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RESI STANCE CMOS Cl RCU TS AND METHODS FOR THEI R

FABRI CATI ON TECHNI CAL FI ELD 100011The present

womem4sens generally rel ates CMOS i nt egr at ed girfiGbdotBo75.49
and to nethods for their fabrication, and nore
specifically to I ow contact resistance CMOS circuits

and to nethods for their fabrication. 5BACKGROUND
100021The majority of present day integrated circuits

( LOW)coFrAcr RBEETRIEEEMEY ct8UNE ATUEF@b I BOROFHEIR EABRICATION

interconnected field effect transistors (FETs), also

call ed netal oxide sem gghduelOffjel d ef fect
transi stors (MOSFETs or MOS transistors). The 1Cs are

100b'ﬁ u alﬂ\é’ pr(t,sQr[t qneegm ct[lgtlhprgltabs Jﬂ&@:%ggrgcd c@r@gts rndcé h a N gs fow%g%abncauon,

en referre

““‘*6‘?°“‘(§thi§°?"ﬁf°e‘&‘i‘ %Pf‘!éﬂ resippngg YOS fieyits e ol BTG ng

trend to 10 incorporate nore and nore circuitry on a

single IC chip. To incorBoF&tR Y i ncreasing anmount

of circuitry the size of each individual device in the
100031 ¢ c hg ™AIpHY R @reSPizEY dpitkraicd Py (5et we drplarsypt by using a plurality of
incgbgrawt Bld ¢he thedtowr @EB), 289 ke ncdieedid assicondiRer field effect transistors
(MOSFErydr i uaﬁJls&)EEl? Niks Iéafmhhﬁizﬁbﬁrﬁwhsﬁré,bo&/%aﬁﬁe@m iNSh RS FETs and the

1cC @ngn rQPcnl;](% ot e%l’n%{%m%ar? I\'ﬁﬁ Eﬁ()% Imrtc%r%lcg l ?g@)n tl?ére lrsna'l §otntinbu§1g trend to

. I nter conng er con
R C St PBA TR G- FETTOGHE BT Shops of ity e

sizepof ecls indimid ! flosicin shg cireit el the sizh algedging bitvet tlevive tlvesain (thdfenture size)
musC ORee! The Atiddtah@en@his 60khd ciRbi€MAOE rafdSiofsRed @A bALEI® and active circuit

e!engeﬁts Slllugrq’e Wo%&ﬁﬁy utegﬁor gﬁgtcgrﬁhcrd’rﬁé I:rﬁ&i%fft@hel dQ&éc?&%tﬁ(sﬁmcnon Some
i3 s:s ce ss assocl tedgmg Cag, roaant %%eenateero c{i:etrr)rcent ag it el Lne As the featu
fi Preait resic st anee AP PEod B8 ‘ffééfé“&gte e
S'Zede%‘iﬁeis't? CPEITOTBYTC HOFFAYS 18 PIOmemBer P erente Berpritaggrpfthe total circuit

resify@tep ks tidamreGant dagtasd el IS¢ aaneectd) 600 ED o) fhen @R6 niiBidtbelow the contact
rcs:dtdﬂ&ﬂfcﬁc&[&ﬁ mofdtand @Bk Uhﬁm&lt @8 fe@tflrc-?kzem b h& 6ORna&! resistance !:kely will

dom(ngé l'ﬁ{g &pfgl%mllcle Krﬁesy SOME mnovg%rrxr!:hgg‘ tese th CpnlasQnt e r formance
unl ess sone I nnovati on chang S e present trend.

[ﬂﬂJ:spOO;\%ﬁ ocrggéglltr}?dcgﬂ‘able Eﬁk%:de ?o%.rl cgnaull%f 1%3 gta?lcéo 61’8&5% 1ntegrfxtﬁ<¥\</:1rcults In addmon

CIre
it ﬁﬁ’dtﬂftb{c “bfr‘fm“dez*tiﬂﬂs f‘?‘éa"ﬂ‘@%‘}gr“ab?"é‘a‘tt &SPy FHES fwertistis TRy Purthermore,
othef gdyirabie daivrrg addoharsEnitisod! teesset anoénGMDE:.chmnd @grrat 8¢n the subsequent
detallddrdeddifeiSn addUfid HEMAAIAImsOLRE in ERBRHEGDWRL §:0 AcsHh RSt Mhwings and the

forefeRBhRAGE SN dofltahdRa@loudshe present invention will becone
apparent fromthe subsequent detailed description and

t he appended cl ai ns, t unction with the
o R

accorrpanyi ng draw ngs oregoi ng techni cal

|0904|I el fg [o@: ?%%?szancmgérggi CéSrE:Jul\l/{vARI\el rgggx?ocﬂnl(él one embodiment

the W%PB%?“ TRHEROBRTSERRTES Ui itien B cleritiol 1t o tni-oerBguit regions

and § ppeend radsitidn -wRtplaliffetenictpnmirel fee Saraitibi metl depisiaadly tduplpd oBted-type circuit
regicat, @Céchduc@ls bytri& Q@b adict QcH JT@e Nrst YdR8idmi oG inl thE &Q&n@ B$hsi@lCnetal and
apm? négﬁ,oaﬁcs%%ﬁ&h&%@mer%&rw different than the first

ransition nmetal electrically coupled to the P- type

[DOOQ]I r C{\LIIJ odJ .'ﬁ.g‘;n%{ni%d for abrgﬂd?% ltolv\(/:oentagttargﬁrxslta%:re é:lbﬁis mtggmtc% cldcuu ﬁavmg N-type

transrtjon
s TS R PP IR iR ate BYRTPIEde feRed comprises forming a
high pasriad height (etallsiicids i@ rontaghyvath the P-type drain regions and a low barrier height metal siticide
in contact with the N-type drain regions. A dielectric layer is deposited and patterned to form first openings

exposing a poriion of the high barrier height metal silicide and second openings exposing a portion of the low
barrier height metal silicide. A low barrier height metal is deposited into the second openings to contact the
-1-



10

15

20

25

30

30[ 00051Met hods are provided for fabricating a | ow
contact resistance CMOS integrated circuit having
N-type drain regions and P-type drain regions. In
vacroordasyse Wi th one enbodi nent the net hod coeapriss®s007540
formng a high barrier height nmetal suicide in contact
wth the P-type drain regions and a | ow barrier height
netal silicide in contact with the N-type drain
regions. A dielectric layer is deposited and patterned

porttog oftpe.rtm-r Edn’feﬁ ﬁe:g‘ﬂﬂﬁcﬂdl Q%dee‘xﬁcpzplﬁéhrﬁgmgr hggﬁ tn'ethQs &Bosﬁe'a %t(hh@iﬂst openings

barrier .height. netal
to coen)t(af)t 6hsc porélon fg| ¥u h bamf:r lfeig?l{]metﬁq Sll:c:c[slse gornguctwc c m frcg 15 dfpof:tcd in contact

withgthq higly bygier 'ﬁ‘gP’dW"E)&‘\dr"f"é itheHesy ber h‘é&ha'l“‘:‘?@“ i2pbEgeqpfh pRFRings are
filletl lygh sdgordl io penitgs the condarnteaeadping heer. WO

