Met hod "and Apparatus for a Sem conductor Device with a
H gh-k Gate Dielectric This application clains
priority to U S. Provisional Application Serial No.

60/ 582,094, filed on June 23, 2004, entitled

"Sem conductor Device Wth Hi gh-k Gate Dielectric,”
which application is hereby incorporated herein by
ref erence. CROSS- REFERENCE TO RELATED APPLI CATI ONS
This application is related to co-pendi ng and comonly
assigned U. S. Application Serial No.11/021, 269, filed
Dec 23, 2004, attorney docket nunmber TSMD4- 0580, which
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TECHNICAL FIELD

The present invention and the various embodiments described generally relate to the
fabrication of semiconductor devices, and more particularly to fabricating integrated devices

which incorporate a least one planar MOS transistor having a high-K gate dielectric.

BACKGROUND

In the semiconductor art, it is desirable to improve transistor performance even as devices
become smaller due to ongoing scaling. Reduced device scaling with conventional gate
dteleétrics creates problems in manufacturing reliable MOS transistors, including short channel
effects'(SCE) and gate dielectric leakage. It is known in the prior art to use high-k dielectric
materials as the gate dielectric material to improve device performance. .For purposes of this
description,‘ a high-k dielectric is a material having a dielectric constant k greater than that silicon
dioxide, the traditional dielectric material, which has a dielectric constant of approximately 3.9.

Materials with a dielectric constant of greater than 3.9 are said to be "high-k" dielectrics.
1



Materials with a dielectric constant of greater than
3,9 are said to be "high-k" dielectrics. 1 Hi gh-k
di el ectrics provide a simlar equival ent oxide
t hi ckness (EOT) to smaller scal ed devices while using
a larger actual dielectric thickness, which neets the
reduced scaling requirenents of advanced CMOS
processes. The use of such materials creates
addi ti onal problens, however, in the manufacturing
and reliability of the transi stor devices, including a
High-kediglesses|naowiéd & sigelar squyvalaphexidethioknsss (IFOThie swatier scaled devices
transi stors, particularly of p-type MOS transistors,
while ushigeHargeriestial dickentsic ¢hiaknesbewh'®h3naesith@reﬂh@dhbzgh}gkequirements of
dielectric materials | ess desirable. Further,
advanced GMODS priocesses. These ol Bebhtrherisdecraftesedtiitabil pigigémabb®ever, in
high-k dielectric materials on silicon substrates are
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. Techni cal Papers descri bes the inproved transistor
particulgg prRBrkgatrcdielgetia mategial, HfSiO, over a silicon substrate, and describes the use of

certain sidewalls and a channel controlling step to improve the Vt variability effects. This paper
describes the threshold voltage shift problem particularly observed in P type MOS transistors

that are fabricated using high-k dielectric materials.

A paper entitled "S5 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 epitaxial deposition of
a compressively strained SiGe layer, with a high-k gate dielectric of HfO2, and a metal géte

electrode of TiN, having improved carrier mobility and improved Vt.



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 H 02, and a netal gate electrode of
Ti N, having inproved carrier nobility and inproved Vt.
2 A paper entitled "Mbility Enhancenent in Surface
Channel Si Ge PMOSFETs with H 02 Gate Dielectrics," by
Shi et al, |IEEE El ectron Device Letters, Vol. 24, No.
1, January 2003, describes PMOS transistors
f Apapec antgteddabglity EnbincederBiiBurfise Chenreh 8iGea? MOSYETs with
and Hf 02 as the dielectric, the paper describes
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silicon devices but also describes a variance in the
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MOS transistor with a high-k gate dielectric thus exists. These needs are addressed in the present

invention.



material is deposited over the high-k dielectric, a

protective mask i s deposited over the electrode, this

mask is patterned, and the gate el ectrode and gate

di el ectric structure are subsequently conpleted by an

ani sotropic etch which extends through the dielectric

| ayer and into the wunderlying substrate materi al

beneath the bottom of the dielectric material. The

resulting structure is-then processed further to

i nclude sidewal | spacers and self-aligned source and
SLDANHQ?Y@H?T orm conplete MOS transistors, the

I'dewal 1" spacers covering the sides of the gate

el ectrodes including the portion of the area beneath

e otrodrhiamhinéntt bithe peket invettidngreride Beoatp®cess Afd structure for a
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underlyipgesubsteaie matsriakieneath e bottemsf drestideaniis matsgalf Sheressultiye
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performance and adds additional advantages such as

regionsatb lfewi dugniiléte MOI§ tsisistsit, thd sidetallagacetIvorsiugd s siddd of thogate
the conpleted transistors. 4 In a preferred
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infiltrate any of the channel region, the interface between the substrate channel and the dielectric,
the dielectric, or the interface between the dielectric material and the gate electrode material. The
high-k dielectric in the resulting MOS transistor devices thus remains its electrical property with

desirable dielectric constant (k).

In a preferred embodiment, a counter-doped channel is created in the substrate in the
regions where the transistors will be formed by using conventional ion implantation into the
substrate. The counter-doped channel increases performance and adds additional advantages

such as allowing the adjustment of voltage thresholds, Vt, for the completed transistors.



reduced threshold voltage, optionally this channe
materi al may be counter-doped to further provide
enhanced transi stor performance. Again the sidewall
spacers extend into this l[ayer and extend beneath the
bottom of the high-k dielectric |layer to prevent
undesirable inpurities, including oxygen or hydrogen
atons, frominfiltrating the structure and from
degrading the high-k dielectric. In another preferred
enbodi nent, the high-k dielectric has a dielectric
dongpratatedenthodimatt, a dhaasd nateoll of 3fod exapipda tsasinedsnticanei) or
i nclude hafnium (Hf) and silicon (Si). Ntrides and
strainel s oK gerfha®uBOSIGE) 08 HiRGBmBRYtiBEis SEskitaBbdndeth the dielectric
dielectric including H, Si, 0 and N. Tantalum (Ta) or

materlél H}SMI&%& &4@Rhnd )f‘érQE@resﬁJa WL Ad @AEnRBRE Q{e c@fﬁe? 38ty with
inati on or stacked dielectrics and ot er known
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patterned resist coating in one of the two areas,
includige grerenion jydragen ateras fignt inbltatipg estustig aad dom degrading the

performed in the other area, and vice versa. Using
high-ktdmdlectrasy nmet ri ¢ approach to device processing, a

| ayer of strained SiGe nay be deposited in the core
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peri pheral area the gate dielectric thickness may be
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enbodi ment, the strained channel |ayer nmay be
lanthaaugy (tag pxd@g elintipum oxide and/or nitrides, combination or stacked dielectrics and

other known high-k dielectrics may be used.

In another preferred embodiment, an integrated circuit having both core and peripheral
areas may be defined on a substrate. The processing steps in the core and peripheral areas may be
asymmetric, that is photomasks and photolithographic techniques may be used to provide a
patterned resist coating in one of the two areas, protecting this area while a processing step is
performed in the other area, and vice versa. Using this asymmetric approach to device processing,
a layer of strained SiGe may be deposited in the core device area only, while it is not provided in
the peripheral device area. High-k dielectric may then be deposited in both areas and gate
electrode material may be deposited in both areas, however in the peripheral area the gate

dielectric thickness may be greater than in the core area.



enhance transi stor performance and provide further Vi
control. Using photomasks to formresist, sone or al
of the transistors may be subjected to the
count er-dopi ng, or sone may not be counter-doped. In
anot her preferred enbodi nent, the devices may be
fabricated over an insulator in a
silicon-on-insulator (SO) structure. The substrate
material may be bulk silicon and may include n and p
type doped well areas, alternatively the substrate may
Eprsiies grofpregd enhodingng, dhe degingd ,chargl@\\»/layqn atry e coynter-doped to
conbi nati on or stacked arrangenent of Si/Si CGe | ayers.
enhance Hangirgeriperfopnanice ppdprowdd Suther Mt congroh®lsmlg phatogasks to form resist,
el ectrode or a conbination material including a netal
some on@yofithe tramsstdre may he soigéaedetodlod conder-ddping, @x somd maandt
(Titanium Nitride) nmetal gate electrode nmay be used.
counterRfdpydi | i con, and doped polysilicon, may be used for
the gate electrode, the polysilicon gate el ectrodes
nay al so i ncorpqrate an additional salicide coating )
fppnothss preferredesnmbor agne dhe dayicss By be fabrigsted psd an insulator in a
~enbodi rent, the channel material is deposited over the
silicon-gptinsutaiard SOR stigefvee. Fhesubstrate matenial mat ke illesitipandand may include
material is provided over the substrate and the
n and pdieendoped metl @rdas lajternatiyehothe welskrate atadyeomiprige SiGit, 66,Glrainsd Si,
performed to formthe gate el ectrodes and dielectrics
strained1@¥ ong corabidsivml dr Staekddain@h andnfb£8i191@e GRfanel nateri al ,
sidewal | spacers are fornmed on the sidewalls of the
ate el ectrodes and dielectrics and extendi ng beneath
oy PETETERd etﬂrwgg%%né adneiplegier lectingg @rd eombinagiqg myterial
) subsequent etch is perforned to renove any of the
includipgpraiets] Mgy Opaspddpr thaeleielertredenfoir exantple a UV €Tihmivnf Nitride) metal
those areas under the conpleted gate el ectrodes to
gate elecgvdainay beusid| Faylion, adhiepedpdigtlican emaypbé wied fa the gate
subsequent processing. Again the sidewall oxides
electrodes thenpdlyisdlican deipelechates aiah atsb énd@giotate e &ldeidnai ligidel coating for
protect the strained channel material from undesirable

better peftbithdnc@t i ons of materials

In another preferred embodiment, the channel material is deposited over the substrate, a
gate dielectric and gate electrode material is provided over the substrate and the channel material,
a photomask patterning and etch is performed to form the gate electrodes and dielectrics having
sidewalls extending into the channel material, sidewall spacers are formed on the sidewalls of the
gate electrodes and diélectrics and extending beneath the bottom of the gate dielectric material,
and a subsequent etch is performed to remove any of the remaining channel material completely
outside of those areas under the completed gate electrodes to reveal the silicon or other substrate
prior to subsequent processing. Again the sidewall oxides extend to a depth beneath the gate
dielectric and protect the strained channel material from undesirable infiltrations of materials

including oxygen (O) and hydrogen (H), which might otherwise form unwanted compounds
(4]



i ncl udi ng oxygen (0) and hydrogen (H), which m ght
ot herwi se form unwanted conpounds ' 6 incl udi ng oxi des
in the counter-doping channel naterial and relax the
strained material, reducing its effectiveness.
Applications for the high-k gate dielectric
transistors of the invention include CMOS 1logic
transi stor arrays including n and p well areas, the
count er-dopi ng channel material, and the high-k gate
dielectric, thereby form ng nMOS and pMOS transistors
including @pdesow ﬁte@pumglp@@mg:cﬁ)ameé nstepihl atidfrélex thetstraiopdimiaerial, reducing
some enbodi ments the core logic area may include the
its effedyamiser - doped channel s whil e the peripheral area nay
include larger transistors forned wthout the

ter-d d.c nel Menor y |nte rated circu
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of .the invention and the counter-doped channels in the
logic “%‘lﬂsé’féfféﬁ igpptise prad pwlliaserihe camtesdpping changpl raeterialpad the

hi gh-k gate dielectric material but does not include

high-k ggiediclegtiig: berelip puthingaiQ8 landraMEYS tdnsisidowith oovater-doped

features and advantages of enbodi nents of the
channelswf differamn dopants, insothesobbtiewntshisr @rebizicarea mii imblufiethen

the subject of the clains of the invention. It should
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Additional features and advantages of embodiments of the invention will be described
hereinafter, which form the subject of the claims of the invention. It should be appreciated by
those skilled in the art that the specific embodiments disclosed might be readily utilized as a
basis for modifying or designing other structures or processes for carrying out the purposes of
the present invention. It should also be realized by those skilled in the art that such equivalent
constructions and variations on the example embodiments described do not depart from the spirit

and scope of the iiivention as set forth in the appended claims.



