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| NTEGRATED CI RCU T TECHNOLOGY BACKGROUND TECHNI CAL FIELD 5 The present
invention relates generally to sem conductor technol ogy, and nore
specifically to siliciding in sem conductor devices. BACKGROUND ART At the
present tinme, electronic products are used in al nbst every azgiﬁh ﬁﬁ life,
and the heart of these electronic products is the integrate g
Integrated circuits are used in everything fromairplanes and 10
televisions to wistwatches. Integrated circuits are made in and on silicon
waf ers by ext negmbioosepl ex systens that require the sopsdionadisson of
hundreds or even thousands of precisel controlled processes to produce a
fini shed seniconductor wafer. BACRA FISBH Bonduct or waf er has
hundreds to tens of thousandsiQﬂFqRﬁF§@€E%¥ﬁTTE@HNQMHGWS, each worth hundreds
or thousands of dollars. 15 Integrated circuits are made up of hundreds to
mllions of individual conponents. One commbn conponent is the

sem conduct or transistor. The nost cdtBRRARE i nportant seni conduct or
technol ogy presently used is silicon-based, and the nost preferred
silicon-based TEHEOREEE or device is a Cbnplenentary Met al Oxi de

Sem conduci or ( CMOB)e frsenBiesio Felates] B@er{lly ittN@hip@ducte| i@hmpingys and fmoa sohB@y to

t ransi st or geng&g&&ymggﬂ§h§uwg& a silicon substrate having shallow 20
trench oxide isolation regions cordoning off transistor areas. The

transi stor areas contain polysilicon gates on silicon oxide gates, or gate
oxi des, over thecxsrbtNARTSUDStrate. The silicon substrate on both sides of

the pol ysilicon gat@e];wgen%ggllaéuwcpcmggeLsealpe@&g@ﬁrnga&mmIax\aeeheh;h@mlegeghtIy

dOpEd r egl ons q Clr tnl.c rocﬁlgts 13\%}% teﬁlateds c1rcu1t ?nte xatci CIiC are use (;jn etvg'yt Sh'a egand
source/ drain junct: Ons dub Ranmel 5 g on beneat h

t he polyé?l|C6ﬁm@§F€“m¥@€ﬁrved S|I|con oxi de or S|I|con n|tr|de spacer,
referred to as a " Sitgewerirfuitsspaedsril and greilpdeva@bbyskigudy ofpldx pstysdlargudtieon gat e
al | ows deposi t tcomin@én @d@idtelisOf advenCktiaitg of Gredis@y WantANECprhtRaY itd Yrodl@pe nidhe@gi ONs

of the 5ha'|O&hé&ﬁﬁﬁﬂkﬂﬁ%%Qu%&ﬂ@&h@%§mmM@&PQsﬁ&&mgﬁh%@gt&@ﬁ@ﬂﬁ%ﬁ&&&e/drain
junctions". The shal | &%¥mmwmm$£$m§ rce drain junctions are collectively

referred to as p@?ﬁfhw jfete the transistor, a silicon oxide
di el ectri & ayer é“teéfétfj’o%‘F“E‘%ﬂe a5 gotf é‘}‘“d‘F‘ﬁé’ Py & e FRTERS. OPhRTEr ved
spacer, and th@m@m@t@dﬁs@ub@mwabemWfoTpnmvudamehebmmn@akmwvmn®m®$@hg for
the transistor pres@ﬂﬂﬂeid RQScomb#ed, and the most preferred silicon-based semiconductor device is a Complementary

Metal Oxide Semiconductor (CMOS) transistor.
The principal elements of a CMOS transistor generally consist of a silicon substrate having shallow
20 trench oxide isolation regions cordoning off transistor areas. The transistor areas contain polysilicon gates on
silicon oxide gates, or gate oxides, over the silicon substrate. The silicon substrate on both sides of the
polysilicon gate is slightly doped to become conductive. The lightly doped regions of the silicon substrate are
referred to as “shallow source/drain junctions”, which are separated by a channel region beneath the
polysilicon gate. A curved silicon oxide or silicon nitride spacer, referred to as a “sidewall spacer”, on the
25 sides of the polysilicon gate allows deposition of additional doping to form more heavily doped regions of the
shallow source/drain junctions, which are called “deep source/drain junctions”. The shallow and deep
source/drain junctions are collectively referred to as “S/D junctions”.
To complete the transistor, a silicon oxide dielectric layer is deposited to cover the polysilicon gate,
the curved spacer, and the silicon substrate. To provide electrical connections for the transistor, openings are
30 etched in the silicon oxide dielectric layer to the polysilicon gate and the source/drain junctions. The openings
are filled with metal to form electrical contacts. To complete the integrated circuits, the contacts are connected
to additional levels of wiring in additional levels of dielectric material to the outside of the dielectric material.
In operation, an input signal to the gate contact to the polysilicon gate controls the flow of electric
current from one source/drain contact through one source/drain junction through the channel to the other

