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WO 2004/ 086491 PCT/ GB2004/ 000928 CMOS | NTEGRATI ON FOR
MULTI - THI CKNESS SI LI CI DE DEVI CES BACKGROUND OF THE
WO DMEREA4EN 5 Field of Invention The present | PUEGBR2@A/000928
rel ates to sem conductor devices and net hods of
fabricating sem conductor devices, and nore
particularly to an inproved Conplenentary Metal Oxide
Sem conductor (CMOS) device with a | ower 10 external
resi st anyes andEaraEbNoEbY @oLfmbricats ¢t pE mEvaves
CMCS device. Description of the Prior Art An
i mportant property of high performance sem conductor
devices is the 15Z336FR % THhITEY O ctricity.
Current is inversely related to resistance.
ridi@Qdiet f,Qnakly, i ncreasing the cross section of the
sem conducting material; shortening the Iength for _the
el ectron path; increasing the voltage; or decreasing
The rrepert snvetttipnofelehes toemimicnadnsttongdavates ieafl meghods of
fabticaltd @@BEcdn@StSdr détiteaN hndNGsRA8eralcatifi@nNto 28 improved

cobl b LU 6814 sal HRNLASS. (BPIAlStel Qe £Rlcer
rate Clr | SUC
g I T e ) Fﬁé%é’?

tf‘?ﬁ (58? étlzripaﬁvgd CMOS device.

density than currently feaS| ble, one has to find ways
pet@ribbidh el euvdsial &rt he di nensions of 25 field effect
transi stors (FETs), such as netal - oxi de-sem conduct or
field effect transistors ]gl\/[}SFETs) and conpl ement ary
An BRI C T BECREEY condith 8F% I(T%)semﬁ%%d}lﬁbo atfiii&gasts the
abtrfpact ressucindlésipioves operent ng pevdrerianreéatddnto
refBMBEES. DYradht biki1RY fkeeviahatie GkfBNSEOIIDNARL the

e:%%%!}l éﬂQgVIQAt%?%ﬁ o t%ﬁ?ngd%}{!e %n‘é@lg'f%r”g{é“e?ééqrgﬂ path;

evice ectrical properties tiona
NP HRMERS BHS 28T Pﬁedﬁféﬁ?%‘élgnﬁ%? THEtEyl by °f the
semiqenfitcieousibpridin cor ddl derrepte megstalvecy rindalncrease electron
f1perhosugmnetetfri aaldaeits. One of the pri mary chal | enges
to MOSFET scaling is |lowering the device's external
resi st ange ( Rext al so known _as, sour ce/ drain

In FEPEIENRE . F3E BS (BFRA P LPEATEE ande S t RES st Tt 25 perery.
logifc t fied rE5¢n danteesy aplidd dlier AndOBRETon dewsdide ebepepprrently
feddblehanBehad €5i Shangs:s Iheue¥her RalndR%e ihangenanSions of

fl@i.tdt Efgéttegra&x%lgpﬁl n%@z‘%@' d§ufc§'1u§§ %@t%%1 otxhge \@@fnféonﬂﬁctor field

cal l

e T L
(C¥DE) de SohilElcheshioves rumacEEsanend AEDEOvEsT JREIralding performance
in reesisdsangesirdnhelgd chonseadl, diheribhe amerémamﬂgevoltages of

tndeRefdd gﬁgﬁl ggylf%ég% 04;%8 fae%&@éwlgl%éxlwgﬁtp&bwt@gs
n v
OqGERFE oot g e 0B Ct G (A FGHFE o S oGet & PRiioue
in prdpyg tfooPWléF @LeatGC%&ﬁrémees%ﬁ Fl%tflé‘-elo The
gate region 5 includes a
One of the primary challenges to MOSFET scaling is lowering the device’s

external resistance (Rext), also known as source/drain resistance.

External resistance is the sum of all of the resistance values in a MOSFET
device except for chamnel resistance. The external resistance is
attributed to doping and diffusion of the wafer as well as the
silicidation process. When scaling MOSFET devices, and if the device
gate-length and the gate oxide thickness are reduced and the external
resistance is held constant, then the performance benefits achieved

through scaling will be limited.
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gate silicide 4 atop a gate conductor 3, which is
positioned atop a gate dielectric 2. The

W®R00s084ai ni ng substrate 10 i ncludes deep sourPEr/GB20A/000928
5 regions 6, source/drain extensions 7, thick silicide
contacts 8, and a channel redion 9. The source/drain
extensions 7 partially extend under the gate region
5. The electron path WL, through which the current of

tnek&Glh O brfah OMbdr@rr £AGBL L hesSkddsctale lﬁe@lgq@e& bg%g&% Algion 5
d of the source/drajn extensio 7 abutti ng

t the
is E%fﬂ‘i’?g 240RgT ot "6 eRY SHEEE TGSt He 1 E’t HRER *SPFTT |5démludes 2
garegiidacBle Perrwasigrfet penddrh®ensi ong.cbfid besilivoed @itop a gate

dlﬂﬁéé‘terz I NeKLe @@eéoﬂtagnﬁ%r tsdmpee 1@f 1:§<ﬂﬁdg§\5eg source/ drain
ecgr.ease

r ef or e It
regf%ncst Ford pa??(%lrb §105§|‘{fg%h FstAnce Onﬁgf’%gn and &
cheprelsiregiond- r e cﬁ@uaﬁ@/qrhen eﬁli\f(ﬁeléﬁlotlhe" Pourizd/lur aitgnd under
theX§a2RSt@lonl €Y ORS el cabitint b&tgl whe tﬁxb&ﬁ&lﬁhhi&g k88 o%rrér& of
z rren si_gns h c

El%lég&l L %J ‘{?g 11El cur?Elen Throu rJhta ﬁegelé%ur ce}qa d of the
sog;(cfee(égi% ei&@qseﬁns] 7p|ap16qet1f1@ q—l'@a@]pﬁnﬁgl tgpgion 9 and extends to the
thi owshesdiskanefoh 8 Ckpsdddagifle tBe disensidhBecOrderelebcfidh path

Wlnmcrlegsescgﬂé{%%yfgﬂfalncwgﬂt %@ié@s’ Tﬁé}%fg%cgt would be

i clide 8 cannot br ou cl oser hannel

AP TP RS GF‘FWﬁgthreeﬁ%%?%on Bt P rREHERDINAl EDSERTRRCe
betlesinghlse wtiiidize tduick ®mid ke ded| @y éhs dogrcefdediiemgension
reff@sShegluct 88 shangenhel wegn - Be devices incorporated

in the chip's design. The thicker the silicide, the

greater the cross-section of 25 the interconnect,
Ut Edne i g Tent ¥OPRY Fesi®pande RiffreumeéhtWe. i.e., path of
cutrtdner ciongttthe dhirck/&tdincedessiar reditino7 thid osuhis treadieing the
Lok L-RoLLAOr i AOR! 211806 wer 1] Gal cndlblast beng dur i ng

nneal processing steps_and therefore nust hav
e ‘iﬁS’Fb a%“%s@ﬁa%‘?gsn@nﬁmﬁef ‘f%ﬁktﬁehék‘?“eﬁs%wc’éd@% bgpught closer
totthe chameel farnthe ifpllandot fresextensi on edge at the
bottom of the junction. 30 For exanple, when utilizing

FlPélbaL%FJe Elosdak' ﬁdsqg&' &% gffi‘s %t}QlJ!achle&ﬁoéﬁz%q%%Qe@/ ?or

use appr.oxi_naf e
reRiGPI afhsos edﬁ"‘f F%l%‘étF%T%PﬁFW%Fn kit 8&"%‘?% I PEPPERiSOnE: the
chipdy gésionr i Shet thigksnbsreantliialide dehe exreoter rherdrage-section of
thé Augbresscchireduicang | ead 1 Béléfh(‘shaﬁcfH/@bJ@lh Rf-réhe it dmronnect .

'I‘hi?l.5< @ﬁfa‘iﬁé&%&#ﬂ%‘ Oa?'e s H%t& OHQJL %ﬁplé gx@gl aﬁd vertical

excessi ve unctlon ove
e A1 (‘?Pﬁjsf@ b |8 WESHERP Eée%gr Sgﬁﬁﬁ“er?%orﬁh%u%hﬁﬁ\zﬁel
appioplbiite sePatingtdwsal ffe the exsenponatdde Bh Yiceflhonglgend tip
and undasmrhadon BERgRAt LN beoRet baidhke folctihe.

conventi onal MOSFET. 40 Second in order to bring the

silicide closer,to.the ion 9, the fln
ro ey Sy T RS bR S ed o oL SR Ho o SElrswosite
Co bl@mié@ﬁlﬂr@ffa%ﬁemsm#a@éhdqfaﬁnpm@gm@?@y&%% phend will also
ditfhaansltek€giyon thicbesriaasdd gethemsWe?2QA44 08649 a substantial

defx@z/ @%ggéfﬁgg%ghness, which can lead to punch-through of the thin

extension junctions. Punch-through can lead to excessive level of

junction leakage. The above limit on how close a silicide may be brought
to the channel without statistical failure or penalty in vield is a

fundamental integration constraint for the conventional MOSFET.

