H GH K GATE DI ELECTRI C STACK PLASVMA TREATMENT TO ADJUST THRESHOLD VOLTAGE
CHARACTERI STI CS FI ELD OF THE | NVENTI ON 001 The present invention rel ates
generally to high-K CMOS transistor gate stack fabrication processes in
mcro-integrated circuit fabrication and nore particularly, to a nethod of
treating a gate structure including a high-K dielectric gate stack to

i nprove the threshold voltage behavior in a CMOS devi ce. BACKGROUND OF THE
| NVENTI ON 002 Fabrication of a netal-oxide-sem conductor (MOS) integrated
circuit involves nunerous processing steps. A gate oxide is typically
formed fromthermally grown silicon dioxide over a silicon substrate which

i s"doped with ekﬁﬂﬁfI@G@YBGDQELE&¥EECQ§ﬂ@ﬁE%m@ﬁ@m.Q@@ﬁiﬂ@ﬁt¢'9|d ef fect
transistor (MOSFET)'' being forned, a gate electrode is forned over the

gate p diel ectri cro andUSep@AREERPLD | $OERGE erirerTERTeatdeed i nto t he

sem conductor substrate to form source and drain regions. Many nodern day
sem conductor m croel ectronic fabrication processes formfeatures having

| ess than 0.25 mcron critical dinensions, for exanple nore recent devices
i nclude features sizes of less than 0.13 mcrons. As design rules

decrease, the size of a
. FIELD OF THE INVENTION

001 The present invention relates generally to high-K CMOS
transistor gate stack fabricétion'processes in micro-integrated
circuit fabrication and more particularly, to & method of
treating a gate structure including z high-K dielectric gate

stack to improve the threshold Voltage behavior in a CMOS device.

BACKGROUND OF THE INVEN’I;ION
002 - ‘Fabrication of a metal-oxide-semiconductor . (MOS) -
integrated circuit involves numerous processing steps. A gate
oxide is typically formed from thermally grown silicon dioxide
‘over a silicon substrate which is doped with either n;type oxr-p-
type dopants.' For each MOS field effect“transistor {MOSFET)"
being fofmed, a gate electrode is formed over the gate
dielectric, and dopant impurities are then introduced into the
semiconductor substrate to form source and drain regions. Many
modern day semiconductor microelectronic fabrication processes
form features having less than 0.25 micron critical dimensions,
for example more recent devices include features sgsizes of less
than 0.13 microns. As design rules decrease, the size of a
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1 resulting transistor as well as transistor features, for exanple gate
| ength, al so decrease according to scaling relationships. As gate |engths
decrease, the problemof current |eakage, for exanple gate induced drain
| eakage (A DL) becones nore severe, which is a problemfor |ow power
devices, requiring increased transistor off current. 003 In. order to
overcone this phenonenon, an increasing trend in sem conductor
m croel ectronic device fabrication is to use high-K (high dielectric
constant materials) in the gate dielectric stack to achieve an equival ent
oxi de thickness (EOT) wth thicker high-K materials. Because of high
tunneling currents, SiQfilns thinner than about 20 Angstrons cannot be
rel i abrgsublethast s sdical et wetd aa CMISsdevicdeatTiese fte exciwplent |y
intense efforts to replace traditional SiO2 gate dielectric filns with
hi gh- K9¥Fel BT mltssr icgIcseanehpgpordied e rialdogs rapnt aphdviesa t hi cker
gate djelectri.c to be formed whjch dramatically reduces tunneling current
and cdhEefucht1SPO Y daCearsGe Eh?r%ﬁ?l?l?‘ﬂe?fetﬁlr&\%‘%éﬁﬁhﬁg%f d&fere
LimtaLlafdd oddie USR,0Ah HrRndtetif ot ertl olRetils gL 2Bl device
which is a problem for low power devices, requiring increased

transistor off current.

003 In. order to overcome this phenomenon, an increasing trend
in semiconductor microelectronic device fabrication is to use
high-K (high dielectric constant materials) in the gate
dielectric stack to achieﬁe an equivalent oxide thickness (EOT)
with thicker high-K materials. Becaﬁse of high tunnelingA
currents, 8i0; films thinner than about 20 Angstroms cannot be
reliably used as gate dielectrice in CMOS devices. There are
currently intense efforts to replace traditional 8i0; gate
dielectric films with high-K dielectric materials. A high
dielectric constant allows a thicker gate dielectric to be formed
which dramatically reduces tunneling current and consequently
gate leakage current, thereby overcoming a severe limitation in

the use of Si0; as the gate dielectric at smaller device critical .

dimensions.



004 There have been, however, difficulties in formng high-k gate
dielectrics to achieve acceptable threshold Vol tage behavior in CMOS
devices. Frequently, a relatively large shift in flatband Voltage or

equi val ent threshold Vol tage occurs when high-K dielectrics are used in a
gate dielectric stack for both NMOS and PMOS devi ces. For exanple, hafnium
oxide (e.g., H02) when used in the gate dielectric stack exhibits a shift
of from about 300 nmV in NMOS devices and about 700 nmV in PMOS devices
conpared to a conventional Si2 gate dielectric. 005 The presence of
unwanted interfacial states is believed to contribute to flatband and
threshol d Voltage shifts. Several approaches, fromtreating the base oxide

| ayer, wo4post TheepORhvé Grednneaudi@rof dihe: bighi & digl Bty M-t O
pol ysilicon el ectrode | ayer deposition have been proposed. Proposed
appr oackheses@ifgcthaves met anhihvei at ¢k shice ddeeshohtevhakdg¥obtagesost i |
exhibiting |arges differences conpared to normal or desired behavior
achi eved™WHf chiietns -ondreskentlyat e wilatdoalivedarss ghidsulin, the
integra&&oggof hi Q;K gate dielectric stacks with acceptable electrical
behavi oF - T?ﬁﬁ%ﬁi‘%@@c@ﬁtﬁgFév? FRS HOPE A 1y L 58A8V PEFUFR MB&Epower CMOS
dev'Ceshiéﬁnfj&E%f%d%&qggegkéouggdoygréxgg%e:%ielectric stack for both

NMOS and PMOS devices. For example, hafnium oxide (e.g., HfO)

when used in the gate dielectric stack exhibits a shift of from

about 300 mV in NMOS devices and about 700 mV in PMOS devices

compared to a conventional Si0, gate dielectric.