35 source/drain junction and to the other source/drain contact.
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After formation of the transistors, a silicon oxide dielectric layer is deposited

over the transistors and contact openings are etched down to the source/drain
junctions and to the polysilicon gates. The contact openings are then filled with a

20 conductive metal and interconnected by formation of conductive wires in other
dielectric layers.

As transistors have decreased in size, it has been found that the electrical
resistance between the metal contacts and the silicon substrate or the polysilicon has
increased to the level where it negatively impacts the performance of the transistors.

25 To lower the electrical resistance, a transition material is formed between the metal
contacts and the silicon substrate or the polysilicon. The best transition materials have
been found to be cobalit silicide (CoSis) and titanium silicide (TiSiz).

The silicides are formed by first applying a thin layer of the cobalt or titanium
on the silicon substrate above the source/drain junctions and the polysilicon gates.

30 The semiconductor wafer is subjected to one or more annealing steps at temperatures

above 800°C and this causes the cobalt or titanium to selectively react with: the silicon
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DISCLOSURE OF THE INVENTION
The present invention provides a method of forming and a structure of an
integrated circuit. A gate dielectric is formed on a semiconductor substrate, and a gate
20 is formed over a gate dielectric on the semiconductor substrate. Source/drain junctions

are formed in the semiconductor substrate. An ultra-uniform



WD 2005/ 008758 PCT/ US2004/ 021661 silicide is formed on the source/drain
junctions, and a dielectric |layer is deposited above the sem conductor
substrate. Contacts are then forned in the dielectric layer to the
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greatly inproving performance of the integrated circuit. 5 Certain
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DETAILED DESCRIPTION OF THE INVENTION

In the following description,' numerous specific details are given to provide a thorough understanding
of the invention. However, it will be apparent to one skilled in the art that the invention may be practiced
without these specific details. In order to avoid obscuring the preseat invention, some well-known

25 configurations and process steps are not disclosed in detail. In addition, the drawings showing embodiments of
the apparatus are semi-diagrammatic and not to scale and, particularly, some of the dimensions are for the
clarity of presentation and may be exaggerated in the drawing FIGs. The same numbers will be used in all the
drawing FIGs. to relate to the same elements.

The term “horizontal” as used herein is defined as a plane parallel to a substrate or wafer. The term

30 “vertical” refers to a direction perpendicular to the horizontal as just defined. Terms, such as “on”, “above",

2, LI

"below", “bottom™, “top”, “side” (as in “sidewall”), “higher”, “lower”, “over”, and “under”, are defined with
respect to the horizontal plane.
Referring now to FIG. 1, therein is shown a integrated circuit 100 in an intermediate stage of
fabrication in accordance with the present invention.
35 To form the intermediate stage, a gate dielectric layer, such as silicon oxide, has been deposited on a
semiconductor substrate 102 of a material such as silicon and a conductive gate layer, such as polysilicon, has

3



"bel ow', "bottom', "top", "side" (as in "sidewall"), "higher", "lower",
"over", and "under", are defined with respect to the horizontal plane.
Referring nowto FIG 1, therein is shown a integrated circuit 100 in an
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invention. 35 To formthe internedi ate stage, a gate dielectric |ayer, such
as silicon oxide, has been deposited on a sem conductor substrate 102 of a
mat erial such as silicon and a conductive gate |ayer, such as polysilicon,
has 3 16 MAR 2007 WD 2005/ 008758 PCTI US2004/ 021661 been deposited over the
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Refemng now to FIG. 5, therein is shown the structure of FIG. 4 during an ion implantation 502 to
form deep source/drain junctions 504 and 506.

The sidewall spacer 402, the gate 106, and the STI 108, act as masks for the formation of the deep
source/drain junctions 504 and 506 by the ion implantation 502 of boron or phosphorus impurity atoms into
the surface of the semiconductor substrate 102 and into and through the shallow source/drain junctions 304 and

25 306, respectively. The ion implantation 502 is again followed by a high-temperature anneal above 760°C to
activate the implanted impurity atoms to form the source/drain junctions 504 and 506.

