1 METHODS OF FORM NG A PLURALITY 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 plurality 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
conponent used in the fabrication of integrated circuitry. Such
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el ectrically conductive. Accordingly, the transistor switches froma
non- conductive state to a conductive state upon application of a

suitable threshold voltage to the gate. It is desirable to keep

t hreshol d voltaees of 20 transistors snmall and al so to keep power
consunpt 1 s low. One significant property of the gate .
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transi st'SPS YA Snd 25 power consumption low, it is desirable that
the ork function of the gate material be approximately equal to the

work function of the material of the channel region. [0003] Usually,
not all f an integrated circuit are of the sane
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in the fabrication 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 jow, if 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 ;2 conductive polysilicon, using
di fferent conductivity-enhanci ng dopants and concentrati ons may
provide different work functions for different transistors. For netal
gates, use of different netals, or quantities of netals in netal
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pr oceéssi ng 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 wi gh 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 viewof the Fig. 7 substrate at a processing step subsequent to
t hat shoRRLEI PTIONQF FHE DRAWINGS ew of the Fig. 8 substrate
at a pr ng St 1,0
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[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.
[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. 1l 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
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 shgqwn by Fig. 13. 30[0018]Fig. 15
is aviewof the Fig. 14 substrate at a processing step subsequent to
that shown by Fig. 14. 4 [0019]Fig. 16 is a diagramuatic sectional

vi ew of another substrate in process in accordance with an enbodi nent
of the i 0d&li on. Tien2f i+ ¢ diaprpmmatiq epetignalneiepy gf appthemsabsirade dp
a_Processi g SheRSHRaREN S A0 chitalABAVEs B flGnudfi. SL00211F g 18
is aview ot the Fig. strate at a processing step subsequent to
t hat sho®2By Fi g.FiE7.17 is a view of the Fig. 16 substrate at a processing step

subsequent to that shown by Fig. 16.
5 [0021] 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 EMBODI MENTS 100221A first exanple
met hod of formng a plurality of transistor gates having at |east two
different work functions is described with reference to Figs. 1-4.
Referring to Fig. 1, a substrate, whigh may be a sem conductor 5
substrate, is indicated generally with reference nuneral 10. In the
context of this docunent, the term "sem conductor substrate" or
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gates 18 have been formed over substrate 12/
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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



refers to the conductive portion of a field-effect transistor gate
construction, and 5 a gate construction may include additional
material, such as insulative sidewall spacers, an insul ative cap,
and/or a gate dielectric. The exanpl eggates 16, 18 are shown as not
havi ng i nsul ati ve spacers or caps forned thereover or thereabout, and
conprise a conductive region 24. However, insulative caps and/or

spacers nmay be provided. Further, flash and other gate constructions
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speci fic exanple.” Additionally, 'Fig ~depicts the transistor
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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. '



5 include silicon dioxide, silicon nitride, polysilicon, carbon,
titaniumnitride, tantalumnitride and tungsten nitride. Mterial 28
may be deposited to a thickness which is | ess than, equal to, or
greater than each of first and second,gates 16, 18. Regardl ess,
material 28 may be deposited substantially conformably or

non- conformably over each of the first and second gates, and 10 may
be deposited to have a planar or non-planar outernost surface. Fig. 2
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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



15 volunetric ratio of N2 to 02 ideally being at least 2:1. Alternate
or overl apping conditions and chem stries can be determ ned by the
artisan for materials other than carbon for material 28. The etching
action may or may not clear material 28 from spanning between

adj acent of the transistor gates, with Fig. 3 depicting an exanple
wherein some thickness of material 28 remains spanning between

20adj acent transistor gates. 10029] Referring to Fig. 4, and in situ
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plﬁéaa, Snd conposj tion of the conductive region into which the
15métal afEacant #1385 EPT §33030] Exposure to the plasnma may or may not
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second gates 18, and regardl eSs
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



material 28 received over second gates 18 may or may not shield any
of the metal fromdiffusing into second gates 18 during the exposure
to plasma. Fig. 4 20 depicts an exanple wherein sone diffusion of
nmetal has al so occurred into material ¢28, but not havi ng been
effective to diffuse any netal to within any of second gates 18. Fig.
5 depicts an alternate enbodi nent substrate 10a, |ike nunerals from
the first-described enbodi nent have been utilized where appropriate,
with di fher Bivédls hpmioggnpadiyc frenehweh conductiyg regiog- 244 angd heegardless of
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Figs. 4 gf 18500n31derably 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



