8 anftl JAMIYEF &B%oﬂr%@téﬁf t%&%C{K/%eyt \kr)a;iability

ectric and TiN Metal Gate for Advanced

' r Lo ' | I .
e S O AT T B8y
MOS transiaons it O e 20 TS Rish-k diclectric materials.

[0005] A péper entitled "Fermi Level Pinning at the PolySi/Metal Oxide Interface", by
Hobbs et al., 2003 Symposium on VLSI Technology Digest of Technical Papers, describes the
role of the poly Si/metal oxide interface on threshold voltage and how it influences poly Si
depletioﬁ. |

[0006] A paper entitled “55 nm High Mobility SiGE(:C) pMOSFETS with HfO, Gate
Dielectric and TiN Metal Gate for Advanced CMOS,” by Weber et al., 2004 Symposium on
VLSI Technology, Digest of Technical Papers, describes the improved transistor performance
obtained for a pMOS transistor fabricated using a SiGe channel material grown by épitaxial
deposition of a compressively strained StGe layer,.with a high-k géte dielec':tric of HfO,, and a

metal gate electrode of TiN, having improved carrier mobility and improved 'V,




- obtained for a pMOS transistor fabricated using a Si Ge-

. channel material grown by epitaxial deposition of a
conpressively strained SiGe layer, with a high-k gate
dielectric of H02, and a netal gate el ectrode of

- Ti N, having inproved carrier nmobility and inproved WVt
2 [0007] A paper entitled "Mbility Enhancenent in
Surface Channel Si Ge PMOSFETs with Hf 02 Gate

Di el ectrics" Shi. et al .. |EEE El Ct T 0. DoV .
(0007} | pgggfén@ﬁ?q "@%gfwniﬂc%slgmggy&a% ’n?egte“sé@??kggﬁmnh
oo B S S LR R Y 00

descri bes enhanced nobility for the devices over

2003, dessoheeNOSeansigprsifebsirated aving s5aipe Sikicss theediawiep byerand HIO,
variance in the threshold voltages. [0008] A paper .

as the diedevttriid, lttechaberdbS@ibeStnbanced dniility f@ttha derlices ONISPERNHPR4 silicon
Enhanced Hole Mbility and Lower Parasitic

devices Haeslss aodeds,a \ayiabhiitvethe thieghdd volGgeence and Technol ogy
Journal 39, Vol. 1, pp. 78-83 (June 2003), describes

- resul ts ohtajned in carrige biljt | meat.s W
(0008) ¢ Afpigeniieh 200 R STOnEpae b MR TEEY Rt ol
. [0009[ The need for q‘Brocess and apparatu%‘for a -

Mobility gpé Bow el asasiticriesitandp e PY Shivti Eajitsu Seigpcsrnd Tpphgiology Journal 39,
transistor with a high -k gate dielectric_thus exists..

Vol. 1, pph&8&3r{bmd £08)edeaduiras sesults phfainedhim qarrées arbility pxnerimsats vaith
SUMVARY OF THE | NVENTI ON [ 0010] Vari ous enbodi nents of

strained $illie apn eBaint] maeddtin BMOQH dovicde a novel process and
structure for a planar MOS transistor using a high-k

[0609] ?rg }gq gelg lfgrcg Igrlogesggzgde arplpg}atuas r}odr z? pr(cj)ggc?bqe,%%hgn%eggje%énﬁggc%,
scalable MOS transistor with a high—k gate dielectric thus exists. These needs are addressed in

_the present invention.




[0011] A process and apparatus for a sem conductor
device is provided. A preferred sem conductor device
-conprises a first and second transistor. The first
transi stor has a first conductive channel, wherein
the first transistor conprises a high-k gate
dielectric and a first doped el ectrode. Preferably,
the first conductive channel conprises one of p-type
and n-type and. the first doped el ectrode conprises
t 2 e and n-type. The second transistor
SUNE&%@?(gpﬂgéggggﬁggﬁguctive channel opposite the first
conductive channel. Preferably, the second transistor
[0010] CoMpFibfeantidiandtitobtke p@kant divehtmiprovide anovehpseessndd struciure
doped el ectrode, wherein the second doped el ectrode
for a plaf@NROS B@ssidthusBishafigltk ghre il n@ariAlHRe a dopll@dtedectrode
alternative sem conductor conprises at |east one
 materialf €channel device having a high- k gate dielectric and
at | east one p-channel device having a high-k gate
dielectric. Preferably, the n-channel device and the
[0011] p- Ahemersh antbappertuydore semacadneondsyioags prypded  Apnederred
gate. Preferably, the gate doping concentration is
semicondlicidreieeint comprisehe first albseoedd wewistoe. Ehelfifsotrartsiséor has a first
p- channel device. [0013] In preferred enbodi nents of

conductiVé1&han A eWhérein thd st Cindlsee tohgridedy RighClosME tivRStrRMnXifHa
such as SiO2 or a nitrided oxide such as SIiON. In

doped el@éﬂ&ﬁ@.ﬁf’re?ér@cﬁﬁ,irtféeﬁﬂrs%mﬁgét%Bﬁanntelh'% iRt Esilelof ﬁ—ty}lmeaéﬁﬁrn—type and

conprises a high-k dielectric, preferably a hafnium or
e s L RS AL LG L S4SPRE gl
con AL oI B BRIL R b e
it RO Kl P GBI R e s
preferred enbodi nent of the invention conprises an ‘

doped eleriroda aerapries Hisoibst of P-HRFiARG-APehaf ni um based, hi gh-k
gate dielectric and a p+ polysilicon gate el ectrode.

[0012] An%@ﬁgmﬁ{i\g s%ﬁﬁ&ﬁilductor comprises at least one rechannel device having a high-
k gate dielectric and at least one p-channel device having a high-k gate dielectric. Preferably, the
n-channel device and the p-channel device have the same doping type of the gate. Preferably,

the gate doping concentration is different for the r-channel device and for the p—ché.nnel device.

