; RSe3el F, X| 66T. <DUAL Si-Ge POLYSI LI CON GATE W TH DI FFERENT Ge
CONCENTRATI ONS FOR CMOS DEVI CE OPTI M ZATI ON BACKGROUND OF THE | NVENTI ON (1)
FI ELD OF THE | NVENTI ON The present invention relates to the fabrication of
integrated circuit devices, and nore particularly, to a nmethod of
fabricating dual Si-Ge polysilicon gates having different Ge concentrations
in the fabrication of integrated circuits. (2) DESCRI PTION OF THE PRI OR ART
Silicon-Germani um (Si-Ge) polycrystalline gates have advant ages over
conventional silicon polycrystalline gates. Lee et al in "lInvestigation of
poI y Si PUBLGSR ~F rP QAT LHaEie CEVDST 1 Tdc RABY 1" Gp FERIGERLRAKBIONEA7 - 1998 and in
"bservation of reducBeR BEPSnPHENEL PETT Agﬁal"gate depl etion for
pol y-Si 0. 8Ge0. 2 gated PMOS devices," |EEE EDL, p.9, 1999 have reported that
pol ysi i con-gate depl %QWOP%)O%WECFNWIB& on penetration effect for

PMOS d LS I w. th increasing Ge concentration, while NMOS
devi cegi/)\m%&ﬁr‘gp%"? ?]:%Eﬁig IE % Ger%oncent I’%’[I og >§1h| bi t the | east PD

effectf Late nofl ult e Grmance with poly-Site
gate", ﬁz‘%g OE ﬂf‘@j ﬁ TJ?)Gthat the hole's mobility
for P e.devi ces W|th Si - poly.
In " Fﬂ%gé oPOIrPd% gg %’ﬂe t 4 st al |ﬁ% QEGetq x films", |EEE EDL,
p. 456 1997, berg et 4l reporte at the work function for p+- doped
Site p@iyq{g}ggﬁgﬁjdﬁeogl}}m dQRerRaSES as the Ge content increases. Hence, it
is possible to inprove the CMOS device performance by using gate work
function engi neeri ngicos-ed rbiirsUperest eRRyvELidRanagde channel

engi negitd¥g hbvl ghpathegssmree 6espnsubALraANieMIS technol ogies with

pol ycr ysiaidysber Sinee ggtd €5, LePosorar ey einwlstigdbEonEDRs Po1y848, 2000) or

| at er abichaenefoenrgianegs tangMOS A &:hbd1agy polEBEGedgate ©MOS t echnol ogy for

| ow vol $Eyentl ke d'Cisgnadtiappbit caddwars, boRoneraseratebnabnd ZEE ED, p. 1507,
2000) feromepéytiein dbripolycatie . dertkilupetedirMefgiaeierisny TBHENG pol y-(Site)
for higbt.per-Porhififcbade 18Hoetr) CMISPprérhindlcogygdtd EBM epior829, 1997,
report €8P) ledfeat A epropinpnSiratimr efaechernt¥edweedceon ishe Si- Ge pol y
gat e tbeprasserven tinerseaince senditdation yohemeMdepfPmeca® al in "Hghly
reli abWetkp@lP?I%@/t&%rfﬂfth@ SPrepitte2ChMEB exhiEp ths 1685t 2000, report ed

t hat gaf&dxi de2%81-i 4B nEgHeHe Cif M%%t?vay“eamﬁﬁ?gmant% n anor phous

si | i coRtPuperypri&s gﬁ‘Be JEEERBPYrsin-i éofr deldsi Feorft 81 Since it is

desi r apfReHE< hg%t R% E‘Hﬁl utf OB 08B LB CAMTB T BNt BIOS  devi ces,
respecP‘PJv}ellf ?"?lhed:r &E‘FntHloaf‘(?hfiﬁ%cetshe’lf)}bt%lnﬁﬁtlﬁerformance for CMOSFET's, it

is desired to provi qe rre(tt% d_ {)rnfO m n %du | Si-CGe polygate CIV%FET
with dif er en . C gceg {atl ohs Tor né° 54 qea\él7ces U.S. Patents
6, 326, 2% [ é@ 4'1