Second, in order to bring the silicide closer to the channel region 9, the
final spacer width must be reduced, decreasing the distance between the

deep source/drain regions 6 and the channel region 9. Decreasing the
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3 proximty between the deep source/drain regions 6

and the channel region 9 increases the interaction
wheimesnot he deep source/drain regions 6 and tPEI/GB2004/000928

channel region 9 resulting in increased short channe

effects. Short channel effects are well known to

those skilled in the art as a decrease 5 in threshold

vol tage, Vt, due to electrical charge sharing bet ween

he;source drain regi.ons,

e b G800 LS, BRULSE BB SRS o LETUL! DAL, cesion s
mt-"ﬁ%asﬁév"rft?e inkergAtom Befweept tfmé?%p FeuwerRasiralsl @egipns 6 and the

chpfimBli degianMOSRETL tedi O ihhadadddssiorll tHathgedrfd@cs. short
ch%eqr Q@%ecrtgséﬁat @Qﬁe knmriyho%f .%&}l}% é&] %nhjleo gr;.rh%s a decrease

reseg ntion ng ovid
0] aREt AT 7570 VihsReT ditoB ST P InEET FoR™ 9 RAGEPRR the
gagg crdathowresaee i resiossarncesul MISFET ddevadpégion of the devices

abConyensd i ehatoldenétterdasd gesidaye anoexdrer nal
resi stance on the order of 200-300 ohm mcron for
evi_ces. h i nventive MOSFET w ext er nal
e G St GBS HRRLC & HEOUEe1 DR BT BT Ga s hehae & miniilzed
ex%%ifrwénﬁséﬁ’ailmcﬁey gns. The inventive MOSFET device al so
i ncorporates | ow 20 sheet resistance interconnects. In

Slaﬂﬁ% berd.arymace; hip designs, it is desirable to
produce Tow external resistance devices incorporating
|l ow resistance contacts for interconnects between the

Thdl weg&& i PCOI ROk aptr%Oldé@ ghthBeae%w thlbehgsngew Y€t ernal

- Ia:nc él ce aﬁl Acg a c(:)W ex cg{nai]o resi st

SEIY 8ugh AppTicalt &F S“r‘ F%FY Y §8Y8na sﬁelsrlEF%Fece
MOFEE| BViZS - wereentientt devies [degidte ke on $x5epfalgresistance on
th¢ egser dfhiedkd3es sottmhalcdoherseeRT desiddsCi diha efvaitiaf dOSFET

has & uaw @86 P Pxd ik by d @hgmscghéameio egi a3 Qésst Rean
Flrst silicide re

dev
cof bt S bl | Hih S B RodlE SRR Whsrmoraies 1o
Shefits AER/AFRRTR 4P FPHFEPRFRTSI n Bpaevihgectnivents chap desions, it is
dessiirkbte despraiiuct dse prwechal tiest ecdnhe dFanselinkefdoaating low
resieegﬂge cslgtasatlsl f‘dzg %&%&a&t@aﬂ@m@elg rgat @al_fvfcag Cl'ﬁ%@].sﬁorated
an | I Si ci.de reqio ov e ow
ngh 23 § an% in fé‘?c(I:)“ﬁ%rcla\tct%s ﬁ%ﬁ%?heevgg\e/ acceée‘l’er?cor{p:oﬁvr SFegeet

o e%sttﬁ’il?? hecushi phe TReMRES: $F| # Gidet regi Trrondan peide region
whegreotightfitet wiil hiideabatibn2inmtt @ laboat thbckr@Ssrimnothe second
siltik@as QuLesd dhai 1 extenskop-ddipi bl b h&ecbﬁeﬁﬁ%h £don of the
devgg:’“s;e:’]l??l (;!yna%l ﬁ&%E e%ongna:}eh%hdﬂnsé%a%a% ggnevteﬁ{él%nra sn.l:LTc1de
*CHEPF FARETI 6D ARt The %%aét’a%qapﬁ%ulﬂéelf@é@ 6 8°HIY a
corjvepefronal esilgcadese it hallvse herosdui tve tdrdiencistnehsiegion.  Second

s11rle:ga@&eg1&ys hBEOEPOF lreROcHik@nedd E8in &&L;@is@@ﬂlrateoréﬁ%ns and
pro%qaécﬂ.%/ Ef’f‘é& J? 1%@%%\?' 1£€%C%F%e§tgefoerxg:gr n@' 1c s 1ncor orated

esi stance ce o resent i NVenti on
W trhé ti:}t?dc{’fypthe di f ference between the resistance of
t he source/drain extension region and the first
TheS Ifh €4 @Qlicﬁ@b%gion, can be brought to within about 2 nm to about 15

nm of the source/drain extension tip at the channel end. This is much
closer than the distance used in conventional MOSFET designs, which is on
the order of approximately 60 nm. The first silicide region is of a lower
resistance than the source/drain extension regions. By incorporating the
first silicide into the source/drain extension region, the external
resistance of the device of the present invention is reduced by the
difference between the resistance of the source/drain extension region and

the first silicide region.
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WD 2004/ 086491 PCT/ GB2004/ 000928 4 In broad terns,

the nmethod of the present invention conprises the
wee@pmsed4of . formng a gate region atop a surf aP€r/cB2@4/000928

substrate; formng first spacers with a first spacer

width on sidewalls of 5 the gate region; formng

first silicide regions having a first silicide

thickness in the substrate as well as atop an exposed

S c t regi 14 n
T e s e PR PRl PR R RRE Sne seeme
°fR dth on the substrate wherei n second spacers protect

the fifomingd( gkte ciedéor egbwr snrfdre stibstuadeatand

form ngo.se6e@NKd rat | dolcdes eah QNS iidt $phek SYbSh @ﬁ €i@Bfalls of
thQEﬁ&e39¢E@ surface of the gate region, where the

cond S|I|cide has _a thickness that is greater than

t he f i FEFIBY | §EPH eI ATtden 885 R 5NN BY ehifd 8 resdt L ifder Fglckness

inprhes ewpstraverds oall ssdtopciredxbosal wetfwe $Othe gate region;

pr oducf&elﬂgl&woﬁ@sbgtét@cm&t type-Aapethchl 8B Ef f@eh the first
S ;1%”%5.&‘1110 JﬂEEQbstQS\\.’é C%h ID?LR ngcoa‘dSI S, Cont al n ncg: the first
s of CtHe - Pert

rate w enen

Sl#&ﬁ@@’6F18PeﬁbﬁP§5¥§ﬁ$%§FF y5r oduces an NFET deV|ce.
When frroduegisegord IsoW gidei stdnoe INFETLdevbserate and atop said

sutfieer Porabi o ef bégilonSidHeek de?QedR@i ONS o1 P8 8R3QPE: M1 6fness that
1st£c%aggf echgz@nch%efifg&l g:[‘ﬁ?iréftgg t E%e%‘é" ng gate

pre-dopi ng, a second 1 npla orns source/drain

extension regions. Finally, deep source/drain regions
Ongreabpiment afsithg rrefbent Revertiphait diecedorm 2 method for
prefeany enby fest BarRe S eRbe | WpeattiRNai & fdLt e6tadi 4t0ra(nreT)

ae‘m%rehodoo%%g 22; PEQAUEI NG 8l teemt agﬂgg%%wgfem@ttpe& the

f ect tranS|St0r devi ce : dEV|Ce3
Pelogh £y g 15 Ph e SO T v e EGR (A HFRG device. tinen
Predyssng @t égw k})‘FSé%‘{Eﬂnﬁg NHYE detisermtcerpptdting gricap difliciile
re@loRBE Mre@bpidieor Reki gieC cdlpkeiff bt Nt SrolilBwing gate
praQdhiion, tsoeo%e dieh DG 'fgt%g %%t%ea/@&snt’ edendGY! Ice%% s

or por at | st silicid i ons usi ng ane nt
FigaYy réeeesose‘%ah PAP 71633 GRE1 eﬁﬁtflﬁgsaeéﬁﬁﬂ“er implant
i npl ant for the deep/source drain regions, it is
A $086d HrBolnept Ol ¢Re hoteBedthensaiies/ ' Al AedXleNS aORSchod for

pr &ﬁgmé '&el%%s:?&éé%‘égl gL JOEQ& %élb!séf'%gc@ t%HEle%or (PFET)

aspect,” o resen |nven 1 on

aoyiPar GESF G Pty P B EL ARy B G CR e
sulsfsarst ROAIWERY Hdeprdsenttd mients enoun ALbriogdeneatngt the
pettilo@ic iTavRatdivBLdn@WE & esixstmm&ﬁE&Tmmnmd 368 .re8istance PFET

dexfi‘é@§t rneg SRRPLS Sfllggt %é.ﬁt&?‘é sddilopl de iU s W tRt Bor the
| SS

SOU.IC ?cgr Iel erxeten%honvx\;n ?\% a EeCO ﬁdlmp arllg C%RO eelil%ldgﬁrﬁgss%lrce draln
re%ﬁé? eulﬁ %ﬁ@oséb‘%lﬁdtsmmé%ﬁebpm mﬁes@rps/%at@?teﬂws and
thed@etthesohircestdrsid ireptieist hicknessingle implant.

