1 METHODS OF FORM NG A PLURALI TY OF TRANSI STOR GATES, AND METHODS OF
FORM NG A PLURALI TY OF TRANSI STOR GATES HAVI NG AT LEAST TWO DI FFERENT
WORK FUNCTI ONS 5 TECHNI CAL FI ELD [0001] Enbodi nents di scl osed herein
pertain to nmethods of formng a plurallity of transistor gates which
may or may not have at least two different work functions. 10
BACKGROUND [0002] Field-effect transistors are one type of electronic
componenyPEb DR ORCrORNNKY WOPLURARIIY BIPTRANSISTOR chflls, AN
include a palr of source/drain regions have a channel region recéive
t her ebet MEREFHOD§at@F i FORMEINGIALPHVRALITY (OE TRANSISTEOR ofs ANHS
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el ectrically conductive. Accordingly, the transistor switches froma
non- conductive state to a conductive state upon application of a
suitabl e threshol d voltage to the gate. It is desirable to keep

t hr eshol §pahNgees, ¢figddptransistors small and al so to keep power
consunptTon of transistors low. One significant property of the gate
whi ch i 0881 kr ni ndimbedishentar dishisisdd vidresig epertnimotok niatheds af. forming a
t he wor ct ] f ,.together with the.,doping | evel of.the
channel rlggﬁngt ,gﬁﬁl%c Isgcgli grgh;\%nvé’ié” }éla?h?lés ol (Ei‘ogo Fggaéglg?s atve %lﬂlcrent
fiel d- efwert funcisisst or devi ce. To keep threshold vol tages of

transj stors small and 25 power consunption low, it is desirable that
t he rk function of the gate material be approximately equal to the
wor k fumngAicaaca{otinepmat erial of the channel region. [0003] Usual ly,
not all transistors of an integrated circuit are of the sane

const r ud?®PB3l or ndtield-affsct mapdstarhgiry one tne peelapiiondel campasensmsed

desirablig #fl@kabrication of integrated circuitry. Such include a pair of source/drain

regions have a channel region rcceived therebetween. A gate is received
15  proximate the channel region and separated therefrom by a gate dielectric. By
applying suitable voltage to the gate of the transistor, the channel region
becomes electrically conductive. Accordingly, the transistor switches from a
non-conductive state to a conductive state upon application of a suitable
threshold voltage to the gate. It is desirable to keep threshold voltages of
20  transistors small and also to keep power consumption of transistors low. One -
significant property of the gate which is determinative of threshold voltage is
work function. It is the work function of the gate, together with the doping
level of the channel region, which determines the threshold voltage of a field-
effect transistor device. To keep threshold voltages of transistors small and
25 power consumption low, it is desirable that the work function of the gate
material be approximately equal to the work function of the material of the
channel region.
[0003] Usually, not all transistors of an integrated circuit are of the same
construction or materials. Accordingly, it is recognized and often desirable that
30  different transistor gates be fabricated to have at least two different work
functions. One manner of providing different work functions is to provide

different gate electrodes to be formed of different materials. For example for



30 different transistor gates be fabricated to have at | east two
different work functions. One manner of providing different work
functions is to provide different gate el ectrodes to be forned of
different materials. For exanple for 22 conductive polysilicon, using
di fferent conductivity-enhanci ng dopants and concentrati ons may
provide different work functions for different transistors. For netal

gates, u j ffer . nmetals, or..guantitiegs of.netals in ta

al | oys, géraneﬁatg)g g)(%%ﬁnltcgn1 npack %ﬁeﬁe?turfgpl Bﬁg?’}%yﬁ@apf’ﬁ'}igs %@ams and
devi ce. céhdsiRtfakiobkSERY Piitcoit O i fTelfe iDRAWINGSn ¢ {i 000 4bFiddffe dent Str@nsistors.
di agrammgati c secti onal vi?%kgf a subsirate in process in accordance
with an EXbBRIHeELCHs UthaE [dilenent &ﬁtﬂfSe@éémﬂin&.“eé qfgmgtals ggymsiat poys,
Fig. 1 susilbakfodtn @ PHPAQSHIMRFuBEABn In IHOTRANEN ddcd hat shown by
Fig. 1. [0O006]Fig. 3 is aviewof the Fig. 2 substrate at a
processing step subsequent to that shown by Fig. 2. [0007]Fig. 4 is a
view of the Fig. 3 substrate at a processing step



subsequent to that shown by Fig. 3. 10[0008]Fig. 5is a view of the
Fig. 3 substrate at an alternate processing step to, that shown by
Fig. 4. [0009]Fig. 6 is a diagrammati c sectional view of another
substrate in process in accordance w Bh an enbodi nent of the
invention. [0010]Fig. 7 is a view of the Fig. 6 substrate at a
processing step 15 subsequent to that shown by Fig. 6. [0011]Fig. 8
Is a vie o cessing step subsequent to
t hat sh#‘F E i wi ew of the Fig. 8 substrate
at a pr 0[@0951] ng Stlhg SlUﬂSSaBdU%mﬁmtrmtichﬁct&hamldw ofiagsuttra?®in process in
[0013] Fi IS a. glagra tic seﬂ%lonal vi ew of another substrate
in procée mH@GﬁF HHQH‘H? §APHEHIODf t he i nventi on.
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[00155]F|g 12 is a view of the
subsequent to that shown by Fig. 1.

