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oxide dielectric layer to the polysilicon gate and the S/D junctions. The openings are filled with metal to form
electrical contacts. To complete the integrated circuits, the contacts are connected to additional levels of
25 wiring in additional levels of dielectric material to the outside of the dielectric material.

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. 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

30  cobalt 5111czde (CoSiy) and nickel silicide (NiSi,).

The silicides are formed by first applying a thin layer of the cobalt (Co) or nickel (Ni) on the silicon
substrate above the S/D junctions and the polysilicon gates. The semiconductor wafer is subjected to one or
more annealing steps at temperatures below 800°C and this causes the cobalt or nickel to selectively react with
the silicon and the polysilicon to form the metal silicide. The process is generally referred to as “siliciding”,
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Certain embodiments of the invention have other advantages in addition to or in place of those
30 mentioned above. The advantages will become apparent to those skilled in the art from a reading of the

following detailed description when taken with reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a view of a transistor in an intermediate stage of fabrication in accordance with the present
invention;

35 FIG. 2 is the structure of FIG. 1 after deposition and etching to form a sidewall spacer;



invention; 35 FIG 2 is the structure of FIG 1 after deposition and
etching to forma sidewall spacer; 2 W 2005/062387 PCT/ US2004/ 035408
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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
25 “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.

In the formation of integrated circuit devices, the source/drain (“S/D”) junctions of scaled devices are
very shallow. They therefore need to have very steep dopant profiles to enable high performance. As taught

30 herein, it has been discovered that dopant profiles can be generated that are steeper than the profiles of the
originally implanted dopants.

As taught by the present invention, dopant rejection from growing silicide is employed to steepen the
dopant profiles. More specifically, silicide is grown into the silicon in S/D junction implanted regions. As the
silicide grows into the silicon, the silicide rejects the dopant in the silicon and pushes the dopant along in front

35  of the silicide. The rejection of the dopant is due to the limited solid solubility of dopants in silicides,‘and to
the related segregation thereof at the silicide-silicon interface,

In one embodiment, the transistor is formed with S/D regions that are first thickened by selective
epitaxial growth (“SEG” or “epi”). S/D regions are then formed in the thickened S/D regions by implanting

3




As taught by the present invention, dopant rejection fromgrow ng silicide
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30 the gate 106 and on the raised S/D dopant implanted regions 402 and 404, respectively. For example, and as

appropriate for the choice of dopants, the metallic layer 502 may be formed of cobalt {Co), nickel (Ni),

titanium (T1), bafnium (Hf), or platinum (Pt).

Referring now to FIG. 6, therein is shown the formation of silicide layers 600, 602, and 604 in

accordance with the present invention. The silicide layers 600, 602, and 604 are formed by thermal

35 silicidation of the metallic layer 502 (FIG. 5) into the silicon material of the gate 106 and the raised S/D dopant

implanted regions 402 (FIG. 5) and 404 (FIG. 5), respectively. After the thermal silicidation anneal, any
residual metal remaining from the metallic layer 502 is etched away in conventional manner.

As the silicide grows downwardly into the raised S/D dopant implanted regions 402 and 404, it injects

excess dopant from the prior dopant ion implantation 400 (FIG. 4) into the silicon in front of the downwardly

40 growing silicide layers 602 and 604. This occurs because the solubility of the dopant in silicide is far less than
4
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present iemwieing p@tions hibe $4DI dopind enplimyee &@1060@),2 a4, bamah G 4iliaidelafeay G0R andip4a,

t her mal eSlolelr N I i 02 (FIG 5) into the

. silicon trlrlétﬁoe%% & %ﬁwhé?ﬂr%o g%éﬂ?g@ rh[ge uraﬁsl){ssoe S/ D dopant i npl ant ed

regi éns 402 (ﬁ@msf)gloah@pﬁ@dlﬁqaila@ thg yirtug s pey ofi byie highlynriehed witle daphe fomalthe
silici dadiicpR 18/648, aal alsof ¥eind x%%’ gy, %E(ﬁhmﬁl? @Bﬁ/ %}Es@xg: aﬁ Elﬂﬁpt tv@x‘?' sg&; &Hn't ﬁroﬁl@yer ly