Another aspect of the present invention relates to a low resistance MOSFET
produced using the method of the present invention. In broad terms, the
inventive low resistance MOSFET comprises:

a substrate comprising a first gilicide region with a first
silicide thickness and abutting a second silicide region with a second
gillcide thickness, wherein the second silicide thickness is greater than
the first silicide thickness;

a patterned gate region atop the substrate;
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a patterned gate region atop the substrate; WO

2004/ 086491 PCT/ GB2004/ 000928 5 first spacers
wa@bwtosag si dewal | s of said pattern gate regi oPCT/BB2000§00928

a first spacer width; and second spacers abutting

sidewal I s of the first spacer$, said second spacers

havi ng a second spacer width greater than the first

spacer 5 mﬁdth, wherein the second spacers are

posi ti 0 e sel I

BT of R E B S B B SN et d B i T oo
haping, pef ?S Sl?i"cﬁi‘-’c‘t”dirtPalar’rdepr esentation (through a

Cr 0ss- sevhilon@lcevs empttsigonidryadls ofvend ifonal sbRSEET said
sed8 GfaddEOEPRARGL %cbm %ba&ﬂ e e gt 8HRNBharS PAE BT rst spacer
w:Lngp r %ﬁéﬁeﬁke{ﬁ/ ggccpn }réa?cirgr% aereC ??%qglonﬁg %Itop anléI uer & gf aligned

glctorla repres i 0 rou

t”c?%%% st pohigid ?H@W&O%f 15 the i nventive MOSFET

device incorporating a thin silicide region in close
BrPLOXLBELiYeish Rk apaBingkegi on. Figure 3(a)-(h) are

pi ctori al representatlons (through a cross-sectiona

vi ews) showi ng the basic processing steps that are
FigHisl oy 2i PR OReidh rerprnhehionof threedprae sepfs-sectional view)
shbwirend | @nvedtiochhl MOSFES tdeat @d ieadhadi-ratnlg, td ckNEEERcide regions
spHl& féﬁpx‘o&@:@imga@d RA B-dNte Shbhcdideede@ion in close

proximty to t channel region is produced. Figure

4(a)-(g) are pictorial representations (through
Figinss §- e at PATaF a5 enfifs Fasiepw iy obfe ahasess-sectional view) of
thpriovessivegueirepsddviiad acersimployed chiragol ke region in close
pr&ARE e, eNthOfnb e 1pregeAt 1 nvention. in the

illustrated enbodi nent, a PFET device incorporating a

thin_silicide region in close proximty to the channel |

Flowsi dF)idhbrgguetitorsy B@P%ﬁﬁeéga?3§§éri P Gf CYIRE-sectional
vi¢waleptdwong Tihe breigentodasvint isoaps wheclrrpr endldesd an one
enb@iiRegk oF frRbbi&adicngnAnko. exd edh@aillrugsi»as&e@nszaoodlment a

F d nel the. struct I
ePRERL S8t | o 18, OB LR UE LB BB o
ChﬂEFélPﬁﬁﬁnr%ﬁgF?¢ﬁﬁ 385 to the draw ngs that acconpany
the present application. It-is noted that in the
FiAGGONRARYENGrdl giMtgSal krbksbfiLIiRAS (BRI AkSod Rectional

v1%§s$dsﬁo%ng desciding, Cﬁe‘é&r@;‘%t%ﬁ! Eg%?%%%‘ &%%S&“iﬂt dother

erence is first

Sy qSSRERT 85v?}%?ep6?senﬁol’%‘1‘?€tb?%sem ﬁvJe]nl*&lFB”ﬁa grbodiment, a
PFEThdentdey énddBBFET ideva cdini sidh otkdes ragfdmr b CMpsblmnoaemlty to the
chdrR@l Oegldn havbhgRefii rst silicide thickness T1, and a

second silicide region 12 having a second
o S|I|C|de_th|ckness 12, where the second WD 2004/ 086491

Invention

The present invention, which provides a method of fabricating a low
external resistance MOSFET device as well as the MOSFET structure formed
by the inventive method, will now be described in more detail by referring
to the drawings that accompany the present application. It .is noted that
in the accompanying drawings, like reference numerals are used for

describing like and corresponding elements.

Reference ig first made to Figure 2, which depicts the MOSFET device of
the present invention. The inventive MOSFET device, includes a first
silicide region 11 having a first silicide thickness 71, and a second

silicide region 12 having a second silicide-thickness T2, where the second
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silicide thickness T2 is greater than the first

silicide thickness T1l. The inventive MOSFET device
w@b®a/08del udes a gate region 5 positioned at opPCHGB2004/000928

substrate 10. The gate region 5 includes a gate

dielectric 2; a gate conduct&r 3 having sidewalls

protected by an oxide |layer (not specifically 5

| abel ed) positioned atop the gate dielectric 2 and a

.gate silicide 4 _positioned at he gate ¢
=+ 535 Se b PAe T BoRianiee deBptis Ghrto Pt ine, HiRhesk o1
Thé, ingentrive/ MISTER @me@@lengn?lwerﬁ stoaiel Fedige $egqseﬁsoned atop
a %sa%éeson@héléaltel%megs QRS1uRs £idast GRACEIS LS a gate

corg%cg%%&ﬁagxlrlrﬁxgca dse% s 5%teﬁte%oagggotﬁlh% %at e I‘ :j;?%lflcally
lalag egt e@ﬁethnﬁérﬁtfopr ge gB‘a‘eéﬂeW@t‘-’hc iz, aBd & se?walawiﬁ 4 ‘
poditdose] brad ItgﬁeﬁatEOc:drhiﬁcfdu:f 3t SiHel EMIﬁieagllonﬁ‘léhjldaS deep

sourcel/draasln Jtz)é'%l nQ 95 fsoxlr%tel/ §1paqge£2§ce‘kéior§eq 0 nﬂr%‘:l élelllggde regions

aﬁ% uncti'on as [ow resistivity contacts f
11 o??ﬁ?th%iotlF%ﬁ% TRt LS gﬁ%ﬁ%ﬁ%ﬁ‘ﬁrﬁgl‘ﬁ'oﬁf"gﬂ’é’eﬁ irst
spdesi sicahcez, ebterbernmaet segibhes fi Bstorgl bpagiede ¥oghanisg a

seo'olldaé}_ga%\é'rfvﬂrdthw E;?éét%g:' Wlatny flz.sétl Eﬁéc@% %Pdtli?lewz, are formed atop
EmCgosltlone closer to the, cha

&eirtett "Rt ot &t ﬁbljﬁ”lggtre@ﬂ’ Ci &easr é’&ﬂ%n‘? fRutting
fitdtespdaebregn path W through which current flows
before reaching low resistivity silicide can be 20

Se?cﬁla e.lchu? g%ﬁlonsh%:'] ﬁ% onzgs rh@w ?@sr:lhtpx;letfyegé‘l@axtg ess

er aspec e present
ingorpetrticgnittec Fiide Set @SBt W a1 1D L oPrdGEE i TRy L tanee
intdr¢enidcee. MDBEER rdevsidécidc erpomat Lhgliow Sorabav sesrdvity

ﬁl’oléeﬁlt‘%ﬁb%:p%g%gg&ed%_ ggg%e5%§|d§§?§elt Qeélhﬁ enbodhoent;ice.
oY AFBRTBRE ARG XL EF Al FAETS AncE NI 8 produled™ o
whizh ciuneot pUrat i iegoae friepshing [ owirgeistdyion Sﬁilciﬁ@v Faiy Pg
reddtic@ ke sssHfcnthavotdern nef mdbeure2e it 0l aRodhanl Bbtwg 5 nm.

in close proximty to the channel region 9 of the

device. 30 Referring to,Figure 3 atte ne
AnGRRGF GIFPSST ©°1 B msl> St Vo B Rhietolly f“ne}[—z.dﬂfgr producing

the dRvertive MEISFRBtdsydse itnebrrdiratinde ot Pt sgaend sH11cide
rediichBograpiencihe: padd eontigatebs@gienn showtchudbsiras gatae -3 (h)

n Cc ed%ﬂlrésteﬁt 3 nvPRsichi %q@ga&eﬁr@ﬂg @ge_sﬁilaeke%@& Ci L prddfed by

e I ncly S 0
inERPET R Y .fﬁaswgﬂrme ﬁ?&ﬁnc]o’wv%ﬁﬁnan% q%é’%less b che order
of Sibogbrit anningoemt éFiml.sin GlAse dneAbnigNdtotther chanpel region 9
of S@li gonductors.  Si-containing materials include, but

are not limted to: Si, bulk Si, single crystal Si,

ol ycrystal line Sl, Si Ge, anor hous S, a
TR ACORLIHE Ul &Y or® SAb5TPEetesprgton 5 is formed atop a
sulﬁlt@eteerlm wsiliatar coSEdk)onannedicdd inpdh§i®i deperi tpot pnd