[0013] In preferred embodiments of the invention, the dielectric layer comprises an .oxide
such as Si0, or a nitrided oxide such as SiON. In another preferred émbodiment, the dielectric
layer comprises a high-k dielectric, preferably a hafnium or an aluminunrbased dielectric.
Nitrides ahd high-k dielectric-stacks may be used as the dielectric including Si, O, and N.
 Tantalum (Ta) or lanthanum (La) oxides, aluminates, aluminum o:);ide and/or nijrides,

. combination or stacked dielectrics and other known highk dielectrics may be used.




enbodi ment conprises a p-channel transistor having an
al um num based, high-k gate dielectric and an n+ poly
gate. In other enbodi nents, an NMOS and PMOS devi ce
may i ndependently include an n+ or p+ doped poly
gate. In still other enbodi nents, an NMOS and PMOS
device may independently include a gate dielectric
conprising H, A, silicon oxide, nitrided silicon

oxi de, _an natigns thereof. [ 0015 odi nent s
[0014] ' NS '@%m& Hhsgnyeiga S é%‘h gﬂﬂ& ?@@@‘Eﬂr Bf“'mg 2
_ MOS with n+ doped poly gate and f
hafmmn-@gﬁgdhlg]@,ﬂ()ga@élﬂfgecupp Hka Q@p@gﬁquo&tga@rplﬁroﬁe t%@hgd]r?/ferred
dopants in PMOS is preferably at |east two tinmnes
embodimsnttdrepristhapchannel transinioe havieg iroriusfnum-baged highdpaaie diclastric
NMOS. Such a doping reduces the threshold voltage for
and an nPhEIS gatet fin athenembiaifrachts, po NMQ&taed PFEIS ddvecespayeindependamtly
a net concentration of p-type poly dopants in NMOS is
include #aef @pakiopedgoly gas.t Irf 860 dtheFembsdiBleh®) arl NBIO SandeMOS device
concentration of p-type dopants in PMOS. [0016]

| may mde%@ﬁ’delﬂﬁff uﬁﬁfdg QG afcQicibdieshpshingoiit AgSiliRd %Siidb Ofitrided silicon

includes forming a counter-doping channe

' i nclude a strai ned channel region
oxide offIARRRIARY L1 0 2 012 e o -

ectric material. Optionally this
channel material may be counter doped to further
[0015] pr Bwmbdéimentsaf thedntantios detidtoo lgge b dirasolteol gy foe RS with nt
counter doping by inplantation or SiGe may be

doped polyidte autRENMOS héth pillopahsdld gwel Aagecdnoententibh of n-yiePoly
or PMOS devices is too |large. |In another enbodi nent,

dopants ﬁrPMd)@'iseIﬁéﬁiaﬁgJ £ 1daSivb thadssmallRahdh L%t eoxii)@ﬂtrﬁﬁﬁlloﬁlﬁﬁﬁﬁi
areas may be fined on a substrate, wherein

| dopants @W@%S I5h&h b IleﬁuoteE e GREEh AN o IDBE FRNANOE vAHeRAT+ TRYed

asymTet r| C. strate may corrprl Se a

poiy gate S%:h%% i 'rrrjcaa)s/ ng lg%%%[ogé %g ge %—@%Q E{Jlbf héﬂlg# igﬁ\TMOS is
prefcrablgia; %?%g‘g‘? gg‘ﬁf? §ma ]leﬁ&gﬂp Iatrl]]% (:;o%gen atlgttl & p-gfpe %ﬁa%%n %S of
[0016] Another method for threshold voltage reduction includes forming a counter-doping
channel. Embodiments may include a strained channel region beneath the dielectric material.
Optionally this channel material may be counter doped to further provide enhanced transistor |
.p_erformance. For example, counter doping by implantation or SiGe may be introduced if the
threshold voltage for either NMOS or PMOS devices is too large. In another embodim_ent, an
integrated circuit having both core and peripheral areas may be defined on a substr.ate, wherein
~ processing steps in the core and peripheral areas may be asjmmetric. The substrate may
comprisé a silicon-on-insulator (S’OI), alternatively the substrate may éomprise SiGe, Ge,

strained Si, strained Ge or a combination or stacked arrangement of Si/SiGe léyers. In another




“enbodi nent, a netal gate el ectrode or a conbination
material including a netal nay be used for the gate
el ectrode. [0017] Preferred enbodi nents of the
i nventi on advantageously limt poly gate depletion.
Such advant ages achi eve thi nner EOT and hi gher
performance such as are nornmally achieved wth netal
gates. In this may, desired netal gate properties are
achi eve i ments of the |on 00
embodinigiyp eRegH grier BTN R i oot B ALY by vsed for
_ the invention wll be described hereinafter, which
the gate elgfifadehe subj ect of the claims of the invention. It
shoul d be appreciated by those skilled in the art
0017] ¢ h?%f&frﬁ% e%ﬁ:%ﬁinién% &@f&&ﬁhgﬁﬁhﬁd@dn&%k&ﬁ%ﬂmﬁit abl AR depletion.

utilrzed as a basis for no |fy|ng or

* Such adv ?agtquﬁlcﬂgvg{mosre E’bg%‘%? ﬁfeg%ﬁr gé;rfeopﬂth%’lfc%égﬁfl Oagén aﬂl% O&Feved
with metg]cﬁsﬁi’?‘iﬁa ! esa‘%%,; ?S.lrgg me&aﬂ%ﬁgiﬁé&?}gfg g{enag le, art ;bt%g%x(%e rrr%%c SUCH 0

enbodi ments descri bed do not depart fron1the spirit
~ inventioyng scope of the invention as set forth in the
appended cl ai ns. 6 BRI EF DESCRI PTI ON OF THE DRAW NGS

[0018] [O%Q&mEélffeme?m KORhEL O UHBSHSEREIF 18 Bfentidiwill be
resent invention, and the advantages thereof,

descnbec! E{{gﬁgﬁe‘% Cwhith ROW J12 ‘}éc(? Rf l!ﬂg fafhd SO GVEGRAT THPHLERSe

N’ conj unct i on acconpanylng raw ngs,

appreciat\;{l] thﬂﬂéﬁﬁgﬂ aa(rtglﬁ{ti%fo- Ispfim c:eg:t'(i) DA en s cf gclgs%ﬁﬂlgkﬂ% readily

i 2P i degﬁsgﬁgw&g:oss@%%%esaf& SR8 il e

Cross-secti onal VIeM/Of the substrate foll OMAH%
purposestof grearesenignyaniign It should also be realized by those skllled in fhe art that such

equivalent constructions and variations on the example embodiments descnbed do not depart

from the spirit and scope of the invention as set forth in the appended claims.