005 The presence of unwanted interfacial states is believed
to contribute to flatband and threshold Voltage shifts. Severél
approaches, from treating the base oxide layer, to post
deposition annealing of the high-K dielectric prior to
polysilicon electrode layer deposition have been proposed.

- Proposed approaches so far have met with limited success,
threshold Voltages still exhibiting larges differences compared
to normal or desired behavior achieved with conventional Si0,
gate dielectrics. BAs a result, the integration of high-K gate
dielectric stacks with acceptable electrical behavior including
acceptable threshold Voltage behavior in low power CMOS devices

remains a problem to be overcome.



006 Therefore it would be advantageous to devel op an inproved nethod for
formng gate structures including high-K dielectric |ayer stacks in CMOS
devi ces having inproved el ectrical performance including threshold voltage
performance. 007 It is therefore an object of the invention to provide an

i nproved nethod for formng gate structures including high--K dielectric

| ayer stacks in CMOS devices having inproved electrical perfornmance

i ncludi ng threshold Voltage performnce, while overcom ng ot her
shortcom ngs and deficiencies of the prior art. SUMVARY OF THE | NVENTI ON
008 To achi eve the-foregoing and ot her objects, and in- accordance with the
pur poses of the present invention, as enbodied and broadly descri bed
herein, the present invention provides a nethod for treating a gate

structu conprjsing a high--K gate dielectric stack to inprove electric
perfornéﬁge 5F3€%8FFSPFC§9ub@ § P FRgedThb8i AeNelor M Mupored

i ncl ud i gl i electric | tack incl udi bi i d
over o TS PROH EbE S BBl Bl HERLCESrsR She Tl wa R Blefret gy 71
di el ectTigetayescss apkioidd heararhi galt o Pkt e5ANL 1204 gtching 4

performance including threshold Voltage performance.

007 It is therefore an object of the invention to provide an
improved method for forming gate structures including high-K
dielectric layer stacks in CMOS devices having improved
electrical performance including threshold Voltage perfdrmance,
while overcoming other shortcomings and deficiencies of the prior

art.

SUMMARY OF THE INVENTION
008 To achieve the -foregoing and other objects, and in-
accordance with the purposes of the present invention, as
embodied and broadly described herein, the present invention
provides a method for treating a gate structure comprising a
high-K gate dielectric stack to improve electric perfbrmance

characteristicsg.

009 In a first embodiment, the method includes providing a
gate dielectric layer stack including a binary oxide over a
silicon_substrate; forming a polysilicon layer over the gate
dielectric layer stack; lithographically patterning and etching
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to forma gate structure; and, carrying out at |east one plasma treatnent
of the gate structure conprising a plasma source gas selected fromthe
group consisting of H2, N2, 02, and NH3. 0010 These and ot her enbodi nents,
aspects and features of the invention will be better understood froma
detail ed description of the preferred enbodi nents of the invention which
are further described belowin conjunction with the acconpanyi ng Fi gures.
BRI EF DESCRI PTI ON OF THE DRAW NGS 0011 Figure 1; is an exenplary CMOS
device including a high-K dielectric stack forned according to an

enbodi mend fefrat Begh By est et u 012 gWhes 2R 26 8r & I ASS &f&&! Q3 views
of a portion of aii exenplary gate strucyure including a mu ti}1ayer

hi gh-K Wicsiteenti of | eyergasteack mtctsiragesmbai Beay! 268 1 fnAGAHNG L0 an
.enbodi nent of the present invention. 0.013 Figure 3Ais a graphical

r epr eserittCsRof reRept ampurCamasiitsanog- V6| Eagel( QY), datd Nraken of

exenpl ar %NCS evices  fornmed according to preferred enbodi nents

contr ast i t HE 5 PPEest Ry FRPAGINEKA udigRgcerbedinbaesuneést bB present

i nventi ﬁtgg 4 Fgure 3§ is a graphical representation of exenplary
flatbanggvg tagé %%}gqﬁ%FF &&IfF&%Fé%taa at ¥ FReh BtaxdespdgsFription
of the preferred embodiments of the invention which are further

described below in conjunction with the accompanying Figures.

BRIEF DESCRIPTION OF THE DRAWINGS
0011 Figure 1, is an exemplary CMOS device including a high-K
dielectric stack formed according to an embodiment of the

invention.

oolz Figures 2A-2C are cross sectional views of a portion of
an exemplary gate structure including a multi-layer high-K
dielectric .layer stack at stages in manufacture according .to an

embodiment of the present invention. - i

0013 Figure 3A is a graphical representation of exemplary
Cgpacitance—Voltage (CV) data taken of exemplary CMOS devices
formed according to preferred embodiments contrasted with a

procegsing method excluding embodiments of the present invention.