2007/ 145695PCT/ US2007/ 007549 portion of the | ow

barri er hei ght et DeIARIEIICK OBAMHE arRAWNGSbat her hei ght

netal is deposited into the first openings to contact
[oodshe PRpitannvedtioh Rl hb’.e@:ihemrdﬁsim&fcd h@&nﬂ:h&t:oﬂﬁﬁlﬁhe Sl d@wing figures,

wheém‘iﬂmul‘é.faﬂsMe%otgﬁ‘l&@leﬁgaé AUShekiz deposited in contact
w th the high bather height metal and with the | ow

(oot hl% ﬂﬁggﬂ& {gﬁ%cﬁgy tﬁﬁpqobtlc'% cifcén(aaﬁem e %@&Bﬁ%@&é@.@&&gs

are fi a In contact wt
oo R R st e %?%“EE&‘?%‘?“@R'“F Soped EFLF‘E

[000?‘ éﬁl‘ ! 8 qlregatﬁglf) Lg;tgaﬁt Ir?;g?r%sl\y §‘¥°g"é‘th%‘f%é"d ste?(s Pé\l’.' tF fagnc€tton oga CMOS
mfesaﬁ?ﬂ* cm&rwwrdwem\ﬁams eipbodiriepsefihg @ igf aphi cal Iy the
probl em of contact resistance as feature size
decreases; 100081F| GPEFAYERERRCRERION, il lustrates a
conductive contact to an inpurity doped region; and

- 1001910[ 000 FARiESdetRled Gssiptiamnm mecix| ckamplaty i sétwratm, is pq iggndsigro limit the

invefRA bi BdappRERidA ARl Stsedl e fibkntioR EFdrBdide€ AlleleQiIncDifitesRio MBS bound by any

I t \ .
expr’es@e‘ﬁ%g rﬁgii@&j m@d# %ll&ctétec:l ﬁlvgg %%eﬂﬁg %Eh{‘{AMIai [}’Eld @;C%%lﬁd brief summary or the

f"""f’ﬁ'éf‘ﬁaf%%scf’?)‘l"f‘ow ng detailed descri ptl on is ner eI y
gp %ln nature and is not intended to limt the
“""l”nv itild

Sigpfes F’H@“eé‘ﬁﬂ“i Rf%hlﬁ% copfagt registance itj‘.ffeaquFesxze decreases. Left vertical
axis PipdiFites Gatre Figg infperomore, Righierticd sis? iidipttesroitshresigantsers measured in
OhmROHG oMY 28Ny iheRs 8&8@the® kode MPITEREbIEN RAE YindMaeS RO t-@olbdy package
that taagmfgﬂlgs(:?g!irﬁglat ‘?é;l{l&' Qz@l 'f‘)lp%ngn a b@tﬁ)%gr t@c,lﬂm:ﬁ]ogy %ékﬁge accompanies -each
mducﬁ%m%ueosli'ze.t A%cvicc that is fabricated at, for example, the "90 nm technology node" will have a
minimum feature size of 90 nm and- will be fabricated by a process recipe specifically designed for devices of
that size. Curve 26 indicates the progression: of feature sizes as the industry moves from technology node to
technology node. Curve 28 indicates the typical contact resistance observed at each of those technology nodes.
As can be readily seen, as the feature size decreases-the contact resistance increases markedly. The speed at
which a circuit can operate is governed in large part by resistances encountered in the circuit, and as feature size

decreases the contact resistance is becoming more and more important in limiting that operating speed.

[0012] FIG. 2 schematically iilustrates, in cross section, a contact 3¢ between an impurity doped region 32 in
a silicon substrate 34 and a conductive metal plug 36. Although not illustrated, the conductive metal plug would,
in turn, be contacted by metallization used (o interconnect devices of the integrated circuit (IC} to irnplement the
intended circuit function. Contact-30 is formed in an opening or via 38 that has been etched through a dielectric
layer 40. A metal silicide Tayer 42 is formed at the surface of impurity doped region 32. At least of poﬁion of
the metal silicide layer is exposed at the bottom of via 38. An interface or contacting layer 44 is formed 1a

contact with the metal silicide layer, a barrier layer 46 contacts the layer 44 and extends upwardly along the
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followi ng detailed description. [OOIIfFIG |

illustrates graphically the problem of contact

resi stance as feature size decreases. Left vertical
vaxrw7/20695ndi cat es feature size in nanonet er crRisghtoo7s4e

vertical axis 22 indicates contact resistance as

nmeasured in Ohns. Horizontal axis 24 indicates

"technol ogy node." "Technol ogy node" indicates the

technol ogy package 20 that acconpanies a particul ar
walls@R I KR, s&dl Z Condul¥RinGaHd ¥s @dﬁ;-@sm@(l SkEnd mp@}e@ﬂﬁll%%@? In prior art
tm@t‘&:%p IFQ @mﬁ%ﬁveeﬁl&mugc%gy&gl{gé) &] a ugm %P conﬁcuué Saéer in gcglyal:tcw%h the silicide

abric
‘aY*f’eac‘H%%*r"d’g‘vd%\B% ‘ﬂWYer‘Y%w ‘%““ﬁ’i ‘i‘ﬁehﬂﬁ‘ﬂw“’ff‘%“&t‘ u‘?’b"°§‘f‘°2‘ég ¢ TiN layer and
filiggthpiyit-and wi || be fabricated by a process recipe
specifically designed for devices of that size. Curve
(00R] | (it tetaltcergact tadstapre®g piessicold inhe sheaf wregl shiz@sesaslicida @2 to silicon 32
intekfite WSikthnte ﬁpu&e&s.mnm toesne hDgyir nee £26 LHeRRVALQAY interface resistance
R, Be ge?istan@ﬁ.g @m% gtél%@&n%%&%@ag%rmel a%cﬂhe :%é?sn cecl{, made u of('jl.ges resistance in

resi.stance OPSErve hose tec 0 ‘
parallgl o 52’ TRV O B e g matglal e TRiS & v B SRz BRs + Re + Ry, Various
embgdimersnafahe intration @t ta ctduce dw gl aproast ferigmealely srimkagRy and R, and by
redublag Rg pe sk &t Tohil cGhtacBreGdtdn&Us Iedtﬁ&fby@l&@f@h&eﬂ:o‘ﬁorg&\éﬁﬂ&eEiterface metal,

barthePla)e@ @D alcoR¥eril ERlgFRRE ES encountered in the
circuit, and as feature sl ze decreases the cont act

Sl n cRemdttc os i A0L elolcation of a

19:1{4?%1 ﬂc@gf?o bofh ﬁgg@gﬁl@g\g‘é“?& & g@&in‘g‘g%%ﬁ%% % .Bl o aiion of a CMOS
et io ‘1°§?' oF {1} PAfLa SOSp ey YLE BT oo i et
of M@S pratronseh ara el iour prdygode te dntqrestypiirevBR many @ngitiona aaps will only be
menSoHaS brfefly Bre3dlor @flthe ambiOGtkely iWwiunRdvading ittt BGwn MlotOtd@ils. Although
the t@l@:{ MdSI ddader %&F’y ret‘cgeo &QQELL!IQ‘;IIII VaanEEEEa@c' c[c@tlr*oldganw&%x%e gatr?qulator that

term, \Unll bg usel throutgt?ogg 0. rccfcr to arfy sgxﬁ:conguclor éewc % t mfﬁudes a fon ulctcj gﬁlg clectrode

