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 ONSvoERGHNsEAL FI ELD [ 0001] Enbodi nents di scl osed Ireraispoog@sisas n t o
met hods of forming a plurality of tramsistor gates which nay or may not
have at least two different work functions. BACKGROUND [ 0002] Fi el d-effect
transistors are one type of electronic conponent used in the fabrication of
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non- conductive state to a conductive state upon application of a suitable
threshold voltage to the gate. It is desirable to keep threshold vol tages
of Bransistors small and al so to keep power consunption of transistors |ow.
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of the WatefiRfliRs-t he channel region. [0003] Usually, not all transistors
of 4gn integrated circuit are of the sane

BACKGROUND

[0002] Field-effect transistors are one type of electronic component used
in the fabrication of integrated circuitry. Such include a pair of source/drain
regions have a channel region received 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



construction or materials. Accordingly, it is recognized and often
desirable that different transistor gates be fabricated to have at | east
two di ffewenbiovmssieof uncti ons. One manner of providi ng dipCirarses/osasek
functions is to provide different gate electrodes to be forned of different
materials. For exanple forconductive polysilicon, using different
conducti vity-enhanci ng dopants and concentrati ons may provide different
wor k functjons for di. Ierent.tragﬁh§tors. F met al gates, use of different
[
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[0004] Fig. 1 is a diagrammtic sectional view of a substrate in process in
accor ddimremgialhgates enbo dif ndififeret medalsneeruamnitidsoQDBletFisgin meital alloysw of

the Fig. 1.substrate at a processing step, subseguent to that shown by Fig.
1. [ 00okF A Rng WAk, My pdel WP TE REn T 1B EARIT I d5vics: br'ocessing st ep
subsequent to that shown by Fig. 2. [0007] Fig. 4 is a viewof the Fig. 3
substrate at a processing step subsequent to that shown by Fig. 3 . [0008]
Fig. 5is aviewof the Fig. 3 substrate at an alternate processing step to
that shown by Fig. 4. [0009] Fig. 6 is a diagrammtic sectional view of
anot her substrate in process in accordance with an enbodi nent of the
invention. [0010] Fig. 7 is a view of the Fig. 6 substrate at a processing
step 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 viewof the Fig. 8 substrate at a processing step
subsequent to that shown by Fig. 8.



[0013] Fig. 10 is a diagrammtic sectional view of another substrate in
process in accordance with an enbodi nent of the invention. [0014] Fig. 11
is a viewohotodss3zng. 10 substrate at a processing stepprsuhsequants2s o t hat
shown by Fig. 10. [0015] Fig. 12 is a3view of the Fig. 11 substrate at a
processing step 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 Fi gm‘[ﬂ ) ‘ e Fig. 13 substrate at a
processtHgStep—subsetern oy Fig. 13. [0018] Fig. 15 is a
Vi ew of[oomtj: g. g autssa r&ﬁga@imatlarma@ahnm@&ezﬁ $4hseERRNn poddRgtinshown

by Fig. 14.10019] Fig. 16 is a diagrammtic sectional view of another
substré@éor nseorEdsan amnsbngaheé th invertiembodi nent of the invention.
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17 5ub%hb§@qnéﬁ1tatmao@ﬁsanm@y$mgp1subsequent to that shown by Fig.

17. DETAI LED DESCRI PTI ON. OF EXAMPLE EMBODI MENTS [0022] A first exanple
net hod [8006br ni nd'i&- pd utsala twewr of r Bissitdgor? gathsérafavithg POFRWIRE t Hi6P
differ S rybed with reference to Figs. 1-4.
Referr%HBS%%L%F&gq%%kgﬂgn%g?fg?% iV\/mch may be a sem conductor substrate,
i s indi[6@0BH gendtigl |4 i tah vieveoéntiee Rigeril su]s@traltdﬂ ithe gpeotessingfstepi s
docunent, the ternl"seﬂlcondu tor_substrate" or "sem conductive substrate
i s def iSHB&C¥HearthahiheymsPy fégi 3n conprising seni conductive material,
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senlcoAductfve ma#g elthgf al one orﬁfh assenb f%es conpr?%ﬁ%éﬂgtﬁerng
mat er i akep 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.
[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 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.



t hereon), and sem conductive nmaterial layers (either alone or in assenblies
conprising other materials). The term "substrate" refers to any supporting
struct ur eyoizomlossizng, but not limted to, the sem condueCirms2ebsiseat es
descri bed above. Substrate 10 include$ a sem conductive region 12 within
whi ch source/drain and channel regions (not shown) have or will be
fabricated. An exanple material 12 is nonocrystalline silicon suitably

doped wi ne or nore _conductivity-enhanci.ng inpurities t0 on r .nore
concentloplobhne °ShiEr Fars S otna it sk Vel GRolts B Hatgyin
exanmpl epfycel¢ i hgfbrtaned WitAtarSEAWBNiMbACHf BieimRintRA ticularly material to
the disclosure. [0023] A gate dielectric 14 has been forned over substrate
12. An [#038p| e t hFeknédsist ar vigaw eolditle¢ dltigr i £6 1smbistratte orh abpuaicessingneest er s
to about ,10 nan er.S, Wt out .5 nanoneters being a specific exanple. A
first t?gﬁgﬂg?gfggﬁygngvghgygggeéghd transi stor gate 18 have been forned
overs supaRifte 12FidA. 1BifsSta gadve d6 thasFig. f 17 sdubs@lid ak7aapgbosesiandsapt e 18
has a second width 19, with first width 17 being narrower than second w dth
19. | n tuhscdepnttethadmbodymbritligalglurality of first gates 16 and a
plurality of second gates 18 have been forned over substrate 12/14, wth
first gates 16 having been formed within a first area 20 and second gates
18 having been fornmed 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 gates fabricated within
second area 22 are necessarily of the sanme material, size, of shape. An
exanple first width 17 is from about 20 nanonmeters to about 75 nanoneters,
wi th about 50 nanoneters being a specific exanple. An exanplewidth 19 is
from about 40 nanoneters to about 200 nanoneters, w th about 150 nanoneters

being a specific exanple. [0024] In the context of this docunent, a "gate"
or "transistor gate" al one



refers to the conductive portion of a field-effect transistor gate
construction, and a gate construction may include additional material, such
as i nsul avoveiosisgmeal | spacers, an insulative cap, and/ @CTAISgENM61823
dielectric. The exanple gates 16, 18 &re shown as not having insulative
spacers or caps forned thereover or thereabout, and conprise a conductive
regi on 24. However, insulative caps and/or spacers nmay be provided.

