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RESI STANCE CMOS Cl RCUI TS AND METHODS FOR THEI R
WO-2RI1E3%93 ON TECHNI CAL FI ELD 100011 The pr esenPCT/US2007/007549

invention generally relates CMOS integrated circuits

and to nethods for their fabrication, and nore

specifically to [ ow contact resistance CMOS circuits

and to nethods for their fabri cati on 5 BACKGROUND

%ﬁ%g%%are | Np Igfrr}égr]%(%g&g)e/ ST ng & pI ur al | tﬂ:&?Tﬁt{R%BtﬁCAnON

interconnected field effect tranS| stors (FETs) al so

cal l ed metal oxide sem C&ETHNEAFEHRI o ef fect

transi stors (MOSFETs or MOS transistors). The ICs are
10003)s | aThe prepent ivesationeerriplly erldtes CMOTHRANEPedriguiNapha metpdsgrtaeir fabrication,
and rdiélspedifically © ldvscdnta@Resis@hd@ IOMIDE dirduif Sndto GRKpdsdsratidirdibyicbld

or CMOS integrated circuit (1C. There is a continuing

trend to 10 i ncorporate g{ckEBUNPBre circuitry on a

single IC chi p To incorporate the increasing anmount

[0ooﬁf Ci'hr nn{d«;r{ty arefeﬁg da em%&gtﬁ%%ﬂcdnp(aéé grgq&glgrgé{rlée%eb; m«nng a plurality of

mterré)lt]x%qéill] trﬁgld (qﬂhté ‘Fé%i“{ﬁsr g-’%‘ Py élfo cq‘lﬁ% mely %%§@100W€0r ﬁeld effect transistors
(MOSFETis wi MO8 |trassisens® NTlg: 10§ art igallyi forogd tdng biBB-dharmpelsing Nechawel FETs and the

IC xsm ré?&-gﬁ ko Q%%%M&n&%% I&@g bN@Mé‘s lirﬁ’!éla‘cd c@éuﬁmt '?hertﬁy§£ontmumg trend to
be |ntercgnnected

inco, & e ? IC. ch herc < orarl]tg LSL tm?:lregsm ount of circuitry the
PHPF EVEATC FRE YLy é‘aa ClBrecui’t P uRETT B SEAE ™ Siral | i
size pfeeaghgrdividval desiceinghpdiraticand fietsize andchacing hetaresn dewies/giaments Khe feature size)
mustG_ﬁﬁdﬂdﬁCt Die iddiGidiah @efidnisCifitke @@REMDS traﬁalsid?@arﬁ&:&lfeﬂﬁzﬁsn]e&nd active circuit
elem%llsz gmg B¢ Lx?e@c%ﬁébtec; megﬁ '81 (ﬂ.ﬁetr cgn%&lt(ﬁ'g @qglﬁe&lgﬁ: ¥h§ ﬁ%ggﬁ c@r@gT function. Some

ones a gr eater "an ter per cent ag
smalloreyigagps s apsedtieh wfhach SR Ve PO B e AL As the feature
size declofeq) &zn@mcemm(mn@ intreas&Cind bgcothésareréa®r ddl gnaater penadntige] of e total circuit

resns&xb:@ Y ﬁ:&t@ﬁtsxzesr (ﬁ:@(’eﬁ MQS@%% (mrtg 9@5}9 tﬁ@ﬁ@ 45 nm and below the contact

restst I't %ESE: goé}aﬁngﬁn%geu{n'%ry égr%n %5 I p; %gr OGFC WCé)ﬁmct resistance likely will

domlazm @s@esfe}mnqe HT’I‘EP? atmeowowlaﬁg}wet ﬁe prsteatdepd- t rend.
[0003[ Accordingly, it is desirable to provide |ow
[000310NtAcordingR,i iSik 8¢3EeblGVpSvide toegoBtha@ eksBtakce (IMAS., integrated circuits. In addition,

it is &ggbl‘é lto%}ovndczgtﬂohs foﬁfaﬁﬁﬁt‘mrgw Eontat r&fsgl\{ée‘iﬁvl(ﬂ? L\H:QQI%d f‘.l%ts Furthermore

ting | ow contact resistan

o FVHF e HAPHPE o UE R RESTFAD M TR LPBLA fpp th subsoauns
detailefh desaristtion prsk the epperided Rlaims, teksn it cnjppetion ivith the dckoniparsingedrawings and the
foregoinp REIRREI feldaa bdikr&msequent detail ed description and

t he appended cl ai ns, taken in conjunction with the

acconpanyi ng draw ngs angkiPSumMMNRRE0I ng techni cal

field and background. BRI EF SUMVARY 25 100041 A | ow
[000 nt/@ Ft d:rox?t% ﬁ§J§.‘CC OCF é:ancemt\?\%r?tﬁ c!xr%% d el (rﬁig n alcc%r &vbgne embodiment

Se'g‘iem“é‘bl‘“ff}"l‘ emerises @iyt F§§§'°'amf?‘reéﬁ°"‘ﬁ“élﬁg‘rpﬂﬁd6%‘hﬁé‘t'we circuit regions

and aeéeamh trassitioh yne@Ddifftresl tHa thehfstabsjtp@ ntial Elcidtilicallye Huplad to the P-type circuit
regtoﬁsn q\ &n&ﬁ%&%{:g lgy[lﬂ)\tchﬁpeagp&fq}jle Fﬁgt fu%&[tﬁﬁ‘ an&lrlﬁ&]tht: t@orrdltlrax%linon metal and

nsition metal electrically coupled to the P-type
apl“%'f“F‘E'L?"T‘ ‘°sl’l§§f"%9ﬁ§""°2\a"ﬂ‘3ﬁadﬁfct ive barrier layer overlies
each of the first transition netal and the second
100051 adqthodpive pravidad feprfepricating p loyy capiech Fesigignep CMES iptpggated circuit having N-type
drainGeyiahsl 6id R.gpdarhinirgionk. alneaccorddtee[ vAQnd embddinfvadibe mewod comprises forming a
high PAnGY helB ,Jee.r silicR A&matmthahel ;oe%&&gm @&Iomr £28 a 36vPENRer fidffPmetal silicide

Integrated circuit aV|n rain regions dad
in copsagt %té tl&rlg-ityﬁe F’@&I rgg“%ns ﬂﬁpfflfr'g"éﬁ tsé:lcpcwteldﬁm Raiterned to form first openings
exposirgropbrtive of the high trerribrddightomqtal sidicide dndrserondjongningsj egiipsing a portion of the low
barrid? Bkipht et GiligHd. ABdwAbanSdr Ihtight GRal B depuftcaGhto \Mel sBeohdh Bpenings to contact the
P-type drain regions and a | oy barrier height netal
silicide in contact wth the N-type drain regions. A
dielectric layer is deposited and patterned to form
first openings



10

15

20

25

30

exposing a portion of the .high barrier height netal

silicide and second openi ngs exposing a portion of the
wo ow738ebarri er height nmetal silicide. Al ow bBCT/U82007/007549

hei ght netal is deposited into the second openings to

contact the A WD 2007/145695 PCT/ US2007/ 007549

portion of the |ow barrier height netal silicide and a

hi gh barrier height netal is deposited into the first

pom%ecs g‘ﬁF°g’§P£{"te$ heC gr mgg] anhcx anggrht lhgn Qrfhe%n egi'l Q 'pr%feﬁ kn?or the first openings

