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30 A design consideration in semiconductor technology is that of the work function, which is the amount

of energy required to excite electrons across a threshold. Polysilicon gates on silicon substrates provide a

work function that allows the gates to be adequately controlled. The use of metal, however, as the gate

material on a silicon substrate may undesirably change the work function in comparison to polysilicon gates.

This reduces the controllability of the gate.

35 SUMMARY OF THE INVENTION

There is a need for a semiconductor structure and method of making the same in which the gate is

made of a metal, but the work function is tunable to a desired value in a highly controllable manner.
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic depiction of a cross-sectxon of a semlconduclor structure precursor in
accordance with embodiments of the present invention.
Figure 2 depicts the structure of Figure I afier the dummy gate and the gate dielectric have been
30 removed.
Figure 3A depicts the structure of Figure 2 undergoing a silane treatment in accordance with certain
embodiments of the present invention. o o k
Figure 3B depicts the structure of Figure 2 following the deposition of a metal layer in accordance
with certain other embodiments of the present invention. '
35 Figure 4A depicts the structure of Figure 3A after the deposition of a metal layer in accordance with
certain embodiments of the present invention.
Figure 4B depicts the structure of Figure 3B during a silane treatment of a deposited metal layer, in

accordance with certain other embodiments of the present invention.
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dr awi ngsfogrpeé om@p act1ve reglons 12. A polysnlxcon gate 16 whxch serves as a temporary (or “dummy ") gate is

provided on top of the gate oxide 14.
Spacers 18 are provided on the sidewalls of the gate 16. Spacers 18 may be made of any suitable
25  material, such as silicon nitride, silicon oxide, silicon oxynitride, or different layers thereof. Dielectric layer
20 is provided on top of the substrate 10. The semiconductor structure of Figure 1 has been planarized, by
chemical mechanical planarization (CMP), for example, to provide a planarized upper surface.
The structure of Figure 1 is a conventional semiconductor structure with active regions and a
polysilicon gate. In order to provide a gate with reduced resistivity, however, the polysilicon gate 16 may be
30  removed and replaced by a metal gate, as provided for in the present invention. As noted earlier, however, the
use of a metal gate structure may undesirably change the work function of the gate. This is avoided in the
present invention by the silane treatment of the metal gate to tune the work function to a desired value.
In Figure 2, the polysilicon gate 16 has been rémovéd from the region between spacers 18. The gate
oxide 14 is depicted in Figure 2 as remaining within the recess 22 that is formed by the top of the substrate 10
| 35  and the sidewalls formed by the spaceré I8. In certain embodiments of the present invention, the gate oxide
14 is removed and replaced with a high-k gate dielectric material. The particular materials that may be used in
the high-k gate dielectric layer include ZrO,, HfO,, InO,, LaO,, TaO,, for example. Other multiple metal

oxides may be used or perovskites may be employed as a high-k gate dielectric material instead of
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about 4 torr; temperature is between about 350°C to about 450°C RF power is between about 100 to about
250W; SiH, flow is between about 60 to about 110 sccm and the time is between about 5 to about 30 seconds.
These parameters are exemplary only, however, as other parameters may be employed without departing from
30 the scope of the present invention. | - o . |
The embodiments of Figures 3A and 4B are combined in certain embodiments, such that the process
includes a pre-soak as well as a poét—éoak or post-plasma treatment. Changing the total number of silane
treatments on the metal layer 26 changes the amount of silicon that is incorporated into the metal layer 26.
This has the effect of providing a control of the work function of the metal layer 26, providing the designer
35  flexibility in selecting the work function value.
Figure 5 shows the structure of Figures 4A or 4B following the deposition of another metal layer 28
on the metal layer 26 with the incorporated silicon. The metal layer 28 comprises a material that is compatible
with the metal layer 26. For example, metal layer 28 may be made Qf tantglum, or copper or copper alloy. A

conventional deposition technique may be employed to deposit the metal layer 28, such as physical vapor
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Although the present invention has' been described and illustrated in detailed, it is to be clearly

30  understood that the same is by way of illustration and example only and is not to be taken by way of

limitation, the scope of the present invention being limited only by the terms of the appended claims.