I nt erconnec egrated circul
(whether) F“éﬂ‘e‘i’it"mf"l"ﬁ@“q“ﬁt"é ﬁ'a*éfa“)dﬁmf ERPHIOPERYET DIt TR thets ofide or other
insufapr)mbgh. imu@ns wpamedgensenitcadugdr sulsatte.has been et ched

through a dielectric layer 40. A netal suicide |ayer
[0014D | EMOPECrEin@itded NPurgiy dfatehambl MIOPuinbittyrs D@ BP-ch&EH] DS transistors

54, cg‘;?y onAtaclJ £a8ikn .Qi uhQ;Q{tEdl Qﬂ:s@cﬁf sltx]hﬁ'n um%h@kn a%bxjcéizﬁé tgaq" Id @X}%K( lnlc]§dc a large

num@er o?%uc? transxsforlgeas Qt%t I%fgr{c]) anfplemem esaesxég cmt f\r.mc “fnh '?lﬁ initial steps in the

contacti ng ornmed I n COI’] act W
fabrigkip pt 16 5P pre |°?i’ée“f‘%{‘§'é9 the girygtre rgsplping fapptress geng frillugisted i FiE: 3, but the
mnitigl geynes thedt lvayvek @ thewrd STheljSiia fabicytedadnGisgicéntpabstrAMB4 which can be cither a bulk
siticadOhict hAMGRAZRCE LG GOch L QDA 24 On WallidiiSe Qbsttd s, 8as @AGheRin, the terms

snhc%g ELQMCLAdVQhJJPEu%{]daél wﬁll%e u&d %6&9&:1;;55? q“‘:(;\{zgl(/el% Qure prq QR/ lm?]umy doped

prior art ruct
wonseE Gl e '6‘?‘?5‘6‘9 SPPURCTRd PHEmEOR s P 7 T Hon s v
otheroifteale tuch g® seaypeimi firvem aechiee ligite Forp ebstaitpitycnetectystafiay semigonductor
matetiall 2baIRIIMQS thadkgstof T2 AN) Pigy@r MOY @dinsiytbd 19 ade RRctlidathBiktiidtbiby a dielectric
1solaluﬁ1)/t@£tonaﬁ§d pIcHHQ?ta%ﬁ]all“y\lrcrEQ rktﬂ@i%l( %@n TIANIJ G B @l) %cre are many

proc%s l.hlatrgzgn Be uscd\{c% fa éL qu %lhc groccss x%e cl not be Je cnbed rheerg’ insdﬁtgip In peneral, ST1

veral resrs
'““‘“g‘iﬁuaé'i‘aa‘é‘” e ‘B‘“é“l %CP@dJHO 1*3'2 SO V1 P RST UGS TR o bseaently
filled withj g fngiptios didterl. @fftersthd tjepdhdefillgd witlt mdishiating imajedidl cleh 4Ailitay oxide, the
surfatd ik ﬁﬁzfli@ ﬁlﬁnaﬂﬁﬁ,a& e%pielﬁfa akhog %e&ﬁﬁdaﬁﬂ[ﬁﬁ%io%h&ﬁ)h e
resistance Ri of interface metal 44 and barrier layer

1001616, AMNdstk bﬁfa&cq)%h@t\ %]%egﬁncm%uﬁplsggpeﬁ Dan b %E %%%y Idgermmmg
:mpuRf’M; @«lr th%lfabzgmbar ch%ﬁ?ei% tmnms Qﬁjan%on%%zg %Qlifgc% ﬁgmor%o is doaed with N-

type é"r‘?ﬁ%‘f“ﬁéﬁf%‘mﬁ‘ﬁ iprppgtis Ff\/é’ﬁtfﬁ"ﬁ‘ﬁ“%‘c‘tf "t"B“‘F"é MPSerapstiet 6t 5‘1’““’“8 58 and
contact resistance Rs- by optimzing RL and Rz and by
10 reducing Rs, R4, and Rs. -}fotal contact resistance
is reduced by the proper selection of silicide,
interface netal, barrier layer material, and
conductive plug material. 100141FI GS. 3-10
schematically illustrate, in cross section, nethod
steps for the fabrication of a CMOS integrated circuit
50 in accordance wth various enbodi nents of the
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of MOS conponents are well known and so, in the

interest of brevity, many conventional steps wll only

be 15 nentioned briefly herein or will be onitted
wantoor/elgpsw t hout providing the well known prheegssieiionrsss

details. Although the term"MOS device" properly

refers to a device having a netal gate el ectrode and

an oxide gate insulator, that termw | be used

throughout to refer to any sem conductor device that
60 éaﬂ @L H‘Qﬁ%y aopgcpmlé%pféebyg% l%pﬁ})tﬁ&tl E:%Ciﬁbséq\(}@%@%éx a%tilﬁ’l opﬁopant tons

er cgnductlve material) that Is positioned over

Suc'baéllg%m'l'”ﬁ tif4or (whether oxide or other insulator)
in turn, is positioned over a seniconductor

l““’s?bbs{“rf&% BRI BT ISR BEe opHitiprRgery! PIUPR yhgpetace of the
imphgity hepprheekiony(@381 tatepgiesiraieppisand 36 agg dorRedcévantmiye| the\d@S insulating material and
imphrkt G EdSEnS 5 5d 600 R’:Lp}éctﬁ)ﬂﬁ ‘22 Gkler Of ga\Mﬁithm@ﬁaﬁenal can be a layer of thermally

gm\!vrl .L:M:%r‘i Et@'}t @edor J@QE?tgelpf(nssﬂlﬂthed l:cl d‘é&?xta@rx{s:ulﬂr chhaaQQ ﬁlgdnac}x%e silicon

nicpf St G0 b B S e TS R e g b devsics,for
exarpile, Y phemictlrvaror @mwosidph CYRPY loapFesspreespaniqahvapdyalerfogitinn (BREVRIner plasma
enh@fed gl vapce depoiios MEHCYMA| G8Ointuldr 51 prefarbtly 1Rs § @fkhlebsi dfigbout 1-10 am

auhaﬁugpm: LARBRiELERS beStcklnliddd bisad &dhé Dpikhdzn oBme M.sl&h.e the circuit being

unp{pmg: ed ab%tes g eec sg &en‘?gg a\r/ere1p§refa r%bg\,{ tn m'ted §§c%po\;;\hmg¢ ﬁattemmg 6:::[ etching a layer of
POVEPTHIEE “EopuiFa-abys 1P of P AT T PR T 6 §ligdes penerlly have
a thichypsy o5bdut EW9rF0) @y.eFhe @rlyayyiallinsilcadt dambr dedsigthrfateaampBbl)the reduction of
silan@Sn dmﬁfﬂrtktﬁcﬁrﬁisﬂicwzﬂhﬁacﬁreﬁmd 1®ird HomR oh AY 8dewalBBFateSleltho8RB4 and 66,

rmp&uaﬁt rTﬂé s@dewm JchenQ gre mgi Jygiep%gg&mn%%lsof tn&?aufn%exlxﬂérfalvsﬁ%hyas silicon oxide

nonocr | he Si
a“"’ﬁ’at“é “éT‘%? “ﬁ‘ix?i‘u"%’&‘i"@ s a"‘f"‘ﬁgftﬁ*é”gé‘écdi“& BHE R toPT ‘i"?ﬂ?ﬂﬁ%‘tyr'f/““"e fon
etching (RED| Piliepg oxiflq 4nd Hlironef vk eap basitahed, Bt tremple Inafdllt, ST orShs chemistry. A
laye Qe FrtaEkibig ideri0,aftind Ran ¥k dxidpld, b k@crtoﬂptfoﬁfeﬂ%t &ub;ﬁit:(ﬂ.{htl ipale}nyd o expose
ne DOROSE NS @J,dcturag %magxe&dtuaqénq R;Egm:@xd Bl exal¥bi€ tw;yg@lhc MBanet Mos