1itdlo !:'é.;ﬁ'ﬁ/ STFHACL AN &S n é—aﬁ%ef&g.o§e§n191@ﬂgié%t 9@%@%&@&&93
PO%&P@%&?%&@%% «g{g%:trgczecé he‘{'heé gubstrag %/ :an?l %es, but is
not limited to: any semiconducting material such conventional
Si-containing materials, GaAs, InAs and other like semiconductors.
gi-containing materials include, but are not limited to: Si, bulk Si,
gingle crystal Si, polycrystalline 8i, SiGe, amorphous Si,
silicon-on-insulator substrates (SOI), SiGe-on-insulator (SGOI), annealed
poly Si, and poly Si line structures. Layered semiconductors such as

Si/Ge are also contemplated herein.
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The gate dielectric 2, forned atop the substrate 10,

is typically an oxide material and is generally
wQ@e@ansmIl t han . 8 nmthick, and preferably aboRCT/GB2®4/000928

nmto about 1.2 nmthick. The gate dielectric 2 may

al so be conposed of a nitrid&, oxynitride, or

conbi nation thereof, with and wi thout the 5 oxide

material. The gate dielectric 2 is fornmed using

%g%ogr?ﬁleq %rd‘ ?E§Chfl?)tr%e %t?%ct%eaﬁﬂﬁs Cttgmiﬁ?gbovaépgmlcaély an oxide
ma@yPal pis AR @g@rsklefdg%erstﬁm e |nﬁ‘gth1§ﬁd %Weﬁr%%rably about
1. s&inutbcn:bodepp&l hh oghicer atherlgaatiatelysrribe2 gavealso be composed

%l‘éﬂc{é,co%%ﬂl%d@er Bl i bRGHIRL, rwmm%ﬁrv&%ﬁé& the

[ de oxidation, oxynitridation,

. OXH?GE F“FH%ﬁﬁaén RV PSRRI 2 faifeared Péh‘t%ﬁﬁ?"entmnal

teQuiitabd e;uekamplcesmmhl Wbde@pphatlooam‘@e erhpinoy edivas CVD
(aid®) gate sdi ehest fien2 ddRghugie cvbUlspaf@erind, ahiiNide@dcal

2 203, Zr HE 02, Tag03,  Ji
d b
So%%rlg\rlls(%gtosl loné %%(lagé%rnan%jVélgé InaET o%%elecé: ¥ic 2 is formed by

a ?ﬁﬂwllﬁyw%@ ﬁ’ﬁ@‘?%fr WthHemE@fatl%CJd%dél eeidprton eamifeidation.
nietiidaetorgmanphauslaspel g rpdicll Enetment .ephtisnebad dxempies of

ox:v]r@s-rgﬁalttg%gﬁ &0@%11%&9& a% Qﬁ@#&%e%@@éé&@g Pfinciude, but are not
silicon or. an appropriate

ll‘gjotﬁéuﬁ 0Pt % &t gﬁr Fr%g I{) Tﬁ‘é&nei d?e]fovc?%ﬂ:% type oxides and
coniinpE F¢rysg and n@éhvéﬁtfﬁwéhe@@éosﬁheoﬁatm feelestaik R g3 be in
ci MR aﬂ&pﬁpﬂit@blmys’z’ﬂmﬁéerorf esidapfpigabendi el ectric 2

and gate conductor B. the patter ned gate region 5 IS
for med ut|I|Z| ng_co vent i onal I|tho raph
e el B Bttt Ry rooriace

metgdpl Jhagahe pleotdertesi tist ornns atam f:b@@;at:g éb@lectrlc 2 utilizing

a fabLerNed] @Hestig bhrephaienesd st tadaspalckerdy.of
radi ati on; and then devel oping the pattern i nt o the
photoresi st utilizing 25 a conventiognal resis

e EPOBR. STifo B THE D Per AQ- O THE BRct oF S8 Eropes sace
regiompk etedpridie usEdtion sogouerieth byht e iphatrepkgisgt afding.

Spmlcz&@&il%d, a Waick&rn tlge;i1 BEROSE T §F190Sy @r@acft%@%fs@ to the
ing _a,sel etcctlve et

sur ace e ? I‘OC&? ogfhsa::[st %oergo\ég t tr of

STot 2 CF el 1661 OHs S 6T TD gp(h ormati onof- t he o
ra%tﬂ@%@ad GEredTEGPBIToS the B3 bR ERgh tBRIRRE tPERREFT  Wilizing
a dowrediabdutesand dervelecti ngricheti30ppetreimedf gateephotoresist
is rcﬁﬁb@@t@ die s@é@.toﬁgtédi’i@r@ci(|b§etllléi¥>§5tdl%sps§t0@!é§egd:ob&cted while
the fexpﬁsed %!%mg%’néd)% Ct?:femgvh% gsa't g L es%llgctl%e eptt’?ugﬁlp% ngs that
remvephEe BPRSEREE $h Ve TEn. Fpﬂé%agn@“offow@gﬁtoef b Paceemmea
gatgomeydro’s, ad lpowsedrdpn tdxgd85layer | sz Abimed @foug| embpirgtecting the

paﬂérﬁe@'ﬁlaedfé‘g&%'@n e %:?oté@tﬂh&? AY8d diapg- idi f)fd&b@@ by
I ant§ el enent s frog t he source/drain
gi

th‘?"&?ﬁ 3r?ﬁ8 e HaAREt ™ 8gi on 9 of the device

that increase the incidence of short channel effects.
A PAeBopRIUEivhg GadNFETndlevhEa, nphaspharfosngt edogiirgoafint of the

pr%él?? gg'l}\%ngg&p u Cﬁ%&toglﬂgs OE rLe_rI E{g‘@éj ’coﬁcﬂfctbl' Sallibgg for the

nrate nte
g R L e T L SR T
dithvanee|ofefhedmpslatitefi ¢ ephet s gt rté-teewy@cemréwadmgﬁ@m‘r $ into
thalldnbhZ8d b9 AVOI 8k the device that increase the incidence of short

channel effects. When producing a NFET device, phosphorus predoping of

the gate conductor 3 is preferred, for its high diffusion rate, but must
be implemented in a pre-dope of only the gate region 5 in orxder to ‘avoid
channel effects within the substrate 10. Pre-doping is utilized to aveid

applying the heavy dose/fast diffusing species required in the gate region
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appl yi ng the heavy dose/fast diffusing species
required in the gate regi on WO 2004/ 086491

WO MDABRA004/ 000928 8 9 from being applied to BEEGB2004/000928
source/drain region 6 where it will encroach into the
channel region 9 and produce & short channel effect.
The pre-dope may be conducted during deposition of
the gate conductor naterial prior to patterning and

9 @L&p ;be.%flé earptpijt Pgth%f sgur%e?@a%ncn(?@gq 8t9 wheli”e 1 rvglll encroach

_in-situ, I ca ant dose ran
5B ot sh%fmf—éfsega% /aeﬁepmtibcwoa]tmrzxmameét efifsrenp The
prat-ddpeamay el peddudose dotirgbaepoBx 18] bfatinghtdZondddter material

prh.gia't%nbatﬁ‘fé%ﬁgﬂ/g 'aﬁd k&ﬁh S&f’%@% aflchald Yos! % E;Qteprc%}{&m:tor 3; or
in etraz%l onlga1 P? % é pecies 1nto_t sut%str s atoms,/ cn?