deposition, chem cal vapor deposition, or electroless deposition (for
copper). Another suitable material for the netal layer 28 is tungsten (W
and may be deposited by CVD. Follow ng the deposition of the netal |ayer
28, a planarization process, such as chem cal mechanical planarization
(CWP), is perforned to create the netal gate 30 conprising the netal |ayer
28 and tHELABVISI 5 layer 26 with the incorporated silicon. The present

invention allows a ,desigper.to tail,or the work functiaon of the nmetal gate
30 by conftrol I4 rfBethP‘iié)fgﬁﬁﬁ‘mg 8t Seé‘?‘?‘i”l‘%‘ﬁ“’éo%‘é‘ﬂt“% CPWjB“ﬁ’QSatlhelsé%r 066. For
exanpl e, fhifind WHRE uredr halihgAlubdted! Whi Ta@ti\Fgfﬁé%ilaﬁs sepafat@hy £'chifell ARAL ment

may be enpl oyed,” a post-treatnent may be enployed or both pre- and post-

t r eat mentastenporane gats over théchanneland within aehitleatric Bayei;| | have an effect on the
amount_ of i ncaorporat ilicon 0 in the netal..layer 26, .and thus, the
Mork Puncti on TEPO IS e Rarorgy,sate ' Bph Y igess it £ b5 Hua hd PRI R | " have
an ' ef f eqhe gRlchR lay@unt of silicon' incorporation. A greater amount of
silicon is incorporated into the netal [ayer 26 with a |onger silane
treatnent ti melepsiiting anpy-silicpemetal contaming metableyenioitke eesshe si | ane
treatnments w Idepggi{hg%c;n}e&qogq?eu%%ta&{aygl,I L gon incorporation. At hi gher

tenperatures, a greater anoun Fedii s i ncorporated: One of ordinary
skill in the aphtroBgbly amdorpiratingl Slit@ihs ddimetl ¢ NHe Athouposf ilicorret al

| ayer 26 that is used to obtain a work function that is desired. Another
fact o0 i ddedbtq Hreapetaklayess congrellahly duning fhe work function phibe semiceondygier 26

al l ows f Qg ter silicon incorporation into the netal |ayer 26. This
provi des ‘another paraneter by which the work function nmy be controll ed.
In alternate enbodi nents of the invention, as depicted in Figure 7, an
alternate nethqQd of forming a, 20 layer with jincorparated silicon is
provided?In t SsmEboR st clatw beperdhe P (gfuméor?omﬂ%ﬁﬁwepumgqswgure 3B
in sequeps IS ke I i ) r | oyi ng
physi cal TraseyBuHineR L) pHEP BE drfo RN he Ho ol BonLE mARP 7Y
enpl ayi ndaygrandard UHV ' nul ti =chanber sputter systens that are commercially
avail able. A short annealing step is then perfornmed by 'a rapid thermal
anneal " (RTA), for exanple. The tenperature is maintained between about
300C to ahout FROGeHSI SO clalth 9, SWREnaRealy ofRcsibbiaAB sittohNRurddr | ayer 27
reacts with the netal layer 26, but does not forma silicide since the

t enper at urdudes aposhseakrwith Bdlsafier thealepesifieg of the aon-eiligbn eontainmggnetaki dat i on.
Af ter thei anneal ing, by which the silicon in the layer 27 is incorporated
into the fetal | ayer 26, the manufacturing process continues with Figure 5
in whpch netal layer 28 is deposited and then planarized in Figure 6:

Al t hough the present invention has been described and illustrated in

detail ed 4 it ikhet mepwdcpbglaim 2.3phersieftha sisn efhincormesatingnsilang fythepy of

il lustrat] o [ . Kk f pmtation,
t he scopéhégﬁde[%%p%?gg@r? ?m?ér;lll\lt/)ééﬁ%inglﬁ %glggn%né |8F‘n ee‘%‘ﬁ‘aﬁp‘fl‘g’ﬁ‘i/" 181?1561}1#‘%@0]( t he
appended lgyedi M. 5

25 5. The method of claim 1, wherein the step of incorporating silicon includes a

plasma treatment after the deposition of the non-silicon containing metal layer.

6. The method of any one of the preceding claims in which the amount of silicon
incorporated into metal layer is dependent upon any or all of the respective pre-soak,

30  post-soak and plasma treatment before or after deposition of layer steps.