Furt her h er _gat e t el d.. Accordingly,
conductI?IJ:Eu[J B Eﬁgﬂg%t&gipu . @Ei&m&gﬁ 1@3‘%5‘59354@ ¥+ a floating gate
regi on[0022) tr ans stipdt. exXARPNCHiatBol e8lf PBrmthoTBYpRea NERICRAHSIsRIr gates

non- honogenous. Exanple naterials include conducglvely doped pol ysrlicon,
conducthayvéngreatalleasé npvanddiergntl waek dungtiovas eisedeserabé¢drwitherefesen¢andbudi ng

an al |l gy of | t,ple. el emental -form netal s, anpl e netals includ
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Addi ti omalky. BuBstrhtdepd Clikludes a semiconductive region 12 within which

source/drain and channel regions (not shown) have or will be fabricated. An

T

15 example material 12 is monocrystalline silicon suitably doped with one or more
conductivity-enhancing impurities to one or more concentrations. Substrate 10
may include other layers or regions, for example trench isolation (not shown)
which are not particularly material to the disclosure.

[0023] A gate dielectric 14 has been formed over substrate 12. An

20 example thiékness for gate dielectric 14 is from about 3 nanometers to about
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 arca 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



the transistor orientation being planar or horizontal. Alternate
configurations, such as vertical transistors and/or transistors formed in

t renches,waneiolssrocont enpl at ed, and whet her exi sting orPCYais2609/0b123

devel oped. [ 0026] Referring to Fig. 2,6a nmaterial 28 has been deposited over
substrate 10, including over first and second gates 16, 18, respectively.
Mat eri al 28 nay be insul ative, conductive (including conductively doped

senlcond terials sem onduct cludin i nati_qn of
such. YT R a4 ChaTaPsERads Ll RebPratern g RpeEDN O

car bon,natﬂotn@éueygrbgiﬂgrh%ecif@@ggglﬁm@l tride and tungsten nitride. Material
28 may be deposited to a thickness which is |less than, equal to, or greater
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deposited in a substantially conformal manner to have a non- pl anar
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di fferen nposition from f os |on conductive

regi on taér@fbom,araadsbommmees déndudivd @62itn Ref erIHbW@V'feQ Fisglatdve sdpstrat e
10 has been pl aced mnthln an etch chanber, and naterlal 28 has been etched
fr om oI/ BHIRABETSE Prayt b§aPEyided ank usdesndlaght aad hemgate HisHgicsions
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16 and t educe thickness mat er | recelve over second gate 8 yet
to | eavegseconch ghtatmgl §asd !réglonouﬁraeﬂabylsrmt eﬂoaiduZ&veByeg\my 2 nmgamfpl e

only, exanple suitable eifching chanbers include hi ratur
ot cher SURPEEHY Eagist BOPOLIERNevi HoxuUBL: THAEHERprabaF ocoBfudt aast
300 C dopedeysiifcbhe c%hﬁhbﬁge%éfmeéorﬁbohﬁﬁs, and one or more elemental-
form metals, including an alloy of multiple elemental-form metals. Example
15 metals include platinum, cobalt, iridium, titanium, tungsten, tantalum,
aluminum, iron, zirconium, vanadium, and hafnium.
[0025] Transistor gates 16 and 18 may be formed by any existing or yet-to-
be developed manner. One technique includes photolithographic patterning and
etch, with Fig. 1 depicting 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.



DPSI1 G3 HT plasma etching reactor sold by Applied Materials, Inc. of Santa
Clara, California and the etching chanber of the 2300 Kiyo plasma etching
react or swbaotwoskmmn Research Corporation of Frenont, CalpcirarseeoiosiSesh
ideally enabl e plasma etching which provide substrate tenperature above 300
C, although other reactors m ght be used. [0028] Such reactors may be
operated in one enbodi nent to produce the exanple Fig. 3 depicted result

wher ei et chi action has conpl et el |, ear.ed teri.al, 28 fram bei ng
recei VEQI‘S% r na %;?é?l_rlﬁj @t e gaﬁs%%r a%%%é’ésll%ee_ ng%‘éa_rde‘av?ros%sﬂﬁ&ew dth
transi SIR)QHnQﬁ&ﬁﬁ% RrerWitsh dolies@onldl paredcitd, org, olespé&ivaavivnge REENS Shepped
at or shortly after exposure of narrower width transistor gates 16.
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dependi ng _up the transistor gate w.dth and the ¢ osiktion a
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partially physically driven etch so that facets effectively form proxi mate
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carbon, exa condi'tions include s erature from abou
about 4Q06, téanbgr prResgatdéesist omabout 280mhayr Heo @dmikitddOOniltestintially
i nductive _power from about |OOWNto about 500W and bias power from about

200W t 6°8FdRABYON TeiaRpnErEatlY (sds et ohddier Fiath ard seceBd s6s: 88dscem
f Lhat i f : 50
orq®ne ,oly aoecggﬁ]bméa% RhvéVa JJnT‘?%%outT ) %—g)gglgarxguteg%tl%l%@é@é?ouﬁ#g&? Cgfcm

t o about “200s of N2, and fr cmto about eemo
wi t h vdepi@srarc exatipde ohbEeit om@eriale2B | yasbbeay dtposeedt in2 a: dubshhtealimt e or

over | appi conditions and chem stries can be determped by the artisan for
mat er | SPBIORHEY MARBAT 1 BSR & BPOTRIERRT QI IIBIOSHEATRCE h b1 Brihiekess may

not cl e@ficHBleNéq! than that of each of first and second gates 16, 18. In some
embodiments, material 28 is of different composition from that of an outermost
15  portion of conductive region 24 of transistor gates 16, 18.
[0027] Referring to Fig. 3, substrate 10 has been placed within an etch
chamber, and material 28 has been etched from over both of first gates 16 and
second gates 18. The etching of material 28 has been effective to expose
conductive material of first gates 16 and to reduce thickness of material 28
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