[0006] Fig. 3 is a view of the Fig. 2 substrate at a processing step
subsequent to that shown by Fig. 2,
[0007] Fig. 4 is a view of the Fig. 3 substrate at a processing step
subsequent to that shown by Fig. 3.
10 [0008] Fig. 5 is a view of the Fig. 3 substrate at an alternate processing
step to that shown by Fig. 4.
[0009] Fig. 6 is a diagrammatic sectional view of another substrate in
process in accordance with an embodiment of the invention.
f0010] Fig. 7 is a view of the Fig. 6 substrate at a processing step
15  subsequent to that shown by Fig. 6.
[0011] Fig. 8 is a view of the Fig. 7 substrate at a processing step
subsequent to that shown by Fig. 7.
[0012] Fig. 9 is a view of the Fig. 8 substrate at a processing step
subsequent to that shown by Fig. 8.
20 [0013] Fig. 10 is a diagrammatic sectional view of another substrate in
process in accordance with an embodiment of the invention.
[0014] Fig. 11 is a view of the Fig. 10 substrate at a processing step
subsequent to that shown by Fig. 10.
[0015] Fig. 12 is a view of the Fig. 11 substrate at a processing step
25 subsequent to that shown by Fig. 11.
[0016] Fig. 13 is a view of the Fig. 12 substrate at a processing step
subsequent to that shown by Fig. 12.
[0017] Fig. 14 is a view of the Fig. 13 substrate at a processing step
subsequent to that shown by Fig. 13.
30 [0018] Fig. 15 is a view of the Fig. 14 substrate at a processing step
subsequent to that shown by Fig. 14.



25 subsequent to that shown by Fig. 11. [0016]Fig. 13 is a view of

t he subsequent to that shown by Fig. 12. [0017]Fig. 14 is a view of

t he subsequent to that shown by Fig. 13. 30[0018]Fig. 15 is a view of
t he subsequent to that shown by Fig. #4. Fig. 10 substrate Fig. 11
substrate Fig. 12 substrate Fig. 13 substrate Fig. 14 substrate at a
at a at a at a at a processing step processing step processing step

processi 1®€eP pre Eé ng aStd?%rarArlnliQ%%]agﬁgnall@leW oF &ggéla%hfﬁgnin

sectional view of a substtate I n process in accordance
enbodi neptoceks tulnecu':cmdenw ovith pO@AG cRiment Ff il mventwnof the Fig. 16

substrat fy iy a Pr OEESS| G Sh SRoSHBT ALy, s NBLuSROM PheblsintOitep
subsequent to that shown by Fig. 16.

95 [0021] Fig. 18 is a view of the Fig. 17 substrate at a processing step
subsequent to that shown by Fig. 17.



510021]Fig. 18 is a view of the Fig. 17 substrate at a processing
step subsequent to that shown by Fig. 17. S DETAI LED DESCRI PTI ON OF
EXAMPLE EVMBODI MENTS [0022] A first exanple nethod of formng a
plurality of transistor gates having & |east two different work
functions is described with reference to Figs. 1-4. Referring to Fig.
1, a substrate, which nmay be a senmiconductor 5 substrate, is
|nd|cateﬂ ~1 ant ext of this
docunent ofreruct i ve

subst r at[@0225 def IAneRiirstt Gaxl?iaq:ne aﬂyth@dnsf Ifblﬂﬁmgna qﬂtrm’lit§| dil@lransmtor gates

sem conduct.i ve terial, | udi n not limted._to, | k

sem condtbiPg e?tnkiast i e %%W‘st r%eﬁ%“&&ﬁ&ﬁc‘tsl gescribegy “(‘gl tRETentone
or in assgRblies rRefdting fY MEher Meddsiats WRidhe{B80Me a@8Whiconductor
sem conductl ve material layers (€ither alone or in assenblies

conpri sisipsyeterisnadiedtad Senemily metimretegpree aveeralet @r slnt theapgntext of
supporti S , cl ng € ngeo
sem con %ilééygﬁgéfré#g gggchggﬂE%%ﬂﬂn$ﬂnL%s?¥% e %B i Ac &:nducnve
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Substratﬁ 10 may include other |ayers or regions, for exanple trench
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gate 18 gég begtﬁb orrre obé‘?ﬂa% aefg[iall %f% ?ﬁ?@% Iae&%g ﬁ’n%swg‘ ch
fi rst Wsdumeldrmchrsiecbmgateglcﬂr& bast ﬁlcs;em:)ohﬁlve/\nodt\hllll%,e flsaibtrftat&d StAn
17 be| narr.o than second.w di.h 19. 25 th depi ct ed
enbddi meAPTLS JAIFHRT 19 PR oy S Es ol fitfY doRrl oy roneatomare
gat es 18:ohduet1bﬁ?&nﬂ1@ﬁﬂﬁ@ DNeiri G e $6 ro@beorlﬁlolél,coﬂtéﬁiraftﬁdr&t 8ab&atk610
havi ng been forHE Enthl nafirst area 20 and second,  gates 18 havi ng
been f orABY IH§IPAF PIACHIlFYEF it FogdRBhd oAreample theichaisolasion Kaoyabewn)

fabri catyggtchiatOinBt iahft%ulan?an&@rﬁl@oﬂ?&&fs%ﬁdshke/ of the same material,
si ze, or shape, and not al the transistor 30 gates fabricated
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75 nanonete nanone el ng a speci exa
exanpl e 10 nanometers with about 5 nanometers being a specific example A first

transistor gate 16 and a second transistor gate 18 have been formed over
substrate 12/14. First gate 16 has a first width 17 and second gate 18 has a
second width 19, with first width 17 being narrower than second width 19. In
25 the depicted embodiment, a plurality of first gates 16 and a plurality of second
gates 18 have been formed over substrate 12/14, with first gates 16 having been
formed within a first area 20 and second gates 18 having been formed within a
different second area 22. Not all of the gates fabricated within first area 20 are
necessarily of the same material, size, or shape, and not all of the transistor
30 gates fabricated within second area 22 are necessarily of the same material, size,
of shape. An example first width 17 is from about 20 nanometers to about 75

nanometers, with about 50 nanometers being a specific example. An example



6 wwdth 19 is fromabout 40 nanoneters to about 200 nanoneters, wth
about 150 nanoneters being a specific exanple. [0024]1n the context
of this docunent, a "gate" or "transistor gate" alone refers to the
conductive portion of a field-effect fransistor gate construction,
and 5 a gate construction may include additional material, such as
insul ative sidewal|l spacers, an insulative cap, and/or a gate

