; ef e3eCN@.6TN2>$ A METHOD TO FABRI CATE A SI NGLE GATE W TH DUAL
VORK- FUNCTI ONS BACKGROUND OF THE | NVENTI ON (1) FIELD OF THE | NVENTI ON The

present inventio the fabrication of integrated CI WWW
and nore parti CUJM\@“‘N\“‘ \mmet hod of fabricating a single ga M[]%
wor k- functions i rication of integrated circuits. (2) DES@B
OF THE PRI OR ART As tg@ nology progresses, enabling higher |evels o
integration within systemintegrated circuit chips, it will be essential to

be able to fabricate sem conductor device gates that accomodate d| fferent
Ror ke 1 andy MEIR B FXBRIHE Ry A S it Bngl SRR G TNy

mat ure net hods can be used to fabricate such gates, either netal or
silicon. However, these processes night be cunbersonme or expensive. U S

Patent 5,770,490 to Frene iscl rk-function device
wherein different gates h @%@&%r@vﬁ%ﬁﬁ%ﬂ%dependi ng on dopi ng.
U S. Patent 6,187,657 to Xiang et al shows a gate conposed of dual 1

gate materials. U S. Patent 5,620,906 to Yamaguchi et al teaches ion doping

to form saur ge/rdimior rmeg onereNt N Patents 5, 530, 265 to Takemura and
6, 235,574 to Tobben et al show doping processes. SUMVARY OF THE | NVENTI ON r

Accordingly, a primry dajedgrededtheinrsetionnréetatds pfovie a process for
form ng a single gate having dual worK functions in the fabrication of
|ntegratdwhmrqaniqn of integrated circuit devices, and more

particularly, to a method of fabricating a single gate having

dual work-functions in the fabrication of integrated

circuits.

(2) DESCRIPTION OF THE PRIOR ART

As technology progresses, enabling higher
levels of integration within system integrated circuit chips,
it will be essential to be able to fabricate semiconductor
device gates that accommodate different work-functions within
a single gate across a short device channel. Many mature
methods can be used to fabricate such gates, either metal or
silicon. However, these processes might be cumbersome or

expensive.

U.S. Patent 5,770,490 to Frenette et al
discloses a dual work-function device wherein different gates
have different work-functions depending on doping. U.S.

Patent 6,187,657 to Xiang et al shows a gate composed of dual



A further object of the invention is to provide a process for formng a
single gate having a dual work-function by nmeans of plasnma enhanced ion
doping in the fabrication of integrated circuits. Another object of the
invention is to provide a process for formng a single gate having a dual
wor k function by neans of selective plasma enhanced ion doping. In
accordance with the objects of the invention, a nethod for formng a single
gate having a dual work-function is achieved. A gate electrode is forned
overlying a gate dielectric layer on a substrate. Sidewalls of the gate

el ectrodeqare sekeshiaigly dored pahaaby @30 dpaed.? va ﬁgegfi{e'% neye @

first worK-function an ereby a centrdl portion o rode not

doped has +2,8868N4 HOGIRURG e fodnf YIRLELE diiRticn Bfs 2 jngl e gate

having nultiple work-functions in the fabrication of" integrated circuits. a

BRI EF DESERIRRHEN 55 30HE 63RAW NGR difhirta &y rf G0 IR 10 1 avbplasn foF iAg a

material part of this description, there is.shown: Figs. 1 through 4 are

Cr 0Ss- seckhomaldopapiee paitictids@azs, of a preferred enbodi nent of the present
invention. Figs. 3A through 3C are cross-sectional representations of three
alternatives in a preferred enbodi nent of the present invention. Fig. 5 is

a cross-sectional representation of
SUMMARY OF THE INVENTION
’

Accordingly, a primary object of the invention
is to provide a process for forming a single gate having dual

work~functions in the fabrication of integrated circuits.