IS
to corfespibs parkh of the pighbasir eig mwtsﬂe‘dm gﬁmﬁgﬁt'f’? v SprinYT PYSRs deposited in contact
with (e high bafiet heightlinetdl énd Wit thé o tFrich Bighn netaibind thecfinel atchecond openings are
ﬁl]ed&&ét%né%lu?&gtaﬁggoqggt SR cﬂﬁﬁctﬁEQ %labé‘%d with a plug

n contact wth the con I ve capping layer. 5

BRI EF DESCRI PTI e present
i nvention wll C@flgﬁ%wg&gr [ %Samn conj uncti on
W th the fqllomnn drawing figures, wherein |ike
10008}, g prescordsteRton MAIkSreaRR fleseribad;ig copiwr e ik s et wing drawing figures,
wherdin lilte|ntitiériladedste Jkeaidniesn,|ahd/whdndn pr obl em of cont act
resi stance as feature size decreases; 100081 FIG 2
10004 C hei@tyimakdees gi'abinbmg' i bRSlem ocﬁiﬂdﬂﬁsis\&&eﬁﬁﬁ:ﬁtﬁe izd deciides;
|npur|ty doped region; and 10 100091 FIGS. 3-10
[00082 ch % y ?lé.n%]t}éal )J Ll&éﬁ'gtgsaatc%ndul:tﬂe Cdrdeto §r€§r{phﬁ9 dopd® I‘eEi@Hi and

te o] rication of CMOS integrated

ol 5 1 BB A SRR Tl v

mteg@e@ gifcuit th agkordande yith yariopssempedipesys @%@nﬁe@m} in nature and
is not intended to limt the invention or the
appl i cation and uses DETAREDIDBESERIATION Furt her nor e,
there is no intention to be bound by any 15 expressed

: muﬁf lﬂi@'fdlﬁdmg laemeu d%ﬁﬁf%ﬂtlﬁﬂle:’ew ckdndlddy BCREd1ghdtie ahtIitembd to limit the

b h I
inven do‘f t.Pe za;p d:e ornoallecrll ses o}: h’li Bldi# ?yﬁfnéhgfno%ei ere f130110 19%\41({(19 to be bound by any

scription. ustrates
exprogied oh iiterdied y‘efrmevrwwa‘l Bripopreeedie detnisab Spidy bikezougd brief summary or the
folloWiagdlamiled &bctiptickecr eases. Left vertical axis 20

indicates feature size in nanoneters. Right vertical

[001%;%1@3 dmamté‘sagh?ﬁwms) meg,ﬁiuem borkadiYeshstanbe A BRI s08 déckeases. Left vertical
|
2

n%ﬁaﬁeél eaagfos?f% dnenanome x%aa e > %Qari]eg cQ:Q:YckQQQ&%as measured in
Ohms. hierizontal @i &h indisates gfalmolosu P%{’F f'gé‘th&?’%gys‘Pg“e indfeatss g'a|‘ﬂ°9ﬂ°'°gy package
that @ccGABApiEL h Galtieldinfedrarg \sizp.a Claiallyas conjles it@Bnoi@g package accompanies -each
mducﬁngrglli{q;amsden f(%@l{:y{hgt éfa%gcatce‘aéj ﬁ)\l kﬁ%ptehﬁé §0$m’f t@éﬂ‘lélgﬁtnegje will have a

mlmxaurﬁ Fﬁa%crﬂef%(r??%artxﬁ?rél \glp 2;& FQ&B%P( 2 nﬁ{oolé%g%cne dqecxggllly desxgncd for devices of
that fizzb ICuoa 26 hdisytesathp pogreson o rpe sopesi the iodistny mges ffigndephnology node to
technt)Qéy savi Eave ﬁfmdutan:@the Wp?cel cofthlt YeRistdite obsdiveddt @s:h lohose technology nodes.
As Cgl beq{:at% S egnn as gle fea%?‘t yx{eedecs.rlfazsgsﬁthea on[mtl reélgzaq&sJJrXMaﬂédly The speed at

HRoI"0gy ogy node
which neircelafaeepqrﬁelscy‘ﬁrveﬁ}n lprggpag by resisiancey %i‘ﬁ‘&'é‘eﬁﬁ %F%’d“‘hla“d as feature size
decre@@€ fhe Snatii@sandeaCieaahingyiors adiatore idfportsat ig Himitipe thatopelating speed.

seen, as the feature size decreases the contact

l001i] esigé %@l%m‘aﬁﬁfl)eﬂmem Q8 eYtion, AR nt8dd 8@ Bktvdden anipGiity 8oped region 32 in
a snh?o§ §']&§T}é S%ggd ao u%;[i & o e%al %%?{ r}ﬁtgxougﬁ nﬁ%ﬁtxgt?ate%a!gé colB uctive metal plug would,

encount ered eat ure
in rumj begontatted by meellizatipusebiRtiErEoTpRL eyt Rl e fnkeepisd G’rﬁ“l‘félc) to mplement the
intenBdAlc@cudIThc I €ohtAdd 0 isAstined id ah bpening nQvi4 IRathat Opeheatqtqhgi through a dlelectnc
layersﬂ»eegqneta} ggclit?e]la)F l' lg is ?orﬁgd"zﬁ “@tshr@a@: LMmthﬁ@JpE@&:Bgn 32 MAt least of pomon of

e s PGSBS PSR RTBE U b AIVEE B SRRMOEPeH i formed in
contagevigh thp mggl %me,dé)ph@l])gﬁqxembyer 1“6 Feptacts shedalyer #hand extends upwardly along the
conductive nmetal plug would, _,30 in turn, be contacted
by netallization used to interconnect devices of the
integrated circuit (1C to inplenent the

axis
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intended circuit function. Contact-30 is forned in an

opening or via 38 that has been etched through a
walc@raeiops c | ayer 40. A netal silicide | ayer BQI/US2007/007549

fornmed at the surface of inpurity doped region 32. At

| east of portion of the netal silicide layer is

exposed at the bottomof via 38. An interface or

contacting Iayer 44 is formed in contact with the

wallsin%tﬂ?el vms I l ﬁlclngx%qe’nalqm k?sa sﬁgq Av@y tﬁ! lﬁﬂg‘l@er ?aggb\%ﬁﬁ the tcgl'ﬁact In prior art

exten
stmcmﬁqws‘egsvep@s/ mermecﬂsﬂg'w (B gpnictie lgpreq in GoRget grith the silicide
layerc ® tigaiah initrédde [(BING hay@ lovetBing she digipingii 18yetland \nengstén(@V) lpamaciisg the TiN layer and
Gillin g,)ée,{a to fill the contact. In prior art structures
he conductive plug structure incl uded a titanium(Ti)

[001%o nt 'ﬁ-ettouﬂ gonlta% rgsrxsaance Oo%; Ae! Gt Z!Wlst Jl]e eof §e|vj:r£l“}'ﬁggnce% asYl%fde 42 to silicon 32

ani um ni er OVG Yi ng
imterfagyrersianpicFo (1 e Ryt Y JROISFIR GIHEHEAZID fSrigrapeth fimerface resistance
R,, tel rlaslxstaﬂ@ R,einktiace nﬁta[ H0ihP Barridt tayérab sdnd e dsiadiice Rempdetu neibe resistance in
pamlﬁ]—of)gang& nahr@qu gi xﬁuétlbce gﬁg magﬁlal %@V%@ Ry e %I S.t@l’],Cﬁ + Ry + Rs. Various

| con i nterface resistance 4 ib
embackfeenf s o A15EEPIRR 19T o] A FeSigPReS Ry o0 i B and Ra and by
redu¢ing R:NRe pddaRse Tiosl @htadt 4esisatce i mdresed ysthepropree seleciR@ of sifigde, interface metal,

bamiér@SeShAGRE addd ohucivB bigg haGu.met al 44 and barrier |ayer
46, and the resistance R5 made up of the resistance in

loolﬂar all’lbg | 3- Rf scngﬁa[ix&a‘ﬁ&_rllugtya%r gfos@qgcul%g QI‘ELH]% Ist\é&ngll Y fabrication of a CMOS