7. The method of claim 1, wherein the non-silicon containing metal layer
includes one of Ta, W, Mo, Ru, Ti, TiN, TaN and Co.

6




CLAIMS 1. A method of formng a sem conductor structure conprising the
steps of formng a precursor having a substrate with active regions
separated by a channel, and a tenporary gate over the channel and within a
dielectric layer; 5 renoving the tenporary gate to forma recess with a
bottom and sidewalls in the dielectric |ayer; depositing a non-silicon
nmetal containing nmetal |ayer in the recess; depositing a netal on t he

metal | axer; i d i i s | ayer,
t he armu?lgte' of 6}2?1? ?con ﬂ%ﬁ%é&h%@éa?ﬁé&ﬁﬁgﬁ&ﬁrdg‘(agec’ocﬁ nlpufngb y t ini ng the
wor k funcaifi on of the sem conductor structure. 2 The nethod of claim1,
wherein the step of incorporating sili coa includes a pre-soak with sil ane

(Si H4) prior tiermg agesfalaals PRy BICCHIELABA- si | i con contai ning netal 15

| ayer o 3. The raJﬁQ, f‘n?etal fat silicon
furt hgr i ncl u@es g ptgésattlﬁgoa W t V\gb%é %I-&lﬂla 1?%1#3%%)?& g-g%%lgftl ng ofwteﬂ(e

non- si | i donctoorifdhewnagl gee.al |ayer. 20 4. The nethod of claim2, wherein
the step of incorporating silane further includes a plasma treatnent after
the depositing of the non-silicon containing netal layer. 25 5. The nethod
of claimgl, whE{egh&thbd6f SR SQ{Ihe'ré]ﬁ WPRERGT hBrm3dlly! tFedfing MRS PhedmalP! asma
treatnent after the deposition of the non-silicon containing netal |ayer.

6. The mev#idug.of any one of the precedi ng clainms in which the amunt of
sili cg incorporated into netal |ayer is dependent upon any or all of the
respe1 tive pre-soak, 30 post-soak and plasma treatnment before or after

deposi ti qm. of They fletHdess claitn IThe firdtich Qbnrisilgabohtrbllinh efinAl biking .
non-silicon containing netal |layer includes one of Ta, W M, Ru, Ti, TiN,

TaN and xsatrgeng time teeonisel asfamasinhphglicomineerporgteddntodhe msimdigaieor devi ce,
conprising the steps of: formng a netal gate on a precursor; and

11.  The method of claim 10 further comprising controlling temperature during the

15  thermal soaking to control an amount of silicon incorporated into the metal gate.

12.  The method of claim 11 wherein the step of thermally treating includes plasma

treating the metal gate.

20 13.  The method of claim 12 wherein the metal gate includes a metal layer
consisting of one of Ta, W, Mo, Ru, Ti, TiN, TaN and Co, and wherein the thermal

treating of the metal gate incorporates silicon into the metal layer.

14. A method of forming a semiconductor structure comprising the steps of
25  forming a precursor having a substrate with active regions separated by a channel, and
a temporary gate over the channel and within a dielectric layer:
removing the temporary gate to form a recess with a bottom and sidewalls in
the dielectric layer;
pre-soaking the recess with silane (SiHy);
30 depositing a non-silicon metal containing metal layer in the recess after the
recess has been pre-soak with silane;

depositing a metal on the metal layer; and




5 thermally treating the netal gate with silane to controllably tune the
work function of the netal gate. 9. The nethod of claim8 wherein the step
of thermally treating includes thermal soaking. 10 10. The method of claim
9 is further conprising controlling thernal soaki ng treatnent time to

control an amunt of .sil.j.con.incor into the netal fe. 11. The
met hod of cl ailRYOrBOTEtRg HQFO%WIP%%&T G Pmca@)%%emalp glgashg t he
15 t her nthoﬁ,g@géh%sﬂlgorpﬁ@{,{d% b?'ih %?%{ﬁ%oﬂﬂer g i ncorporated into the

nmetal gate d of Tla rern t e step of thermally
treating |ncludes pl asma treatlng t he net al gate 20 13 The net hod of

