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Cl RCU T TECHNOLOGY BACKGROUND TECHNI CAL FIELD 5 The present invention

rel ates generally to sem conductor technol ogy, and nore specifically to
siliciding in sem conductor devices. BACKGROUND ART At the present tine,

el ectronic products are used in alnost every aspect of life, and the heart
of these electronic products is the integrated circuit Integrated circuits
are used in everything fromairplanes and 10 televisions to wi stwatches.
Integrated circuits are nade in and on silicon wafers by extrenely conpl ex
systens that wequso@7dshe coordi nation of hundreds orlanﬂmmmhmumands of
precisely control led processes { rag# I 3@ sem conduct or waf er
Each fini shed sem conduct or mafgﬁmﬁﬁs ndreéhQ# tens of thousands of
integrated circuits, each woPYHCRHINEHITHIEGRMNCGHds of dollars. 15
Integrated circuits are made up of hundreds to mllions of individual
conponents. One common conponent is_the sem conductor transistor. The nost
comon and i nportant sem conduct or tB@Hﬁ%PB@? presently used is
silicon-based, and the nost preferred silicon-based sem conductor device is
a Conpl enent arFNEYEELRK i de Seni conductor (CMOS) transistor. The princi pal
el ements 6f a CMOSht presars is¢ntm rgjanepratllyyio corrgidetor gfhngogsiahd nen sesiflodly rat e
havi ng shal | owficid2Q inkenm@b@aittopi¢tidde 1 sol ati on regi ons 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
bot h si des of BaheGrROEPYRT | i con gate is slightly doped to becone conducti ve.
The lightly doped f:@@hQasuRfectditc fbdidsGRRUsSH DRSS AdrPasidti 6 ife] £ 64 et ks AS
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beneat h the ysilicon % curveo icon oxide or silicon nitride
spacer, r%ferﬁ%ﬂ ?ﬂmﬁ?WQMI%ldemall spacer on the 25 sides of the

pol ysilicon gate dptesiRs cigapasingg Bardof silipefifafefs Shexremely RTRIEF sPsE5™f B D PR
heavi | y doped ctogigiionss mibdrddhier eveh abds:ody & @uesier/ cdiralied pjotsRGt tb @rguce Wifinighd ar e
cal l ed "deep %&k&glﬁ@(oﬁ{@ér nEdcﬂJﬁlﬁ:sde Qi onducthP Rate® R hdn@Wds @Nehs GlERRsandS SlikigREAr ai N
junctions are collectively referred. to as "S/Djunctions”. To conplete the

s,.eac reds O
tran5|stor aSI COI’] oXl ae (§I ectric layer is deposited to cover the

pol ysilicdn gate, ™fEFisd GHYG &G mécﬁéfﬁéfrh““dgf‘fdglf‘ﬂ@“ﬁ PHEBH cBEEY &% ©™FE" provi de
el ectrical com%@@Fmén@Eﬁawm®ﬁét@%ﬂﬁsﬂﬁﬁmwfw@p@nﬁhg@“@ﬂ@”“ﬁ@“@tEﬁ@ﬁ”ﬁn t he
silicon oxi de ptliegly @edif siliconlbyacdnd theOmoktlp@fedd biljtsi-HadeCsoticogti@ daiods £ heplgouarce/ dr ai n

junctions. Th%ewggg,géon@gtgr(émég)@aqmm th metal to form eI ectrical contacts.
To COITp| ete t he | nlt gmm d.F eqements o? U&: uatgsgtg gg (grnﬁ %Cntsm rsx con @{t]r%g Ea%.gg shatlIQV
hddi t] Tevers

additional |evels ectric terial to
t he out si QGe oftre"f}}féldﬂfo@}‘% éetg1ms eor%fgéff tralflstor areas The tra11s15t01 axeas contam polys1hcon cvates 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 déped 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 diclectric 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 connecied
to additional levels of wiring in additional levels of dielectric material to the outside of the dieleciric 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.