Vari ou
g
of MOSTbmpdnente gre tell kg@vl¥hd lsy; i e jingrest pgbrﬂltyamd;y@mamdm@yteps will only be

mentﬂerJ lﬁldﬁlycﬁcp& 53\"11 %m@éﬁ@mﬁéy wmaJJroG@Hé @& el ﬁﬁ;{vﬁ bdfe£details. Although

the tenn . % %g\gcc y ref TS tog%ewce%a\?nci: ! a rge ate gll lt.roge a S an oxide gate insulator, that
Interfrace arri ma é Fc 3

term (wikh e Bged \ﬂe’ou.kgpw tq'rﬁfcgfq @y se@m!@ior de@ thay ur@des a conductive gate electrode

(whetheh@emtdr G)&Jen} dbnducliveShdtdial that B posiGBd S@L bighB instiletbhhether oxide or other

insul§t£r?9z§mclt 1[5 ?Jﬂi&ﬁéd%@&' 9(9:119)];1 C’L\@m i ntegrated

cul t i N accor ance Wlt varl ous enbodi nents of

B IR RN e i O
54, oplly ofr cach qfwhtcharnylluetmemqswfakﬂlyt hpart willlappresfrtoythay iC J03may include a large
numb¥E BE 5RAGAnIMMIrLEd ¥qdid & Bnpldmedd tht dbsﬁ-cd) Birdult GehcBdH. | TR Mitial steps in the

fabnﬂn?rh&l{E S ! O\é 8nvterr11gm§l Q%\@%xlectmkenrg mem? e§e s(éeg)% Jhgtrated in FIG. 3, but the

initiafj#eps é’émFP&KFF 7 nat shavma [Theylst ig fabricated Pbﬂé‘“‘aﬂd“baﬁ?‘%% %*échga't be cither a bulk
silicdnn@ifdr a¢ DibstrateR @t a tHiresikvonidyér dpan lisseldtirghhulstra (BO1). t s used barein, the terms

"silichi? 1a9<[}§/ arﬁlemhgtﬁrL%GLtg‘r wifl BY¥ b6 o gﬁgmﬁagflﬁy qa@a%v@y E@Q QM%W fmpurity doped
er._,conduc

monc%;%tél'h?eaiel CcoP ﬂxgien?lsstyﬂaaglﬁufegﬁléé\e m{r‘on ucéog tmdustrﬁs uiwelk ‘as sxhcon admixed with
other ajhmenty evcholx sefmagjpm,afher and the dikeytogfem sybptertially momewwlllqeéem'w“d"cwf
mateﬁ{ﬁs |I\t—éh@ﬁ}ﬁCMOS' @hnsBtob &Y End P3RHARd MOS:bhhﬁitJr&t @re eQ&n&ﬂQﬂsEﬁmd by a dielectric

lsola?on T lon Ilyug gﬁg erclyc‘la llak&@z Qﬁan a/g‘ﬁknown,I there are many

| Stor s
Procesife 'hé‘a‘éh b?;‘rsemfe'w i 1 ﬁ°l“ff§l"i‘°&is 66 5 SESeEpea L i depf] I gcncral, STI
incluids@ shallbwwiedch timpis eebddaitte the lvarfacd € tsemyndunior] sutdatgaridahay & subsequently

ﬁuedr\HmQﬂ hins@ibting WEkbribal @.tlil%xl & &Htfn&n QBB 2h @xtﬂulhlﬂaglmhﬁmta? shlllcon oxide, the
r.cui nction i a in the
surag 1 p TP ERoingie Y Ehema e s oA SRy uct ure

resulting fromthese steps is illustrated in FIG 3;
1001¢) ¢ AtHesst § pyrfece gprtien ehef theulipge pubatttesis donsd t+ith Rivgs °°"F'H‘é‘“‘y determining
impukifiesifer theofabricatih@fl NahanelMOS GosiststI§2Sdnt afotheBdurfadei pohion &M is doped with N-
type pﬁd@n@lnﬁ&teﬂmpﬂé hnp%ﬁué Ifclrlt&%ﬁé@(foﬁ fof ﬁ—%hdnlxél WRdY @atnﬁgox@ 54.3portions 58 and

In silicon layer on an |nsu ating substrate (SO).

As used herein, the terms "silicon |ayer" and

"silicon substrate” will be uded to enconpass the

relatively pure or lightly inpurity doped

nonocrystalline silicon materials typically used in

the sem conductor industry as well as silicon adm xed

vvith ot her el errents such as germanl um car bon and

T 1 a4 .= .
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material. N-channel MOS transistor 52 and P-channel
MOS transistor 54 are electrically isolated by a
walc@7aeiors c 30 i sol ati on regi on 56, preferabl yPer/us2007/007549

"shallow trench isolation (STlI) region. As is well

known, there are many processes that can be used to

formthe STI, so the process need not be descri bed

here in detail. In general STl includes a shall ow

trenc hat etch ALonLhe sur f . .
60 canebrt%l mpur unIt u% 8Jr, %(g L?B aP% p]%rﬁan n Iansc’ias§u ugrautge%{l?l yannealmg of dopant ions
Suchﬁqﬂoroedﬂ%“tehlcan i nsul ati ng rmt erial. After the trench

is filled with an insulating material such as silicon
[0017]Xi de thetchevent®ual pecessinga agaral bate ipbudatiag matedhl 62 &rfomed Aythesurface of the
impuhxr d;)pc%meéi@ls M%ﬁ@&h&%&d&h%ﬂ@&é Zr@tférﬁ)tgd 6@“@)13 th%%atl Q&ll@tlng material and
. Al le 3 5 l.1con sp SLrate
impurity dﬁ%fg é?fm\ﬂff ﬁ § y’eﬁgecg\g dﬂ.&f aysr fglga&eu%su atmg matcna can be a layer of thermally
grown r¥ilipem dipxads grosltetmiévelylay ilgstratedi ﬂdﬁpweéhwh@r WL‘ES a silicon oxide, silicon
nitride ] 2HAsh cﬁJléaﬁ'tc 5&sﬁﬂ%sﬁlﬁﬁf 0K asSHISiDAGIaheIIRE.t DPBsiRH mbtﬂatd’ﬁ)&ﬂﬂie deposited, for

el £, Bk MREpcs ADDUES 1 TRSSE liddo§on! ®PCVD), or pi

cxamfl O Qo Uit ARG VY, 6 et el FRAE bl RFCVD), o plama
entaqui emisal YBEr AFRISiTor(PHEY Db (XL RS SPEFFEEY (Y7 thsirasapt about 1-10
althofidh tﬁmutaahicmessr dab e dagmibed bsed G))(taet‘q;dpbqaudzxyoﬁdmetrmsnstor in the circuit being

tmplérﬁ'éme@ n(gﬁé él&:ﬂ’o&g 64 §Hl%§ %lﬁ%bimmb Qs@tﬁJ ' er@ifng and etching a layer of

ant ons ars 5
polycébs ‘éﬁ fl{l{‘t?ﬂ ﬁmfﬁ%{)&%§§ r ﬁgung qeg(j;og¥cr38?ﬁlae ill'éco n’glbel tte epactrolaes generally have
a thigkpeseefiabdut §30-308 nino Therplvstystelties siliser ¢an be difpositad foriepgple, byjthe reduction of
silanéllﬂra@l/ﬂ RGO S5l Gt 63 a8€ 10 86l REmdA%n it did6kalR bEgateidBslics 64 and 66,

respeat\nlv%{g d )H'nen gdetwgl? s;%%etrseanle géﬂéd%& Idéb%snmig aelg)}e’fll)f @ﬁqgtufémitmp{um 3 silicon oxide