<502 is etched away in conventi onal manner |de rows downward
into t hes“tf’%tféf@a‘hgpfnf i SpLntorrriat | e sinaly lenlgntw aamale@aad sipilarly gipepestan the
excess dopdabf ddpathdn acnr dnBEhndaPRHh tHcQ;EhcidmlHy&@t alid Qpd QApdnFpiGiite 49 thé Bégant he
sili conclt 1;{})] ont..9 ed{ 18 q]w warfd h%] _HEI |icide layers 602 and 604.
This occurs because the sol udi'f “CSf'"t OVHEHEHEVFS silicide is far |ess

t hard0 4 WO 20RS¢08288 o PICT /7182610 4 08540 gaphichieersadénttiod ¢fttlge podfild 708 ofithpdeplanti n

silicon co&%n@atl{)rﬁéw Fas ohhﬁallg' %Hﬁéd?éd%d Flﬂ%%l%lqg ﬁ;a%se& é}g 8;4 1818%%?{} re’ngqg l4a§£n%d

regi ons 402 and 404, beneath the si ers becone
hi ghly éRfi chediivbe irorvseiogdlyapnderstyprs the V‘Ffé?‘i‘hla’ﬁfi Habels r eenssrepFsepth dhesfiqpant

dopant icopkantien whikghOmsizeHbe 2aNghbéed sdpRrRpeat i mt A thelolvGhede:fica yenhs 882 mnd

604, t e, res / D regi ons 606 and 608 for the transistor
100. 5 ?ﬁ%angpﬂﬁ?teedmblﬂ%%g% %Pfg 608 have the virtue not only of being highly

enrilehed wit I‘Retﬂmpamowttqrﬁlm 8. Heereiws is|shayinchegriphig® represdptationadimitar of FIgeT, rogﬂlvgbyle
shal | owgod\eGy d&bﬁgé&‘tcenﬂzﬂﬁ){ fo@lr)@lﬁg BE r@RadRoHRE mhc}{i@fayerééoe GR @Q Eﬁ @)iﬂfs

st eeper than the profile of the dopant as.it was Origi na ante and
anneal e& G mi | ar | y steeper than the profile of dopant that | acks
enrichnment f I‘Iﬁﬁi‘letehfbodiinédt Ctﬁxe@ﬂlcida&(ﬂrdSScnﬂ_e]ainScoﬁﬁe@t%ﬂQﬁth gﬁp@-ﬁtpeﬂ&frﬁfaci dt @ IowEenbulpg

dopant | e IS need dto nabI h forma in al | ow,
cont od BipPlutsind Aacbln NERESitn of pEVRE afech o hES! RTE Yot ok Wi amm
repPes eﬁ?mtﬂ’l dGiffusioh withie tprsdiced ef (FOYDatgitrs éOGjap &DR thergseivese This pteisaves aml shirpans s
or i gi nakjeYopaPléit ﬁt%eaﬁ?g r@%@&iGeAQd k. tIDﬁlg:t %’aﬁ%%)%g%eglhgiﬁattﬁag%rﬂpgﬁtlaé%tﬁgcnﬂy

reglons 402 and__404. be conventi o ers verti cal
axi s (| P8eregnt diffson )Wl%ﬁtee%@rfﬁeoqs [4ad g sdippent S&‘é??c%’?ﬁtfﬁtaﬁ"d?? ke fisyepsiafly, pon-

hor i zonéadtenaxi s (| abel ed "d") represents the depth bel ow the surface of the

d S/ID i 404, 15 Ref t
5. therein i SebigroaR Rk kel pL B AELD afeve e i qof B0 P agBof o
pr o#3 | e(FIGEY togfe mudlethigbp athireby dneeing pfaasntmr$/13 kit rgcdriiastf, drerpitdepnitiof sholid
silici dﬁrel*eé}l@rb'é a@%k@ﬂ%o@@fje to p(ﬁuéeha?ccgleggoﬁcﬁr%{ Sk sifO8. a(ﬂﬂth@%ﬁler llla'ﬂd Qﬁls epi

enmbodi ment, _the silicidation escrl in cor“{nectl on
per f or nfFgos¥ion saqneh e daodkigtpr “t“é"ﬁﬁ’éi‘%t‘*’tﬁ?sél"% fratcitnpreviidhsagate 18@gr egat i on or
pl owi ng ef f editis balib@dtthe arSidvadtRgio0 B8 paldé 2RGSO QB MatiBSdAFYws, it may inject

more than just excess dopant into the silicon in front of it. Tt may also inject vacancies into the silicon in front

30  of it that improve the chances of dopant ending up in substitutional sites of the silicon lattice, and thus
becoming activated. Consequently, not only is a steeper and richer dopant profile obtained, but the dopant
activation may also be more complete. .