I n operation, an input signal to the gate contact to the polysilicon gate -
controls the flow of electric current fromone 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. 2 Transistors are
fabricated by thermally growi ng a gate oxixde | ayer on the silicon substrate
of a sem conductor wafer and fornmng a polysilicon | ayer over the gate

oxi de layer. The oxide |ayer and polysilicon | ayer are patterned and etched
to formthe gate oxides and polysilicon gates, respectively. The gate

oxi des and 5 pol yqirdsisedts 3¢ Fbridatdd! by ﬁéﬁnagﬁgr&ﬁngaaggaet&d&é”l@e& the
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15 junctions, The_ion inplantation is again followed by a high-tenperature
anneal aboveéboy®olA°E det actiate the implaated cmpurityr atomsatenformo thershatlow S/ D

junctions. | of the transistors, a silicon oxide dielectric
ek e gy

| ayer is deposit e transistors and contact openings are etched

‘down tl@ t he sour casilicanmitrideayer isdepasided and &ehdiloyfoinhisidewallapaders ARfnd
cont act ope%g_s are then filled with a 20 conductive netal and
i Nt er connec W5 shfaces: oloihe gatecrdes and polysiisen igates: Fhe sidgwall spaesrs, the
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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 cobalt silicide (CoSi,) and titanium silicide (TiSi,).

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



: 30 The semiconductor wafer is subjected to one or nore annealing. steps at
t enper at ures above 800C and this causes the cobaltor titaniumto

selectively react with the silicon: 2a and the polysilicon to formthe

nmetal siiicide. The process is generally referred to as "siliciding".

St nce the shallow trench oxide and the siggwall spacers will not react to

forma siiicide, the silicides are aligned over the source/drain junctions

and the polysilicon gates so the process is also referred to as
"self-aligned siliciding", or "saliciding". EP 0 800 204 describes a

process for gavile Sitdol [ | t

formed. In this p?:)(iggésﬂsié a %}%‘rtﬁ%mtﬁ% 1HQ ﬂ%elo!?r &e'%fs %gglﬁr%@l (f%pegs

the surface ‘Gilicidings JSmcoﬂleswaHOWatmhldea[d thexidetall Gpaddré il inde readelto

sal i ciding ht%enot S an sol vi (? 10 the problens related to
connecting tRSnASiict ec'in cf‘ CigEs &% ak:‘&ﬂe TYEr SheoBPurRe/draye |jurrsions andathe not
linmted to, gulglicss ighledNoethBeirdEas lgeap?cl refefBd 3 tagu%‘ﬂ‘ aixgﬁeé sfile ?&Hg;en?r

Solutions to these probl ens have bee ong sough Feyave
have nét talgalicidingSuggest ed any sol utions and, thus, soI utions to these
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bet ween t he gant silicon greatly inproving performance of the
integrated ci rcut?t%aéﬁégh%lagn enbodi nents of the invention have ot her
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acconpanyi N@gngleiieddRoseBRi i PTION OF THE DRAWNGS FIG 1 is a view
of a transistor in an internediate stage of fabrication in accordance with
t he present

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



10 invention; FIG 2 is the structure of FIG 1 with a liner |ayer
deposited thereon; FIG 3 is the structure of FIG 2 during ion
inplantation to formshall ow source/drain junctions; FIG 4 is the
structure of FIG 3 after formation of a sidewall spacer; FIG 5 is the
structure of FIG 4 during ion inplantation to form deep source/drain
junctions; 15 FIG 6 is the structure of FIG5 during the formation of
silicide; FIG 7 is the structure of FIG 6 after deposition of a
dielectric |ayer over the silicide, the sidewall spacer, and shallow
trench isol at maposlobsss 8 is the structure of FIG 7 afg@vusboossredsi on of
metal contacts; and FIG 9 is a sinplified flow chart of the nethod of
manuf act uri ng e SPFPEmdE squpedpinigrotnan 28 2 dipltcpic fapspis depeyited phoseghesemioqisasot i on.
DETAI LED DESCR¥tf=qale ONFo@Rts RielEheh Fppteh(Tii GNdibleptrit fpger fcothd awvd-unifprod 6tie.i kis @ethod
nuner ous speci dighibcad@ indrbakeS roBisBesOinY Rherd Be e GRiaike Belib@gn%bgabntddtﬁl damstsangi ng  of

the invention. glgggg,%yoeiggpegfotma%dgmg% %&g%@nt to one skilled in the art that
ut these specific details. In order to
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show ng enbodi tienibsicald defchp@orad@adkatviiisrefartne: (G@vbcoliag G &smad | ¢ and not to
scal e and, particularly, sonme of the dinensions are for the clarity of
presentation and may be exaggerated in the drawing FI Gs. The sane nunbers

will be used in all the drawsRgrbidRrrbRof el wisst he sanme el ements. The
term"horizontal" as used herein is defined as a plane parallel to a