A further object of the invention is to
provide a process for forming a single gate having a dual
work-function by means of plasma enhanced ion doping in the

fabrication of integrated circuits.

Another object of the invention is to provide
a process for forming a single gate having a dual work-

function by means of selective plasma enhanced ion doping.

In accordance with the objects of the
invention, a method for forming a single gate having a dual
work-function is achieved. A gate electrode is formed
overlying a gate dielectric layer on a substrate. Sidewalls

of the gate electrode are selectively doped whereby the doped



a conmhination of alternatives in a preferred enbodi mrent of the present
invention. 3  DESCRI PTION OF THE PREFERRED EMBCODI MENTS The present

i nvention proposes a sinple and rel atively inexpensive nmethod to fabricate
a single gate having a dual work-function across the device channel. The
sidewal I s of the gate are selectively doped via plasma doping Pwth
appropriate maski ng. The extent and profile of the doped sidewall is
determ ned by the ion density, pressure, and annealing duration. During
dopi ng, the substrate is not biased so as to eradicate plasm i nduced

darage. BQE&HQS}?E hAgesg! ?(ﬂcis.\‘_ewg?w @gncttligngt%t'glg R’%u% ?)87 al fhg ghdeval |'s

w || possess erent properties fromthe cen I's wll

mean t hatpabeléhdswakhepesrtboeiewt&bdaam%tad@baﬁeh%%t awe,rel&ofnun%&ﬂ across
t he device channel than will the central bulk gate. Referring now nore

particul agliMct@ohi 8o tombhete Formhewendc¥eld eanduet gatsulbsifialge 10. This
is preferably nonocrystalline silicon. A gate dielectric oxide layer 14 is

grown or depbospledwovirftihetivhst iat €hieo fabiriicakriess odf ibafeseartesbout 10
and 100 Angstronms. The gate dielectric layer nay be a high dielectric
const ant €kycwateéri al such as silicon nitride, H OQ2, Zr02, Taz(0s, and so
on, or silicon dioxide or a stack of high-k materials and silicon dioxide,
depending on the gate material and other 4 desi gn consi derations. Now, a

gate material |ayer 16 i oSl r i ic layer to a

t hi ckness of between abo Fqﬁg‘O@E;%gu%é%&&Agﬁsmq*%z&tg%te materi al may
conpri'se polysilicon, anorphous silicon, or netal, for exanple. A mask 20
is formed over the gate material |ayer 16. The gate material layer is

patterned to forma gate g %‘Her%@’c arfS i MWW ihde Formidpidlg a dry
etch, for exanple. Now, the gate is doped by plasma enhanced ion

material part of this description, there is shown:

Figs. 1 through 4 are cross-sectional
representations of a preferred embodiment of the present

invention.

Figs. 3A through 3( are cross-sectional
representations of three alternatives in a preferred

embodiment of the present invention.

Fig. 5 is a cross-sectional representation of
a combination of alternatives in a preferred embodiment of

the present invention.



doping. (PEID). In one alternative, shown in Fig. 3A the mask 20 remai ns on
the gate. The mask shields the top portion of the gate 18 fromthe plasm
doping. PEID is an isotrapic doping process that will dope the gate w thout
i npl antation i nduced damage. The gate dielectric acts as a shield for the
substrate during doping. The sidewalls 24 of the gate 18 are doped with
dopants in the plasnma. The ion density, duration, and pressure of the
dopi ng process will determ ne the extent and the profile of the doped
sidewal | gate. For exanple, pressure may be naintai ned at between about 1
and 740 Torr and t hepglodt NEr £k abF OfByRPPERBEMELIBGHPUENDs and 200
seconds. The doping profile after PEID is uniform 5- After doping, an
annealing is perforned to drive-in the dopants. The duration of the
annealing step also plays a part in determ ning the depth of dopant
diffusion into the gate.Therpexespt eintbetaonepropgspsehesalpyei sngerforned
under a N2 anbi ent at between about 800 and 1000 C for 15 to 30 m nutes.
Fig. 3B itélstiweEs ihexpéheivatnmethod whi EAbrheatask 20ngier gaoeed before
the plasma doping step. In this case, a top portion as well as the sidewall
portions Avime gyadeal gwork-fepetiond. atpeisagthheddvpiragehanpelt heThaebstrate
is not biased. This will reduce the occurrence of plasma induced damage. |f
the gate Fhf@¥aLlsiQfpbhgsIRFeoRTBr SAhBFPAYASY sAPPEBNViROP1BRBADAEPIPHE