323,115 Bl to
Tanabe 019 t eﬁelﬁg S gOhE. P RS Ses, G% r?’f &t 4500, 506 BL 1o M
et al SEETERE QAL Brocess tialiia S P8 @met hey dummy gat e

mat er' rfoﬁttt(t{!%@\g s THE 44\4\4 NELON ACEQ é}gjlseeeﬁlrrg Icgg%ye@bl ect of the

' nvent{qggh I sipk P- Me%\b' gétéog(lfa%eéﬁarfz{éﬁ ERsMdigidyal »eSiy poly-gates in the
fabri C@&t@}m%cé QER-Tels e&&dlc:cﬂo&cumw teAnhyldhies @ +.1¢Ct %f the invention is to
provi dgo By diyREESE: A0k EOTJHHRE , duabordma ey P ¥agates: mayi pg different Ge
concenbigt i2008) | &t tia€ckabrdieahboneafineat egf atadocis ea bs1y-Anot her object of
the i ngeed i@Rel SMAD tREBNH TIRA £PE 0BRSS oll 04gd afikeagstialh Si- Ge pol y- gat es

havi ngagipfifareahs Ge roabaerdy ati ons feEE B0 .andoPMABodevi ces in the
fabrication of integrated circuits. Yet another object of the invention is
to provi de a proces®ohonafor ritngl diral"c8te Geogkdlhyegaires havi ng different Ge
concenten@itnersng oxs INNOSo syd( SRVRE fevihdes mrsifiogmbheamieil 8Sem Gee pol ysilicon
deposi CHoh teoshholwex lJy IERM ect-i 98° .G 997pl aercattiednthar houPMIS region. In
accor dapte-Si flAvehecapbpecint rofluced dmybat $orfe achetdsdd £or fornmi ng a dual

Si - Ge potyeuyat bbe IRbandgrdi s¥ldcefet G cohernt r 8°1 os Gtsadcht eved. An NMOS
acti ve BiEd vanel BRPNMOBCA T iRe / aRerr s - E% o9 t e §MO%" a 1EEM donduct or

subst r 8P e ZPar BErRAT IS¢ &Rt JGIEEL PEYRS EGL ORI IALYaf® G de | ayer is grown
over | yRRFYYRE 8BmtEAguet Ot gBetrhaie Fhlierth l6veY RF1QEt FYe areas. A

pol ycr y&T& PPhESEHGCoRRRY R um (Si- Ge) layer is deposited overlying the
gate oxide | ayer wherein the polycrystalline Si-Ge |layer has a first Ge
concentration. The NMOS active area is bl ocked while the PMOS active area

i s exposed. Successive cycles of Ge plasma doping and | aser annealing into
the PMOS active area are perfornmed to achieve a second Ge concentration

hi gher than the first Ge concentration. The polycrystalline Si-Ge |ayer is
patterned to forma gate in each of the active areas wherein the gate in
the PMOS active area has a higher 2 Ge concentration than the gate in the
NIVDS acti ve area to corrpl ete fOI’ITB.tI on of dual Sl -Ge poI y5| l'i con ‘gates wth

o, o - 1. o, T 1



I n the acconpanyi ng dravvl ngs formng a material part of this description,
there is shown: Figs. 1 through 6 are cross-sectional representations of a
preferred enbodi nent of the present invention. Fig. 7 is a cross-sectional
representation of a conpleted integrated circuit fabricated according to a
preferred enbodi nent of the present invention. DESCRI PTI ON OF THE PREFERRED
EMBODI MENTS Referring now nore particularly to Fig. 1, there is shown a
sem conductor substrate 10. This is preferably nonocrystalline silicon,
doped to be a p-type. Isolation regions, such as shallow trench isol ation
(STI') shown, are formed in the substrate to separate active regions. In the
fi gures, the NVMOS aéiieR %%Fo@?%rlaplﬁet%ﬁ’é\m #Puthékettd and t he PMOS

act i ve* ¥t oR® e IfoBeNePRH iR oﬁMQShéieF’Fgﬁ?' r,&SPﬁ‘é‘F‘rfﬁllYgat% oxi de layer 12 is