formati on and oxi de deposition; [0022] Figure 3
depicts a cross-sectional view of the substrate
followi ng the trench isolation formation and
‘'subsequent planarization and foll ow ng deposition of
the highk gate dielectric; [0023] Figure 4 depicts
the substrate foll ow ng dep03|t|on of 'a gate electrode
mat erial over the high-k gate dielectric and
following the formation of a pattern mask materia

he substrate foll ow ng t he
BRIEFD%%?%@%HE&S&E%T?%B gﬁg&% ectrode material by etching
the gate electrode nmaterial and the high-k gate
[0019] di BdreGhére conplerouidestantink of i @rdsait;inamton, (200 #fsladFargagee
6 depicts the substrate follow ng the conpl etion of

thereof, rtafe?éﬁéé BokSmARMb Mk BRGK g deRAgti6Hsahien i€ GbgREtioh wgihabk
: to the gate el ectrodes of Figure 5. [0026]

Mmommwﬁﬁ%% 1HQV wperals and synmbols in the di fferent
res dgenera Iy refer to corresponding parts unless

- otherwi se indicated. The figures are drawn to clearly
[0020] - i | Figsterlatepictsrecrossedeetionat view 9é 8 substhichhier frigdlatiqndgrnch
enbodi nents and are not necessarily drawn to scale. 7
formatioDndBtingR doESGRY Biidebhd O ddpokiETrRATE WdyeEMBODI MENTS
[0027] The operation and fabrication of the presently

p eHe enbodi ment s ae(n i n.det ail
00211 Pl oo Rripoaerame g el QST RRes pjpion
are not the only applications or uses contenpl ated
formatior; g1d qxile deposdtiR on. The specific enbodi nents di scussed
are nerely illustrative of specific ways to nake and

us . l 1L ehdfench @ lati
o P s L s e

formatiof su%seﬂgﬁl‘f Pa?lgré?aﬁs}x 'axgcpf% 10\)(/} g\/&egésﬂ?o gﬂﬂ %Et@ Mielectric;

device sca ramn a
illustration only. Sem conductor substrate 101 will
[0023] prRiginde deprisths substrate following deposition of a gate electrode material over

the high-k gate dielectric and following the formation of a pattern mask material;

[0024] Figure 5 depicts the substrate following the patterning of the gate electrode material

by etching the gate electrode material and the highk gate dielectric using the mask material; and

[0025] | Figure 6 depicts the substrate following the completion of transistors having source

and drain regions aligned to the gate electrodes of Figure 5.

[0026] Corresponding numerals and symbols in the different figures generally refer to
corresponding parts unless otherwise indicated. The figures are drawn to clearly illustrate the

relevant aspects of the preferred embodiments and are not necessarily drawn to scale.




material for the manufacture of the device. The

"~ sem conduct or substrate 101 includes silicon,
germani um strained silicon, strained gernmni um
silicon germaniumor SO substrate, or their
conmbi nation substrate. Silicon substrate can be
epitaxial silicon on silicon and SO . Germani um
substrate includes epitaxial silicon germani um on
silicon. The substrate 101 is shown with a pad oxide

eraul Bl el e TR ot over 1t

depositions may be a chem cal vapor deposition, a

[0027] P! aHERpSRHGNERGEIRRAAGH b tBO preSéntly PrdfeRéd\@hbddiaeitShre discussed
deposition known in the art, such as reduced pressure

in detail %lit f &&J\‘r@f, the Jr&:gagllena %Hreﬁargplg§@éselti§edtﬂg?eilg @éirﬁgth'l: Qfty

erthe nitride layer 105 and pad oxi de | ayer 103

- appiicaﬁtglésg%rﬁlﬁg & ?rg)l?g]cgfoﬂh%mg'd%ﬁnﬂl Qélﬁl: Eﬁlﬂ?cg.{l{l@l?[gﬁiSCuSSCd are

ques orm a hardmask, then an e

perfor and the hardmask is, renoved; the etch. be
merely if5 e Bt i P P o Tt BeNg: and o 5 R R e or
. is then conforma|ly deposited. The trenches 107 nay be
the invendiog of thegpensiod 6lemhgst r ons deep or nore or less, in an
exanpl e the conpleted STI trenches were 2000

[0028] ANGRMEOMEHAER crod@ciial 06yl a LORiFRYucRR HeROIN6 B drawn b
usi ng high density plasma (HDP) or 8 other techniques,

sl o] TP TP Sy SR ke YoROn R R

. j 100 fal l.awi ng. th al, of t >h
e 3 R Bk o APyl ARG B oo
s oS e SSRS5b. Shelecteli ofh O b cxer

- polishing éﬁmﬁﬁ processes are used to chemcal |y and .
combmaﬁ@twé’ﬁw@l Yicorbyphteate pan herepraralgsidicgr ongsilicen aad Séh CgEnium

. - oxide layers to conplete the oxide filled shallow
substratetineipndsls epraiialtsilionn gergianivm arosilicn dhe sxbiseatd 10b1s showa et a pad
above, the surface ‘ _
oxide layer 103 and a nitride layer 105 deposited over it using typical deposition processes, for
example the depositions may be a chemical vapor deposition, a plasma enhanced deposition, or

any other blanket deplosition known in the art, such as reduced pressure CVD or others.

