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BACKGROUND OF THE INVENTION ( 1) Field of the Invention The present
invention relates to methods used to fabricate sem conductor devices, and
nore . specifically to a method used to fabricate conplenmentary netal oxide
sem conductor, (CMOS), device, featuring dual gate structures, such as a
metal gate as well as a netal -polysilicon gate, on an underlying high
dielectric constant, (high k), gate insulator |ayer. (2) Description of
Prior Art Integrated circuit, (1C), technology has progressed to the point
in which two different gate insulator thicknesses have been used to create

QMCS devi aeREWHOD DIoF ABRICAPING MBS il FRAGT Rl ovi ng different,

desired operating voltages to be realized devi ce. Subsequent

CMOS tru ach conprised of a specific
net al de‘éﬁ'[%(ﬁﬁ%%%’?ﬁ?mﬁ%{@ﬁﬁs @bﬁ?ﬂéﬁ%@ﬂ@ﬂ% each CM3S device
resulfing in a specific threshold, or operating voltage, realized via the
difference in WﬁBNSFﬁﬁEEG@HT%EﬁﬁmhﬁﬂoﬂﬁJQXEﬁ.specific metal . However the
~use of two different netal gate structures results in an increase in
process 1

BACKGROUND OF THE INVENTION

(1) Field of the Invention

The present invention relates to methods used to fabricate semiconductor devices, and
more specifically to a method used to fabricate complementary metal oxide semiconductor,
(CMOS), device, featuring dual gate structures, such as a metal gate as well as a metal-polysilicon

gate, on an underlying high dielectric constant, (high k), gate insulator fayer.

(2) Description of Prior Art

Integrated circuit, (iC), technology has progressed to the point in which two different gate
insulator thicknesses have been used to create CMOS devices with two different threshdld
voltages, allowing different, desired operating voltages to be realized for each CMOS device.
Subsequent CMOS development featur)ed gate structures, each comprised of a specific metal, on
an underlying high k gate insulator, with each CMOS device resulting in a specific threshold, or

operating voltage, realized via the difference in work function supplied by each specific Ihetal.

- However the use of two different metal gate structures results in an increase in process




a 2 ~ov "zou~ conplexity, as well as.an. |ncrease in fabrlcatlon %q§WﬂVmeM; o
addi tion the use of polysilicon.gate structures, on various thicknesses of
under|ying gate insulator layer, can result in CMOS device depl etion

effects resulting especially fromN type inplanted, polysilicon gate
structures, when fornmed on thin silicon dioxide gate insulator |ayers. This
invention wll describe a novel fabrication procedure for CMOS devices, in
which dual gate structures, a netal gate, as well as a netal - polysilicon

gate structure, are fornmed on an underlying high k gate insulator |ayer,
resulting in a specific threshold voltage for each specific gate structure.
Prior art, such as Liao et al, in U S Pat. No. 5,480,839, describe a

~  mecomplegity, abvell agti irgreabdn QK668 coHat In%aftﬁh%h@&sed:!f ﬁ{sﬁe n%é)clet ages,
resulting fromthe use of doped, as well as undope po ySi on gate

St téGdtiife Son VARIOBY RiickinBabs BF hﬁeierg{r}g SRE Rl HESC Ll eg%lp %g%@r ocess

'sequence ‘of the present inventi as wel |
| ysikticon e.structures, are forned on an underlying , thin
dERE a?ﬁeg&nrégh ]té%?sp?cg% ﬁ&i"i%\?ﬁﬁ’?dmal IsdcPelylicogsath stivgtures. Pdi§e to be
're I|Zﬁ ﬁ‘fl a. CMOS device, as a fimetion of structure type. SUMVARY OF THE
N%‘EN‘P Sib§°nﬂwxﬁiﬁjgétqmﬁﬂatphlasel’ﬁnvent| on to fabricate CMOS devices on a
sem conductor substrate, featuring a first set of CMOS devices, operating
at a first voltage, and featuring a second set of CMOS devices, operating

at a sethisiveroionag dedckibe & novdtfiiRlcaldi fckedife rd}l(ﬁvxcsvc&Q{deQ%h% jﬁmﬁ high k
gate insulator layer for both the first a 2 NOV 2004 Set, e

2
s egpiRGtrHshiraf A gsieV I S e ct of th|3|nvent|onto
fo?m mtst al e %ol ysi %?c%sﬁggg%seélg%@ucéé%lh ﬁ%& s{%m%&rg ° Sape %P EVos devi ces,

tructures for the fl t of CMOS devijces. It is

ot Pifert B el R LB (0ot ey ianer B D S0 hgarees FaseShmsricpr ocess of
maki ng. dual gﬁlt e CMOS devi ces

_gate structure rior art, such as Liao et al, in U.S. Pat. No. 5,480,839, describe a method of

fabricating CMOS devices that operate at different voltages, resulting from the use of doped, as

well as undoped, polysilicon gate structures. However that prior art does not describe the unique

process sequence of the present invention, in which metal gate structures, as well as

metal - polysilicon gate structures, are formed on an underlying , thin high k gate insutator layer

allowing a specific operating voltage to be realized for a CMOS device, as a function of structure

type.