substrate or waf er FIGTHea tiewrofia tra@ftot' iy mridtqrmgedibtt stageeft rgatibrgn &coglrce@ihithe present
“per pendi cul ar ivewibdie hori zontal as just defi ned. Terms, such as "on",
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pl ane. Re ferri ng nowSlsL{heﬁlfu&}lré f%{(} If_lcflj.lrmv.lon mlplanwtl?_xll lw sha sourc?_/ a%m W d1cllé)ilsr cuit 1.00
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i nvention. 35 To fBfmittretrcirt & Fifetduvat @n sblageen tdogddepsotite@ag pibations | ayer, such
as silicomr oxide, hasidieeRcdeperistat; MroRataseaiagnduct or substrate 102 of a

material such as sjhi o8, &b o bBY Bler ovsiU& i l'icon,
has * 3 D 2005 0081 PCTS?Ug" %fﬁeggga%%tggfys%ergﬁ; el%og%[?%re E%E%Q?h%qééﬁﬁe

trnhlsoa tion:

dielectric Iay e e W yérs are patterned and etched to forma gate
dielectric 104 anﬂGé‘ﬁ’éﬁ‘@C‘Te@@G e fogeeiqo eomdlseteet @dubst rat e 102 has been
further patterned, Figtochedhplifzn fovf dudr] c@tle mittbdrof damidiiigeol® siliodeiinchecori@teatith @b  t 0
forma shal ovyreteﬁtan&hbnj solation (STI) 108. Referring nowto FIG 2, therein
is shown the structure of FIG 1 having a liner |layer 202 deposited

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 present 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",
"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




5 thereon. The liner |ayer 202, generally of silicon oxide, covers the

sem conduct or substrate 102, the gate dielectric 104, the gate 106, and
the STI 108. The liner layer 202 can be of an etch stop material or an

i npl ant-protection material. Referring nowto FIG 3, therein is shown the
structure of FIG 2 during an ion inplantation 302 to form shallow
source/drain junctions 304 and 306. 10 The gate 106 and the gate dielectric
1.04 act as masks for the formation of shall ow source/drain junctions 304
and 306 by the ion inplantation 302 of boron (B) or phosphorus (P) inpurity
atonms into theosusnisasse of the sem conduct or subst r at epci@B200dd2856i ON

i nplantation 302 is_followed h-t er at n Cto
activate the i°HPPANTRE™ M5t ‘iwll T 't‘ycfhgh taasefs Slp"r‘herfegen%?hhe{ﬂ & ?)tﬁér?e\({:e‘?cdggl n
junctions 304 andgsele HOEThe emicmaiciar sty 1024y besp fuptieattezped, mteir eii ffled WhapiRh t he
structure of Rki@@maBianb foerasfadevn@ich smi@fsTa 168 dewal | spacer 402. The |liner
layer 202, which pr@kgghs tJlft@fZﬂ tilemllsasﬁl;wn daBge MAB. NRGH 2 lRNANED: @Red

si dewal | épac %I’ 1eon| aI‘%{(ﬁlmbr 1% gen ré{l Qtf sxh? In lo%;'c%ocrv_])ve?ilth[ers%ﬂﬁc%ﬂducj&@&tbgg {2 Qh%%gem ted

and etche spacer

Referring nowdte’omfgllﬁ th‘SDa“‘t‘I’?%F@I‘PF Tsméh“o'tﬁhm"f frer &8 eerde g e‘iﬁ‘fs“tﬁl’r@e“al during an
i on inpl ant at imnGgRctopmatfidr m deep source/ drain junctions 504 and 506. The
si dewal | spacer 40Rferrhhwiatie. 31646 iedhdn thh @rudild of 138, duagtan asimpaskea 36206 t he

formati on of tfmshggepomspmjglg(og@@lmqh3bfpnct| ons 504 and 506 by the ion
i mpl antatjon 502 o or at.o urface of
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506. Referringygw to FIG 6, therein is shown a deposi ti on process 602
used in the forrratl

silici
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608 are formedith the silicon surface of the sem conduct or substrate 102
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ul tra- uni f or Mg deelaleor GG hididd RE PROdeMkitedant BB iy thk boeshtibfmGreval  t he
gate 106. Ther, de@Jio? three ways in which to formsilicides. In one

t echni que t he' de 05|t|on PLQGess 602 deposits re netal posed
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silicide. In a second tec
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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 2 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



el ectron 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 netal and silicon onto the silicon surface.
Co-sputtering 4 WD 2005/008758 PCT/ US2004/ 021661 entails physically

