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FABRI CATI NG CMOS DEVI CE W TH DUAL GATE ELECTRODE The present invention

rel aes generally to fabrication of seniconductor devices, and nore
specifically to nethods of fabricating dual gate conplinmentary netal-oxide
sem conductor (CMOS) devices. 1 BACKGROUND OF THE | NVENTI ON The
conventional dual poly-gate CMOS process includes the follow ng probl ens:

1) diffusion of the p+ poly gate deposit dopant (boron) thin
oxi de; and 2) gate depletion effect due to insufficient wmmm mmﬁwmktlon

in a Iom1theﬂnal-budget process with the gate depletion resul riv

cur rent degradation. In attenpts to overcone these problens aSSOC|ated nth
dual poly gate CMOS processes, various dual - netal gate

having two different netal materials for n-MOSFET (n- cha @mm

sem conductor field effect transistor) and p- MOSFET (p- channeh] Lal’-0Oxi de
sem conductor field effect transistor) (to achieve different wor
functions), respectively, have been proposed in the past. However,

general the dual-nmetal gate CMOS processes are very conplicated and reqU|re
many masking | evels. For exanple, U S. Patent No. 6,159,782 to Xiang et al.
describes a nethod for fabricating short channel field effect transistors

. (N-echannel MOSI =ET and P-channel MOSFET) with dual gates and with a gate

dielectric having a high dielectric constant. U S. Patent No. 6,043,157 to
Gardner et al. describes a dual replacenent gate process. 2 i U S Patent
No. 6,033,943 to Gﬁrdner descrlbes a_sem conduct or nanufacturino pr ocess
for produci ng MEX : BRI s UMOQNBPEVICEYHTLDEHA ch
U.S. Patent No. 6, 171 911 to Yu de i@gﬁlﬁEthOd for fornlng dual gate
oxi des on integrated circuits with ogi c devices. U S. Patent No.
5,918,116 to Chitti peddi describes a process for form ng gate oxides
possessi ng different t hi cknesses on a seni conductor substrate. U S. Patent
No. 5,750,428 to Chang gescibenantfld - Allaadedzonoual ot 'téethFHEE'?i%nV“(fﬂ“
abricate an e

differentially grown gate oxide thicknesses to ectrical
er asabl e spreeiraliddt eetvrRad, & \noREPtifdaEyROMnetBods of fabricating dual gate

” complimentary metal-oxide semiconductor (CMOS) devices.



TTTSUMMARY OT THE | NVENTI ON Accordingly, it is an object of the present
i nventioen to provide an inproved nmethod of fabricating a dual -gate CMOS
devi.ce. Another object of the present invention to provide an inproved
met hod of fabricating a dual-gate CMOS device having n+ poly/netal gate for
an n- MOSFET and a netal gate for a p-MOSFET. O her objects will appear
hereinafter. It has now been di scovered that the above and ot her objects of
the present invention nmay be accomplished in the follow ng nanner.
Specifically, a wafer isBaiadi=dddUg)iQk NVEEEYON g on and a P- MOSFET
region. A sacrificial gate | ayer/doped N~ poly-1 |ayer/gate insulator |ayer
stack is forned over the wafer. The N-MOSFET sacrificial gate |layer is
patterned to form a,once_patt.erned,sacrif.icial | ayer onl.y within the
N- MOSFET r egi on, ej‘SSsFHBBFHE‘OBB e‘ziu% RRJYyBate| %&E)SV\AP%{HF?FS[ Hécb‘-%\%f—'ﬁ
regi on. -2 layer is forned over the once patterned
sacrifi cfég}oq'glg\%gg g@%&and the exposed N+ poly-1 layer within the P-MOSFET

imaoped poly- 3 FagerRSl ¥t g BYifiot el Wb ke (efan Pl L E5Emia

sacrificiidedahg | ayer, the doped N+ poly-1 |ayer and the gate insulator

| ayer within the N-MOSFET region are planarized to forman initial N MOSFET
. gate el ectrode)staeskddsiction ekpesdiiestdlenalffRienth@ophanactizatonndopetbw

poly-2 | ayer, the doped N+ poly-1 |layer and the gate insulator |layer within

t he P- MOBké&rmakbhudgearerqueanavithethe ogdter depletion treahiltxdVOBFETI\gatcarrent

el ectrode stack having 4 exposed sidewal | s. Sidewall spacers are forned

adj acent depeadatizssed sidewal Is of the initial N MOSFET and P- MOSFET gate

el ectrode stacks. An internetal dielectric |layer is forned adjacent and

between the initial N MOSFET and P- MOSFET gate el ectrode stacks. The

initial P-MOSFET gate el de_stack i d to forma 1' MOSFET gat
cavi 1y exposing a nOrtTORPEY & RECUQPas (hotecBim meeracpAr b haL PG

I [ £t hi R- E ] t X PO ' f
the vt o e VSER e et e 8PP BF ¥ URDS iR PRELERARY Sk ©
el ect I 00kl rhéral ARG ![Gr AVOTPRTNIMIITRE] Bka- GAUL eni ArlERIH: gier

i.s formed over the structure, filling the remai ni ng P-MOSFET gate cavity
and the N#EFEAngRtE) v pIMOBFETRLHarlr@y efeth Soidanaiized ieor eieny effehe
excess netal fromover the internetal dielectric |layer |eaving planarized
N- MOSFET trartsistogatte achemter differemtpwork fiunctibrid)SeEpegatady chavd pedro ptoposea
finalized NN-MOSFET and pl anari zed P- MOSFET netal gate within the renaining
P- MOSFET igathe E&Vd tHjowevénrim gerfdrahlthe eldiaPrMEaFgate UMOScprgdessésngre very
formati on of the dual gate el ectrode CMOS device. 5 BRI EF DESCRI PTI ON OF
THE DRAWdSGlituted aatiequirenamylweaskagekevels. t he present invention will be
nore clearly understood fromthe followi ng description taken in conjunction
wi th the accompanying drawings in which |ike reference nuneral s designate

simlar or corresponding el ?rrents, regiQns ari dgpor | ions and_ in whjch:
Figs. 1 to 9 schenafPt&kpRle) HsprBatent Ner 843948t Potiang gpsledesBtooh a

THE PREFERRB BN BB WS O FBES GrReEhy S SPat frpers i (e paandr YOFeT o
layers, efcq wa}farﬂﬁaﬁﬁb’sﬁiﬁ@gg[wﬁﬁ%ﬂm'gﬁ&egn@mmvgﬂei PBRLLABHROLS; kayR in

the prior art. Initia ure
dielectric constant.

U.S. Patent No. 6,043,157 to Gardner et al. describes a dual

replacement gate process.



