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30 Also associated with the fabrication of ULSI devices, the thickness of the silicon dioxide dielectric for

the gate electrode is rapidly approaching a thickness of 40 A or less. At this thickness, the use of silicon dioxide
as a gate dielectric is limited because direct tunneling may occur through the gate dielectric to the channel
region, wherein current leaks from the gate electrode and the channel region. Such Jeakage of current causes an
increase in power consumption. Because of this problem, alternative methods have been sought to reduce
35 leakage current.
One such method is to use high-K dielectrics for gate dielectric materials. A high-K dieleciric is any
dielectric material having a dielectric constant greater than silicon dioxide that is 3.8. The dielectric constant of

the high-K dielectric is preferably greater than 5.0, and more preferably, greater than 20.0. However, the use of
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layer is formed between two shallow trench isolation regions.

Fig. 2 depicts a partial cross-sectional view of a semiconductor topography wherein the gate electrode is

formed between two shallow trench isolation regions.

Fig. 3 depicts a partial cross-sectional view of a semiconductor topography wherein the semiconductor

30 is treated with ions to form extension regions.

Fig. 4 depicts a partial cross-sectional view of a semiconductor topography wherein spacers are formed

on the sidewalls of the gate electrode.

Fig. 5 depicts a partial cross-sectional view of a semiconductor topography wherein the semiconductor

is treated with ions to form the deep preamorphous ion implantation.

35 Fig. 6 depicts a partial cross-sectional view of a semiconductor topography wherein a nickel layer is

form over the semiconductor.

Fig. 7 depicts a partial cross-sectional view of a semiconductor topography wherein nickel silicide is

formed.
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25 preferred high-K dielectrics are halfnium and zirconium oxides and their silicates. The thickness of the high-K
layer 12 is selected layer ranges from about 20A to about 200 A, preferably from about 30 A to about 100 A
thick.
While the high-K dielectric layers are thicker than the comparable SiO, dielectric layers, it will be
appreciated that, for example, a 16A thick layer of tantalum oxide having a dielectric constant of 25 is equivalent
30 to 4.0A of SiO, having a dielectric constant of 4.2 and a 80A layer of silicon nitride having a dielectric constant
of 8.0 is equivalent to a 404 of SiO,. The high-K dielectric is patterned by forming a photoresist mask pattern
(not shown) over the high-K dielectric layer and then etching the dielectric layer, for example with CHF; and
argon or by conventional anisotropic plasma etching or wet etching techniques to form high-K dielectric layer
12.
35 In the second step of the invention is the formation of the polysilicon gate electrode as illustrated in Fig.
2. A blanket layer of polysilicon (not shown) is deposited on the high dielectric layer using CVD method. A
layer of photoresist (not shown) is formed on the polysilicon layer. The photoresist is patterned and polysilicon

layer 14 is selectively etched to form the gate electrode. The remaining photoresist (not shown) is removed and
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the portions of the latter regions underlying the sidewall spacers 18. By way of illustration only, according to

conventional practice, typical arsenic implantation conditions for forming source and drain regions 19 and 20 of

a Si wafer-based NMOS transistor having a peak arsenic n-type dopant concentration of from about 1 X 10" to

about 1 x 10% da/cm’ at a depth of from about 800 to about 1200 A below the surface of the Si wafer include
35 dosages of from about 5 x 10" to about 5 x 10'* da/cm” and energies of from about 20 to about 50 (KeV).

With reference to Fig. 6, in the next step, a blanket layer 21 of Ni by a PVD process such as DC
sputtering, to cover all exposed surfaces of the thus-formed structure. The conversion of Ni to NiSi may be
accomplished by means of a one-step thermal process, typically RTA performed at temperatures of from about
350° to about 750°C, for example, in a nitrogen-containing inert atmosphere at 550°C for about 40 sec. to yield