dielectric,.,The.exanpl tes 16, 18 are sho as not havin

i nsul at i V&4t E%é? ifog!P a@&ﬁ?“ﬁ&ﬁ?@&‘% ﬁ@r@o%?utgbq R UG W&hd“bom 150
conpri sen@l(ﬁﬂaﬁugbbmg 4 e dific 24andfoyever, insulative caps and/or
spacers provi ded. Further flash and other gate constructions
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Conductive region 24 may b nbgenous or non-honobgerious.
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zirconiu tgs nadi u and haf ni um 1&{025 Tran5|stor gates 16 and 18
may be fBFFETON ARY SRPRESHEG GPNYRRIGregiongbel Souwe ivanisulaiine caps

t echni qughd/ee Isgd@&s Pl obd tﬁaegird@ahl Fubdkk eh@bﬁ%nﬂnet&&%tewﬁgtﬁcaon;L
depicting an e nmaterial 24 as having been conduct?&d
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mat eri al ternate t he”processi ng € con @
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di el ectr bei n |ved er substrate terial 12 etmee
the gat eds()peéup?hréﬂw% g&miﬁ&gbﬁ CIPS coéﬁﬁ?r‘b‘?(([-f vﬁFél;Taflﬁ PhEJ8 © Aemenel-
transi stformgaieesls alisclhabrg aatalthy efbauniplecttamehfiicion@s metalk! heyghple
mul ti_pl e thi urations nmay al so be used. An

ckpnesses and/or confj
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nanomet efgmtumbadh, %Q@oﬂﬁlﬁh@rﬁlﬁﬁﬁlm%ﬁd‘hﬁﬁﬁuﬁl 75 nanoneters being a
specific exanple Addltlonally, @& 1 depicts the transistor
ori ent al #&#Slbei ng Tpanistor gatesold eadtldimanbedonard byorm existing omsyet-to-
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are al so conte V\/net exi sting or
etch, with Fig. 1 deplctmg an etch of material 24 as having been conducted

20  selectively relative to gate dielectric 14 such that it remains spanning between
adjacent of the conductive gates over semiconductive material 12. Alternately,
the processing might be conducted to not be selective, or etching continued to
remove some or all of gate dielectric 14 from being received over substrate
material 12 between the gates. Further, Fig. 1 depicts an example wherein the

25 transistor gates are fabricated to be of equal thickness, although multiple
thicknesses and/or configurations may also be used. An example thickness for
conductive region 24 is from about 10 nanometers to about 100 nanometers,
with about 75 nanometers being a specific example. Additionally, Fig. 1 depicts
the transistor orientation being planar or horizontal. Alternate configurations,

30 such as vertical transistors and/or transistors formed in trenches, are also

contemplated, and whether existing or yet-to-be developed.



7 [0026] Referring to Fig. 2, a material 28 has been deposited over
substrate 10, including over first and second gates 16, 18,
respectively. Material 28 may be insulative, conductive (including
conductively doped sem conductive materials), or sem conductive,

i ncludi ng any conbi nati on of such. Exanples 5 include silicon

di oxi de, silicon nitride, polysilicon, carbon, titaniumnitride,

tantal u i de tun tride. rlal be de osited
o hTORAEL o Hisrerg 3 F e iiguinl 08 Had befn dipbstledh QPO SRS Thte
first and),s@eniingaives fibt and seaﬁgﬁggiegsﬁé Btespettivédy. MNalBal 28 may
deposited substantially confornably or non-confornmably over each of
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materi al 28 has been deposited’in a suBstantially conformal manner to
haveda nonlmeaﬁdrcoouﬂmxrdsx s§inona oétrizig, psnidSltlntoa, tdarlmcbqnesmmhmmmraie,
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18. 10027 Ref to_Fi substra 10 has, been placed within an
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effective to expose conductive material of first gates 16 an

reddfe oA igedspefitadaterhare 28plzpar ecehaetlanasrowennne gatess. 18Figet2

to | eav I e i

exanpl e%o ﬁ?%&xg%@gléﬁ}%ghemgg% '{1 93 qﬁasgﬁgee?l; dlg#uc%ﬁeéieﬁﬁi \é\%Ybs%ntlally
t enper atcanéoqmdmnmrcfoehgvammoh maaamambmesbﬁunfmd:d 29, mgl subshickiness
t enper at ur.e of at eas 00 anpl e.the etchin er _of the
a1 G ol BEBI Pesetbro S ER B¢ AR ROGEHRT fa el & Fhcomh
Sant a 2&nfBatimentalniteeiil 288t &h@‘fe@‘éﬁhccﬁ}gpamimefrom‘ tHa & 2300u sk ¥@st

pI ag et ching reactor. sold by Lam Research Cor oration of Frenont,
ggr HP&“%%@HOP E%’PY?T%%‘BBI% ?Jflm HapHsor @itsigl whi&n provi de

subst rag0 dgnper aRdr&rahoys B06, s@bmﬁ%ghloqsztaelseé@qa%&rdsvmrsmmp%tch

used. 28] Such reactors may be operated in one enbodi ment
pr oducerﬁ@ 30 wuhmsterie ¢8 @Sd@@mr@becﬂ dsamtovgireyashroft ﬁestegaths Ag and
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20 received over second gates 18 yet to leave second gates 18 still covered by

material 28. By way of example only, example suitable etching chambers

include high temperature plasma etchers which are capable of achieving

substrate temperatures of at least 300°C, for example the etching chamber of the

DPSII G3 HT plasma etching reactor sold by Applied Materials, Inc. of Santa

25 Clara, California and the etching chamber of the 2300 Kiyo plasma etching

reactor sold by Lam Research Corporation of Fremont, California. Such ideally

enable plasma etching which provide substrate temperature above 300°C,
although other reactors might be used.