ansi st or

““‘-"St“-f“ RReB S 5p B0 o sbhngs) Vs it e U o e fgpps e
s aif iggyjmyHnpn “mke?'éwa Brfucsty RIS 4 & PP IS gt s orton 58 of the
sxlxc&(rrSﬂHSQmer e g’h@ N-typASoulcs 72vek Hralarmé waionstil®¢ @licad ®bsABO3Ad into gate electrode 64
to cdd PG RS 3PS thﬁtrh@(t: cl6ABd0Bth W u‘h&nnft@r ﬁﬂ:ct Jﬂﬁan@ﬁlions SPbd J‘tﬁer phosphorus or

arsex@cr xgx%e%fe pn:%%lgd Q? lﬁ'l? lgn%%a(taﬁg$ remo%%c?and unﬁg%r laé/%r of masEnfl%xﬁatgml again a

es al
L A M T LA L S
Usms Higgtsecprst layertes eaerordt thayk hitgrialed anjor inplantatiop gk ttipe gonductivity determmmg
jons BRL &FHodh iondirk Bﬁpleﬁlilacﬁlntorl‘ef}ﬁd']poirtﬁxn 60 b @Okinabd Hbs@ie to form P- -type source 76

and Mh%’d (@él&t@gl LH%!Q:BA ﬁLstrﬁtUQ(tb e gfﬁtj: J![J:CE‘QQ 69 &l cgr%lzqht/ltl'edoﬁ%zft Q&gelcctrode

with IPS u?nlfl %nue? lpqr eacg?i: Léc at nsasﬁoor Ele%)lésanag g d%;iaeticgiouqcequg fjr.ng regions are self
a**‘c’-“%w*af&%gqffowff@ﬁ 58 e phillsii e egnvils prpsseiva tadditjogal gidgyat spacers and
additighdl hnpRat:yopemORr dugibdyey iotcyeael @bi@ kXrnSibm chalo ifydnist de@Sodr@and drains, and
the hﬁ((h €re fv@m.io%@t:ﬂp%ial@j b)Nh&.b @Hlﬁ@lm Mﬁ: thstmr&t g’rforﬁlg!g %@:d;ource and drain
regxogsnoqglh ﬁr 3 ur f Ppgr ! II %S%ansxs ors. c?ﬂnne rev V;nscl:i h Nt ype

uct|V|ty eterm ni ng I npuri or the
i stors . 54.

abricatjion o I\/DStran
[001%8 In zgcor%me évo%ﬂ 8%@?15 2(6161:/? %w%f ﬁskxxgdna&:g (E) éucn as a layer of
tow ‘F'PP;S@N@W“&@W& is feppsitghenthpstiancd p3lystidedi IO e tTht pxshofantking material
is pawobd edaente tdreirimakkigeainkOD fand 0P R tadieQREneSUBMRAMOS Fansistor
54. 10 B&&n@&dslﬂﬁ 5:8045Gn ctdORL bl @nytch[%se‘agsm&m keﬁ’nﬁslﬂator 62 15 etchcd to expose

portu?xg QP? grg.rcﬁéé %%1 c{raup §8 g?ign% I"[Iﬂ§ %Jcﬁ'i‘}g sl?cg lsnggoe%cldQO re:move afc’ny insulative

ace o regi o

mate aﬁﬁ“d&f’ ETEI SR BB 4 a‘ﬂd“%%a“é ‘é“hfaa F‘ﬁ'?é’& “ES’Q}QF‘I"WYFQ“‘{“H&W (not

gate insulating nmaterial ands- 5 inpurity doped regions

58 and 60, respectively. The layer of gate insulating

material can be a |layer of thermally grown silicon

di oxide or, alternatively (as illustrated), a

deposited insulator such as a silicon oxide, silicon

nitride, a high dielectric constant insulator such as

Hf SiO or the like. Deposited insulators can be
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20 transistor structure and to expose the N-channel

MOS transi stor structure. Using the patterned maski ng
material as an ion inplantation mask, N-type
wabnduoiséssi ty determining ions are inplanted pict8z007/007549
P-type portion 58 of the silicon substrate to form
N-type source 72 and drain 74 regions in the silicon
substrate and into gate electrode 64 to conductivity
dope that gate electrode with N-type inpurities. The

ithuded) 30 hifloa RN SeighadicRe fo@xhxh@%gtalm%mro@ &Qrsm@ﬁx%eﬁh fn contact with the
expLsQ&r]T%omoglgteP %;?etsgtg enl% Qnd]l daaYne{éi r%’,gonsﬁé ﬁauﬂ%cﬁt gg Ifigrl h:gh bamer hei éht silicide

ano her
oy e Pefelf metEhm ey h%\"‘ﬁgé%ff‘”af‘g‘}b HB 5B fotlicor o gﬁiﬁiﬂ“raééf teast about 0.7
eV gfitkidedorpat inetnln dek ricgt teix pivsien dtheledbivarmpds itline abd @ngirst Drecordance
witlSdrk WRbdA@At. of UR i BntibA ih8 RGO REL kid ¥REid Ot hedll RadadiBfHK example by

mleﬁch%i a@tlleaf’ﬂ‘t% (ﬁﬂq) ch&uéelmlsﬂaaeq{nln@@ rAEBxStK reP c:th @xposed silicon to form a metal
1l:old ? L[*\I A t% gde1 mun I onsraSUS & bgr onetal onc?d %[3 P-type gat
=1 LW RO ?\fl“%é" '|'6 Ft 10 AB0° SteoPhad 3oL giipide 84 on Petype gate
clecgopg §6-r Heallieids Por arPutiippraraspuhetsdhergs anetedilispm SfBide does not form, and
the KiBdeCOrBriti netah @m&ihd inE:BddSH DBEE: hatsewiaiRGhckd ¥k Go §@bRd silicon such as on the

mde@!ﬂ?&tu!‘egdﬁe @a@yogc@ S0 E}Q%tlﬁcvt{quMnngﬁ? %e%%nlﬁ!d@ %%Qéj fretal can be
rcmoveg By wet eLXkEngtn?]m lﬂ)r/lHth ot H'I*F(?;)’Hg?so?uuon The sxigmc% oafggdl h§0t LLe se!gc:ed silicide

I'n Tegl
f°"*a?géneéaé$| fprms 3 Fhosky; cgﬁ@aw\met*’ﬁypﬁ Filicog %Wé*g é F%'cv?%@gsmﬁﬁsw the P-type doped
sourtdyod draip fegioksizhd to the Pitype daped samieleduodeppr eci at e, addi ti onal

sidewal | spacers and additional inplantations may be
oorenp| Oyeeatctned Byoe at easkliigahdterieddD &Nsh@RAGnd Aedier lay¥p bafisiBgg material 86 is
dep&@eﬁanmu&&g aﬁn&iu-ﬂ!dah Bi8: 5. aﬁ'nd !atyg%f )lm‘skzﬁg miltlnamak LB @:Jr @Qmpga deposited

layc?‘%}r?%wetgzlq aitaglge QXdc tPQe%a erol§maslha% matena IS altcmed to hat ;Jhl?annci HSE transistor

ng € source an aln re
°Z g E?H‘éf‘ﬁ?]‘éﬂ"”%%”f’ﬁ‘é‘ YO KRR >4 ks T"‘n“%ﬁ‘%‘l‘%‘f‘b‘? gsce aﬁ“"’d'é"h mask and any
expgs@hpertigied gatf BOLBY bhis alchod padamegomipishf Eiyre Friogel i tiraio {74 regions. The

etchinf) aea iM@kdd A reRovd AaMARsuREve FAGHKL MG R tRTaindh gBDolecBA46 Ba. AB accordance
w:thaan cQIM&!EmeQI of ll:r)é mlregtygn aq{@F&:@t:h{xr le§ (Lf4 19‘9 gan[i] rth%:khq %ﬂlCth f%ﬁmng metal (s