q C b . . i . i 1 Calli
Lone, and St GHEPT PP KR QAN e Rta | aFPPSoR CRBLARPEUBROBALE PRRER ni tri de,
t fen, . S . _ . . b q
s dopant OH4CEI ALY £, BReebhihEATnkRREORoICBERELLT,  RGsFRET" o
wor K- funcih@naghehNengOBEFaBRbR . 24Dk hgPBoBi hbST eBk. stBE+hkEeLENGS L N
wor k-function w il depend upon the dopant concéntration and anneal I ng

duration.pbaselit s§hayl doberagtedtbhgt ashadehdBeedMiahageeX aBRlauskes ofoped
on the top portion of the gate (as I1n Fig. 3B), there may be a concern

duri ng subrequebecsilvecidatihgn. tha gater pbetisht atnahieveideha1meskidQ may
be renoved before doping and a second nmask 25 may be fornmed over the gate

t o shi el dpaktesscdpffenensi geoperties diomhéhgacenadsadhbwlki gakieg. 3C. I n
this case, the plasna enhanced ion doping is restricted to just one side of
t he gat e. Thhsswiiipl mesnt hhett tbecbadevk lhepeatth onise wddgettayiedewal | gat e
experiences a different work-function than the other portions of the gate.
Fig. 4 ilfisfeners wheskchangsgiopopcress3tthe device channel than will

the central bulk gate.

Referring now more particularly to Fig. 1,
there is shown a semiconductor substrate 10. This is
preferably monocrystalline silicon. A gate dielectric oxide
layer 14 is grown or deposited over the substrate to a
thickness of between about 10 and 100 Angstroms. The gate
dielectric layer may be a high dielectric constant (k)
material such as silicon nitride, HfQ=2, Zr0O=z, Taz0s, and so
on, or silicon dioxide or a stack of high-~k materials and

silicon dioxide, depending on the gate material and other



under the doped sidewall 24 of the' gate. This small part of the channel

t hat " experiences a different work-function may be used for other specific
pur poses such as hot carrier injection (HCl), for exanple. The portion of

t he channel underlying the doped region can be engineered for HCl to be

bet ween about 20 and 100 nm for exanple, depending upon the width of the
doped portion of the gate 24. Electrons 40 and hot carrier injection 42 are
i | | uSeBaBBd CPRSEAGrationsy eXgeMpl 8 gpte mofsriadi dayesdf bhdsal t ernati ves

sho in Figs. 3A through 3C may be ysed to achieve multiple work functions
in m&pgﬁﬁﬁgg GYEE. TG %é’%&nﬁ‘ll ?iee?ItFéFni'P?’\% A%mgy the &S St &% or m doped

portian of..th 18. | ternative may _he used _as .shown in Fig.
5 tob%ggé%’%{lhgbgr‘%t %@trO%p(?rntdi g%’%%%&gsttﬁéméat e.q‘hlen gtaﬁzies aéL e gate has
thre k- functi -~ Qane r e d 4 asecond

wor kféfo\gﬁé&isgngﬁ%ggrqatlﬁg%doﬁe qg)gﬂnﬁ%oﬁ%g}%gldd%?t eljtr%c}’v\or%-functi on under
the dopgghueortion 26. This conpletes formation of a single gate having
mul ti pl e work-functions. While the invention has been particularly shown
and described with reference to the preferred enbodi nents thereof, it wll
be understood by those skilled in the art that various changes in form and
detail s may be nade annawkit2adeparfdmgd roomd tthes pjatid neecksicape of the

i nvention. 8 What is clainmed is: 1. A method of formng a single gate
hav“ﬁyyﬂnﬁMbleThe gate material layer is patterned to form a
gate electrode 18, as shown in Fig. 2, using a dry etch, for

example.