di sl odging netal and silicon materials froma conposite target or separate
targets, and then directing the conposite material onto the wafer.
Conventional salicidation processes have beconme problematic with nodern
sem conductor devices that have shall ow source/drain junctions, e.g.
junction dept ko nesobdre or der of 1000 Angstrons (A). | nectwsp@didndeul ar,
during such salicidation processes, sone of the existin source/draln
regions are cSHEIRREEY YurrectBEre slice mygraly Fopae RS BFER LTROT et A tey ¢
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pol ysi li con e.and the source/drain junctions, and Simlarly, degrades
the perf rmaﬁ ﬂgmée}gm’fdﬁéc fntegrated circuit. 15 Wiile the present invention
may be used with Vet Gusieetes pee ticitapupgiappn gliclds fojmg agweer petahepazoy decppss und t hat
‘nickel sili ci dgwiapcaBmnedagibrvétihineliccherad thedit Bdcbcowilslo vapasigvecoupled ondlki ng

wi th nickel sidunsdvé Baih Hefiwech @S pgl?sﬁ"gonfgﬁlbjm lhetsanD@andju{chJ-HQ Whdt smtlerlyf &ErﬁmasrlﬁthSt
nickel . It hag _heen &Q%L%med&rﬂﬁt thick silicides around 100 A thick with
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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 bas been discovered that the nickel must be deposited under these power levels and
30 deposition rates to an ultra-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 (SiO,), tetraethylorthosilicate (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  (FTEOS), hydrogen silsesquioxane (HSQ), bis-benzocyclobutene (BCB),
5



30 deposition rates to an ultra-thin thickness of not nore than 50 A
thickness in order to provide an ultra-uniform ultra-thin silicide. The
ni ckel is then converted to a nickel silicide by an annealing process, such
as a high- tenperature anneal around 700C. The above greatly inproves
robustness and |l owers the electrical resistance between the contacts and
the silicon or polysilicon greatly inproving performnce of the integrated
circuit. 35 Referring nowto FIG 7, therein is shown the structure of FIG
6 after deposition of a dielectric layer 702 over the ultra-uniform
silicides 604woa0B/posasad 608, the sidewall spacer 402, ramasiom2fsdl 108. I n
various enbodi nents, the dielectric |layer 702 are of nmediumdielectric
const ant di el eetuhdiglommBslicr @MSS), stahihyRRlostahiloQ@NOMK T eheXaDBitiPdisiloyane (HMDS),
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the gate in a step 910; depositing a dielectric |ayer above the

sem conduct or substrate in a step 91.2; and formng contacts in the
dielectric layer to the ultra-uniformsilicide in a step 914. Wile the

i nvention has been described in conjunction with a specific best node, it
is to be wunderstood that -many alternatives, nodifications, and variations
wi Il be apparent to those skilled in the art in 25 light of the aforegoing
description. Accordingly, it is intendgd to enbrace all such alternatives,
nodi fications, and variations that fall within the spirit and scope of the
included clainms. All matters hither-to-fore set forth or shown in the
acconpanyi ng drawi ngs are to be interpreted in an illustrative and
non-limting egAIMS: 6 7 CLAIMS: 1. A nethod of form ng an integrated
circuit conprising: providing a sem conductor substrate (102); 5 form ng a
gate dielectric (104) on the sem conductor substrate (102);; formng a gate
(106) over the gatgn@ihed 6ffofming trlfdtkpratel rdlit Omp gg(;]é;e/drai n junctions
(504/506) in the sem conductor substrate 102?15i epositing a silicide
metal directly on Peddiagaseyerndectossubstipte {108k e: * 10 forming ultra uniform

silicidess (604/ 608pmif@y pAi€dield&riyy Q04 Poni Ry \Rmiddndudior kibSiete (160)€at er than 3% of
the overall thickness of the silicide |ayer (604/608), on the source/drain

junctions (504/5089mmipgHels (106)pver the eatediclestic (18Per (702) above the

seni conduct or sUbSbmihe sokrdddhin juAlidns I5647508) B9 thed Beriedrdudtét Subsiralll €l €CtriC
| ayer (702) tﬁo he ultra-uniformsilicides (604/608/ 606), wherein: the

“silicide metal!%% nickel. 2. The nmethod as claimed in claim 1, wherein: 20
deposi ting the suidepsingaisilicide iRl difeclyéd the Shii¥nthatkd® selistrsl€posi ti on of a
silicide,. metal below 7.0 A per second,. 3. ..The method.as c)Jajhmed in claim
1, wherelh: deposiqj?‘?'ﬂ‘bg '“#?%f‘ﬁ‘@%&?%%qsb %H°Jm9ﬁﬁ'h‘%?'}?fsckneps of
a silicide negredterothan 3% oD thenoveeallt thivikn&s oft thekilikide dayerl (684/608)h 04l s cl ai nmed
inclaiml, whereji,n. deposi ti he dielectric layer (702) deposits a -
dielectric na é"r"le) %@Rﬁséb&%’ .
depositing a dielectric layer (702) above the semiconductor substrate (102);

and
15 forming contacts in the dielectric layer (702) to the ultra-uniform silicides
(604/608/606), wherein:
the silicide metal is nickel.
2. The method as claimed in claim 1, wherein:
20 depositing the silicide metal uses an extra slow rate of deposition of a silicide
~metal below 7.0 A per second.