P osited and patterned as 1|l ustrat

epﬂﬁ*&‘\? 8¥" ¥ SHSRIE] aﬂ‘b‘“rfﬁ‘t“’éf it thq @Pgsect ‘1"%‘%&‘ - 8”1 VHR"% ﬁ‘i% drain 74 regions
and gt elacirade Shralk ilavgpanice lahtrdicidd/oBnite metal] is oot & Retalrigving a barrier height
with@pisth BigcolPo CIBE Baeibo OB eV aANGSEVDN IosD tan 8@ opadt shiti@diorming metals

that %ect Khﬁ &:&i&?&lcré’d@ @pex%&@ ym&fn @ﬁmea@éprgg&prp §§fj a@&&u{ulllorﬂn accordance
vmhlgnci gn%o%menrt] tu the tl.?germéoGz%he tructure \7@1 the sthc c?( Qbrtsm?:ﬁ g‘%{é’? sé Eeated or example by

source rain
RTAge @'ﬁscl‘@ siipideforpdng grefabio reé%wleexa%gﬂ Si"'ﬁ%P Br y metphgifigifq 8jat the surface of
the W-hat¢ sangy 77 entaiah Ohnregad ended egilsbicide BGon NpagCOsiGanic ®4. Again, the

silicidd fofnsaRy rﬁ?@ﬁer&lﬁerdxh&pdsm\éﬁmﬂ Qficide doByBl fo&rngtd the Wikide forming
mem?QQIZAJu‘L?e@&% UF?M)S%%% hggz.l%‘]égls }1(! ich?&.gJ salfcgtg guc Is on dguzdewali spacers, the
ar rier i Cl orm ng d posi ted

eXPORRY S L f"ﬁ‘é’“§‘t" {ng fagera Rt “Pfﬁa%ﬂ‘e%tfww"% ﬁ*ﬂf'ﬁ'@ﬂ *@w&é@dw wet etching in
a Higefl£P o1 FOMLA yqhsion oliecsdicitd fogrrd fgmahasePodr dligide frmmign ghetals form a
Shotgat@taed 18 @eNOgR: SiGon Biping Rilghcdaatitstlandd @b GRIN-Ghti BdpddQource and drain
reg.ot.pgnmﬂge m@&opecs gamrgﬁ&,ra&e %m@kde be@whg @, ﬁam% atb%gmsmmd

0.S1|

by htanm? louves: n?e e s:hcfdg formm metal?tgurs OP%I?]IZPT an?,rgzd%ce fhﬁ méertIace rcs:stance Ry and

the respstapesrof @ thﬁ*é? e, Rof oﬂhhfé*ﬁfanfﬁ |ilsstrater (i erder dnerbipt de piffidn regions are

form¢dragigcorc@ngd thaGilisidt lgion es gmm frent _bﬂ'cfrc filrgiel ireRi6 6B @84, In cach

step &bﬁhcﬁk E‘dﬂrﬁﬁxﬁlﬁa@aly\éak be &Eﬁlt&ﬁ] f!)ﬂ eanQf% b§ Hulid-Ag tcnﬁhi@llne&s 8f about 5-50 nm and
y

el rapid thermal annealing (ETA)
prete g@}:()aaﬁhémem%%&éﬁumm ‘I'de” f or ni ng netal to react with

exposed silicon to forma netal silicide 82 at the
surface of the P-type source 76 and drain 78 regions
and a netal silicide 84 on P-type gate el ectrode 66.
The silicide fornms only in those areas where there is
exposed silicon. Silicide does not form and the
silicide formng netal remains unreacted in those
areas where there is no exposed silicon such as on the
10 sidewal | spacers, the exposed STI, and on the
masking | ayer. The unreacted suicide formng netal can
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WO 2007/ 145695PCT/ US2007/ 007549 100201Maski ng | ayer 86
is renoved and a | ayer 92 of dielectric material such
as a layer of silicon oxide is deposited as
WO ast4sesed in FIG 6. The top surface of | ayemwsadrigsso
pl anari zed, for exanple by chem cal nechanica
pl anari zation (CVMP) and openings or vias 94 are etched
through the | ayer to expose portions of netal suicide
regions 82, 84, 88, and 90. Layer 92 is preferably
od@posidsiadl tyr & it inod-e MAANat2 e HEGRSScadk) QucHBYa ID@r of silicon oxide is

deﬁﬁ@@%llﬁu@tqﬂed m&[é Qr T%Mkﬁe pray@r 9'2 %Qarﬂgdo@)?&%plﬂytcﬁg%glhnechamcal

pla.{lﬁ%lzauon {g%g an% nfnlgs Ol'yVlaS tg ?re gL?lYed gxﬁoaglt lg ogéer Zc{)}%orscgpoﬁgv o% metal silicide
regjopciZuttels. 7d ?0 dr¥ith tépfef&nblé‘{ee%"%*tbesplwav@ﬁmwe Pogees ahd maytbe deposited,
fortekrgnpletbe hi IRGVOfprdckre. witaegh don illufyagd, | hykUBt taatikclode fayers of more than one
dmam@mtamnsndwoazs:aﬁ.rs Gua$ MOUR, bhAbmSX ROSE: RY ﬁat,ér%ﬁmmte &Dacmng of the

v1a£n?1¥i S 1l§ustra 19&: cg'lgo mﬂng@ats grc%%\o%-m'ihato d;goss’;e eaﬂ'tlogls oq the mctall%?n:glgc orr]x (§€tg electrodes

6 e clircult el ng i enment e may
BY ForEat et ST b BRI g FOBESTTO] TORTIAR 21 o the gae
elequfiegstrated in FIG 7, the nethod continues, in
accordance with one enbodi nent of the invention, by
(003 p o 2\ Elivsigledind 1P &t hemahad gorginyra Skicrrgdaha yith o@Embdylgitiofige invention,
by HpyRIng 6, paWddhifa B@Rink ByerfoOr MAMAINAE: 962 whity/ &h 18 Tfor example, a layer of
depgs.%p&)!%&/ttegger!itg‘@/nﬁrﬁlgn N%ﬁsr}tu’d%: chpsslé IPgﬁamnél g@%&sg{op%dmé 9) mask N-channel

ose an ransi ) .
VA R L R A L ) SN —
portiqarph (Pesef silipiginicsiona 82 gud 8t Atliyer abiraritiprripdtal RADS depesitpdsvert thy masking layer
andtegrer@iop O%LviA 9 @l chit@nmad] siftitakgish Bt aidde TR glyansrBation REtal contacting