' Referring now to FIG. 9, therein is shown the structure of FIG. 6 after deposition of a dielectric layer
900 over the silicide layers 600, 602, and 604, and the sidewall spacer 200. The dielectric layer 900 is

35  deposited in known fashion and may consist, for example, of an appropriate known material having a dielectric
constant suitable for the application at hand.

Referring now to FIG. 10, therein is shown the structure of FIG. 9 after formation of metal contacts
1000, 1002, and 1004. The metal contacts 1000, 1002, and 1004 are respectively electrically connected to the
silicide layers 600, 602, and 604, and respectively to the gate 106 and the S/D regions 606 and 608.



20 dopant diffusion within the silicon of the S/D regions 606 and 608

t hensel ves. This preserves and sharpens the dopant profile in the S/D
regions 606 and 608. In fact, by keeping the silicidation tenperature
sufficiently |ow, dopant diffusion within the S/D regions and the adjacent
silicon substrate can be kept essentially non- existent. The epi deposition
of the thickening layer 300 (FIG 3) allows the silicide |layers 602 (FIG

6) and 604 25 (FIG 6) to be nmuch thicker, thereby |essening parasitic S/D
resi stance. Accordingly, the epi deposition should preferably be as thick
as possi bI e %g produce a correspondingly thick silicide. On the other hand,
the epi - dep 71ion cannot be too thick or it may create excessive

capaci tance with the gate 106. It |s bel i eved that an advant age of the
present inventioR,,, . licide rows, inject nore than
just excess dopant: %ﬁ%%@%dm %mf: Ak comaﬁts FOP A2, g g ar“fffmtﬁﬁymﬁ wHiumifaect
vacanci es in ‘E’I‘]Té) Wpespnp allopgs ‘f’q'@htlnd c@@powfis thetcolt hatheriepaiOMNE, hdiRachanges of

dopant endi ri@oouwoi ANdSIiS df wkhiona as%bﬁpééicl@faoﬁ !‘A%) Sihd; | &9 Dick A xLoFeoP:lngoundd thus

becom ng aCttlxe)éattz@nﬁic mQQzﬂ&x@QnE‘ with/oh r an(} 30 ant
profile optained, but the | g)? lf{o"cor OfevafPe"B X V‘baf‘%‘g‘f“ﬁ@‘%i’f@f@éﬁﬁfmete
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deposi tion ofth g diceit detarisac Thayediod lﬁ:ﬂﬁxcl@déﬁlbro&m \Sénlléo;%hcq)?sukﬁr)(@fn 5@9902 602,
and 604, andohinea ﬁlud@%lc nl%(ps@xg'@cr L% psu Str ricla 00. 35
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| ayers in a step 1116 and form ng contacts-mthe dielectric |ayer the
suicide layers in-a step 1:118, 15 It has thus been discovered that the
present invention provides nunerous advantages For exanple, it . furnishes
91 ighly efficient and economical ion inplantation and silding nethod for
the formati on of abrupt, shallow, high concentration on |nte8rated circuit

source andOROAPW6RI/cti ons. Anot her advantage is that, BST/AUSB0/BEI4E8 gr ows

and injects excess dopant into the silicon in front of it, it may also
i nj ect vAEEARYRNSTIONSLARED ISrprove the chances that the dopant will end up

in SUbStIlt ut| ANAdthod (11166 oPformieCe dedibb160) bonfpRiing at ti ce and, become activated:
Thus, it een di scovered that the net hodand resulting structures of

t he presé’ﬁ’t" |“ﬁ6é?ﬁ)%eﬂ“°f’ﬁdr"ﬁtf’rssﬂb“rf‘t 8#tant and heretofore unavail abl e
sol ut i ongormap &P4) b tatediglecaivdl Of Lmahd semiadndatv aubtrag €2k or f or m ng abr upt

juncti onqror}nmgqu{,@g%{ﬁg?@g)gﬁ{hgkgtetdlge%wc@l%) by using a sihcide growth dopant
snowpl ow ef he Tnvention has been described in con$unct| on