TTFig. I illustrates a cross-sectional view of a wafer 10, preferably a

sem conduct or wafer, after twin-well 12, 14 (P-well 12 and N-well 14) and
stlallow trench isolation (STlI) 16 formation. Forned over wafer 10, is gate
insul ator layer’ 18 that is preferably conprised of Si02 (silicon oxide or
oxide) grown by a conventional oxidation process or a high-k dielectric
material such as HHO-. Gate insulator layer 18 is preferably from about 10
to 200b thick. Formed over gate insulator layer 18 is first N+ polysilicon
(N+ poly-1) layer BI0S5. Ratqudl Mol 4,83&P420oh@ardnehidesnabss of spmat@rdindtyrf rom
about 1500 to 2500A and isfpreferably deg@slted by | ow pressure chem cal
vapor depesiufagHringPEumesatiopabeiably MoSnindegiatcd ZiruatssBOCN sNw p gjaye 1

| ayer 20 is pLeferabI y doped either insitu using POC13 during poly
dep03|t|6ﬁ ?ﬁﬁéiy deposi ti on phosphor / arsenic inplantation. Formed
over N+ poly-1 layer 20 is upper N-MOSFET sacrificial gate layer 26 that is
preferably fornmed of silicon nitride (Si3N~) or nitride. Nitride |ayer 26

Lran 5 PVt o T ErePR R bl ROV Biadeis BLREIGD b A RRRY ™
VDS ET! Nt byifiegl 0@y bh kel LANERa2iioh REROSEAcAL | cast within

P-NCSFET% regi on nitri is covered or masked

- within N-MOSFET/ P-wel | region 22, by, for exanple, conventional
| i thography. For exanple patterned photoresist |layer 28 is formed at | east
over N-MOSFET/ P-well.Sr quitent 2. 88181 6ato I@astipedgi pRktiibas of ﬁrﬂb@@bdﬁn
| ayer 26 within P-MOSFET/ N-wel |l region 24 exposed. Patterning Nitride Layer
26/ Depos ifdinmimgSeto ootiddsdmseessiof yliffapnethiGhelseshoaseimicdriduct@r sulieragxposed
portion of nitride layer 2Gwithin P MOSFET/ N-well region 24 is then
removed, preferably by a wet etch preferably usi ng hot phosphoric acid,
| eaving patterned nitride |aye 6' hin at |east the NMOSFET/ P-wel
regi on 22 and exposifg Hetepbi 15/I759é|282@ fuhamign dpsmOBIET/ Mé?lliaﬂéél '@fh‘VM

Pat t er ned

not e tﬂé(tol?‘?f ?érﬁ%'e?%wﬁ%%f bRt E Bg(gqggﬁg}cﬁ{;;gf%ggﬁ 98 ot
24
| cavi ng pAPUrHBheRbe e roggay%ﬁ*/a% o P B B oA kTSP RN s B vl

region 22 and exp05| ng N+ poly-1 layer 20 within P-MOSFET/ N-wel | region 24.
Second undoped polysilicon (poly-2) layer 30 is then deposited over the
structure, covering patterned nitride |ayer 26' and the exposed por tion of
N+ poly-1 layer 20 within P-MOSFET/ N-well region 24. Poly-2 layer 30 is
preferably deposited by LPCVD at from about 600 to 650C. 8



then planari zed, preferably by chem cal nechanical polishing (CW), using
patterned nitride |layer 26' as a polish stop |layer, |eaving planarized
poly-2 portion 30'. Patterning of Initial N MOSFET and P- MOSFET Gate
Electrode Stacks 34) 36 As shown in Figs. 4 and 5, initial N MOSFET and

P- MOSFET gate el ectrode stacks 34, 36 are patterned. For exanple, as shown
in Fig. 4, initial NMOSFET and P- MOSFET gate el ectrode stacks 34, 36 may be
patterned by form ng patteSUMMARYIDEJIISE INMENTIONS2 over patterned
nitride layer 26" w thin NMOSFET/P-well region 22 and over planarized
poly-2 por lion 30" within PMOSFET/ N-well region 24, respectively, and then
etching the respective underlying exposed | ayers down to wafer 10 within

N- MOSFET/ P-wel | r ediceprdnghydit Bs MDSPETECNORWhE presgrgnirygntiPhetd piroviale gat e
el ectrode stack 34, 36 etching preferably consists of an SiN etch foll ow ng
by a pol ynpiyed methed ﬁf)feémlc@gag a thealrgadp EMPOvedayigfer | yi ng | ayers down to
wafer 10 within N-MOSFET/ P-well region 22 and P- MOSFET/ N-wel | regi on 24 may
be patterned by other_nmethods to forminitial N MOSFET and P- MOSFET gate
el ectrode stacks 34,

) Lvel y. itial N | d
st ac kf 34 conpri ses ‘PHTEF :P}ag/ﬁ?{)t ¥5‘éyﬁr§%€r:‘tt Itrg{ﬁﬂ?ifwr}?{’:ﬁ?ﬂ@g’? g/fg} %gn:prrgvid
. S0 CY . o | " S0
T heul at Pt ST fEBrea e Ao 1R CARE M PERE e BY B e R ™ ©
P- NDSFETM@K?SI%@Q%&&%S%H%?% ﬁ%g)?j?_%gs}aggl ses patterned undoped poly-2

| ayer 30"/ patterne tterned gate insulator |ayer 18".
Formi ng Inplants 44, 46; 52L54 / Sidewall Spacers 48, 50 / Silicide Por
tions 56, 58 As shown in Fig. 5, N MOSFET 40 and P- MOSFET 42 are conpl eted
usi ng: conventi onalotlk@po'bmatsamw?%ea%rerrgsﬁ@e_cti vely; sidewall spacer 48,
50 formation, respectively; and S/D inplants 52, 54, respectively; and
silicidation to formsilicide portions 56, 58, respectively. Formation of
Internetal Dielectric Layer 60 As shown in Fig. 6, an internetal dielectric
(IMD) layer 60 is flbméortWebeetnhéisswwdut@tdga abgvacart ot plajlecty MOSRET
gate electrode Stack 34 and initial P- FET gfahe el ectrode Zﬁt'aCk'%ﬁ and

I VD | ayePTEoRHSITERHAR) PRy BS 2stmRlishedily, the Toyouipgsaapaet ethfcdicibiofed
poly-2 | 3Q" . 0] Y- 2P [ 30" I | aye I referably
conpri segy%;ersgl P%:cg‘?lld%% ev% é?) N(ogé(it)gg?Tage@)l P% %\{% t9 ?F\R"yé%%%?sﬁgg%‘?t % a

Ll Cknes SaBhERLS B B, HOBLBNO P00 0: 12 QIR NG RE SLEIAR] dorfhod

pl asma enhance process at a’tenperature of out

450C. | ntycayerwat0ThkaNay R sRig@hRBAN. YRR ALY 80 (6bth deofd

process to expose dummy poly portion 30" a N we region 24.