CMOS devices forned according to preferred enbodi nents contrasted wth a
processi ng net hod excl udi ng enbodi nents of the present invention. 0015
Figure 4 is a process flow diagram i ncludi ng several enbodinents of the
present invention. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS 0016
Al t hough the nethod of the present invention is explained wth reference
to the formati on of an exenplary high-K gate dielectric stack, it wll be
appreci ated that the nethod of the present invention nay be.used.for the
formati on of high-K gate dielectrics-for-MOSFET devices as well as
capacitor stacks in a mcro-integrated circuit manufacturing process. 0017
Al t hough the nmethod of the present invention is explained wth reference
to the use of exenplary high-k gate dielectrics it wll be appreciated

that th t hodg,. he_present invention my be adapted for _the use of any
hi gh- k gg?%e, ?3’Lé%a%%léga§5$$%ﬁ3}0%%GE§?IFEFEFFE}O?rPéﬂﬁ§quﬂﬁﬁ¥ion of a

gate di el echihe v e Rl gk SIShect rds ] LHRANL A JRter Al that has

a dielectric constant of greater than about erm™s Pate's is 6

def i NedCIOS e cgly femieen AdUeEatng UDS 5 AL fo Bl e kbt REL UL At rasted
conventional silicon sem conductor wafers.
with a processing method excluding embodiments of the present

invention.

0015 Figure 4 is a process flow diagram including several

embodiments of the present invention.

DETATLED DESCRIPTION OF THE PREFERRED EMBODIMENTS
001le Although the method of the present invention is explained
with reference to the formation of an exemplary high-X gate
dielectric stack, it will be appreciated that the method of the
present invention may be used. for the formation of high-K gate .
dielectrics for MOSFET devices asg well as capacitor stacks in a

micro-integrated circuit manufacturing process.

0017 Although the method of the present invention is explained
with reference to the use of exemplary high-k gate dielectrics it
will be appreciated that the method of the present invention may
be adapted for the use of any high-k oxide, for example a binary
oxide material in the formation of a gate dielectric. By the
term high-k dielectric is meant a material that has a dielectric
constant of greater than about 10. The term "substrate" is
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0018 Referring to Figure 1 is showm a cross sectional schematic of an
exenpl ary CMOS transi stor having gate structure including a high-k
dielectric gate stack region according to an enbodi nent of the present

i nvention. Shown is sem conductor substrate .12, for exanple a silicon
substrate including lightly doped regions e.g., 14A, source/drain regions,
e.g., 14B and shallow trench isolation regions, e.g., 16 forned in the
silicon substrate by conventional nethods known in the art. The regions
14A and 14B are typically formed followng the formation of the gate

struct ura:fiflha gatfegh ed8E igenG RAELICOBrofubbergad ana S Ugt unf-1hyifey med of
multiple layers including for exanple, an interfacial silicon dioxide

| ayer 18&nvienghoKadi &l kotan cepdrbndnctdB8BwaPepol ysilicon gate el ectrode
portion 18C is forned over the gate dielectric portion. The gate structure
is formed by conventional nethods including photolithographic patterning

and anisqQtropic etching steps follow ng bl anket deposition of the various
| ayers iQé;%uﬂlﬁf%ﬁ?r&BBeFﬁng%g%%ﬁy%i%?(é%?wnaﬁeP¥°661§eFBFP6ﬂﬂng gat e

oL ruct U LaEUEL 00 2 14TSEL, LA eDLaLLon process, 15 Lol Ly, corried

out to regi ons

zrﬁfggﬁj%mﬁudiggpa'ﬁﬁéﬂf% Eﬁ%ﬁeEQEEEdgEBQ'HQAEQ Jé&iéﬁ“gygé%&yhé fast,one of
embodiment of the present invention. Shown is semiconductof
substrate 12, for example a silicon substrate including lightly
doped regions e.g., 14A, source/drain regions, e.g., 142 and
shallow trench isclation regions, e.g., 16 formed in the silicon
substrate by conventional methods known in the art. The regiong
142 and 14B are typically formed following the formation of the
gate structure. The gate dielectric portion of the gate
structure is formed of multiple layers including for example, an
interfacial silicon dioxide layer 18A, high-K dielectric portion
18B. A polysilicon gate electrode portion 18C is formed over the
gate -dielectric portion. The gate structure is formed by
conventional methods including photolithographic patterning and

anisotropic etching steps following blanket deposition of the

various layers including an uppermost polysilicon layer.

0018 Following gate structure formation a first ion
implantation process is typically carried out to form LDD regions
e.g., 14A in the silicon substrate. Sidewall spacers e.g., 204,
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oxide (e.g., Si02), silicon oxynitride (e.g., SION), and silicon nitride
(e.g., SIN including nultiple | ayered spacers by nethods known in the art
i ncl udi ng conventional deposition and etchback processes. A second ion
i npl antation process is then carried out to formthe source/drain regions
e.g., 14Bin a self aligned ion inplantation process where the sidewall
spacers e.g., 20A act as an inplantation mask to form N type or P type
dopi ng regions dependi ng on whether a PMOS or NMOS type device is desired.
0020 Referring to Figure 2A is shown an expanded cross sectional side view
of a portion of an exenplary gate stack region at stages in manufacture
according to an enbodi nent of the present invention., In an exenplary
enbodi ment, shown is sem conductor substrate 22, for exanple single

or (100) orientation. The substrate may

%o gleg"%agf%@%% !eé Crg“ger#] gl\éllﬁgg@%f}l%%s? AR uth ‘4856 PoP@RL ofiligi9rsi 02 / Si .
active Togronc Yor avanbl gk 0 BEBEA e g 7t By S Fod L ERr go
I, IO L R, LT L g Do
i nvent ilomwi nira ther strtstiepltbiéngi oA ISIREY He@cBition and etchback
processes. A second ion implantation process isg then carried out
to form the source/drain regions e.g., 14B in a self aligned ion
implantation process where the sidewall Spacers e.g., 20A act as

an implantation mask to form N type or P type doping regions

depending on whether a PMOS or NMOS type device is desired.