1 ONs
and/c o Y4 86 PYRGEHERE ARErORISHY BENIZE PPt IpSrePreepgle by reactive ion
etchifl (BYH). Silitdneeide sHidadicahmitGde casbd edhad) fir exaimple( iag CHF;, CF,, or SFe chemistry. A

layeriolf l‘ngs?c[ng ‘eg)l’ wﬂc]ﬁ&p % If&reeanﬁJ]é Y lla@t:rq;f Ipﬁ&t'&'&lsaﬁ aﬁpléh Lﬂdcpgﬂemed to expose
oXl| de

I con n|tr|d ctrlcqonsta
R

one. B U o AT 1T PP TS sk he -<hanncl MOS
transistassruettre pigl tg expoizahediéplpgnd M@S tfapgistor etRutwrst é]smb}he oittemed mpsking material

as anvlétpﬁfplag@msthe{sk,qn CDuctiviQ\WeRnBS S o LdRIPlat@d invPIP8pe portion 58 of the
snllcoa é&géaltﬁt tlo 9011’!1 - oy g ldl?ﬁs i lregte n h a espchg hs%%? Lndhxgg gate electrode 64

to copchptcfvm é@s ﬂ@f gatgisingtrode with Nrrmemmat"fh g onlanied ot tra |b= cither phosphorus or
arsentchbiB K TRSfanGwa 1dyer ot Gfaﬂ:ﬁdﬁlﬁh&ﬂalbﬂ%ﬁdve@ Bnd di@he [yt of aasking material, again a
layer%gchtab g lJyEracn' %h&&rgg‘lst, il a];phgi £‘lh qscﬂé{téméa%: Qig:osel tﬁg)(l)tﬁeq%p Ih@ qansxstor structures.

el ectrodes 64 and re raI ‘}/
Usm%l@ﬁ 6%1:P1H lwr o ﬁ)éitelngfi attgﬂ s ap angmp Otype conductivity determining
ions gyoh yschoymticrls [arerimplgntéd lmorN -type EdrmﬂaﬂQIO}? thg Sihay)e*lbsgﬁte tmnidom Bdype source 76

and 224 y§fc¥1§ﬁsﬁh tHe@ﬁcocnl slubsﬁ'ﬂg andlifB g&@%ﬁcﬂ%h@@d tBQgtﬂSctQﬁﬁ&fpa klay gate electrode
Ve . of .about 9@3 Qho

with E &rpe él})%}lg*l aI Iorneéac X IfI IeCanlx"]SlsCOa‘_’ ﬁ I ton 1{118 ante$ source and drTm regions are self

alxgngyw[tlh@e gate] plegtiodss ofs thase phykdl 1nﬁheaarwﬂj qp@rag:ttf,@ﬁdltlonal sndewall spacers and

additidh4) @idnkatiGR g b erfiffoyad 6 crddte dfath dk@fisinRs] halh irhlentss dede vamtck 8nd drains, and

the llgi Q%IF?IQJ &Ca%[en&qgg’d @4 &8 leﬁeﬁi m l‘té ahqw %tolr&é?l)ﬁ/fom;mhethe source and drain

rs_are orms e03|t|n a ayer of
’Cg‘°f‘srf§81° at*fhﬁ‘ﬁ‘elr?ﬂ? & Pghaned] Mpsa?“ﬁ“f'? o) H" ﬁx‘?’ﬁg and/ or

silicon nitride and subsequently anisotropically
(0018t c Hi argordénee Withsay| eg{bpqqrgeqt &Vé‘? invepign aéwﬁ?ﬂn@slgsg patesial §0y wich as a layer of
low terfferand Slitom fitridBliseposivéd dnd peiterded 4 @lustrutld Si F1GCO MTHA ildyérl ofl Masking material
is pat?eﬁnrt]ed del?avg ﬁle %Qteril Qn{aslg%f%ma el M%SQTNQHF?’ 5? Q: %xpogi'ﬂg ﬁ’(::@annel MOS transistor

54. Fhe pat@%mfsé is lﬁeq aa?lé?tcl'b\?asb h%lltagg %ngséfe ;r)c}rgoné)ﬁ Eit% lga.llagt% 32 is efched to expose
porti@ha tof €rype Golr@: X Sipmin 081 egdhs. t Fie diqhing Siep tinalscsesed Bt ymes, any insulative
mater-feh hal RS Kb B8 diRirode 56 Pl ab @k daRs with @h efibAMRLEF IR ifRflon a layer (not
he P-channel 20 transistor structure and to

expose the N-channel MOS tramdistor structure. Using

the patterned nmasking material as an ion inplantation

mask, N-type conductivity determ ning ions are

i nplanted into P-type portion 58 of the silicon

substrate to form N-type source 72 and draln 74

. - o .
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arsenic ions. The patterned | ayer of masking material

is renoved and anot her |ayer of masking material,
W@o@n4m925 | ayer such as a | ayer of photoresi BET/USR07/007549

applied and is patterned to expose the other of the

transi stor structures. Using this second |ayer of

patterned mask nmaterial as an ion inplantation mask

P-type conductivity determining ions such as boron

illustira?e:gf I'Fen ba.E'P { ﬁeé%th?g ngup rmmgF;XtQaq 15P &g&slltgd’]ovggtgg ﬁ lgs d'md in contact with the
exposeg ppRYgH TSR PRI Fre*e 78 saiots 4o €8° SFRTofe o Bg Sy barier height siliide

formirk @Rtal"GElMednta haalhovigh kChairier baightl @plerebRatito sjiidoe ofgrexdr thagl at least about 0.7
eV. yllt:xbe P nIu}{g ﬁleﬂalgntlzl{ llnée't Eﬁ an 9£n SM Qt cxtmtﬂﬁe xﬁﬁﬂﬁ h&t;@{tmum In accordance

struct ures ant ed Cc ral n 0
with gt o A B AU "R U BE (P BREE kG R T cxamle by
rapidghermidjapriealing (RTY) tarause/the dilicids foreingametal togendt vtﬂtmmsed silicon to form a metal
silicidd Sheaae! suﬁ&@%?flﬁ Pa sodéldiet dn@ Bﬁkn 'jﬂ’ﬂaél&ﬁtaﬂd h 918G 4iRydel3@ on P-type gate

electr(?g?%é) yﬁle si| 1c1deC o%‘nas::i)?ﬂgdr Iosg areext eﬁee réc’ expoTe snhgﬁ%[ %q Cl%é d%es not form, and

source an
the siligide Exrinine antob Fmpine yRreasied P 'édse arPat tere e (4130 exmed g such as on the
sidevall shA2er3] di cApBRd STYrat® omhHd mhisidhglayere Jhe Rfireagfed tsilicide forming metal can be

remoblédq;}%p(ng:?]g rI?/I—P SG h@@ﬁﬁi;/ﬂ'%l&t{og nﬂe%hfa{d§ fo?rge% d-\))ﬁ’l the selected silicide

reverse accor anc? an e nbodi nent P-tvoe doped
forming mefals frme p Shprky f°&§?“é‘r‘° e Pyops RiTise hﬁ’ﬁ'tge‘t PY FonEAS! reUTRIRe ‘3§"e ype dope
sourcg ahdadrein regions 238 to| P -typrdopedatg electodée.i con nitride, is
deposited and patterned as illustrated in FIG 4. The
0019}y €The Qe S lay & B ﬂaé:kafglxﬁlzenau 89 iPfinb @k Adladother 18yRY 6f thdlking material 86 is
t xam € a acposi
depogga gr[d! p%lter@%%hlﬂsgm{\la %&t s SelIJf ﬂﬂ&u& n%ltengl?caﬁgéj fore ple a deposited

osin anne t or att
v SR peppapaG i BYE FRRE BAEPARs ST gt M0S wanssr
52 agf to Javecdviredl P-atapiel B0 sangstohedd The petx:pres enaskpio psed @nan ¢i¢h mask and any