10 Re &;eﬁEdlﬁc&ifﬁhélwgggfr\/@g;E&i S'fnetr@ RPM@QPE@&%&&%@%&MM

Formati on of Gate Insul at own In Fig. 7, Pnitia

P- MOSFET dlﬁgé%i & 61510?3}a}54ra&¥th§5 th® PLLRDSYERT @é@%ﬂ?%ﬁﬁhﬂo%eﬁ cﬁér-z layer is
30"/ patterned N+ poly-1 -1 ayer 20"/ patterned ga | ayer 18") is

e insulato

renoved, foigicel abély this bige Paticyned GAcifieiae$ate 10/ @ XN ehd eRPHEEDMN 6801E1

wafer 10. Second P-MOSFET gate insulator layer 62 is then formed over

porti on 6dyef wagfierthd P-MOIFEhiregkinasthetingopbd maly2 lbyemsghenariiéd to fQdO1

| eavi ng PMOSFET gate cavity 72 over second P-MOSFET gate insulator |ayer 62

and bet wePlFBSFERNSiopedapelysp dexarsomly. waddnibie p-MSRERT ggseon nkhg ahee

layer 62 f)é%t_ grrn%fclesr,zgc?llf}/cigloégt% a(})/];r,ot Iedcféped N* poly-1 layer and the gate insulator
layer within the N-MOSFET region are planarized to form an initial N-MOSFET
gate electrode stack having exposed sidewalls. The planarized undoped poly-2
layer, the doped N* poly-1 layer and the gate insulator layer within the P-MOSFET

region are plaﬁarized to form an initial P-MOSFET gate electrode stack having



——Dummy N-MOSFET nitride |ayer 26" prevents oxidation on patterned N poly-1
| ayer 20' during formation of second P-MOSFET gate insulator |ayer 62.
Renoval of Dunmv N MOSFET Nitride Laver 26" As shown in Fig. 8, dummy
N- MOSFET nitride |ayer 26" is then renoved frominitial N MOSFET gate
el ectrode stack 34, preferably by a wet etch process, |eaving N-MOSFET gate
cavity 74 over patterned N+ poly-1 |ayer 20' and between N-MOSFET si dewal |
spacers 48. Dunmy N-MOSFET nits ide |ayer 26" is preferably stripped using
hot phospkpesed sidewallsl Sulerdalbypacerspte tomhed Adjacef thmesboned sidetvall2®f
seconds) and diluted (about 200:1) HF dip to renove any top danmaged
upper ~suthaietial N TPambSFMOYRE E gatestlpeirode stagks. 1%2 intetmetabelpeletiricon
of Metal Laver 66 As shown in Fig. 8, a highly conductive netal |ayer 66 is
deposi t edpysirdf formedtadiedant and betvwees MemporE™MNgMESHRL ang B-MISEFEN: faeFET

t i 74. WMet al ) i bl i sed of | um
gate caviiy Ta, NeLal L aver, 00 Lot oLt corpil spd, of copper ol urjnum
copper. RERREIALLon of, KLl La, 5 08, S0 L0, oS ERS haer c8 1
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Enbodi mendscteddd Becknyeiinh@red bs f8FNaEH 20930BFEINSa R cAREL £THReHINBPES iOf
t he dual -gate CMOS device fabrication nethod of the presént invention

i nclude: fbimearsrerpbeetiath) fidlidg P Yexﬂ@ﬂ{iﬁgiIDMQQFEE?Me cavity MBREE N-
devices 42 are elimnated by a fairly sinple netihod; 12 2) the gate

r esi st anddGSHETNgAfOSRETyd€hie aetabldyar issplandriced td hermogh thd exaese nodtabfrbirghl y
conductive netal gate el ectrode cap 68 over the N-MOSFET n' poly-1 gate 20
in a fai roverstheplintempetddiedeetric layer leaving planarized N-MOSFET metal gate

electrode cap within N-MOSFET gate cavity to form a finalized N-MOSFET and

planarized P-MOSFET metal gate within the remaining P-MOSFET gate cavity to
form a finalized P-MOGSFET, thus completing formation of the dual gate electrode

CMOS device.



3y @ sacrificial nitride cap 26" is enpl oyed over the initial N MOSFET gate

el ectrode stack 34 to elimnate one mask | evel for the dual -gate CMOS
dévice. Wiile particular enbodi nents of the present invention have been
illustrated and described, it is not intended to limt the invention,

except as defined by the followi ng clains. 13 CLAIMS W claim 1. A

nmet hod of fabricating a dual gate el ectrode CMOS device, conprising the
steps of: providing a wafer having an N- MOSFET regi on and a P- MOSFET
region; fornmng a sacr BRIGFADESERIPTAON OIODEE BRAWINGSI ayer/ gat e

insul ator layer 5 stack over the wafer; patterning the N-MOSFET sacrificial
gate layer to forma once patterned sacrificial gate layer only within the
N- MOSFET r egi on, Tﬁ}ftsil the doped N+ poly-1 layer within the P-MOSFET
region; form ng an drasodid zdwayéarzeev@fr thenprasenk ipeentéomedlisbe meieci al
gate 10 | gthe gxfpose N+ y-1 layer within the P-MOSFET region;

pl anari zici%1 rhengRedpe fodtj)%'}'mﬂo ‘F%?F’rﬁtg’er%aWrifké‘éf‘]HHﬁBBédNﬁbl e

| ayer onIy WlthlnthePIVDSFETrEi on, ternln ageonc gatt rned
sacri fi cPEFORRARYINg Sravyifgs dBp¥ 158 %ef‘ﬁ?/é injerals glesrenale Samilas fitat or
| ayer wi t for i MOSFET gate el ectrode
st ack havp#géségggis}g;@@rrghg ??%I%Qb and Oelrt’npo) %ﬁgallééﬂl‘lﬁﬁgoped poly-2 | ayer,

- the.doped N ~ poly-1 layer and the gate i nsul ator layer within the P-MOSFET
region to forman 20 initial P-MOSFFT gate el ectrode stack having exposed

sideval I's; 14  formibeg) $h @es)@%}nawanﬁﬁﬁuﬁ%@qgrﬂrow@e&?ﬁm@%:@&%bhsa of
the initial N MOSFET "and P- MOSFET gate el ectrode stacks ng an

i nt er met reﬁbr@é&@ﬁfbo@hﬂn@ﬁ@bfﬂﬂdpfe@éﬁt inanenhehween the initial N 25 MOSFET

and P- FET gate el ectrode stacks; renoving the initial P-MOSFET gate

el ectrode stack to forma P-MOSFET gate cavity exposing a portion of the

wafer; formng a second P-MOSFET gate insulator |ayer within the P-MOSFET
gat e




cavify over the exposed portion of ‘the wafer; 30 renmovi ng the upper
sacrificial gate layer of the initial N-NCSFET gate electrode stack to form
an N- MOSFET gate cavity; formng a netal |ayer over the structure, filling
t he remai ni ng P- MOSFET gate cavity and the N-MOSFET gate cavity; and
planarizing the netal |ayer to renove the excess netal fromover the 35
internmetal dielectric |ayer |eaving planarized N-MOSFET netal gate

el ectrode cap within N—NCSFET gate caV|ty to forma flnallzed N- MOSFET and
pl anari zed P NPEER B ESA QNI QF {THEE T RE (B hB cavity to
for ma finalized P—NCSFET thus conpl eti ng fornatlon of t he dual gate

el ectrode CMJS device. 2. The nethod of claim1l, wherein the sacrificial

ate layer is for mat er i al ed fromthe group consisting of
gi | i conyni tride amw%sri?ﬁtem%ﬁwm e%aéﬁestirﬁgmlaﬁ JRY sy BIC. 1Y BE ApEmed a
material selected fr t he grou tin silicon oxide or a high-k

di el ectr pEaﬁg)[népnge}ch} C?ﬂ%“g‘h‘é?‘%éﬂn 0 b &R f‘ i eI e sacrificial gate
| ayer is formed of nits ide, and the gate insulator layer is HOz. 15 4,
The nethod of claim1, wherein the sacrificial gate layer is from about 500
to 10001 Nt poly-1 layer is fromabout 1500 to 2500A thick, and
the gate IMHa‘f' trutcg.ﬁ'e ayer is fromabout 10 to 200 thick. 5. The nethod of