28 from spanni ng between adj acent of the transistor gates, with Fig. 3

depi cting an exanpl e wherein sone thickness of material 28 remains spanning
bet ween awpacswmisstznansi stor gates. [0029] Referring to PCg/usdgoomers2s n situ
within the etch chanber and after thesetching of Fig. 3, substrate 10 has
been subjected to a plasma conprising a netal at a substrate tenperature of
at least 3000C to diffuse said netal into first gates 16 to nodify work

functiqgn of first gates 16 as.,conpared to work function of second gates 18.
n the HSMERCSr STRPERE ArethOTiynatFs SXREEHSN Of i PHET PHETE IERTTORG t o

be condugtedsi NS bYEInRIEN S RADEIch ¢ RN Y RLGEs the Bt chilfgeactyrthed and
W t hout” renoving the substrate fromthe etch chanber between the €tching

and t hertebj edepergling vhenplthss tmanosori ghteg widhendl theThonmpesatiohr ant he

pl asma nmay. or not be .i | as state at.the nme art] t he
G 11 ueidieialR O matgriol Ay RaRReR- St 8l FoBbistor TR bouls o: btk cteltye g
depgct Sstiieast @bndiéfedsagna i pradm@OBEHIC tive fa@ﬂ'y0ﬁ§%124oiby Sid pPljan@ally t he
drawi ng, with the dots indicating the diffused netal. Such diffusion may or
may notPhdisseallsh g btere etidt ap qh@rrd‘g@w@u@ﬁfyctﬂwldué@mtpr@@smmatq ingeravegliskih 24,
and re S, O i region 2 hqmpgenous, bef or he
exposu%li%uo?t% hle0 %F%%Bg%eng g%#?\%{#gsenﬁ%teaﬁ??wﬁ%eﬁﬁn 3%r Etvglcg[r}% %%‘55?1%82
wher ei IFgreteadantih lef usihepe Whidietia o28lucbhietsr egisontidhy ofoff ichfborgategandfiei s
not honmbgenoqus throughout region 24. In such event, idoeally di f fusi on of
the metQRdfitions tinelydesyastiatantemipsratyrdeemy aboagi D044 tos abguii409°k, at

| eqgt i a . i tric
14700 Ragdbet bradAATCheh® asl P0nRL i) S e PO P RN AL e {1
pl asma abounHi0EhVt toe abobs 50AWE aisd dxpo pedvarafrommabode 2008V ao abswet )6 Wer ent

nmet al s _.such t hat one or nor ifferent netal s night di ffused into
conductiXAEpiEgi Rl 2 8asss fli'“fzgicgga?{r%@ feccrmudit id fSBﬁ%C‘H’étQ aPef Q5ed can

be sel eehfsinafdndeteAr neRd Ry the ahli XN SRREAIUMIaBARN5H8&m to about
200scecm of N,, and from about 250scecm to about 100 scem of O,, with
15  volumetric ratio of N; to O, ideally being at least 2:1. Alternate or overlapping
conditions and chemistries can be determined by the artisan for materials other
than carbon for material 28. The etching action may or may not clear material
28 from spanning between adjacent of the transistor gates, with Fig. 3 depicting
an example wherein some thickness of material 28 remains spanning between

20 adjacent transistor gates.
[0029] Referring to Fig. 4, and in situ within the etch chamber and after
the etching of Fig. 3, substrate 10 has been subjected to a plasma comprising a
metal at a substrate temperature of at least 300°C to diffuse said metal into first
gates 16 to modify work function of first gates 16 as compared to work function
25 of second gates 18. In the context of this document, in situ action requires the
subjecting to be conducted in the very same chamber within which the etching
occurred and without removing the substrate from the etch chamber between the
etching and the subjecting to the plasma comprising the metal. The metal from
the plasma may or may not be in a plasma state at the moment of starting the
30 diffusion, 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



i npact desired on the work function of the gate. Further, such may be

i npact ed based upon factors such as plasnma conposition, plasma conditions,
time of ewpasiwes3t2o the plasma, and conposition of the eomdisedomwerseegi on
into which the netal is diffusing. [0930] Exposure to the plasna may or may
not also diffuse the netal fromthe plasma into material 28 received over
second gates 18, and regardless material 28 received over second gates 18

may or not. shi el d f.th tal f .di ffusi i nt t 18
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effective to diffuse any netal to within any of second gates 18. Fig. 5

depi ct splasmal ¢ertattisgahbodeimntFiguldsdepicts a0gxamile whererainsetil duffusion
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functi onepdﬁtet%ﬁ'ég El"rr%f}@é% 82%?[56 ?m FH}gcdlggggl(?ngaa?éﬁq’tqﬁgg%@l%%% #%g‘%ﬁr}é&;n
modi f i clunicoidnWoi efe Eate. OF ufth¢r,nie prsuia t® widchnte gabegalSis QPSS may

D ffusion of exanple netals that wil] inherently incr easeébv_\ﬁf(r?k function

i ncl udensluds wihh OEIBArT HAETTH BainlswaRelR, thabonex grpnere GeRti (esitalgi on
20481 't ' Ardel NI ASHIRLATE Bl ST Il $als 38 AR of the

el enental=form neta urther, ctive region 24 prior to the netal
di f f usimptdintiffided cam & kelectat hndidege romiaedrbya thooatti saat d epenafin g lvgtoinntle)
cobalt and irjdiu di f fusi %n of nore.platinu cobalt and iridiuminto
such coMRR AR TREPBAEE WK REISHAOOT s 83K RBFRoPHAR BRY be impacted

Corr espondiangb¥n B%A0R &8cRfas plasma composition, plasma conditions, time of
exposure to the plasma, and composition of the conductive region into which the
15 metal is diffusing.
[0030] Exposure to the plasma may or may not also diffuse the metal from
the plasma into material 28 received over second gates 18, and regardless
material 28 received over second gates 18 may or may not shield any of the
metal from diffusing into second gates 18 during the exposure to plasma. Fig. 4
20 depicts an example wherein some diffusion of metal has also occurred into
material 28, but not having been effective to diffuse any metal to within any of
second gates 18. Fig. 5 depicts an alternate embodiment substrate 10a, like
numerals from the first-described 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



metal s which reduce work function in nmetal conductive regions include
titanium tungsten, tantalum alumnumand iron. Further, for exanple if

t he out erwobigpss200n of conductive regi on 24 conpri sesPpcorussaviovsky doped
polysilicon, diffusing of the netal nmay formthe outernost portion of
conductive region 24 to conprise a conductive netal suicide. In one idea
enbodi nent, the netal in the plasma is derived froman organonetal lic

d. | ude tet i k f f f
Fon. TrEIRC5)5) ATRhESE T NEHS) B AP BN PLFHA paitt A S0V mBEhy ]
am do- teanthahtin foRhm tRE . UMFukdde CR) c%nfdﬂrctlcé@b?éélonaﬁﬂj PtibE RFto i {FH3) 3

for plati num Conpounds other than organometal lic mght alternately be
used, fd@ffuemnpmeludes an hblbb'dlel@hscum ase Pir G 4oaridnatihersf pBtamphecobalt