P-d8#d sifivoh %@ﬁbl{gﬁastarb@rﬁ& HeibR mv,dmrs@h 1 S1idof QPO Skt Bk VG to about 0.7

th E\Etabqam nigr mc1n me[‘]éplayer 98 lnz:(luzg grzexgml nt jia&/ uluhandl%ﬂn)}:l:ugx ha¥mg barrier

*“’-*Ethlsa?ﬁ%f‘ f‘idc?r? %feaﬂw'efﬁihtaawf’ng’f fi"’ﬁd‘ﬁ’é‘& Sihes giile eal @i gpltypilver, and
aluriyigign @ud e pliogs alhaivd ok hagp barier B bttwie 08 jakd (SOTY. (Theattandit®n metal layer
can @€ @pds@dd, HNRnpgld, byeidadd lafePd-pRr R4 (}QDYor@:\(ys:cﬁ&h&;%b&atn&ﬁt’@bﬁsuch as by
Spulrtegn tﬂh@ﬂ?&r Ll* é%l?mll&ﬁ"m@tla; Ja@é(e%n %gouk pg Lquﬁil H\Ltq{ rﬁ%‘@@ sﬁﬁcxcm amount of

thegamt an. atinum gw ng barrier
nd 0.y e"’ég PaREE 16 SRR AT P B YS mBt ‘ﬂ?g‘l%es“ér"%‘tng gud 84 and the
OVE’@I‘W@P’S §‘l§‘ia¥*§b‘l’”é° ’ﬁP‘B“”a‘V é’”gf'é‘l glomegput yegy littlegpaekitiap wer! prilkeeposit on the
sidegnitd of theetias. al | oys, all of which have barrier. heights

between 0.7 and 0.9 eV. The transition netal |layer 20
[coxpn bPecdepesidzeger 9% akd LB&X;&H]BB 6% ralytioA n@Bl 98 tady@flies the patterned masking

laycHEPRRbel a0 aﬁﬁh%g?sf R rﬁa@énan\ﬁ@m &xem@@%g Hn?.geﬁ(aﬁ’\{@md in FIG. 8.
Masﬁmﬁrzl)g,r ?DO \}//}uc% a%abn ca% é: l%{:)cxamgﬁe a %?eir o%aﬁ%ctsucd?ow teméxamtare méndg is patterned to

'S ne
xPSt FT"P"(‘)’I’%W S FPASIIAE S29Md torResk F-oPARtel YIGH ripeigar] 54 frgludiser lavet 989F transition
metgl e gpesking laywy kskeenfayeiotomodns Predrweaiciibdme! NI taalnsisgr folegoghd pbition of metal
silicld@ g iRRS388ia 80 da SferdiR AnditRCu DY Sl Vdead Go200k G odiRd Abd thczlaetsh@g]laycr and
exi{:lzuﬁng,hﬁo 51%53@9%%&% ln}é;a[ {Mcggge' :o%%eahd QJUtThé/ E; OJ'LI’ Fmt:ogfnetal contacting N-

donss S8 eI Bt PR b Gler e 1 ngfgvmstb%‘“aﬁan Pl o sbout 0.4 oV.
S"*ﬁ?&r%m@rfordfansetnamsfﬁlt'#yenlﬂﬁmcmie Bgeahiple, seppdiyr fnd gnagrqgum that have barier
heigpabt @¥ned orask irdagecdvaly eind all@s bEIRX agtad N Dayd @B liod AYVAI102 can be

depdalﬁed n@smaﬁﬂe r@ta%ma‘ayeg-Q&oé:&nQﬁpﬁﬁértpﬁgsw@n\gp&QEJOE{ dﬂng@ﬁsuch as by
Sputl!cnnﬁ % eegs olf gbou! FS A]&Y%m k(lS n&]dcda' ya suff;I'Cfentaan]ou%oP the tgansmon metal to

deposi

effeqt érf‘ﬁ"é‘ﬂ“at"u‘f‘"?ék fﬂ“f‘PP d’@mf‘ é‘“’p‘ﬁf‘i‘ Slifidy “‘t Beie FB<r 14 o dhfrreFriving plug
metfl}f2Riop thatnsbistaentib @ bapabotitgl- mask P- channel MOS transi stor

54 including layer 98 of transition metal. The masking

| ayer is renoved fromvias Qé on the N-channel MOS

transi stor to expose a portion of nmetal 30 silicide

regions 88 and 90. A layer of another transition netal

102 i s deposited over the masking |ayer and extendi ng

into vias 94 to contact netal silicide regions 88 and

90. The layer of transition metal contacting N doped

silicon preferably has a barrier height wth respect

to silicon that is | ess than or equal to about 0.4 eV.
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renoved and a conductive barrier layer 104 is

deposited in contact wwth layer of transition netal 98
and |layer of transition nmetal 102 as illustrated in

WHD BB07/B1569Fhe conductive barrier |ayer preventegr/gs2007/007549
oxi dation of the layers of transition netals, acts as

a barrier to the mgration of subsequently deposited
plug materials into the surrounding 5 dielectric

| ayer 92, and prevents both the mgration of plug

oot € rMa@lmgolﬁyep k440w ired: %Br'n@'l off QhisfloR) g‘netfalelgﬁzl: ant cﬁreriymg Qhel rrlla@kmg layer are
rcmlil)ﬁ (i co:l;]cgct{vc Lalrr(n: Q'Ily an(gi is %Fosxtedgtt comac? wuh {ayer o tﬁmsmon mctal%{{ and layer of

ra Ul
“rﬁ'ﬂﬁb’ﬂ%‘i‘ﬁ%asb%ﬁ“‘ér F‘S’y%r T‘rcrfevdua@c baﬂsz ISk RSN OFiERtign PEA lavers of
tramitipy inades, §CT5iapl) bagried tottigndigrdtigme ivitiseunaldy def@Md plulraterials into the surrounding
dlﬁ&l@&ﬁlﬂlﬂﬁt 92V ghd l@&w’nis%th |tiﬁ)§€é’raliela&‘ ph@ nlepo s ;I[L%dnatef'xgrfonnmg reactants into the

Igen RX dl'e d&é/rgion%l"g’mogq (fP t}{p lugTJnNer@p dSuTLﬁNz lﬁ:ﬂ&a@lfgf%fe conductive

b i nﬁF X os|tlon an sequent njtridatlon
o i 0 0 S8 R ERTD P G ae (] Fijageucive barier
layqs pasfba Aeppiityd. Feagrample. fry BRGIES 4LD aps PVILOTiNerdTiNeseR 2w be fegmed ppdeposition
andGhbshue@l @eitiftiog off g 0O @nudim, ads@titvel - 1o bapr 8B Chre@iBably has a thickness, as
Mﬁ@%p@%dl&f&%c%&b@m aBut M Ay, % ap&eag.p&)lét thd b%ttﬁﬂ%f VD84 of about 1-

5 mglhll'gektgqmcss &s ZFP e?f: e6¥o audlejz%tth% resnstancn‘k.r ofnpac%mnter ayer xF]héle maintaining

I esl st ance arrier mal n
sufficipp PEimER to Fhpekbregrogrgte éé‘ﬁffélvf’é‘"‘t"hé“ LVl L vivie: EIG 5. o the basvcr
metp e iefepqird] the viegan bl bg deppditing 8 taya it BCh{ ungskeh,Gopp®r, or@hergronductive
matbrfd€toF@tral BhdusiRt flhg. | BYEELIY Ge AEROSGE bRE matErhE:s\éivp@& 1€ RBuch Bie resistance
R;. f'ﬁhé :lzoﬁﬂxctp/l‘ mg(%q)é:h Lé (pagosgedl f@rye pijell'g E’% Lll_“tp %be&%le&gglgﬁcal means.