. claim 1, wherein the undoped poly-2 layer is for med by an LPCVD deposition
at a tenperature of From about (00 to GOC. 6. The method of claiml,
wherein the Und0pedf"1$0|l)’r1121skﬁl’&r al @ofd-88@ldraed/ibw §hgnivaddr T@W&ﬁ%ﬁy a
polishing. 7. The method of claim 1, including the steps of: form ng
respect i sentanvhndtoo nalfet, ARtelr rpliantell W2 f 1 (P-Wdl Ymhed Ndjeten) atdehabivi al
N MOSFET and P- MOSFET gate el ectrode stacks before formation of sidewall
spacers; tfarchi inglaties(8T) Kefdshiatiom Fantnedasjearceater 1 Deisrgasp eotilamer LERr 18
inplants after formation of sidewall spacers; and formng respectlve

si i ci de thot tib opreferatilfiecompaisedvef iRy (sisipent pyileS/orDokint)agrewrs byThe

method of claiml1, wherein the intermetal dielectric layer is conprised of
conventional oxidation process or a high-k dielectric material such as HfO,. Gate

insulator layer 18 is preferably from about 10 to 2004 thick.

Formed over gate insulator layer 18 is first N* polysilicon (N* poly-1)
layer 20. N* poly-1 layer 20 has a thickness of preferably from about 1500 to 25004
and is preferably deposited by low-pressure chemical vapor deposition (LPCVD) at
preferably from about 620 to 650°C. N* poly-1 layer 20 is preferably doped either in-
situ using POCl; during poly deposition or post-poly deposition phosphor/arsenic

implantation.

Formed over N* poly-1 layer 20 is upper N-MOSFET sacrificial gate
layer 26 that is preferably formed of silicon nitride (Si;N,) or nitride. Nitride layer
26 is preferably from about 500 ta 1000A thick and is preferably deposited by
LPCVD.



sili'con oxide.” 9. The nethod of claim 1, wherein the internetal dielectric
| ayer is conprised of silicon oxide and is fornmed by a PECVD process at a
tenperature of from about 400 to 450C. 16 10. The method of claiml,
wherein the initial P-MOSFET gate el ects ode stack is renoved by a dry etch
process and the upper sacrificial gate |ayer of the initial N MOSFET gate
el ectrode stack is renoved by wet etch process. 11. The nethod of claim1,
wherein the second P- MOSFET gate insulator |ayer has a thickness of from
about 10 to 200. 12Wafée Itetdied niclaties INIMOSEEE) R-ivell segwid 12 MoSHET-
gate insulator layer is oxide. 13. The nethod of claim1, wherein the netal
| ayer is MoIETs®vwdll regiem@di al sel ected fromthe group consisting of
copper, alumnum titaniumnitride and tungsten. 14. The nmethod of claim1,
wherein the netal layer is copper. 15. A nmethod of fabricating a dual gate

el ectrode CMOS device, . conprising the steps of: providing a wafer having an
N- MOSFET regi on andV#TisleMBsrE?o (s grposeds %)trltﬁ??ﬁtgwét?‘é%grm@f%T/ Yawell region

| / dopgd . N+_pol y-.1 | ./gate i | at | t vat er ;
pat ter ni rig "N RIGIRES <807 ?3&’%@'&Pgr&%éﬁé%yﬁfﬁ%ﬁfm@!@%gfﬁg%d »
S It E \ g Lh
o 1l L LU o VEPEET ol P et
: . th iNGINa 5 : -1
Cayer i th B R OB NDREET g BT el o 27 Ml aERRGP B DB
to form aofhignae 1ARY 24RERRRHIP RADBFET /N-well region 24 exposed.

Patterning Nitride Layer 26 /Depositing Second Undoped Poly Layer 30

As shown in Fig. 2, the exposed portion of nitride layer 26 within P-
MOSFET/N-well region 24 is then removed, preferably by a wet etch preferably
using hot phosphoric acid, leaving patterned nitride layer 26' within at least the N-
MOSFET /P-well region 22 and exposing N* poly-1 layer 20 within P-MOSFET /N-

well region 24. Patterned photoresist layer 28 is then stripped from the structure.

It is noted that nitride layer 26 may be patterned by other methods to
remove at least the portion of nitride layer 26 within P-MOSFET /N-well region 24
leaving patterned nitride layér 26' within at least the N-MOSFET/P-well region 22
and exposing N* poly-1 layer 20 within P-MOSFET/N-well region 24.

Second undoped polysilicon (poly-2) layer 30 is then deposited over
the structure, covering patterned nitride layer 26' and the exposed portion of N*
poly-1 layer 20 within P-MOSFET/N-well region 24. Poly-2 layer 30 is preferably
deposited by LPCVD at from about 600 to 650°C.



Fayer only within the 'P- MOSFET reglon patterning: the once patterned
sacrifi-cial gate |layer, the doped N poly-1 |layer 15 and the gate insul ator
| ayer within the N-MOSFET region to forman initial N MOSFET gate el ectrode
stack havi ng exposed sidewalls; and the planarized undoped poly-2 |ayer,
the doped N+ poly-1 layer and the gate insulator layer wthin the P-MOSFET
region to forman 20 initial P-MOSFET gate el ectrode stack havi ng exposed
sidewal I s; form ng respective conventional LDD inplants within the wafer
adj acent the initial NMOSFET and P- MOSFET gate el ectrode stacks; form ng
si dewal | spacers adj acent the exposed sidewalls of the initial N 25 MOSFET
and P- MOBE rationcdfdtaly @deayara0ks; forning respective S/Dinplants

adj acent the respective LDD inplants; formng respective silicide portions
on the wafer over the respective S/ Dinplants; formng an internetal

di el tri | 1 i ni I N 30 MOSFET a FET
SPRPRS IR A Iy F i et s ?ﬁﬁgfyﬁ???ﬁr”@ e o oy
to f _ F f. t f

b ocond PeREEAT %q“ﬁﬁal&?‘“l iingg YORR, s Ren®d R Hig 1%%5?6caﬂp$lﬁver
th th fi | t
s P Sffh By tl.g%f‘mﬁ%%%é%@ §5¥Yo§§| Lo | aﬁk”'ﬁ D or s N Voare e

. gate cavity; 18 formng a rretal | ayer over the structure, filling the
remai ni ng P-MOSrET gate cavity and the N-MOSFET gate cavity; and

pl anari zipgterhm gief Ialktid1a8-MOIFRE T S0 PMUBFEIXCRESE BBralle Bk Q4 e3e t he

As shown in Figs. 4 and 5, initial N-MOSFET and P-MOSFET gate
electrode stacks 34, 36 are patterned. For example, as shown in Fig. 4, initial N-
MOSFET and P-MOGSFET gate electrode stacks 34, 36 may be patterned by forming

patterned photoresist portions 32 over patterned nitride layer 26 within N-

MOSFET/P-well region 22 and over planarized poly-2 portion 30' within P-
MOSFET/N-well region 24, respectively, and then etching the respective
underlying exposed layers down to wafer 10 within N-MOSFET/P-well region 22
and P-MOSFET/N-well region 24. The initial gate electrode stack 34, 36 etching
preferably consists o:_f an SiN etch following by a poly etch. |