Co T B BB LB U TR PR B B R55 Bl o

from al?@gliorx'é”ﬂ?ﬂﬂlr t&0d R0k cr2@9NTWbFk flundtiehi V%§ﬁ%%}ﬂﬂw Ek@xﬂ}p@é%o%ff | OOV
to about 1, 000N and bias power from ONto about Exanpl e ow rates

for thenetelnl whieh aredusg guerkar &infctiom apounetal osepdiedvebeegionsosedtde and
from ORRGLR, Miieh: FORFET Yinifih! AR GrbRCT kubler] fr 325p0c RENEPS

i nprove p orm ensi and/or N2)

SUbeoﬁﬁéﬁn@ﬁ”ﬁﬁj’rﬁﬂohﬂ Q)m&bnﬁﬁcﬁﬁﬂt rreglload zbty danpeikad Ué@ndlictIMys dspegt or
or other su ort on whi ch the substrate rests. For exanple, the above

descri POdy¥i&i fﬁﬁylgwaf/éhet metd Baydophoths ewermest paparaciceadsetizeo oc
beﬂQ'g9?9%1&““%%3?%8‘6@*?%%%%%“%‘?‘ R R e L X .
[ 0032] nidral dhctiiengla¥miig. d&iwed frda ex poganemiesdalpicasom pofunki gﬂaxatﬁlpiresS may
O L M LA AN T o i e, GE 0 ee e 265 ir oY TN (AL, 2hnd R
Ti(N(C2Hs),)4 for titanium, pentrkis-dimethyl amido-tantalum for tantalum,
Co0,(CO)s for cobalt, and Pt(C,HsCsH4)(CH3); for platinum. Compounds other

15 than organometallic might alternately be used, for example metal halides such as
TiCly and others. Example conditions in an inductively coupled high
temperature etching reactor include substrate temperature from 300°C to about
400°C, chamber pressure from about S5mTorr to about 200mTorr,
inductive/source power from about 100W to about 1,000W, and bias power from

20 OW to about 100W. Example flow rates for the metal-containing gas are from
about 10sccm to about 200sccm, and from Osccm to about 1,000sccm of a
suitable inert carrier gas to perhaps improve plasma uniformity and density (i.e.,
Ar, He, Xe, Kr, Ne and/or N;). 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.



wi th no mask bei ng shown/received over any of material 28 in the depicted
cross-section of Figs. 3-5.[0033] Another exanple enbodi nent nethod of
form ng awplroasst2zy of transistor gates having at | east pecwwsdesdiersent wor k
functions is described with referencettito Figs. 6-1 0 with respect to a
substrate 10b. Like nunerals fromthe first-described enbodi nents have been
utilized where appropriate, with differences being indicated with the
suffix h5.0or with different nunmerals. Referring t ig.. 6, aplurality of
t ransi 49@?3gat es éﬁogaﬁ;p.ef&gmée ae%gﬂaﬁﬁ??V@?tbﬁgoﬂ?Sérﬁ’éQ% peRi TR ok over
a substirah Hstd/ ddhes T ihh Stk Piwdat BFcBRY WHrBYnfQbn3Y Adtribeaskithno
different wwdths, with ?ates 32 shown as having equal widths in Fig. 6. The

transi gederegacds boigsriogl 0 avidbukepdrivie 1 ubstratepl @b cdnkicquraciadadrah hee or
the ot "rrstP({esg%tb%a 1e6r§l§<,%§br}>}gr\1,;cg;% Vle’ Q%%O;Q{éi,iﬁgcl?nﬁ%@grggt%@gggéﬁgg%ithl on

of conductive regron Oor eXa at

desér i hiigfeabayes ibeig@niRGtated with theapsffst ofy” 16, whth ofiffdént numerals.
first-described enbodi ment. Sidewall spacers and/or caps m ght be provided
rel at i VRekegringatpsiFigof, gapbyabdy qioganyispomaeesi 37 mprasingea e qndweiived
over c [ | tr [ I t 2, W rl ei ng
of i { TSP PSHbBSbEh, Tt ohARN SPrHE 27120 M LRSS, RSB e
regi on M3y ratherv steleaek awpl dfficad e wadihsamdtlaghtdsbdl ehovaciitey@pye@ialt hose
descri bed above with respect to material 28 in the first-described

enbodi ﬁﬁ}ﬁtﬁs[ﬁbfﬁﬁ- Rt erlisndralsigog. eates aohekie. 36 pasldpdaner Hrorekampléover

SOA Ofc JiftfilnaibRl 9%t BRc3orafft | GA¥E BFNELRsON 6l M #BSiFt Rlg 9L €5, 33Nt
CO\ITgre(f by gk 36. Any gui tragFee ggll sti nggotr%syet-’to- be deval ope "rask i ght
be uti ldadiguranidnsor Cemgrupslteomiof e csultivtivei regien e rbywhalyl f exapald loyly,
sacrificial. An exanpl e materi aled Q]g:l udes photoresist with, or %’h?gtofone

or nor naybe thersame as dthatdescs ove in connection with transmtors\Ml

the first-described embodiment. Sidewall spacers and/or caps might be provided
relative to transistor gates 32.

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 rececived 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



| ayers. [0036] Referring to Fig. 8 wthin a suitable etching chanber and
after formng mask 36, material 34 has been etched from being received over
t hose traweistoms3gat es 32 which are not covered by naskp8@/uskooanpises
chanbers, chem stries and conditions 12ncl ude any of those descri bed above
in connection with the processing to produce the Fig. 3 substrate. Material
34 may or nmay not be etched to | ess than conpletely span betmeen adj acent

of the ex tran5|sto ates 32 whic e not cove ed 36. Flg 8
Shows SGHBRAT o SPashTE BRI BiRERh clircemront ERSerpadtiy the gish

after tAe@hedly, AlltET RAt&Y, 38hbt @Bvé‘ﬁtd%y %as@k%@‘%uﬁﬂé@rr%ﬁm%éd”mk 36
could be renoved. [0037] Referring to Fig. 9 and in situ within the etch

chanbet0&Filer théi@ﬁmhnggﬂbfiglg amﬂlsubgtﬂaﬂbnn@bﬂhﬁshbéemn@mbpﬁetéueto a
pl asma ris a et stratet e re of at least .300 C. The
exposquq{ggp‘?ggﬂﬁ fas L@’ggr?tt fO Py P58 ﬁetfﬁg é?? hé ReERe CPERTHEEpT asma
int® tﬂﬁet@pﬁﬂlaCiub/sQreftSQEﬁﬂ)e@ituTrB%ﬂd.’talféﬁlstSBOO Qat'ege 3LpwhiNtApbeashod heovered
by mask 36 to nodify work function of the uncovered transjistor gates 32 as

corrpar bgen effgntive thdtfifese e tnreéﬂsfr%brh@ataégl%zltmh@woaxdewéwerle@eprbyf mask
| deal 't¥a B, gﬁte%h‘ﬁ' G BRYa ntoP % etré‘éi QC’%‘FEPE 8! AR 4 Sl:ivg%ork

dlffu5|ng it congicti vé regron cov ed tran tor gates
32. Exﬁmpéteo@micﬂﬁesungocamdl traﬁﬂsafrdg@ﬂ’eem$taslcﬁﬁnpale:daﬁo saskr hlrdicaboye in
connection wth the_Figs. and 5 enbodi nents. Accordi ngl conductive
regi on tX3BSHEYT §AtGRRT2 ICBearﬁo?ﬁ)Vgeéﬁ&w Bﬂéﬁbr% aﬁée%iﬂYemaﬁ%éée% irany o