Now, the gate is doped by plasma enhanced ion
doping (PEID). In one alternative, shown in Fig. 34, the
mask 20 remains on the gate. The mask shields the top
portion of the gate 18 from the plasma doping. PEID
is an isotropic doping process that will dope the gate
without implantation induced damage. The gate dielectric
acts as a shield for the substrate during doping. The
sidewalls 24 of the gate 18 are doped with dopants in the
plasma. The ion density, duration, and pressure of the
doping process will determine the extent and the profile of
the doped sidewall gate. For example, pressure may be
maintained at between about 1 and 740 Torr and the doping
duration may be between about 5 and 200 seconds. The doping

profile after PEID is uniform.



wor k-functions in the fabrication of integrated circuits conprising:
formng a gate electrode overlying a gate 5 dielectric layer on a
substrate; and sel ectively doping sidewalls of said gate el ectrode whereby
sai d doped sidewalls have a first work-function and whereby a central
portion of said gate el ectrode not doped has a second work-function to
complete formation 10 of a single gate having nultiple work-functions in
the fabrication of ifHteyr AWETr AN tanealiKe eyl adet dihg to Caim 1

mhergin said gate ymterial layer is selected fromthe gro;g consi sting of:
pol ySHiy%ont? %%tﬁ' 10 O HHP RO EheRPRAWRE R ding to Caim

1 wh ' i.d gat iel iC i | ect ed, f t i sti f:

i 11 eGSR F ot L AT BRI (5T o ATt mat er i al 5. and a
nbi Helyh ' 'q@P di.oxi d ﬁQQ 'gm # di ' fﬁg ials. 4. Th

(r:rgt hlo afccor I niéh%do ai‘#‘r?pﬁé '\Aﬁer el n&gal %t :;%Aeg?érrgé ¢ |(\§/;: 3 Zopi ng sgi d

o1 deviphd oIy | 5o ol a5iReNIRIEE 90 A0 A8 & pocudbi dBofpd according

to Cllaim1 €reln sald step el ective ng salrd sidewa conpri ses
maski g@h aad®@PLEEs te@NEQF BRI €o T8 e Sheed g 0de whereby said dopants dope said
sidewal | s of said gate el ectrode and do not dope said tap portion and said

central portion of said gate el ectrode.

Fig. 3B illustrates the alternative in which
the mask 20 is removed before the plasma doping step. In
this case, a top portion as well as the sidewall portions of

the gate 18 are doped 24.

During the doping step, the substrate is not
biased. This will reduce the occurrence of plasma induced
damage. If the gate material is polysilicon or amorphous
silicon, for example, the dopant ions may be germanium ions,
nitrogen ions, oxygen ions, metallic ions, and so on. If the
gate material is a metal such as titanium nitride, tungsten,
ruthenium and so on, silicon ions or germanium ions may be

used as dopants.

The work-function of the central bulk gate 18
and the work-function of the doped gate 24 will bhe different.
The difference in work-function will depend upon the dopant

concentration and annealing duration.