With a sperine(ldoBastovHracerdo0) e thesemisondyapr sfefired] Goaaemate airk)0o) and the

alternatives, gﬁmdblédtrmtmpns and variations, will be apparent to those

stal |l ed I (rrlmgr]légl’ltl(% tlllr%knnlng laﬁFfBO@fbgtsgg F‘ Pﬁaég?%/&gth qg ?hg e%nﬁéoln&mtor 5%85%'9{3 glgg')gl Y

it is inten _ cati ons,

vari ati ons whipgiteeftafiesidyallspager (398 scope of site included claims. All matters
hi t her t ofr@mfg 81812) tmed Hubedrah Bopakt imAh@dMegioRs 124038 QRSNNpLAiIG SHti@Widkgingar € to
be' interpret %d iﬂ)ogn illustrative and non-limting sense. 6 WD 2005/ 062387
PCT/ US2004/ 035388 "THE | NVENTI ON CLAIMED 1S: 1. A et hod (1200) of formng
a devi ce fgmog)11¢Orepicids layrys (603 1664)i il ptrigpst( 2lORY ofiths eaired emuteldeip domntigplegiede
(102); form ng (owéy) 464) §ofin Qdu?ck:/@ﬁfnﬁég%n( as@él)éos;rbeﬁéaﬁ LMl MYYE 160F, 604),
Substrate (10 ﬁ'\% %Cé)llofg%n g dealg‘ %é §€4 the gate dielectric (104);
form ng (1108)t Sares?nﬂ T CpRE @? %)‘ edpert %i conduct or substrate (102)
adj acent depositinga(l 186X 106jctrazrieyet (960) cyartthe dlicalk dayers (602,(62043nd forovingi (hig 8 2Atd®) a

t hi ckeni ng | aygpo, (16’(991}1th@)ﬁeﬁ@ch@l‘&;}e!r&60)%$@Md@lay&1§@w foa9n the sem conduct or
substrate (105% ‘adj acent the sidewal | spacer (200); forning 1112%?ra| sed

sour ce/ dfai n lf"dl(Hﬂ?)él‘ﬁ flaigret 'édiaﬁhls""‘(efﬁf)?for"%ﬂ)e rpippd é?“rﬂe@ﬁg‘td"%?“b‘B‘P ¥h of
the thic k@fmmn@OZ hay ﬁmhe(r 3&risesfiplanitingddpart ind) theSthickeping @ydra300y sid (5 O@jacedlel) | N

at | east sed source/drain dopant inplanted regions
h&%{n b0t @ kunkele (i P nmp g
(402, 403?‘ cor n%tsoltljr cee(drgl n regions (606, 608), beneath the silicide

| ayers (602, émTethodﬁhlé)P) a5 cBimef i} @‘H’@d Wieteis feraygrstics Brar (482 §94) ichHEistdayer s
(602, 604c)urce/damspat1ﬂ1ﬂga1(tehlag@)1s @oﬂu@l)aﬁtwrb&nanaeyer (900) over the silicide

oo et r Aeorag s BRs ¢85 B b iR 35l oS g 3o ' 12, 0
(1100) a@rminaﬁlhfe@ lgygrs €40 W)@ymeméﬁlhmabmmf ﬁg mefalbic #amrs(éﬂﬂmﬂie eatehabpihadopant
i npl anted regli@N&ucd@dn dﬁ:%)mﬁléﬁ[eﬁ I;@ronsc(@mumﬁ es inplanting dopant into the
thi ckeni Qg | a%ﬁe m«gthogio 108} as c almed mdtl:laxm wherem formmg silicide layers (602, 604) in the raised
source/drain dopant implanted regions (402, 404) to form source/drain regions (606, 608) therebeneath that
are enriched with dopant from the silicide layers (602, 604) further comprises forming source/drain regions
(606, 608) that are enriched with a dopant profile (800) that is steeper than the profile (700) of the dopant as
it was originally implanted.
5. The method (1100) as claimed in claim 1 wherein:
forming (1112) raised source/drain dopant implanted regions (402, 404) further comprises implanting the
regions (402, 404) with a dopant selected from a group consisting of arsenic, phosphorus, antimony,
boron, indium, and a combination thereof; and
forming (1114) silicide layers (602, 604) further comprises depositing a metallic layer (502) selected from a

group consisting of cobalt, nickel, titanium, hafnium, platinum, and a combination thereof.



of the sem conductor substrate (102). 3. The nethod (1100) as clained in
claiml wherein formng silicide |layers (602, 604) in the raised

source/ drai n dopant inplanted regions (402, 404) further conprises:
depositing nmetallic |ayers (502) on the raised source/drain dopant

i npl anted regi ons (402, 404); and formng silicide |ayers %602, 6042 by
t hermal SVPi20088628% of the metallic |ayers (502) into REFUSEO4/DHI408f t he
rai sed source/drain dopant inplanted regions (402, 404). 4. The nethod