1?) ot €8rT ofP o dE TRy epos ¢° Eﬁ"é‘s%ﬁu p g 10*° atoms/cm
toj aRuAnExTEhe P@?}“Ss’ﬁﬁul Wl e a8 apsinnt idakeyol abee BulE] koews/ .
The ornpllent Hlep@nekr airtosubdthatidleygrdue t6 GrdueiDhbedetAtion of
:Lmialﬂ'ﬁit%él sﬂé&'@egrﬂntgnﬁfeg¥uﬂ&99§e '1% fffoﬁh@%QUEec]uEQ ogtqggtlayer is
pres t 1m lan trl el uggrk?% b an@r oxl mat el to,al £

ﬁ (_i? ’I Bbps ?@yn’?fif’ FE°T %?]ellyeh%rﬁles QRlgow for ion
Pe@%/fﬁ@tW%lﬂéﬁerﬁfﬁ gaferpprvctendr.gi s veépendmoisnthenergy range is
fr&ﬁ)%ﬂbb&’s beb ﬂ:gaduﬁ'pi (ﬁlk_teeﬂ with %Iﬁb@ﬂﬁnald&&\@&hﬁd abﬁ%x@ﬂ&tely 12
ke‘@nerl bfa?htaﬁgp%te a%uioct—: 3@%8 {ﬁr p&%%@ I‘OUS e'%? elements

| oc can

e used prio

ti onal
Im?%nﬁr %nes‘fgﬁsade?ﬁ%d °2ub% F%?%Leér’%%lnﬁoi‘m@é’%égo e @éoave
degiiiiag Wwicl intosaeduisantrd ypet sTheablel fok phasthorous.
application and inplantation procedure can be repeated

tcsg)t%paei bﬁsé@&gglg 4 5 GADdUGt SCOM LiferLepl sre-select the
I

I
R0 TR T REEhEPOTH a0 GHEnY T8 Ti0T RRIErcve.  The

bl%cﬂ‘“og‘?-?]’ataéﬁﬂl{?aéh@{ﬂ paft inglbytabiventogadiere tée bgatepeated to dope

selegk0nie SOUMERI G aith dexEREE ObpeegiRss 7 are forned
vi a i on [ npl antation and.conprise a conbination of

Csty nci de?h’ and an Iegi [ n%lants to formthe

“m% OB GV EdT 1Y v i O /déffa CSREIOFSRISdl G RgEormed in
SHWEEFt%Iél@l et rarsiedily, exisndppdsedhet gatphosphor Bs, Sbsrce/drain
extnef &1 rediddy orger fl)ﬁne@v@iad 1§H0§.‘n{plﬁﬂ@e{ﬂi%£ é?lfdf @&ﬁprlse a

tLon ed oach
con%%gg’?%glnﬁg n&%gﬁ %{lh 5 occu?régalvﬁ%empﬁta ?? Zn O’f‘hﬁ?%ﬁites ired
9T Y Belt §P Wetxl’?e%ts%ﬁn@h er%i’fL ePTPRugiFF FEEDRevIgYst RBRRFAC, as opposed
to ahgepticruk nplsantsfeared gnebiarety obhershgeoupavhel-erentts

dedtbbibt zed céiQset‘lobsf %H}N?@aﬂ? \éhgﬁycacmntb entNGaL p&faﬁﬁ@f.j region
th&ltnggcgljgewlllé}lv %Q% :L\é%n%e mg?aﬂt eh. 1s enolr nx? | tlIlldI ntgiggh ]l:: dslf fusion.

ant1 non ormn

Al %B?%éfra?%%% l’é?&aé’ﬁ§| Hie P eéﬁgd 77 ofper IQ;VB‘FECé[l P%/emele%mtlllZEd
to dbomtNFETk@Yites abgute ibckmdrapeefierablhy abeutid kedhod, also

indlQ8iRy $88fhorhis %Hﬁﬂaﬁﬂzlﬁnoﬂy k@ﬁ(pia@ltapﬁ%i%lzs #8Viormin

d%g I X Lom a gf(

so g Oagg %ct%g%ygxage :LonFer éableyt J.ca?ijl r Ol.:d: 60]F Ve\éo about
T’Hes@ o FFAAt 80%e3 tRAYY cEAT §reRiiei efF Omo@il?oulf}s’r rigVate @hout 7

kchom:ee?mfalaly ehowf 4dbpanfodese andthemositer DfkebXxddBBbout 2 kev,

preferably about 1 keV, for boron. These implants are typically carried

out using a low concentration of dopant dose on the order of 5x10%4

atoms/cm?*~ 2x10* atoms/cm?, preferably about 1x10% atoms/cm?.

Following source/drain extension regiom 7 implants, first spacers 14 are
formed abutting the gate region 5 as depicted in Figure 3(c). First
spacers 14 are formed using conventional deposition and etch processes

that are well known in the art. First gpacers 14 have a first spacer



10

15

20

25

30

35

40

atons/ cn2- 2x1015 atons/cnR, preferably about 1x1015
atons/ cn2. Fol |l ow ng source/drain extension region 7

WO plasd4s] first spacers 14 are 40 fornmed abupdT/68200h000928
gate region 5 as depicted in Figure 3(c). First
spacers 14 are formed using cdnvent i onal deposi tion
and etch processes that are well known in the art.
First spacers 14 have a first spacer WO 2004/ 086491

maewmzol%fgg £ 8m Whghh 3V af, Qﬁ&rtea@%y &smégp&gbly

ou nmore preferab about’ 5.
a0 d S Aot 20 Y coter GBS B d588125PD T am o
abqua 15&&90{311{1' PQdOHQﬂ’ﬁ pmf@rﬁ@s& apewtf ép abt-y Fabouepdd@®rnwidth W2 is
ledhl tisdn SPaGRY sphdlrnw V@ ®s. | @§J.Sstt Bﬁi‘ce&eﬁﬁ’%ysﬂé%ﬁlprlsed of a

dlegkgt}ﬂcv}ﬁaterla tsucplazgsera ﬁltrngg % é“;rsk%%%cgf 1% materials most

ectric nmaterial sich as-a nitri
prefgatdy quoFateriidls nost preferably conprise SiN
Referring to Figure 3(d), following first spacer 14

Ref%@fﬁ@t t@rﬁlgﬁr@ﬂa@r fo@ﬁ]&hgﬁé fﬁ@t' %c@@t 14 %OMHEt ed higher
enek %nrqd sour ce drta% g&ﬁbg o0 19 These 1 npl ants

?ye ]t Calfies 8 SehiSGH Y HERT FEPTGT ©
Thegp img %fattﬁ aa%stefp@ﬁa%lh'ecwrdeﬁ oft apiowt a DD 1 SorateoreftenR of
dopbut goeetor5xA thrdat 0ifs AL, 1xPredemabby abelbu8Xkddd atoms/cm?,

pre@&%&cﬂ%‘utl fEELo&néto%Q%rﬂy 'Iﬁp%ﬁeggggy 9%] ?Qlluféyt %1mplant

ec d substrate; 1.e,, arsenic

SDe a0 HECP AT 7 i c AT STPRER: &K 7 HORan(CH pamErace
typa‘b@dw PR ERS t39 Aot 20rckedboubetd kS sowbcef d0akeV.  Deep
souregidensn Geaf@spbesar abbiebBI IS Elgu@g 9{ StV deRARE

a I i ffuses

;mp!‘-ﬁ‘gl ngzfteleégfye ?Q\%&l caﬁg’%l & k?:l ??%ﬁx%les 1nn Lhe subftra%% slowly.
TOR ﬁIFéeec}eg‘gmt%é‘aVrﬁﬂsﬁnl?e 1‘“6?L de@@pas §6‘8r3€é’/16]i“‘c1| rgdeep
soufer/dueril. foafFobt owi ng deep source/drain region 6

formation, the source/drain and gate regions are

vation neal i ng .usi ng conventi ona
FOl%%é?éeeg QéS{ulfC% il r?glnotG’elafl‘DFnI“ 345t 0 APFESY %%ailﬁa?nd gate
r egh‘ﬁﬁe ars ﬁﬁtl‘fat}"reﬁa@é a&ﬁh‘@&ll% Freeal magwnarngolawnémrqaﬁ gorocesses

suci\ctsi, Viatt ont anméadd ite : coapdacitednal aanéL£Npel atuth€cakRaN&ling or
flaﬁﬁ%%ﬁ@gﬁﬁgoptAﬁkfgﬁﬁm%&%tﬁ?rfs %giikmléh altotggt dpeIQéére

| nv | |
al’:ovc'r:,I %@0 \/\% h Cﬁg@lmai €%mgeratélﬁauc{a$ \6.3%) ’?h tep of the

pr eﬁntcblh‘f% h‘?fhgmﬁh‘f%reﬁa?h@t GORFHCCHt Wi ‘d@pﬁ’én?fsaf\ﬂe% gthe
conduepliatitvedt thee Stesukéanhgstatectalr eopriodicet dupamg were

imp Bl Al rQ8 ARNCBInt Strd@RELLRIaidaFhG g HiBletBD anneal is

depd que[iolx/M RY,AG hygtion anneal, the inventive first
l'icide region 11 is formed as depicted in Figure

3(f) Silicide formation typically requires
Follgwphos iacic hyp ionetraleall aydie Drteotie feusd adkiofdearegion 11 is