40 the structure shown in Fig. 8. Nickel silicides 22 and 24 are formed over the source and drain regions,
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The fourth step of the inventive nmethod is shown is to formsilicon nitride
spacers 1S on each side of the polysilicon gate el ectrode/high-K

di el ectriwob3/0are2 12. Referring to Fig. 4, sidewall spacersTASozonpsi sed of
15 silicon nitride are fornmed on the surfaces of sidewalls of the

el ect resptelivgatand a pibitidedmier 28 foray ey the jugfage of the nadysilivgpateglihp fuckpegot Sickrd il ‘i%S
spacens g if ﬁrnmutbz\()o EA 6 thesoo B0l HRMRERES OO iaFir r:zg ist fen so@Po0 dfto

deposi ti | anket ni.tride r urface
ort: diiet Bp % TP @iioteenli ot BNl PR aiopdr 0 s ol P fea SHRRBGH S
var i oas sflettelyr resoved rforeganipteebyedtahing with b 37 éb$p4/Hzﬁz:muwemga tegnprraiyre gff abept 190ne
Ppposicn esshgﬁl\?@'ﬂnlﬁgs 8 E'(Inat&ﬁ Sndefh @Lrﬁ‘l&‘%mﬁé&Elfl@fc‘)?co%éct@cfrmﬁﬁh ¥Sthd 406081 dlagrediond4 and
then subjected to an anisotropic etching process, e.g., plasma 20 etching
in a PrUBTEEEENEai ni ng pl asma, for selectively renpving the laterally
ext endi ng [e¢ frewomg tid esnsiddedan dilusfraiverionly of hie windeleabfl the prrewtios Fugher THese
t hi ckness of i I yeg@dmagﬁﬁgg
Si dewa']lrperoug mg%@?s%l%xlsgnﬁ Sha %& Iwﬁl gaelsl%( ?Cé:@'QJ) ﬁ'xggeesg%?cgm% aI'tC)it E n@ (!l ep of
t he i invenipd \r@ thee €416 Conﬁtﬁ’étloﬁlo?nﬁaQHe’@WnofhofVﬁeang dlgiceiped aﬁfeﬂi 6%5 Hg P”e@s de&a lewhu ch
ovas  sdodifit@6hsRNd SoH AHRgma¥s aRBeQiStelio, BiMthg Within e sjoaf ihw éivintion daimehpl et ed as
shown in Fig. 5 by inplanting additional 25 dopant into the source and
drain regions 19 and 20. Following the formati on of the sidewall spacers
18, a pair of deeper, nore heavily-doped source and drain regions 19 and 20
are formed, as by a "main inplant” ion inplantation process utilizing the
sidewal | spacers 18 as inplantation nmasks, generally within the portions of
substrate 11 where the shall owdepth, lightly-doped source and drain
extension regions 16 and 17 were previously forned. As shown in Fig. 5,
the nore heavily-doped source and drain regions 19 and 20 forned by 30 the
"mai n i nplant" process extend beyond the depth of source and drain
extension regions 16 and 17, except at the portions of the latter regions
underlying the sidewal|l spacers 18. By way of illustration only, according
to conventional practice, typical arsenic inplantation conditions for
formng source and drain regions 19 and 20 of a Si wafer-based NMOS
transi stor having a peak arsenic n-type dopant concentration of from about
1 X 1018 to about 1 x 1020 da/cnB8 at a depth of from about 800 to about
1200 A below the surface of the Si wafer include 35 dosages of from about
5 x 1014 to about 5 x 1015 da/cnR and energies of fromabout 20 to about 50
(KeV). Wth reference to Fig. 6, in the next step, a blanket |layer 21 of N
by a PVD process such as DC sputtering, to cover all exposed surfaces of
the thus-formed structure. The conversion of Ni to N Si may be
acconpl i shed by neans of a one-step thermal process, typically RTA
performed at tenperatures of fromabout 350 to about 750C, for exanple, in
a nitrogen-containing inert atnosphere at 550C for about 40 sec. to yield
40 the structure shown in Fig. 8. Nickel silicides 22 and 24 are forned
over the source and drain regions, 4 W 03/021662 PCT/ US02/ 10478
respectively, and a silicide layer 23 fornms on the surface of the
pol ysilicon gate. The thickness of nickel silicides 22 and 24 is from
about 200 A to about 500 A while the thickness of silicide layer 23 is from
about 200 A to about 500 A. The unreacted portions of the Ni |ayer 21
formed over the sidewall spacers 18 and STl regions 13