(1100) a$- cl aiAvseicd (h00g beariprivide: wherein formng silicide |ayers (602, 604) in

the rai sg%ml&gwc@ggu%@ggogopant i npl anted regions (402, 404) to form
source/drain t herebeneath that are enriched with dopant

re
from t he 8% figfq 8@(loélil‘é‘rﬂéesf%ﬁ‘?‘d“%ﬂ)mfaffrq%ér conpri ses form ng source/drain
regi ons ag80606)608) gdihdidlecaicelognri ched with a dopant profile (800) that is

st eeper taQiﬁQvaﬁlQ Qr(ﬂ;OLJmethe( 57e919:)> dgétortsgcﬁ ﬁggﬁ ?{Qc%Tt tﬁe r%aef"?ﬁ) )OJnHQJ @Q% li1¥lectrr1]cg

i npl ant ed . 1100) as ereln
(1112) ralsed(g%hrce/draln dopant |nplanted regions (402, 404) further
conpri sesn dpididickéhghg e (300G thensmicehddcior dBdate\ d2fdRAcHORAMewaRb &6 (2ub);f r om a

h i ndi d
onb nat { By e AP RGN} PRSRNE] e e Bl BT 500" "600) F t her

conpris e§°“€Fe/6@§1| rf%“ﬁg“% RED-drefepth th|e alil@?‘e 1€>5@29025@F)e@%t@(§ eflrer?ﬁVath depgrapfifyem the
consi sting of smamg}tens(gm@sgl titanium hafnium platinum and a

conbi natlg lectrlcel %Ooaave\rl\fl?em ﬁ%?%g@ E% S2004/ 035408 6. A device (100)

conprisi ng:""a a gate dielectric (104) on the
sem condmaetﬁ(lﬁ%éQOﬁHtl the élﬂ@@)c layea(9@fmoeth6(81l@61) lapans (60760gat e di el ectric (104);

a si dewab! spaﬁ@crewé&@&» aUMhirhddGn @ﬁmsqmafém%%&ma&m&gqaﬁﬂﬁ@&) afidh ARG the
gate (10 i el n. epitaxial i ckeni ng | ayer

6
(300) on Q{pﬁgtg%séf?fcfi'ﬁiﬁ‘aﬂé‘fbcﬁ?ates(?%é't‘rF ggra” C‘i@‘)?jedéeé]o%é% 40¢he sidewal | spacer
(200); 8ilicilteddvay€rg) {s6Qdnedtio4)ain 16 vettereinetbs tiliddepayetsi (602, 664) tith éhe epitakialXi al

t hi ckeni Blg:kén'?&équex((%s) }urthé Q(Hll;pg;l?g sqrcﬁlz ﬂy&?@bp @(§1) fo@rgeg by ﬁlgmal sﬂkt):%%ﬂn)pde&)&ﬁed

silicide |ayers 04), that are enriched wth dopant fromt
silicide™43 ‘é'r‘"‘%ers((é‘ﬁfkmt"@ﬁiﬂl)am ‘Qpl&it%’IeéEaE‘Pl gickeapeleyr §68) over the si I | ci de
| ayers (602, @&A)eylcﬂm@])) esCuinged tirscl{irik 6 OBereid O 4gurc/Brain Meyiotld @062 618) thex a}eayx&hed( 900)

to the Sbvktlk E(!é)grﬁ f. o@lytEJ d@qggrﬁg&f)w@ haveTat1 & %8 830%% A%&fﬁgt is’s ee er%ma{rnnt:hd pro ile Cl ai m

6 wher ei t hi nn cen of the
sem condG@?)@fd@a‘ﬁéaﬁlﬂweér“ﬁme‘ﬁmfaﬂ@S@@MWfsl(%J@M ed regi ons (402, 404) 8.

