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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 nost every aspg & @ life,
and the heart of these electronic products is the integrated- i 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 rweoedoyoosBepl ex systens that require the eooustbaamtisaan of
hundreds or even thousands of pregi I processes to produce a
fini shed sem conductor wafer. E@%ﬁig#%¥§§§%&§gﬁ$ nduct or wafer has
hundreds to tens of thousands BFEFRATEDFCIRCUE TEGHNELPSS, each worth hundreds
or thousands of dollars. 15 Integrated circuits are made up of hundreds to
mllions of individual conponents. One commobn conponent is the

sem conductor transistor. The nost C&Wﬁﬁﬁmgﬁﬁ’inportant sem conduct or
technol ogy presently used is silicon-based, and the nost preferred

si | i con- based ?3#%58% GG or device is a Conplementary Metal Oxide

Sem conduct or ( CMOSke preseph @wvegtiop nelatey lg@mergily it esinenklucie] edreviveys angfmoze @AERBLY to
transi st or genegtcailnk i see@fBictidedrts. @ 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 theCKiROUEDARBUbstrate. The silicon substrate on both sides of
the polysilicon gak@e prsenSnleGRtdodc FRRE Ere 1o IDRGQITerCBA bl MBRe hdRGf thebeght | y
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source/drgb junctions” : ich are separate a channel Tegion. beneath
the poly IlcgﬁwﬁﬁY%mmﬂm@U?ved silicon oxide or silicon nitride spacer,
referred to as a "JMWeRhiTFuEEHRETh d ghsilicpiarabis bsixiradly efplpxstenghe 8 on gat e
al | ows deposi t kooningibn afdighhdrddO radvendOg@bangy of Qredisely RPurDled pla@aasitd wrodherpe dnish@lgi ons
of the shall oWnSQMIGELME akbh ik tdnRESucto\ttes Ras BlnSreds @l @6k thoGh@BPt SRR/ dr ai n

junctions". QQ%W§F%L$9?&@&3@9?%&%m§%%.Bﬁldrain junctions are collectively

referred to I ons ete the transistor, a silicon oxide
diel ectrid®l ayer | §m%8ﬁ%§F?%HEF@e@b dFﬁé°B%PV§fP?@%ﬂ°ﬁ??@m PhEZN ved
spacer, and themEWWFédWf@ﬂﬁ@@@@ﬁ@@mqb7bwwwﬁ@@m@vetww¢@&Wm§6ﬁ%@t%@ﬁﬁ§’for

t he transi stor preﬁ[ﬂﬁﬂi:dﬁsgsﬂictﬁmﬁed, 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 ddped 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 connected
to additional levels of wiring in additional levels of dielectric material to the outside of the dielectric ﬁlaterial.
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.



30 etched in the silicon oxide dielectric layer to the polysilicon gate and
the source/drain junctions. The openings are filled with netal to form
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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 ftransistors 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 (TiSiy).

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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15 long eluded those skilled in the art.

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 diclectric 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
ultra-uniformsilicide. This nethod significantly increases robustness and
| owers the electrical resistance between the contacts and the s dér007
greatly inproving performance of the integrated circuit. 5 Certain
enbodi ments of the invention have other advantages in addition to or in
pl ace of those nentioned above. The advantages w || beconme apparent to
t hose skilled art froma reading of the follo talled
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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 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 dieleciric 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', "bottont, "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 1.00 in an
internedi ate stage of fabrication in accordance with the .p;ggend]
invention. 35 To formthe internedi ate stage, a gate dielectric layer, 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 5 JAN 2007 WD 2005/ 008758 PCT/ US2004/ 021661 been deposited over the
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dielectric 104&03@3&%75%;3'[(3 1..06. The sem conduct or suggﬁggﬁﬁlo%gé has been
further patt er brediepogittictie the gaidiglechric layep (Phylyern argpatpinkd agdptehed tyykdr eeatrditlesrie HF t o
forma shal | ok gRaGbes. iTeOk@dohdadtor (ubslrhtd 101 Q8 beeRRhE HiitrtG, clA@YYadddilldd viEh 2 sBicont her ei n

i's shown the sfructure Qb Eh cehaR@MlN@rfycki ner |ayer 202 deposited 5
thereon. The liner | ayer 202