gr own hg sUrTsee g?e torﬁ’elE‘E'B FACEM R Pﬁl g@%@g 8f MetiReen about 15
and 10 f two layers is
depoa% SE%ESF h% 3;0{?&12 the gactoelc?)ghrtfé:lf)ﬁﬁeérlfgg h%ncfwo | ayers are
deposi by OW ‘pressure chem cal vapor deposition (LPCVD). The first

| ayer 14 is a thin r il layer 1@ thickness preferably
bet weep Aoyl 151art@%g§9%]i8°%f 2 &%éﬁe%%% r Seafabl'y deposi fed by
LPCVD at aq Lye ge @ls apRLessw %09 g@etxyeen about 0.3

and 10t$ Q! eHSéP%h%wgl Méaleweﬁéntb%ra\eeeﬁt&e% 24000 sapd 1500 sIm This seed
| ayer 4¥e Wiokdoy ! RaSbr{3 .roughness and protects the underlayers. The

second | ayer ¥L6 of polycrystalline Si-Ge is deposited by LPCVD at between
about 490 and 700 ogupm@trya opr essungeQtrdet ween about 0.3 and 10 torr using
a SiH4 fl ow of between about 1000 and 2000 sl mand a GeH4 fl ow of between
about | 000 and 2000astearditlily, | @ayerinkby hasjeatt bf ckiesaveitiaet ween about |00
and 150s i pTheidxorcenbtadd darofor@angndlaly ei-t6 polypretes abl y bet ween about
10 andti3)$abhbeytitdne oRIMIS egegioh discblibgked as shown in Fig. 3 by a nask
20. Using conventional |ithography, the PMOS region is exposed as shown.
Now, as shown in Fi § furti@r obirecessi vee cyvieasiof iGe tpl asna dopi ng (PLAD)
and | agervigrneapiangsebiar €opaitordrved Ph-@F delytertshbevendet ween about 45
and SSB:TEErephcEhtrartorratiorhel PNIDS Felgi-oiitieptdoraltPgratsst on can be

co- i npFEIftédst o pre-do e the gate at the PMOS region using the sane nask.
For exanpl e, plasma?d8 OP&BFEeﬂﬁ FRASERVENELYB| tade BFCBElSween about 50
and 10@(5-35?6??% fa dermyith 2 rﬁf%PBeY tfeﬁr RrR¥ s idtgLarssda | aser, for
exanpl 8¢ WAGFRALE A998 590 WAVEI OfndS% #6- 6D Mhosecond pul se duration.
Ref er r FHF WD F §nredrated ﬁh’é lfﬁ is removed, such as by chenical resi st

stripping (CRS). The,egu&ruto e |§b ned u3| ng for ex rrpl e, a standard RCA
cl eani nlgo‘pr ocessrocetsn Sl s V\?e lOI’l of an undoped

pol ysi {15911 ek ncexetatith“g e aaﬁmeiée ol 4J&ppsi ted by LPCVD
to at €S8 Al REHVELH, *PPH p t% Mheg T 1%¥‘é£ G%V' des

conpat | Biil It v W ﬁln tﬁ ation p ocess ing |ithography,

for exanple, a mask 35 |s for rred over the cappi ng polysilicon |ayer to

pI’OVI de a pattern fap the, N¥EE: apd-PMPBE gRssassshiawn in Fig. 6. The
cappi Ngndanebn3 e@h¥8i tdLeBrwindR bayersil&e aodysRedsl ayer 14 are etched
to formhNvgSqgate-4R @@dcmtgat@réhsa&ullewgtratxe@th@ Fig. 7. The gates
have bgetiveornp®s aMd B tidd elcente GreeoREENI ARt EOASon Bhe NMOS gate 40 has a
Ge conge@iidoatiOtoOfsuBpprand rabelytatDsywW | sdihei AMBggahe 42 has a Ge
conceng4iat icandef lappr oXi qmivel yvofillpinfhese waneenduaddrons provi de opti nmum
per f or serdeatorid kecEVESHREEE. aPrDeessieng. cOnpolyesysaslilsneonventi onal in the
art tosilraensoermce/idmail Hi-e3a) ehsyensi sS0eprl pac kee¢ riviplantat i on, not shown,
spacer ga®s? candsi tewsal Whefirnt be gadlasr4Otanid d? Sisturlegldrizasn 54 formati on,
and si i T4t Feonc@@enThet mocefise dMOShecprws aneai fvédbrcbed provi des a