0020 Referring to Figure 2A is shown an expanded cross
sectional gide view of a'portion of an exemplary gate stack
region at stages in manufacture according to an embodiment of the
present invention. In an exemplary embodiment, shown is
semiconductor substrate 22, for example single crygtalline
silicon having (111) or (100) orientation. The substrate may
also be a layered semiconductor substrate such asg Si/SiCGe or
5i/810; /Si. The substrate may be of the n or p-type and
preferably includes several active regiéns, for example N or P
doped regions forming active charge carrying regions forming a

portion of a MOFSET device.

0021 Still referring to Figure 2A, in an exemplary embodiment
of the presgsent invention, in a first step the silicon substrate
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22 is cleaned prior to formation of an overlying thermally grown S102
interfacial |ayer 24, also referred to as a base oxide |layer. For exanple,
the silicon substrate is cleaned using standard cleaning 1 (SC 1) and/or
standard cl eaning-2 (SC-2) solutions, which may be individually or
sequentially used cleaning solutions including mxtures of

NHAOH - H2Q2- H2O, and HO - H22-H20O, respectively. 0022 Still referring to
Figure 2A, in one enbodinent of the invention, followi ng the silicon
substrate cleaning process, an interfacial oxide =(SiQ2) layer 24 is

formed oyerid hel&iddceriopubst f | t ween
about 5 Angstrons to?)about 30fﬁ@%%nm%€y%%¥lgrgngr%ﬂ%ﬁ{aﬁ%%? [‘%(?‘grgti on
or chem &ab; oxiteathonalrethes: 24 ghltenperatueg Wetaora HBase tdiergml oxi de
grow h methods are preferred due to a superior quality S.i/Si 02 interface.
0023 Refki¥eig tiprregamplel3thatsilgasin onibdtirgheKidi eleahedcusimyer e. g.,
26 is then deposited over the interfacial oxide |layer 22 by conventional
met hods. SH30GG1F PearppPeti Sl t mdAde stamderfaclapndryde (9§€2) 24 may be

opti onal | ubj ected.tp surface, trea nts including chem cal, plasna

and/ or asnélnleugﬁli%nngs_'t Vgéizﬁ’e‘ﬂ?% bas _Je‘fﬁé’l%h’i Tt ﬁ@q’alia?gb’?ﬂr%l’ ¥R gh- K

TRt er | aleenosid et bns ddy Al HANALLL LS ARRIGE AL G AL A g Y9N K
H20:-H,0, respectivély.

poz22 Still referring to Figure 2A, in one émbodiment of the
invention, following the silicon substrate cleaning process, an
interfacial oxide (8i0;) layer 24 is formed over the silicon
substrate 20, preferably to a thicknegs of between about 5
Angstroms to about . 30 Angstroms by & wet or dry thermal oxidation
or chemical oxidation method. High temperature wet or dry
thermal oxide growth methods are preferred due to a superior

quality $i/8i0; interface.

D023 Referring to Figure 2B, at least one high-X dielectric
layer e.g., 26 is then deposited over the interfacial oxide layer
22 by conventional methods. It will be appreciated that the
interfacial oxide layer 24 may be optionally subjected to surface
treatments including chemical, plasma and/or annealing treatments
as are knowﬁ in the art prior to high-X material deposition., It
will additionally be appreciated that the high-X dielectric layer

S



9 or stack may al so be deposited directly onto the silicon substrate;
however an interfacial oxide |layer e.g., 24 is preferably provided for

hi gh-K dielectric stability when using binary oxide high-K dielectrics such
as hafnium oxide (HHQ2). 0024 The high-K dielectric |ayer or stack 26 may
be deposited by conventional nethods, including atomc |ayer chem cal

vapor deposition (ALCVD), |aser ablation, and reactive DC sputtering.
Preferred high-K dielectrics include binary netal oxides such as tantal um
oxides (e.g. , Ta2®) , titaniumoxides, (e. g. , TiO) , hafnium oxides
(e. g. , HO2), yttriumoxides (e . g . , Y203), |anthanum oxides (e.g.,
La205) , zirconium oxides (e.g., Zr02) , and silicates and al um nates

t héreof . 0025 The ALCVD deposition process preferably takes place with the

waf er subs ted from.about 2Q0_ C to about 400 C. An ALCVD process
is pref%?r%%gégﬁgggfﬁjﬁﬁ&EédfﬁﬁﬁﬁFSS AhT e Be ePdhivd thei Fid §e@Ri ti es. For

exanpl e £cud ary . angyr r Lally. . deposited inc]uding a nol ecul ar
| ayer o?uﬁﬁéal p?égtrsoﬁ?aﬁognﬁ%ggﬁgﬁéfaé%ég%ii%ﬁﬁiaﬁr8‘pr%%u%%or, f ol | owed

by contpotfechbIl ssacHadonrcand @Kl dagi o of 4 AL e Qr L ¢, ml ecul ar
| ayer to forma portion ofothelﬁigh-k dielégf?%%gﬁgégFg ?ﬁ%ﬁﬁ%%%l S being

sequenthEdyy repeit éd dho Kcdipleteribe fosimadd onrefiukngxide (mfo,) .

0024 The high-K dielectric layer or stack 26 may be deposited
by conventional methods, including atomic layer chemical vapor
deposition (ALCVD), laser ablation, and reactive DC sputtering.
Preferred high-K dielectrics include binary metal oxides such as
tantalum oxides (e.g., Taz0s), titanium oxides, (e.g., Ti0,),
hafnium oxides (e.g., HEO:), yttrium oxides (e.g., Yz03),

Lanthanum oxides'(e.g., Laz0s) , zirconium oxides (e.g., Zr0;}, and

gilicates and aluminateg thereof.