Pl agma,rafd e MRl JBY lq {nf “ﬁ%n‘r‘rﬂl?ﬂlrsma% iffo QBhMuP@%' @ cyn At 8]; the

conductive region 33 to st have an i t upon and work function
of transvetemf/ngaaked 3121n/s’mstoh gaeesnoiz.covElxadl}ﬂy mmekes%&ng[@ﬁﬁaiu&rbmxdd nent s
of et Qgg%igtfrigsorarpengs dgslclil'g ald a}/bocx)/fe tiLaggingécQtriogagv?ﬁl the Figs. 4 and 5
embodiments.  Accordingly, conductive region 33 may or may not be
homogenous before and after the exposure to plasma, and the metal may diffuse
15 uniformly or only partially into conductive region 33 to still have an impact
upon and modify work function of transistor gates 32 which are not covered by
mask 36.
[0038] Embodiments of methods of forming a plurality of transistor gates
may or may not result in at least two different work functions for different gates.
20 The example embodiments as described above resulted in at least two different
work 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



may or may not result in at least two different work functions for
different gates. The exanpl e enbodi nents as descri bed above resulted in at
| east twowoi2bfoarserzd wor k functions for different gates. pOraseccanpises of an
enbodi ment not necessarily resulting 3n at |east two different work
functions is showm with respect to a substrate 10c in Figs. 10-1 5. Like
nunerals fromthe first-described enbodi nent have been utilized where

appropriate ith differ s ,being indicated with the suffix "c" .or with
Tt oF aePSRintt ararialy o S ho Ao RRg et O AV ey (aPra ol Hrsnaelerit! 4kt oo
40 havifgy NSt h¥e hheei Pplarftd B@erRR’N shefated vayera sBRsilaahe olhidéost

Exanpl e materials and constructions include any of those ‘described above

wi th revptase bongrdopysn Figol@nbodi nents. A first material 44 has been

with | ysn Figol @mbodi m st_mt et e
of "1 e GPRThr oot el B Gt £l LECHIE ARG 4 N MRER e TR OB Bl om

thap offrem SuuriABHetRebhiadjad¥ntGaNdagdibir ¢85 a0 et lehvE TaRsntdtefiapaties
40. Exanple materials and attributes include any of those described above

wi t hr esperingotapatand sldsvomlszal trapeistal adficy 4y way of exanple, first
mat er | iboﬁ()ll)miy Oﬁe{@ PUIO ??%elf‘gé’lssﬁ@@ﬁd %ﬁt%ig?%%oﬁé'{[ %ggﬁjde g%ﬂeé_over

non- pl anar out er nost surface del'n own in erring to
Fi g. lXhefsutstratatiacivalingdoersahkepaghiipedectwedreadygent Jfr oanspasMgags
bet ween adj acent of té@igSi stor gates 40 yet |eave first material 44

cover i M-t SIS OBAIME IR at? MY Ergstameorgdiftarenbin comusirendrpimipato
Fi gPul?of &n %%ﬁ@ﬂﬂoé‘@%@ft‘i@ﬁ o%ﬁfimsmgﬁeef@ald@wsméﬁﬂe ,V@éc.ohﬁem%gmaf aggma%econ g

i ncludi ng over and spanni ng between adj] acent transi stor gates
mat er i dlav46a rpdyndreot mensplamaoroudefmhestesitrface,conhosiplamar dnemtdsatsuofacan

outer et RO o0 of L1151 MRLerial 4 B Ll econd muer] 40 ey
s ggf/ ac ]ffré?l%irfhg 210 cbRdFndterld: 4MIPIRSdé iRt ARV d QSR AGS & 138 d
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 received 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 etched from being received over
at least some of transistor gates 40, with Fig. 14 depicting an example wherein
first material 44 has been etched from being received over all of transistor gates
40. Such etching may or may not be conducted seclectively 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 etch chamber as the etching depicted by Fig. 14.
Further, in one embodiment, the etching of first material 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



material 28. Second material 46 may be deposited to a thickness which is

| ess than, equal to, or greater than thickness of transistor gates 40.
[0041] Rewerwiong3t2o Fig. 13, second material 46 has beemrcetush@d/ o6rsosn bei ng
recei ved over at |east sone of transigtor gates 40 but remrmai n spanning

bet ween adj acent of transistor gates 40. Fig. 13 depicts an enbodi nent
wherei n second nateri aI 44 has been etched from bei ng recei ved over all of

transi tes 40. t be C duct wi t hout maskin

[ 0o4z] e dfringy B cengucsdh K oy S eAb i B COBR R R ih
second d}g,t@ft&l FiR, 3fadE8 é}ﬁ[t)@d;n@émg4 has been etched from being received
over 'east some of transistor gates 40, with Fig. 14 depicting an

exanpl dOWHé} ei n fReferrimat or Fig. B3 halestiasen Gt baedetnombhedtad hoeceplvsdaover

Il of h d
el ect i Doy 1 Bt oo cResmEus AP Py R ol ot Boheh Yo C; SEROHEs Elpe
conposirhé@n ffs@nthti glasmatihes cahddétivavirtfion SELEGEINSstEE %@téwm%lnm@dﬂwen

conducted as shown in Fig. 14. Regardless, in one enbodinent, etching of
second Wetkerfuactios &4 §HOMBIPNH eatgs 46 rm%uqde edieldn @@ xposign halse bsane

etch C%%%%r 6%12115 Q?tuewf‘m Qq]hge& %nplyer éiﬂir #‘ﬁle e]t:Lhr }1% of f1r££ glngerlal 44

enbodi et chi ng Frst erlal g recei ved over "at
| east Soom ‘@ém‘fgr@meiﬁcbbvgﬁhe&a%@ saﬁleSbﬁmnlsi‘stEt gatel?44(i)’f&)§ weEdepidiediih u
after the second material etch of Fig. 13. Exanple etching of first

mat er i 411844 rnE?‘@mpiﬂ myeqﬁén%mmé)@e%ﬁ dﬁ%frrl@éaﬁb%e Véﬂéhdéwqtti@dafb)bé\ﬁe . n
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Fig. 15, suBstrate een subjecte na conpr| ing a ne
a substthatceqioesnpertat plrasncf aatddpaasid B@OFLK@ tb¢ dlnﬂf USe vidrdk fwidiord rodmall he

| asma i nt 0 conductiyve r.egj on f tr tes 40 to no wor k
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materil a
result of some of the second material remaining over some of the transistor gates