BRI EF DESCRI PTI ON OF THE DRAW NGS For a nore conplete
under st andi ng of the present invention, and the
advant ages thereof, reference is now nade to the
foll owi ng descriptions taken in conjunction with the
acconpanying draw ngs, in which: Figure 1 depicts a
cross-sectional view of a substrate prior to isolation
trench formation including a deposited oxide and a
deposited nitride layer; Figure 2 depicts a
Cross- sectional viem10f the substrate follow ng the
gh@b e and oxi de deposition;
BRHﬂ%bES@ED%ﬁZep cts a cross sectlonal vi ew of the
substrate following the trench isolation formation and
siiihsenere completnadezatdiog ofthed pfesédt awentipng epbibie i emtagés thereof,
the high-k gate dielectric; Figure 4 depicts the
referetfid isitdvairadd @l thel lﬁglu@&ié&ﬁipﬁlbﬁmtak}fn it c@gtutoh @Gih Bl ccompanying
mat eri al over the high-k gate dielectric and foll ow ng
drawiddB8nfedhidt i on of a pattern nask material; Figure 5
epicts the substrate followi ng the patternlng of the
ate electrode material by etching the gate el ectrode
iewieiladepistich rps-saetiginakvieys oba slibsirate prioigo issllatign tieachigghation
material; Figure 6 depicts the substrate follow ng the
includfngrarrbpbsjued okidt hed 3 depositedanigidelfayeny r egi ons adj acent t he
gate regions; Figure 7 depicts the substrate follow ng

n_of tran i.sto urce and dr
lavf&%%&sg%%ass sgetRaRiay o Beantoh TS E i Racisahfon
é%éf si.dewal | insulator material fornmed over
fomatl“ﬁ’ea@ PP t he gate el ectrodes and dielectric
materials; 8 Figure 8 depicts two cross-sectional

VEigUR 30 eplcBH QBS-REtidih BHER of the ShbsHER IS iRy fR IR isolation

formation and subsequent planarization and following deposition of the high-k gate dielectric;

Figure 4 depicts the substrate following deposition of a gate electrode material over the

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

Figure 5 depicts the substrate following the paiterning of the gate electrode material by

etching the gate electrode material and the high-k gate dielectric using the mask material;

Figure 6 depicts the substrate following the formation of the source and drain regions

adjacent the gate regions;

Figure 7 depicts the substrate following the completion of transistors having source and
drain regions aligned to the gate electrodes of Figure 6 and showing the sidewall insulator

material formed over the sidewalls of the gate electrodes and dielectric materials;



where the gate el ectrode overlies the substrate and 8B
depicts a region where the gate electrode overlies a
shal l ow trench isolation region including an
insulator; Figure 9 depicts a cross section of a
substrate illustrating the formati on of another
preferred enbodi nent of the present invention, wherein
a channel material is forned over a portion of the
substrate prior to the deposition of the gate
dielectric layer; Figure 10 depicts a cross secti onal
Yicur Sfepmiob esrostsegionnl iewcelgesing afiiésuse &%k depcts a region
enbodi ment of Figure 9; Figure 11 depicts a fina
where the gas elsemidec onealiey fhewnlstrateland 8B ldspictanaegién Wherathe @te electrode
following the conpletion of the transistors of the
overlieendatloweehchokolkiiglegiof invhelirg sxdnmladr; t he devi ces
i nclude a channel | ayer underneath the high-k gate

el e .C; ure 12 Crass s ctlonal W
HRICITRSE 1 PIOPEASP U DO R e aCor 8 Sotithe

invention in a conplenentary or CMOS enbodj nent, with
preferrgql e@phgadgn% pfthe @@semgnvem% aerem g @aan% gretarights é‘qprrrg:d overa
schematic of a nenory circuit of another enbodi nent of
portiontofithe sibsgratetfirom fo thie depasitivg of thegatordodectaueleyéronal vi ew of
a conpl eted nennry cell and perlpheral CIrCUIt of the

g%blt(r)edi d@ tlc\t/slozIe cro sfgsect(reon I’SWF\@ f)eadnoé}?% StSP rocessm% & preferred

unt er.- doped channel naterlal that is ion |nplanted
e“mompﬁnf ¥4 dount er - doped channel in the substrate in
wells or in the substrate itself. 9 Correspondi ng

FURS Bl Gepiich ANATRAISS sdchlodd @ied JitiRy RBhtratd SUTSre 9 following the
generally refer to _
completion of the transistors of the embodiment of Figure 9 where some of the devices include a

channel layer underneath the high-k gate dielectric;

Figure 12 depicts a cross sectional view of another preferred embodiment which

illustrates the invention in a complementary or CMOS embodiment, with n and p well regions;

Figure 13 is a portion of a schematic of a memory circuit of another embodiment of the

invention;

Figure 14 is a cross sectional view of a completed memory cell and peripheral circuit of

the embodiment of Figure 13; and

Figure 15 is a cross sectional view of a completed embodiment using counter-doped
channel material that is ion implanted to form a counter-doped channel in the substrate in wells

or in the substrate itself.



correspondi ng parts unl ess otherw se indicated. The
figures are drawn to clearly illustrate the relevant
aspects of the preferred enbodi nents and are not
necessarily drawn to scale. 10 DETAI LED DESCRI PTI ON OF
| LLUSTRATI VE EMBODI MENTS The operation and fabrication
of the presently preferred enbodi nents are di scussed
in detail below However, the enbodi nents and
exanpl es described herein are not the only
%ﬁglicatjons or uses contenplated for the invention.
regpyad ingingmerbodidrsmbels ¢ e dfieent figeres genepilly refer to
illustrative of specific ways to nake and use the
corresfiondiop pantaynless dthdovisoindicateil t THeHmuss apalradn td dearly illustrate the
i nvention or the appended clains. Figure 1 depicts a
relevartt b§p®sts e thieippafadre dvéntp dirhenddanidRteett ab@ssacily’ drbtivh td &alenot
drawn to scale, but drawn as an illustration only.
Sem conductor substrate 101 will provide the basic
material for the manufacture of the circuit.
Substrate 101 is shown with a pad oxide | ayer 103 and
a nitride layer 105 deposited over it using typica
deposition processes, for exanple the depositions my
be a chem cal vapor deposition, a plasnma enhanced
deposi tion, or any other blanket deposition known in
the art, such as reduced pressure CVD or others. The
nitride layer 105 can be forned by LPCVD with a
resulting thickness of around 500A- 2000A Figure 2
depicts the device 100 after the nitride 105 and pad
oxi de 103 are patterned and etched using
phot ol i t hography techniques to forma hardnmask, then
an etch is perfornmed and the hardmask is renoved, the
etch may be for exanple an HF or piranha etch, the STI
oxide 108 is then confornally deposited. The trenches
may be about 1000-5000 Angstrons deep or nore or
| ess, in an exanple the conpleted STI trenches were
2000 Angstrons deep. Oxide 108 nay be

10



deposited using high density plasma (HDP) or other
techni ques, for exanple TECS nay be used STl oxide
may be formed by HDP) with a thickness sufficient to
fill and conpletely cover the entire trench, for
exanple it may result in a thickness greater than
5000A. 11 Figure 3 depicts the device 100 foll ow ng
the rempval of the excess trench oxide, the nitride
| ayer and the pad oxide |ayers 105, 103 and the
deposition of a gate dielectric layer 110_ 1In the
DETAISEP HESCRIEPON SVRLL cReriagal: medepigaNTgol i shi ng)
processes are used to chemcally and nechanically
renove the trench oxide, nitride and pad oxide |ayers
thecopmigtien and fabrieaipe ef the presently pirefbireslembyasiroents arediseisoed in
regi ons 107 which extend to, or even above, the
detail gl devayer, theeenshod et and exdopleoddseripet] there@\a?e anidhaonly
clean up step, in a first preferred enbodi nent of the
applicatehfodused cdankeenplated fomthedfyensioh. Mibe sperifey dralsidathedtayigdussed are
(oxide, trap-free nitride or nitrided oxide) (111) is

merelyf iltdMREvEOT pedifiy wapd © rhdk® a8 8 bselth@in@enkFh, Ao lifTilthe scope of
regions 107, then a high-k gate dielectric 110 is

the indBRASI R Bl Rdlchgmi Nt er f aci al | ayer (111). Depositioh
of the dielectric material may be perforned by any

known nethod including renote plasma CVD ( RPCVD),

Higwed depistaaceess SYDoREGYD)f anantegriated (cirgwit 1 (ot diatsinda scale, but

(ALD) MOCVD, PVD, sputtering or other nethods known
drawniagart Hlesteation oklygBerkiconducc sutistate a0 ewilhpeeide diedlagic tnaites ] for the

whi ch have a dielectric constant k of greater than
manufado@rabf Se@irciin Sublitakeskati ris shovansitteapadf oxide by i10Bhnd a nitride layer

conventional silicon dioxide dielectric, and possible

105 dePbgited kvélithsafl thpie sl depssititherédebdes, For exBinple HE degoifibR HAY be a

pent oxi de, haf ni um oxi de, hafnium silicon oxynitride,

chemida® D402 BPBs R h e asndNhn i 2§ Eie;g)isﬂi%ﬁ,kor th l)gllge l.e ket d%)osition known

material's known 1n the art. range o ri
o e SEUTARRLSEELR 80 A 0 ITEL P Rl e o
LPCVD G AN Bikhid8 around 500A~2000A.