6. The nmethod according to Claim1l wherein in said step of selectively
dopi'ng said sidewal | s, said dopants dope said sidewalls of said gate

el ectrode and a top portion of said gate el ectrode and do not dope said
central portion of said gate electrode. 7. The nethod according to Caiml
wherein said step of selectively doping said sidewalls conprises nmasking a
top portion and one sidewall of said gate el ectrode whereby said dopants
dope one of said sidéweitx st b@inpipd hatect¥ cﬁ%rwi%sk%@rand do not
dope sai d .top jporfion sahglcentrauﬁgortion and sai d masked sidewal | of

sai d GAP 1 ediS FPE OPrHP et I PUCHANI Hy TR F&Fon iR i H9sai d gat e
terqd i il d_wh i i.d st f | i vely dopi id
o el s SO S S e B S SR e H SRR St g o -

germanium 10, ~~v ions, nitrogen ions, oxygen ions, and netallic ions. 9.
The nethod according to Caim1l wherein said gate material conprises netal
and wherein sai d sto, of aelectlvel yodoning. sl shdepabh sygompri ses dopi ng
with ions chosen fromthe group consisting of: SFITEBR £Ont%An ger mani um

I ONS. di o) i es el LN i j-ng step,
ol d R R o B L B B e ", OPRE T Ther
conprisd Nga B NER| $1e B 41 BUBBEERE Coé t €1 a8 pEr dOPh NG SERR Lardrkye-in said
dopants. 12. The nethod according to Claim1l wherein each of said sidewalls
of sasliowat &niBiglop®d. di Ihetkns| yasad vherplaswacenhasaed sbdewal | s has
said first work-function and wherein another of said sidewalls has a third
wor kfderingnis 1Bestr heteddtof jhst nong aidengfethat gahavi nGhasl tipl e

wor k-functions in the fabrication of integrated circuits conprising:

f or mi HEPhigat Ehat ebheotlbannet | hepgathghhe depedssyfewadir getkayer on a

substrate; . and ) ,
experiences a different work-function than the other portions

of the gate.

Fig. 4 illustrates the channel portion 30
under the doped sidewall 24 of the gate. This small part of
the channel that experiences a different work-function may be
used for other specific purposes such as hot carrier
injection (HCI), for example. The portion of the channel
underlying the doped region can be engineered for HCI to be
between about 20 and 100 nm, for example, depending upon the
width of the doped portion of the gate 24. Electrons 40 and
hot carrier injection 42 are illustrated in Fig. 4, for

example.



sel ectively doping sidewalls of said gate el ectrode using plasm enhanced

i on"dopi ng whereby said doped sidewalls have a first work-function and

‘whereby a central portion of said gate el ectrode not doped has a 10 second

wor k-function to conplete formation of a single gate having nmultiple

wor k-functions in the fabrication of integrated circuits. 14. The net hod

according to Claim13 wherein said gate material_ |ayer is selected fromthe

group consisting of CRRIPRYIEENH of FOtL R RE el . 15, The
said.gate dielectric is selected from

met h accay,di to.Cl. gi m13 wherei I

t he gﬁ&?ﬁ c(“}nsf-‘lqbg:toluﬁ"é1 + TSHY ibceoﬁl%ﬁ&c:ﬁodé‘,c it d‘i‘“@l%“csf]r‘? cw%ré‘hst ant (k)

di el 4G r : %&ﬁg%nat' i41ic i.0xi igh k
dielgg%$+é}#§§:}4§3€? %E?gfhua me hoghggé%%ﬁﬁ%ﬁi%3£E9%€%$§§V€ﬂgfﬂ%ﬂ sai d

step i RRleald YRl ¢ SRl G daNald ScRoI i Sefs Maskidlg a top portion
of said gate el ectrode whereby said dopants dope said sidewalls of said

gat e £l ectdndierand e, W GoRe SR shddP ROrFiPN fngb S@bse ceméral portion of
said gate el ectrode. 12 17. The method according to aim 13 wherein in
sai d sieyhed m@Rteisn Va3 Yotlophagysiee d sinlewd 4 sexsmp Te foprat gatlope sai d
sidewal | s of said gate electrode arid a top portion of said gate el ectrode
and doasothiep evech of went tahs porénemnumde s atlde gahdopédcgabeel8 18a The net hod
according to Claim13 wherein said step of selectively doping said