Referring now to FIG. 6, therein is shown a deposition process 602 used in the formation of ultra-
uniform silicides 604, 606, and 608 in accordance with the present invention. The ultra-uniform silicides 604
and 608 are formed with the silicon surface of the semiconductor substrate 102 over the deep source/drain

30 junctions 504 and 506, respectively, and the ultra-uniform silicide 606 is formed with the polysilicon surface of
the gate 106.

There are three ways in which to form silicides. In one technique, the deposition process 602 deposits
a pure metal on exposed silicon areas (both single crystalline and polycrystalline silicon). Thereafter, the metal
is reacted with the silicon to form what is known as a first phase, metal-rich silicide. The non-reacted metal is

35 then removed, and the pre-existing first phase product is then reacted again with the underlying silicon to form
a second phase, silicon-rich silicide. In a second technique, the deposition process 602 involves co-evaporation
of both metal and silicon onto the exposed silicon. Both metal and silicon are vaporized by, for example, an
electron beam. The vapor is then drawn onto the wafer and across the silicon. In a third technique, the

deposition process 602 involves co-sputtering both metal and silicon onto the silicon surface. Co-sputtering
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d, 1o ;
‘metal is t I t an’ saor\rz_iare ITBb[ %}{_lde&os1un§%16 mcke dm th extpged 3 100{x areas]l?’_} a ver¥ TV power vapor cF %o gecause

t he process, where the very low power means a power level below 500 watts duect current and preferably between

nce gf the alEe%r?_tled circui

er m{xc 1rtvﬁt1ga1]1(on, 1t has gefen ESCfveersconu:arﬁ to zﬁnver%gx:[alowééomrrgat an gltra ng

about 400 and 300 watts direct current.

In addition, it has been discovered that an extra slow rate of metal deposition must be used which is
defined to be below 7.0 A per second and preferably between about 6.8 and 6.0 A per second.

Still further, it has been discovered that the nickel must be deposited under these power levels and

30 deposition rates to an ulira-thin thickness of not more than 50 A thickness in order to provide an ultra-uniform,
ultra-thin silicide. The nickel is then converted to a nickel silicide by an annealing process, such as a high-
temperature anneal around 700°C.

The above greatly improves robustness and lowers the electrical resistance between the contacts and
the silicon or polysilicon greatly improving performance of the integrated circuit.

35 Referring now to FIG. 7, therein is shown the structure of FIG. 6 after deposition of a dielectric layer
702 over the ulira-uniform silicides 604, 606, and 608, the sidewall spacer 402, and the STT 108.

In various embodiments, the dielectric layer 702 are of medium dielectric constant dielectric materials
such as silicon oxide (Si0;), tetracthylorthosilicate (TEOS), borophosphosilicate (BPSG) glass, etc. with
dielectric constants from 4.2 to 3.9 or low dielectric constant dielectric materials such as fluorinated

40 tetraethylorthosilicate  (FTBOS), hydrogen silsesquioxane (HSQ), bis-benzocyclobutene (BCB),
5



si dewal | spacer beconmes smaller with smaller integrated circuits thereby
all owi ng a capacitive-coupled or fully conductive path between the
polysilicon gate and the source/drain junctions, and simlarly, degrades
the performance of the integrated circuit. 15 Wile the present invention
may be used with various refractory metal silicides, it hagghgenyfound that
ni ckel silicide has many desirabl e characteristics. However, 1n working
with nickel silicide, it has been found to be difficult to formrobust

ni ckel. 1t has been thought that thick silicides around 100 A thick with
rough surfacesowosidesisbest protect the silicon substraberesithspnioyi de good
adhesion. After nmuch investigation, it has been discovered contrary to
conventional Wisaenyidhaiticad TS, BrameRleytitithDixine MDMKS), h&hneihndid@anai dipd),or m

extrenel yr Obu%elﬂﬁsﬁxk g‘olrxles(ISd)ﬂ) &aqgox d@(haQﬁlﬁohMa&e (Q&Bsﬁw}ls&?‘pﬂdéﬂﬁaﬁec&dﬂ %!cl i cide
means a | ayer no .var