[0028] Such reactors may be operated in one embodiment to produce the

30 example Fig. 3 depicted result wherein the etching action has completely cleared

material 28 from being received over narrower width transistor gates 16 as

compared to wider width transistor gates 18, with the etching action of Fig. 3



havi ng been stopped at or shortly after exposure of narrower w dth
transi stor gates 16. Suitable conditions and etching chem stries wll
be selected by the artisan dependi ng upon the transistor gate width
and the conposition and configurationgof material 28 received over
transi stor gates 16, 18. The etching 5 is ideally conducted as a
plasma etch with fairly high bias and a partially physically driven
etch so %hat féacet S effscti velﬁ% ff)rrrfproxi mat e ngrrow wi dt h, gates 16
to hel p BXPB& S AOPREE el FOPEYATEKISFPPRET P P&&O%ﬁrd‘f’wtgaﬁf%‘%ﬁ“i@}’
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i nductivy, : 1 ; ;@S 1RO f
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cheni stries can he de%erm’ ned _b%%he artisan for materials other than
i
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at the nbesarbsm rametaipltHe Jhedstthing estlommhyaet oradi nofl yleanynaterial
al t er natygl el ik i | Gt trs i £ fusion
Mt o conauer s Pulnd BEAGLS Shklne bt tho fRRRLE by SR Tk S e Bl
i ndi cat iangexdrepldi Whessd smebalthicBueds df frfiatsriah 28ayemaingegpanaing between
di stki byt,e he t al_.honogenously throughout conductive region 24,
andEpegéﬁj{ﬁcgg%hg SRRt #EF> conduct i ve regi on 24 was honogenous before

the exppsd2y to tRef@ragnes FoRNt & AhdQr the WRilah.thEi @ch 4hdBet tan dagfter
exanpl e _wher ei, tal 3i ffgsi on 'éhi n conductive region 24 of first
gates 261 &t _g%rﬁée odubTER G bt bser aybisstal o PrPlag/ep comgising a
i deal I'y flithf sish @ﬂbﬂ‘}atfeht%nfﬁl%tr@thré 68@} 1R+ Bb@smotdﬁfi‘ﬁ's@:?h{ﬁ &%@ﬂgﬁft% ‘gfgst

region 24 is to within at | east about 10 nanoneters of the depic

upper s@pteackd b mpshily wiosk dunetien of firet gaive 18 & eppardric Wapatincdion
wor kK= f u i f e; gate. r , Sl e]! o.which the substrate
o 28 po B2 0P bated B mEWOhIG ort f: BLARMENE % MILE R OF rEdBRe Bie
mor e di filgeenihgnotia soddueredhin the dhirf fsasmdchahber onthif twiviehr hgi €16hidg
of first ateg 13. i??Jantit af tFe t al %iffu ed can be_ sel ected and
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factors such as plasnma conposition, plasma conditions, tinme o

exposur B1a plaspa plagst Mahdot bApsst Plasmattataat chaduemient of stprtingi theo
whi g thﬁ‘fusion, and accordingly may alternately be in a gaseous state. Fig. 4 depicts
the metal diffusion into conductive regions 24 by stippling in the drawing, with

the dots indicating the diffused metal. Such diffusion may or may not distribute



15netal is diffusing. [0030] Exposure to the plasma nay or may not

al so diffuse the netal fromthe plasma into material 28 received over
second gates 18, and regardless material 28 received over second
gates 18 may or nmay not shield any of ot he nmetal fromdiffusing into
second gates 18 during the exposure to plasma. Fig. 4 20 depicts an
exanpl e wherein sone di ffusion of netal has also occurred into

mat eri al .28, bhuf .not havin een effective to diffuse any netal to
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second gates, 18. [0031] Di ffusion of exanple netals that wl
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conductive region 24 conprises conductively doped pol ysilicon,
di f fi¥si igetd 1§ HETWHPEI nay form the outernpst portion of conductive

10 regi 0[@036{ to coiydsafe fo Wﬁﬁ%HaVﬁaWr%aﬁ bk GldedirfilteARE hél§8¥rom
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tenperature from 300C to about 400C, chanber pressure from about .
SnTorr t6°aBoWEateDddTor 8 PndeRicts 8N sHifaatcy sMMOIMen sBbRITateobigst like

about 1,000Mh18ngohi 8%hePNRE-dEEGTed embodiment have been utilized where
appropriate, with differences being indicated with the suffix “a”. In the plasma
25 exposure of Fig. 5, the diffusion of the metal has been effective to diffuse into
and through material 28 into an outermost portion of conductive region 24 of
second gates 18. Regardless, any such diffusion of metal to within second gates
18 is considerably less than that into first gate 16 such that work function of the
first gates is modified as compared to any work function modification which
30 may or may not occur to second gates 18.

[0031] Diffusion of example metals that will inherently increase work

function include platinum, cobalt and iridium where, for example, conductive



20 OWto about 100W Exanple flow rates for the metal -containing gas
are fromabout 1 Gsccmto about 200sccm and from Osccmto about
1,000sccmof a suitable inert carrier gas to perhaps inprove plasm
uniformty and density (i.e., Ar, He,joXe, Kr, Ne and/or N2).
Substrate tenperature nay be controlled by tenperature of the
susceptor or other support upon which the substrate rests. 25 For
exanple, the ab ve escri bed reacﬁors may have their susceptors set
to tenpdEgitt es® o Gét ghtehl gnircludgs; slamentalibenm amstals npierany Ghloy

during té]@m%}ipéllswr& theeth]sas nﬁn@l@éﬁgfféd?ﬂi‘u%mgtrejg@&h (21 %Qgrhtcghﬁé metal
dependi ng on conditions of the plasma. [0032] The etchin Fig. 3
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with trmggoqg Fol@obifi @Bdtmecgmg@mg@mhb@d HaRadhe tompd iR ther

sp acers and/or caps m h provi ded relative to transi stor gates
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photoresist with or without one or nmore anti-reflective coating
suitable inert carricr gas to perhaps improve plasma uniformity and density (i.e.,
Ar, He, Xe, Kr, Ne and/or Nj;). Substrate temperature may be controlled by
temperature of the susceptor or other support upon which the substrate rests.
25 For example, the above described reactors may have their susceptors set to
temperatures of 300°C or higher, with the substrate temperature during the
exposure to plasma being from about 10°C to 50°C higher depending on
conditions of the plasma.
[0032] The etching of Fig. 3 and the exposure to plasma of Figs. 4 or 5
30 may occur with or without any mask being received over any of material 28,

with no mask being shown/received over any of material 28 in the depicted

cross-section of Figs. 3-5.