Formald- £9 rHe@b.@tte{ég ifedeni-als @y . W@ifé‘lde-rh@rﬂﬁgiéﬂ ltk/gi/cearllWequlres
| \Y i on r ces cl.udl n
depﬁtgﬁ% gege%lﬁ. Egye%n%gp ec?é s% % cé) % Onr&:(aﬁ}fj %ag rlal or

vapor dep05|

watghl-asthe BSSt'staveiorsy 4 §ﬁﬂ%f€‘n§$3tn>9 Eh%%veﬂawlosaabd?rocess
1nc]d:ép@$,| ﬂopgmc(tl—mu@)ed to: chemical vapor deposition (CVD),
plasma-assisted CVD, high-density chemical vapor deposition (HDCVD),

plating, sputtering, evaporation and chemical solution deposition. Metals
deposited for silicide formation include Ta, Ti, W, Pt, Co, Ni, and
combinations thereof, most preferably Co. Following deposition, the
structure is then subjected to an annealiﬁg step using conventional
processes such as, but not limited to: rapid thermal annealing. During
thermal annealing, the deposited metal reacts with Si forming a metal

gilicide. Metal is deposited onto exposed portions of source/drain
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plating, sputtering, evaporation and chem cal sol ution
deposition. Metals deposited for silicide formation

w0 pkisiaoiTa, Ti, W Pt, Co, N, and conbi natiBCEGB2004/000928
t hereof, nost preferably Co. Foll ow ng deposition, the
structure is then subjected ti® an anneal ing step using
conventional 40 processes such as, but not limted to:
rapi d thermal anneal ing. During thermal annealing,

t he, depOSLted net al react Sk, £ 0T JHEtal 2 ou om
ex‘%?nlsllgn egl %st aI l J:Slw El‘? Jnt chél Q‘é ﬂl bout 2

|s e03| onht o expose 0gortlon ? of Co
to gowre el @mamre\ﬁ\ga@mmm% fﬂ@cﬁ@% 08 aver
at@(taeﬂﬂdbﬁti:ﬁgh@nﬁatériﬂ fforma a netralbiligide ldvel Bl having a

%‘égé‘ %%Salg&{%nb alQrPUt MM 5 taQs@Q%ﬂ)tosZté’HT]atc&f eherghlyconductor

positing a.2 nmthick layer of Co atop
3 ﬁl%lfoﬁﬁwﬁa?a}ﬁen@ﬂrf‘é?g? gl?rbr"ms a thin silicide |ayer

11 having a thickness of about 7 nm Metal is also
Flﬁs%ogﬁiﬁdeaﬁég@oima gaé e eondligiDicidd hiakdedsommsofaabout 1 nm

tof% SI Ifu%ltlp&ee zﬁalbgn from eifio%tt §| (L'nﬁl' g@ aﬁo@gﬁ Qr Arﬁlr @@én Gore

out 1 nm to a
prﬁﬁﬁrab%%ffé@akﬁbyw o BBGE T Ain G Al "I ﬁﬁqe a%%y Erom
abdl@ € .0 preteraoly For.ommaboaécdmd0sHrbct.ée dbooinepg. TR [if greater

th%%l@@tsj_@{@lfd%r %&n&é@lﬁlo 7ROt b£O0cHEFE B2 RO ci0. fgion 11

Second silicjde thickn s areater . than
1979551 L8 PPCTHERE b eRhas S OF Copndetitg U 3pfloq ! R apout 2 mm to
abeid i16iWe pegicsabiv abehpSest ooakPHE éﬁﬁhemosrtegrﬁfﬁrgb%&f about 7
nm!t N8 clleMieC end S PRC @durdd drahioektéhaimmtegialbot 288 Tiny the

chg [ eefle{*%gbl X 9 boHﬁe %rﬁ%éu%&@gé) %tf Q'IQ Ry, f@%gtzﬁ'{‘c%f @fxas@ ¥ilicide

fro e en e sourcel/d

re@;qneﬁgp@ﬁor@@ 5ﬁ1érc;e/gﬁi1tnt Fﬁt@enlsh%n fgg&%ﬂn&l qﬁgae% r?r@;clmlty to
thdhahfd T @dybdd encieh pherioowly eskstdrcéedriepsts hejytgenal

L8800 LE L @.the source/drain extension region 7 in
closer proximty to the channel region 9 than

previ ously possi bl e decreases the external resistance licid
Rebfritine WeVigws 209RePRITINGFIGTR YurES FGYeT &€ n stitcide
re§PACERS Lorane Eordredpadcap tdhi nS&dMCﬁmerse@ ene Fipdmed using

coaxpeunttti%&% d('é%éstlt%&?%ﬁﬁsegcﬁlné%gggss%gagﬁbg al® v@i@ known in the
T usi conventi onal VWD(%Sl tion % 00 ¢ 90 mm
arprBeBRES 2t Feftondr PARET VA0 hot ou%\:}t an ohave ’
presechily siraverbonk dih nWBtd rbavaEuULm.2@GVER MOES m@éafa@@’ from
anBiR 40p£1§ft%r gﬂ&luye £6 oM, abho SO PREE&ELAPAN 10 Ryl epacer

ngﬁ% pr?e gg::r rorpé%g Bgés‘ér WQ%%O ahoyta & aE‘é’B 13 may be
econd spacer, . w dt, tride
cogprigtedrot ﬁaﬁlef%efl’é{l“sﬁa%%?law HR 0.2 LTIRG sPacEr °f§nl ride,
orNBYcdaBinaanpriisedonf dedingl awtoer clivapeeriall s s peefgrably
coRbifd.de;y OXi de, oxynitride, or a conbination thereof.
econd spacer 15 materials nost preferably conprise

SiN. 30 Foll owi ng second spacer 15 forpmtion, seco q}f :
Fod}dvicpdesaoagi BRSShAF RE§eedNESMd Si-HeP PR TIE88S Prying
seab@d 0l Edeashidepeed ed dne Foguadea8(depicted in Figure 3{(h).

Second silicide regions 12 are thicker, having a greater depth dimension
from the surface of the substrate T2, than first silicide region 11.
Second silicide 12 formation requires that further metal be deposited atop
exposed silicide regions not protected by first and second spacers 14, 15.
First silicide region 11 is self-aligned to andlprotected from further
metal deposition by second spacers 15. Metals deposited for second
silicide 12 formation include Ta, Ti, W, Pt, Co, Ni, and combinations
thereof, most preferably Co. The metal layer formed aftér second

deposition has a thickness ranging from about 6 nm to about 10 nm.
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Second silicide regions 12 are thicker, having a

greater depth dinension fromthe surface of the
wGauwensave T2, than first silicide region 11. BSI/6G82@AL00928

silicide 12 formation requires that further netal be

deposited atop exposed silicliide regions not protected

by first and second spacers 14, 15.' First silicide

region 11 is self aligned to and protected from

r tal d S e d rs .15,

Fo%ﬂ! OS?tde A Segtgl%d Eru%@upéldg ﬁl‘gé?l &%ge%geé to aJix N%%géfing
stﬁ%, 2Fia SRPPPREIED CINPLOMN 0 BEnbP kCFbris 0246 "csﬁé?e‘t?f“,"entlonal
rregesepregcRrah| YutCaoot Thinined do: | egped flormed afikeling. The
anﬁ&@.oﬁﬂocegepﬁlz&i 11011 BaSE Bk 1 2K e SBpEaGi:Ngh frhaMaloUlcilized;

.8, "% %oaPLQétha}Qc a, éé@*:&@%‘%@%&%%&f’%ﬂ SR04 00092 m0ue

|.ow ng deposit
%‘i?bj %l&lt Ed*1t% sﬁﬁo%ﬁ%‘ﬁﬁrﬁﬁurestf% digtlicidenpuratinme tgrabout
15@tsout FAO00Y Dot enzdzdut t1850r S s hag-hdokveest TR reefl the second
31ﬂr&@.§|5r%@‘$or§ _li:!_ﬁhlél%roglgboﬂgtld Al %@@b&&l 403 d;fh&!suer BRLferably
anneal i e e racess faor si ide form
Eru a3t teﬁge “8n kiqu}llg érargetngfl E CPS‘r i YEd; p%Eé abdly Foe" ¥DOItn—h g0 nm to
abwtr 8% %ﬁ%ﬂe%t tre Fere ﬁﬁﬁ%a{biblf&émf%ﬁ%ﬁt‘?%ﬁml %0 gbpift 30 nm
th500r €4 whst ertheradee ondut afpenatiice. f dhedtrsiull tentd§FET

cog? B84 |a°Beéo$1da§QLlit:1dg§Q5_%n gl £r9¥“an911%‘%n§ﬂ1c1ti@e.ceglon 11;
e second. silicid

resul ti n kness

g Had et RO aian 5 DEeSEos i pRreRel Teststhhee of
thqandeffecreabm} thier grAcaB otitl 1t 5dn regoora BB Uter38s ram Bhiak resistance
ind@tenfycef erably from about 20 nmto 10 about 35 nm

thick, even nore preferably fromabout 20 nmto about

30 nm thick; and nost referabl about 20 nmt hick.
OptERBat s P tSETPRREERSA L Hﬁgr]?es é?gn%}l &2 o1Td °57 ¢ &P dFFBYF Gntover
resfiztavidvarfasestt dihki Cimde arefiseportl] silighidretdoiend iigti2. For

exaSiph bk Civilen egh o nlrdesh easrs trmlgxt eﬁ@@wr@%@t #MNEesi, forms
at %ﬁ'x allinegld@em ?gat%rg gp%géleo%(QmigeSl 6g6r%gt 6@598 and has a

serves as_a | ow resi st
resd5t1 Al Py PR SRS helvafhed 6Praf§/1°6@ ‘&?ﬂ?dﬁ%t é’&ljr% t5f et phase,
pradgcpt edbee aaséoamer anread | of jabptty 8fheS erobredterf ihast 2 amgh lower

resSi€EONAySHE iabbéle 10egb ABSud b5 d2erdefms-R%aNpl e, when
utilizing Ti silicides (TiSi2), the C49 phase of TiSi2
for 20 at an anneal tenperature of approxi matel
n%eE“BO%I%P?: OaFth?]é)éeﬁertr SETRTOR £y Gfme&ﬁﬁiio?arné%%qufmg 2
1OV~6@eﬁﬁ§tes<Z¢nP€%-a@hﬁspm¢\edm Fegurnes €64 -plalse, It greodersdgle to
int2btefe arsLeebdinbraln af naheuta300§&a0ko giRalieds, e &he

exJEB‘EDorJ Q%BJhanEIfn?tJ %flé VdoEXng? a@?%lé&l 19rc]:mo ?Qﬂyuhb é‘iments to group

m cr.o- ohms- con ment, O resen

Ty R RO 1 oA LB RS LY or SEOL PG SR oV r BLY Srnmiuave
metppEbreduekspil et e@si pranicgRTES d¢eced (Wilirind § powde bimplant to
formObotMkegral er-dhEdxfunedatd a8 ddepasdmiBedraanatagons. t o