It is noted that the respective underlying layers down to wafer 10
within N-MOSFET /P-well region 22 and P-MOSFET/N-well region 24 may be
patterned by other methods to form initial N-MOSFET and P-MOSFET gate
electrode stacks 34, 36, respectively. Initial N-MOSFET gate electrode stack 34
comprises patterned nitride layer (dummy nitride layer or sacrificial nitride cap)
26" /patterned N* poly-1 layer 20'/patterned gate insulator layer 18'; and initial P-
MOSFET gate'electrode stack/dummy P-MOSFET gate electrode stack 36



— 40" intermetal dielectric |ayer |eaving planarized N-MOSFET netal gate
el ectrode cap within N-MOSFET gate cavity to forma finalized N-MOSFET and
ptanari zed P MOSFET netal gate within the renai ning P-MOSFET gate cavity to
forma finalized . ~ P-MOSFET, thus conpleting Formati on of the dual gate
el ectrode CMOS device. 16. The nmethod of claim 15, wherein the sacrificial
gate layer is forned of a mater ial selected fromthe group consisting of
silicon nitride and nits ide; and the gate insulator layer is forned of a
mat eri al csplRedRd pateimbieugdoppdcpBs)-ot IAgroB0s) patem«kiNe polyalhi k
dielectric r?atiéerl al. 17. The rrgt hog g}tt cld;tg:m 15, }\b/\/nerel n the ga@?.f.%{%
gate | aye0"/mattanedwgdtoinsnidtsr layer 18hd the gate insulator layer is Hf Qz.
18. The method of claim 15, wherein the sacrificial gate |ayer is from
about 500 to 1000 thick, the N+ poly-1 layer is from about 1500 to -2500
t hi ck, and the atci: |nsul at05r Ia er |s from ab%utlolto ZIQOF th|50k5 19. The

deposi tion at a terrperature of from about 60U to 650C. 20. The net hod of
claim 15, wherein the undoped poly-2 | ayer is planarized by chem cal

e 2?2;? 2 Grel ect s Shaym Elglﬁnt}fmlﬁﬁ%f 49.%4%?#3’@&%2‘134%?6%5%%%@(1
il chlnmom%%m@&é&éﬂlé%ﬁnfém:g SPABCHE, BE LBl VA, RAGRIRLRRE: %, o
about 40Q, I*rﬂaﬁe e a%%cny?&é%ti@cf?q;néﬁéﬁts%ﬂ'%4 ‘P&gfe%hoeéhgmdhéﬂt'cﬂ'iatf%n'\/QSFET

gate elects o nmove ry et'ch’process e upper

sacrifi cqg}mgsaltlﬁdg%%@ﬁogg 56,58 kéypEbt@{re MOSFET gate el ectrode stack is
removed by wet etch process. 24. The thod of claim 15, wherein the second

P- MOSFET gate insulator |ayer has a thickness of fromabout 10 to 2001. 25.
The nmet hod of claim 15, wherein the second P-MOSFET gate insulator |ayer is

oxi de. 2&orhetiared ewhetal B IC n the metal layer is conps ised of

a ma ter ial selected fromthe group consisting of copper, alum num
titaniumnitride and

As shown in Fig. 6, an intermetal dielectric (IMD) layer 60 is formed
over the structure and adjacent initial N-MOSFET gate electrode stack 34 and initial
P-MOSEET gate electrode stack 36 and IMD layer 60 is planarized as shown in Fig.
6 to expose patterned undoped poly-2 layer 30" (or dummy poly-2 portion 30").
IMD layer 60 is preferably comprised of silicon oidde (S5i0,) (oxide) and is initially
deposited to a thickness of preferably from about-8000 to 15,0004 using preferably
a plasma enhanced CVD (PECVD) process at a temperature of from about 400 to
450°C. Interlayer oxide layer 60 is preferably planarized by an oxide CMP process
to expose dummy poly portion 30" at the P-MOSFET/N-well region 24.

10



tungsten. 27. The method of claim 15, wherein the netal |ayer is copper.
28. A nethod of fabricating a dual ~gate el ectrode CMOS devi ce, conprising
the steps of: providing a wafer having an N-MOSFET regi on and a P- MOSFET
region; 20 Form ng a sacrificial gate | ayer/doped N+ poly-1 | ayer/gate
insulator layer 5 stack over the wafer; the sacrificial gate | ayer being
formed of a material selected fromthe group consisting of silicon nitride
and nitride; the gate insulator layer is formed of a material selected from
t he gr ouReaanail ifilAdtialy DrirthirGOR-MIOSRETOGage Blah-ddeditatle Gbrarel FaimAL8h of
patterning the N-MOSFET sacrificial gate layer to forma once patterned 10
sacri fi clalte fmudatoayayenaly within the N-MOSFET region, exposing the doped
N poly-1 layer within the P-MOSFET region; form ng an undoped poly-2 | ayer
over the once patterned sacrificial gate layer and the exposed N+ poly-1

form a.pl anar i 2ed dVRRHEATEONYED. igmf Jhvmeny y-WQdH B &w&%x@réﬁ

1
FZ;L?Q%@S%%J%Q? R BBOPE a3y bRl R el 4 By AR N R
ol anar | 2081 Rtepad baly. 3 %@Qfeétlﬁl@fﬁ%@@“% ef%ﬂﬁ(’qg%%'t%%’gﬁ’g?é‘t .

. i nsul at on drﬁ}ggﬁrézlvaft‘blaf@rtlbe |* - MOSFET region to for man initial P-MOSFET

gate el ectrode stack having exposed sidewal | s; 25 form ng respective
conventional LDD inplants wthin the wafer adj acent the initial N MOSFET

and P- MOSFET gate el ectrode stacks;
Second P-MOSFET gate insulator layer 62 is then formed over portion
64 of wafer 10 to a thickness of preferably from about 10 to 200A leaving P-
MOSGSFET gate cavity 72 over second P-MOSFET gate insulator layer 62 and between
P-MOSFET sidewall spacers 50. Second P-MOSFET gate insulator layer 62 is

preferably formed of oxide.

Dummy N-MOSFET nitride layer 26" prevents oxidation on patterned

N* poly-1 layer 20' during formation of second P-MOSFET gate insulator layer 62.

Removal of Dummy N MOSFET Nitride Layer 26"

As shown in Fig. 8, dummy N-MOSFET nitride layer 26" is then
removed from initial N-MOSFET gate electrode stack 34, preferably by a wet etch
process, leaving N-MOSFET gate cavity 74 over patterned N* poly-1 layer 20" and
between N-MOSFET sidewall spacers 48. Dummy N-MOSFET nitride layer 26" is
preferably stripped using hot phosphoric acid followed by an optional short (from
about 10 to 20 seconds) and diluted (about 200:1) HF dip to remove any top
damaged upper‘surface of second P-MOSFET gate insulator layer 62.