si npl evhenghaciNiablceidualresi 1Geeqpolspdi | imeegaiee pvedesset Each gate has
di f f er 6ntPl@E™E oRrREmGr atd ofps efropnefRliirg i per froende® astivhe CMOSFET. Wil e
t he i n9%4ft 268 PRETBEEA Parachéarard yesRpwCar@raeserdtBed with reference to
t he prBiErredlentidd fihts EnePreNtEatigRt | The BALTRESB4I MR t hose skil | ed
in theSti%® tLA%ET viar Pﬁﬁ%e’&‘t%éésf?lﬁn PoPATANT §8FRj s TREy2he Hade Wi t hout
depar t FHFS FBATTHe SFi Pt dfid “8e gPEofcHhE® iAtFantI DA, hﬁghe‘i/\hat i s clained
is: 1. Anmethod of formng dual Si-Ge polysilicon gates with different Ge
concentrations in the fabrication of an integrated circuit device
conprising: providing an NMOS active ayea and a PMOS active 5 area of a
substrate separated by an isolation region; growing a gate oxide |ayer
overlying said substrate in each of said active areas; depositing a

pol ycrystalline silicon-germanium (Si Ge) |ayer overlying said gate oxide

| ayer wherein said 10 polycrystalline Si-Ge layer has a first Ge

concent rat| on; bI ocKki ng sal d NIVDS actl ve area V\:hl I e exp05| ng sal d PIVDS

= o o B N T o



15 area to achieve a second Ge concentration higher than said first Ge
concentration; and patterning said polycrystalline Si-Ge layer to forma
gate in each of said active areas wherein said gate in said PMOS active
area has a higher Ge concentration 20 than said gate in said NMOS active
area to conplete formation of said dual Si-Ge polysilicon gates with
different Ge concentrations in the fabrication of an integrated circuit
device. 2. The nmethod according to Claim1l wherein said gate oxide |ayer is
grown to a thickness of between about 15 and | 00 Angstrons. 3. The net hod
accor dFhFOPESTH AR HOR Fiat 8P €dfprinsiFhy MEFosFEH Ry &R3akr phous silicon
seed | SYBeEGer? °’§a‘?% Yat eS i@l 85 SRRdI e it ng sai d

pol ycr IIFPES ong iridenbtoFaEéenrdi 7 to C ai m 3 wherein

sai d anoryPrahs s‘ﬁrcblbﬁ E&dG®rayer is deposited by LPCVD at a tenperature of
bet ween about 490 a 4 u f en about 0.3 and 10 torr,
and with a SiH4 fIO\gng}? %Et%'\%g‘%%a ? @%O% gﬁef%oo slm 5. The nethod
according to Cdaim | S eed layer has a

t hi ckness.. 9t 5 ]y{,ga%% J%e %gﬂ &pgflg%g e ﬁg’dgaccm ding to daim1l
wher ei n sai po ycrysta ine. ayer as a thickness of between about
100 and 150 nm 5 gids. Thech&rgggpcia %ggogpd&gsggtgr@lm 1 wherein said

pol nyY@ﬁr%'slehB@tl%nsG@fla@)oﬁir e fbSrAeRRBLE SR oPOYD e sent enper at ure of
bet weethaheutn490 and 700 oC, a pressure of between about 0.3 and 10 torr,

and with a SiH9 flow of between about 1000 and 2000 sl mand Ge fl ow of

bet ween about 1000 ang. 20QQ sl BroB-sEbeidmilnedpaeaondicngn t«x Cl aim 1 wherein
sai d far&imptetednintabrored sibehiveanbaboited @canthiid0 o9 The net hod

accor dbrgfetroed @ibadimedtered nhs apthseacomiveaaiieant rati on i s between about 45
and 55% 10. The nmet hod according to Claim1 further conprising inplanting
boron ions into HECAIPMIE ¢t The ERECSRELD iEMGOSAMENTSt ep of perform ng
successive cycles of Ge plasma doping and | aser annealing wherein said

i npl anting sai d bor 8af¢wnigigpnev dopes Psaf d-RRBEY gt 19111, The met hod

accor dirRyet 65 Ghttvn éeﬁ@%iqqnﬁgcw e peaitpdlysi Tiilﬂesoﬁspol ycrystalline Si-Ge
| ayer PFIGE2phY tRADACAYS 5Hild Ppofikiapsr afitRate tS Badopedyp®el ysilicon |ayer
forms &3QY&tésn ﬂeqlt‘j’Pf"he?u%ﬁﬁrF%‘? w| EV%TFC%\}éPiL?’Pr@ 48F8% to said step of