grea ter than agvfith eleétby: x%stalfts}\{ll\;glov(v) V9et|9 a?| I?ltw?l?_'vr di Ieﬁu éc cgnstar?%%ecc)tglcs mzltenTls Davx_Fg d?e%gnc M ng

ul tra- uni f or m KPERRIE| belgy t 357 2890 Wiy #5 Sraflable adue @Gfﬂ““”ﬁ‘@Ga"a‘&Hﬁ TgysAFnFéorheen

di scovered5t o herbyulsge pdimidt hangoaind) @lica kekes| silorxeibhl, 2eiiposeds gicd. iSpphyeagragias by a
very | ow power cMsR0dyerd@RASiel)ixnd b maddis REINS B8 nitdGINE) of MR\t @dNpower neans

a_pover | evel bel Oy}lg 290, 094 80 4L L8 YRGS ARG k! LE/ARLY, BELMERN.. about

400 and 300 watts rect current. tion has been-di scovered t hat
an extra slow & @+t %fet al dep05|t| on nust be used which is defined to be
bel ow 7.0 A per sectnaetdiehtapy ¥p.&P4h bid\B0hust wewtrelaHestiealiceogedndde Be Wraanismy
second. Stiol | fsttidedrds, 506] dnd 408 Sndb@@Rival 16 O Eade/drdGinctioh 4, tle @Keall06, BAd § delge
deposi ted undersougcty@agtgmg@m | evel s and 30 deposition rates to an

Ul tra-thin thi CkI’IESIS van{mﬁ er(r-llbodlrne[n{sqmdneglc ?acts g%ZtS é:imggb% eoi! tapgtgilegs ta%tggp{’[%\“ de an

ul tra-uni form ul tr

ni ckel silici dé=py® %Pr waiTeE 2fys ‘f)?eﬁ%@%?fnpqgﬂ?&‘?Freafs I"é‘thﬁle’atf‘i’d‘“’f“@ﬁiﬁ’é}"?tcﬂ‘fags anneal
around 700C. THe2 dicwtsof reeftrieyls furhos oopms(Crodold $tuh elss (ph ellosaiitrspisang dempounds

el ect ri cal 15r esiuste@RENdR IEE fe ibBe cle@mt A6 tifusBitrierd A@ndRekl cON or pol ysilicon

ar eat | y | npr ovi ng pl@e‘%ef’rﬁ%]m%% thhelte:tng sﬂoma%%lﬁlgoqgw%& Hlla ;nctho§l§-l)0 a‘:ﬁfaﬁlfa&ﬁrﬂg now
to FIG 7, t her el brifoxm s&‘c’%@ef &I 60? t rgduﬁ%g . a organce thig;ﬂle Prgfent mécBn n OSIE qu?go of a

dielectric | ayer tF for m si 608,

t he sidewal | sﬁ%h‘@f’ PRGHDUE A5 FRICORIHRET g’f*atﬂ’%s‘epﬁﬂz {Pae g e ‘E%B‘i}l‘?%‘@ﬁ%“@“%%é

di el ectric | ayerbsiE@ R agppe0p formedisurmve ihe ke diEkdr baers@ tmighsatcgdrtir jctondt er i al s
such as sido COHhe@éﬁimdﬁuc(onuQra,te)m a ste@ b8 @iy IR L iiHeSTilideCa ke sofrddiedm)jynctions and on

bor ophosphosi i ﬁéaoratg m(a@P ;$g':f}) &ﬁo@@n@ 3 dﬁé&uc Ié%rtatn)ve tgel s%&%&dr Qubglgtg ® aasEl,% §12f H®M 4.2
to 3.9 or low dj eri as fluorinated

such
40 tetraethyl or frﬁm§°°Tta°ts lﬁtﬂlégg?f'?%m &’71"11“ 'u“ﬂ%rgﬁlhcg]? "E8Y ?ibﬂsox ane (HSQ),

bi s- benzoc yC | obut e ng{hxta %B)\ventlon\:)hai BeeWn% 017 conjunction w1th a specific best mode, it is to be

understood that many alternatives, modifications, and variations will be apparent to those skilled in the art in

s m—

25 light of the aforegoing description. Accordingly, it is intended to embrace all such alternatives, modifications,
and variations that fall within the spirit and scope of the included claims. All matters hither-to-fore set forth or

shown in the accompanying drawings are to be interpreted in an illustrative and non-limiting sense.