11



-forming sidewal 1" "spacers ‘adj acent the exposed sidewalls of the initial N
MOSFET -and P- MOSFET gate el ectrode stacks; formng respective S/Dinplants
adj-acent the respective LDD inplants; 21 30 form ng respective silicide
portions on the wafer over the respective S/D inplants; formng an
internetal dielectric |ayer adjacent and between the initial N MOSFET and
P- MOSFET gate el ectrode stacks; renmoving the initial P-MOSFET gate

el ectrode stack to forma P-MOSFET 35 ~ gate cavity exposing a portion of
the wafer; formng a second P-MOSFET gate insulator |ayer within the

P- MOSFET gate cavity over the exposed portion of the wafer; renoving the
upper sacbhepogitiah gfdi&al Bygsr 4 the initial N MOSFET gate el ectrode stack
to forman N-MOSFET gate cavity; 40 form ng a netal |ayer over the
structure, filling the remaining P-MOSFET gate cavity and the N MOSFET gate
cavity; and planarizing the netal IaYer to renove the excess nmetal from
over the internetal Adishosdt if &Figa§er Mahlyi g ducsivarmetad Iy oSBT dgpesitedyat e

I d ithin N FE i f fi i N- MOSFET, d

o coLr o PN VEEET SRASEOULLY L 90 el NACREET e
f - i, nal. i P- FET h l.eti f i of th

(o o1 &bl acs B VSBEETY, UMb Caml el g LOLTR L ke el aaks

g2t Laver LTI Sha o S5 bl bt ber Tver T, S0

500 to 1000 thick, the N+ poly-1 layer is fromabout 1500 to 2500 thick,
and the gate insulator layer is fromabout 10 to 200 thick. 22 31. The

met hod of prnakiPn#8n JMEERIL Dateggindoped poly-2 layer is formed by an

As shown in Fig. 9, metal layer 66 is planarized to remove the excess
metal from over IMD layer 60, leaving planarized N-MOSFET metal gate clectrode
cap 68 (within N-MOSFET gate cavity 74) over n* poly-1 gate 20' and planarized P-
MOSFET metal gate 70 (within P-MOSFET gate cavity 72).

This completes formation of finalized N-MOSFET 40 and finalized P-
MOSEFET 42.

Advantages of one or more Embodiments of the Invention

The advantages of one or more embodiments of the dual-gate CMOS
device fabrication method of the present invention include:
1) boron penetration and poly depletion concerns in P-MOSFET devices 42

are eliminated by a fairly simple method;
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" "LPCVD deposition at a tenperature of from about 600 to 650C. 32. The net hod
of clairm 28, wherein the undoped poly-2 |ayer is planarized by chem cal
mechani cal polishing. 33. The method of claim28, wherein the internetal
dielectric layer is conprised of silicon oxide. 34. The nethod of claim 28,
wherein the internetal dielectric layer is conprised of silicon oxide and
is formed by a PECVD process at a tenperature of from about 400 to 450C.
35. The nethod of claim 28, wherein the initial P-MOSFET gate el ectrode
stack is renovBdhbygase deazstehwfqrrmdd@SFﬁ’TddéheeyWEre salicetli thrahglgdiceusayer
of the initial N MOSFET gate el ectrode stack is renoved by wet etch
process. df6a higldy ot tiofe mietl rga28 eleshexdei capt 6 oger omd NPMWGFET rgapely-1

i nsul at or ﬁp has a thickness of fromabout 10 to 200. 37. The nethod of

cl ai m 28, g%ﬁ éﬂrﬁf%@Y§§@§Wim gate insulator |ayer is oxide. 38.
The net hod of ai m e rnst al ye npr.i sed of mat er i al
sel ected from %S@‘Frégf)‘a B‘Ffé’i f‘sc%}BBg‘? dzriP ﬁ'lfrﬁm‘il?lt B FET gl

and tungs

copper . %e&ﬁoi?_ftfc 94,&0,& “)3{“,@\ O%WCOEI\aC ge@ é ¥ the cﬁﬁ‘?' 0 PRAGBIA l@ver 1S

. ASS. ASH@ Af . A, . AS@ AF!' S. A@A. A3. A OY!=wz]rn
V[ t/~| wgl gb] X] ca] ca] ca] ca] ca] c*a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
. ca] c”a] ca] ca] c"a] cajghi rAbhk2daBbaakkA®R of the present invention have been

H c<{8J0<2pzupkf a\ W ca] cd] ca] ca] ca] ca] ca] ca] ca] ca]pca] ca] ca] ca] ca] c”a] ca] ca]
c™aj cal Caﬂﬁ@}@’f@d aaficalseabed) i€ & 6af adiddd &l BAiPthe invention, except as defined
0B gl !N} """ <#o#H#Y &E&W\ ((
) ™) - * Y** - By the-fdltowdingkdlainyy.] c*a] ca] ca] ca] c*a] ca] ca] c*a] ca] ca] ca] ca] ca] ca] ca
] cha] ca] ca] ca] cha] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”a
n---.1.../020002222E333374445S5"5556[ 6666' 7~xsni d_ZU] ca] ca] ca] ca] ca] ca] ca]c
Na] ca] ca] ca] ca] ca] ca] c™a] ca] ca] ca] ca] c*a] ca] ca] ca] c”a] ca] ca] ca] ca]ca]ca]ca]l
calc”al' 70r777) 8888888999l ;
| <=== ===>]| >v>>>6’>g’>’>’>#@\@ vgl gb] X] c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c*a] ¢
Na] ca] ca] ca] ca] ca] ca] ca! @\ AAB\ BBBBCCC DDDEEFZFdFFFi GsGyGGH HHHI &t 11} xsni d
_Z]c]]ca]ca]ca]ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]calca]ca]cal
cal ca]ca]calcalca]ca]ca]calca!ll IWaJJIKPKKKLUL[ LLLLMZMMVM N' NkNNN5COc CO0Ol P
WP} xsni d_Z] c] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca]c
a) ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! wPPP2QaQQQQ R RRR@SSU] UUU VWWVIWPW/
VWAV
X_Xi XXYLY} xsni d_Z]c]]ca]ca] ca] ca]ca] ca]ca]ca]ca]ca]ca]ca]calca]ca]calca]cal
ca] cal ca] ca] ca] cal ca] ca] ca] calca]ca] ca]ca]ca! LYYYZZI ZZZ[P[ Z[[[[PA\\] N ] ] *S?
ANN S % Z e }xsnid_Z]c]]ca]ca]ca]ca]ca]ca]ca]ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]cajcajcale 2a] aaaabKbvbbb6cdccc
(dvddd7eeeRf f f 9%g+gxggh#hwh} xsni d_Z] c] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ¢

] 1] 5kkkkkkeeRf f f %g+gxggh#hwh} xsni d_Z] c] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] caJ ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal.ca] ca] ca] ca] ca] ca
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CLAIMS

We claim:

1. A method of fabricating a dual gate electrode CMOS device, comprising the steps
of:
providing a wafer having an N-MOSFET region and a P-MOSFET region;
forming a sacrificial gate layer/doped N* poly-1 layer/gate insulator layer
5 stack over the wafer;
patterning the N-MOSFET sacrificial gate layer to form a once patterned
sacrificial gate layer only within the N-MOSFET region, exposing the doped N”
poly-1 layer within the P-MOSFET region;
forming an undoped poly-2 layer over the once patterned sacrificial gate
10 layer and the exposed N* poly-1 layer within the P-MOSFET region;
planarizing the undoped poly-2 layer to form a planarized undoped poly-2
layer only within the P-MOSFET region;
patterning: _
the once patterned sacrifii:ial gate layer, the doped N* poly-1 layer
15 and the gate insulator layer within the N-MOSFET region to
form an initial N-MOSFET gate electrode stack having exp;)scd
sidewalls; and
the planarized undoped poly-2 layer, the doped N' poly-1 layer and
the gate insulator layer within the P-MOSFET region to form an
20 initial P-MOSFET gate electrode stack having exposed

sidewalls;