25l ayers. [0036] Referring to Fig. 8 wthin a suitable etching
chanber and after form ng mask 36, material 34 has been etched from
bei ng recei ved over those transistor gates 32 which are not covered
by mask 36. Exanpl e chanbers, chem stgj es and conditions include any
of those described above in connection 30 with the processing to
produce the Fig 3 substrate. Material 34 nmay or may not be etched to
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15 [0034] A material 34 has been provided over conductive region 33 of
transistor gates 32, with such material being of different composition from that
of an outermost portion of conductive region 33. Otherwise, example materials
and attributes include any of those described above with respect to material 28
in the first-described embodiment.

20 [0035] Referring to Fig. 7, a mask 36 has been formed to cover some of
transistor gates 32 and leave others of transistor gates 32 not covered by mask
36. Any suitable existing or yet-to-be developed mask might be utilized, and for
example with such being either wholly or partly sacrificial. An example
material includes photoresist with or without one or more anti-reflective coating

25 layers.
[0036] Referring to Fig. 8, within a suitable etching chamber and after
forming mask 36, material 34 has been etched from being received over those
transistor gates 32 which are not covered by mask 36. Example chambers,
chemistries and conditions include any of those described above in connection

30  with the processing to produce the Fig. 3 substrate. Material 34 may or may not
be etched to less than completely span between adjacent of the exposed

transistor gates 32 which are not covered by mask 36. Fig. 8 shows some



may or may not result in at least two different work functions for
different gates. 20 The exanpl e enbodi nents as descri bed above
resulted in at least two different work functions for different
gates. One exanpl e of an enbodi nent ngt necessarily resulting in at

| east two different work functions is shown with respect to a
substrate 10c in Figs. 10-15. Like nunerals fromthe first-described
enbodi nent have been utilized where appropriate, with differences

bei ng 23n#tsHIAL e 8PIMRIAL L hfEWeeR radiaceat of  th; xpased reatesn 8 2mfker Hiesetch.
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material 46 nmay be the same or different in conpgsition fromthat 10
of an oﬁf"é’toﬁlb@tenbsorti%ﬁc‘lffhl?ﬁ?y’stcor%lﬂ’éFli"ﬁl TREIONE F% WBRY SEcEMY not be

mat er i akoftd JERYuhBECord AMARAEr e &%sak@%@ﬁ%@rm%esfﬁeia@qmﬁy dyedde
a planar outermost surface being shown in Fig. 12 Exgﬁnl)l es i nclude
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second netskrital 46 has been etched from being received over at |east
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et chi ngwork functions for different gates. One example of an embodiment not
necessarily resulting in at least two different work functions is shown with

respect to a substrate 10c in Figs. 10-15. Like numerals from the first-described
embodiment have been utilized where appropriate, with differences being

25 indicated with the suffix “c” or with different numerals. Referring to Fig. 10, a
plurality of transistor gates 40 having conductive regions 42 has been formed

over substrate 12/14. Example materials and constructions include any of those
described above with respect to the Figs. 1-9 embodiments. A first material 44

has been deposited over substrate 12/14 including over and spanning between

30 adjacent of transistor gates 40. First material 44 is of different composition
from that of an outermost portion of conductive region 42 of transistor gates 40.

Example materials and attributes include any of those described above with



second material 46, first material 44 has been etched from being
recei ved over at |east sone of transistor gates 40, with Fig. 14

depi cting an exanple wherein first material 44 has been etched from
bei ng received over all of transistorjzgates 40. Such etching may or
may not be conducted selectively relative to second 25 nmaterial 46
where such is of different conposition fromfirst material 44, with a
sel ective etchi ng havinpg en condycted as sho in Fig. 14. .
Regar di e¥8Pe¢int G A ENHB JRE AR0E e d1Y SB60RE FAEELTafirstomateritoth
in Fig hdyBynkg fONHMS @0 MhiNbitdrBfR st a0Bra8E CH iGN MR pRRat RRitermost
etching depicted by Fig. 14. Further, in one enbodi ment, the etching

of fir stsuvbacerheing showinoim Big AQ- r ecei ved 30 over at |east sone of
; ik t _ . . . ; ; the .
0302 S8R TR A O ekt

second tertal anple e
in 54 Frgm dphnmivyg betwondadinecht dfomramsianplgatesasl ges bravbeftrsahomieriand4

comee g8 B 'SR OB, B LGHCL L, [ CO4SI PeTer T g
metal atjpe4epbst r HeFetgnPes Fiplr €2,04 sdtodE afdte30Fs has Bebh U okted over
the substrate including over and spanning between adjacent of transistor gates
40. Second material 46 may be the same or different in composition from that

10  of an outermost portion of first material 44. Further, second material 46 may
have a planar or non-planar outermost surface, with a planar outermost surface
being shown in Fig. 12. Examples include any of those described above for
material 28. Second material 46 may be deposited to a thickness which is less
than, equal to, or greater than thickness of transistor gates 40.

15 [0041] Referring to Fig. 13, second material 46 has been etched from
being received over at least some of transistor gates 40 but remain spanning
between adjacent of transistor gates 40. Fig. 13 depicts an embodiment wherein
second material 44 has been etched from being reccived over all of transistor
gates 40. Such might be conducted with or without masking.