Figure 2 depicts the device 100 after the nitride 105 and pad oxide 103 are patterned and
etched using photolithography techniques to form a hardmask, then an etch is performed and the
hardmask 1s removed, the etch may be for example an HF or piranha etch, the STI oxide 108 is
then conformally deposited. The trenches may be about 1000-5000 Angstroms deep or more or
less, in an example the completed STI trenches were 2000 Angstroms deep. Oxide 108 may be
deposited using high density plasma (HDP) or other techniques, for example TEOS may be used
STI oxide may be formed by HDP) with a thickness sufficient to fill and completely cover the

entire trench, for example it may result in a thickness greater than S000A.
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oxygen containing dielectrics, nitrogen containing
di el ectrics, conbinations of these and nmultiple
| ayers of these. For k > 8.0, the dielectrics may
i nclude any of Hf 2, Hf Si Ox, Hf Si O\, zirconium such as
Zr @2, alum num such as A1203, titanium such as TiO2,
tant al um pent oxi de, | ant hanum oxi de such as La203,
bari um strontium conpounds such as BST, |ead based
conmpounds such as PbTi G3, simlar conpounds such as
SrTi O3, Pbzr(3, PST, PZN, PZT, PM\, net
g%ua% depfgts Jfe deyice & Qggoélowef@&ta? Fesiovith o s XGRS %@% the
mul tiple layers of 12 these. An anorphous high-k
nitride éHYéII adthe an axidg Iayesy B9% 408 anddbelfepepition pka satagielsstrigdasgr 110.
preferably the anorphous material conprises at |east
In the ismoya steph " MP é¢heniqal peghndichlbmlisling)rapaesiss aredwed touhemicslly and
not grain sized. Low thermal processes are required to
mechamrgdllytramnve the trangr qide, sitmdetaad ipad oxide tahers tadéamhaett tecixide filled
typically the processes nust remain at <1100 degrees ‘
shalloviceérvh lisolatibn@eg oy 10T GulSch &@indfo, o SvdnQbBRY tHeYsurface of the substrate.
i ncorporating material such as Si, GCe, F, N, C

Followfg thd CMPT#hd al@ednp s é); inWfirdt pref@ﬁ‘ed e?ﬁbodﬂﬂ&t BPtHe'?ﬁ@th the

dielectric material sBefore the high-k dep03|t|on an

inventibRlaMthinNh@FA@A1R)er &Y&r ra ﬁeéjt??rgﬁlotr ﬁgﬂ%etdmx de @lﬁqzlsl f8rmed

reqwred to mai'ntain e ctron

ool MRS 0 b SRR
depsif &ﬂw&hed‘é*b%%flflﬁa%ef@ﬂﬁerﬁ orned by the ol lowng

process steps. Deposition is perfornmed and nay be

MR SItiGRer thy di%le&r&fmm/ﬁaa}i\ﬂbé BerfWe@ b9 aSHK R wARBthb@Wcluding
tenperature (<500C). Final treatnment by thermal or

remotelIRARARVIS (REC D)), rfﬁ&nia%nﬂﬁic@(i i (PEW]%%BBMH}%r deposition (ALD)

structure in the high-k dielectric e dielectric

MOCVIRYS/D gpq{%i@g%gm&,@ﬂngtﬁoa L&Al e aﬁaﬁ{gp lgﬁgtgaé 8 those

eXanpl’e trons n one prefe

d‘e‘e“ﬁ%(spgﬁlc RS Q‘hl%mtc kot Fsne? T enLiT R Ty sgnstan o

typical conventlonal silicon dioxide dielectric, and possible high-k dielectrics include silicon
nitride, tantalum pentoxide, hafnium oxide, hafnium silicon oxynitride, lanthanum oxides, and
other high-k dielectric materials known in the art. A range of dielectric _const-ant 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, combinations of these and multiple
layers of these. For k > 8.0, the dielectrics may include any of HfQ,, HfSiOx, HfSiON, |
zirconium such as ZrQ,, aluminum such as Al,0s, titanium such as Ti0,, tantalum pentoxide,
lanthanum oxide such as La,0s, barium strontium compounds such as BST, lead based
compounds such as PbTi0s, similar compounds such as BaTiOs, SrTi03, PbZrOs, PST, PZN,

PZT, PMN, metal oxides, metal silicates, metal nitrides, combinations and multiple layers of
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equi val ent oxi de thickness (EOT) of |ess than about
2.0 nanoneters. Figure 4 depicts the device 100
foll owi ng the deposition of the gate el ectrode
material 112 over the high-k gate dielectric and the
formati on of a patterned mask 114 for use in etching
the gate el ectrodes. The gate electrode material 112
may be of polysilicon, doped polysilicon, netal
conposi tions such as titaniumnitride (ﬂlw,
ilici of netal gate ctro eri
these. §apoimrorHACh ikt amff‘g‘%f TS PR HE L gferably
greater than or equal to may be wused. In a
the amswéﬁlé%m@tsmé (FRBATHAS 3t lops éo‘éa&f éhfh@h?lé?tﬂ%tﬁnq lags o gggye oundary and is
polysilicon gate electrode material deposited, for
not gragnx sirgsl Bowiermatrncesses RETAIUIRIDD printas thetamonpholus olteeigkin the
of about 1000 Angstrons and is conventionally doped
dielectrip; tgpitallyahe propésaest regbt vinhdin ar<inod yepeeed @fedsmis, Theirhorpbous region
antinony, 13 phosphorous or arsenic, or doped or
is formiettbly amdogebrainighinAerixl fydhas §QERNF, 6.\C,IB, @5 AOTi0Ma, liande B W, Y,
or alum num The hardmask 114 defines areas for

Ba, SrfadPbNgotthSdislesitio ma@ihRBefoRChE A% RY8Sitiéd)8n SR Rit&BLRI layer
and for areas for maki ng connectivity at the

is depcﬁ%&’ Mib 125N }é?:]%ﬁ'éd RUdinthii&letkbn/h&E 'n%ﬁltﬂ' fT&% 55 and and clean up

formation of egateeectrode nmat er |

steps a?%ﬁx%]gr 13 Qho%g Heif?usgg Wltﬁ %o%g{loﬁalp ga%‘é Ex1d£ gx%vs%] ﬁmchll%g g)%ﬁe,

Ive Si

nitride] SF O G P B {vl”%ho%&@ﬁ LTS8 s

ortions of the gate el ectyodes, which )
steps. ﬁewftvn& Praformed fipkmat beeriommedlsy AtBar }Vé@éVinwékywvdﬁgssure

that are not visible in the cross section of the o
and lopjtejppesature; (goROC)sF igalpi, treajmepidbydagrmeborpdntars peréorggeo maintain
cross sectional viewas in the prior figures
the ampggbbustgtuaminghehigh-kalpeledtriic A hp dietegtrivdayteh thug ataluced is typically
el ectrode material 112 and the high-k gate
fairly thin, for example 1-100 Angstroms. In one preferred embodiment example a high-k
dielectric layer of HES1ION was deposited to about 40 Angstroms thickness and having an

equivalent oxide thickness (EOT) of less than about 2.0 nanometers.

Figure 4 depicts the device 100 following the deposition of the gate electrode material
112 over the high-k gate dielectric and the formation of a patterned mask 114 for use in etching
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 electrode
materials used in the art. A metal gate with a work function of greater than or equal to 4 may be
used. In a preferred embodiment the gate material is a doped polysilicon gate electrode material
deposited, for example, by a conventional CVD process to a thickness of about 1000 Angstroms

and is conventionally doped in sifu or implanted with an n-type dopant, such as antimony,
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dielectric 110. Inportantly, the etch is then all owed
to continue into the substrate 101 and into the STI
regions. 107, to extend the etched region to a depth
which |ies below the bottomof the interfacial |ayer
(111). In figure 5 the substrate 101 is shown renoved
to a depth below the bottomof the interfacial |ayer
(111) by sone anmpbunt, the etch used is also highly ;
sel ective for the STI oxide and renoves significantly
nore of the STI oxide 108 than it does of the silicon
phosphetdys tor asenid,®1 dopridios implerted with'a polyppdenastsuches brapmandiuvm, or
the bottom of the high-k gate dielectric layer 110
aluminamd the interface layer (111) is an inportant aspect
of the invention, as it allows protective sidewalls

e e furt er .descri
ekfl ﬁfn@v{éﬁ?“ & W?ﬂfg{ %’r‘imH’fg AP GEFR ?ﬂﬁ%li"gjﬁseﬂ‘\”/% fhe bstrate,
ther inmpurities jnto h-k di el ec into_th
and for 35508 P HE AN BRRERH Y REhe BP&F’%E‘P‘} kexel Qivef t@ (A L%, The
or into the interface between the dlelectrlc and the
formatipatod the gata qlesirede mierial §12 vaH npherepte amectiyg gevige ger thee> T1 regions
invention as inpurity intrusions and the resultin gli
107 (asethereds B9 active edipercarad foy regavensi subsbqosit der¢eand dagie diffusions) but
believed to contribute to the problens of the prior
insteadprbviiEdSidd@ioh slesnipecaditicadasvib thos & pginohs @falhegal eba@nides, edhich may
Figure 6 depicts the substrate 101 of the device 100

in factioRerBEABERAEEar¥dstif thR sPbBRRIih eshions M te0{isbie ihhig cross section
present invention after |ightly doped drain and source

of the figgbons 122, 124 are forned, and pocket inplants are
performed to conplete the drain and source regions
which are self ali%ned to the gate regions. The gate
diigere Solgpicts 1he deyiged O irethe same eroamctlmgw@ms gohe e@orafr&ﬂlres
drain diffusions 124, 122 together forma planar MOS
followingansicht stap. wibetppatding gheogatd ¢lecttodp enatefial H@paditle higlel ghta
the source and drain and the substrate, the
dielectric aNG.iIGiportentypthe REh o than Ridwydao bEdbinué inddthe Stilsstrater] Odmand\into

type MOS transistor. In conplenentary MOS transi stor
the ST PgREK abBdo ExtbiscHihb et region to a depth which lies below the bottom of the
interfacial layer (111). In figure 5 the substrate 101 is shown removed to a depth below the
bottom of the interfacial layer (111) by some amount, the etch used is also highly selective for
the STI oxide and removes significantly more of the STI oxide 108 than it does of the silicon
substrate 101. This "overetch" or patterning beneath the bottom of the high-k gate dielectric layer
110 and the interfz;ce layer (111) is an important aspect of the invention, as it allows protective
sidewalls to be formed (as will be further described below) that will prevent the intrusion of
oxygen, hydrogen or other impurities into the high-k dielectric, into the interfaces between the

dielectric and the substrate, or into the interface between the dielectric and the gate electrode.