WO 2005/ 008758 PCTI US2004/ 021661 tetranethylorthosilicate (TMOXS),

oct anet hyl eycl ot etrasi | oxane (OMCTS), hexanet hyl di si |l oxane (HMDS),
~trimethylsilil borxle (SOB), diaceloxyditerliarybutosiloxane (DADBS),
trimethylsilil phosphate (SOP), etc. wth dielectric consﬁg%m@pl ow 3.9
to 2.5. Utra-lowdielectric constant dielectric materials, haVving
dielectric constants below 2.5 and whith are avail able, include

commer ci alCUARMS: | abl e Tefl on- AF, Teflon 5 microenul sion, polimde

nanof oans, silica aerogels, silica xerogels, and nesoporous silica. Stop

| ayers and. cap@hmdcaﬁﬁbﬁniﬁgﬁaﬁﬁﬁeg@%d)ci@ﬁﬁc@fhpﬂﬁﬁ%ri al's such as silicon
nitride (Si,N,;) or_ silicgn oxynitride (SiON). Referring nowto FIG 8,
therein i s shoWioviHigs sepueanducter sybsiatey after formation of netal contacts
802, 8Q4, and : . , 806 are respectively
el ect rlgcal ly C%ﬁﬁgg@%ﬁga{@;&t@fﬁgﬁ%@xﬁ% Ser#i%?drhﬁ%%aum }e(’:i des 604, 606, and
608, and respedbiminigya gate dvee tibegnte dielectrizt drai n j unction 504, the gate 106,

and the deep Z‘gurce/drai Aguncti,on 506. In various enbodi ments, the netal
contacts 802, germingsquisgrain pngtionsinthe semicopdystor ¥hspt§m (Ta), titani um
(Ti), tungsten 4 ; : In other

enbodi nent s, thcgwrr%?g% 5g%%;{dggﬁgﬁcﬁsugg’ﬁygSE@%%E%@gétgf%&%at%t al s such as
copper (Cu), gdomminguiltra-shiferer siligigss, havingye vatietiensfin thickiessonpounds 15

t hereqgf, with one or re,of. the above elements with.diffusion barriers
ar ound® hem RAERFE (G0 A the Byl YcifioSy o e pilcicR SRien STOhR B or SRS | ow
chart of the nguhahn00 of manufacturing the ultra-uniformsilicides 604,

606, and 608 in_accordance with the present invention. The method 900
i ncludes: providfpasgjting e ditlestnellay eraboye Bt sentiepnidnctar sibstpatgGmd f ormi ng a gate

dielectric ont sem conduct.or.. .substrate jn step 904. .formng a gate
over the gate OgrPgl(gtclpfl c%ﬁngjesqlglﬁ&gﬁg?yefﬁor%er‘f ras"‘brﬂg’@élls 4 tf‘?’j unctions in
20 the sem conductor substrate in a step 908; form ng ultra-uniform

silicides pn the saqurce/drain junctiops and on, 6 the gate in a step 910;
deposilsi ngfa di F‘?fglfqdi(g/fi”é@‘ggagﬁmat?ﬁgr%ﬁpwﬂﬂﬂé‘t or substrate in a step
91. 2; and f or nprogdimgrtsemicontactérisabstiad;ectric layer to the ultra-uniform
silicide in a s . 914, i,Lle.the.invention has, heen described in
conjunction w tftﬁggmééae%tem@e% P! %&8@@?8?%()&88[)%&3%’under stood that many

al ternatives, niogningeegatcoovsy thaigatedialéctrid; ons wi || be apparent to those
skilled in the @hinoouree/dkdi . j cri.ption. Accordingly,
it is intended to er%b?gcg@aﬁ"?jh?ﬁ%insgﬁ?lgfsﬁg%@\gg{é%?gnsgglﬁﬁﬁéati ons, and

vari at3%ons  t hatforming ulra-raiforanslicidssionithe seprenddrpia jwictionss i ncl uded cl ai ns.
Al matters hitogositifig h AlefchRilayeP hbdve Mie sealidNAuéitdr fub@rA&aagPanyi ng dr awi ngs

are to be interpreted in an illustrative and pon-1jmt sense. 6 16 MAR
2007 7 orming contacts in the d%le?ectnac layer to t%e ultra-uniform shﬂ:?des.

3. The method as claimed in claim 1 or 2, wherein:
25 forming the ultra-uniform silicides uses a very low powér deposition technique

using a power below 500 watts direct current.