L-Ge | 'WREF f9TT84 H FH%S r an?élrdtizac‘:ﬂ‘{@ met hod according to
Caim g'llﬂlﬁlrst he}n Ff% FBT Mg . 8okt r&ﬁao lﬁ B?{t ensi ons wi thin
said s n‘Tm a?lﬂo 4Ve L TR OB ’f’é di"el ectric
spacer% t < m%Jf h ay?’é gﬁg Eﬁ?ﬂ%é’n gdrain regions

wi t hi n certi? o PSR Ha FHoEPR8Yeted by said
spacers an8 ICI |ng sald gates and said source and drain 10 regions.

13. A nethod of.for 2 s §¢Vt%e 8|y§l|ajt ap.9ates Weth different Ge
concent £aLi:0ns idb fsf%eftair ugﬁumyo Lo i Gt g iyt device
conpri $ NgrhRr OYd QlaRdran S ML LY E& s@uFMIRAC

subst r a8 Sepgé M 18dnbYL.BR/0)SOl afd 0N YE8OLHEr 14 is a thin

amorphous silicon seed layer with a thickness preferably
between about 1 and 5 nanometers. This layer is preferably
deposited by LPCVD at between about 490 and 540 oC, at a
pressure of between about 0.3 and 10 torr using a SiH4 flow
of between about 1000 and 1500 slm. This seed layer 14 will
reduce S51-Ge roughness and protects the underlayers. The
second layer 16 of polycrystalline Si-Ge is deposited by
LPCVD at between about 420 and 700 oC, at a pressure of
between about 0.3 and 10 torr using a SiH4 flow of between
about 1000 and 2000 slm and a GeH4 flow of between about 1000
and 2000 slm. This layer 16 has a thickness of between about
100 and 150 nm. The concentration of Ge in layer 16 is
preferably between about 10 and 30%.

Now, the NMOS region is blocked as shown in
Fig. 3 by a mask 20. Using conventional lithography, the
PMOS region 1s exposed as shown. Now, as shown in Fig. 4,

ive 5 area of a



growi ng a gate oxide | ayer overlyl ng said substrate in each of said active
areas; depositing an anorphous silicon seed | ayer overlying said gate oxide
| ayer; 10 depositing a polycrystalline silicon-germanium (Si Ge) |ayer
overlying said anorphous silicon seed | ayer wherein said polycrystalline
Si-Ge layer has a first Ge concentration; 6 bl ocki ng said NMOS active
area whil e exposing said 15 PMOS active area and perform ng successive
cycles of Ge plasma doping and | aser annealing into said PMOS active area
to achi eve a second Ge concentration higher than said first Ge
concent*SEEAYE tqif&lléaf‘?%r(;edébé%mat i9RGiah FRabpetrpdgsFli con | ayer 20
overl y‘? adipg zﬁblﬁér FAred etrgiorder | by &chighey Wﬁ@?rﬁwtsal d

&% A P?} %’%@Fli’ﬁ Forheal éeﬁho%acl‘f’pf&?o’% Wractive areas
Wher ein’s; w

?%;%1 ﬁa% 11 a‘%ﬁt‘ﬁ ¢ap té’& ﬁ 5° £t ﬁe?MQ% concentration
th t 25 of d
du:r EE-Q%£§EE¥QEE : §Onvoi£ e o% F??eﬁbo t ?ﬁﬁiﬁ l.on of sal