or ot her conductive material to form a conductlve

iOUﬂl UQAS fugtra%dgrp lFYGt thgocgrgi%lc%t; llexg %%Jgren’%tcg tg}ed ik ?ccordance with an

per 1o reduce t e rest s onduc
emtRRPBY PO AR BeY FEREY ‘?"eﬂdcwsrca'rdu%%% gl pgucsgefie yer 104
and @yEitiopmetd [lyers PHEeH Pl bk pransn e00R fibfaceiof Higsdicadtyed?i The excess
matérla(Gran bOremblre, HOREMI, by eMp] URE Bdultibke ftlétre ie:ﬁluﬂ.‘e@ﬁ@x‘dﬁix%!ugs 120, 122,
124| m a%%dm adblich Bt @ngm mmgg‘oftp%slumfsgm 540ar;1d NS wransistor

vi.ng t excess conduct|ve
BRI S e D Bl Tt P o Rootipsg bair ayer 106
Conptgy@:rpgxgsglgo -d43d arfcgtt FRsetvaly. érem@eg@pﬂl cogigctMitha W@qﬂ metal layer 98 that, in
wrnsiglinfeRgacafontalit @ltteBdal kilcideay emta@idg P-HRCso@XCBSBd drEh B re@dns or with metal
siticR18 B4 RBLABITY 86h e1d-Sdae @méh%nelwo%lsto-l:h@or{d&%w didgDebs, 128, and 130,

respg‘éltw w £ eléc%gzliggﬁét v%tg r:l(ér%lnstu!ary %et lagg'q 021%?( in :lung isin € %WMCZI cbntact with

trical contact
] A SRS T2 PR o NS S 8 pin e o
clecile ofthedhchofinet thaasiston nlel the reosuhent phuggs tiemehlUdesr leahtel efclicl vowous conductor
layei¥te @fpratiatdyl QaraBdic oROMCIvErMBcoRBk Febigdncd ayer 104.
Conductive plugs 120, 122, and 124, respectively, are
{0026N e)\lﬁﬁﬁgihin&ajluslﬁﬁhﬂtixﬁﬁa ﬁgWeE Ihe @blidatda S CMOB Ld@fa&l:l c:l'caly 8 w8l continue

by tlxen@{'nm:oln e InHFcUnneéuﬁg Mgs r.%la;ﬁ&lttg Léﬁﬂa&ana@eocﬂgsao‘ﬂhe%nga d@é;@s %necessary, to

I N source raln
comPis RGN 5 R “Hik o IR GRS g g on 1
mmr@?ﬂ@‘@t“lﬁda*es of feted oL eobren ks GIvIORior preprsi Sieby incl®@s it pi depositing and
pattaplinggiledB Hlayct:d Bierl@mcticl:3@cs or Asy, &ppeat bfweddygtivaba@iet BRyers such as layers
of TRV, 8GbditlaE 8 a 1528 ber Whd Be R1idnlnR DSk b QB z&p@i@lcmayﬂmlgaw process.

that inturn, is in electrical contact with netal

{0025{' i \Q’ug%t l&gt 0‘?\9&%@&&1‘{( %owmgrx 9§ vaf Hiregeﬁtey Lg th@@&ie Zé &Jeqaﬁ!:c{hescnpuon it
de 90[%ontact|n

shou[dlel% ?rec dxted u%at % Haést Nl_mg ann an n? gxﬁsst i kS f exampi: %:H)‘iamed gbove the order of
forming silipifeg pp thet -gheengh @4 PrBepR OHS BavTreranferqpreed- dfkepie the order of
forming ramigign perduet 68 alday2 g baregerappn el atnedliys n@t @iy Bdustdoto react the

| ower the overall contact resistance. (00251Although

not illustrated in the figur&s, the fabrication of

CMOS integrated circuit 50 would continue 30 by the

formati on of interconnecting lines coupled to

appropriate ones of the conductive plugs, as

necessary, to connect together the N-channel and

P-channel MOS transistors to inplenment the desired

circuit function. If the interconnecting lines are
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WO 2007/ 145695PCT/ US2007/ 007549 silicide form ng netal

Wi th the exposed silicon instead of the two anneali ng

steps described. In an alternative enbodi nent, not

wWa tosts@ted in the figures, instead of deposiiiugSnzonrse

conductive barrier layer 104 after both transition

netal |ayer 98 and transition netal |ayer 102 have

been deposited, a conductive barrier |ayer can be

deposited after each of the transition netal |ayers
silidkRForRBE e@BPOShd RFbsed ENBdn ihefoad ST @NSH taén@ﬁn@@p@!icﬂn@éﬁe e 2Bitemative

emtﬁs@x&er@ %otqmptﬁfldtu?ﬁc ﬁ%rc@ tc:;dll?yc 051 ln%&%gictlvcrbgf?e%ggg IN anﬁerlilvnt}l transition

t
e SR PO T 10 By 78 192 SRR PR A BRI fryean be deositd
aftef paginafitieitepsitime tierh! 14very s b4ed Aepogited oHEL tiiansisionyagtal fager 98 eapede deposited .
and@igm WitoudBRaRE chm, e bdrauttivdHaLiakih R cad B€ Bbdd¥led@R tk t@kition meta! layer.

And ﬁl@lﬂ%ﬂtet' H%sumgttéhsnloﬂmra} Iaﬁy igze Q%llldt.létﬂg b;IJ.E@ la?rtgr}:grp QJ he\é&ncd without

ayer. i med S
brea?m%vzg:}nin}, O% g t{aaﬁttlor g‘letéqu h éf cfe?ogmgéj ge Coﬂduﬁé{? &fmefr ézycgrxmjinsghately after
depsiting B rpiinERetabigver: r“tﬁﬁ‘?’é%f"d‘aﬂl dprer isTHSERs @rotsfteddien| ofidtipn. t These of skill
in tigratt will dppreciqopthe oat dradidzatepsradditionk Gaoritdag stepb,@pbthe like may also be used in
the @Gl e im@iAGH. ldsﬁ&ﬂlﬁdlst) |b9§]3p§§1§&ﬁhat ﬁ@ @xeﬁ’zpl@ry |e:lntl§:@1m@ﬂ)$r ﬁLrﬁ@anbgnbodnmems

are éfh%yeegarﬁpﬂs ag‘cp ré rﬁ:?m!e cﬁc? thhm\llt%e scoPe al:g) n%angty or c?nﬁ%lra?ion ocrl the Imvcnuon in any

preci ate

“’aYe B°&| ‘*rfé?ffﬁf‘“af*%ﬂﬂaﬁwﬂé%aﬁﬂi ré%“dcér?ae skl i e ot Yi‘f*‘e‘rfé]’é’ﬁ“’%“b“’"d map
for implgipentizelthe sreraghey crebodiingnt edyxdrpplagy, endrodimonst ilgpbnulitbe @mlestbod that various
charfgéseead B/ @& 110 he Iflkct@ Und\@Yangelnet BEElemdnll Gvithaat %muﬁg}om the scope of the
inveRtRh & sl:t@gmqetﬁ&a{pbﬁ&édgﬂm&ﬂmldl meﬁgggl\éhlg&iektg BerforS killed in the

art with a convenient road nap for 1 nplenenting the

exenpl ary enbodi nent or exenplary enbodi ments. It

shoul d be understood that various changes can be nade

in the function and arrangenent of el enments w thout

departing fromthe scope of the 15invention as set

forth in the appended clains and the | egal equivalents

t hereof. CLMSPAMDPCT/ US 2667/ 607 849 CLAIMs 1. A CMOS

integrated circuit [50] including an NMOS transi stor

[52] having N type source [72] and drain [74]

regions and a PMOS transi stor [54] having P-type

5source [76] and drain [78] regions, the CMOS

integrated circuit conprising: a first netal suicide

[88] contacting the N-type source and drain regions;

a second netal suicide [82] different than the first

nmetal suicide contacting the P-type source and drain

regi ons; a dielectric material |ayer (92)

conprising a first via that exposes the first 10netal

silicide and a second via that exposes the second

metal suici de; a first transition netal [102]
di sposed within the first via and contacting the first
nmet al sui ci de; a second transition netal [98]

different than the first transition netal disposed
wi thin the second via and contacting the second net al
sui ci de;