4, The method as claimed in claim 1 or 2, wherein:
forming the ultra-uniform silicides uses an extra slow rate of deposition of a

30 silicide metal below 7.0 A per second.



CLAIM5S: 1. A nethod of formng an integrated circuit conprising:

provi ding a sem conductor substrate; 5 formng a gate dielectric on the

- sem conductor substrate; formng a gate over the gate dielectric; formng
source/drain junctions in the sem conductor substrate; depdsiMiR ! a
silicide netal directly on the sem conductor substrate; formng

ultra-uni formsilicides, having no vari&tions in thickness 10 greater than
3% of the Bver alie mhtho# e sdaimkdtihelainl 1 gir@ewhergisy., on the source/drain

junctions ; depositing a.dielectrig.layer above, the sem conductot.. .

tbst rate:  and obig g WEEnRoan sicidhd Tard B Sicpafins GRAGES thhp Sicide

ul tra-uni form shéthiCofdRs mordthad- 50 @REhod of formng an integrated circuit
conprising: providing a sem conductor substrate; formng a gate dielectric

on the sem conductor substrate; formng a gate over the gate dielectric;

form ng saource/ LD knctd ons, . m. conduct or substrate; 20 form ng
ultra- gni 1%(;r m si eﬁ%&&éga%%la@ﬁeedlgguﬁg’rr(?;@r%ﬁellrﬁ junctions; depositing a

di el ectric | ayeafepasditng thehdickemicdapsdbpositssd fislet@icamatefial hdvirigra digleeadd act s
in the dielectric layer to the ultra-uniformsilicides. 3. The nethod as

claimed in cl aidpnstas sclecteghiipm , gromp qospigiingof medium (b2 imPor lons(33 & des
uses a very lOvi.gﬁ\ﬁﬁ%uﬁ%%ﬁ"(gésgﬁlah%ﬂrﬁiggﬁricU g pover bel ow 500 watts
; e nethod a

direct current. s clarmed 1n clarm1 or 2, wherein: formng
the ultra-uniformsilicides uses an extra slow rate of deposition of a 30

silicide netal phelow 7.0 er_secqond, 16 R.2001 8 5. The nethod as

cl ai mﬁ i %pl ai .elmgqho@,as aﬁgﬁ"@ IH.:CTE_le’rIrrP% V’t’l\@@"ﬁfl tra-uniformsilicides form
an ultra-thin tRLGHREES citads & the GliFEunifBrhiili@desUls MRERals AL frbnf 11 CK-
group consisting of tantalum, titanium, tungsten, copper, gold, silver, an alloy

thereof, a compound thereof, and a combination thereof.

15 8. An integrated circuit comprising:

a semiconductor substrate having source/drain junctions;

a gate dielectric on the semiconductor substrate;

a gate over the gate dielectric;

ultra-uniform silicides, having no variations in thickness greater than 3% of the
20 overall thickness of the silicide layer, on the source/drain junctions;

a dielectric layer above the semiconductor substrate; and contacts in the

dielectric layer to the ultra-uniform silicides.

9. The integrated circuit as claimed in claim 8, wherein:
25 the ultra-uniform silicides contain an ultra-thin thickness of a silicide metal of

original not more than 50 A thick.

10.  The integrated circuit as claimed in claim 8, wherein:
the dielectric layer deposits a dielectric material having a dielectric constant
30 selected from a group consisting of medium (4.2 to 3.9), low (3.9 to 2.5), and

ultra-low (less than 2.5) dielectric constants.



5 6. The nmethod as clained in 1 or 2, wherein: depositing the dielectric

| ayer deposits a dielectric material having a dielectric constant sel ected
froma group consisting of medium (4.2 to 3.9), low (3.9 to and
ultra-1ow (I ess than 2.5) dielectric constants. 10 7. The né?W$32g@ cl ai ned
inclaiml or 2, wherein: formng the contacts to the ultra-uniform
silicides uses materials selected from% group consisting of tantalum
titani um tungsten copper, gold, silver, an alloy thereof, a conpound

t her eof onbi nation there nte rated circuit conprising:
a sem conaﬂu or dBtS% (ift C“ﬁﬁa aﬁﬁﬁ%ﬁ‘tl@e%ﬁ“ﬁ?ﬁ”‘]eﬁ% tions; a gate dielectric
on the sem condi€édhitacididsthe altti-udfaal SliCes ark Benﬁ&trﬁtsobewc&atﬁdr@a group