[0029] Figure 2 depicts the de\-riCe 100 after the nitride layer 105 and pad oxide layer 103
are patterned and etched using photolitho gr-aphy techn'iqples to form a hardmask, then an etch is
performed and the hardmask is removed; the etch may be for example an HF or piranha etch, an
| STI oxide 108 is then conformally deposited. The trenches 107 may be about 1000-5000
Angstroms deep or more or less, in an example the completed STI trenches were 2000

| Angstroms deep. The STI oxide 108 may be deposited using high density plasma (HDP) or




of the substrate. Following the CVP and a cl ean up
step, in a first preferred enbodi nent of the nethod
of the invention, a high-k gate dielectric 110 is
deposited directly onto the substrate 101 and the STI
regions 107. In a second preferred enbodi nent of the
nmet hod of the invention, an interfacial layer 111 is
thernally grown onto the substrate 101 and then the

other tecfhidaes B PG ea%tilrfz' %e{%%‘?ﬂs dg&ﬁ%ﬁ%ﬂ BRSRY may be

dielectric naterlal may be perforned by conventi onal
used. et hods including remote plasma CVD (RPCVD), plasma
enhanced CVD (PECVD), atomic |ayer deposition (ALD),

[0030] W@ﬁ 3‘;%@»&&§§Q'ﬂgﬁ£é b RiloPdShe FRLDALE HeNQWEs ndhkide, the

lelectrics arethose dielectrics that

.. h i

vt ol 0SS5 PASAE o o 2SN o
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range of dielectric constant materials is known, for
the oxxdeefidmlphdlqvotrertchesodaéwgéemnséﬁz kebich axpad g, g Sxengikee, the surface
: di el ectric may include oxy-nitride, oxygen containin
of the sublitratee Fotlowmg tid CvBged actmnt ap rstepginai febtauefeirebembodiment of the
_ conbi nations of these and nultiple [ayers of these.
- method Jf@ie ikventiBn, &, hifihk gakte dicdatid TP igdypdsinal ditketlpnyto diie ddb@Rte 101
HLSi OX, zirconi um oxi de such as ZrQ2, al um num oxi de
and the STUEALIAR 1612603 scbbdBRbRAQ YhnBSdifmestbf A% hithBd of BAlrAkstbn, an
pentoxi de, 9 | anthanum oxi de such as La203, barium

- interfamag E{?ﬁp gislwg‘ﬂ%ﬂ@glﬁgg@n SHohésubBrte 16 €af thaskd h%ﬁ-g%h‘ﬁé*&i@&w:ic

I'mlar conpounds such as
o PZT, PWN, met al oxi des,

, . . SITi
“OISdQEﬁmg%g?ﬁfgg é?uﬁ%%r nltrldes conbi nati ons and

' multiple | ayers of these
j0031] Deposition of the dielectric material may be performed by conventional methods

including remote plasma CVD (RPCVD), plasma enhanced CVD (PECVD), atomic layer
deposifion (ALD), MOCVD, PVD, sputtering or other methods known'in the art. High-k
dielectrics are those dielectrics that I;ave a dielectric constant k of greater than silicon dioxide,
about 3.9. Possibie high-k dielectrics substantié;lly include silicon nitride, tantalum lpentoxide,
hafnium ox,lde hafmum silicon oxymtrlde alummum oxide, lanthanum oxides, and other hlgh k
' dlelectrlc matenals known in the art. A range of dielectric constant materials is known, for
example for the range of 3.9<k<9, the high-k gate dielectric may .include oxy-nitride, oxygen
containing dielectrics, nitrogen containing dielectrics, combiﬁations of these and multiple layers
of these. For k > 9.0, the dielectrics may include any of HfO,, HfSiOx, zirc;oﬁium oxide such as

ZrQ,, aluminum oxide such as AL O3, titanium .oxide such as TiO,, tantalum pentoxide,




[00321 In preferred enbodi ments, the high-k dielectric
i ncl udes. Hf Si ON, preferably anorphous H Si ON. The

di el ectric region may further include Si, G, F, C B
0O, Al, Ti, Ta, La, Ce, Bi, and W for exanple. The
dielectric layer is typically fairly thin, for exanple
1 100 Angstronms. In one exanple a high-k dielectric

| ayer of Hf Si ON was deposited to about 40 Angstromns

t hi ckness and_havi ng an equi val ent oxid i.ckness
lenthanu Ty Sofh 1549608 REFTABEUND! STRAN RIS | G PEocd
Figure 4 depicts the device 100 foll ow ng the
compounde prshias PBRCH sigdarecogipevndsstieh #peBadiPa ST Phgyy, PSelZN,
hi gh-k gate dielectric 110 and the formation of a
PZT, PMplaticed neidesyaskal tilidatés meted @itiides, emdhinatigns 4nsl myultiple layers of
el ectrodes. The gate el ectrode material 112 may be of
‘these. polysilicon,. doped polysilicon, netal conpositions
such as titaniumnitride (TiN, silicides, or other

nmetal gate electrode materjals. used.i art. A
[0032] pelgre ra@deewqﬁmanw?ﬂ?éEﬁéfeﬁ?%ﬁﬁnfowclaﬁ%%@?&ﬁh%fﬁfeaﬁbly
g&ga[ to 1 may be used. [00341 In a preferred )
amorphoemibePNe nthe ditlectyaragion mex fsher nelpds Paleat £, B O Adofeda L&
polysilicon gate electrode material. The electrode
Ce, Bi, amhW, be edepplsi Theldicfeotricdxyanpd tpicelly fairtychinefor cxavaple VAP
_ process to a thickness |ess than about 1000 Angstrons.
AngstrontsD I bed @fanpit ehiphdi digtedtsc laybreofFHSEON slae depositiel torabbutdés
a. dopant of a first conductivity type, while the

Angstronﬁaﬂi:clé&sé;@dﬂl%ir%rﬂ dduFRRn! @GEOMEkndss (EOTEofdesd dparibout 2.0
havi ng a second conductivity type. In preferred

nanometgibodi ments, the second conductivity type is opposite
to the first conductivity type. For exanple, for a
PMOS or p- channel device, the PMOS gate electrode is |
[0033] pr Eigerabigpiets thealowide 10hfdllewingrthe denviben of gate dlgctens migrial
device, the NMOS gate el ectrode is preferably p+ _

112 over dayifgh-k Fhe dietecpid 4H0Sind glat feroatian-dfppetterned mask 114 for use in
ctching the gate electrodes. The gate electrode material 112 may be of polysilicon,. doped
polysilicon, metal compositions such as titanium nitride (TiN), silicides, or other metal gate
electrodé materials used in the art. A metal gate with a work function of greater than or equal to

1 may be used.