This is an important aspect of the invention as impurity intrusions and the resulting effects,
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the transistors may be forned in well diffusions (not
shown) that were perforned prior to the STI region
formati on described here, as is known in the art, the
wel I's being isolated by the STI regions. Conventiona
ion inmplantation and thermal anneal processes are used
to deposit and formthe doped source and drain
regions 122, 124. For source/drain inplanting, P and
As can be the doping species for N+ S/D and BF2, In,

used P+ S/ D.. The anne
especia e i TaOR e Peleatl  SAPPLR A 1100y theticsen NOS
and is Iess an %OO degrees C. Well diffusions can _
deW“%ﬂﬁ%Wﬁ%EWWEPB %d@ﬁ%‘?%ﬁ“c%ntl punch through and channe

I mpl ant steps. Figure 7 depicts the substrate 101
Rt adpibtd e sﬁtsatra@%tlbp Bf Bk dbN& F0ARWEokdaRBAGRN § plefBred

source and drain diffusions 122 and 124 are forned I n

embodﬁrﬁe ot 4 r[aé%h? nQE R/ agogﬁJ lg@:tlggg% %(ﬂgﬁcﬂdu?&e rﬁé&% 122, 124 are

annea pr oce nown 1 n

I
rormed RXEO: RARMf ik e po B Eﬁep?l%\?.a&é syl BBlob] Myigh are
: th d I trod
self ahz%f? & ?%‘g RR %%éméa%w&ogm Srind: %Bgfollé%dﬁ‘%’l the3qurqe and
The sidewall is preferably nitrogen contalnlng
drain dl@@eﬁla%s b4 §¥3 'ioe%fherrfpm aa@nwd‘ff@&tranwstah@ewlrw@nt e type of

deposited by | ow erature deposition techni ques
dopanty ysed indhegpurreud dam ancipsebsphtashetrgmRBEYDNAY Phefa P type MOS
sidewal | 15 spacers 120 may conprise silicon nitride
transist$rSirahAN type MOS traostaxiprotmpledeatary] MOS tpmefr ineeprated circuit 100,
enbodi nent the oxide or nitride sidewall spacer may be

the tranS9tbBnAAnigsformebinw diedifildiens{i&fses wdhateveadPdridoringd $5462 to the STI
nitride deposition with a process tenperature that is

region SBFBAIRAIdeld?RRd BAQ, AAIKRR™ in G £, U vAIE bBRR KK RS ehY ST
m nute deposition timne. Follomnng the steps descri bed

re 1onsS@or§v%ﬁt15tfal {oRMbLREHGE ARCLSRES 4 Ral eb Rre ks @46 Refosit and
24

Integrated circurt 100 1s co et ed usi ng
form th% ‘&QHe%%hn%Q Ahd §GI SOBRUERO 2P FICGRRLAGiS &Hg‘ntf’i&%, P& As can be
the doping species for N+ S/D and BF,, In, and B can be used for P+ S/D. The annealing
temperature is preferably approximately 1000 degrees C and is less than 1100 degrees C. Well

diffusions can include well formation, anti-punch through and channel implant steps.

Figure 7 depicts the substrate 101 following the formation of the sidewall spacers.120,
source and drain diffusions 122 and 124 are formed in the substrate areas using ion implantation
and thermal anneal procedures as are known in the conventional art. Sidewall spacer 120 is
deposited using a non-high-k dielectric to provide a protective spacer over the sidewalls of the
electrode and exte.nding beneath the bottom of the high-k 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 plasma (RPCVD). The sidewall
15



known in the art; for exanple silicide may be forned

by depositing a netal such as titaniumor cobalt and

then treated to formself-aligned silicide, or

salicide, on top of the gate el ectrode 120, the

source and drain regions 124, 122, and other areas to

provide a | ower resistance and i nprove device

per formance, however this step is optional. Follow ng

the salicide step, if used, interlevel insulation

| ayers are forped above the substrate using depgsition
spacersdl 2l gRavice e igonguitge (SN grgdicop pxvitifides. dbmprefariednal

insul ation | ayers, tyPicaIIy silicon dioxide is
embodimephiig oxide pt Aittdegidenallgpacer pay bedhd 0 Andsteomestreide| Tiegreferred

the insulators to expose the source, drain and gate
example issCYPouteide defrmeitionegthl a frpgpsyicapemtuse thiad ik gebateir tHan 500 degrees

conduct.ive material to provide electrical connectivity
Celsiusfahd approeinalkdly  atinge dépgeios tialeove t he interl evel

insulating layers down to the gate el ectrodes, the

ource .and the drajn regions. Metallization |ayers_o

Kl ha e gers 5819&@? : S%frayt%kfgfw BierrEnss arpiipn gl in Figure'7, the
_ interlevel insulation |ayers using known techniques
integrated) ciouis1 09 is FRmmplatuptag S0 ventinrbienygasducier Ripcessingsigps as are

danmascene copper netallization process to provide one,
known gy thg arfefonpxamle siligide mper be farmad byrdgposition p anstal sheh asitanium or

and make el ectrical connections to the gate el ectrodes
cobalt ah@iZhent theateddoi farm salfehligneal snlicideggi ahisidd, 4, tofd 82the gate electrode 120,

Conventi onal clean up, passivation, die saw,
the sousdeagd Hain @pionp &K aQ2 RPd ot BaBHH ty proditd atlewhr 1B4iSEGceane improve

used to conplete the integrated circuit devices forned
device P@dr@n EURSKERE Brisldddp is GhEHaE FERoWHaPR kel salidldd /5818 used, interlevel

magni tude view of a cross section of a gate el ectrode
insulatibt ?ﬁy@l@%@foﬁh@&&%‘v@ t}fel%lgb%{d%e#kgﬁ%fepésnﬁm' SpE &éﬁt@ﬁte oxide, nitride

i ncluding the sidewa a region over
oo AR e L B G O B SR 0
L e S % PL O S e
resultintgy\}?eisca?é fllle(:"dt vgljgl?ggnsc’iugtlijv%%aetlgriall_'{f) Ig:rlg%crlré gltec[,t%/i'cal connectivity from
metallization layers above the interlevel insulating 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 a 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, the source and drain

regions 124, 122. 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.

Figure 8A depicts a larger magnitude view of a cross section of a gate electrode 112 and

dielectric region 110 of the invention including the sidewall etch in a region over the substrate
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Fi gure 8B depicts the sane |arger nmagnitude view of a
cross section of a gate electrode 112, and dielectric
region 110, over a shallow trench 107. Depth B
i ndicates the depth of the etch into the HDP oxide
108 previously disposed in the trench 107 as descri be
above. Wiether the etch is perforned as dry or wet
process, the etch is very selective to the trench
i solation oxide 108 and thus the depth B'is very nuch
reater than the depth A The depth A can be smaller
101. Dregpthy/A ingthefigHig lthlféat%ﬁefb@ fenth efthe B@Cté‘h*ﬁls}déwalﬂ Righ iptg the substrate,
nanonoeters in a preferred enbodinment. In a preferred
the etahreth thi aleatiodesiie forat the sigwalisgs mtyBicdbgry letch or svetietch asing tygical
or greater. It is known in the prior art that the use
etchantf suckduldEdhspatrg processes for manufacturing active
MOS transistors using high-k gate dielectrics may

S0, Pl B ST B S
112, ae((ijl S‘?}%E’gqggﬁlﬁ? gﬁﬂt %rgérgalaﬁh?lf% O? ﬁ%@rﬁ{eg %(P Hﬁésttﬁ%gefptﬁ (I;]fethe etch

roduct.i on_ of pe. MOS tranS|stors Fig
into fh&éH?% pxide 163 Pf§’(1°§5tllé pispasedinghe rench 103 ps wssabﬁzah@ge i Whether the
integrated circuit 130 including devices of the
etch iy peviermedas dneowpirescsh theztdtis semededhvanmtie teageisolaign oxide
the stage of processing depicted in cross section in
108 arté thu the GeptBlis vayginand gldikr dapalicadepth A PttealepthrA giroiessneiler than
sem conduct or substrate 101 that has been arranged

4nm and R depth MERAR, snall6i0hen 20 RMombSidrsan 6l prfd i datbdimeat. gfa
132. A channel material 142 is shown deposited over

prefertdd@nibé Bt dnfih® ratd oftdléﬁth A 1PAGPat béatst Qk giehet NE
periphery area. The channel material is not deposited

over the STl regions 137. This channel nmaterial is
f s kneation dheprioy peithes thegise ogeduasd segilnprgcasses for manufacturing
~ strained SiGe |ayer deposited over only the core area

activeNOB tignastprs osiag highek grsdiekcirineniayregnire idslitpeal phierigls toincrease

perform asynmetric processing in the two areas, as i s
perforkianyd) Fornexiahleaittis kdvywn tb e #2681 1S€ ,Geast SiGd channel material to
increase the mobility of the carriers, which is particularly important in the production of P type
MOS transistors. Figure 9 depicts a first step of a process for producing in integrated circuit 130

including devices of the imnvention incorporating a strained channel layer.

At the stage of processing depicted in cross section in Figure 9, STI regions 137 separate
certain regions of semiconductor substrate 101 that has been arranged into two areas, a core area
131 and a periphery area 132. A channel material 142 is shown deposited over the substrate in
the core area but not in the periphery area. The channel material is not cieposited over the STI
regions 137. This channel material is for example a strained Si, Ge, strained Ge, or strained SiGe
layer deposited over only the core area (using a protective mask formed over the periphery to

perform asymmetric processing in the two areas, as is known in the art) by, for example, an
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epitaxial growh using in situ doping, the channe
material 142 is forned very thin, and may be about
200 Angstronms or less in thickness, in a preferred
enbodi nent the final thickness obtained is 100
Angstrons. The channel material may be any of several
sem conductor materials, conpound or nultilayer
materials may be used, including Si, strained Si, SO,
SiGe, SiGd, G, strained Ge, and conbi nati ons of

.. thes In S|tu oping is u and t al a boron
epitaxig aﬁ'f padng (2 g 365)1 glm é\a ‘begﬁ@tet”ﬁle %ﬁaﬁﬁ@ﬁg ey thingngmeay be
transi stor. Other dopants that can be used are A,
about 290 Apgstrpps opleéqqxgﬁh!@krsess dhypiiered embodigent thp ﬁfl@rthlckness obtained
n- channel s. The channel region is also thin, in an
is 100 dyagstpines. iThe vkasnelhnateranl mahha aauboﬁmvez@laemp@sdumlsmterials,
Alternatively ion inplantation could be used to dope
compduhé ochahiigler magiiol nipytbetudeds imvbidgdSi| sraiv@d SASSOI, SiGe, SiGeOl, Ge,
preferred; the epitaxial growh approach described
straindd@beg aitd édmbifk@ionfoSthede. HOPL AGPIARYSs Used &k t?flbﬁgl 4 Bora® débant is
“predoped” layer. Followi ng the epitaxial growth of

used & BSinfRAABPEIhe Lk Nt HE-NOS €rah SO BBher @0&1‘3@ théﬁé@ﬁ bOfisePhre Al
144 is preferably deposited over the channel

Ga, In'f@ﬁ?g}b S%la G%EHS PI o%&}d 'gﬁ \gcl,é{‘?l)e/&ltaﬁr?eléagﬁggﬁ%&él&b@%m}]@ﬁ% thin, in an
apno

example Q? thmneyih ghout %6(5 MR0R R ARE gat?v%gfltlgt\?\%h?lanr}atwn could be used

pre erence manl um oxi

vi tab form ubse essin ps if
to dopp i el FtoR M P BB Tt Berierroo PRt thgowH approach
rmani um oxide is | ess desirable; a native OXIde
descrlgﬁdi hereaviffaipe ¢ gipdapineaRavebsssiead & @ ipesfaped” dayer.
‘subsequent steps, so the use of the silicon

SPQdwihEihdlephAY R ?ro;lv&ﬂ oPhRVh ARSI ©9%h ﬁf%lcofévr@%mﬁ@ bhap ﬁzf} of Si

native oxi de.  owi ng the deposition of the chann

144 is &)%{ggblk Qleé]{&llé aCI u lﬁﬂznrleﬁ%ﬁ%?&ﬁ %‘hxsqgagfen 'isﬂ%e% QSPa S cﬁxaal layer to

ayer i's ag

subsecaxexétlﬁ1 o é)tnpla = %foyg'\yg‘raélﬁ?Zé’xldm \gfé:lglix h&a gﬁglg oneshog more or less, in

interfacial la 7 as descri
preference to the germamun¥ ox1de that woulg 1nev1tablf

e a

Porm dtn)mng subsequent processing
steps if the Si layer 144 were not present. This native germanium oxide is less desirable; a native
oxide will always form on an exposed SiGe layer in subsequent steps, so the use of the silicon

sacrificial layer 144 provides control over this thin native oxide.