15  during the exposure to plasma.
[0044] Specifically, Figs. 16-18 depict processing relative to an alternate
embodiment substrate 10d. Like numerals from the above-described
embodiments have been utilized where appropriate, with differences being
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 (specificaliy, 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 sifu
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.



from being recei ved over at |east sonme of transistor gates 40 as was
depicted in Fig. 14. Exanple processing nmay be as described above with
respect twoaow/ss72bhe Figs. 4, 5 and 9 enbodi nents. WhereTtalskomnarsss st or
gates are exposed during the exposurelsto plasna as depicted by Figs. 14 and
15, work function of all transistor gates 40 will be nodified. Figs. 16-1 8
depi ct an exanple alternate enbodi nent wherein at |east two different work
functions result, in part as a result of sone of the second nateri al

remai ni ng over sonme of the transistor gates during the exposure to plasna.
[ 0044] SPM6] i cal |, om¢ gmbolemeng dapitbed pnoempsssey foehing wepluoality of

al t er nat i ] N f he - cri bed
R A R o e

i ndi cat egates trhay ve saffnot HalVe ot ledst twd Aff€rrent widtsr alAsyy &1 ghe hbodepi ct s

processi of substrate 1Qd wi,th respect. to secon terial 46d.subsequent
Po the: Fiie:Pins B Mg Piofhiisd, of SRR 8 ETERT O Tar att Bt BloRmasked
(no rm;remmgss&omﬁdh vxlah%]ieao&?gmeﬂg s ecnadalnat ﬁic‘idvalliecﬂﬁd_eh@ﬁel :aﬁﬂﬂludtﬁ«fet |

out war exposed and etched from being received el evationally over only
sonme of %Iergé‘i’fgiozttg? tﬁ'élﬁégéoﬂéat(?%’p@bﬁhfﬁ%gl ‘P?t,e”taﬁg’ef%& P?fi gient ICPE’sPPF]é’cO_é‘d gat es
in Fig. #Bh thA08PlanFblierhbsHeRIrGbS SUBREAUEMNIctRIOES8HNEr WERRRYiskd St

materi al 44 has been etched from being recei ved over the exposed, and

t her eby 831€F dYIY 0BeWE eompimbionseiomatraiad 28434, Bitgandl 46 aspicsempiashefequent
processi qo WAGKELA. | urthdl ¥ LIRS BB NAMRSIn LY Wate D teeinri 0. 17
et chi ng occurred, substrate 1Qd h%s’bléen e;posed t% t‘%f’gJ above- lc}]eslgs‘rallnbed

met al0 copmmabinatignplrasanlless df fWheshert Hashmaderiaingdd Sonduevéd do regi spand2 of

e Lol WALEA! SLALSHEY AL 52,08, 1AL, I, B0 SBRILEET 2

conduct i Xecorlgngly, Gueirterdals udes tiscak hereTﬁﬁad tetsemdies¢ on this document does not
require homogeneity and may include multiple different composition and/or
density regions and/or layers.

15 [0047] Within an etch chamber, the material is blanketly etched from being
received over the conductive region of the transistor gates. Example chambers,
chemistries, and conditions are as described above with the etching of any of
materials 28, 34, and 44. By way of example only, the processing in going from
Fig. 13 to Fig. 14 may be considered as depicting such an embodiment whereby

20 material 44 is shown as being as blanketly etched from being received over
conductive region 42 of gates 40. Alternately by way of example only, the
substrates of Figs. 2 and 6 might be blanketly etched to remove material 28 and
34, respectively, from being received over the conductive region of all of the
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.



gates may or may not have at least two different wdths. Any of the
abovedescri bed and shown plurality of transistor gates of Figs. 1, 6 or 16
are exanpiveomfosszeh transi stor gates. A material is precrdsdoowers2s he
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 conbination, regardl ess of whether
first mterial 44 is renoved to not span conpletely between transistor

gat es ?}& i ﬁ/lnso such an exanple material. Accordingly, "material" as used
here and ere in this docunent does not require honpbgeneity and nmay
include nmultiple different conposition and/or density regions and/ or

| ayers. [0047] WA hienhad oftfobmotpatduralitheoMmaeis@lr gasedhavikgtdtyleestcined
from be| recei veﬁﬁ@ver the conductive region of the transistor gates.
Exanpl &1 ﬁ%ﬁ?&e‘?’%r HOdSr FREPIISHE condi tions are as descri bed above with

the etching ofmaly ikt Biekt& R ggans%or agfﬂeé"‘bvegh V@b sRhiXaPlrgsOlaye the
processing in grgl ng from Flt%.a 13 to Fig. may be considered as depi cting
t

such ahagnmdi st Wilidr ehg gacpal gatei Bavdhgwh sgsoméiwigithas ths dhkieigth
et ched fro%qlgpmg%r tﬁ 'tP(eegeg? edrwﬁﬂﬂduc“ ve region 42 of gates 40.
e on

Al t er natel exa the substrates of Figs. 2 and 6 m ght

be bl anket | yiepbglh\e@ aanaem\mvrmtthé|sa|lbs€%8teand:1841,ngr espetid viestyand sesohki ng
recei ved over the conductive region of all of the depicted transistor gates
[0048] &*HSn, in situ within the etch chanber after the blanket etching, the

substrate i Syighit Qﬁteﬁé@ht&la%ﬂmra%@nﬁgnﬂ%' RiafiA ff%hﬁ'ov@? lﬁ)tﬁ%@tﬂ?éteand
tenperature of at least 300 Cto diffuse the netal fromthe plasma into the
cofductspvend ggtasrio expose conductive material of the first gate and to reduce thickness
of the material received over the second gate yet leave the second gate covered by
the material; and '
in situ within the etch chamber after the etching, subjecting the substrate to a
plasma comprising a metal at a substrate temperature of at least 300°C to diffuse

15 said metal into the first gate to modify work function of the first gate as compared

to work function of the second gate.

2. The method of claim 1 wherein the material received over the second
gate shields any of said metal from diffusing into the second gate during the

subjecting.

20 3. The method of claim 1 wherein the subjecting also diffuses said metal

into the material received over the second gate.