[0034} Ina preferréd erl'abodiment, Athé gate electrode material 112isa doped polysiliéon
gate electrode material. The eiéctro_de may be deposited, for examp‘le,rby a conventional CVD
process to a thiéhess less than a’ooﬁt 1000 Angstroms. In preferred embodiments, the gate

* electrode includes a dopant of a first conductivity type, while the device source and drain regiops
include a dopant having a second conductivity type. In Preferred embodiments, the second

| conductivity type is opposite to the first conductivity tyi)e. For example, for a PMOS or p-

channel device, the PMOS gate electrode is preferably n+ doped, while for an NMOSor n- '
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gate is preferably doped with a 25 keV, 1x1015 cm2

i npl.ant dose of phosphorus. The p+ poly-Si gate or
p-type gate is preferably doped with a 10 keV 3. 5x1015
cm 2 inplant dose of boron. A spike activation annea
I's done at approximately at 1050 C. In this situation,
conductive channels of NMOS and PMOS transistors in
the substrate are counter doped usi ng conventi ona

et hods h as_ion_inpl tion cally.a boron
channel @ﬁy,sfgn&dh NS oot are o e opod R IY%% & W@stype
transistor. O her dopangs that can be used are
gate is prgfraably donsd vptb&%lﬁf’é{ dx107ymt perlatiese ofphasphorysi 8&? Py Paly-sl
phosphorus dopant is used to counter dope t he channel -
gate or pftgpe gate is NMESably alopédswith 2 [OkENB.SdbPaems implant dasa obloron. A
used are N, As, and Sb for n-channels. [0035] In
spike actilatien aichlie d@teﬁ eppregineudipdi 80 tS., It this simatlvaneralductive
devi ce and the p-channel device have the sane doping

channelstof BRMO$ abdBMOA! teansidfoes ihfile: gdtieatclapicoghieipedhsiag t@ventional
of the n-channel and the p-channel devices are

methodsGuffl £i8R fmfilﬁﬁt&ﬁ’&{ |y @livaltyRO8or&x@Pahtas uiddQo OatRerdRpE NE

concentratlon of an n-fype gate in an n-channe

channel %F %f PIvK aEl[ 1?%1%} ghepyld ﬂg% lf@.hat%feln Be BsaRANRElG d%\’d ﬁlq”or p—chaxmels.

t’he J Ioglng concent rat
h
on e o 1S, @s‘gﬁ% et Sgefgggee{hﬁgﬂ% it
t
SUSL M NG R -

phosphorous or arsenic, for exanple. Exanples. of

[0035] pr ﬁi‘ flebREv® &Y&ﬁd@%@%&mgn@k WQBARR! SViceind MhdWpiBhannel device
lium or |nd|un1 [0037] The hard mask 114 defines

have the Q'ing rpfupgr tyf)é){;]gﬂng Eat% Fal %ﬁ%&r do%ﬁ{g%oﬁo&xﬁ‘tdﬁ&g%? tﬂ?:‘é:?éhamﬁ and

eas or g connectivity at the
the p-chaggel?‘%ﬁc%sﬁaqn f Cglt 5eaveecrtw% c%Tel ample, @P éa% Ql%glélgzg%entrat%on of
create an. active .devi e. STl ons
an n-type Gl 10 o1 - SHBODEL (V6P 18 ﬁéf%‘?ﬁ* Eofrad% ephdRere ARdmbdey, e
' subsequent squrce and drain .
gate doping concentration of a p-type gate in a p-channel device is higher than that of'an n-

channel dewce.

{0036] - Electrodes may be conventionally doped ix situ with conventional dopants.
Preferred n-type dopants, include antimony, phosphorous, or arsenic, for example. Examples of

preferred p-type dopants include boron, aluminum, gallium, or mdium.

' [0037} | The hard mask 114 deﬁnes areas for forming transistor gate elecfrodes over the

| substrate, and areas for making connectivity at the polysilicon level over the STI regions 107.
The formation of the gate electrode material 112 will not create an active device over the STI
regions 107 (as there is no active silicon area for receiving subsequent source and drain

di_ffusions) but instead provides additional connectivity areas to those portions of the gate
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di ffusions) but instead provides additional
connectivity areas to those portions of the gate 11
el ectrodes, which nmay in fact overly other active
areas in the substrate in regions that are not
visible in the cross section of the figure. [0038]
Figure 5 depicts the device 100 in the sane cross
sectional viewas in the prior figures follow ng an
‘ etch step which patterns the gate electrqode materia
electrodepg which ay i ficF Rvegiyodher ativedsqas iikthe PAPsHA 1§ rgions that are not
interfacial layer 111. The etch is then allowed to
visible irctha crosugeciion of thh@iguisubstrate 101 and into the STI
regions 107, to extend the etched region to a depth

o 05RO ol S,
figures YTGTLTGL R0 SREDTIY TS B RGO PHardn Sh b eer

o .also highly selective for the STI I de and .renove
diclecrig ] Gy AT G RREerdn Lt Bl & is i omegis s Fioiies
of the silicon substrate 101. [Ogggé Figure 6 depicts
substratet 19 asdjinte hatSdT 1epionsfl0Y re exiend the ciabod regionde gigathvaueh e
apreferred enbodinent of the present invention after
below the batewabf the hi2h-kagate dielsoisictidfl yseb theer subseiragan! & i Begwn
side of the gate electrodes 112 and gate dielectric

removed1d @ deffth 040} tht blettumd bf thphighik ghROditlsctde po& by snamnmot,dhe etch
dielectric to provide a protective spacer over the

" used is afsb 08B/ defechie foh el TEGkidedRd Aothvex tignidiaglyheneat theSMBoxide
bottom of the higlrk dielectric 110. The sidewall is

108 thanRf &EELARL ¥iriBit £@GRRe §ONt @i ni ng oxide or silicon
: nitride material, and may be deposited by |ow
tenperat ure deposition techni ques including PECYD and
[0039] r efigue QlasrathevibstraRAGVDS the Tiwics il Ybinccrordpiss atith appeferred
' may conprise silicon nitride or silicon oxynitrides.
embodinlent &f thepprefent inventembdigt sidewaltsHE0 avei dbpooied mhd pattpencd on either
sidewal | spacer nmay be sone 40 Angstrons wide. In

side of the gate electrodes 112 and gate dielectric 110.