Utltlaglr{gFg ylg hy dhgn e %csmdheg Mthca@gb&%é/agaﬂpek%sm and

al s

| V el ene
end BLELLALS. T om 61 oUp, v SRR S0 I R ES PR OF the
inglaYe rtlepen t30uwpast hoe q@ﬁé@ﬁcéédlm tdsildheett e PRETL channel
effdevéces utilizing a single inplant to

Referring to Figures 4(a)-(b), to produce PFET devices incorporating the
inventive first silicide 11, an implant to pre-dope the gate conductor 3
and only a single implant to form source/drain regiong is performed. All
other process steps relating to gate region 5 formation and spacer 14, 15

formation for PFET devices are the same or similar to the process steps
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form both source/drain extensions and deep

source/drain regions. Uilizing a single inplant to
w@e@dogaobot h the source/drain extensi on and PCEGH2@R/000928

source/drain regions substantially reduces

encroachnment of the inplant ékenents upon the channe

and the likelihood of short channel 35 effects.

Referring to Figures 4(a)-(b), to produce PFET devices

fdﬁﬁ@&&%ﬁ%d RI'QE'f gi%vn.é ?HE& %riil_ln ttl?é ll gen%ﬁva f:.r[sg silicide 11,

n‘ﬁ ant " to _pre- e ga e conduct or
agd @‘F‘?SFﬁrﬂbﬁﬁ? to formsource/drain regions is
performed. Al 40 other process steps relating to gate

Rd‘fﬁgiﬁﬂﬂ; 8o fraIBdd @nc pne,) Sp@%@ﬁgl@ﬂ.?x}%ni:e;ﬂ rIﬁf)i:Qﬂ: fﬁ’fease enter
ame _or .si ar .to ;
i e S e

sT3eV SAITG/ REEP GV edsn i3fcorPoratt fyetdiesi fvefervas
sduicestdrsit ireptensl 1, arcasyoiaUgs edonbover IRebertd Bgodt0s5 kev,
pr%‘fngbQ§ A:(oc&): Z(Qc)ev, afo}l QZ%E%.:LL‘OV%I%H%M’CI Me@ntt,o (aB!:ﬁ?%ekeV,
rerr']erabl 5abtou gy of d;"ﬁ n%%v)l S | tro uced t k
P pl antat 1 on to ofroP]Fh 5% GRPSodr %V FPafr v,
Preﬁe’é}l?éh’oﬁ%ooze 1 kel afee eweangu &9 forintorps wgnole low energy
inpdamitG e Atlraaic ivate gh cnted l arse chiydicead lay: afgromaheat; dsodce) more
px%@e@@n@ tad aK&l\é 10@6;@ gk %tha&o':ﬂﬁ B?igkﬁgé/3 t;l?)r Z—Q.Eﬁ&ﬂjhcboron is
. % L% tkeV {ﬁ out t7 keV, v&{g g g
A D VRRd ¥ SHYabSat™Y Re zprl? meOPFET
deﬁf%#erably about 1 kev, for boron. Follomnng t he
single I ow energy inplant, an activation anneal is
Re@%fﬂfl@t@g%&ux%o@(é))x' Hﬁeeﬂn%e%é%cflﬂmr €105 &L e;l.rlaﬁe orﬂ%nare
abo ) in Figure ; _
éj dp g’ Gothet et‘i‘/ S8 € TS giieﬁ?gnP%Odr?ﬁW% i 457285 First

Slf’-bffldﬁreeﬂaepﬁgupl:@le adélwcéésss S webbevt ﬁgnmdwFalgwtels nm and
aldfwe)fpridie brMenté veghod sl Bé ldreugle dicHi@gb 0Rs talr&out 15 nm,

prfe@équ%gy a@:%ugeis %' tb%d thé‘ e‘hﬁe dt:kaﬁg eshg%.m % %PJe/B[»Q&“ %L{Q&lmon 20

NFET devi ces. First i ci regl ons
PP PR N B RS SRR % OﬁnFlieodﬁb’di?t 15 nmand all ow

for the silicide region to be brought within 2 nmto
ﬁ&&lﬂlglt% Pdurdd p(?g?é)aglfglﬁ}gﬁﬂ& fZ.erSJ.Qch%{éeg@ﬂgitQEn 11,
allo Qurce [ X utti
Se&aann cerSV\iss of'E m?% vgllés e SJF?‘E? ng eglﬁgﬁlfflgssecond
sikiqife (3 re$3€ﬂni 6N TRY ??%@Wl@ [thei sheef o mARLRY pigcess steps as
deseciond Lpacaos dipdacend orredieai e .f i nsd redllitchderrkl comprises
a £§Q>h@r§ll§9ﬂie3§g&ﬂgl 1;5ar1%1| glﬁlrgg S]l%léleag Qleo%r E@d where the

the sane or simlar process st eps

f”ase Ef'ﬂbcég © Ji5EveR 'dr R asieiita r?ﬁ‘el\i??%?r’a%]v%ejss‘:a?ﬁ% of the device
ang ¢digl tenohd RRETCctbNPpriSes 12 gsegeeonrd i lawcireae stegioini@ connect.
and a first silicide region 11; where the first

Wh§ é Itﬁedgg:esgrgt! qgvg%plgﬁcﬂa aggé?n E)Q%I:lec)l(l&erf]y shcgwens Iaséa escrlbed with

evi ce econd S e re

r§%‘?‘°\?ést°a§rﬁf€?r6ﬁlﬂr%‘§°§f%é HifrePboRREELLL Be GRderstood by those

skilled in the art that the foregoing and other changes in forms and
details may be made without departing from the spirit and scope of the
present invention. It is therefore intended that the present invention
not be limited to the exact forms and details described and illustrated,

but fall within the scope of the appended claims.
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30 Whil e the present invention has been particularly

shown and described with respect to preferred
wepdvansdrent s t hereof, it will be understood byP€TiG82004/000928

skilled in the art that the foregoing and ot her

changes in forns and details fay be made without

departing fromthe spirit and scope of the 35 present

invention. It is therefore intended that the present

invention not be limted tg the exact fornms and

details described and illustrated, but fall within

the scope of the appended clains. WO 2004/ 086491
1. PChe@BR0F4L D28 alBovCAbMSante NOSHER ledidecofmrisiing the
st8pd QW. resi stance MOSFET device conprising the steps

of: 5 formng a gate region atop a surface of a

substrate; formng first spacers having a first spacer
Lofideha SIRE8| FRSKAT 155082 ST ERCYat & rFEEFGRT10 f or ni ng

first silicide regions having a first silicide
fohhiin%kf]ﬁs.s% kb csak qlav§ﬁ@%.t rf@fﬁ: apael hias at %déw&lu@f af &aid
agé rsealldn_gate regi on; form ng second spacers having a
Bsedond Spacer width greater than said 15 first spacer

wi dth on said substrate, wherein said second spacers
foprigpettrstsaild clie seosids badiaor egiigntisildaidd shbsineasein said
suBd L Ordl NE11Se6 NSk | digkges 8Ol HRSgae sadibnsubstrate

and atop a surface of said gate region, wherein said

second silicide regions have a thickness 20 that is |
Logiegt BICOPAATPASETY PRV 2sPRIRPIRPACRT CREE T8t Fhhan sald
finet koacof wllid on baiieswishraa, dviiarein ngidf sseihd gracers protect
sal®@Fi108: Tyt bigle &OBRTiSesiPredopidtg; afnasai d gate :

region. 25 3. The nethod of Claim2 wherein said

predopi ng _conprises ion inplantation of a type I1]-
oB BReMeO SLAGHE ToEIBreNt L FEATE At AU dh gt Rce of
salheahettrgdonf wEhaim Sitheeeondr etfopifg teohprd Sage jfpRhickness
thhtPaftatbonnaf spbospher usiicAte wakkh«@at e region. 30

5. The nmethod of Claim1l further conprising the step

of formng source/drain extension regi ons fou oW N9 curther
2. ey mgEd PRgraHt foF Bt Bnea 9% FOFHEY gt fidtf SFE8 T T4
cofppisherrredopmosthgat fevaseeprpiof- f ormi ng deep 35

source/drain regions after formng said first spacers.