4. The method of claim 3 wherein the material received over the second
gate shields any of said metal from diffusing into the second gate during the

subjecting.

25 5. The method of claim 3 wherein some of said metal also diffuses into

the second gate.



of the transistor gates to nodify work function of the transistor gates.
Exanpl e techni ques, conditions, and chem stries for doing the same may be
as t hose weerwdsdoabove with respect to the processi ngprofr/ispyotisks gs. 4,
5, 9, 15 and 18. CLAIMS: 1. A nmethod of7 formng a plurality of transistor
gates having at least two different work functions, conprising: formng
first and second transistor gates over a substrate, the first gate having a
first wwdth and the second gate having a second width, the first width

bei ng narrower than the second width; depositing a naterial over the
substrate including over the first and second gates; within an etch
chanber, etching rhhe rr?l%ec[igl 1fro over bath the .first an .tsecpnd. gates to
expose condfcti ve alPSHA OOtCIPHR |iGoRPHng KPP § MUY nY I RAES SIS ¢ he
mat er i ghtekapairuéd sabetratd&iges antdrgaireayelid lepveitils sekiard agatsabpyeged by
the material; and in situ within the etch chanber after the etching,

subj ecPFaYy iR Wdtibeaspatieta Beaplgraliraofcsip Airst Aytes: netal at a substrate
tenperature of at |least 300C to diffuse said netal into the first gate to
modi fy wor k7f unctringnmefhddhsr bidist 6 9¥nepaSing OfRA RS o Priefily beRefd 9&t M the
second gate. 2. The nmethod of claim 1l wherein the material” recei ved over

t hed segaitd Yarghsivbistrgtamython assicyndearah Whioh ididifigs¢migirpmt thet isstseewmnd
gate dyr.in .Sybj i . . l.aim 1 kel bj ecting
aso arti S REEC H Mg dopRTERHINR dp et o8 By VBN Grlr SAR SHAUECL.

4. Thegamkhod of claim 3 wherein the material received over the second gate
shields any of said netal fromdiffusing into the second gate during the

8. The method of claim 1 wherein the material is deposited to a thickness

which is less than that of each of the first and second gates.

10 9. The method of claim 8 wherein the material is deposited substantially

conformably and has a non-planar outermost surface.

10. The method of claim 1 wherein the material is deposited to a thickness
which is greater than that of each of the first and second gates, and the material is

deposited to have a planar outermost surface.

15 11. The method of claim 1 wherein the metal in the plasma is derived

from an organometallic compound.

12.  The method of claim 1 wherein the etching and subjecting occur

without any mask being received over any of the material.



subjecting. 5. The nethod of claim3 wherein sone of said netal also
diffuses into the second gate.6. The nmethod of claim 1l conprising formng a
pl ural it ywof2omaisg72hbi r st gates over the substrate w thi npatfise@b/oarsen; said
depositing, etching, and subjecting oscurring with respect to the plurality
of said first gates. 7. The method of claim®6 conprising formng a
plurality of said second gates over the substrate within a second area
which is different fromthe first area; said depositing and etching
occurring with respect to the plurality of said second gates. 8. The net hod
of claim1l wherein the material is deposited to a thickness which is |ess

t han that of ,each of .the f.irst.and second tes.. 9. The net.hod aof claim$8
whore nt holder o Retiaf g b8 iRNE e BETIN o Fov e e bty g i Thad o
non- pl AREE < tvesikDRincsivhk aeempli@ingthe met hod of claim 1 wherein the

material is deposited to a thickness which is greater than that of each of
the first adrBEoAPIyRldy ohhmnsisdongatas aver & sybpBaics dhe ttHnfatter £abtsanar

out er magy, Hﬁﬁ@QﬁboﬁﬁhcﬁVQ%e Jod of claim1 wherein the nmetal in the
plasma I's derived froman orgariometal |ic compound. 12. The nethod of claim

1 wher ei n t peoeideng mgmanekisluby ectliengondwativarredioutofathe traskishei pates et ved
over any .of. the.materi.al. 13, A nmethod of formng a plurality of. tr i stor
oates MfHg! BRAE LT st pPuPBRRbmers dht o8 el haglioh o
pl ural icbydoétiv ¢ adsbstarthgatasiavepatkssubstrate, the transistor gates
conprising a_conductjve region;,Froviding a material over the conductive
regi on of t R&er PIR¥dpgthgdpaierial.nformdngrd MaskdprriPVer sanies af &ht tES8{62T ti on

from t hatesofn AL QUIRRERSST BRTthdATst0F ohfi& not covered by the mask;

10 within an etch chamber and after forming the mask, etching the material
from being received over the transistor gates which are not covered by the mask;
and

in situ within the etch chamber after the etching, subjecting the substrate to a
plasma comprising a metal at a substrate temperature of at least 300°C to diffuse

15 said metal into the conductive region of the transistor gates which are not covered
by the mask to modify work function of the transistor gates which are not covered
by the mask as compared to work function of the transistor gates which are covered

by the mask.
14. The method of claim 13 wherein the material is insulative.

20 15. The method of claim 13 wherein the material is conductive or

semiconductive.

16. The method of claim 13 wherein the mask shields any of said metal
from diffusing into the conductive region of the transistor gates which are covered

by the mask.

25 17.  The method of claim 13 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.



conductive region of the transistor gates; after providing the material,
formng a mask to cover sone of the transistor gates and | eave ot hers of

t he transwetoro/@at2es not covered by the nask; within anpreras2ebasises and
after formng the mask, etching the material from being received over the
transi stor gates which are not covered by the mask; and in situ within the
etch chanber after the etching, subjecting the substrate to a plasm
conprising a netal at a substrate tenperature of at |east 300C to diffuse
said netal into the conductive region of the transistor gates which are not
covered by the mask to nodify work function of the transistor gates which
are not cove rLed t he k.as .co dto functjon. of the transjstor
Gates whi oh &re dsemEHgyof ABARIE s Al Hettot I ielsh GRBTAIN ¢ he
mat er i aksdiitidNSWradie/er Mbre Ehenemahadraf metai mrldn RSy oR d16@ehRl efoiral 1S
conductive or sem conductive. 16. The nethod of claim 13 wherein the mask
shleldénﬁﬁV of said netal fromdiffusing into the conductive region of the
transi stor gates which are covered by the mask. 17. The nethod of claim 13
wherein at ljgast tiaen @Rl BPE1aiRC Bi\WReRin rah%acs@raﬁyq)tdte/ﬁnéﬁqs&aoaomﬂeses
at | east one of elenental formnetal or an alloy of elenental form

met &l s co8dudiee negdiod ebmgirisiem wnvlhetnwlm aldpedf pohesitionducthiev e ubgagitiong
consi s sentially.of aon I rn1neta|s or an alloy of
elenenﬁgf féﬁnfﬂ%gugnvgf§“§H§ICI ?ﬁ@%g?%1 “13Wé&'@i'n at |east the

out ernost portion of the conductlve regi on conprises conductively doped
pol ysi | i con20t he Tdebmeciach@f claim 13 wherein the metal in the plasma is derived

from an organometallic compound.