Following the deposition of the channel (SiGe in this example) layer 142, and the cap
layer 144, an interfacial layer 147 is again required to maintain good carrier mobility and the
high-k gate dielectric layer 148 is again deposited over the interfacial layer 147 as described

above.

Note that at the transition from the core area 131 to the periphery 132, there is a small

step down from the core area, which includes the strained layer, the silicon cap layer, which are
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Note that at the transition fromthe core area 131 to
t he periphery 132, there is a small step down fromthe
core area, which includes the strained |ayer, the
silicon cap |ayer, which are 18 not present in the
peri pheral area 132. The transition should not be

| arge since the thickness difference is small
typically I ess than about 100 Angstrons. The remaining
st eps of processing for this enbodinent of the

i nven n e aga descri ab ve for. th
not preé%nim eﬁﬁ@w&%‘ﬁ%ﬁé? IPe rpnsttions ﬁ l gft be ﬁﬁr@a.s'éwa e thickness
depicts the substrate 130 followi ng the formation of
dlffereacerfas‘z,lpealﬂ dyRipallydess thanrabpyid O dngsteqesct r ode material 150
and the high gate dielectric 148 and the etch step to

pﬁ{etr%&nﬁ@%e%é) Bf‘?njbt‘e%sxﬁ!g B 4iQ gﬁ%odﬁ%gﬁt' I A IBVEROR are again gs

el ectrode used to pattern t he gates Is conti nue

descrlﬂ‘éla Jg tglethgggljﬁelsérﬁlpod%%n‘%pgtﬁhé f?ltvgnt{ Eeﬁ% gﬂﬁeg cRYfd sdlézlt?ate 130

e core reglon Into yer
stra

e S C .
foﬂowwértﬁ‘sepﬁé R S B B e R TS F%fi‘esm%ﬁféaléﬁﬂﬁwﬂﬁsalgh
evi.c rce and dr ai s 164

gate d‘F’SF‘ﬁ‘égﬁﬁﬁf“{:gﬁ CAsieBAuPatEELAM: O?‘h-gﬁ i%&“%%a %ﬁﬁ’é ¢ gs?{eee&gtmde
as descri bed above, pocket inplants and ht |

etch usgfl 40 Patisroibe sapt contiyed Hall thretehsgep exdends lw rﬁlet éer 142 in
art. In a preferred enbodinent, in the core region,

the corelregioteld lowed intodhesoradd layer 4 A8 imSMaegibuy 109x et sybshitg hurface in
gate dielectric that has equival ent oxide thicknesses

the pefifHEHy) regioes 13%s t han about 2 nanoneters; while in the
peri phery region, the devices have gate dielectrics

ot I i sl S5 R D o miglva B aRd162

al terpatj ve enbo |nent of the invention in a
fome@@:e?qnaﬁnuqnﬁ | Jopgrirerlapband gagsad geprg deygid E‘é)ﬁttﬂvén%ﬁ{%%h‘??lants and

MOS transistors 209, 213 forned in a silicon substrate
lightlyzigped drain processing steps may be used as is known in the art. In a preferred

embodiment, in the core region, the devices are smaller and have, for example, high-k gate
dielectric that has equivalent oxide thicknesses (EOT) are less than about 2 nanometers; while in
the periphery region, the devices have gate dielectrics with equivalent oxide thicknesses (EOT)

that are greater than about 5.0 nanometers.

" Figure 12 depicts an alternative embodiment of the invention in a cross section. In Figure
12, device 200 has complementary MOS transistors 209, 213 formed in a silicon substrate 201.
Prior to the formation of and etch of the STI regions 207, the substrate is selectively implanted
with p and n type dopants to form n wells 203 and p wells 205, these implants are followed by a
deep annealing step. RTA or rapid thermal énneal processes may be used. Alternatively, the well
implants may be performed later in the process using known through-layer ion implant and

anneal steps, for example after the channel and dielectric material are deposited.
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Prior to the formation of and etch of the STI regions
207, the substrate is selectively inplanted with p
and n type dopants to formn wells 203 and p wells
205, these inplants are followed by a deep annealing
step. RTA or rapid thermal anneal processes may be
used. Alternatively, the well inplants may be
performed later in the process using known

t hrough-1 ayer ion inplant and anneal steps, for

e after t and di ectric nate i al
dﬁwgﬂe{%&r plaspeg ﬁel 0@@ 2@4 ¥ fymed desitopionehopighesttgench
formed by deposition over the etched trench regions

regiong apd P i é‘seiﬁf]sté gompleieshgshalewirsachsirelpiions, 20 7.ap bpfore. A layer of
~isolations 207, as before. A layer of strained SiCe
strainegrS1Ge pastrieepdSil 1§ depauisdsispiads dassaibed dovedyepitbad sapothelf
by epitaxial growth. If counter-doping is to be
countgrelioping netd, betpedorniddethemthe nmntl yepd tramisios tegions @dF amb2@Laill be
and 209 will be doped in different steps to provide
dopedtih diffecant steps toyppevidef the cstrdcetypd opahter-tspaat. [Ugually, counter-doping is
counter-doping is perforned right after well

perforfn@f Fghi #3er 38 fhehasealitteford hid @ xiie fariation ThE A6p Lripeshel
channel material is shown as 214 for the n type

materltaf RBRdvw A214%3: theh Qyp%]t%ngl%r % 130% tthg @rgﬁdcq;th(ﬁﬁlst%pg

he next steps are as descri ed” a ove. 'S use
for the channel material, then a sacrificial silicon
| Ahenexpsteps ate gy daaprited ableyoHiSiGdisosed for thetobaprebmeterialathen a
germani um oxi de from formng and to cause a preferred
sacrifiSiaD@licvat layee 206 isdeowwof duposited @ verhit 1 prévteat £ gemahiuhmaoxede from
as described above. Follow ng the deposition of the

formir§ dnldG® Badsa@y refetZd SA0U nhid Ix@leBFdrANthOthit Meerfabiablal@Gk @bscribed
| ayer oxide, a high-k gate dielectric is deposited

aboveoﬁcﬁfovﬁ% the Q83 R1on BRILR rsllﬁl)m 188D A0%ind lﬂfé%nﬁa?loh%l‘ﬁ{e iR8Aacial layer
in the Tigure. Gate electrode material 1s then

oxide %qﬁgrﬁ 2k %ngtg d?e“f rid ﬁgé(gﬁﬁécfa&\yeﬁ{h% fcﬂgnngﬁﬁgtrxhgeaq‘gqg %’o%m a% qg/er 222

ayer Int ure

in the ﬁgF eg% %cgg?&e materlaciI lSatﬂ (tieposfetdcor\]/ers t‘mee Hlefectnc as g]escrlged above, and

is shown as layer 224 in the figure.

A mask layer 1s formed and patterned and the etch step to form the patterned gate
electrodes and dielectrics is again performed as above. The etch used is highly selective to the
trench oxide over the channel material and so the amount of oxide removed in the sidewall areas
of the STl areas 107 is much greater than the amount of channel material removed in the other
areas. Typically the etchant used 1s 3 times or more selective for the trench oxide than for the

channel material.

Sidewall spacers 228 are formed at the side of the gate electrode and gate dielectric
materials by CVD; these sidewalls are a low k material such as an oxide, a nitride, ora

nitrogen-containing oxide. The preferred material for the sidewalls is CVD nitride.

20



el ectrodes and dielectrics is again perfornmed as
above. The etch used is highly selective to the
trench oxi de over the channel material and so the
amount of oxide renoved in the sidewall areas of the
STl areas 107 is nmuch greater than the anount of
channel material renoved in the other areas.
Typically the etchant used is 3 tines or nore
sel ective for the trench oxide than for the channe
er i al dema I 28 are fornmed at .the side
S fie S@%%Wé’l SPUBETRE e ght oo EateibmRy bo Perprapd i emove al
by D, these sidewal|s are a |low k material such as
femamg\% gimgbmatgrigh from i subgtrate, i eroig eRUBhSaliviingerpd@anay be
The preferred material for the sidewalls is CVD
formedivier thg gatezieeinpdas 224 e depagising lrimetq) @0 dreszapodecirodes andriwalting it to
a second etch nmay be perforned to renove al
form a sdreadencotgltohtitanaim may be i, $ouora ant drasuitegiona 249, 24P is: formed in
step is optional. Salicide areas 230 may be forned
the p-vell@egidine20jak ;g eh adypodipant2ad ameal] ekl so\@cdantdraih rélions 244
the gate electrodes and treating it to forma
and 246 afel f6ingk@, in @AWENIDTO3tHyLiAPiatMANABYnRE thS@fhantSHN %s p&fPd for these
drai n regions 240, 24% are formed in the p-wel
mﬂhm&gg@gns 205 using an n type dopant and anneal,
simlarly source and drain regions 244 and 246 are
formed in the n wells 203 by inplant and anneal, the
ddwsarss sesfipn opdigpretllepits e stiigbesetypd MO déder 2Bdasing Tlseurce
cross section of Figure 12 depicts a single n-type MOS
and draie diffugedtgioh arvthe gulsstraeiof o éypeatogards @iap 9pé fval aelith £ gouater-doped
in the substrate of n type dopants in a p type well,
channeMriaterial Ziays @rerflobdyeroRaniieyer SBhhikalateldidlectdin 222, a gate
interfacial |ayer 220, a | ayer of high-k gate

electroflé AbRFEIInA ag dtiorRl Qﬁ%@le 1Lk %%a@&frb@é Sﬂﬂﬁlar% single p-type
optional salicide |ayer over-the gate el ectrode

device §b§qs SBHLA i IﬁFa %hxrég.b%a‘?m Y&tce dﬂ@v&rﬁﬁ dﬁﬂ\%pbi i’l%ﬂ 2@% 9 Fp ypg in the n

Figure 12 ving source an rarn
well 2(%{ a ﬂo;pedtc%ﬁ)rﬁlei ﬂ.}’éljﬁ O,nan interfacial layer oxide, a high-k gate dielectric, a gate

electrode and an optional salicide layer over the gate electrode. All of the sidewalls of the active
devices over the substrate, and the gate electrodes formed over the STI regions, are shown with
sidewalls extending beneath the layer of high-k gate dielectric. The sidewalls may extend
through the channel layer as shown in the figure, or into the channel layer, but in any case the
etch will expose at least a portion of the channel layer and the STI layer beneath the bottom
depth of the high-k gate dielectric. Of course a practical device may have many p and n MOS

transistors formed as shown in Figure 12.