enerally of sili xi d oV t
seni conduct or subst¥Et% "% ,FfGt%Qlera’éﬁs 3’°X"cﬂ’eesf”?§%r€ ?fi(i:g&i%ﬁlf’g aﬁﬁleé?aéeé?%%Tﬁsgeg and
the STI 108. THeeoni Beerling fyre P02 00@ralyanh sifiren exfde. geyere e s PO feeEri % hortean
i npl ant - pr ot ectitl@ric Mt © gaalios, e fhe STIII0G The et laye2DIGian B, of ttheshebmmitgial shown t he
structure of FlfangroeénBGan i on inplantation 302 to formshallow
source/drain junctigns 304 6. .10 The e helectric
1. 04 act as masks fR(%{r;mLt“’hngw %O%Irprr%t%’ ?rgrﬁ ‘S(]§1}°““‘Sﬁ%ﬁ“]glovﬁ,%§%‘8?§ e %?ng(lmﬁmr%%tﬁ%%? %ns 304
and 306 by t he “Pd¥RiPhrEiiEairdns $62¢8¥ boron (B) or phosphorus (P) inpurity
atoms intd%the surthagse 16F anf e saredivleetn it et evmasky fys thy fetmatiop 9D shallqy, gouforfsfepin
i npl ant ati on 3@Zctibns 3d4@hdl 30505 0he By irdpiadhigh 30k @NMPRE @Y birpBosphatin@®ahpust) owe wk0BC t 0

activate the i gﬁ‘ac@@% t@éjse&ﬁgm&ﬁgt&ts%st% QE¥B 'ﬂhpioxt Qr{pl%mhttﬁ%%s@@dl]&\@m/b}smgh%éﬁ@ n
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20 Referring now to FIG. 5, therein is shown the structure of FIG. 4 during an ion implantation 502 to

C or the

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 700°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
glectron 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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t he source/dr a!hplmj:unctl ons and may adversely inpact the electrical

per f or mance characteristics of the source/drain junctions, and ul tg mat el vy,
degrades the perf oftaffewe of e wopeifppeiskt %{‘Eaé’&‘f°8"i 1 9% (e F%d™r %P act or y
met al is titanfisprpredtp bechmdaperitisg theinketla e orrpesd Hietnwes By sty 3w pewnteepe fegosidicause

t he 25 process, where the very low power means a power level below 500 watts direct current and preferably between
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 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 STI 108.

In various embodiments, the dielectric layer 702 are of medium dielectric constant dielectric materials
such as silicon oxide (Si0,), tetracthylorthosilicate (TEOS), borophosphasilicate (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



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 Wiile the preizgiﬂ$ﬂvention
may be used with various refractory netal silicides, it has und t hat
ni ckel silicide has many desirable characteristics. However, in 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 surfacg§omﬁy% pest protect the silicon substra;gwgﬁgmﬂﬁgylde good

adhesion. After investigation, it has been discovered contrary t

conventi onal te% %_Igﬂ lclztp aificat@‘ QTI\}IBSE’ ataug%qa'ggéﬁasggxgpe KBI‘%{T%I he?‘l‘ﬂle{h ‘qu&anw dﬂhDSf) orm

extrenely robust a-uniformsilicide
means a | ayer HF’“‘*E’i st EW’%fe<39me¢aée‘%Wé?1@:wa@1°% (MBI f"l“‘étbi”és‘hf v KR SE
greater than alytiudicle88¢ofstatispelowp¥ip 35| Ulalpy dideppioganstanOfidectriscagipptiehayfic delsetyei ng

ul tra-uni f or m réngdeel beldd t TAaddNivir R Siadidbe case GOdnercBDO avaititlel 6B AF, hEegonbeen

di scovered 5 to Qﬁcrogyulsgxg B&Iﬁ\ldg !1a@cgoartni'l lecg Legogeﬁl s1li9ﬁexro<t3§ a%@ﬁ&&is s%cal |S€09 de@raﬂias by a

very | ow power cz}\é/)aip(?ay%% reue)are matenasglchassnconmtn 1 )or gon%efn%d%gwl\lpomr means
a power | evel P*Gw FeCt CUrrent an etween about