20  [0042] Referring to Fig. 14, within an etch chamber and after etching
second material 46, first material 44 has been ctched from being received over
at least some of transistor gates 40, with Fig. 14 depicting an example wherein
first material 44 has been ctched from being received over all of transistor gates
40. Such etching may or may not be conducted selectively relative to second

25 material 46 where such is of different composition from first material 44, with a
selective etching having been conducted as shown in Fig. 14. Regardless, in one
embodiment, etching of second material 46 as shown in Fig. 13 may be
conducted within the same eilch chamber as the etching depicted by Fig. 14.
Further, in one embodiment, the etching of first matcrial 44 from being received

30 over at least some of transistor gates 40 as shown in Fig. 14 may occur in situ

after the second material etch of Fig. 13. Example etching of first material 44 in



5 nmetal fromthe plasma into conductive region 42 of transistor gates
40 to nodify work function of transistor gates 40. Such

subj ecti ng/ exposi ng has been conducted in situ within the etch
chanber after the etching of first mefserial 44 from being received
over at |east some of transistor gates 40 as was depicted in Fig. 14.
Exanpl e processing may be as descri bed above with respect to any of
10 the FLgs., 4, 5 and 9 _enbqdi.nents. Wiere all_ transistor gates are
exposed it ilﬁgmraﬁebeeﬁ%%?tsgt Brofammrleads diesriibedl 2By vriigconpaction yith

15, wor kafywBEtHeoRiQf 3anld § EABSHBheftsgates 40 will be nodified. Figs.
16- 18 depict an exanpl e alternate enbodi ment wherein at | east two
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substrate 10d with respect to _second material 46d subsequent to the
Fig. 12 faBobringrAeceivadmvgr ai deasg semirdoriransistar gades ARspwan dapiskedyin
(no maskqijgeing E;E'z%ﬁ) | de8sifi f C '
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onl yi0sorthe dligs-rdars pud Gremhodisnat0s.( Spheref 41t dlanyistarhgateehte ehpeed during
illustr L0 Kl g. ) . 00451. Fig., 17 pi.ct ubsequent
pr ocessﬁhgde\ﬁ%?rsg eyw]iprlbsgn?r;at%e??é?t%4g ilg 'egﬁ° ael%dcﬂgd ‘%’?@‘m%‘b%‘:ﬁhc’gl oF all
r ecei vedranséstot etaxposed] bansotiiféedbyFigyel 6-Ai8l gepietmanoéxarhprnsitsinarte

gates 40. .Fig. 18 depicts, subsequent.processing wherein ip situ

o thin CRbelneE R # dr, i AHCpiRa: PYRFX Bymebionsi 5 be dhrgty o5 @
subst r atres\l10df Bam e e @%BosE thdterih NRnPIAME: SRSIINSEY the transistor gates
met al.-contai ning plasma to diffuse 30the nmetal into conductive region

42 85_”@&1’{%@@ PPrUNg fouBkasERed transistor gates 15 [0046]1n one
embodi Mppg4412 et RRL.FNGOYPESSESI 98 c@gf%é&%%%?t%l&fiv E@R! St Qhate

gat es conpri $I ng a conducfti ve regi Qn over ate. The transistor
gat es membmdimgpt neubsizate at0d.eastlikew ndinferalsenfrom dthvs. aboye-desdriteed

above. dEREdineA 14 8NBL0 RidifiAld 'Wadt BHARGHALE" AR CdieRledldS beihig
indicated with the suffix “d” or with different numerals. Fig. 16 depicts

20 processing of substrate 10d with respect to second material 46d subsequent to
the Fig. 12 embodiment. In Fig. 16, second material 46d has been masked (no
mask being shown) while some of second material 46d has been left outwardly
exposed and etched from being received elevationally over only some of
transistor gates 40 (specifical.ly, the left three illustrated gates in Fig. 16).

25 [0045] Fig. 17 depicts subsequent processing whereby first material 44 has
been etched from being received over the exposed, and thereby over only some
of, transistor gates 40. Fig. 18 depicts subsequent processing wherein in situ
within the etch chamber within which the Fig. 17 etching occurred, substrate
10d has been exposed to the above-described metal-containing plasma to diffuse

30 the metal into conductive region 42 of the three left illustrated transistor gates
40.



5 exanpl es of such transistor gates. A material is provided over the
conductive region of the transistor gates, with such material being
of different conposition fromthat of an outernost portion of the
conductive region of the transistor gates. Any one or a conbination
of material 28, 34, 44 and 46 are exanples of such material. Further,
for exanple, first material 44 and second material 46 in 10

conbi nation, regardl ess of whether first material 44 is renpved to
not span conpletely between transistor gates 40, is also such an
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Che" ot asBCr D e Hafeh A a*FEBbs ot elRuberen oy dfe g dstqts For
modi fy worekufrantémogerafityt hed tmanshsiude gattigse ERtargmt ecdnBedsiti € @sd/or
conditi ong, Slatnqec{r(lnelgiasa}foirefg efror doi ng the sane may be as those
30descri bed "above W th réspett to the processing of any of Figs. 4,

5, 9,185 [#6d7]18. Y6 iMhatn dteh chabe thesmaterial is Hlanketigettabed éonf Beingng
a plurali f .transi stor t es_havi at least t di.f f er ent r k
functi ons%ex?:@ﬁ%ﬁvg’f ﬁ%e: condu%%vF or loﬁgor}% Pf pngisler ?%ndbf?rﬁﬂgei dyagioers,
gat es oveshemistizst pad eontihiorniiargtasgddserihad iabgvea wiithr die wictidy anhdnyg e
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gate. depicted transistor gates

25 [0048] Then, in situ within the etch chamber after the blanket etching, the
substrate is subjected to a plasma comprising a metal at a substrate temperature
of at least 300°C to diffuse the metal from the plasma into the conductive region
of the transistor gates to modify work function of the transistor gates. Example
techniques, conditions, and chemistries for doing the same may be as those

30  described above with respect to the processing of any of Figs. 4, 5, 9, 15 and 18.