Following the source and drain formation of the devices in Figure 12, conventional

processing including a passivation layer, interlevel oxide growth, contact patterning, via and

21



wel | 203, a doped channel |ayer 210, an interfacia
| ayer oxide, a high-k gate dielectric, a gate
el ectrode and an optional salicide |ayer over the gate
el ectrode. Al of the sidewalls of the active devices
over the substrate, and the gate el ectrodes forned
over the STl regions, are shown with sidewalls
ext endi ng beneath the | ayer of high-k gate dielectric.
The sidewal s may extend through the channel |ayer as
shown in the fiqu or. into the.channel |ayer, but in
metal G460 riGeuioptl S fiforindy S eroSie PR g b g Op ot
t he chann%h Iﬁ¥er and.tgs STI, | ayer beneath_ the bottom
condugtingly ey oH@WHPGHPNREGiRE & Addtyps Eanspforg (o fpae cigeuttry.
practical device may have many p and n MOS
t Figh®! 1StRpRotsl¢i R H dAgr-s1WEn dtRer kb chbod Fdnk Q¥hE fhe novel
the source and drain formation of the devices in
process a8l §tRuchire oE@RVRRMIGNH Fi {u%Cl@?éééEgoA BEd MEhBY aray is depicted at
passivation |layer, 1 nterlevel oxide growh, cont act
. ' - ViR t [ [ I for ion .
the in 3 Rh 0 B i S i AR o8N s 3R et g i of
Tet al on [ I t | oy for connecting the
word (i Spay SRR S T B SV g P ofh v S i Bevis b
epicts a circuit diagramfor another preferred ,
exampls FA9F RS A TESISRDIRG hotie S Br BOe2L SHlORPIRg i i asogsp transistor at
the invention. In Figure 13, a section of a nenory _
a draiyfefrgipal, thegepperopding fransisiers pigt3d d sH3t 310randf3 13 Thei storage capacitors
bit line pair conductors 331, 333, |abeled B/L and
are fugidr eachanodplad pad fixesk potantinldV blateswisiol chay be poovaikd by 34 8n-chip
| abel ed WL and WL_. The core area i s shown having

generdtaurr sugpl@dpkermipdiich accest toansiger Blconed ® a3Rdrd 1323t itsSghbe
and 327 each coupled to an access transistor at a

termir@l &idh BiEhhe Aak sodrbeteARhAER RPAEHNY wheRhe icoirepSndih € wdidline has a
- 313, 315 and 317. The storage capacitors are further

voltagf PR LAHRLE D W Rd Bnd it&EuRRLERI B0 b 3P ﬁtn%eklemg GRAndBYrsREupled

provi ded by an on-chip generator or supplie

to tha%&?rg thllé‘ %t&f%?fé??%cggsg ggpgenhirng 5 ivﬁlte{?l%r 'Jhg c&%ﬁ%fﬂngt Bit fine select

transistor 301 or 303 has coupled a voltage onto the bit line, thus the four lines shown can select

one of the four transistors, or more than one, depending on the voltages at any given time.

In laying out the circuit of Figure 13 as é physical structure, it is important to consider
that there are many access transistor- capacitor pairs (storage cells) coupled to each bit line and
word line in the array. The access transistors need to be as small as the particular process will
allow and still have good performance, fast turn on and turn off, and a low threshold voltage are
important; the transistors that are "peripheral" circuitry, for example the bit line and word line
select transistors, need to be larger as they have a substantial capacitive loading to drive;

however there are fewer of them so increased area for these devices is acceptable.
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termnal and a bit line at its source termnal In
operation, when the corresponding word line has a
vol tage placed on it by a word line select transistor
305 or 307, it makes the transistors coupled to that
word |ine avail able for access dependi ng on whet her
the corresponding bit line select transistor 301 or
303 has coupled a voltage onto the bit line, thus the
four |lines shown can select one of the four
transi stors, or nore than one, depending on the
Viaptrgd & dlepipts 26905y pepdaAnal ivissy ofjaringragry sell ait  peswheral eanisistor
of Figure 13 as a sical structure, it is inportant
associgted YYB\% Hledegmory 5el, t&h%'ghrk &p'e dindenjr iefdbsnventionsPetios 400 is
capacitor pairs (storage cells) coupled to each bit
depict¢d onen povtion efsubstiaitadDli, whiches divided intolhmemogesgion and a periphery
transi stors need to be as small as the particul ar
regionpTlaeeplanasitlahsistalslacvghand, &1t7ii In thay&iphegdegion xbidmaase for
fast turn on and turn off, and a Iom1thresho|d vol t age

examp®d, Be ohd PR et tradi@tdrs ARE |a§‘3(9)1r 303,13@%, F7an (RYEROR TRure, and
circuitry, for exanple the bit Iine and word [ine

access@ﬁhsﬁ&&rsz 2034 $1PhShe AEROYEiDE aJe%ﬁ&?ﬁ Caa%a&ﬁ%ﬁﬂaa\ﬁ@ 493 are

subst anti al capaC|t|ve Ioa ing to drive, owever

shown dzlagﬁlgd Wifie Bﬁ‘ﬂﬁre% cﬁqu&[s_é Eﬁ{sﬁ?oise&ildae{nﬁqﬂg orlgspg gvezy The

ICéS IS acce cts

i onal en
ettty a%?scge%%?%?ow%m?fﬁh Al YR GERREYe] fgutation, for
- ate di Eectr|c of the_.invention. DEVICG 400 i s
examplg ?e%pé tosheopld by MIMeagreitopsps iy ogmap the aghi ch i s
divided into a nenory region and a periphery region.

Thaggstes anara1s %%hﬁé@&s&g%@st&%%hmﬂ)@yadd%p‘nenzIIQIQhe
peri phery r'egi on which may, for exanple, be oné of -

countel- Ggplﬁg gl%%ss R)??{éﬁh‘%ﬁﬁ{)rﬁsﬁ}é‘;&b@& abiE: 1a g&%zl :lj’soa'sst?ir%a §1 r SiGe

VIOUS I gure, access tta SIS ors
r n_.are
amod 404 15 RN PR T e %%Pﬁﬁ‘%ﬂ&%%ﬁ%%"““ ¥iticon
SS tra istgrs 411 respectiyel
oxide @Eﬂﬁé&lﬂ lgyed Ty g gy 33&‘&%&% f@SP‘&“’F%M%“&“&\PéPIC’FPFéS and
cells in the interlevel insulation, fo
layer 412 is the gate electrode layer, which is protected by 51dewalls 420, a low K dielectric

sidewall material.

. The transistor 407 does not have the channel material, because it isa larger scale
transistor with greater dielectric thickness and the channel material is not required to enhance its
performance. High-k gate dielectric 407 is deposited in the periphery region to a greater -
thickness than for the memory area; and gate electrode 412 is again deposited over the dielectric
to complete the insulated gate. Salicide layer 447 is shown formed on the gate electrodes in both
regions, as 1s protective layer 449, a thin ingulator, typically an oxide. Interlevel insulator layers
428 and 424 are formed above the substrate in both regions, and via stacks 430 and 440 are

formed 1n contacts patterned within these layers to couple the source, drain regions to the
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exanpl e the capacitors could be ME\4 capacitors as is
known in the art. Transistors 411, 413 are forned
usi ng the strained channel and optionally the
count er-dopi ng process of the invention as descri bed
above, layer 442 is a strained Si or SiGe channel,
| ayer 444 is a silicon cap layer which is processed as
a sacrificial layer to forma silicon oxide
interfacial | ayer, layer 448 is a high-k dielectric
yer deposited to a certain thlckness and Xer 412
metallwanﬂ@yeg éﬂa velieepinbrea pawm ongapRas medal lizagpr Y 1@°d Byare used to
sidewal s 420, a low K dielectric sidewall material.
coupleTheeaceesa trehsstor draip Tegiowdo thetfirkilestrofeofshapapetitarn@esikapwn in
because it isa larger scale transistor with greater
the art di'tel gatztaléctrotdsi aflkhp@sstrand tord ! lcind 4 e hrerpattexf malrd lise coatluctors for
required to enhance its perfornmance. Hi gh-k gate
selectifii hbecdells s hldwniis Fipeposi.t ed in the periphery region to
a greater thickness than for the menory area; and
g%ge el ec rode 412 is a %Hg 03|ted er the i
figattop of thergerioidruee lqgﬁ UPTREE 08 p dnveriagn ig pgyfollows.
| ayer 447 is shown fornmed on the gate el ectrodes in
The sulgiiage 1s ,pggrpc@ﬂe@nd Aangd g tﬁﬁ)fed’t’f@é mayéoeﬁgy@fi if depired, ysHigponventional
insulator, typically an oxide. Interlevel insulator
ion implagytetrien aniz@neal A ltcaatively these mell reghensanaytie fowbst lntat i@ thay
both regi ons, and via stacks 430 and 440 are forned
procesiing by titraghdayea idnampéatation hadarinkdsepb.aihersbaltosy tawhliselation
the source, drain regions to the 23 netall'ization
regionb aYRdre fblicatelh usilg AawsI @attdril BAdLER PlocE®BPR Idescribed above, high
nmetallization. Vias 453 are used to couple the access

densit} bR SARatH4BB s i%ﬁﬁécpaﬁﬁl al VP f@%‘oc&sr@ agr | &@Qﬁn&fzettﬁéeSTI
he

capaC|tors as IS nomn in the art ga e _
reglong%rﬁf’ﬁlé gﬁfo% Oglg)%pﬁeé&%ﬁlg@g&sea reg ﬁggage e ﬁeﬁl@y area

I cat |

hown .
fom i Bk g et fme%ggga?wgtorﬁ%f Fodhrbserarg ey e

material 442 is provided by an epitaxial growth, preferably a doped SiGe layer 1s grown. A
sacrificial silicon layer 444 may be grown or deposited to control the native oxide layer that will
form on the channel layer, this oxide is a thin interfacial layer as described above. The periphery

region is now unmasked and the processing continues.

The high-k gate dielectric material 410 is deposited over the substrate. Because the
periphery did not receive the channel material, there is a slight step height up from the periphery
to the memory cell area. This may be addressed later by a planarization step as is known in the

art.