si devesgdand orpri-sbancibdd ngnder ophpoiered pexdtboe 24 dewadl| aothsafld gate

el ectrode whereby said dopants dope one of said sidewalls of said gate

el ectWodfe- Ferc Rk cended Hoe ndereeproshiet 89- portion, said central
portion, and said nasked sidewall of said gate el ectrode. 19. The net hod
according to Claim13 wherein said gate material conprises silicon and

wher ei id st f | ectively dopi id sid | | ' dopi
with ions chosen froffthecaPBIBEBnEPERRREOD St o, RaRPh BORS, ni trogen

i ons, n_iops.,and netallic.ions. 20. The method according to Claim 13
mhereP%é%g 5§€ép%§tg??§|§ 19 888 metal and wherein said step of

sel ectively doping said sidewalls conprises doping with ions chosen from
the group consisting of: silicon ions and germani um i ons.

While the invention has been particularly

shown and described with reference to the preferred
embodiments thereof, it will be understood by those skilled
in the art that various changes in form and details may be
made without departing from the spirit and scope of the

invention.



13 21. The nethod according to Caim 13 wherein during said doping step,
said substrate is not biased. 22: The nethod according to Claim 13 further
‘conprising annealing said substrate after said doping step to drive-in said
dopants. 23. The nethod according to Caim 13 wherein each of said

si dewal | sygiat sadlaimgdise i s doped differently and wherein one of said

sidewal | s her of said sidewalls has a third work-functiaqn., 24. A nmethod of

forming alsi ﬁgf“@ &ijeol‘fa\floﬁg‘llﬂﬂ 4 ﬁllé‘%(?r IEFEn YIRS T @ ¥eabr i cat i on of
integrated circuit conpr|5| rmng.a gat electr e, overlying a gate 5
di el ectri & g}mé:%lgn&l}?t &Y ag) lecﬁgtll\?e’l y dopt qt(f%aﬁ]l & 1%‘Ttﬁai d gate
el ectrode Jk §@ gsna enhanced i on dopi ng mhereln said substrate i s not

bi ased whereby sai doped sidewal I s have a first work-function and whereby

a central porufy}ﬂy (%f%} q?§’6¥gil &PQP .g@s a second
wor k- functi on; and anneallng sal trate to drive-in said dopants to
conplset e R RId1eN Of1 aped G & GRIHBMNg JRd tiple 14
selectively doping sidewalls of said gate electrode
whereby said doped sidewalls have a first work-function
and whereby a central portion of said gate electrode not
doped has a second work-~function to complete formation

10 of a single gate having multiple work-functions in the

fabrication of integrated circuits.

2. The method according to Claim 1 wherein said gate
material layer is selected from the group consisting of:

polysilicon, amorphous silicon, and metal.

3. The method according to Claim 1 wherein said gate
dielectric is selected from the group consisting of:
silicon dioxide, high dielectric constant (k) dielectric
materials, and a combination of silicon dioxide and high

k dielectric materials.

4. The method according to Claim 1 wherein said step of
selectively doping said sidewalls comprises plasma

enhanced ion doping.



wor k-functions in the fabrication of integrated circuit 25: The nethod
according to Claim24 wherein said gate naterial |layer is selected fromthe
group consi sting of: polysilicon, anorphous silicon, and netal. 26. The

met hod according to Caim24 wherein said step of selectively doping said
sidewal I s conprises masking a top portion of said gate el ectrode whereby
sai d dopant s daope i d sidewal.l s of id te.,el ectraode and do t dope
said top %drgggnmgngogaf CEQ%ﬁPﬁiqﬁb??ﬁ&ﬁggfW&%ﬁ?ﬁ@af@”ﬁféﬁf?bégf 27. The
1ot hod. 2 andicRd okt ;i d! Y &ihdBatY Lo sifs SRSl dop N9