expogdtpyxﬁgn &%% Qrﬁuth@r @ﬁget&w{oréxgoge ﬁo@tﬂ)‘n@&ﬁi ty;mé%m%E £hdnB Gram 74 regions. The
nsul ati.ve nma

i S iy Pt o0t APV OF BECP Y B A SLERT (el o4 Inscortanc
with j ebalimeshblolls inevrtions laypremotrilfusripd of dow bayrisr heighy silicidel forming metal is
depom 300 fle 508 9Sarkd G 420G @8&5&% porid T IN-BhLBhrcOF2 &id@inin 74 regions

and %?e elielc & rde '3?' gn le) % Ierlngrl h%%ht s(ﬂlrcmc 'i‘é?mﬂi@ tn%ta.h g wga%p 1% ﬁ'ktralel'ggng a barrier height

e str

X
with tfewst te filiepm oplefvbvé P ee s Hﬁ@fadw éﬁSﬁ‘h%ﬂbP‘é gi Ps Sifgge forming metals
that @% ehidrivgioh @dRdE Gor eBympld)iygdabilxay drbien, dysirgpivin, 8nd gadolghim. In accordance

with chr mﬂg&nﬂﬁto@lthe dw%ntmﬁmt sﬂ@cnﬁgw d'na..}ﬂcﬁg fc@mﬁ@rn{e{a?fs heated, for example by
respect to silicon of

hei ght a
RTA S e s s ‘ST S BEPPRY AR HETT BOPHGpiIp By e st o
the N-typs saprcie t7@ ranch firain ¢ | regians afidos metebgilivlids, 90] anj Nttyaereath efectrode 64. Again, the
SlllClaH @HSWID thébe A EGIHIR RIGE: l5e)é§b§eﬁ1$1mﬁ silhi@iossdt fofk, ahdhe silicide forming

metai l%%l/‘lgl]pl; I gn ttgcg eegg F.l%gs h%re\%eitrpns %xpcblsédl gicgrﬁsut:tpgsrgnqge sidewall spacers, the

exa rapi
expogef] SER PAGRY tgerRrasling i3y i amieprdailieite foiing BFR) AyPeFEReed pywet ciching in

a H,0814S0, i HROgHQ®Btos | TheCdlivide dorfned o threselafted dlididedpraigng metals form a
Shonﬁg céHtacI Qethec' Nrt;&c\sﬁxcglr thD:E aHol ¥BfRact Rldistaite ©® ﬁl@mjtygé' adde 4frce and drain

i e o e L ot e e
by hayvinglew tebistarge.j Theeiliggs éxfming Imetals thus Sptinize) agd ’@U@SheﬂE‘Frface resistance R, and
the rf:s@s‘amce SMek sifidi® istik IFG] dambh rﬂ)ﬂmu{ﬁfedﬂthef 6d&i il Svhich the silicide regions are

fon'neJ] é: rtegegsen!i guclg Illnat St 1c1??]regxilg\/§§ ezﬁ t A et{)r?nch g’efyrg snﬁé%%g%&s 82 and 84. In each

I con suc
step ex plbieidecforsring, memfaw depitgdn R PAGPIE BY auttefwréo #thickness of gbout 5-50 nm and
prefesablyit€ s Bikdesydfhbogt 1Wakl can be renoved by wet etching

in a H2O2/ H2SX4 or HNO31HCI solution. The silicide

formed fromthe selected silicide formng netals

forms a Shottky contact to the P-type silicon having a

| ow contact resistance to the>p- type doped source and

drain regions and to the P-type doped gate el ectrode.

[ 00191 The patterned |ayer of masking material 80 is

renoved and anot her |ayer of masking material 86 is

15 dep03|ted and patterned as |Ilustrated |n FIG. 5

o
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52 and to | eave covered P-channel MOS transistor 54.

The patterned nask is used as an etch nask and any
wexpedesdoporti on of gate insulator 62 is etcheBCT/0S2007/007549

expose portions of N-type source 72 and drain 74

regions. The etching step is also used to renove any

insulative material that may remain on gate el ectrode

64. In accordance 20 with an enmbodi ment of the

[002 Pveﬂx%k% li@'enj é%y ?Fem(:ﬂ:qtamji Ja la?égﬁ @%cﬁgéctrngmzlt&%i Qéﬁ e[s aquer of silicon oxide is

[i'cide form ng ‘& ? over i h I
depesed g I O (PR Io & YT R SRt F TP Y Gfemical mechanics
planitizatjop dCMB)1and @péiiga nclviahr i are abed Begiughthe laarrdo geppes portions of metal silicide

reglcﬁlk @é?tsli Qg Gundéb. Lgyer ob QWreE"ﬁfbfy' &‘6osiﬂaﬁ|b9 mowstérhﬁeﬁinﬂ@prﬁ&ﬁs%&ﬂay be deposited,
for ?xgm;beé 8¥ asLPgsB procesr? ;}l&f)tgs no nlgstrategqﬂrter g{ Zla glhge layers &‘ more than one

to s co

dielqgiria faterial] apd theseslayersapaydtsdnge. for e3amaple. aseteh gonfaver E?rfﬂ‘i"ﬁ@je the etching of the
vias [TRi{this BlustdatidtemBediherkt RiaSar€ hotve that@Rpdsé1pdriitehe of tﬁ@ﬁetﬂ)ﬁﬂiﬂiﬂé @ gate electrodes
64 a}{& k@ r Bleplémm%&p{hy mrchXéBé %l%te@%s %? QL Imgi' Hop belfgrmed to all of the .gate

accor dance w th one enbodi nent of the invention the

elecgqdfyicture with the silicide forni ng metal is heated,

for exanple by RTA to cause the silicide form ng
10024kt afts lastpted it FIGH 1. theancBied eaptinics: incgspordages Wiirg eﬁt&da?em of the invention,
by dspdsitifig a1 pAlersihg & hﬁs]&lgr IBRE 86. 0 Maskidgdayr D pehich Qi € forZexample, a layer of

depo@i@eq I&u %Lng%rfzt&ra ﬁg& OE ataeprgd ﬂ) &B&sg h’-cﬁalnl'xélq\}l(sgamglglstgp54l\knﬁ Y@ﬁask N-channel

gai n, silicide forms :
Mog HRysigtoy zea‘éhem@?*@ lf"f‘i’éisé"’“i“%'“bgf%?éﬁ 49 tf‘%gﬁhan@l &%ytﬁ’é’s'sm 10 expose a
portidho esmeva silitide rpiomsrid andh84. sA layeri of garfsiipminptgl 98w depbsitedomgi the masking layer

and Etdn@iRg tafids ¥4 R&&%ﬁct%c@a@§th %%ng BEhRA d43 mala% ROSMEktion metal contacting
S SHCh, &3 4T Papec B3RS 20

P—dog s1hcgrapr§%z y as Ga %aﬁne{ Eelg t w1 51 lco t és ?_tllreé ta}_lé or dpqual to about 0.7

eVv. sﬁui% repeals o mnﬁ-gorrr@ftdl la)@a?ﬁ B@! ef?b?@ﬂ'r”ﬁyp%““éf’@m‘%‘fg“m having barrier

heightfl of @8 kAR é¥8 BéslechivelydRAIbKs] of thotelihdtdd). Othér@uitble in@tatbaire gold, silver, and

alunfu%%g thfe{: leyg I;ff‘ o?@lh&%@é%a%et' h&éhg%etfv}ggnm lhd %te@l Sl'ht anghon metal layer

contact to t i con haV| n
can G PRt PEEPERIS T 80P "tYﬁ@deRﬁSt@/?E a3y SERPEEH, Y PE” Hpiginon thvo suchas by
sputigtingi [The hagqgiobwmsitiondméta carhhe thin.tahgpue 1-dape dhlighat és nebdsd isragdfBicient amount of
the tMRSidn nReka iocétﬂ& arcﬁeg:.bé)ﬁlswoﬁgﬁmd%én beBWeen &a GheBPsifdi® i kegns 82 and 84 and the
overgrgn%rﬁ]ﬁx%%n%%iéi%zgllo o?% %e\ép{]n g\évedraESI & Lgr\]/g ttﬁgx%l:\sﬁxtoelr %lggll deposit on the
sideyallspltheyrisse R, and 35 the resistance of the silticide.
itself, R2. Although not illustrated, the order in
[002¢hi CPatttrinel wasking laghe 96 agl tzn®rtan ef trdngtignagktat §8) thaovertiesahegmatierned masking
nayeﬁy&nmmatanﬂnbmal nQ@r m%xaﬁgsmﬁ&aﬁm i9Rpfté n@ paRMedRliMisRated in FIG. 8.