are selectively renoved, for exanple, by etching with a 2:1 HZSO4/ H202
m xture at a tenperature of about 100 5 C. The structure in Fig. 8 can then
under go fwptod@ei6pr ocessing for contact fornmation to the searasb2/duas n
regions and the gate el ectrode. The foregoing is considered as
illustrative only of the principles of the invention. Further, since
nurer ous nodi ficati ons and changesC#IMSreadily occur to those skilled in
the art, it is not desired to limt the invention to the exact
construction and operation shown and described, and accordingly, all
sui taMHé\TJI@ChﬁHiIEI?%ati ons and equi val ence thereof may be resorted to,
falling within the ssg/%p? of the.inventjon c(!oai r%ed.thesé Ay 03/ 021662
PCT/ US02/ 16478 AEFKPRE™ YHAT FELICATVED' TE 1P REpr6cess for fornming a
sem conduct or  starunt urubsteeil) hasingen iche seifapeetyskn tvodpekiiargesions (st rate (11)
havi ng an active, SHELAGR RELVEER didiRods $R) Rvin® Badvall A Sonfplid)s a hyRF BiHAG- ON
said surface a gate el ectrode (14) having side l%s a %corrpn sing a | ayer
of hi §iiclertrigi{1@) Qespi pstagepnd 2 Rofysilogn BYeg (it} 4 dalﬁ]&f%w fﬂ“ﬁ/@ "con | ayer (14) on
sai d hi gh- K di elf@ging paceskB)) pn fatdrstiicwails sfzaid eniseléctrBde (B sai d si dewal | s of said
gate el ectrode (,14)... et hokel e e 1de@da¥ $i4h con
(14), the si devvé(aif’ %lmgg ‘%@%deéuggg@l J@?%éﬁgggfczr[&? ﬁg%%%?r? O?ﬁri}egsur f ace%mb t he
pr ecupmlon thyefacy Hhegeepirsppoverdy i regiws 135 formi ng ni ckel silicide (22,
24) by reacti ng fatingktickel dilc\de (@2t 1) By dedcEfpHickaltel) witestivsizagl unr eact ed ni ckel
(21). 2. The process of agt!i(ﬂi.crpe% 1ﬁlher ein the high-K dielectric (12) is
hal f ni um oxi de, "F&I'PAIEFAET T Eet e, zi rconi um oxi de and zirconi um sili cate.
3. The process of claim1 wherein the spacers (18) conprise sili con
nitride. 42 A s@ht erowehet elam lodrisinted h*ﬂ&"gd@la‘tﬁé‘?( e oxideaya oim S5 f ace
of a sehieeodaciarirohibstiiate between two active regions (19, 20), the gate
el ectrode (14) having sidewalls and conprising a | ayer of high-K
dielectric,(12) .on_the . f e : trate and a
pol ysi | con”l ayerﬂfTﬂcjessé)?laéiél?&%ﬁr?ﬁﬁlﬁerl%&aaﬁig{%%?l?ﬁ%ggl cri)ré)ﬁwggpacer s (18) on the
sidewal | s of said gate el ectrode (14), and a nickel S}:l i ci.de Ialye 222, 24)
on said actlive * sgicopsctoregmpEy aLal clseirodn (18 Fdt FEIP PLHITHRYEF (ng’f)". 5. The
sen coadeta iR acabe GidisMod200her @ienlcttide itPheviks diaslaicind EanpfidiRy 2 loyr IRREEK 6.
-I’Il-lh te r IS glg]egtgcg(q %C(;[n%!;e s(l?rffacg Lﬁﬁe@enﬁcéﬁ@uec{o? Llﬂsl}agednf P;?o%@ﬁc%n fa%@hz}?&ﬁ% h@@K%iehécﬁQ n

(12.), spacers (18) on the sidewalls of said gate electrode (14), and a nickel silicide layer (22, 24) on said active

regions (19, 20) and on said polysilicon layer (14).
5. The semiconductor of claim 4 wherein the high-K dielectric (12) is Ta;0s,

6. The semiconductor of claim 4 wherein the spacers (18) comprise silicon nitride.