Gate electrode material 412 is deposited or grown over the high-k gate dielectric material.
This layer is then patterned with an etch mask material and an anisotropic etch is performed to

form the sidewalls of the gate electrodes as shown2 zi}n Figure 14. The etch process is allowed to



The substrate is provided and n and p type wells may
be formed, if desired, using conventional ion
|nplantat|on and anneal . Al ternatively these well
regions may be forned later in the processing by

t hrough [ayer ion inplantation and anneal steps. The
shall ow trench isolation regions 407 are fabricated
using a mask, pattern and etch process as is described
above high density or other insulator 408 is forned

ocess,ls again use o planarize the STI
conting g%%vgnga%ﬁorf%ofith? Pyt iy ] B e sl bR aa Btgus a porton of
! is used to isolate the nenpry area fraomthe
the oxﬁg pf %%, §tr51ixcétgs W ﬁ%ﬁaqﬁ)qegﬂgs BrOSESS ﬁéo%@p degpsr SIdewall material
peri phery, and the strained channel material 442 is
(subsewrecatly desenep) toaoteqiithestintiied ghannelmatpriad iud tetirgveat tenyeities from
SiGe layer is growmn. A sacrificial silicon |ayer 444
enteringgthe thielegirigwnd the interfass tvatl thedielettic. dmptitiesribdtieuter teistigined
| ayer that will formon the channel |ayer, this oxide
channél snageriahinay fortnasohgouads, sielias oddestdaciclakaiot mbeyigl and igreby
peri phery region is now unmasked and the processing
reduceGRHicBti@Bess The high-k gate dielectric nmaterial 410 is
deposited over the substrate. Because the perlphery
did not receive the channel material, there
sHrgall isdaiorda0dnformsd pp din sideeafiee the sty eletsféocteh e‘\gam this
menory cell area. This may be addressed |ater by a
insulatof exienrds balowdhe Bettam efsthe bigkrkasate digletttie layer Sal@aded47 is formed on
el ectrode material 412 is deposited or grown over the
the tophefghe gate elegradies itbisroptomm tretdrial is usebhSsurt@ymelrdrais rédiens 464, 462
patterned with an etch mask material and an

are forafeld $9ing @Phv@ntdmaionSmpRAEf MdredmbDarinedl Rcpfie si dewal | s of
the gate el ectrodes as shown in Figure 14. The etch

process. is alJlowed ta 4 continu rennv g a porti
oh ProfEctiR disHiator Q. dvigall &mc{er&)é iR i RPEdeheler g}m)mgete
a portion of the oxide of the STI trenches 407, as

transisgs$ oy koth aiascof gheapbsiEte Intetievel neuleerisrers 42%jnkihen 424 are formed
mat eri al

over the substrate. Contact areas are patterned and etched to provide connectivity to the source

and drain regions, and to couple the capacitor bottom plates to the access transistor drain regions.
Via material is used to fill the contact recesses with a conductive material or conductive plugs

are formed as is known in the art.

The storage capacitors are formed by depositing a metal or polysilicon; preferably an
HSG polysilicon material is formed as the bottom electrode. The capacitor dielectric, which may
also be a high-k material or may be conventional silicon dioxide, silicon nitride or other
dielectric, is formed over the bottom plate in the storage capacitors. The top plate is formed
which is also polysilicon or a metal or metal compound such as TiN. Finally, the memory device
is completed with one or several metallization layer such as layer 451 which are coupled to the

gate, drain and source regions, and to the top plate2 (5>f the capacitors, as necessary to allow



(subsequently fornmed) to protect the strained channe

material and to prevent inpurities from entering the

dielectric and the interfaces with the dielectric.

Impurities that enter the strained channel naterial

may form conpounds, such as oxides, that relax the

material and thereby reduce its effectiveness.

Sidewal I insulator 420 is formed on the sidewalls of

the gate el ectrodes. Again this i nsul at or extends

bel ow t he bottom of the hl% gate dielectric_ |ayer.
connectigy) pithedevacey tg corppiptadhy Giguity i!iéurtl'@i:imdir cpppsT ggtadlization may be

el ectrodes, if this optional naterial is used. Source
used, dgm@pcgpe&}rﬁiuple@n@ﬁ@nq grpcessgmaygpeusedrarsenvgaiiongl deposit, pattern and

conventional ion inplant and thermal anneal steps. A
etch stqps otag bt uvel instsad tatform #4@llizbtyg leydrU§l.oxi de or nitri de,

i's provided over the conpleted transistors in both

T r% %%d?ph é&:rrtlalrngé gm rt&grrx ! ggl}e I{IYieé] gg? e,géxtréfjl Y§ the channel is
) d hed )
formedB5 BTG 1 150 T Bab e oather AP SR Vflhﬁﬁhaninsl s

ple the capacitor bottomplates to the acces
countewoaﬁé fosthg surgeuaidinesubstigiesso they hmay bedongd nj(er m;)stéae ing (or n) type
fill the contact recesses with a conductive material
substragsy or seshlduaterialetogbug transagters fois kedwam the atWells may béesed as in
art. The storage capacitors are formed by depositing a
Figure i@ hladveand el sybstiatecroay, bepr lef@rodibiligoraon inkiB&op(HOI3 ad is koown in the
material is formed as the bottom el ectrode. The
artt capacitor dielectric, which may also be a high-k
material or may be conventional silicon dioxide
silicon. . nitride or gielectric iIs fornmed over

iR Eieye Pornbstaeat & Silﬂ@n sihshyloveisplaten r@g@ns Yirefofgeq and filled
) Hglate is formed which is also polysilicon or a netal
with HRP opride 506 a5 s i referehly awelis 302 apil 46d g forned ugimgemplant and
device is conpleted with one or several netallization

anneal sapess knowh imthelagyfer wabformiticoh Charmetmgphediot, 609 he fgated, by ion

drain and source regions, and to the top plate of the
implan@gipaas is&hswn asthpetasiagn Yopant elat @eates a counter-doped channel to the
substrate conductivity type or, as shown here, the wells 502 and 504. The interfacial layer 511 1s
formed as a thin nitride or oxide as before, high-k gate dielectric layer 515 is deposited, gate
conductor 517 is deposited, the layers are patterned to form stacks over the substrate and the
shallow trench isolation regions, source and drain regions are implanted and annealed to form
source and drains 514, 512, and sidewalls 521 are grown using low k oxides, nitrides or other
insulators as before. When the substrate and shallow trench isolation regions are patterned using
the etch steps described above, again the etch is allowed to proceed to a depth below the bottom

of the interfacial layer and the dielectric layer, and the etch preferably etches the STI regions to a

depth greater than the substrate etch depth by a ratio of greater than 3. The sidewall material
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2 connection of the devices to conplete the circuits.
Al um num or copper netallization my be used,
damascene or dual danmascene processes nay be used, or
conventional deposit, pattern and etch steps may be
used instead to formnetallization |ayer 451. Figure
15 depicts an alternative enbodi nent of the invention.
In Figure 15, the channel is forned by inplanting
ions into the substrate, instead of a deposited

theref%gfpfog%ﬁﬁsldﬁhﬁ I@d{%? (gglgctlrlggl qﬁlgpttrﬁ?r{l tl?eggtngéo%%tbg@ewee S?ntammants
and 5oy Wmipy b Slogpancs 51T agigieviees Eraedintthe dang & waligesions.

be used as in Figure 12 above and the substrate may

behSerhBoPher ¥ ofihé IlSBR AN RHEY ARE afebbhpRSy 4k A@eﬁmmg, and
inthe art. In Figure 15, substrate 501 is 'shown wt

Vanau%nsaéhhpa% hS Rkt | roorﬂo%%gmg@s 519@ f?&d@ﬂ% f{aéthr{gg gfth\@rJrJanmn are

HDP ox1 de 506, as ore Pre era
a anneal steps as
Wlthmliige Sc%g of t?l% mm?&f i ther%pglp(}grl r(rg1 I'on. Channel regions
507, 509 are formed by ion inplantation as is known
i Althdvgshantbodients of thbqpedeht inhattios hebtheis advaneiged Iefve a@eatdscribed
channel to the substrate conductivity type or, as

in det&ih) @Whou1€ be undeffodtthdtS/aROid ARELeSAdbstiliRn Eﬂcﬁaﬂfe@&ioﬁi can be made
Iayer 511 is forned as a thin nitride or oxide as

heremhﬁt%ﬁ?deﬂﬁhﬂ@ HonPik Spifit %@&Bﬁé & tlll@ﬁ‘r%ntéﬁ s bR @2%4 &fended

gate conductor 517 is deposited, the layers ar

clalmsg EB[I[ «[g{aﬂl%ije h%L 195 Mok ﬁﬁrs%’o%rbg tﬂ@se%yllﬂgé [AhE 8&5}% Hagy of the

ow trenc |soI |on re source an
[ s are | and, an Ied to f o I. and.
featurdy ol B5ns 8ot T8, AR RE ISR S Poy B Bhied SR Geline
k, oxi des nrtrldes or. ot her suIators as befor

withinjhEFopr af GE BT eRHRN MRtrqvsiuhersakerpTaimagenbepplication is ot
regions are patterned using the etch steps descri bed

mtenda%xﬁ@ liraiged ta therpartiquias embodimentaefithe @rosesse maching mengipture,
bel ow t he bottom

composition of matter, means, methods and steps described in the specification. As one of

ordinary skill in the art will readily appreciate from the disclosure of the present invention,
processes, machines, manufacture, compositions of matter, means, methods, or 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 include
within their scope such processes, machines, manufacture, compositions of matter, means,

methods, or steps.
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of the interfacial layer and the dielectric layer, and
the etch preferably etches the STI regions to a depth
greater than the substrate etch depth by a ratio of
greater than 3. The sidewall naterial 26 therefore
protects the high k gate dielectric material fromthe
i ntrusion of undesired contam nants and thereby
i nproves the performance of the active devices forned
inthe n and p well regions. The enbodi nents of the
' t scri bed above are exenplary and not
VﬂjA??%]?ﬁﬁg% gﬁd variations that are apparent to those
skilled in the art that include the features of the
1. i Avemiconductr devivd, icbinpridifie scope of the invention and
t he appended cl ains. Al though enbodi nents of the
piﬁﬁﬁ&hﬂhﬂﬁﬁﬁbg@ﬂeand t heir advant ages have been
described in detail, it should be understood that

Vai 190 $ref}A5E £5on 1%@'1@1% folHd AR SB6 AL %Qfeﬁhé Ave g@ﬂc@l%glons

made herein wthout departing fromthe spirit and
vention as defined by the appended
ba“@afﬁgﬁmg%ﬁﬁr gggnple it will be readlly under st ood by
n the art that man
i aring Fhirelofiof e o iack pfseF padint e
gﬁfvarl while re nln%' withip the scoPe of the
OVGYIYmge?é g O LR RGHYE AR gin the gaundergopingrehapnel rrgoadngdoped
plication is not intended to be l[imted to the
with lﬁﬁéifﬁeldéﬁﬁ‘ff&m fompibgsemiserdustor sHstgeocess, nachi ne,
manuf acture, conposition of matter, neans, nethods
awideast @mregiels of hibed goig dﬁﬂ@ct@pe@ﬁeﬁalcfam@mveMe oulstrate, and
ordinary skill in the art will readily appreciate from
having hwpdusadeasdsedewhllst he present invention, processes,
machi nes, manufacture, conpositions of matter, neans,

netieReisne 16gios be@te clBEtRYE Riakeyial RXhEd bWg tiRItop Alrfiloe bOthb ate
devel oped, that perform substantially the sane

dlelecfrlér}%lb@ﬁhd:l{avﬁlgmoﬁlfﬁgh BHBSVARCb&l i REHSBEBIdE AN JF tlﬁsgate
t he correspon i ng enbodi nents described herein nmay be

lecHid thdi according to the present invention.
dielec géb%dﬁ the appended clains are intended to

mﬁewﬂlespacer material formed over the gate electrode sidewalls and the gate dielectric
sidewalls and extending into the surface of the substrate or into the shallow trench isolation

regions, respectively, below the bottom layer of the gate dielectric region.

2. The semiconductor device according to Claim 1, wherein the high-k gate dielectric region

comprises a material having a gate dielectric constant greater than 8 .