dua ﬁglﬁ Ome et he ra tg‘snsmghe t
abric I~n | €. according to

c ai m?}ﬁ&ge hﬂgglg gat e ox%c’igelel%gkh gnd% rtlg\/\néo 6 asgﬁl ccﬁness of between
~about 15 and 100 Angstroms. 15. The net hod according to Caim 13 wherein
sai d anorphous siligea.seed Layel, rSgdeposinted, by zlengD at a tenperature of
bet weeperghed! 420, aRdbp40,REca P fUBSEULE 1QpiREt 0.3 and 10 torr,
and Wi tlr@acs He d1awe8f hatweeraheukp 100 @@th R&Am 16. The et hod
accor deTghnlify GhRidBsd3 Wharein 5di1dwaaDEPhousasked crRposeedd ayer has a

t hi cknessnolinbeiaeeslabolitcod 886bimgnMuydsy.. The petfediascording to Caim 13
wher ei rawai dopdd yepyst add igenStviCaol ayetidrassa dhireknress of between about
100 angbdf050nandl80 mhe metibodawacetdirided @ofsbatinillltwheitei n sai d

pol ycr¥yist aslubsagudsit- €¢llayetios wepesst ed by LPCVD at a tenperature of

bet ween about 490 and 700 oC, a pressure of between about 0.3 and 10 torr,
and with a SiH4 fl oWsbfg Béttheerardhyoutfoed GOGmahd, 2006 skl P aimd Ge fl ow of

bet weefPalsdueva0 0B eaadPROR0 Pel ya i lligon Thavarethopiraticler di ng to d ai m 13

wher ei PRIEETE FoF sthecBiee mndafleh dagebet nwedvwvabbutFitse nd B6% 20. The

met hodS3RFEGEdIFFFR 690 R WWSL3 iaprerEiRestitbsdonmPt GREENI3¥AY on i s bet ween
about 45 3fde55%A 5. fqHe WeBherFead@of et MYOBo9&¥ai4fr 185f urt her conpri si ng

i mpl an%i tBareh oA nto  SEF BIIROCIARE .hﬁ@%?@%ﬂ%ﬁﬂﬁ said step of

per f or I§HEC%%§°9EEI& té§n6f GRepMESTad6pt R aa'sn& F’ ser anneal i ng
wher ei ?lo nar?Yffcirhﬁ i Tfagely 68r"oﬂh¢]dan§h ﬁé o d*¥PMOS gate. 22.
The rre h RETH NG R o0 @?Té“aft&tl het® co § I) Lning source and
drain C ons Wi PRT T sa|°8 SUBS Pat 8- 4t AcéRt ? g g yat es;

Processing continues as is conventional in the
art to form source/drain extensions 50 and pocket
implantation, not shown, spacers 52 on sidewalls of the gates
40 and 42, source/drain 54 formation, and silicidation 56.

The process of the present invention provides
a simple, manufacturable dual Si-Ge polysilicon gate process.
Each gate has different Ge concentraticns for optimum
performance of the CMOSFET.

While the invention has been particularly
shown and described with reference to the preferred
embodiments therecf, it will be understood by those skilled
in the art that various changes in form and details may be
made without departing from the spirit and scope of the
invention.



thereafter formng dielectric spacers on sidewalls 5 of said gates; formng
source and drain regions within said substrate adjacent to said gates and
not covered by said spacers; and siliciding said gates and said source and
drain 10 regions. 23. A nethod of form ng dual Si-Ge polysilicon gates with
different Ge concentrations in the fabrication of an integrated circuit

devi ce conprising: providing an NMOS active area and a PMOS active 5 area
of a substrate separated by an isolation region; growing a gate oxide |ayer
overlying said substrate in each of said active areas; depositing an

anor phous silicon seed | ayer overlying said gate OX|de | ayer; 10 depositing
a polycrystalllne S|PFEdﬁ5§%PHﬁﬁ?dﬁl(Sle) | ayer overlying said anorphous
silicon seﬁd La Qén sald qa§cr stalllne Si-CGe layer has a first Ge
concentratlc}@f Onc X él%yFFb98§5%§Fﬁ§ said 15 PMOS
active areg ang g@r ornlni 58 %§¥5&8 EY%I? ofF 2 & HP