0025 The ALCVD deposition process preferably takes place with
the wafer substrate heated from about 200 °C to about 400 °C. An
ALCVD process is preferred since it gives superior interface and
film qualities. For example, molecular layers are sequentially
deposited including a molecular layer of metal precursor, for
example a metal-organic precursor, followed by controlled
dissociation and oxidation of the metal-organic molecular layer
to form a portion of the high-k dielectric layer, the process
being sequentially repeated to complete the formation of the |
high-K dielectric layer. It will be appreciated that other
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high-K dielectric layer. It will be appreciated that other 10 processes
such as MOCVD or PECVD using netal -organic precursors nmay be used as well,
but are less preferred nethods of deposition due to lower quality

el ectrical properties. 0026 In a nost preferred enbodi nent, the high-K
dielectric material includes a single |layer or stacked | ayers of hafnium
oxide (e.g., H02) deposited by an ALCVD nethod at |less than about 300 C,
nore preferably about 200 C to mininize lattice msmtch. It will be
appreci ated that the thickness of the HH02 wll vary depending on the

i val [ | GEOD,- Lred. fo \npl e between about 5
2ﬂ;;¥?o%§%§§§bgg %E%§5$§2§¥£ For §%§§%|ggl?ﬁe$$f%§q¥§§%F‘iﬁFE%ﬁ&??Iﬁhy vary

bet weennalyobt 48edAngsidians Laid 23B0UE 100, ARGSEL O et iR d Q&ggﬁgggfﬁgion
of the high-K dielectric layer or layers the high-K dielectric may bé

subj ect éilet boohewer awrle tanrdalcitndchil epropatsiedpreferably including at
| east one of nitrogen, hydrogen or oxygen at between about 550 C and 900

C. 0027 Referring to Figure 2C, follow ng deposition of the high- K
di el ectrl pol ysilicon | ayer is deposited by conventi onal

met hods?ogélrag%rr% g‘b’E‘PgRG/E? Ty SR mEBbut tHBOREIN 6| fowkerbyic

conventhgeg{igitkggﬁﬁggy % gg%%?énﬂggegngreégggﬂgh layers of hafnium
oxide (e.g., Hf0;) deposited by an ALCVD method at less than
about 300 °C, more preferably about 200 °C to minimize lattice
mismatch. It will be appreciated that the thickness of the BfO,
will vary depending on the equivalent oxide thickness (EOT)
desired, for example between about 5 Angstroms and 30 Angstroms.
For example, the HfO, layer thickness may vary between about 40
Angstroms and about 100 Angstroms. Following deposition of the
high-K dielectric layer or layers the high-X dielectric may be
subjected to one or more annealing treatments, preferably
including at least one of nitrogen, hydrogen or oxygen at between

about 550 °C and 900 °C.

0027 Referring to Figure 2C, following deposition of the high-
K dielectric layer e.g., 26, a polysilicon layer is deposited by
conventional methods, for example LPCVD at legs than about 580 e°C
followed by conventional lithographic patterning and etching,
preferably RIE and/or chemically dependent etching (CDE), to etch
through a thickness of the polysilicon layer to form the
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preferably RIE and/or chem cally dependent etching (CDE), to etch through
a thickness of the polysilicon layer to formthe 11 polysilicon gate

el ectrode portion 28 and through a thickness portion of the Hf 02 | ayer
e.g., 26 to formhigh-K gate dielectric portion 26D while |eaving at |east
a portion of the interfacial oxide |layer 24 covering the silicon
substrate. The interfacial oxide |ayer portion advantageously serves to
protect the silicon substrate 22 in the subsequent plasma treatnent
process. 0028 According to an aspect of the present invention, follow ng
the gate etching process, the process wafer including the gate structure
is subjected to a plasna treatnent process. The plasma treatnent is
preferably carried out at pressures between about 100 niforr and about 10
Tarr, more pr ferably between about 1 Torr and about 5 Torr. The plasma

t r eat neRf Yg?gfﬁ?%b$@t?rﬁﬂ%ﬁ%&?dﬁh@oﬁFé§ﬁaz§o®@@éﬁ§a§9§ BRthifRne®?2, and NH3

or mx hereof . referably the plasma source gas includes
hydr oge S%ﬁﬁlﬁt?%g%ne o}ggﬁi e ther &6f FOMSE™pRegriagare dheleptasema

source gast i snhygdsogen, ; 1,0 | asma_dana d .mpre_efficient
thermal Ty Ect?vgﬁgd dif%ggﬁgﬁgﬁghg g% %gq%e%?rt¥gh%§agﬁﬁglBF%E%@%?*bOZQ The
pl asma &% eaé NEMye ABYs | ARIHARGCORLERE N QR3L PLBSTBte. The interfacial

oxide layer portion advantageously serves to protect the gilicon

substrate 22 in the subseguent plasma treatment process.

0028 According to an aspect of the present invention,
following the gate etching process, the process wafer including
the gate structure is subjected to a plasma treatment pbrocess.
The plasma treatment is preferably carried out at pressures
between about 100 wmTorr and about 10 Torr, more preferably
between about 1 Torr and about 5 Torr. The plasma treatment
preferably includes the plasma source gases H,, .Nj, Oz, and NH; or
mixtures thereof. More preferably the plasma source gas includes
hydrogen or nitrogen or mixtures thereof. Most preferably, the
plasma source gas is hydrogen, due to minimal plasma damage and
more efficient thermally activated diffusion in a subsequent

.annealing process.