3. The semiconductor device according to Claim 1, wherein the high-k gate dielectric region

comprises a material having amorphous structure.
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within their scope such processes, machines,

manuf acture, conpositions of matter, neans, nethods,
or steps. 27 WHAT IS CLAIMED IS: 1. A semi conductor
devi ce, -conprising: a sem conductor substrate;
shall ow trench isolation regions fornmed in the
substrate to define active device regions between the
i sol ation regions; a counter-doping channel region
formed on the surface of sem conductor substrate,

overlyi.n ast of the activ reas ereln t.
4 iﬁ %P 03’8‘ tﬂf S @falwég\’vg%e'fléhe&ués@ Batg dfale %tfffsmtwg includes
Lf ntthe sem conduct or substrate; at |east
a matey erﬁf%’ o gaiplinyilasthaaym; hafiigperipainumg apd d
over the substrate and having a top surface and
combigptippgdiereef. at | east -one regi on of gate el ectrode
mat erial formed over the top surface of the gate
di el ectric region and having non-hi gh-k sidewalls
5. chbxscaneinductpy daviaetos Ciiinehahdrein e hifek gate dicletined waterialc
region; and sidewall spacer material forned over the
compuirgt e nefeiel sabaecdSrae theler siparf IOk H PO eadi BIBOLN| and combinations
sidewal I s and extending into the surface of the
thereacfubstrate or into the shallow trench isolation
regi ons, respectively, below the bottom | ayer of the
gate dielectric region. The sem conductor device

6. athosethitghducofdaidnol ClaMaar whdieih i Hizlgh ghte dafi@tric material
dielectric region conprises a material having a gate

compfies A80{, 1120 CHRSIORNAnd ot @t iohd W Bre SF
7. The semiconductor device of Claim 1, wherein the gate electrode layer comprises a
material selected from the group of silicon, germanium, polysilicon, metal silicide metal and

combinations thereof

8. The semiconductor device according to Claim 5, wherein the counter-doping channel
includes at least one dopant of a conductivity type different from the conductivity type of the

substrate.

9. The semiconductor device according to Claim 8, wherein the counter-doping channel is
selected from a material from the group of silicon, germanium, strained silicon, strained

germanium, strained silicon germanium, and combinations thereof.

10.  The semiconductor device according to Claim 1, wherein the counter-doping channel

comprises a strained SiGe channel material.
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3. The sem conductor device according to Claiml,
wherein the high-k gate dielectric region conprises a
mat eri al havi ng anor phous structure. 28 4. The
sem conductor device of Caim1l wherein the high-k
gate dielectric material includes a material selected
fromthe group of. tantalum | anthanum hafni um
al umi num and conbinations thereof. 5. The
sem conduct or device of Claim4 wherein the high-k
gate dielectric material . conprises a material
11, sdhesgnaigofdugier terdcepcseigingfto (aop 10 prhgrenythy sidaippdspiGgighannel
and conbi nati ons thereof. 6. The sem conductor device
matergf inClugdpna orah dersinhcaunteridppihgk gate diel ectric materi al
conprises Al OX, LaOx , Hf Al OX, and conbi nati ons
thereof. 7. The sem-conductor device of Claiml1l,
12, wiée edmicotucigatievied avcondmgdo Clymrl, wberpmi ses a  materi al
selected fromthe group of silicon, germni um
p dieyssdelwiatl apacenmep ains farined de thesideivalinel thegnb elaattddensgions and
thereof. 8. The sem conduct or device according to
high-Kh@at Belectrishiegiensfothel Gy thehal Bapidhgh GORIABE tegidnd @kidalmto the
at | east one dopant of a conductivity type different

shalldw @&Ach AR 1480 ikdds \WytaddepRehi@ is b MBst depist rate. 9. The
sem conductor device according to Claim8, wherein the
C : - i .
P opL e AR ok on S RO OB s e
i R PSS Tl 5yl §88onscve e

ogzg{ﬂnﬂgzg ?sfjoxag%g rﬁ%gcht}\f?gal%}e%a ?n(’:tc? {hglcggntérodogmglcmn]ffel yc\e{]g%% %Iyrzll (fe{)]t% that 1s

a second depth; wherein the first depth is different from the second depth.

shall

13.  The semiconductor device according to Claim 12, wherein the ratio of the first depth to

the second depth is at least 3 or greater.
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conprises a strained SiGe channel material. 29 11. The
sem conduct or device according to Caim 10 wherein the
strained Si Ge channel material includes a boron dopant
count er-dopi ng. 12. The sem conductor device according
to Caim1, wherein: the sidewall spacer regions
formed on the sidewalls of the gate el ectrode regions
and high-k gate dielectric regions formed over the
shall ow trench isolation regions extend into the
shal l ow trench isolatiaon regions by a depth which is a
4. ppgpicgadyqior miggratef GEGHS FORPHEIYF regi ons fornmed on the
sidewal | s of the gate el ectrode regions and high-k
gat@nigensiugier sybsirgtegi ons forned over the counter doping
channel in regions other than the shallow trench
i et sgiamdefiagd ortbe soniemdugtnt swbstiate; count er  dopi ng
channel region by a depth that is a second depth;
whpergiheral tegidni defiheddi@pbdsenscaididtersabitrate ianrdab etheethan the core
depth. 13. The sem conductor device according to O aim
region}2, wherein the ratio of the first depth to the second
depth is at least 3 or greater. 30 14. A sem conduct or
| DHRORARBWebicE fiinkd 0 G@ MR SuBIA in the REeERRIMEMsing a
substrate; core region defined in the sem conductor

countez-léﬂﬁﬁfé\% %gﬁineﬁfoﬂﬁéi)&hﬁé §\!1bs{r§tg,i mgg-ﬁgaﬁgi?elécﬁré% H)t?rljr]xgd 8\66rr (tehe

uctor substrate In are

e T T

one or more shallow trench isolation regions formed in the core region, the high-k gate
dielectric and the gate conductor overlying at least one of the shallow trench isolation regions;

a second active device formed in the peripheral region and having a high-k gate dielectric
and a gate conductor formed over the substrate; and

sidewalls formed over the first active device, the at least one of the shallow trench
isolation regions, and the second active device, the sidewalls into the substrate or the shallow

trench isolation region, respectively, and extending beneath the bottom of the high k gate

dielectric.

15.  The semiconductor device according to Claim 145, wherein the high-k gate dielectric

region comprises a material having amorphous structure.

16.  The semiconductor device of Claim 14 wherein the high-k gate dielectric material
comprises a material selected from the group of HfOx, HfSiOx and HfSiOxNy and combinations

thereof,
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17.

count er-dopi ng channel formed on the substrate, a

hi gh-k gate dielectric fornmed over the substrate, and
a gate conductor formed over the high-k gate
dielectric; one or nore shallow trench isolation
regions fornmed in the core region, the high-k gate
dielectric and the gate conductor overlying at | east
one of the shallow trench isolation regions; a second
active device fornmed in the peripheral region and

B e S S

the first active device, the at | east one of the

compEtes P meriat ¥rected fran e ot ddPors0xahiABre aadeanlinations thereof

18.

active device, the sidewalls into the substrate or the
shallow trench isolation region, respectively, and

edbhe s dpeinedticerReodiBe tohlasr 1 mehaseip thecoyaierdoping channel
di el ectric. 15. The sem conductor device according to

regiorGomipmsdsbstiawied Seipchaneel maggnak gate diel ectric region

conprises a material having anorphous structure. 16.
The semi conductor device of Caim 14 wherein the

hi gh-k gate dielectric material conprises a materia
selected fromthe group of Hf Ox, Hf Si Ox and Hf Si OxNy
and conbi nations thereof. 31 17. The sem conduct or
device of Caim 14 wherein the high-k gate dielectric
mat erial conprises a material selected fromthe group
of Al Ox, LaOx Hf Al Ox, and conbinations thereof. 18.
The sem conductor device according to Claim 14,
wherei n the counter-dopi ng channel region conprises a
strained Si Ge channel material. 32

32



19. A nethod for form ng a sem conductor devi ce,
conprising: formng shallow trench isolation regions
into a sem conductor substrate; formng insulator
material in the shallow trench isolation regions;
form ng a counter-dopi ng channel over the
sem conduct or substrate; depositing an interfacia
| ayer over the channel; depositing a high-k gate
dielectric material over the sem conductor substrate;
deposj t | a gate el.ectrode material over the high-k
19. ggt“éetfaﬁdefggg’tr?’ﬂbg agrucondyctor deyich; REPESHEsk mat eri al
over the gate electrode material; patterning 'the mask
nioraingshalfoy erch isolagion regaens 1BRe Sprsondicid sytiatear ea
over the sem conductor substrate; etching the gate
efosminederlaterresteral in the shaliogtrdack isolation wigesssr i ¢, and
t he sem conductor substrate to formsidewalls of the
aforthingsitcopnter-florgug eltagukl gatrshaseascondhaosivistvad;| S
extending into the sem conductor substrate; formng
sigpewahg an imsatfaaiablageraivet the cldnnkleast one i nsul ated gate
area, the sidewall insulators covering the sidewalls

Oflepobitin@ahghal @6 diererria AthidrA€oWr 8ld-skm@dh@clirgLisghtel C
and extending into the sem conductor substrate to a

d@éﬁo@ltlﬁg ) @Qtte %1&!?&&%&@%@& tﬁé‘ dgﬁ‘ L PRreki B material;

di el ectrlc he net hod 19 and further

CRmI S‘a'rﬂzgsk “?er‘?‘atl S0 tﬁ’J a‘?@él% { alﬂ%tenlgle mask material

to d i‘ne at 1east one ¥ nsu ate’el ectrode over a
|l ow..tren 0] a r [ he subst rat e;
o Bkt i EOE el BideBietsonyt tiouylats! Bitatt Sisg ihe
erial, the high-k gate dielectric, and the
Sm“w§%$¥@bﬂﬁﬁﬁﬁﬁr substrate, also etchlng t he shal | ow
trench isolation regions to form
etching the gate electrode material, the high-k gate dielectric, and the semiconductor

substrate to form sidewalls of the at least one insulated gate area, the sidewalls extending into the
semiconductor substrate;

forming sidewall insulators on the at least one insulated gate area, the sidewall insulators
covering the sidewalls of the gate electrode and the high-k gate dielectric and extending into the

semiconductor substrate to a depth beneath the bottom of the high-k gate dielectric.

20.  The method of Claim 19 and further comprising the steps of:

patterning the mask material to define at least one insulated gate electrode over a shallow
trench isolation region in the substrate;

contemporaneously with etching the gate electrode material, the high-k gate dielectric,
and the semiconductor substrate, also etching the shallow trench isolation regions to form
sidewalls of the at least one insulated gate area over the shallow trench isolation region, the

sidewalls extending into the shallow trench isolation region;
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sidewal | s of the at |east one insulated gate area over
the shallow trench isolation region, the sidewalls
extending into the shallow trench isolation region; 33
form ng sidewall insulators on the at |east one

insul ated gate area, the sidewall insulators covering
the sidewalls of the gate el ectrode and the high-k
gate dielectric and extending into the shallow trench
isolation region to a depth beneath the bottom of the

(TSN Tl T e -
34

sen conduct or. substrate.

covering the sidewalls of the gate electrode and the high-k gate dielectric and extending into the

shallow trench isolation region to a depth beneath the bottom of the high-k gate dielectric which

depth is greater than the depth that the sidewalls extend into the semiconductor substrate.
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