2. The nethod of claiml wherein the material received over the
second gate shields any of said netal fromdiffusing into the second

gate during the subjecting. 3. The nmethod of claim 1l wherein
the subjecting al so diffuses said rretal into the material received
over the second gate. 4. The netlfiod of claim 3 wherein the
materi al received over the second gate shields any of said netal from
di ffusi\ﬁﬁ tnto the second gate during the subjecting. 5. The
met hod aLisFiam bsrel n some of said netal also diffuses into the
second gate. met hod of claim1 wherein the nmetal is

derived frofhan &@&ﬁ'&%toilfpf'@“&%ﬁpBMG“ty of trangistph9aige fying atllgast
1 wher évVvp qifferent wiosl fHAGtisns; €eMmiSiBEEur wit hout any mask being

recei ved ovéernaimg irst rndrsesoingl transjstor gatesg ovmr@tml@ist@ater,othﬁ g st
a pl ur glateyhafingr antirsdt widthaand tevisegoad peatssthavioeg da ffemantt width the
functi dimst wédtinpbéisigngarrower tharothe sgecanglwiddhj ty of transi stor gates
over a substegbsjtinde tmateiat ovegdhessulostpaiesiimg ualircg et the first and
regi onsecond gatasgvi ding a material over the conductive region of the
transi stor gatres, ahhetdmtcdrabeRektchifl tHd frraitialC eaPOspdé®edridiidtive
that oimaterRIETRBSHrshYdtb U Plo 188vE MEURA I Ral ' B@ErOtheOsedti®d gate; and
transistor gat&sy within trﬂét(@trchpr&féirﬁbég hfi€r Nierdtdhing, Orsﬁ'ﬁ'bﬂélct%ém%
:?aﬁg:’%gj%ﬂ%‘?e% 4 ?sbbﬁgfm taf a0l St 'fewsepétn Sl I%'%%t 300°C to
chanbe?”?u ﬁ% ?%rﬂ alqmlcg‘ltﬁ r[T? h:g}% Odégéﬁormer Fa[’?rrom Erst %ate

e transis ar

recei vé§ ove es wWhic not covered by the mask;

and n si n th t.ch ter -t.he. tchl
subj ectin Phe Irﬁ Opo %gad 013 ;Ter £ matefi "géd over the
t enper &?Gged ga el 2pp %md PFB{%[Pgu'rE‘tB P‘Fesecond gate
conducfHVE g BH kﬁc WYk transi stor gates which are not covered by
the mask to nodify work function of the transistor gates which are
not cover ed3by éermﬂ‘(hta@ doetpinet whengn Kheusithieskngf akspediffuses said
transi meﬁa!gatpe@evxmadﬁriaiee@@iveﬂe@veiythmeemedi.gate- 9. The net hod
of claim8 wherein the material is insulative. 10. The met hod
of cl aim 8 #hereThet imethateof alains I ortdrrein Mbeomateniat oedeotdd/@ver the
second gate shields any of said metal from diffusing into the second gate
during the subjecting.

5. The method of claim 3 wherein some of said metal also diffuses
into the second gate.

6. The method of claim 1 wherein the metal is derived from an
organometallic compound.

7. The method of claim 1 wherein the etching and subjecting occur
without any mask being received over any of the material.



11. The method of claim8 wherein the mask shields any of said netal
fromdiffusing into the conductive region of the transistor gates
whi ch are covered by the mask. 12. The nmethod of claim8
wherein at | east the outernost portion_of the conductive region
conprises at |east one of elenental fdfmnetal or an alloy of

el emental form netals. 13. The method of claim 12 wherein al

of the cond ctiv nsi sts essent.j al of .one or re.
ol enent al ﬁfr @th%ﬁ?@%’ BETRg copiePihont Jensistar staP diaving at least
14. ThéWRetHiGaeBE WarkifingtgAs: &p ﬂs'f‘éast the outernmpst portion of
the conduct fRRNNEyPoR!EBHDPr 0 dEarTisiRic ERtRT Y V@5 pr SYRAtALR! itbentrapRistor
subj ectdaigs FCOMPIEING @ cirNgiqtive ragian; silicide within the conductive
regi on. providing enematerinb@ver toeatandaihve eegionhef the dansisteergated,
f r om atherrgatenimt beingcot diffenemd. coraposition froon thatoé apl autdrimgstoportion
t r ansi sif dhe gatretu aliver regisobsft et Fanshdot ganssst or gat es conprising a
conducti ve mélgrroproviding tHepesiteria§, fofmiref arahask alo @oekert Seme of the
subst r atendisiclrughteg avaricand Spdi dfgthetneristad] gestnef cbhered by the
transi sh@sk;gates, the first material being of different conposition
from that obwﬂnnogherert@ﬁtcﬁaﬁfﬂé}n a¥id (dTeeCABANMIY Ve G8LAR, Odtchify the
transi %&Fer%‘tf?&m being reeiedbVdiankl fréﬁs%lepb?és Whi ﬁrH?\éen?]tt cévé’r‘@d
spanni B %W%%’R %qlgdacent of the transistor gates yet eave t I rst
hS MarhBEr LAA0S! H0"e 8 ,1 subje e

mat eri al gr[t chev%l %h@

et chi ng r p. t

substr B g n&%%o";%a e #b%s%%et%ﬁﬁpéﬁ%ﬁét %t“%%st °C o
transi 3 d’(% m 8tﬂ1ﬁ r?% gh E 3‘?%95 which
recei v& C%‘férleéjagy tag n%:aé‘lk 'i é"fqﬂ‘ ”g the, t tor gates
spanni Brét@\@er'f' df A 'T‘?ﬁ sfstmMpa to work RAiian &f the
et ch cHaMNSEH0A R ﬁﬁt"étf“‘:@t%'?ﬁ rgverrd Sydbrdmasker | al , etchi ng the first
material from being received over said at | east sonme of the

transi stor §at esThadnethod of ichaigi Buvhier dinntheneadedhl ehinmsdativet er t he
etching of the first material from being received over said at | east
sone of thet@ranghet methatiesf claimedtwhegreine tsabsiatatiel tis comdiseiivs or
net al aendcsodsttieee tenperature of at | east 300C to diffuse said
metal into the conductive region of said at |east sonme of the

transi stor gatesThe medhdy wPkaimin®twlReralth &fd dnatk| seisids gy of §4r
transi glatal AIediffusing ifkt6. thEn@ofBlLBAJeHegibridn the WARLRItBr tdme§%@m
nat eri gle coveePO P\t @& hiydkave a planar outernost surface.