400 and 300 watts dickeeg “°t‘,‘LPr}F%r§t therefnrjs et ithe ptgyfiure qff é%teftf%r@??mu‘if YR t hat
an extra sl ow reg 4.afdsepet al deposition nmust be used which is defined to be
bel ow 7.0 A per secangeanshp¢ b aoaklakded WpRivahettaPeobheath B raAnipRl

second. Stjyl | sM&tf?ibé%E 606! ohd @@%ndl?@s P t§{ﬁ9&é rcgmge/&m&céop%zt e Gt Ellos, M BL 0B

deposi ted under ese power |evels and posi'tion ratés to an
ultra-thin thi é?%’ﬁg‘&“%‘f’t‘"ﬁ%‘)F nmore than 50 A thickness in order to provide an
ultra-uniform  ul tiaipyepbodingisdiechatal cTies §92.3R%etnd BO§ = hioprtal gy B peEn ('8 a

ni ckel sili ci deitliyn @h taBREE). 2gs {0l @s Sppdidcheras nathrieghdimtngigeralicenags anneal
around 700C. The,, @tm\(@sogsr@@tnlems kuBRE QYRS(CH O ) 66S () GhioksAMREESand Bipounds

el ectri Cal I‘ es'tl%}eg' o eor&orec%law;b?v%el mexqg\%&E&usmrpbq%\er;abo%nd%{e&xl con or p0| ySi l'icon

greatly |rrprOV| ng pertor ma e Integrate i ng now

to FIG 7, therein F&ShtWi HHe teEr ﬁé‘t"ﬁ‘}aém’éilfﬁeq'—qc’&"ha’é"fgf F“éli*og%(g ad‘?? R of a
di el ectric | ayédle vaFgorpysdirides . 49F:tapdabop) vj afcompantesiith fae prepers ingrotips- @’Uﬁneth%f‘n"ﬂo 608,

t he sidewal | spapes: pdQdyg :aecobdidor Sbdratd 0 8 stepl o0; Yooukiig @48 BIEDOCInTR R¢ngeondhcve

diel ectric | ay%-{;bsum%a@&@oaﬁoﬂ@qlgumvgltr@ga@%ﬁang G QBSH0@ Ak s@kc@E ik jueion®i er i al s

such as silj con, oxi d t rthosil.icat TECR) i
bor ophosph%)m I |rl t(lf’ S?mm({aﬁ&ésé S ﬁmaS%? 502% cmx%/\n?ﬁt'a il S‘h?&e?:onﬁlle gzo cgar?a)é Jléﬁm%:nd;%m 4.2
fo

to 3.9 or |ow dier®iirier Cofiriie dedicdet e ‘FF&SF’@?"P"'&T“’:S SOHER "tp nat ed
40 t et raet hyl orferhiosdoitic mtthe di¢lEETIE@E) to thiyd roigumnilidgde fraaigfid- oxane (HSQ) ,
bi s- benzocycl obut enenifc B&B)ventiotbhab bebABbsadidd Jin conjunction with 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

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 PCT/ US2004/ 021661 tetranethylorthosilicate (TMXS),
oct anet hyl eycl ot etrasi | oxane (OMCTS), hexanet hyl di si |l oxane (HMDS),

“trinethylsilil borxle (SOB), diaceloxyditerliarybutosiloxane (DADBS),
trinmethylsilil phosphate (SOP), etc. wth dielectric const?%@[ﬁ l ow 3.9
to 2.5. Utra-low dielectric constant djelectric naterials; [ g

dielectric X tants below 2.5 and which are available, include

CoMmer Ci alg%t—m-l abl e Teflon-AF, Teflon 5 m croemul sion, polimde

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

| ayers andl- cap‘fsﬁiﬂﬁhqdagiefpgn@mrl@eg@@d)m@ueCempﬁﬂtlér| al s such as silicon
nitride (Si Q itrid . Referring nowto FIG 8,
therein is shov&%%'ﬁﬁgsgtér:e%g ou@éqo%sﬁséa&’7 after formation of netal contacts
802, 884, and HOfminpheganelisleceiotinahié serSoand bl subklELe306 are respectivel y
electrically connected to the ultra-uniform 10 silicides 604, 606, and
608, ‘and respe W@gyagaéet)‘t‘f-‘éﬂ%fe%%e@@ # drain junctl on 504, the gate 106,
and the deep Rdi nents, the netal
contacts 802, g%%ﬁﬁlgsg%@ﬂlﬂ 18& l?lqﬁ%Ség&g I?(HCR’ ufn (Ta), titanium
(Ti), tungsten deppsiting h@ﬂ&ldehﬂételoilrecﬂﬂdn@hn‘rsmuadﬁiuctbﬁﬂ&ﬂfratej n ot her