14



—10bF-sTO%& () - ) #10%& () - &Z#L0%& () - z#10%& ()-L10%& ()-c<uj _=!|)10% u
u& ()-+10< 10< 10< : 10%<& ()- &#10%& ()- ! F(10%w<w<& ()- ~y#10%& () -
{3}~{\ =10%& ()- s-109%V& ()- 104| 104| 104
:109%4| & ()-! &g#10%4| 4] & () - ! sf#10%4| 4] & ()-8I7?{\ =, / 10%& () -

1 y#109MR' () - SH109VE' ()-f98&10%VE ()- !Sml0% & ()-s 10%&' ()-
XnbC910%& ()- 10M 10M
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2100058 0. S0 SR e lCo L ARB o
9109 & ( MOSEET 'l P-MOSEET gatQBlectrode stacks;
forming an intermetal dielectric layer adjacent and between the initial N-
25 MOSFET and P-MOSFET gate electrode stacks;
removing the initial P-MOSFET gate electrode stack to form a P-MOSFET
~ gate cavity exposing a portion of the wafer;
forming a second P-MOSFET gate insulator layer within the P-MOSFET gate
cavity over the exposed portion of the wafer;
30 removing the upper sacrificial gate layer of the initial N-MOSFET gate
electrode stack to form an N-MOSFET gate cavity;
forming a metal layer over the structure, filling the remaining P-MOSFET
gate cavity and the N-MOGSFET gate cavity; and
planarizing the metal layer to remove the excess metal from over the
35 intermetal dielectric layer leaving planarized N-MOSFET metal gate electrode cap
within N-MOSFET gate cavity to form a finalized N-MOSFET and planarized P-
MOSFET metal gate within the remaining P-MOSFET gate cavity to form a finalized
P-MOSFET, thus completing formation of the dual gate electrode CMOS device.

2. The method of claim 1, wherein the sacrificial gate layer is formed of a material
selected from the group consisting of silicon nitride and nitride;- and the gate
insulator layer is formed of a material selected from the group consisting of silicon

oxide or a high-k dielectric material.

3. The method of claim 1, wherein the sacrificial gate layer is formed of nitride, and

the gate insulator layer is HfO,.
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4, The method of claim 1, wherein the sacrificial gate layer is from about 500 to

1000A thick, the N* poly-1 layer is from about 1500 to 2500A thick, and the gate
insulator layer is from about 10 to 200A thick.

5. The method of claim 1, wherein the undoped poly-2 layer is formed by an
- LPCVD deposition at a temperature of from about 600 to 650°C.

6. The method of claim 1, wherein the undoped poly-2 layer is planarized by

chemical mechanical polishing.

7. The method of claim 1, including the steps of:

forming respective conventional LDD implants within the wafer adjacent the
initial N-MOSFET and P-MOSFET gate electrode stacks before formation of

sidewall spacers;

forming respective S/D implants adjacent the respective LDD implants after

formation of sidewall spacers; and

forming respective silicide portions on the wafer over the respective S/D

implants.

8. The method of claim 1, wherein the intermetal dielectric layer is comprised of

silicon oxide.

9. The method of claim 1, wherein the intermetal dielectric layer is comprised of

silicon oxide and is formed by a PECVD process at a temperature of from about 400

to 450°C.
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109g& ()-' ' 109%g& () - 374445S5"5dEVK@ 10b 109%@L0%& () - $10%g& () -
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10%0& () - @ Hh@fdthod of Q38K 1 Wherein the initial P-MOSFET gate electrode stack is

10

removed by a dry etch process and the upper sacrificial gate layer of the initial N-

MOSFET gate electrode stack is removed by wet etch process.

11. The method of claim 1, wherein the second P-MOSFET gate insulator layer has a

thickness of from about 10 to 200A.

12. The method of claim 1, wherein the second P-MOSFET gate insulator layer is

oxide.

13. The method of claim 1, wherein the metal layer is comprised of a material

selected from the group consisting of copper, aluminum, titanium nitride and

tungsten.
14. The method of claim 1, wherein the metal layer is copper.

15. A method of fabricating a dual gate electrode CMOS device, comprising the
steps of:

providing a wafer having an N-MOSFET region and a P-MOSFET region;

forming a sacrificial gate layer/doped N* poly-1 layer/gate insulator layer

stack over the wafer;
patterning the N-MOSFET sacrificial gate layer to form a once patterned

sacrificial gate layer only within the N-MOSFET region, exposing the doped N
poly-1 layer within the P-MOSFET region;

forming an undoped poly-2 layer over the once patterned sacrificial gate

layer and the exposed N* poly-1 layer within the P-MOSFET region;
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layer only within the P-MOSFET region;
patterning:
the once patterned sacrificial gate layer, the doped N* poly-1 layer
15 and the gate insulator layer within the N-MOSFET region to
form an initial N-MOSEFET gate electrode stack having exposed
sidewalls; and
the planarized undoped poly-2 layer, the doped N* poly-1 layer and
the gate insulator layer within the P-MOSFET region to form an
20 initial P-MOSFET gate electrode stack having exposed

sidewalls;

forming respective conventional LDD implants within the wafer adjacent the

initial N-MOSFET and P-MOSFET gate electrode stacks;
forming sidewall spacers adjacent the exposed sidewalls of the initial N-
25 MOSFET and P-MOSEFET gate electrode stacks;
' forming respective S/D implants adjacent the respective LDD implants;
forming respectivg silicide portions on the wafer over the respective S/D
implants; -
forming an intermetal dielectric layer adjacent and between the initial N-

30 MOSFET and P-MOSFET gate electrode stacks;

removing the initial P-MOSFET gate electrode stack to form a P-MOSFET

gate cavity exposing a portion of the wafer;
forming a second P-MOSFET gate insulator layer within the P-MOSFET gate
cavity over the exposed portion of the wafer;

35 removing the upper sacrificial gate layer of the initial N-MOSFET gate
electrode stack to form an N-MOSFET gate cavity;
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&1 IWaldEgsfm L athQlAl Yo ovél thPat-iubd, fillinkOPe remaining P-MOSFET
gate cavity and the N-MOGSFET gate cavity; and

planarizing the metal laycr to remove the excess metal from over the

40  intermetal dielectric layer leaving planarized N-MOSFET metal gate electrode cap

within N-MOSFET gate cavity to form a finalized N-MOSFET and planarized P-

" MOSFET metal gate within the remaining P-MOSFET gate cavity to form a finalized
P-MOSFET, thus completing formation of the dual gate electrode CMOS device.

16. The method of claim 15, wherein the sacrificial gate layer is formed of a mater:al
selected from the group consisting of silicon nitride and nitride; and the gate

insulator layer is formed of a material selected from the group consisting of silicon

oxide or a high-k dielectric material.