anneal i ng Mt o %g |eve Essec nd concentration
hi gher ;quﬁsgjgfg (gﬁﬁa%ggggk{ gho sofﬁyggga$ r gep05| i ng an undoped
pol ysi fi'con"I ay éﬁ gO¥ ek y Bglé@lddg a/&grxa 3%% ShpdBdiayer; patterning
sai d pol ycryyst lgkgesgg %g%tlggegr dq;forma |n each of Said active
areas wherein S&épﬁ&s@l%&ﬁg'aﬂ ps)@y rfé@l@ﬁé'é&ql@wﬁg%ni‘uﬂ' gher Ge
concentrat ican ihat %@éﬂl% shile spicd DMX& aglbvenaiean aid ormng source
and drapn exheas)as1vhd Hincsaldysubstratse adj asent to said gates,;

t hereaft er baesitatdbgl ectric spacers on sidewal k of said gates; forning
source and draiblLd@nonsad thion saiide3rslbmtilatedjiagesdid o sai d gates
and not cowEpedadyy/veak tes paceps: famdngi idic@isnge Saicddegat£seand sai d source
and drain rpégkonicdpdngompl akeef ormrekil ong afnteakd: duosSee,ep0l ysi | i con
gates Wbt hadietfer enhiGee coneentd did onscemcr3Fibhehifodleri cedn on of an

i nt egr at ed sefidciatstdevi cecep4rafimn;metfiod according to G aim 23 wherein
said 8  anor phougespingorrisepdlYayetal binde§oste ehviey tPC¥Dmat a

t enper at ur @ gftddinneenh afoFeido0ctHye 8uerBhezsebr esddr gattd ipet ween about
0.3 and 10 SeéfrEMAEndchit th agesi pes A Sholer et ReererdFogion U0 and 2000 simto
a thi ckiEs$268 FrndBnSakbiiMos agid s ARta 25, CTRRLeket Koanaldesr ding to O ai m
23 wher ei n °$afPEINger 5158 PPABSSiices galRs vitsh qdifdsirerd &y LPCWD at a

t enper at ur €°BF Btk 8RS ado e 4 BP LA TTOD YCaat PresdaliPe of bet ween about
0.3 and 10°t6FP T &5 GFth a SiH4 flow of between about 1000 and 2000 sl m
and CGe flow of between about 1000 and 2000 sln1to a thickness of between
about 100 Qnd 150 nm_, gln th%q acc r I t(%éjzm 23 wherein said
first concégt @?i o §S%ge§[ %ego QELI!Itl ;g an § 5/nand V\@ rein said second
concentratign iébii bout G 552 957 Rod “accor ding to
Claim23 further co r|S|ng |nplant|ng bor on |ons |nto said PMOS active

area during sahd 34:8840fc REGEAL M NG 1SURCLSSIY G £Y6LB5: 9f (8 Pl asma dopi ng
and | aser a@apealdng whesglRnsal dimRbanidng 15908 RQL9Di1HNS pre-dopes said
PMOS gate. saig gate oxide layer and underlying said

polycrystalline Si-Ge layer.

st doping and | aser

4. The method according to Claim 3 wherein said
amorphous silicon seed layer is deposited by LPCVD at a
temperature of between about 490 and 540 oC, a pressure
of between about 0.3 and 10 torr, and with a SiEé flow
of between about 1000 and 1500 slm.

5. The method according to Claim 3 wherein said
amorphous silicon seed layer has a thickness of between
about 1 and 5 nm.

6. The method according to Claim 1 wherein said
polycrystalline $i-Ge layer has a thickness of between
about 100 and 150 nm.
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7. The method according to Claim 1 wherein said
polycrystalline Si-Ge layer is deposited by LPCVD at a
temperature of between about 490 and 700 oC, a pressure
of between about 0.3 and 10 torr, and with a SiH4 flow
of between about 1000 and 2000 slm and Ge flow of
between about 1000 and 2000 slm.

8. The method according to Claim 1 wherein said first
concentration is between about 10 and 30%.

9. The method according te Claim 1 wherein said second
concentration is between about 45 and 55%.

10. The method according to Claim 1 further comprising
implanting boron ions into said PMOS active area during
said step of performing successive cycles of Ge plasma
doping and laser annealing wherein said implanting said
boron ions pre-dopes said PMOS gate.

11. The method according to Claim 1 further comprising
depositing an undoped polysilicon layer overlying said
polycrystalline Si-Ge layer prior to saild step of
patterning said polycrystalline Si-Ge layer wherein said
undoped polysilicon layer forms a capping layer on said
gates.