enbodi nents, the netal cont acts,. 802, 804, and 806 .are of netals such as
copper (Cu), Of‘f)&n{w tra-gpifgrzn sifigides, haying o varationsdn thickessonpounds 15
thereqfy with ongegt: fiRH 908f thdSvaRR MRCIE|eSIBITHS sitfcldd 18eh.f dH5the Bolad/bi

around them Re grrrl ng now to FVG 9, CltsLeerel n |Ssccﬁ ‘a si rrp‘B??ec?flow
chart of the nguhatib®Q0 of nmanuf act uring the ultra-uniformsilicides 604,
606, and 608 in,accardanc resent |nvent|on t hod 900

i ncl udes: provifPARY 13g§ %%%E‘af Ogﬁ ﬁeg’tl"é”tdﬂdﬁr?tétﬁatwgef ormng a gate

dielectric on tﬂaenﬁ%moﬁwaf&qﬁwdxemﬁétwﬁteothe wirShSRrAdicilQr M ng a gate
over the gate dielectric in a step 906;" form ng source/drain junctions in

20 the sem conductor substrate in a step 908; formng ultra-uniform

siliciges on thg sorCa/ A ﬁgﬂ@&&&gaﬁmo -aihge gate in a step 910;

depositing a dielectric laye e semc tor substrate in a step
91.2; and f or nP"AYdingR gedcondyctorsubgfrai¢iect ric | ayer to the ultra-uni form

silicide in a sﬂoﬁmn%wgaté/mbk@tb@mewmeﬁm&as%b&e@@ described in

conjunction wt pecific ,.1t is to be 'understood that many
al ternati ves, G‘F‘t‘tgc?agqteo%@” rgﬂte ‘?cgt‘i 'ons will be apparent to those

skilled in the m:tnngrsouﬁﬁ/dkalgjtmmﬂnstlﬂﬁw&s%ﬁﬁ@ﬁdudl@t substeatd; pt i on.  Accordingly,
it is t ended rnatiyv flcatlons and

vari atibne ot P mR A6 fipfim ShiGke tnt & At S iR e e ol ai s,

Al matters hitdepositiog hdietectitlayeonbdvedhe sesticomductor substraig@odpanyi ng dr awi ngs
are to be interpyaitohicRn ieldbiichit hyes i iR arifdthnlsifesense. 6 JAN 2007

7
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 conduct or substrate; formng a gate over the gate diel e5;tJM gﬂmform' ng
source/drain junctions in the sem conductor substrate; depositing a

silicide netal directly on the sem conductor substrate; formng

ultra-uniformsilicides, havi ng no variftions in thickness 10 greater than

3% of t he %ver ailie mpthed e waimed tinelaiml 1 oirdewherg, on the source/drain

junctions ; de P4 adielectrig.layer above, the. sem.conduct at,. .
substrat e; and%?r%linﬁintﬁa ué%?ftuﬁl?{’: isﬂwl“ﬁ% %Pglaélc‘(l atclﬁllna@é(fh‘f’% ‘?fﬁ% silicide
ul tra-uni f or m shéthlcdfds mord thag .50 fRélhod 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 squr Ce"ﬂfe%&gi)&‘gﬂlhﬁgéd i e wighggonduct or substrate; 20 form ng
[

ultra-uniformsiTicides on e sourcé/drain junctions; depositing a

di el ectric | ayeafepaditing tHehdieleetpicdaysuizpositssiflisleticematerial hdvirigha diglevaid act s
in the dielectric |a %;et‘%h%he ul tra-uni_formﬁsi licides. 3, The nethod as
claimed in cl aiSnitag selectegnitpm;  eroyp qogsisting ok mediym (42 & 319%r 99si39 8 des
uses a very | ow pg RER8S (Ads® thah&C\i ic B power bel ow 500 watts
direct current. 54))0%}%3 met ho(d Sas a%l%;??é H‘?ﬁcg@aslf%tsi or 2, wherein: formng
the ultra-uniformsilicides uses an extra slow rate of deposition of a 30