0029 The plasma.treatment may include conventional plasma
operating conditions and plasma reactors including for example,
inductively coupled plasma source (ICP), parallel plate, electron
cyclotron resonance (ECR), dual plasma source (DPS), and
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operating conditions and plasma reactors including for exanple,

i nductively coupled plasma source (I1CP), parallel plate, electron
cyclotron resonance (ECR), dual plasnma source (DPS), and 12 nagnetically
enhanced configurations. Mire preferably, the plasnma reactor includes a
DPS source to allow for independent wafer biasing. Exenplary operating
conditions include an RF power of between about 100 Watts and about 600
Watts and a wafer bias between about 0 Watts and about 300 Watts. 0030
Depending on the reactor configuration, for exanple a DPS reactor, the

pl asme treplearb1ny eansheh wdnheimeencabout vdle MidrH.3,130d ahout 60
m nutes. Followi ng the plasna treatnent, preferably a post plasm

t r eat nemlaamaeakibngopr wEess3dss L AHS eduradt tbnadhocantsenindarednsdng at

| east one of H2, N2, 02, and NH3, nore preferably primarily a nitrogen
(N2) or Waf¢royéaséodt ai FrenplambicasratAncheocnaseiofs aimpllasim ar &t nent with
H2, N2, and NH3. The annealing process is preferably carried out at a
Lonper ARGMET Bét RESHSRBOHROEEG-06 HAFEA0BHE F50UE 108 HRIAA Bthin e o

about 3Q .mnutes. .It. wll .. .appreciate t _the annealing process may
be carrgﬁgﬁo§F%Vﬁ?gi?BOY%ﬂqiﬁ%%ﬁfIﬁ? Bgﬁgﬂaggﬁr@%ﬁ%ﬁht, or may be carried
out ex-situ in a separate single wafer treatnent tool or in a batch wafer
anneal ing process in a

0030 Depending on the reactor configuration, for example a DPS
reactor, the plasma treatment is carried out between about 10
minutes and about 60 minutes. Following the plasma treatment,
preferably a post plasma treatment annealing process is carried
out in an ambient including at least one of H;, N, Oz, and NHi,
more preferably primarily a nitrogen (Nz) or hydrogen containing
ambient in the case of a plasma treatment with Hz, Nz, and NHs.-
The annealing process is preferably carried out at a temperature
between about 550 °C and about 750 °C for about 5 minutes fo
about 30 minutes. .It will be appreciated that the annealing
process may be carried out in-situ following the plasma
treatment, or may be carried out ex-situ in a separate single
wafer treatment tool or in a batch wafer annealing process in a

-conventional furnace.

0031 It has been found according to preferred embodiments of
the present invention that the plasma treatment of the gate
structure including the polysilicon gate electrode and high-K
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conventional furnace. 0031 It has been found according to preferred
enbodi nents of the present invention that the plasma treatnent of the gate
structure including the polysilicon gate el ectrode and high-K 13 dielectric
stack sidewall portions, followed by a post plasma treatnment anneal gives
the best results in advantageously adjusting the flatband Vol tage, and
consequently the threshold Voltage, such that the electrical operating
paranmeters of a conpleted CMOS device are within an operating range
conparable to CMOS devices with Si02 gate dielectrics. Wile not bound by
any particular theory, it is believed that dangling, or unsaturatively
coordinated .Si Bonds format the binary oxide (e.g., H02) /polysilicon
interface, for exanple due to lattice msmtch effects. By perform ng at
| east a pldseretiuiat meack sideeabr eferabking,f ablowesd by, an RReaN LBg,
treatnment according to referred enbodi nents, plasma inplanted atons such
as hydr ogent Saiso gereadnai vy gere hrstte nesufl ésabh yadweditegeouabd/ or
ni t rogen, trat an? tggr |1y diffuse to the
Hf 02/ pol ys"i“F ﬁﬁcs?colrﬁ% ﬁcth rFae -?f@t%gld%?gﬁ:vépé EPIEBEER 1vh tige tHanghe T
bonds. As @1 t.guchNtgLE siates..acting as el ectron/hole traps are
advant ageously ~ reduced t%ere%@ |$%§i§ﬁcﬁg Pgﬁfﬁ%ﬂﬁqéﬁ&a€€ﬁ§€ﬁu@ﬁt?y
t hreshol d completed CMOS device are within an operating range comparable to
CMOS devices with 810, gate dielectrics. While not bound by any
particular theory, it is believed that dangling, or
unsaturatively coordinated Si Bonds form at the binary oxide
(e.g., HfO.) /polysilicon interface, for example due to lattice
mismatch effects. By performing at least a plasma treatment,
more preferably followed by an annealing treatment according to
preferred embodiments, plasma implanted atoms such as hydrogen,
nitrogen, and oxygen, more preferably hydrogen and/or nitrogen,
penetrate and tharmally diffuse to the HfOz/polysiliGbn~interfaceq
to passivate or bond with the dangling bonds. As a result,
interface states acting as electron/hole traps are advantageously

reduced thereby improving flatband and consequently threshold

Voitage behavior in both PMOS and NMCS devices,

0032 For example, referring to Figure 3A, ig shown a graph of
exemplary data (CV curve) with capacitance on the vertical axis
and applied gate Voltage on the horizontal axis in an exemplary
NMOS device. Lines A, B, and C regpectively represent as
deposited (A}, i.e., with no plasma treatment, followed by
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Vol t age behavior in both PMOS and NMOS devi ces. 0032 For exanple, referring
to Figure 3A, is shown a graph of exenplary data (CV curve) with

capaci tance on the vertical axis and applied gate Voltage on the

hori zontal axis in an exenplary NMOS device. Lines A, B, and C
respectively represent as deposited (A), i.e., with no plasnma treatnent,
followed by 14 increased tinmes of a plasnma treatnent in hydrogen e.g., 30
mn (B) , and 60 mn (C) . Line D, by contrast, represents a plasna
treatment followed by an annealing treatnent in nitrogen (N2) according to

preferr i : S i I gni.ti . L oL oy t.int curve
charactS%F%g%%%drggﬁ%%iﬁgw%B%f%gﬁdggbékﬁggé é%p?%%ﬁﬁgﬁgféﬁpdnpﬁyqﬁﬁbmn

net hods. ($033nReker hing(d . Firgue p3Byyi soshous: a geapltof exemplany data
with the flatband Voltage on the vertical axis and the gate f{reatnent

condi ti anrssepenat €dlbowédenher zemkcall iaxi srefament tIreatimigeaondi,ji on Al
corresponds to as deposited condition (wi thout a plasma treatnent or

anneal taasstdeng) to pouttetreshtomivodimeondi showsn®la Ggnidhidadlt, respectively
correspond to a 10, 30, and 60 mnute H2 plasma treatnent according to

pr ef er r eAPIEEBERFeht sthacdi'e Qrrest REAT2EBATLET BRS EINCchidigehtiladbanshows a