3. The method as claimed in claim 1, wherein:
depositing the silicide metal forms an ultra-thin thicknegs of a silicide metal of
25 not more than 50 A thick.

4. The method as claimed in claim 1, wherein:
dcpositiﬂg the dielectric layer (702) deposits a dielectric material having a
diclectric constant selected from a group consisting of medium (4.2 to 3.9), low (3.9
30 to 2.5), and ultra-low (less than 2.5) dielectric constants.




dielectric constant selected froma group consisting of medium (4.2 to
3.9, low (3.9 30to 2.5), and ultra low (less than 2.5) dielectric
constants. 8 5. The nethod as clainmed in claim1, wherein: formng the
contacts (802/806/804) to the ultra-uniformsilicides (604/608/ 606). uses
materials selected froma group consisting of tantalum titanium tungsten,
copper, gold, silver, an alloy thereof, conpound thereof, and a

conbi nation thereof. 5 6. An integrated circuit conprising: a A
sem conductor substrate (102) having source/drain junctions (504/506); a
gate dielectric (104) on the sem conductor substrate (102); a gate (106)
over the gate (106) dielectric; 10. ultra-uniform silicides (604/608),

havi ng no varisati ofgeinfdiolias KIRERE i8Rl 1C Wherkil@n 3% of the overal | thickness
of the silicide layer (604/608), on the’source/drain junctions (504/506);

a dielectric |ayer forping theteoptacts (8024806188 Ontouhe ylragwiferny siticides 1604/608/and
contacts (802/, ih the .di . t 0, “t!uﬁisén‘ uni form
15 silicides (%%29%88/ 606& sgl\%ﬁgdr g%’lﬁ%té#e@u‘{oﬁ{%%%f%mﬂaﬁ%’des are ni ckel

silicide. 7. Teoepsrrgoldysilvescnalloxthereofaacomipoimddtiereaf, and awogbinationtheieof. t he
ul tra-unifsormsilicides (604/608/606) are fornmed froma silicide netal 20

| ayer of originally not norée than 50 A thick. 8. The integrated circuit as
clainmed in cld-m 6Anipegried cireuifcomtpasingst ri ¢ | ayer (702) deposits a

di el ectric materi aly 03, div g{.&c(ltl j : Al ﬁﬁﬁéﬁ%‘f’ a group
consi sting of nedi tlﬁm (4..%%{:%%3. 9), gi\k/%g%&tﬁ% g gfj and | ‘tra-| ow

(1 ess than 2.5) di éleatedialestricdh04) amthe semicorineton substrgte41@Y% circuit as cl ai med
in claim6, whereiBgaflifoey i telgite (FIY4iRGHE04) to the ultra-uniform

silicides (604/608/606) are of materials select ed froma group consisting
of tantal¥m titanyia-tnifaee slticider (R9H6P2), hainggeg yariatipps, iy thi EE¥SF t her eof ,
a conpound t hahf0i% offist GvefliNttickiRbs Thd §BEEfayer (604/608), on the source/drain

junctions (504/506);
a dielectric layer (702) above the semiconductor substrate (102); and
contacts (802/806/804) in the dielectric layer (702) to the ultra-uniform
15 silicides (604/608/606), whercin
the ultra uniform silicides are nickel silicide.

7. The integrated circuit as claimed in clam 6, wherein;
the ultra-uniform silicides (604/608/606) are formed from a silicide metal
20 layer of originally not more than 50 A thick.

8. The integrated circuit as claimed in claim 6, wherein:
the diclectric layer (702) deposits a dielectric material having a dielectric
constant selected from a group consisting of medium (4.2 to 3.9), low (3.9 to 2.5),
25 and ultra-low (less than 2.5) dielectric constants.

9. The integrated circuit as claimed in claim 6, wherein:
the contacts (802/806/804) to the ultra-uniform silicides (604/608/606) are of

.30 gold, silver, an alloy thereof, a compound thereof, and a combination thereof.