[0040] Sidewall spacer 120 is deposited using a dielectric fo provide a protective spacer
0§er the sidewalls of the electrode and extending beneath the bottom of the highk dielectric 110.
The sidewall is preferably nitrogen containing oxide or silicon nitride material, and may be
deposited by low temperature deposition techniques including PECVD and remote plaéma CVD
(RPCVD). The sidewall spacers 120 may comprise silicon nitride or silicon oxynitrides. Ina
préferred embodiment the oxide or nitride sidewall spacer may be some 40 Angstroms wide. In
an example the sidewall spacer is SiO,(Ny. A lightly doped drain (LDD) may be formed in the
substrate areas using ion implantation as is known. in the conventional art priof to the sidewall

spacer region formation described here
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~an exanple the sidewall spacer is SiO&NY. Alightly
doped drain (LDD). may be fornmed in the substrate
areas using ion inplantation as is known in the
conventional art prior to the sidewall spacer region
formation described here 12 [0041] Figure 6 further
depicts the formati on of source and drain diffusions
122 and 124 which are formed in the substrate areas

using ion inplantati on and thermal anneal. pr.oc re :
(00411 5oFisiies BRSPS he REBATEH R aar 2 fram o PP g 424
: ) source and drain diffusions 122 and 124 with a
* which ar¢ fogmed in the petrate #1985 33iRgopimalagagon prlfhermp anggal procedures as
el ectrode 112, gate dielectric 110, and the source
are knowanu thdrcanventivhdl agi dnthisiire sopreetapd draiediffugions B2smgdras with a
MOS transi stor. Depending on the type of dopants used
lightly ddped dfeén ssauctee arnstown e ganteledimds b3 tgattdgledthe 110, and the
transi stors may be of a p-type MOS transistor or an
source afdr¥iRQifiaRnk 12N SRS t6ethel PorfaMPTaute MOS trdBiktort Mepending on the
transistors may be formed in well diffusions (not

type of dSPHAM sed Athe YSIE RAHAR ARIHE GhraeOtht RanSkbrs hRGIHRDS a piype
fornatlon descrlbed here, as is knpmn in the art, the
MOS tafﬁ%&rrz)fr Qﬁ'n% ﬁﬂﬁa%gisgy ' an?Mé?dc_(n%g J| ?ggthe {r%ﬂ;g}]rs may be

| ore,”the sen1cpnductor evi ce conprises a
romed e 005 R oS B e ARRRVEE 17 AN Rhaion
. . dielectric and a first doped .el ecirode he. first

 desoribechgiide i KpeverB AR %rra?'is Bewe &QLa%%ffoWdngF'if@%egi%eof

p-type and n-type and the first doped el ectrode

[0042] COTREEBRS tHehBmPlon@ictérIReieE 1 DY Eorhpries O Fir trhypRoraading a first
n-type, that is, the first conductive channel and the

conducti%c%ﬁﬁne‘ﬂocﬂgﬁrsﬂr%ﬁsﬁ& 5 ﬁg& f%ﬁ(’)é%l?éﬁ@ﬁjefe@ﬁﬁ%ﬁia\iﬁstt&éﬁ%

Seém conduct or devrc 0 conprises a second
transi.sto avin n n i .
ctoroad T8 B0 18R AR SE OB IR0 s o and
rapsi stor conprises the high-k gat dielectric N
th first dgpEL el tpaa SHEBLE Stk b GO VS BB AP 5 BT S, PfS e
and the first doped el ectrode . ' )
first conductive channel and the first doped electrode have different conductive types The

semiconductor device 100 also comprises a second transistor having a second conductive

chat-m_el -opposite the first coﬁductive channel, the second transistor comprises the high—k gate
dielectric, and a second doped electrode, the s;econd doped electrode and the first doped electrode
~ have the same conductive type. At least one of the first and second transistor cdmpﬁses a
coun@r doping conductive channel. In this situation, the coﬁductive channels of NMOS and
.PMOS transistors in the substrate are counter doped ﬁsing conventional methods, such és ion
implantation. The counter doping conﬁuctive channel for aPMQS transistor is p-type. Typically
a boron dopant is used to counter dope the channel for aPMOS t;ansistor. Other dopants that

can be used are Al, Ga, and In for p-channels. On the other hand, the counter doping conductive -
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have the sane conductive type. At |east one of the
first and second transi stor conprises a counter
dopi ng conductive channel. In this situation, the
conductive channels of NMOS and PMOS transistors in
the substrate are counter doped using conventiona
nmet hods, such as ion inplantation. The counter doping
conductive channel for aPMOS transistor is p- type
Typ a.bor.on dopant. is used to counter d
chamel g AV sensmﬂpgni‘”wgwfy & B eo TG p ol
used are Al, and In for p-channels, On the
dope the @hfﬁ@ﬁi fionn FMOH ga%%%% &th?iélep%s a0 e s 48 N AgrangdiSb for -
for an NMOS transistor is n-type. Typically a
channelsphosphor us dopant is used to counter dope the channe
for aNMOS transistor. O her dopants that can be used
ar I
[0043] t h olgcltw‘g%% thg%pe s gscggédoJ&ffgrr t%m?ﬁle%r s% g&:girg% g@%ﬂe@}%%ﬂe 6, the
i in ure 6, t Clrcui
integratod SR GomB i B SRR P B REbE P g s s o
steps as are known in the art; for ex ée silicide
in the artifoy cxunnle Filiside By s ersied by geRosHIRA AR S RARMRR 4 fobalt
or cobalt and then treated to formself-aligned
and then gietted todform gelf-ghgriedisiisideorr sebhpdeoniomofifhe pate Pgetmd@dé 2, the
112, the source and drain regions 122, 124, and ot her
source argirdzais régions 13Q) 4, and dlverargae & wovide e lawt résmtange end improve
devi ce performance, however this step is optional
device pdridrineideBovwdver thid stepl 16l eptsdnap, Fdllowirpettle sdlieidersiepy lused, interlevel
insulation | ayers are fornmed above the substrate using

insulatiofl BRES iatd BAn&! £R%c R IBRARI sin@Xdef6sitidhl didps & depdkit okide mitride
' conventional insulation layers, typically silicon

or other %'tngﬁlt%ﬁal' 1§suﬁf§f H%irer Sﬁ'g{c%ﬁ)tr siftbGARoREE s BRtdECMRthePRidas are

|nto e I'ns tors to expose t he source,

pa.tte:rned]ﬁ:i | I déxe(? &l%tl gf (et 8{%3?6 thé Qcﬁ.lrcf‘er 81%{ tah(ﬁ]gatg 'e@éﬁ&fe?