50 m Ut k2 ol asa, LL ealE, fob) oped by, an, agneal i ng tr eat ment

0033 Referring to Figure 3B, is shown a graph of exemplary
data with the flatband Voltage on the vertical axis and the gate
treatment condition separated on the horizontal axis. Gate
treatment condition Al corresponds to as depogited condition
(without a plasma treatment or anneal treatment); gate treatment
conditions Bl, Cl, and D1, respectively correspond to a 10, 30,
and 60 minute H; plasma treatment according to preferred
embodiments. Gate treatment condition El, by contrast, shows a
60 minute H, plasma treatment followed by an annealing treatmeﬁt
according to preferred embodiments, showing a significant

improvement in flatband Voltage.

0034 Referring back to Figure 1, following the annealing
treatment, conventional processes are then carried cut to
complete the CMOS device including an ion implantation process to

form LDD regions e.g., 14A in the silicon substrate followed by

15



rding to preferred enbodi ments, showi ng a significant inprovement in
?fggbandngltgge. 0034 Referring back to Figure 1, follow ng the annealing
treatment, conventional processes are then carried out to conplete the
CMOS devi ce including an ion inplantation process to formLDD regions
e.g., 14Ain the silicon substrate followed by 15 sidewal | spacer formation
e.g., 20A and a subsequent ion inplantation process to form source/drain
regions e.g., 14B. 0035 Referring to Figure 4 is a process flow di agram
including several enbodinents of the present invention. In a first process
401, an interfacial oxide layer provided over a silicon substrate. In
process. 403, at |east one high-K dielectric layer, preferably HEO2i is
deposited over the interfacial oxide. In process 405, a polysilicon |ayer

i i tet - i dzi ' . d and
i s deposi t eddewd Il precess r40fatishes ROl YSidd ¢on Layerd tterne
etcheg through a thickness portion g? t he pon5|I|con<§ﬁ%&h|§ﬁ-K _
di el ect ri c*fol3iahiegarecessr uct iven dourpegeeasn489yidhPlasne tygat ment is
carried out according to preferred enbodi nents. In process 411, "a post

pl asma treatment anneal is carried-.out according to preferred.

[ [ ied out to
enbodi nment n process. 413, conventional processes are carrie | ‘
conpl et e tiﬁ?%mmfﬁ%€%§§%§g:%o %lgure 4 1s a process flow diagram including

several embodiments of the present invention. 1In a first process
401, an interfacial oxide layer provided over a silicon
substrate. In process 403, at least one high-X dielectric layer,
preferably HfO,, is deposited over the interfacial oxide. 1In
process 405, a polysilicon layer is deposited.. In process 407,
the polysilicon layer is patterned and etched through a thickness
portion of the polysilicon and high-K dielectric to form a gate
structure. In process 409, a plasma treatment is carried out
aécording to preferred embodiments. In process 411, a post

. plasma treatment anneal is carfied:out according to preferred.
embodiments. In process 413, conventional processes are carried

out to complete the CMOS device.

0036 While the-embodiments illustrated in the Figures and
described above are presently preferred, it should be understood
that these embodiments are offered by way of example only.

The invention is not limited to a particulax embodiment; but
extends to various modifications, combinations, and permutations
as will occur to the ordinarily skilled artisan that nevertheless
fall within the scope of the appended claims.
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0036 While the enbodinents illustrated in the Figures and described above
are presently preferred, it should be understood that these enbodi nents are
of fered by way of exanple only. The invention is not |limted to a
particul ar enbodi nent, but extends to various nodifications, conbinations,
and pernmutations as will occur to the ordinarily skilled artisan that
nevertheless fall within the scope of the appended clains. 16 CLAI M5 Wat
is clained is: 1. A nethod for treating a gate structure conprising a

hi gh-K gate dielectric stack to inprove electric performnce
characteristics conprising the stepsggfzygoroviding a gate dielectric |ayer
stack conprising a binary oxide over a silicon substrate; formng a

pol ysi | mtan hayelatOmes ide gate dielectric layer stack; lithographically
patterning and etching to forma gate structure; and, carrying out at
| east one plasma treatnent of the gate structure conprising a plasma
source %as selected fromthe group consisting of H2, N2, 02, and NH3.
. A method for tréating a gate structure comprising a high-K
gate dielectric stack to improve electric performance
characteristics comprising the steps of:
providing a gate dielectric layer stack comprising a binary
oxide over a silicon substrate;
forming & polysilicon layer over the gate dielectric layer
stack;
lithographically patterning and etching to form a gate
structure; and,
carrying out at least one plasma treatment of the gate

structure comprising a plasma source gas selected from the group

consisting of Ha, N;, Cz, and NHs.

2. The method of claim 1, further comprising the step of
annealing the gate structure following the at least one plasma
treatment.