Mas% q&) w@gf %Q'i an 2tﬁalnox('je o%le a la er o? Qeiposneg gwttpn?%%hré ncx:tlngee is patterned to

exvogwtcbﬂeml S Wlﬁort%aemé@sk bfhaawb Mossms%mtf&ﬂ m&i‘/u‘emg layer 98 of transition
metaD ! Eie Qfaﬂ&nigyaykﬂs fmblidd@omoasas 906n thd¥dhandd) MO tranSstdAfd expose a portion of metal

s:hci%g Qe ;'54@86%:% QBC-!;( H?g'Q)QZAoqQJ é%%ugrpggtgllmmgépgﬂeé @éﬁ [he %skmg layer and

I S renove ric ch
extela:gngdnlf) %?4 chmg?qt g lnsﬂts;%iic d(@lqng 88 @géé ST{IC aycél g transmon metal contacting N-
doped|siligwt preferately has aHa@ier Beight With resgsctto silipanathayfis lesyyhap o9 gquplgo about 0.4 V.
Sult&i&ﬁ\iﬁld %Sdanmfl&f m&@N VR B2 he1ad) Qcmeﬁﬁllnpld'fﬁﬁﬂﬁtﬂﬁ grtll magnesium that have barrier

heig tF] op 6‘ 5% axfacil eV( respe%nvalgdangpaﬁm n&%hoge!‘ m\él IaSLa Jlo(l‘&hg 1 102 can be

XPOSE port | ons of silici
depqs’éﬂgq BRs-mze Bnatoaﬂg laygh 66@6"0'1_%9@ °92h>rS§a‘p‘fa§?fe"rea<ﬁl"9“ (PVD) such as by
sputd @308 lattidcknkry oflatoGI-§ e ellabal fiscnefded Gsess Siffivivdt amsopntind the transition metal to
el’fec‘{i e.ap&ﬂgt:qgwoﬁc m&loﬁmnethcb}ﬁe@l LEcQéDnQ'E S 38 - ané\|9t) QQ&'&@ overlying plug

not illustrated may i ncl ude ers of nore
metalliation fatis subpseqpenily P%%S??ﬁfné?l al, and thoseyl ayers may
i nclude, for exanple, an etch stop layer to facilitate
the etching of the vias. In this illustrative
enbodi nent vias are shown that expose portions of the
netal silicide on -gate el ectrodes 64 and 66.
Dependi ng on the circuit being inplenmented, vias may
or may not be fornmed to all of the gate el ectrodes.
10 100211 As |IIustrated |n FIG 7 t he rrethod

. o _.J__. o "
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by depositing and patterning a nmasking |ayer 96.

Maski ng | ayer 96, which can be, for exanple, a |ayer
woRo07dewposi ted | ow tenperature nitride, is patPEr/DSOT/a07549

expose P-channel MOS transistor 54 and to nask

N-channel MOS transistor 52. The masking | ayer is

renmoved fromvias 94 on the P-channel MOS transi stor

to expose a portion of nEtaI silicide regi ons 82 and

lOOL?]h léasllgk¥(?a eroIOO ri]]glptolrtxo xrnl o sndon metlalslay&qlef 05%% %) “1% rmasking layer are

nto v
remqyeﬂ@aefoqﬁ‘*e&"at baglilqr faygrdes Pé@oaﬁé ﬂsezma?ﬁ &yith Jeyer-pf ansitormetp) 98 and layer of
transitiof fifetal 102rks liRistedtedGO 1@ Ot i The corduddiog Balrieg ildybrg@events oxidation of the layers of
t.ransRiroF tngtralg bd|c¥ a%n‘ﬁ:r Q)%Cr x{uglgmleJf glﬂ)@eq\%ntljﬁ derpgs?tp@%Lg f&erials into the surrounding

| Con t hat reater han o about
g TP B BB APE NPT L PUE HERACER S FYE ighin reactans no e
undejlyigg siti@p ahd the enigmtfsineof siliednl iadi theplonnkatpliaht Svitable hepteriplg for the conductive
bamgaﬁfei' G}Eludé" @dr GRAnS10 tardun® nRtd (PiNG afMantilGf PREdel (TRN)Y , THR REnductive barrier

layer caxr %yd%gosited gpg’xg ge tba |L§CV9 ,131‘?[5 ?P‘nﬁ a’PJNeanF? Lﬁl:a% a@{; Fe fonf'med by deposition

AU U and
and sepieqisn T EatReaBio tagrtuE. FrEReGiyEl. herpasgiselens reforpbly o thickness, s
meashife@ B the top Bf di@iécitic ldyanarof Houars foe arciap ogdstrediat tedpttom of vias 94 of about 1-

’ﬁ%@ﬂh&nes@é p@?e@zlﬁﬁ uﬁycf"&) ﬂﬁ&% ltlrelr&ﬁtaﬁd%@)of @5 bmsdy@yaslrhxle maintaining

osiflon r in
RSSO T SUED 5l ARUAL by TP . e o barie
metafayer fshigosited, theddhedn besfillgd By deppsiting Ht‘ayﬁﬂféﬁl gi{tqupten e¢pper, or other conductive
matehila@ﬁalnh laQ@Bndd®iva bluf. OPIGfefaBEltthea:oﬁ‘di:aﬁ\@ Pluig naveihlkis Edpp ttd RBuce the resistance

'?rﬁ c%uxgwe rxater’tr‘la' E:a?ilbe zl.plosllt(e:c!l (ile e)I(arx]n Qg‘%sé@g o$ é‘le@r‘g q'nexmcal means.

over ylng plug netalliza ‘equent 'y

r med but very little tran5|t|on net | will
|002ﬂepo.§ﬂ tlluﬁﬁtefl Hé Flg.| b% q F‘g’d'tffw"[ ﬁlé:g\ffrgcéure in accordance with an
embddihantofitednventoki hygenhayipe the@&cessgandutiive plog material H¥0, conductive barrier layer 104

and Hnﬁﬁ&d thét£ Tay 88 68 hnd9¥d2 iHadre 9!‘6&5!' dnific JIB& sQﬂJcE ef cﬂﬁd:tric layer 92. The excess
materqg c&n chremlo exe&)r %‘2%6%’% regx Ot ercmre %gudes aonducuve plugs 120, 122,