said sidewal l's, sai ant’s dope sal sal ate el ectrode and

a tOp POr o e 3l HAle 10l QYDA ARt Ao dORe SRid 8Rid@ Pporti on

of said gate el ectrode. 28. The nethod-according to Caim 24 wherein said
step of sdopet isealy sddRiwad 1SAidt Sadavajdte GaPUtERTe asKidy ot op portion
and one sidewall of said gate el ectrode whereby said dopants dope one of
sai d si dewges safidsaiop griret iRrednddmidticaakad mnet i not slojpe said top
15 portion, said central portion, and said nasked sidewall of said gate
el ect rode.gax® ellectreidend according to Claim 24 wherein said gate materi al
conprises silicon and wherein said step of selectively doping said
sidewal I s conprises doping with ions chosen fromthe group consisting of:
germani umions, nitrogen ions, oxygen ions, and netallic ions. 30. The

met hod accor diRy nerimdiagcarding efm Gkaim ghtwherair ik dhPreseR netal and
wherein said step of selectively doping said sidewalls conprises doping

wi th ions ¥h@ eIt haRnd ngi%’c‘??l"ga%]fs.' s??’r‘?:o‘?PH’%ngs AP Yer mani um

ions. 31) The. net hod cording.to aim 24 wherein .each of sajd sidewalls
of sai d GRS CAALER 196 910 FAHE GHEr B S0 NG 12 SR RPGEORRI s has
sai d f'rStofwggid gate electrode and do not dope said central

portion of said gate electrode.

7. The method according to Claim 1 wherein said step of
selectively doping said sidewalls comprises masking a
top portion and one sidewall of said gate electrode
whereby saié dopants dope one of said sidewalls of said
gate electrode not masked and do not dope said top

portion, said central portion, and said masked sidewall

of said gate electrode.

8. The method according to Claim 1 wherein said gate
material comprises silicon and wherein said step of
selectively doping said sidewalls comprises doping with

ions chosen from the group consisting of: germanium

10



function and wherein another of said sidewalls has a third work-function.
16 ANy9. AL. Ahs. A. L. A . AY[. A . AR AYH?. AR A
HLe. Al e. Ase~A5R. A5R. A. R?[ vLnmOnBCY4n0”| w mhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
U] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cRal

Ao
KLf mﬁnhcA ca]ca calcal cal ca] calUl cal ca] ca] calcal ca ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca]'Carcalt ]éc] é’] 6’%] d!a] é‘gﬂl N n%a!]( )a/’%fé‘l Jﬂ%ﬂ% 'd_]Z] ] ]ca] ]ca] ]ca]
caj ca] ca] ca] ca] ca] ca] ca] ca] cal ca] ca] ca] caj ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
cal] ca] ca] ca] ca! ~
@{}./0, Yot >Bres et vald CRCALHS A W 6k 2] elealsplea e oal oal cal cal cal ¢
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal eca] ca]ca! ?Er |
f1gl!"&" PmateditiClonii idied] |nte]£1a] ara] Gﬂl@ﬁdﬁrﬁ]w@adw c@f ca] ca] ca] ca] ca] ¢
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! CEWH#H###" $T7TSB8SVEKSI $$$
$8% %0000 Yectively doping said sidewalls comprises doping with
"Ti'n"""(('(}xsnid_Z]]ca]ca] ca]ca]ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]calc
a] Ci] iﬂif}m cdlasire dj ) daje goale afong ouf vad | ¢ (I (LX1¢en) Jgne * 2* @ X* Y*+
-k-kn O
--}mwnhcA\QQQﬂQ§ﬂm§ﬂknﬂ(kﬂnﬁﬂJlca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
calcalca]calcalca]calcalcaljcalcaljcal----- ..NO....
[, INVINT]1117/0U00001INLIRLIS1y1IW2} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca
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sidewalls of said gate is doped differently and wherein
one of said sidewalls has said first work-function and
wherein another of said sidewalls has a third work-

1
function.