The nethod of clai'm 17 wherein the first material is deposited to

have a non- phanafy Quh BIHMF br YA fR% wherein at least the outermost portion of

the conductive region comprises at least one of elemental form metal or an
alloy of elemental form metals.

13. The method of claim 12 wherein all of the conductive region
consists essentially of one or more elemental form metals or an alloy of
elemental form metals.

14. The method of claim 8 wherein at least the outermost portion of
the conductive region comprises conductively doped polysilicon, the
subjecting forming a conductive metal silicide within the conductive region.

15. The method of claim 8 wherein the metal is derived from an
organometallic compound.

16. A method of forming a plurality of transistor gates, comprising:



19. The method of claim 16 wherein etching of the second nmateri al
occurs within the chanber, the etching the first material from being
recei ved over said at |east sone of the transistor gates occurring in

situ thereafter. 20. The nmethod of claim 16 conprising etching
the second material from being recei vé8 over only some of the
transi stor gates. 21. The nmethod of claim 16 conprising etching

t he second terial from.pei recejved over all_ of .the trapsistor.
gates - Trggingrn bl IRLRAORA TR0 Gl e o @ Rbonttate” T8 fbisier
from afWPYHHMHRISING 8 G W& reaign. 23, The npt hog, of claim
16 conpri si AEPOSHHRS At HESHIMARNRly Wert thRsSYPsiraipy BCTYéingaQvef; and
| east SRGNAING bedween adiasent of the trapsistapgabys.fibentited maptriglabeing of
of trandffetant gameositenpiresl dgat 1dr annguierprastappetjorvfof imstatdictive
gat es ¢9glormok s transdstorrgatesansi st or gates conprising a conductive

r egi on; etchipgohiedfired mabatilr icareowee it Heomosparmningebebyeen asfjacaet
transi of dhedatesistéhgated get dabeithg fafst dnéferiddvaroigpesandosidenatts of
t hat ofhanrangietorogdteporti on of the conductive region of the

transi stor gftegSstching thaifirfdt imaterfdlc i edvibing , a Wezakel hatetehicwert e
mat er i glbbirete bigicnedihgcev¥e Y &ipdritingopgtistén eadjagiedn & thdearansistor
transi g@gg.0at es; and in situ wthin the etch chanber after
the et Chi ngetGHRLGRE 88c6RE raaRTd Beﬁnﬁff@&%dr@&é’ﬂ afledst some of
substr gt e {f SIDEl géf‘ef%u?tre Als 'ngob w éﬁ%o‘?éb&'nﬂ%ﬁ‘he't?éﬁsi%?&
conductiye.region the transistor gatés to nodify wor unction o

the tr r?5|s’t {h' eg[e 1 h 5, §h§f 51 q ft cl ai %é%@?é‘?éu”tt \

conduct, ve .‘r@gl'%n n|§ il efBis 5{% 8?5@ ? ?%‘% ng. ria, € Eigl_ng
The m{%ﬁ'gﬁ}ﬁm ﬁ;giaig "afer BTG HECerecer o T2 |581035085006 the
bef or e i N, 27. The t hod of cl.aim 24 wherein the

conducti ve %&JHanM‘@g_%&Hﬁg%Fﬁh&Z‘ﬁé'?%‘?rea b &ﬁ@#cfﬂlﬁe eﬁﬁr%cﬁ%ﬁate“al
28. Th&omet REHSf reqelves 22vahepaich ahdeast asomg e theadinnsistore giajes,
f r om afubietishEiasubstradafoum@aseous metal atrgesyhstidi® timephaimre of at

wher ei lFeaste3®@t@Ito; difigsel said Mmedal dnteethe cealdugéive region of said at least
some of the transistor gates to modify work function of said at least some of

the transistor gates.

17. The method of claim 168 wherein the second material is
deposited to have a planar outermost surface.

18. The method of claim 17 wherein the first material is deposited to
have a non-planar outermost surface.

19. The method of claim 16 wherein etching of the second material
occurs within the chamber, the etching the first material from being received
over said at least some of the transistor gates occurring in situ thereafter.

20. The method of claim 16 comprising etching the second material
from being received over only some of the transistor gates.

21. The method of claim 16 comprising etching the second material
from being received over all of the transistor gates.

22. The method of claim 16 wherein the metal is derived from an
organometallic compound.



30. The nethod of claim5 wherein the netal diffuses deeper into the
first gate than into the second gate. 31. The nethod of claim
8 wherein the netal is derived froma netal halide. 32. The

nmet hod

of claim 16 wherein the nmetal is derived froma netal halide.

33. The nmethod of claim24 wherein thé9metal is derived froma netal

hal i de.

23. The method of claim 18 comprising forming the plurality of
transistor gates to have at least two different widths.

24. A method of forming a plurality of transistor gates, comprising:

forming a plurality of transistor gates over a substrate, the transistor
gates comprising a conductive region;

providing a material over the conductive region of the transistor gates,
the material being of different composition from that of an outermost portion
of the conductive region of the transistor gates;

within an etch chamber, blanketly etching the material from being
received over the conductive region of the transistor gates; and

in situ within the etch chamber after the etching, subjecting the
substrate to a gaseous metal at a substrate temperature of at least 300°C to
diffuse said metal into the conductive region of the transistor gates to modify
work function of the transistor gates.

25. The method of claim 24 wherein the conductive region is not
homogenous after the subjecting.

26. The method of claim 25 wherein the conductive region is
homogenous before the subjecting.

27. The method of claim 24 wherein the conductive region is
homogenous before and after the subjecting.

28. The method of claim 24 wherein the metal in the plasma is
derived from an ocrganometallic compound.

29. The method of claim 1 wherein the metal is derived from a metal
halide.

30. The method of claim 5 wherein the metal diffuses deeper into
the first gate than into the second gate.

31. The method of claim 8 wherein the metal is derived from a metal
halide.

32. The method of claim 16 wherein the metal is derived from a
metal halide.

33. The method of claim 24 wherein the metal is derived from a
metal halide.