8-
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15a.first metal plug [110] disposed within the first
via and electrically contacting the first transition

met al ; and a seqondspiaiad: pl ug [ pﬁgféﬂ{?egqqz/‘qq? 549,

within the second via and electrically contacti

second transition nmetal. 202. The CMOS integrated
circuit of claiml wherein the first nmetal suicide
[881 conprises a netal- silicide forned of a netal
having a barrier height to silicon of less than 0.4
eV. 3. The CMOS integrated circuit of claim1 wherein
t $d-4M8nd netal silicide [82] 25conprises a netal
silicide formed of a netal having a barrier height to
silicon of greater than 0.7 eV. 4. The CMOS integrated

cilr cui ¥ GMQS iategratedwivenie{ 10] tidvtuding &t ﬁM@hﬁﬁsiﬁ,gﬁt[?%ﬁ%ng N-
S [ t ei
SRR RS R3] diaant & BRieotansiion (641 asing P-type
AMENBH36 BidddFain CLIYBREAMIPEE CNEOE QR4 AR 2k q%myﬁngvm
i ntegrated circuit of cIa|m4_V\here|nthef|r t _
transi ?%-15% "W#?{i gﬁ"‘df E@i?o%ﬁfﬁ’ﬁg the-typerpiiesp arcbdraimtregions;
fromt heecgﬁd)idlﬁtapﬂﬁﬁhe‘ifﬂ'zm 9ifﬁ§en§ﬁﬁﬂ%é@sﬂﬁ%&%ﬂ:@@e§{oﬂ&};ﬁng the
reof 56. The CMOS Integrated circuit 0O

?P‘ alslli?gb%é%‘ggﬁmtrﬁ@o%%cond_ transition netal
a dielectric material layer (92) comprising a first via that exposes the first
" metal silicide and a second via that exposes the second metal silicide;
a first transition metal [102] disposed within the first via and contacting the
first metal silicide; _
~ asecond transition metal [98] different than the first transition metal d_isposed
within the second via and contacting the second metal silicide; '
a first metal plug [110] disposed within the first via and electrically contacting
the first transition metal; and
a second metal plug [110] disposed within the second via and electrically

‘contacting the second transition metal.

2. The CMOS integrated circuit of claim 1 wherein the first metal silicide [88]
comprises a metal silicide formed of a metal having a barrier height to silicon of less
than 0.4 eV,

3. The CMOS integrated circuit of claim 1 wherein the second metal silicide {82]
comprises a metal silicide formed of a metal having a barrier height to silicon of

greater than 0.7 eV.

4, The CMOS integrated circuit of claim 1 wherein the first transition metal
[102] comprises a metal having a barrier height to silicon of less than or equal to
about 0.4 eV.

9
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[98] conprises a netal having a barrier height to
silicon of greater than or equal to 0.7 eV. 7. The

CMOS i ntegrated circui CLMBPAMDM 6 wherein the BEFANS 2007/007 549"

transition netal 10[98] coiprises a netal selected-
fromthe group consisting of platinum palladium
gold, silver, alumnumand alloys thereof. 8. A CMOS
integrated circuit (50) having first N-type region
(72, 74) and a second P-type region (76, 78)
cgnpri ¢4, ngs 5 ipsul.ating material .| ayer (92)

cer ﬁég}@t“ﬁgéf‘%ﬁap‘%‘fwg SNt arhereit ¢hes Brso hensition metal

overly

PI{0Zbecompgisana bl iselsutka@tidie gat | er .
cgﬁgﬁésw% Abirst V'Ea and a secogﬁéjdpsic%(!xﬂ'gg of, sganiyyn and
transt rondilPys Beeeb) di sposed within the first via

and electrically coupled to the first N-type region;

Zg)a seﬁ?nﬂ}gﬂtqrqansi tion netal (98) different than the -
first t1%ansit dirsrmiehrirgitsyolid dvvhdrein théeecs8E @RRsING R metal
aifd] @ngeiskd £aklay : second.P-type region;
a\j:onéﬁgt ive barri erb %}%‘/gér‘ﬁe&%ﬁﬁm C8p 8E &2t tham pr eaahio 0.7
of''the first via and the second via and overl.ying each

of the first transition netal and the second

transition metal; and 25a plug nmetal (110) disposed

Wit hi Fhe 4O fintepratetti distit WF alaBn @ WilkRoi$ AEOREoN] Rl metal
qggr&oyﬁﬂggeg Qﬁne%ﬁ.rk‘élé%%hv 3 b% rier |ayer. 9. The .
integrated circuit o AT g RiR FRstipg @f piatipum, palladium,

#Plngtlver, ghuinrinemlang AR tepegdr | ses a netal selected from
the group consisting of scandi um and 30magnesi um and

~alloys thereof and wherein the second transition netal

898) AobMOS ésegrated circuit (50) having first N-type region (72, 74) and a
second P-type region (76, 78) comprising:- :
An insulating material layer (92) overlying the first N-type region and the

second P-type region, the insulating material layer comprising a first via and a second

via;

a first transition metal (102) disposed within the first via and electrically
coupled to the first N-type region; |

a second transition metal (98) different than the first transition metal disposed
within the second via and electrically coupled to the second P-type region;

a conductive barrier layer [104] disposed within each of the first via and the
second via and overlying each of the first transition metal and the second transition

metal; and

a plug metal (110) disposed within each of the first via and the second via and
overlying the conductive barrier layer.

9. The CMOS integrated circuit of claim 8 wherein the first transition metal
[102] comprises a metal selected from the group consisting of scandium and

magnesium and alloys thereof and wherein the second transition metal (98) comprises

10
AMENDED SHEET



10 AMENDED SHEET a netal selected fromthe group
consi sting of platinum palladium gold, silver,

al um num and al | oys tf@ngf:Am; ‘The CMCS i nt egr a;b@ﬁi/u 2007/007 549‘~
circuit of claim8 wherern the-first transition % -

5(102) has a first barrier height to silicon and
wherein the second transition netal (98) has a second
barrier height to silicon greater than the first

barrier height. WA AVENDED SHEET

a metal selected from the group consisting of platmum palladium, gold, silver,

aluminum and alloys thereof,

10.  The CMOS integrated circuit of claim § wherein the first transition metal
(102) has a first barrier height to silicon and wherein the second transition metal (98)

has a second barrier height to silicon greater than the first barrier height.
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