13. A method of forming a single gate having multiple
work-functions in the fabrication of integrated circuits
comprising:

forming a gate electrode overlying a gate
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10

dielectric layer on a substrate; and

selectively doping sidewalls of said gate electrode
using plasma enhanced ion doping whereby said doped
sidewalls have a first work-function and whereby a
central portion of said gate electrode not doped has a
second work-function to complete formation of a single

gate having multiple work-functions in the fabrication

of integrated circuits.

14. The method according to Claim 13 wherein said gate
material layer is selected from the group consisting of:

polysilicon, amorphous silicon, and metal.

15. The method according to Claim 13 wherein said gate
dielectric is selected from the group consisting of:
silicon dioxide, high dielectric constant (k) dielectric

materials, and a combination of silicon dioxide and high

k dielectric materials.

16. The method according to Claim 13 wherein said step
of selectively doping said sidewalls comprises masking a
top portion of said gate electrode whereby said dopants
dope said sidewalls of said gate electrode and do not
dope said top portion and said central portion of said

-

gate electrode.
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dope said sidewalls of said gate electrode and a top

portion of said gate electrode and do not dope said

central portion of said gate electrode.

18. The method according to Claim 13 wherein said step
of selectively doping said sidewalls comprises masking a
top portion and one sidewall of said gate electrode
whereby said dopants dope one of said sidewalls of said
gate electrode not masked and do not dope said top
portion, said central portion, and said masked sidewall

of said gate electrode.

19. The method according to Claim 13 wherein said gate
material comprises silicon and wherein said step of
selectively doping said sidewalls comprises doping with
ions chosen from the group consisting of: germanium

ions, nitrogen ions, oxygen ions, and metallic ions.

20. The method according to Claim 13 wherein said gate
material comprises metal and wherein said step of
selectively doping said sidewalls comprises doping with
ions chosen from the group consisting of: silicon ions

and germanium ions.
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22 The method according to éiaim 13 further comprising

annealing said substrate after said doping step to

drive-in said dopants.

23. The method according to Claim 13 wherein each of
said sidewalls of said gate is doped differently and
wherein one of said sidewalls has said first work-

function and wherein another of said sidewalls has a

third work-function.

24. A method of forming a single gate having multiple
work~-functions in the fabrication of integrated circuits
comprising:
forming a gate electrode overlying a gate
5 dielectric layer on a substrate;
selectively doping sidewalls of said gate electrode
using plasma enhanced ion doping wherein said substrate
is not biased whereby said doped sidewalls have a first
work-function and whereby a central portion of said gate
10 electrode not doped has a second work-function; and
annealing said substrate to drive-~in said dopants

to complete formation of a single gate having multiple
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polysilicon, amorphous silicon, and metal.

26. The method according to Claim 24 wherein said step
of selectively doping said sidewalls comprises masking a
top portion of said gate electrode whereby said dopants
dope said sidewalls of said gate electrode and do not

dope said top portion and said central portion of said

gate electrode.

27. The method according to Claim 24 wherein in said
step of selectively doping said sidewalls, said dopants
dope said sidewalls of said gate electrode and a top
portion of said gate electrode and do not dope said

central portion of said gate electrode.

28. The method according to Claim 24 wherein said step
of selectively doping said sidewalls comprises masking a
top portion and one sidewall of said gate electrode
whereby said dopants dope one of said sidewalls of said

gate electrode not masked and do not dope said top
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selectively doping said sidewalls comprises doping with

ions chosen from the group consisting of: germanium

ions, nitrogen ions, oxygen ions, and metallic ions.

30. The method according to Claim 24 wherein said gate
material comprises metal and wherein said step of
selectively doping said sidewalls comprises doping with
ions chosen from the group consisting of: silicon ions

and germanium ions.

31, The method according to Claim 24 wherein each of
said sidewalls of said gate is doped differently and
wherein one of said sidewalls has said first work-

function and wherein another of said sidewalls has a

third work-function.
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