30 may occur with or without any mask being received over any of
material 28, wth no mask being shown/received over any of material
28 in the depicted cross-section of Figs. 3-5. 11 [0033] Anot her
exanpl e enbodi nent nethod of forming g plurality of transistor gates
having at |least two different work functions is described with
reference to Figs. 6-10 with respect to a substrate 10b. Like
nunerals fromthe first-descri bed enbodi nents have been utilized
wher e apgespt i 4t of fitsh gntdi {6 einehedss stamentahdoemt metalst or tave adlehf X
b or Wit REENm QLT A Gndielier dibictife Hiddiof a LI Bl ithY Mbral
transi stor gates conprising a conductive region ave been

f or med dliffusiors ihsltdet enlfidy indlhding ansiostaocoghtwsiomypf qratmymnobbalt

have at | east..two different widths, with es, 32,shown _as havi .
oqual witChE 4R L mtr e, Gt SRy PR AN S Betine
exangl e réficniwillutatd aBsimeqdaework t fictibher CYrr&poadinddy, ERainblds of
1, or other configurations. Conposition of conductive reglion 33, hy
way of dRelidbt eVbiily refige pavarke Tunghomsing pagtal esdusdiy cadggionsn include

connect i@anWirh N b ARSh Stk SIukE, aththiRhm! B84 fik St -Eigsrsd BEH SABGAL TERhe

Si dewal | spacefs and/or caps night be provided relative to transistor
gat es 32utdgBnpgoIoronarér fadiBdivieasepioan 29r opmjgdsesy eondoetdvelyi deped

regi on .4 rangi i C i i .
i 71 or et e Bl e S R apaat sk YR s SRheh e R hER Aisonduetive
regilén 38gicd B tavicee priscaarpbedwdier natsd salicidat tini dnd #kal ealbodémanty thé

t hose descrihed,above with respect to material 28.in the

{1 Tt - dOSCA DB HEnBaM et SoBUOE G6RR) RBUEFPICElliE Gpmimung. rofiemydes
has beennéidee@itaRafdR HORE Rfr AiCRES I f8E0EcHATES ird4, ?IHQ\I{@HYE)@MW%
of transistor gates 32 not covered mask 36. Any suitable existing

: by n .
or yet - tIHNECHEvelopry ok ghntHdSukimethidd amdde-tppialenadpr dapiadym,
such bei t o) 2 R U i
el udes S OHPEr LO0hY ol RECHIICHROICH B! R pInfR TR PUIRLEL! Gher
coaflPng th& ayermeméoid6jreheritémgtaly bei upedgfongtampleansial thabides such as

etchi ng GRSl apd L t er plot, M NI JREK RS i PLET iRt PScB882d nhigh
etched from being recei veg ov?} t hose
temperature etching reactor include substrate temperature from 300°C to about
400°C, . chamber pressure from about 5mTorr 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 N2). 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.
[G032] 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.



transi stor gates 32 which are not covered by mask 36. Exanple
chanbers, chem stries and conditions include any of those descri bed
above in connection 30 with the processing to produce the Fig. 3
substrate. Material 34 may or may notq e etched to | ess than

conpl etely span between adjacent of the exposed transistor gates 32
whi ch are not covered by mask 36. Fig. 8 shows sone 12 material 34

spanni ng betvveen adj acent of the exposed gates 32 after the etch.
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t he uncayefed transistor g te ,32 S conPared to work function of
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conductive region 33 of the covered/ masked transi stor gates
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conducti ve region onnge ous ore an
t he 1@xpamn“f%urat1phasnﬁ oraanoblt hhe methar nfygatef f U6 1185 iuniFigr ril,y oor other
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transi st at es not result 1 n at east two di erent wor
functi orf ef FF?fégféﬁ?méafiggenfzoSrﬁﬁ@wé&ww ahdigE AR ghisbe provided

descri be,@&b&vg, {rglsgggoe%alt&ﬁ | east two different work functions for
different gat es. One exanpl e of an enbodi nent not
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 thosc 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