CARGLCIT Ve eria proévi d electrlca

connec : m net atio ers, abov h
resulting i Ry '?Ylh%gﬁ%‘}"ﬁé“ﬁ LB, e@%‘ﬂfﬁé"aﬁ%"ﬁ"ﬁy From

el ectrodes, the so
metallization [ayers above the mterlevel msulatmg layers down to the gate electrodes, the source
and the drain regions. Metallization layers of aluminum or copper, may be formed over the
interlevel insulation layers using known techniques such as an aluminum metallization process or -
a dual damascene copper metallization process to provide one, or several, wiring layers that may
contact the vias and make electrical connections to the gate electrodes 112 and the source and
drain regions 122, 124. Conventional clean up, passivation, die saw, singulation, packaging,

assembly and test steps are used to complete the integrated circuit devices formed on the

substrate 101.
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and the drain regions. Metallization |ayers of

al um num or copper, may be fornmed over the interlevel
‘insulation |ayers using known techni ques such as an
alum numnetal | i zati on process or a dual damascene
copper netallization process to provide one, or
several, wiring layers that may contact the vias and
make el ectrical connections to the gate el ectrodes 112

onse) 20 SR £ B By s i
.singul ati on, packaging,. .assenbly an est .steps._.are
and varigfigagithaiyre appsret & e ﬁgﬂkeég'} e that ﬂ%ﬁﬂ?ﬂfe e FRMES o Bed
) ~on the substrate 101. 14 100441 The enbodi nents of
invention #re Withirethe fesme @b theinvsatiom#ns ibe aprsndsdeiipigry and not
limting and variations that are apparent to those
ski,l [ . ¥ :
s o i i e

e I nvention and

: . the pende | ai ns. 51 .Alt [ .

described fi1oBL 3G i BERenrtid Sk Mkt BOSEM R BAF ytions can

: escribed in detail, it should be der st ood that

be made P otk dpgiee Temb B PRt Ao ool B dphfaseBie bie
made herein w thout departing fromthe spirit and

appendedselais. dor exmennle, \lﬁe‘wﬂib@ﬁgaé%hfdlé ¢rptapd BW{Oﬁf‘e&ﬂ[fﬁb%ﬁ’aé‘& that many
clains. For exanple, it will be readi|y understood by

of the feattros dursiiohd, prpcesses, ed meteriply desombag hergin mayeber vagled, waile
functions, processes, and materials described herein

remaininyithbrethe agdpe of thieiprasentrievaation. nigfowiov b, thetshepesif dpeprofent he
present invention. Mreover, the scope of the present

applicati®&PRInbEtdn@ed fobenidtitednd tirgadichir bRbbdimieh df the prdvess, machine,
particul ar enbodi nents of the process, nachine,

manufactiPd) 6hREEHE R of GORRE $hcdah MelodsBAd StEps dFB@TIR ik RESEEication.
steps described in the specification. As one of

~ Asone ofﬁgkdégg Kei? Kl thb ade B Eée%dgﬂr; épsﬁé\%({iéte FRRhE YisBBRIE 6 Ak Brds&:am

sure of t I nventi on, processes,

inventi onr,rn%fqr;}* Igsg gs,s, mggﬁg%’lsfe gnga%ﬂtra&ure? 8&&90% lehon§ BF mQ‘IterfTBE A metfBANSr steps,

| presently existing or later to be developed, that perform substantially the same function or

achieve substantially the same result as the corresponding embodiments described herein may be
utilized according to the present invention. Accordingly, the appended claims are intended to
inciude within their scope such processes, machines, manufacture, compos_iﬁons_ of matter,

means, methods, or steps.
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presently existing or later to be devel oped, that
perform substantially the same function or achieve
substantially the same result as the correspondi ng
- enbodi nents descri bed herein may be utilized
according to the present invention. Accordingly, the
appended cl-ains are intended to include within their
scope such processes, machi nes, nanufacture,
' conpositions of matter, neans, nethods, or steps. 15
J AIMED IS: 1 1. A sem conductor device
VVHAITS??Q%P#%P%%: 2 afirst transistor having a first
conductive channel, wherein the first transistor
1. A sompsddaesr devicd doinghisinggat e di el ectric and a first
doped el ectrode, wherein the firstconductive channel
a fSITRIkiISOS havinOd Brsofonduttiypehametl, vhexepretha figst traesi$tpy epmprises a
doped el ectrode conprises the other of p-type and
high-k gatd did{R%ic ad fitsCdPes SeORslic! Wassinshofirshamiungiva chemongmprises
conductive channel opposite the first conductive 7
! giid RRissE O oGRAPI p-§96 atidi@ type;
one Ofp't%%ﬁl@% t&%%ée}ﬁi |%e gg?ﬁ%ﬁ%ﬁgdgsecond doped %ﬁjp oF
el ectrode, wherein the second doped el ectrode
conprises the other of p-type and n-type. 1 2. The

sem conduct or .devi ce accarding,to [ | Ehe
o SN EGArer TR tErd S Rg reds Biledne HAFREIILART
gate dielectric constant greater than 3.9. 1 3. The
channel, wentit SiFCacUE T ASIPLETHIES e ak e $gRong doped
' gate dielectric conprises 2 alum num @xi de. % 4. The
- electrode, serrainthgsetcnd daped electigre epmpiises the gl Q(F)Pff}ﬂ)ﬁ & PRk
gate dielectric conprises 4 hafnium oxide.

and

o2 The semiconductor device according to claim 1, wherein the highk gate dielectric

comprises a material having a gate dielectric constant greater than 3.9.