claim 12 nt t i cI ud nS| S of one
of Ta, WM, elbél? H)?ﬁIOH?qtﬁ?lﬁl%hlt\lﬁ 6{5?_' %ta’é‘ic Fct‘?ﬁl %”"t?‘greati ng of
the met alindad® d preRoAOwRh SIHS hitéGhe db]SBsmr{g”'@f tH@h@ﬁ sxlhaa@&omélﬂmgénémt hod of
form ng a sem conductor structure conprising the steps of 25 formng a

precur sorlaYfdvi ng a substrate with active regions separated by a channel,
and a tenporary gate over the channel and within a dielectric |ayer:
removing the tenporary gate to forma recess with a bottomand sidewalls in

the diel g6t ri cTHeapethod PsfeclamaKisnGviidh€in B &sip Vf tintoSpdratiy kikinefurthd®
depositing a non-silicon netal containing netal |ayer in the recess after

the recdddudpss plagipa SeatmephRltes the deppsitieg of disoran-siligpraceniaipinggnctehe net al

| ayer;; Qy 7 incorporating silicon into the nmetal |ayer; the incorporating
|nclu8|ng A | east incorporating silicon provided by the pre-soaking of
the recess. 15. The nethod of claim 14, wherein the step of incorporating

silicon f rth des a pre-spak with S H4 after the depositing of
t he non- s1 bic ec‘B?Fk‘%ﬁg ﬁ? Flgipdttavheresy the stapgof mﬁ@*pﬁaﬂnsefﬂwpndn@wﬁsps

wher ei n yﬁflﬁttﬁéauﬁém WRECHPAE st ot th@R6n- Eﬂt&§xb@5nml hidg i8S, rfe ¢pl asma

t reat men ter t epositing of the non-silicon co tal ni et al
| ayer.
15 18.  The method of claim 14, further comprising controlling an amount of silicon
incorporation by controlling a number of silane treatments.
19.  The method of claim 18, wherein multiple silane treatments are performed on
the metal layer.
20

20.  The method of claim 14, further comprising controlling silane treatment time

to control an amount of silicon incorporation. - -

21.  The method of claim 14, further comprising controlling silane treatment

25  temperature to control an amount of silicon incorporation.

22. The method of claim 21, wherein the silane treatment temperature is

controlled to be between about 250°C. to about 550°C.

30 23.  The method of claim 14, further comprising controlling the thickness of the

non-silicon containing metal layer to control an amount of silicon incorporation.




17. The method of claim 14, wherein the step of incorporating silicon
includes a plasnma treatnment after the deposition of the non-silicon
containing nmetal layer. 15 18. The nmethod of claim 14, further conprising
controlling an anmount of silicon incorporation by controlling a nunber of

silane tregtne . The nethod of clajm 18, wherein nmultiple silane
t r eat ment ?g'ar erig%r ?’%&’ﬂ%a&gﬁm‘? 2124’ r@?‘ﬁ?ml efon-g C%POW%W@S Igyerc| ai m
14, furt hdncladusone 8f Ty WoNo, Rul TN TiNi Ta0and Cgat ment tine to control an

anount of silicon incorporation. 21. The nethod of claim 14, further
conprising controlling silane treatnent 25 tenperature to control an

i1 ane tr a3t merte HeBE8 Nt Abinl X, Shordi HE R, ST EA DS TRE5C. 1o
about 550Ghcldes d8e off g, WeMopRuoTi, TN TaN 4nd €br t her conprising control ling

the thickness of the non-silicon containing netal |layer to control an
anount of silicon incorporation. 8 24. The nethod of claim 14, wherein the

non-siliceg contaiii 4 [l ﬁgls f Ti, TiN,
TaN and Co. 25. The mtﬁ%fjsg@%rrﬁ g,&rhl er%ﬁﬁﬁ%eﬁgn}%‘enr_ng\l{ﬁl %'gﬁgtg}rjlt ai ni ng
met al | ayera(J alloyl udes one of Ta, W M, Ru, Ti, TiN, TaN and Co. 26. The
nmet hod of claim 25, wherein the netal deposited on the netal layer is CU
or a CU alloy. 10 27. The method of claim14, further conprising

contred| i ng. SiIRBeHcREAn 14, Wrthrodifsir cdhftoRi Wlhnd frediirlcht e

i ncor poration. .
to control an amount of silicon incorporation,