ultra-uniformsilicides, hayi nfgt no variations in thickness greater than 3%

of the 20 ov e rcansisting efidartgbmy flitariums unzgercoppgregoldsnlven an aloy thereptai n
juncti a die r ductor substrate; and

cont ac s | n thé ‘J'O I e:;ﬂégt(}#e?%o(%t%&b &t?nﬁlpﬁm%etp%r(régpum formsilicides. 9. The
integrated circuit as cI aimed in cI aim8, wherein: 25 the ultra-uniform
silicides ont?gn &@ tra .t hi n. ﬁ esstof a.silicide metal of original
not nore tifan ZbMKNOA;Of forming andniceraled Ut SORHFRE;i ¢ as clainmed in claim 8,
wherei n: the dipebedingacilicay substhafeosi ts a dielectric material having a

di el ectric con C p consisting of nmedium (4.2 to
3.9), low (3. 9%%5‘%%%91&50%&%&@? Eﬁl? Féés)‘ésl than 2.5) dielectric
constdfits. 16 Npmuipg@Epolilicen gﬂth@V(trrtthgﬁt%t@Jéde,m rcuit as claimed in claims8,

wherein: the cqghfiak %oﬁt@e/ﬁﬂl?n{&h&ﬁdﬁs%ﬂk@flﬁbﬁbﬁﬂsﬁ‘a@es are of materials
sel ected from 3ﬁgroup onsi of tantalum titanium, tungsten, copper,

gol d, silver, ARTEINEAD ‘t‘i’i%ft‘ prm msk%t sdisidsiaviag mecyagatons 4R higknesh Bieast  on

thereof . 12. A thai $dbfake dveralli thigkids b tiRGHaicedrain ﬁmumdnsemdph itld gags;
providing a si ldec 8sr}tn§gua? alle[ectnc’layer above the silicon substrate; and

15 forming contacts in the dielectric layer to the ultra-uniform nickel silicide.

13. The method as claimed in claim 12 wherein:
forming the ultra-uniform nickel silicide uses a vapor deposition using a power
level below 400 watts direct current.

20
14.  The method as claimed in claim 12 wherein:
forming the ultra-uniform nickel silicide uses an extra slow rate of deposition of
nickel below 6.8 A per second; andadditionally comprising:
an annealing of the nickel to the ultra-uniform nickel silicide.
25

15.  The method as claimed in claim 12 wherein:
forming the ultra-uniform nickel silicide uses an ultra-thin thickness of nickel of

not more than 50 A thickness.

30 16.  The method as claimed in claim 12 wherein:
depositing the dielectric layer deposits a dielectric material having a dielectric

constant below 4.2.



formng a gate oxide on the silicon substrate; 10 formng a polysilicon

. gate over the gate oxide; formng source/drain junctions in the silicon

" substrate; formng an ultra-uniformnickel silicide having no variations in
thi ckness greater than 3% of the overall thickness on the sq Mﬁyﬁﬁaln
junctions and on the gate; depositing a dielectric layer above" he 'silicon
substrate; and 15 forming contacts in 1fe dielectric layer to the
ultra-uniformnickel silicide. 13. The nethod as claimed in claim12
wherein: farm th | tra-uniformni.c .Silicide uses a vapor deposition
using a pd&er qq@ 4? 6&? 6% ﬁﬁgzdf UM current. 20 14. The nethod as
clained in cl alfﬁmag\tﬁbecfcma&ts tbahérumg 1hﬁf©nﬁ|silfcﬁlebllﬂsés%ﬁfeﬂM§k£éctﬁll frémiade uses

| f k
oot o1 onat 1, SonsSERES, R, i hunRe FoBd 2pB° SRS U ieY i £ or m

ni ckel 3silici deherecfSad&ﬁnpoﬁhdthmdfmda&ombmanmﬂthereoﬁl aim12 wherein: formng
the ultra-uniformnickel silicide uses an ultra-thin thickness of nickel of
not nmore than 50 A thickness. 30 16. The method as clainmed in claim12
wherein: depositing the dielectric |ayer deposits a dielectric materi al
having a dielectric constant below 4.2. 16 MAR 2007 10 17. The nethod as
claimed in claim 12 wherein: formng the contacts to the ultra-uniform
silicides uses materials selected froma group consisting of tantal um
titanium tungsten copper, gold, silver, an alloy 5 thereof, a conpound

t hereof, and a conbination thereof.