21.  The method of claim 13 wherein the material is deposited to have a

10 non-planar outermost surface.

22.  The method of claim 13 wherein the material is deposited to have a

planar outermost surface.



formng a conductive netal suicide within the conductive region. 20. The
met hod of claim 13 wherein the netal in the plasnma is derived from an

or ganonetwbl2om/errpound. 2 1. The net hod of clai m 13 wheceius2dde@erses eri al
is deposited to have a non-pl anar out®@rnost surface. 22. The method of
claim 13 wherein the material is deposited to have a pl anar out er nost
surface.23. A nethod of formng a plurality of transistor gates,
conprising: formng a plurality of transistor gates over a substrate, the
transi stor gates conprising a conductive region; depositing a first
material over the substrate including over and spanni ng between adj acent of

(e ot sbar 63 S0 K agTPh R BN RLoEAALE SRR O

fromthat o

transi stor gatielig etElialgyt 6 tfankBtomMBhessi &ert & sUBHRYR, ithe ftFH1Hi Spa ALY
bet ween adj acent of the transistor gates yet |leave the first materi al
cover i REMIBEENGAE AIAYSHAF|'8L1M5t he transistor gates; after etchi ng t he

first materigal, 051@1%%0%ﬁmgmate%ﬁdqomrweegh@traxefncﬁwngwrQﬁ@ ﬁhfh%' ng

over and spanhin etween adjacent of the transistor tes; et chi
sechndbetwesn aadjweum béithg teoeistad gotves;, tte Ifs"astmsmml olﬁeingeof r@lrf&rsnbr

b d t h
an ot chomanaT ARET AP LEhBRG PP Bl nhfs i GROLRLRI R M "

mat er i alankis0or peieBg recei ved over said at |east sone of the transi stor

gates; and in situ within the etch chanber after the etching of the_ first
material fr&HMBEABe fEsbMpter i dviorreag e Hefrp@agrandspg s?vv%q?eafb@aﬁ%ﬁ ot Hye

gat es, 54|86t idAGd BRt leave the first material covering tops and sidewalls of the
10 transistor gates;
after etching the first material, depositing a second material over the
substrate including over and spanning between adjacent of the transistor gates;
etching the second material from being received over at least some of the
transistor gates but remain spanning between adjacent of the transistor gates;

15 within an etch chamber and after etching the second material, etching the
first material from being received over said at least some of the transistor gates;
and

in situ within the etch chamber after the etching of the first material from
being received over said at least some of the transistor gates, subjecting the

20 substrate to a plasma comprising a metal at a substrate temperature of at least
300°C to diffuse said metal into the conductive region of said at least some of the
transistor gates to modify work function of said at least some of the transistor

gates.

24. The method of claim 23 wherein the second material is deposited to

25 have a planar outermost surface.

25.  The method of claim 24 wherein the first material is deposited to have

a non-planar outermost surface.



substrate to a plasma conprising a netal at a substrate tenperature of at

| east 300C to diffuse said netal into the conductive region of said at

| east somwoabiwdsg72br ansi stor gates to nodi fy work functipomustomasmd2at | east
sone of the transistor gates. 24. Theinethod of claim 23 wherein the second
material is deposited to have a planar outernost surface. 25. The net hod of
claim24 wherein the first material is deposited to have a non-pl anar

out ernost surface.26. The nmethod of claim 23 wherein etching of the second
material occurs within the chanber, the etching the first material from

bei ng received over said at |east sone of the transistor gates occurring in

situ thereafiter. . 27. The hod of, cl,aim 23 conprising etching the second
mat eri al frfgtr?”i beiTﬁlﬁ ngjeqc{/rgéc%\ll@ri%mkﬁf’r?&n%tcglfnrétp%%ﬁ}er %&ngitrgp%égﬁ&c_cu%_

The metiolginofheCd lainib &3 thO@PeHiE NYe SiGhing e iBE fige Mihgrat&ived oveeruiehing
received over al| of the transistor gates. 29. The nethod of claim 23

wher ei nEashaORst o thentrp R sior Lies pecWEMEEd f4 BireH tef ganonet al | i ¢ conmpound.
30. The nethod of claim 23 conprising formng the plurality of transistor

gates to hage at TheasktHWOoficidigl @9tcoMptifing Anird MR BRG@f mharMINGoR
plurality of transistor gates, conprising: gorm ng a plurality of

trabsi Yeors predseborer ankyuissne af éhe thaasistengitss.or gates conprising a
conductive region; providing a material over the conductive region of the

transi stor ggt es T_htehr?le*'m{cﬁf)}‘ ‘aaig"eb9gcO%I?quiﬁl%ﬁgtgﬁfn[gﬁﬁ{gpg&iogdo&a{err(i)am ﬁgﬁt of

an outernost portion o e conductive Teqgi e transistor gates;
wi t hi nbamgetaskivhihnber all wfahk etangistochateg. t he material from being recei ved

29. The method of claim 23 wherein the metal in the plasma is derived

from an organometallic compound.

10 30.  The method of claim 23 comprising forming the plurality of transistor

gates to have at least two different widths.

31. 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;

15 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

20 in situ within the etch chamber after the etching, subjecting the substrate to a
plasma comprising a 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.

32.  The method of claim 31 wherein the conductive region is not

25 homogenous after the subjecting.



over the conductive region of the transistor gates; and in situ within the
etch chanber after the etching, subjecting the substrate to a plasm

conpri si ngoaomasaizoat a substrate tenperature of at | eapCTABB00@0s328li f fuse
said netal into the conductive regi om2of the transistor gates to nodify
wor k function of the transistor gates. 32. The nethod of claim 31 wherein
the conductive region is not honogenous after the subjecting.33. The nethod
of claim 32 wherein the conductive region is honbgenous before the

subj ecting. 34. The method of claim 31 wherein the conductive region is
honobgenous before and after the subjecting. 35. The nmethod of claim 31

wherei n the getaly 0, Lhe PLASTRL 5 G5k R 0L QALY JRIRTE A L Se SOIROUNT

before the subjecting.

34. The method of claim 31 wherein the conductive region is homogenous

before and after the subjecting.

5 35. The method of claim 31 wherein the metal in the plasma is derived

from an organometallic compound.