12. The method according to Claim 11 further comprising:
forming source and drain extensions within said
substrate adjacent to said gates:
thereafter forming dielectric spacers on sidewalls
5 of said gates;
forming source and drain regions within said
substrate adjacent to said gates and not covered by said
spacers; and
siliciding said gates and said source and drain 10
regions.

13. A method of forming dual Si-Ge polysilicon gates
with different Ge concentrations in the fabrication of
an integrated circuit device comprising:

providing an NMOS active area and a PMOS active 5

area of a substrate separated by an isoclation region;

growing a gate oxide layer overlying said substrate
in each of said active areas:

depositing an amorphous silicon seed layer
overlying said gate oxide layer;

10 depositing a polycrystalline silicon-germanium (Si-
Ge) layer overlying said amorphous silicon seed layer
wherein said polycrystalline $i-Ge layer has a first Ge
concentration;
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15. The method according to Claim 13 wherein said
amorphous silicon seed layer is deposited by LPCVD at a
temperature of between about 490 and 540 oC, a pressure
of between about 0.3 and 10 torr, and with a SiH4 flow
of between about 1000 and 1500 slm.

16. The method according to Claim 13 wherein said
amorphous silicon seed layer has a thickness of between
about 1 and 5 nm.

17. The methed according to Claim 13 wherein said
polycrystalline Si-Ge layex has a thickness of between
about 100 and 150 nm.

18. The method according to Claim 13 wherein said
polycrystalline Si-Ge layer is deposited by LPCVD at a
temperature of between about 490 and 700 oC, a pressure
of between about 0.3 and 10 torr, and with a SiH4 flow
of between about 1000 and 2000 slm and Ge flow of
between about 1000 and 2000 sim,

19. The method according to Claim 13 wherein said first
concentration is between about 10 and 30%.

20. The method according to Claim 13 wherein said second
concentration is between about 45 and 55%.

21. The method according to Claim 13 further comprising
implanting boron ions inteo said PMOS active area during
said step of performing successive cycles of Ge plasma

doping and laser annealing wherein said implanting said
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thereafter forming dielectric spacers on sidewalls
5 of said gates:
forming source and drain regions within said
substrate adjacent to said gates and not covered by said
spacers; and
siliciding said gates and said source and drain 10
regions.

23. A method of forming dual Si-Ge polysilicon gates
with different Ge concentrations in the fabrication of
an integrated circuit device comprising:

providing an NMOS active area and a PMOS active 5

area of a substrate separated by an isclation region;

growing a gate oxide layer overlying said substrate
in each of said active areas;

depositing an amorphous silicon seed layer
overlying said gate oxide layer;

10 depositing a polycrystalline silicon-germanium (Si-
Ge) layer overlying said amorphous silicon seed layer
wherein said polycrystalline Si~Ge layer has a first Ge
concentration;

blocking said NMOS active area while exposing said

15 PMOS active area and performing successive cycles of Ge
plasma doping and laser annealing into said PMOS active
area to achieve a second Ge concentration higher than
sald first Ge concentration;

thereafter depositing an undoped polysilicen layer
20 overlying sald polycrystalline Si-Ge layer;
patterning said polycrystalline 5i-Ge layer to form
& gate in each of said active areas wherein said gate in
said PMOS active area has a higher Ge concentration than
sald gate in said NMOS active area;

25 forming source and drain extensions within said

substrate adjacent to said gates;
thereafter forming dielectric spacers on sidewalls
of said gates;
forming source and drain regions within said 30
substrate adjacent to said gates and not covered by said
spacers; and
siliciding said gates and said source and drain
reglons to complete formation of said dual Si-Ge
polysilicon gates with different Ge concentrations in 35
the fabrication of an integrated circuit device.

24. The method according to Claim 23 wherein said
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26. The method according to Claim 23 wherein said first
concentration is between about 10 and 30% and wherein
said second concentration is between about 45 and 55%.

27, The method according to Claim 23 further comprising
implanting boron ions into said PMOS active area during
sald step of performing successive cycles of Ge plasma
doping and laser annealing wherein said implanting said
boron ions pre-dopes said FMOS gate.