3. The semiconductor device of claim 1, wherein the high-k gate dielectric comprises

aluminum oxide.

4., The semiconductor device of claim 1, wherein the high-k gate dielectric comprises
hafnium oxide.
5. Thé semiconductor device of claim 1, wherein an effective oxide thickness for the figh-k

gate dielectric is less than about 2 nm.

6. The semiconductor device of claim 1, wherein the first transistor comprises an n-channel
transistor, the second transistor comprises a p-channel transistor, and the first and second doped

electrodes comprise p-type.
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fat

1 5. The sem conductor device of claim1, wherein an
ef fective oxide thickness for the hgh-k 2 gate
dielectric is Il ess than about 2 nm 1 6. The

sem conductor device of claim1, wherein the first
transi stor conprises an rechannel 2 transistor, the
second transi stor conprises a p-channel transistor,
and the first and second doped 3 el ectrodes conprise

16 1.7. e, se ndu
. ThpaBordRe’ e ERar SoBrRabpp ShbNDraoupf el
transi stor, the second transi stor .co
transistor LGHERE IR AIORTRGS BRSPSt At CELERA™) S5t doped

3 el ectrodes conprise n-type. 1 8. The sem conductor
electrodedevinpmsegftypd-ai m 1, wherein the high-k gate dielectric
conprises a 2 material selected fromthe group

consi sting essentially of silicon, silicon nitride,

8. Thg%ﬂh&ﬁhcﬁr A AR, 1h %EFeHl%e Ell HIK A iclXiid @SmpaRd a

nati ons t ereof. 1°9. The sen1conductor devi ce of
i d aGhhREES
material iel%cger?pi%dné \éﬁé Jn@i@tlnfésgs? ?@d [fss?[?c%ﬂ 1@&81?%%%[3

con stl essent rmani um 3
lanthanurg, h F"ﬁﬁ ng %thons eé‘%?onbl nati ons
. thereof 1 10 The semi conductor device of claimi1,
wherein at | east one of the first transi stor and the
9.  TBe sasonduétbalsicioficldinril ieremahpfiiss endsecandndoped dioglratgs
channel formed under the high-k gate 3 dielectric. 1

compnse]a]mat;:rﬁeﬁ sSIBNLE BBAURS Bfouf @WhsiBing eGefitthl RO kdicéd, Fefmabym,
wherein the counter dopi ng channel 2 conprises a

busSSh &Rt Sl dohdmAidRs MEQUP consi sting
pdySth%gé%%@aﬁ%? o?l h |Ocon 1ger mani um 3 carbon, strained
silicon, strained carbon strai ned germani um strained

silicon germani um_ and ] , )
- 10. The semiconductor device of claim 1, wherein at least one of the first transistor and the

second transistor further comprise a counter doping channel formed under the hightk gate

' dielectric.

11.  The semiconductor device according to Claim 10, wherein the counter doping channel
comprises a material selected from the group corsisting essentially of silicon, germanium,
carbon, strained silicon, strained carbon, strained germanium, strained silicon germanium, and

combinations thereof.
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4 conbinations thereof. 17 1 12. A sem conduct or

.devi ce conprising: at |east one n-channel device
having a high-k gate 2 dielectric and at | east one
p- channel device having a high-k gate dielectric,
wherein the n 3 channel device and the p-channe

devi ce have the sane doping type of gate, and wherein
a gate 4 - doping concentration is different for the

d
2. AR QR YR Spaiyh e 8 B FRRRE! PR raipe b niehc gae
. . the h di el ect
e S S s T P8
than 3.9. 1 14. The sen1conductor devi ce of claiym 12,
channel dgrise andthetpecanmgh devigrhave dhecrpdop e Cgsiticals festndvieieii'a gae

al um num oxide. 1 15. The sem conductor device of
- doping caricaitrativg jis differeat for thear-dhiapptel Reger @nddpethe probpanet 665 ses
2 hafniumoxide. 1 16. The sem conductor devi ce of
claim 12, wherein at |east one of the n-channel device

13. ng%ln}]léo @topd%%&l}rgﬂ& ¥ Eiin ﬁﬁ tvﬂﬁ:['elﬁ NI PIE g Re BRIBHRS

channe or me nder t hk gate 3

compnseii mé\%ﬂ]é’lg E?Vﬁnga% Zate fi Cetgl \?26%18%9@ gy%% a%?s@s c fe o ?f ) ﬁ lealﬁ F]g H

2 k gate dielectric is less than about 2 ran. 1 18.
The sem conductor device of claim 12, wherein the
14.  The shdcoghctdeddvire ciobiih 12, wharbianimelhigh-R pdevdidecthavemprirgs
same n-type gate, and the gate dopi ng concentration of
aluminuch BEdA-type gate in the n- 3 channel” device is higher
than that of thee-channel device. 18

15.  The semiconductor device of claim 12, wherein the high-k gate dielectric comprises

hafnium oxide.

. 1e. The semiconductor device of claim 12, wherein at least one of the nchannel device and
the p-channel device further comprise a counter doping channe! formed under the highk gate

dielectric.

17.  The semiconductor device of claim 12, wherein an effective oxide thickness for the high

k gate dielectric is less than about 2 nm.

‘18, The semiconductor device of claim 12, wherein the n-channel device and the p-channel
device have the same r-type gate, and the gate doping concentration of the n-type gate in the n-

channel device is higher than that of thep-channel device.
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1 19. The sem conductor device of claim 12, wherein

t he-n-channel device and the p-channel 2 device have
the sane p-type gate, and the gate doping
concentration of the p-type gate in the p- 3 channe
device is higher than that of the n-channel device. 19

1 19.  The semiconductor device of claim 12, whereinthe n-channel device and the p-channel
" 2 device have the same p-type gate, and the gate doping concentration of the p-type gate in the p-

3 channel device is higher than that of the n-channel device.
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