3. 7TheTH§ t 919 %lgim g @h@e@%gl%l Brécﬂ{amgp %oﬁﬂi@eg €64 implantation

fSOUfCG jﬁagn]re 1 ONS coO R}S S ugﬁ,l ggﬂi&g%gqﬁ%&og
oLt 3 F&PF I AR e ft °6r® &¥Pype e@e%ﬁa neht g ‘
4. The method of Claim 3 where predoping comprises ion implantation of

phosphorus into said gate region.

5. The method of Claim 1 further comprising the step of forming

source/drain extension regions following said gate region formation.

6. The method of Claim 1 further comprising the steps of forming deep

source/drain regions after forming said first spacers.

7. The method of Claim 6wherein forming said deep source/drain regions
comprises ilon implantation of a type III-A element or a type V element

into said substrate.
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PCT/ GB2004/ 000928 14 8. The nethod of Claim 1l wherein
W@ 200d/08@pm ng of said first silicide region cPOPGB3@3/000928

depositing a first metal |ayer upon an exposed surface

of said substrate and annealli*ng. 5 9. The net hod of

Claim8 where said first netal |ayer has a thickness

from about 2 nmto about 7 nm 10. The nethod of

8. q}@ Héiglo\ghgnf\l%l§ﬂh q. t\lhé'l%tlnnglﬁl f(LIQrM§5 &Eog@:[d %§§sg%al;.rc’:mde

i I na ati onstt#wﬁr eof 11. €3 Surface of
?féinhﬁﬂnwsﬁ a‘ﬁeﬁ?ﬁlt\hﬁ%rael AoV o T SS e |up?%|aﬁlee}r<%°§
said sfhibstnage dnd smiegléubstrate having a channel regi on
beneath said gate region, where the distance between

e méﬁl‘lodcbg %15%@80911%(1 s§ﬂi QJ.EQ?%Q@J& rlggéxo 'Eabsa ft‘h@@ikness from

2 nmto about 15 nm . The nethod of Caim
ab‘lutwﬁe?ﬂéltﬁ A% it silici de regl onis fornmed in

sai d substrate having a channel regi on beneath said
10 gat ehé e@ichsy ofheram b heretle Sd=AfCEi et el Hajett sdnprdseke Ta, Ti,

w, 891 8n and sai.duchanngls tegiLR. is from about 3 nmto
" about ‘10 hm 20 13. A low resi stance MOSFET devi ce

conprising: a substrate having a first silicide
11y egithm mwiched @f Tl Sivbiegpte sehi dines 351éﬁ(dld§b6??ﬁ°ﬁgl% formed
in Seganshisickhed devimeghothanheéh r@gsec drdegihl sxiddgate region, where

thd rnggﬁ?c%sbe%%ﬁeéﬂdséilqm_ég%ggoﬁ'alnlics!aQ.@ thineKNBSS i b$ is from
ab%‘htt ter th n sa first silicide thickness; a 25

eFhéd Yare @mOn atop said substrate; first
spacers abutting sidewalls of said pattern gate
121 egirba mRavbd@ractdinst wdpaedr saidtiirsandliseeoneyion is formed

in %ﬁeé&s%péﬂé 'hQQ:Lr%' ge&’i@!ﬂhél Cifeg§éﬂ ‘ﬂ)ef’léa[tslt s&?%ﬁfeﬁ region, where
econ LS e
theé%lat%rcre gefsvisagge?a ejﬁ.cwé re :Lon and a &an £ .‘:ae 1on ig from

' sal decond
abeirte 3pysitei ded &t 8- and sel f aligned to said f| rst
silicide 30 region. 14. The | ow resi stance MOSFET of
13 C' alAnio’lvﬁ rfayfgtias&@e %g?m Sk &%&@A@r agns@gttea@ @Bving a
nd a.channel_region e, .sal C

f“esft Ehg C&% rEgrghs ggea 5o57 |Sc%%1e%llec{) Fhlcmesss%gé Eﬁ{u%%g]a
seeqndj gl eids ﬁeég?fbr‘t’l‘alﬁcﬁ §§FeRC Rahirare r*‘éﬂ@FWSSvm‘éﬁee‘feén said
sechn@easl iendbethieeressal o acharmekhar egidrfigad ssai¢ide thickness; a

pa%&@@/g%al lrbggzsltl e18h Odh e GIKHISat S; ffwm abaitirs 221Ut Ay
Slﬁeéva#&s ﬂ?sam éte TheatleO\J,:veglo%l ﬁgi%.rl]l%e gtl,z pggengvﬂbgl]l and

er co
second spacers abut 1ng s1 ewalls of sald first spacers having a second

spacer width that is greater than said first spacer width, wherein said
second spacers are positioned atop and self aligned to said first silicide

region.

14. The low resistance MOSFET of Claim 13 further comprising
source/drain extension regions and a channel region, where said
source/drain extension regions are positioned between said first silicide
region and said channel region, where a dimension between said channel
region and said source/drain extension regions is from about 2 nm to about

15 nm.

15. The low resistance MOSFET of Claim 13 further comprising
source/drain extension regions and a channel region, where said
source/drain extension regions are positioned between said first silicide

region and said channel region, where a dimension between said channel
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regi on, where said source/drain extension regions are
weominsaned between said first silicide regi onP@NGB2@iIHAI00928

channel region, where a dinmension between said channe

WO 2004/ 086491 PCT/ GB2004/ 008928 15 regi on and said

source/drain extension regions is fromabout 3 nmto

about 10 nm 16. The | ow resistance MOSFET of O aim
regrl%nféjr{ci.t gg:[d %85@({1 /é!ﬁ'% e§tech%lj!519 S\%@E@M‘ 1§Xfﬁ>ﬂlsé195ht nm to about

i ons and a channel region, ere said source/draln

10é¥%en3|on regions are positioned between said first

silicide region and said channel region, where
16 di nﬁ‘fégi/lgﬁ @EMeSﬁbﬁ'E@r@m@@élm negiithandospt hing

source/.drai.n_exte r n

o B el e e B R e
sovricpéiradBatEren st FRITE St FEPAB T Y Hﬂ%t‘t'%enasaﬂs AR AL Cde
redi8n dive shibivchesiedt aerionMIBREF dime@dnrbeidrenh eradidnchagingl

rec_:}‘:doflS’$11<'1S Race rsoui/\ééﬁibairs okt 181 ab g i nan Akt bodboutnm20 nm
15 19. The | ow resi stance MOSFET of C a| m 13 wher e| n

said first spacer wdth is from abaqut %n 0 .
e
widsheieifrosaldus et ondts paecer 4028w dth is from about 20

nmto about 90 nm 21. The | ow resi stance MOSFET of

CI a’&'lgg %gw%% Skﬁbc%aﬁ&ﬁgcwgiéﬂﬁggrwlphe%% rEalzl.é ffl&@,m spacer

| ow resistance
dWBSF%‘?r&F‘ M T8 théretn Qa]iuﬁl first silicide region
has a thickness of approximately 1 nmto about 20 nm
19 23. rHd@ oy OMé s B SdreaneErEVOSFETa 0f 1€ wareld satiér Birgt saiader
S 1L reg i ckness of
Wl%%p?%xﬁs’cjﬁgt%ﬁgg r?%%(gggggﬁtlglgnnm 30 24. The | ow
resi stance MOSFET of Claim 13 wherein said first
20 si | Tled dev resgEoIndeaOHET ok Kheks 18f vl b aeAat BopnS Fhrfe”
widtd adatbmldboam 225n dhavbowonesi.st ance MOSFET of C ai m
13 wherein said second silicide 35 region has a

thlckness of .about 10 nm't bou nm_26. .The
11 esTRY 4Rl " WEBEEF oo A ?ffgaz\%té? e‘igrherse ar a%%c%ecahgvgpacer
w1®hl ieifdem Fwykold hastabhiteKAeds of about 15 nmto

about 35 nm 40
22. The low resistance MOSFET of Claim 13 wherein said first silicide

region has a thickness of approximately 1 nm to about 20 nm.

23. The low resistance MOSFET of Claim 13 wherein said first silicide

region has a thickness of approximately 2 nm to about 15 nm.

24. The low resistance MOSFET of Claim 13 wherein said first silicide

region has a thickness of approximately 5 nm to about 12 nm.

25. The low resistance MOSFET of Claim 13 wherein said second silicide

region has a thickness of about 10 nm to about 40 nm.

26. The low resistance MOSFET of Claim 13 wherein said second silicide

region has a thickness of about 15 nm to about 35 nm.