17. The method of claim 15, wherein the sacrificial gate layer is formed of nitride,

and the gate insulator layer is HfO,.

18. The method of claim 15, wherein the sacrificial gate layer is from about 500 to

10004 thick, the N* poly-1 layer is from about 1500 to 2500A thick, and the gate
insulator layer is from about 10 to 2004 thick.

19. The method of claim 15, wherein the undoped poly-2 layer is formed by an
LPCVD deposition at a temperature of from about 600 to 650°C.

20. The method of claim 15, wherein the undoped poly-2 layer is planarized by

chemical mechanical polishing.
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21. The method of claim 15, wherein the intermetal dielectric layer is comprised of

silicon oxide.

22, The method of claim 15, wherein the intermetal dielectric layer is comprised of

silicon oxide and is formed by a PECVD process at a temperature of from about 400

" to 450°C.

23. The method of claim 15, wherein the initial P-MOSFET gate electrode stack is
removed by a dry etch process and the upper sacrificial gate layer of the initial N-

MOSEET gate electrode stack is removed by wet etch process.

24. The method of claim 15, wherein the second P-MOSFET gate insulator layer has
a thickness of from about 10 to 200A.

25. The method of claim 15, wherein the second P-MOSFET gate insulator layer is

oxide.

26. The method of claim 15, wherein the metal layer is comprised of a material

selected from the group consisting of copper, aluminum, titanium nitride and

tungsten.
27. The method of claim 15, wherein the metal layer is copper.

28. A method of fabricating a dual-gate electrode CMOS device, comprising the

steps of:

providing a wafer having an N-MOSFET region and a P-MOSFET region;
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5 stack over the wafer; the sacrificial gate layer being formed of a material selected
from the group consisting of silicon nitride and nitride; the gate insulator layer is
formed of a material selected from the group consisting of silicon oxide or a high-k
dielectric material;

patterning the N-MOSFET sacrificial gate layer to form a once patterned
10 sacrificial gate layer only within the N-MOSFET region, exposing the doped N*
poly-1 layer within the P-MOSFET region;
forming an undoped poly-2 layer over the once patterned sacrificial gate
layer and the exposed N* poly-1 layer within the P-MOSFET region;

planarizing the undoped poly-2 layer to form a planarized undoped poly-2
15  layer only within the P-MOSFET region;

patterning:
the once patterned sacrificial gate layer, the doped N* poly-1 layer
and the gate insulator layer within the N-MOSFET region to
form an initial N-MOSFET gate electrode stack having exposed
20 sidewalls; and
the planarized undoped poly-2 layer, the doped N* poly-1 layer and
the gate insulator layer within the P-MOSFET region to form an
initial P-MOSFET gate electrode stack having exposed
sidewalls;
25 forming respective conventional LDD implants within the wafer adjacent the
initial N-MOSFET and P-MOSFET gate electrode stacks;
forming sidewall spacers adjacent the exposed sidewalls of the initial N-

MOSFET and P-MOSFET gate electrode stacks;

forming respective S/D implants adjacent the respective LDD implants;
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forming an intermetal dielectric layer adjacent and between the initial N-
MOSFET and P-MOSFET gate electrode stacks;
removing the initial P-MOSFET gate electrode stack to form a P-MOSFET
35 ' gate cavity exposing a portion of the wafer;
forming a second P-MOSFET gate insulator layer within the P-MOSFET gatc
cavity over the exposed portion of the wafer;
removing the upper sacrificial gate layer of the initial N-MOSFET gate
electrode stack to form an N-MOSFET gate cavity;
40 forming a metal layer over the structure, filling the remaining P-MOSFET
gate cavity and the N-MOSFET gate cavity; and
planarizing the metal layer to remove the excess metal from over the
intermetal dielectric layer leaving planarized N-MOSFET metal gate electrode cap
within N-MOSFET gate cavity to form a finalized N-MOSFET and planarized P-
45 MOSFET metal gate within the remaining P-MOSFET gate cavity to form a finalized
P-MOSFET, thus completing formation of the dual gate electrode CMOS device.

29. The method of claim 28, wherein the sacrificial gate layer is formed of nitride,

and the gate insulator layer is HfO,.
30. The method of claim 28, wherein the sacrificial gate layer is from about 500 to

1000A thick, the N* poly-1 layer is from about 1500 to 2500A thick, and the gate
insulator layer is from about 10 to 200A thick.
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LPCVD deposition at a temperature of from about 600 to 650°C.

32. The method of claim 28, wherein the undoped poly-2 layer is planarized by

chemical mechanical polishing.

33. The method of claim 28, wherein the intermetal dielectric layer is comprised of

silicon oxide.

34. The method of claim 28, wherein the intermetal dielectric layer is comprised of

silicon oxide and is formed by a PECVD process at a temperature of from about 400

to 450°C.

35. The method of claim 28, wherein the initial P-MQOSFET gate electrode stack is

removed by a dry etch process and the upper sacrificial gate layer of the initial N-

MOSFET gate electrode stack is removed by wet etch process.

36. The method of claim 28, wherein the second P-MOSFET gate insulator layer has
a thickness of from about 10 to 200A.

37. The method of claim 28, wherein the second P-MOSFET gate insulator layer 15

oxide.

38. The method of claim 28, wherein the metal layer is comprised of a material

selected from the group consisting of copper, aluminum, titanium nitride and

tungsten.

23

10z



S#10%&' ()- 10%& ()- 3@10%& ()- 10z 10z

10zF: 10%2 & () -2410%& () - Fh#hwhhh, i 6i dEbC 10b 10%g& () - g#10%& () -

z#10%& () - 9z10%& () -1 z#10%& () - 10%9& ()-6iiijijjjaBbC

10bF - z#10%& ()-F) 10%9& ()-!& 109 ()-3%$10% & ()- 33"S#10%&' ()- S
y#10% & () - ] j SkkkkkkkdYNC 10b 10g 10g

10gF: 10%9& ()-1610%9& ()-14T#10%& () - Y2g#10%& ()- Y,/ z10%& () - kkkkkdYNC
10b 10g 10g 10gF: 10%g& ()-1610%& () -1 4T#10% & () -3: 10%@& () - 109 () -

Nor mal " "Headi ng 13]c" "Heading 23]c" "Heading 33]c" "Heading 43]c"

"Headi ng 5 » " Headin 3]c" "Heading 73]c" "Heading 83]c" "Heading 93]c"A
" Def aul ? Féﬁ ;&edﬁﬁt gf C?allm 28, whereingthe nletal layer is cogper.] 9 %

Zb[ % */ 35: @Dzl NUTX**dhhl nprt vxz| ~pn-' 7@ wPLYe  whk NOPQRSTUVWKYr nt cp%8 " #\ ( *-
023756) 88l ; =v>?ACDFG&I aJKLNMoOMPQRULW

XYZ[ N] *_2abdcdf h6i j kkYZ[\]~_" abcdef ghi j kl mopqgr st uvwxyz{|} ~6Ti nes New
RomanAri al Couri er New'h Root EntryWrdDocunent d3

" #$UR' ()*+,-./0123456789: ;

<=>?@ABCDEFGHI JKLMNOPQRSTUVWKYZ[\ ]~ " abcdef ghi j kl mopqgr st uvwxyz{| } ~

24