necessarily resulting in at least two different work functions is
shown with respect to a substrate 10c in Figs. 10-15. Like nunerals
fromthe first-descri bed enbodi nent have been utilized where
appropriate, with differences being 2p indicated with the suffix "c
or with different nunerals. Referring to Fig. 10, a plurality of
transi stor gates 40 having conductive regions 42 has been forned over
substrate 12/ 14. Example materials and constructions include any of
t hose ddB#terigddjappiiingthetivespadiaqegt iafethe) ¢eposed ademddi aﬁ&ﬁ@le gich.
first 4, t udi ng
e T R e R G
mat er i aI[0Q317]i s of Ribifefrengno E:tgrr;?osncﬂlmnwfzr mhlhatheoétchnclmmbazmﬁer the
portlon .cond lve re tran3|stor tes 4Q. Exanple. .
ot er ol SRR S Fobo iy OO AR S g RRR, St St $E. 8 R SO i
13 rés peﬁétal at aehistiats téiﬁ;ﬁ&*ﬁturé\ccqbz[td!eﬁgﬂ YOMAC. . WatheOéxpsart® pldsniShas
out ernost surface, wWith a

mat eri al ave Pl an
non- pl aﬁ)&?ll&g?eéﬁﬁ@s&o %Sf §d emtﬁb TORbiRE PasEiRgnio ghe toprluiivgiERiqmet
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spanni ng between adjacent of transistor gates yet leave firs
mat er i alfungtiew\pdrthegurasyysrethiragbdeaaiaiss o2 as ansirsred tgaverk function of

transistor gates 32 which are covered by mask 36. Ideally, mask 36 shields any .

10  of the metal from the plasma from diffusing into conductive region 33 of the
covered/masked transistor gates 32. Example processing condition and
chemistries are as described above in connection with 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



[ 0040] Referring to Fig. 12, a second material 46 has been deposited
over the substrate including over and spanni ng between adj acent of
transi stor gates 40. Second material 46 may be the sane or different
in conposition fromthat 10 of an outgrnost portion of first material
44. Further, second material 46 may have a pl anar or non-pl anar

out ernost surface, wth a planar outernost surface being shown in
Fig. 12. Exanples include any of those described above for materi al
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with or without masking. 20 0?42]Referr|ng to Fig. 14, within an
etch ché&?ﬁérm&n@pa@pérmé%% hot Geesiatemeates f8l 46, first material 44

has beego@hﬁred fracheh 990 meg el yed sovsia alatk8aBh 6 HaBeeh de; %@r‘tbéto%r
gates 4 h Fig. 14 depicting an exanple wherein first terial 44

has beerthetsoltb@trafer omlpdinggovecend sganyiag betwesh adjapitseloiragsisty gaes
Such et obj NG OB GF o TR 08! mBE HEORFUELEH o7 BN ALY SEDAGLNE A8 that

second 25 'materi al ere s ferent conpo ron from
firdo rm:tfean alutekdnosm pdﬂianseﬂ Bicdti meteatalhdhg thavharg sbeenl acnekicl éﬁl 1Ay
shown 'rh 4 Regar dl ment, etching of sec
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chanber wsng hdoinc i gdapi CtEanﬁb)lethﬂeIu&é arﬁ“bf RBbse dBs@Med above for

OO e orial 387" SOCoRH Taterial 46 Teay be deposited 10 a thivenase awhich i
y 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 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 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 eich 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



30 over at |east sone of transistor gates 40 as shown in Fig. 14 may
occur in situ after the second material etch of Fig. 13. Exanple
etching of first material 44 in 14 Fig. 14 may be conducted, for
exanpl e, as described above in connecfjon with any of the Figs. 3 and
8 enbodi nents. [0043]Referring to Fig. 15, substrate 10c has been
subjected to a plasma conprising a netal at a substrate tenperature
of at least 300C to diffuse the 5 nmetal fromthe plasma into )
conduct i Fig. rlélgm@a b condugtads o oramplee 9s 4B sedbed@bpye vivrdonhgaiden oyith
of transj i ng/ exposi ng has been conduct ed
in situ ﬁ?% |n tﬁ%éet%ﬁdsﬁgﬁgéggg ﬁ%r the etching of first materi al
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was depicted.i.n rocessi.n y i b above
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transi stiopmgbgiag reseiyadiawgr tahdeast somer ef tr@npllsa;srmtes 40 as was deplcted in
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abovi@- daehe Hiped,efrhnd idnemnbsdinaates b&éhenst 1l ItthﬁdlsWhEgﬁeﬁﬁﬁ&’ eqapdsaﬂedurmg