I S ep OSI te erne
124,176, 1% anaﬂ@uﬂwrem: electgisal copaRTY geqngylé P IROS trypiiets g NYIOS transisor
52. CEudh € ,thef end@¥@Pphlugs, indluded \fidubdve depaii 11 81 ahdovonductive barrier layer 104.
Con&w%“grg?{ugsl lléf) 6‘1251 IaM iquresgL&va@tmteEJ Q&%Ll%mfc}(&ﬁ%?uéhkl&&m layer 98 that, in

e ransi s P- channel %
turn, gs/4n Flm‘iﬁb‘ioﬁ!@ct w&? m@gmgf 8% foaﬁgtrng IPdH:e smeg an regxons or with metal
silicide8skdontgeting the gaté eleqtredrnfdlit PhehenmelVIQS transision Gdnduckpenthegs 42d, 128, and 130,
respeMgslyt ﬁraﬁhséle%ﬁﬁﬁl cbiflace ¥R & GaritiP® ﬁlEtEQE&eDfOZrﬂiﬂt ah wad) is in electrical contact with

meta[ssnhct& ? contac né%?yp??S anc}Z an(é)i S | a geurms or wﬁﬁ%glelesﬂtgnde 90 contacting the gate

ransition over
electiodg efithedYrehangek ¥aspigipm 4n iR IR AU Bt YR e B he various conductor
layerS ark hyiprdipiatél@ guiatolitd to I88eralivabv@all conta@ rdsiayme. of transition

metal contacting N doped silicon preferably has a
joo2&jar rAl%uéi%Ghﬁstr%J ) dﬁeﬁ&ﬂx@@ tthetfébn&itfbi'\ SKIIM(DQ fikeghated kiduf 50 would continue

by tl}el}ormauotn o? qmlflerco te?uqag Bgst co ;83! to a%qrod)al ?eg o?thg‘a;n%{xc%vi gl[lgs as necessary, to

ransi tion ne ayer
connsgs oaehas e A ehamgtRe S1cBFPREI MRS FRRgiEOT iy plament i A it function. IF the
interébniddotigNiihed) ark foivhed o Spgipet, | e fahricatdnOpradelsonightoinclodeoges of depositing and

patte %LeiectL'IQYaggrs exttertag'é r&%iet:th%r @ﬁis?ldeékgang:@' Qorhﬁcnsgbamer layers such as layers

N AL e L e

sputtering to a thickness of about 1-5 run. that
[0026ls \Whitgcagilepss ong exqrtpfiane srebRimgprdeThecireseed i F‘ﬁﬁ%*r‘gPF‘é fletailed description, it
shouﬂﬂieéﬂppr%@atedeﬁxitaciastaluﬁxhﬁl’@e'amaﬁonmkt Fomohmple dyekplahgd abdve, the order of
formlIFtsﬁl nd§s'<1 tﬁé f&?chluﬁelrﬁg IPQ:H&né&VK@@ @ans%@rsaélﬂ bk b&er@é&erilyé“m the order of

[ 1 zat] on IS subsequentl
formypg ﬁagsr% a'e‘al Bywszﬁﬁ#’ia%égs A=y, déi‘b%#‘lﬂ‘&%ﬂ?f"ﬁffﬁf@ ped to react the
Masking | ayer 100 and the portion of transition netal
| ayer 102 overlying the masking |ayer are renoved and
a conductive barrier layer 104 is deposited in contact
with layer of transition netal 98 and | ayer of
transition nmetal 102 as illustrated in FIG 9. The
conductlve barrler Iayer prevents OX|dat|on of the

o s Y L . s oy - M
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15

5 dielectric layer 92, and prevents both the mgration
of plug material or plug nmaterial form ng reactants

WO paog/1838e5s underlying silicon and the m grati orCD1S2007/007549
silicon into the plug material. Suitable materials for
t he conductive barrier |ayer include, for exanple
titaniumnitride (TiN) and tantalumnitride (TaN). The
conductive barrier Ilayer can be deposited, for

snllclgg(ﬂgﬂhfmgmym{hpwgg S&'BICOQ rms cPof tﬂg two @Q%al&@'& sacﬂsc?ilat%o In an altemnative

E 1t1on subsequent nltrldatlon
embqdjmgent, pe} h‘\‘“é‘f““l“a?] & fightss: ‘P’é"s"ﬂ @E‘{"P‘i?é’l% °°“?'I‘Fé“’%'3f'l"f yer %{V@F' both transition
metaDlaygek 88 arfgll tyanditiem raetdl Iy ki2 bave beew dbifdbsited as eondigtiGrbatrigelayep pan be deposited

after Ach QF Bk G’Qrtsru’bﬁ: mle@f)/lgfers%s Q',fen aé}@éi'ttzdg i’l’ﬂh&s r\mmsn@ﬁdne@s layer 98 can be deposited
1. asS 0

and tg'%lewq.lh utgf< nes Vfwémnﬁ,r eef °e°Pa 1ve bam.er la¥er aan%e % rﬁOSlgéd on the trﬁnsmon metal layer.
And then,j aflenfiRpesifRe tepbsititiemesz] rlme’eﬂoq afevduvw |barriggfayer aEP‘h P geposited, without
brealGnff vabuine 6 thhitaadifiRaShetd! GayaC h!y&léﬁbshxh@tlﬁ[ﬂﬁfdﬁl@ﬂé Bdr@er layer immediately after
depogﬁrrg t%ﬁ&%‘ A)J\z{l ?agTr ﬁ&c‘ ﬁ&Ll§8‘l xh éAl %%,er léﬂe%gr ﬂr&ecﬁeh @om%x:dgmﬁ eThose of skill

arrier eposi t Vi as can
i thg 31 P AP B ETRY e agpe T STP°T‘Lﬂ'i‘@§PSe Ard TS é‘F"y als0 be used in
the ipentiot methods dnshodd alvebe appredatédathat the efepphryeentboditiers br axemplary embodiments

are oﬂlly hmplek, eh1-a Rt Ynrdnli&t 6 BRE nguo)‘@ aﬂ!h@ﬂnlﬁ@t)ne{ohﬁéum'n& of the mventlon in any
e eS| S

way. FI@{[)}EF Itl'g}f(?r&%%lg@@tm&c&%&rgnga wﬂ?%?w%txﬂgo € %lle]bnem%)ﬂgd ch[Sﬂvemcnt road map
for irghjnentine the exemplery ivahedimdnt precagmplary 1@@2%11%5 4 ishouldehe mpderstpod that various
changed cﬂ 63 mdd?, in ttﬁ}efuﬁbﬂ&dhkﬂtdrfd@eﬁédﬂ @f Slesnentd whildud d&parting from the scope of the
mven%gm s&tﬁﬁa 'in gxg ;3)‘8&@5 Qﬁﬂ? d l&alaelauwﬁ g.ﬁjelx nt of the
I nvention, enmovi ng the ‘excess conduct i ve pl ug
material 110, conductive barrier |ayer 104 and
transition nmetal |ayers 98 and 102 that are present on
the upper surface of dielectric layer 92. The excess
mat eri al can be renoved, for exanple, by CWP. The
resulting structure includes conductive plugs 120,
122, 20 124, 126, 128 and 130 that are in electrica
contact with termnals of PMOS transistor54 and NMOS
transi stor 52. Each of the conductive plugs includes
conductive material 110 and conductive barrier |ayer
104. Conductive plugs 120, 122, and 124,
respectively, are in electrical contact with a
transition netal layer 98 that, in turn, is in
el ectrical contact wwth nmetal silicide 82 contacting
P-type source 76 and drain 78 regions or with netal
silicide 84 contacting the gate el ectrode of the
P-channel MOS transistor. Conductive plugs 126, 128,
and 130, 25 respectively, are in electrical contact
with a transition. nmetal |ayer 102 that, in turn, is in
el ectrical contact with netal silicide 88 contacting
N-type source 72 and 74 drain regions or with netal
silicide 90 contacting the gate electrode of the
N-channel transistor. In the resultant structure the
nmetal barrier heights of the various conductor |ayers
are appropriately nmatched to | ower the overall contact
resi stance. 100251 Al though not illustrated in the
figures, the fabrication of CMOS integrated circuit 50
woul d continue 30 by the formation of interconnecting
' ines coupled to appropriate ones of the conductive
pl ugs, as necessary, to connect together the
N- channel and P-channel MOS transistors to inplenent
the desired circuit function. If the interconnecting
lines are forned of copper, the fabrication process
m ght i nclude steps of dep05|g|ng and patterning
dielectric layers (interlayer dielectrics or I1LDs),
depositing of conductive barrier layers such as |ayers
of TaN, depositing of a |layer of copper, and the
pol i shing of the copper |layer by CVP in a damascene
process. 35 100261 V%lle at Ieast one exenplary
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-7 WD 2007/ 145695 PCT/ US2007/ 007549 silicide formng
nmetal with the exposed silicon instead of the two
wapoveahionyy steps described. In an alternative PCT/US2007/007549