The devi ¢g ( 1@513) defiBe Glb@l amaﬂmieﬂl mC&lﬁlln B Ghekdite Eh@'d@paﬁth@ a Saleliflis6l@ted FYoa S gr()l@oz
604) in the epitaxia arsel c r?os nruS nt ayer (: %% u[it hoer conp trel S silicide
Cayers (602, GOH)E o REHC B URP ARIOLY- e AR P s
11. The device (100) as clalmed in clalm 6 wherein the silicide layers (602, 604) are a silicide of a metal
(502) selected from a group consisting of cobalt, nickel, titanium, hafnium, platinum, and a
combination thereof.
12. A device comprising:
a semiconductor substrate (102);
a gate dielectric (104) on the semiconductor substrate (102);
a gate (106 )on the gate dielectric (104);
a sidewall spacer (200) on the semiconductor substrate (102) adjacent the gate (106) and the gate dielectric
(104);
an epitaxial silicon thickening layer (300) on the surface of the semiconductor substrate (102) adjacent the
sidewall spacer (200) and the gate (106), the epitaxial thickening layer (300) and the adjacent top of
the semiconductor substrate (102) being dopant implanted regions (402, 404);
silicide layers (602, 604) in at least a portion of the epitaxial silicon thickening layer (300);
source/drain regions (606, 608), beneath the silicide layers (602, 604), that are enriched with dopant, from the
silicide layers (602, 604), that has a dopant profile (800) that is steeper than the profile (700) of
dopant lacking enrichment from the silicide layers (602, 604);

8



nmetallic layers (502) into a dopant inplanted epitaxial thickening |ayer
(300). 9. The device (100) as clained in claim®6 wherein the source/drain
regi ons (606, 608) that are enriched wth dopant f omthe silicide |ayers
(602, 604) have a dopant profile (800) that is steeper than the profile

(700) of I jng enrichment fromthe silicide | ). 10.
The deviéQBEﬁ@%§mZ§§tlained in claim®6 wherein= the doﬁﬁﬁpﬁﬁéSQEQE%ggia
selected f oma group consisting of arsenic, phosphorus, antinony, boron,

i ndi um  $5IOBAE BT hBeterdh selested disi 2 grpup sHEstge gt e e poPheEs R POoR ¢l ai m
6 wher ei n t he isliun, #1d d eontbiaednshefdH62, 604) are a silicide of a netal (502)
sel ected fi. u I St .of cobalt, nickel, titanium hafnium
platinunfE%ﬁgygmg%§%§¥ﬁ§g?3%&{ﬁgkeof. 12. A device conprising: a

sem condthetsbieids [gprst (68 €04) by a silicidpanfe reprab (@Dt selpcted(firoud srayp pestingeeficetsliduct or
substrate (10Zjkkel, tidnigalRin(ukQBatn@R, Hhile c@dintidinRlesgt ri c (104); a sidewal |
spacer (2Q0) on th em conduct or ate (102) adjacent the gate (106)
and t he ﬁgF%dﬁggfgggﬁfgrtfT%ﬁefﬂgﬁaggﬁbéfwgl silicon thickening |ayer (300)
on t he suemtagie €067 1q0HEn the dicleaidanst @P0) sutlysstilicalt By«sI(002) 604Hj acent the sidewal |

tSEaC e(rj_ ( 290% fml dEv]tﬂ;% agﬁlhiﬁxen( %Q@im éﬁ %eral?itﬁegsﬁitciaé !(a{yé?é- éflézg‘ rabmq lhél)é;g{axiél?s?@n and
e adj] ace N (0] sem conduct or supstir e el ng.do nt .
i npl ant eﬁ'mﬁlwgﬁﬁg <€9Pé>§’ftﬁ%6%)p,mes%“r°tde 5%5 {00 894 %(%fd%,y ths%ﬁff S“i‘cr‘&‘g%{’f* OP%agﬁteda

porti on oftallihkyeqbe2iatoa doganl imglarted dpitaxlabsilicongthicleeyieg 1age8(30)); sour ce/ drain

regi ons (606, 608), beneath the silicide |layers (602, 604), that are
enriched with dopant, fromthe silicide |ayers (602, 604), that has a
dopant profile (800) that is steeper than the profile (700) of dopant

| acki ng enrichnment fromthe silicide |ayers (602, 604); 8 WO 2005/ 062387
PCT/ US2004/ 035408 the dopant being a material selected froma group

consi sting of arsenic, phosphorus, antinony, boron, indium and a

conbi nation thereof; a silicide |layer (602, 604) on the gate (106); the
silicide layers (602, 604) being a silicide of a nmetal (502) selected from
a group consisting of cobalt, nickel, titanium hafnium platinum and a
conbi nation thereof; a dielectric |ayer (900) over the silicide |ayers
(602, 604); and contacts (1002, 1004) in the dielectric layer (900) to the
silicide layers (602, 604). 13. The device as clainmed in claim12 wherein
the silicide layers (602, 604) in the epitaxial silicon thickening |ayer
(300) further conprise silicide |layers (602, 604) fornmed by thernal
silicidation of deposited netallic |ayers (502) into a dopant inplanted
epi taxial silicon thickening |ayer (300). 9