wth dif erences bei n |ndica ffix "
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Wi th respaGistbP paes0n0 Wal &kl Al ddbed. suligequents Hepich@nFe@ampR alternate
enbodinent. | n Fig. 16, second material 46d has been masked (no mask

bei ng sHEWHdiTeME VRN 6f leatdorier Wakferans| warkd Tunetiansereshls fin part as a
out war dl, %5 X BP$6 ¥k netchERd I LB iREL Y & & Vet
only sor?es of trans?l stor gates 40 lspeégl?? ﬁf%eij §dstoﬁllé I%g?l% Fﬁbge%toq ehes
i11dst rai@mﬁgﬁlee@nmUﬁ@ plegina. 25 [0045] Fig. 17 depicts subsequent
proceSS| ereb t a s _been et.ched from

receive ov r the“8 %h%@g&ﬂﬁgﬁéé L%ﬁéb@g%ﬁ% rom?snl Nﬂa“¥et?5gh%¥?Pam
gat es 4(em1ﬁjdjme118 debstmats smﬁsequemkeprmmeaalsngfmher eher aboséddescribed
within th nber mnthln %iCh t he Fi 17 etc. |n9TPccurre%“
subst r at™® JRE REHRWHITR (KRerd GURTRSEIF BUdh Gifierences. being

met al - CQﬂcﬂl@thdngmﬂi B st f@idifd’use 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 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 illusirated transistor gates

40.



30t he netal into conductive region 42 of the three left illustrated
transi stor gates 40. 15 [0046]1n one enbodi nent, a nethod
enconpasses formng a plurality of transistor gates conprising a
conductive region over a substrate. The transistor gates may or nmay
not have at least two different widths. Any of the above- described
and shown plurality of transistor gates of Figs. 1, 6 or 16 are 5
exanpl es of such transistor gates. A material is provided over the
conductive region of the transistor gates, with such material being
of differ gMt46¢onpodntérenehbodntenat a aiethod entenposes fomiingra phirilitg of
conduct i ve Eeg{ﬂgn QJS(t:hn? 1,tPSriagrlsf,ﬂicsot Lclgat es.. Any one or. 2 cgnbitnati gn
of mat eri APMYEOT FATCS, P TIRIA 148 AR BT AR TRLOBHP VLR AU TSR A EIP IR |
for exanpketes fmastor mademoalhadd aaridas aeendiffeater walthd6 Amy bO the above-
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il tipl e HETSPEAT FaRtstor et 2y SPdanGriel bFRE S e 6P Teagitiea.
15 [ 0047] Mbtrhitimtasf ehcdutehandegariivheofiretectdraductise hlegidoebt thettemedtor
from bei ng recei ved over the.cqonductive reqion,of. the transisto

gat es. Exg?fﬁf'e%@ﬁ'a ee?%flcgﬁgjﬁ’?és%{oﬁ s eﬁ’dﬁggngﬁ’t%%ﬁggépearﬁscxa'@gieﬁioged
above wi t mdhheaethi Fyrifkr,aioy eedmpht Eirstahste2i@] 484ndaRdodi maBytiabaly iaf
exanp only,. the processing.n ing.fromFig., 13 to Fi 14 be
AP BbringSn D PR R b RndReD it ARG, 43 SEmbkPa P arotatbene
shown as behplgtedg bitawekat irgndstoheghtéy aity, hiei aigo rachi ¥redexavgile material.
conductive region 42 o tes 40, Al terpately by f exanple only,
She aubst Refafinhy Ml 8 it netd S Bk Y Bls BnefERPs Srec
mat eri al 28uandh@dpgeespeand eby , infhudm heltipde rdifferam deccaanwgssitidre and/or

conduct i Ve & i.on. of al Lorqf t he depicted transi stor gates 25
|

[ 0048] Then; i R AT n“YHe etch chanber after the bl anket

et chi 1y, [d7Eubst Véitkini & subicbahber, tie maphiat blaokgty sichgd dromebeaingat
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the plasma | nto the conductive Tegion of the transrstor gates 4o

modi-fy woeHenfisinossj end afontiiteontsr ansissd scrihed abovExdiipkle: tebimi qfiesy of
Con 1 gyt SR 30188 B9y APAL A0 SATP P e 09 KBRS o
5, 9, 15 Bigd138p 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 cxample 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.