enbodi nment, not illustrated in the figures, instead of
depositing conductive barrier |layer 104 after both
transition netal |layer 98 and transition netal |ayer
102 have been deposited, a conductive barrier |ayer
can be deposited after eac [gfvlthe transition netal
| ayers has been deposited. Is, transition netal
Iayer 98 can be deposited 5 and then W t hout breaki ng
vacuthitsehwed Bhducti ve barrier |ayer can be deposited
on the transition nmetal layer. And then, after
depdsi t iAfgMP$ intretaterl giFputEi0kinclpdigecan NMPS tragsisten{3R] apyingdN-type source [72]

and dadd [74)Q¢Egidna ¥idla POADS thesida P53 hived P-typetsbodtt[ 76] biidstdh [78] regions, the CMOS

mteg}g G W nt,péat transition netal |ayer. By depositing
e conductive barrier Iayer |mTed| ately after

postln t he nstlo the transition
met & lrs'licgietgrgf °§?’°‘BF tf'%ecfo‘fm oar’ﬁi SRPERTSN. Those
of Skl|| inthe art wll ap reci ate that nmany

cl edrirsan’ Byl slicide 2 diffegmy aguntefabﬂ"%ﬂl*’éﬁg“‘% R-fyge source and
drainlréghoms;may al so be used in 10 the inventive nethod. It

shoul d al so be appreciated that the exenplary

embodiressiiod maxngp| dadcpp e distmakiisiliciag,e only

exanpl es, and are not intended to limt the scope,

appl a sgc%pd :LJnLé( n n%qal ?@ﬂ:ﬁﬁ'&&ft &Lﬁ tggﬁxgj bafrddfmded] \éﬁrtgc{u@}hé sdcond metal

any way. foregoing detailed description
silicideg | | provi de those skilled in the art with a

convenient road map for inplenenting the ex | ary

enbadirmenel Rive [Eb0bripsitrisriy conprsias Weﬁtss“mwtwngwetnagg)

under st ood that various changes can be nmade in the

f unaitstnd aadl pRE [ 1A 0jpBeRdllyoéntetigrhndeeniiradsitont medpar t i ng

fromthe scope of the 15 invention as set forth in

the s p P AREEN 08 lirRd e d 3 At loNQaim@ GdkreR AR fird InRial Sticida m@ﬁfnprises a metal
s1lxc1deI ormed a.On?e/t ﬁa@%}%\gﬁ%%/hys%% lllch(l) égthan%ﬂ‘%/s 0] Wat is

rate circult

|nclud| an NI\/[}Stransnstor [[52] havin p 0 .

[ 7] 0. P P L d OSSP B PG B (] comprises
meta] sBi¢ide Fraédrnga Retlpensoharmizehdighbio siipgh ofigraater dfaR 8T eVegi ons,

the CMOS 5 integrated circuit conprising: a first

met al.  SiThé CMOS idt}BfedcRétitdEEAIMG vibaRinNhet ity @arBitics & &tald IE] comprises a
meta a%h@alﬁa #’ tto@xh %QQ% _g@équac’lltcl Abgtn@g E/82] di fferent

an t rreta e contacting the P-type

[Sggrzsfe Cgﬂf S@F ?f&eréfaae ﬁ%?té{ claaimf4I rh%%}nlttlge 3trans 16n metalletha)mprisesa
metak selggtest fromuthe greuppnsfstrgs of ghiapdiym Q#F“W&‘Hmta?f’ea“f’fﬁr‘ﬁwﬁar rier

nmetal contacting the second netal silicide; a first

met &l plThgCMDS Iidgragideztuitio€ clhilnyt whereinalgtstaagd trdngitidn megdl [98] comprises a
memhraa %& bar@Pndight Blsilic A grefler R N uiTRI ¢ Rl UG [ 110]

el ectrically contacting the second transition netal.

2. The bek& 8 tg% %,‘glotasﬂn% &fe,e&'tﬂ' s@otd iﬁﬂﬁ[@l etdi PR ) comprises a

first metal sili ) conpri ses
metakglesied o the PR ORUIng lpdifumypalipdig. §°'Basr‘t‘ﬁf @mimyRd aljogs thereof.
silicon of less than 0.4 eV.
8. A CMOS integrated circuit [50] having first N-type region [72, 74] and a second P-type region

[76, 78] comprising:

a first transition metal [102] electrically coupled to the first N-type region;

9.
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3. The CMOS integrated circuit of claiml wherein the
second netal silicide [82] conprises a netal silicide
wo ooomeesees a nmetal having a barrier height to BCT/USN7/007549

of ,greater than 0.7 eV. 4. The CMOS integrated circuit

of claiml wherein the fast transition netal [ 102]

conprises a netal having a barrier height to silicon

of less than or equal to about 0.4 eV. 20' 5. The CMOS

I nt e«a%c%&c?tgangiil(rn%tl [QQI)diﬁi’érQ)lt mxaé"thmgtr n%hﬁm]h%tai élgcﬁ-tcally coupled to the

transition netal [ 102] conprises a netal selected
second PRI T8 r oup consi sting of scandi um and nagnesi um

and al l oys thereof. 6. The CMOS integrated circuit of N

cl aiarppaflugtive basiiey layerd 104 beverhdng qachrof khe ifgph trangition mqty gd the second transition
metalc&HAPr i Ses a netal having a barrier height to silicon

of greater than or equal to 0.7 eV. 7. The CMOS

i nt %%5@5%9.1 Gid) %ugr?angthc Ehdh B Sotielgin the second

transition nmetal [98] conprises a 25 netal selected

gol - SPOERO A S AEe R ned sk g2 compries
metalspipqiegrfepmethie groupeenisistinemd joasdinp $pg nfapresiym ppd afipys thegsgf 29 wherein the second
transitid’metal 448] ditprices & @e@Ndiedted fiatth¢ @GIpRansisfirgf plAGjum, palladium, gold, silver,

I ﬁﬁﬂpmi LiGhereBe first transition netal [102]
— ectf@é&lﬁv coupled to the first N-type region; -9

WO 2007/ 14 .PCT/ US2007/ 00754 a d transiti
ot ab- [ 98] CHOP SR (A SRS o B R AR Bfhas
barrics heiglt foj i} nd wherpin the secenditiausition aetshig8]has 35geond Bagtics feihyto silicon

great&r @R te Hisveurikahdigher | ayer [ 104] overlying each of the

first transition netal and the second transition
netal; and 5 a plug netal [110] overlying the
conductive barrier layer. 9. The CMOS integrated
circuit of claim8 wherein the first transition netal
[102] conmprises a netal selected fromthe group
consi sting of scandi um and nagnesi um and al | oys
thereof and wherein the second transition netal [98]
conprises a netal selected fromthe group consisting
of platinum palladium gold, silver, alum num and
all oys thereof. 10 10. The CMOS integrated circuit of
claim8 wherein the first transition netal [102] has a
first Dbarrier height to silicon and wherein the
second transition nmetal [98] has a second barrier

hei ght to silicon greater than the first barrier

hei ght. -10
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