3. The method of claim 2, wherein the step of annealing

comprises a temperature of from about 600 °C to about 750 °C.
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2. The nethod of claim11, further conprising the step of annealing the
gate structure following the at | east one plasma treatnment. 3. The nethod
of claim2, wherein the step of annealing conprises a tenperature of from
about 600 C to about 750 C. 17 4. The nmethod of claim2, wherein the step
of annealing conprises an anbient consisting essentially of nitrogen. 5.
The nmethod of claim1l, wherein the gate dielectric-layer stack conprises a
| ower nost S102 | ayer forned over the silicon substrate. 6. The nmethod of
claim1l, wherein the gate dielectric |ayer stack conprises a high-K
material selected fromthe group consisting of tantal um oxides, titanium
oxi des,, hafnium oxides, yttrium oxides, |anthanum oxides, zirconium
oxides , and silicates and alum nates thereof. 7. The nethod of claim

1,, wherei m t herih ele@@bli 61! YLIm SI AGHHeLARSLRES & ' ' Of a | owermost
902 | ayer and an overlying ha#glun1ofide ay%r5§%§c$% %' 08 of claim?7,

wher ei n th@rﬁmﬁrﬂaﬁmaoxanlblém/edfonsslstfl@l@rredséﬁ@%ﬂlﬁ%ﬂ %l%QoéEQVD met hod at
a tenperature of less than about 300 C

5. The method of claim 1, wherein the gate dielectric layer

stack comprises a lowermost SiO, layer formed over the silicon

substrate.

6. The method of claim 1, wherein the gate dielectric layer
stack comprises a high-K material selected from the group
consisting of tantalum oxides, titanium oxides,, hafnium oxides,
yttrium oxides, lanthanum oxides, zirconium oxides , and

silicates and aluminates thereof.

7. The method of ¢laim 1, wherein the dielectric layer stack
consists essentially of a lowermost Si0, layer and an overlying

hafnium oxide layer.
8. The method of claim 7, wherein the hafnium oxide layer is

formed according to an ALCVD method at a temperature of less than

about 300 °cC.

8. The method of claim 1, wherein the plasma source gas is

selected from the group consisting of hydrogen and nitrogen.

18



9. The nethod of claim1l1l, wherein the plasma source gas is selected from
the group consisting of hydrogen and nitrogen. 18 10. The nethod of claim
1, wherein the plasma treatnent is carried out for a period of between

~ about 10 minutes and about 90 mnutes. 11. The method of claim1, wherein
the plasma treatnment is carried out at a pressure of between about 100
nmlrorr and about 10 Torr. 12. The nethod of claim1ll,.wherein the plasm
treatnment is carried out at a pressure of between about 100 niorr and
about 5 Torr. 13. A nethod for treating a gate structure conprising a

hi gh-K gate dielectriLc g; ggg § ! i mprove fl.atl b%@%s}@% ge and théeshol d

Vol t age characteristics device conprising t s ot provi di ng

a gate dighecdd idud aver as%agkosogprbéew&@taﬂo%stlo a9 Eu@égha§§ddé§£&@t§bc
having a. dielectric constant greater than about 10 over a silicon

substratejndtordd ng a polysilicon |ayer over the gate dielectric |ayer
stack; lithographically patterning and etching to forma gate structure;
11. The method of claim 1, wherein the plasma treatment is

carried out at a pressure of between about 100 mTorr and about 10

Torr.

12. The method of claim 11, wherein the plasma treatment is
carried out at a pressure of between about 100 mTorr and about 5

Torx.

13. A method for treating a gate structure comprising a high-X
gate dielectric stack to improve flatband Voltage and threshold
Voltage characteristics of a CMOS device comprising the steps of:

providing a gate dielectric layer stack comprising at least
one high-K dielectric having a dielectric constant greater than
about 10 over a silicon substrate;

forming a polysilicon layer over the gate dielectric layer
stack;

lithographically patterning and etching to form a gate

structure;

18



19 carrying out at |east one plasma treatnment of the gate structure
conprising a plasma source gas selected fromthe group consisting of H2,
N21 02, and NH3; and, annealing the gate structure follow ng the at | east
one plasma treatnment. 14. The nethod of claim 13, wherein the step of
annealing conprises a tenperature of fromabout 600 C to about 750 C. 15.
The nmethod of claim 14, wherein the step of annealing conprises an anbi ent
selected fromthe group consisting of H2, N2,. 02, and NH3. 16. The net hod
of claim 13, wherein the gate dielectric |layer stack conprises a | owernpst
Si 02,1 ayer forned over the silicon substrate. 17. The nethod of claim 13,
wherein the high-K dielectric is selected fromthe group consisting of
tant al um oxi des, titanium oxides,, hafnium oxides, yttriun1oxides

Ianthanun1OX|ng¢Ty4h cont um oxides A [ s and nates thereof.
20 18. The met hod of gla|n113 wher el 1 ggaghéié?% et gﬁ%y%ﬁ © stack

conzlsfs egsenttivalel yomprbsioyes Hstsndi gguk@aegagng$ryateavf£$M'Eﬁk'E%%”'“”‘
oxi de | ayer.
consisting of H,, Nz, O, and NHi; and,

annealing the gate structure following the at least one

plasma treatment,

14. The method of claim 13, wherein the step of annealing

comprises a temperature of from about 600 °C to about 750 °C.

15. The method of claim 14, wherein the step of annealing
compriges an ambient selected from the group congisting of H,,

N2, Oz, and NH,.

16. The method of claim 13, wherein the gate dielectric layer
stack comprises a lowermost SiO, layer formed over the &ilicon

substrate.

17. The method of claim 13, wherein the high-K dielectric is
selected from the group consisting of tantalum oxides, titanium
oxides,, hafnium oxides, yttrium oxides, lanthanum oxides,

zirconium oxides , and silicates and aluminates thereof.
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19. The nethod of claim13, wherein the plasna source gas consists
essentially of hydrogen (H2). 20. The nethod of claim 13, wherein the
plasma treatnent is carried out at a pressure of between about 100 mflorr

and about 5 Torr. 21

18. The method of claim 13, wherein the gate dielectric layer
‘stack consists essentially of a lowermost Si0; layer and an

overlying hafnium oxide layer.

15. The method of claim 13, wherein the plasma source gas

consists essentially of hydrogen (H,) .
20. The method of claim 13, wherein the plasma treatment is

carried out at a pressure of between about 100 mTorr and about §

Torr.
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