silicide netal Jel ow, 7.0 er, second. 5 JAN 2007 8 5. The nethod as

cl ai ma@ i %pl ai M™% 0gas @ﬁgﬁ"a‘ﬁ;&fl@rlrﬁ% WIREETRY| t r a- uni form si | i ci des form

an ul tra-thin tf3GIHRARS chiftadds & the GltEunifBRnAiliGdestols MREAalk BABcted frbm! i 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 2.5), and
ultra-low (less than 2.5) dielectric constants. 10 7. The netthiydl 48 cl ai ned
inclaiml or 2, wherein: formng the contacts to the ultra-uniform
silicides uses materials selected fromga group consisting of tantal um
titanium tungsten, copper, gold, silver, an alloy thereof, a conpound

t hereof, and a conbination thereof. 15 8. An integrated circuit conprising:
a sem condudct oTheulrsgratedeiteniy anglasoed nelaimas, iwhetamct i ons; a gate dielectric
on the sem conductor subsirate; a.qgate.ayer th te dielectric;

ul tra-uni form gﬁ‘f ?%t?fi%%% th%y t’f‘?@“’ﬂ@%aﬁﬂim&%{‘?soaﬁ% OEW%% léfﬁlggtgggrrogé?gfoulphan 3%
of the 20 overghdistidy Fhaaasm titdri@n Stuhb &bl @opper Sdold, Bilvér @n SNGY dRfSdEAl N
junctions; a dielectric | ayer above the sem conductor substrate; and
contacPs in the cominound therepf) andarcombinatonthereef uni form silici des. 9. The
integrated circuit as claimed in claim8, wherein: 25 the ultra-uniform
silicides contain an ultra-thin thickness of a silicide nmetal of original
not nore tiRan S0meétholdiof Korminy anlintegratddegircait edmprisingii t as cl ained in claim 8§,
wherei n: the di 1 ELG: posits a dielectric material having a
dielectric consp?éﬁ@%§8lli|§§%{glgzbtsgglgf_r_om a group consisting of medium (4.2 to
3.9), |ow (3.9 founing 8)gatepxifle anthe silicpubsieale; t han 2.5) dielectric

constggts. 5 J'%E-:ﬁﬁg?npo%rsﬂi%onHt@obé}ttﬁééa%ééﬂd&,i rcuit as claimed in claimS8,
wherein: the contacts to the ultra-uniformsilicides are of materials

sel ected from dogpigg soursg/drasiupeipns an ths stlicon sybsrateani um  tungst en, copper,
gol d, silver, gorminkoy dlfeusiédrm nidkd silieitethaniag thoevasiatons dn chieknessTieaat i on

t hereof. 12. A thod .of formng an integrated circuit CORPLI,SI .
providing a si ﬁH%rbﬂ%sqggl;et(}vg{ ;thlgkness on Ehe%ourceﬂram Junctions ancrlTBp the élge,
depositing a dielectric 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 YdAY #ions in
t hi ckness greater than 3% of the overall thickness on the source/drain
junctions and on the gate; depositing dielectric |ayer above the silicon
substrate; and 15 form ng contacts in ﬂ&e dielectric layer to the
uItra-uniforn1nickeI silicide. 13. The nmethod as claimed in claim12

wher ei n: oh IY jlicide uses a vapor deposition
using a power rﬁe%(ﬁ&%ow %%In\/\gﬁ@%ﬁb@é% current. 20 14. The nethod as
cl ai med in cl aifommiifg wWieeeataets tocherulg-uniferm | silicades misésomatenial g keléctesi ﬂromlzde uses
an extra slowr S e e cong

andaddi ti onal | f?""‘;}’ 9{)?52?%8 b%%aﬂ%%%a tg[hﬁllﬁ’ #u %ﬁd No@ﬁ%l @?18’ %lll?%? tr a Yuni f or m
ni ckel 3si i ci ddhere @qgnpmﬂéth@@ﬁo@dﬂombmaﬁemtherﬁ@l ai m 12 wherein: form ng
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. 5 JAN 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.