16 What is clainmed is: 1. Anethod of formng a plurality of
transi stor gates having at least two different work functions,

conpri si ng: formng first and second transi stor gates over a
substrate, the first gate having a first width and the second gate
having a second width, the first w dtH®being narrower than the second
wi dt h; depositing a material over the substrate including over
the fi habigl ckdomisgjat es; wi thin an etch chanber, etching the
material from being over the first gate and to | eave the materi al

over the second gate; and in situ wthin the etch chanber after
t he et chi ng,1. subjpemieithgd tdfefosmdsg rsap rirbityabf heasistongyabs hapaagatseakt
pl asmatwe,t@.eraénampsuh@tlgngeegﬁ{,myh -of at |east 300C to diffuse
sai d metal iedrRindirt r=51d GRIce nldo trEHY; t\thrV\@é{W’eéc Wyl Ans@hstrAee, f tHeS tirst
gat e agyAHeNpAYIRG hoflmr%thHnﬁhUthé)fsetcBﬁds gt éﬂfi‘ﬁg a second widfH1€the

met hod ¢kt 64 ”bém B5 BN %‘fd‘fﬁd ovel the second gate
tsﬂ' el d any @b o3 f?r@étir[] rﬁgé' ?ﬁlb%t%ﬂa EH& %air?e st h
e SUbgRtiate aris LGSR

subj ecti’ng al. 7 f f ﬁs sal tJ8 Fq,l al received ery
the second n an ete f Otggot?'ec iR mk?é?et??{ngh‘év%ﬁ%‘?i It
recei v8d'o ‘é‘% é'TE)%tteé' tﬂ Rl ﬂﬁﬁ from

di ffusin |HTOS’ ‘I’]e (‘:'E)n ega?*é’ a{ge Fhea G'bj ing, subjectingcthe
met hod S&PSEAE nd 8523t 0896mof oP gaPHOHEL Al @ﬁ§mﬂjlmf3£%’e§t|%t%u@ﬁféate

secondtgw&rature of 3 leged AEPRbd tofdiEugensaiduiestdl nindpetheefpt igate to
der i vedodidnveerkofuaetimietad] thee ficohpatecas comparer, taheoreftoetion of the
cl ai m seshodejatet he et chi ng and subj ecting occur without any nmask
being received over any of the material. 17
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.

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.

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.



8. A nmethod of formng a plurality of transistor gates conprising:
formng a plurality of transistor gates over a substrate, the
transistor gates conprising a conductive region; providing a
mat eri al over the conductive region of_the transistor gates, the

mat eri al being of different corrp05|t|c1)ﬁ fromthat of an outernost
portion of the conductive region of the transistor gates;

after provi 8 ng fhaethedaffprming & rhlglrallwa@ktrﬁesdﬁwérgaéeﬁéompltlﬁl@g
transistor fatengaadplusality of Hearsiston petes aversa subsirate, fbe itaneissar
by t he gads&;comprisingnatdeundumiivet tdgiohanber and after forming the

mask, et chi pgotidéngrat evatatiaf oeer ke ngp rrdacdiveetegivearoft thee tnaaussster arates,
gat es \Whe ahataréalnodingov déftedent tdoan pasitiorafrdm that of iam sutermagthpartion
t he et off tabaiiriud@iveeredibe &t ransidibf geltésg the substrate to at

| east one ohkftarJgERAdmMPthe! arTarieBt dbring 5 UhasK e dovepesained ®fofhe

at |eaﬁarﬁe@%rt@at@'sféHé(ﬂe%@bdoﬂ%tr@'oﬂ HeDt iS1OP b VSt SSVQHacbeytih%
transi s gat es which are not covered by the mask to nodif y wor kK

functi on 0 ﬁng St Ookh ?ﬁ.‘tq%g q.5 %
conpar %ia .awi'&n y&%;q Ao M %rtﬁa%ragggﬁngﬁg %;ﬁ h B ﬁ@vs&; Sed
by the b mask teria
|nsulat|ve {h ttﬂodhof t(): S%elnhthenaerlal 'ﬁ1
conductl e bt %%W& H?j elv‘f‘eC chambgp’ 2 54 cﬁg ng tne
wher ei 7 H%s ¢ of aa98s va| Of rRJﬁ?Bﬁ fﬂ]@ Agaf it Sybiirate
conduc ‘?Wé’erf@ F&n © fa'i aﬁtra'#%q & dP Gafese wiieh ”é‘?‘éi N%r@t? lﬁP Ghctive
mask. region o iheﬁﬁenw@fwoaabqs (‘:’YfHPPn%r%@F oy 28U A3 S {RE Sk o FASHEY
porti oWasK funstiosnalidhe eansgiangatapmwhiel are nehsovened &ty Hhefeaskias
f or m mepaiparedate warkyfusictisneatthaltransistoregates which areigovetes by the
met hodndskcl ai m 12 wherein all of the conductive region consists
essentially of one or nore elenental formnetals or an all oy of

el enental form nEhalmethod of cldidn 8Twheneinhihd nfatetial is suiatieen at

| east the outernpbst portion of the conductive region conprises

conduct i vel yodopeHepalathbbi 60rslatrhes swhieesin Be§ Mratbngl as COnaGEliive or
met al skhijebAguwiy&i n t he conductive region. 15. The met hod of

claim8 wherein the netal is derived froman organonetal Iic conpound.

ﬁgn -|cl)-lhe et I‘I‘?d ofh&! Rdth d‘é‘@?rc‘?élgrt@ewﬁé};& f"dﬁ_}q agﬁpé’ﬁ'eﬁfgcjg( Qﬁégaﬁl
wher ei E{?I%%Vge'fg Bfiﬁn fhe dugtive rejg chp])l anar out er npst slar@f ahICh

12. The method of claim 8 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. The method of claim 8 wherein the material is deposited to have
a non-planar outermost surface.



18The nethod of claim 1 wherein the netal is derived froma netal

hal i de. 19. The method of claim 1l wherein the first gate is
honogenous before and after the subjecting. 20. The net hod of
claiml1l wherein the first gate i s not hom)genous before the

subj ecting and is not honpgenous after8t he subj ecti ng. 21. The

met hod of claim 1 wherein the nmetal does not diffuse to be h.ormgzenous
wi t hin the flifrst Th&t eethod of clapm Sméhareimdbe gnatgrialnisid epesiéed teHmave
met al di plarsgsonierpwsiewtanous within the first gate. 23. The
met hod of claim1 wherein the nmetal conprises at |east one of
platinum iridium cobalt, titanium tungsten, tantalum alum num

ni ckel and igon. The methad.ofldleimet Wodkrein ¢chaimetalibareived heonet aletal
di ffusegiideeper into the first gate than into the second gate. 25The
met hod of claim1 wherein the nmetal is derived froma netal halide.
26. The met had ofrpel %éﬁh%d""%@rcﬁbﬂntli'%/'h%@ﬁf:tthéeﬂf?é%”aﬁf?é'|¥eh6ﬁﬂi us
are horgégqu)v\ﬁﬁdbgfft&r £Rdp thﬁ'fg{/t he subj ecti ng. . The t hod

of claim erein the respectiVe conductive regions are not

LTEETo T BT L b B A

not di 1tbfe3 & 1P BEOHE Fi‘Bﬁ’s‘vaﬁ“E h%mtOrQee'P 8 %th%

regi ons Th 0 erein e netal ffuse
to be homgéﬂous%aﬁtrw.eﬁhgﬁeoq § fWa/}é ergdndiie: meda gaﬁér&& 9use %%%’.e
The nmefR&ROIENSYHiVHRINRe: 1Y -metal conprises at |east one of

plati num iridium cobalt, tltanlum tungsten, tantalum al um num
ni ckel and BRen. The method of claim 1 wherein the metal diffuses to be

homogenous within the first gate.

23. The method of claim 1 wherein the metal comprises at least one
of platinum, iridium, cobalt, titanium, tungsten, tantalum, aluminum, nickel
and iron.

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

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

26. The method of claim 1 wherein the respective conductive
regions are homogenous before and after the subjecting.

27. The method of claim 1 wherein the respective conductive
regions are not homogenous before the subjecting and are not homogenous
after the subjecting.

28. The method of claim 1 wherein the metal does not diffuse to be
homogenous within the respective conductive regions.

29. The method of claim 1 wherein the metal diffuses to be
homogenous within the respective conductive regions.

30. The method of claim 1 wherein the metal comprises at least one
of platinum, iridium, cobalt, titanium, tungsten, tantalum, aluminum, nickel
and iron.