SUMMARY OF THE INVENTION

It is.an object of this invention to fabricate CMOS devices on a semiconductor substrate,

featux_‘ing a first set of CMOS devices, operating at a first voltage, and featuring a second set of

CMOS devices, operating at a second vbltage.

It is another object of this invention to use a high k gate insulator layer for both the first
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in accordance with the present invention of a nethod of fabricat) iy NGVf 2004t -
set- of CMOS devi.ces, designed to.operate at a first voltage, and - R
fabricating a second set of CMOS devices, designed to operate at ‘a second
voltage, is described. Silicon nitride, dummy gate structures are formed in
a first region of a sem conductor substrate, to be used for a P channel,
(PMOS), CMOS devices, and silicon nitride dumy gate structures are al so
formed in a second region of the semi conductor substrate, to be used for an
N channel, (NMOS), -CMOS devices. After formation of P type,.lightly doped
‘source/drain; (LDD) regions, insulator sidewall spacers, and P type,
heavily doped source/drain region, in the first region, of PMOS region of
thgﬁSQQhﬁgg%Hﬁag& b%3HeEiced\ t ype LDD regi ons, insulator sidewall

spacers, and N type, heavily doped source/drain regions are forned in the
second region, or NMOS region of the sem conductor substrate. Deposition of
a conp%site insul ator layer is followed by a chem cal mechani cal polishing,
(cvP), hissHE anether obiegs of thivinyentien so &rpe mstal r pelysibponsgate sicectotes fardhe | i con
nitride dummy gate structures, enbedded in the conposite insulator |ayer.

Af figst seteif €MD alevions, wiiile ofing Ivetal ighiestmcturdsrfodthe decond sgpofCRIOUddvicees, a
hi gh k gate insulator |layer is deposited, followed by the deposition of an
in situ doped, polysilicon |ayer. Photolithographic, and wet etching

pr ocedu RStifliyet aho8tbr LBjCEESTRNS invedtich N npRY 41_163\911(}341(% bk d e o h AR top

surface of the high k ‘gate insulator layer; 1n the second, or regi on,

st | i 0 pel ysilicon on the high k gate insulator layer, in the first,

orgé’[]ls/[%ﬂr@esgq%glnc.g?mposi tion of a netal layer, on polysilicon, fills the

space vacated by the silicon nitride dumry structures, in the PMOS region,

while the sa met.al deposition fills the space vacated by the silicon

ni t ri ddP@GeRanssMathdthe pessentdryention pfwmptiiod of &biresiinganshest oEUMIPS ocedur e

removes the netal |ayer fromthe top surface of the high k layer in a

r egevices] desigried ho bperateiagh fixstvaltage, amblabeichting af sa€oridoRt SLCMOSd&@ficdshe

conposite insulator layer, resulting in: netal - polysilicon gate

St GUGAANIAS oRBratd' oBihdk/dU3RE i ASHLMIOTS A BN S L. L he gonposi te
£44338 opBratd'8 aMetbhdvohAEE id ARLRUIO ik GhieriaE TRERAP Hark el DG 31

~insulator layer in a first, or region o strate,
an tructures o he high k gate josulator | [..enbedded in
e OBl T gl ot e S e uid AR BRSO e
seﬁéﬁ{}gg@c.tor ngb trate, BRI EF DESCRI PTI ON OF THE DRAW NGS The obj ect and
ot WHES GRS sifgon Hiride i dyirmnm sabm starciursR ate alredermasda 2 sacanderegivatobr r ed
enbodi nents with reference to the attached drawi ngs that include: Figs. 1 -

9, thnsearcandnetansybsinteyto terused fiandb chanoela(NIRION) cCBIMMddsdnes SAigres  of
fabrication used to forma first set of CMOS devices, featuring netal -

polfyrsiation ofiPgptee lightlyuiiped esurcadehin) SEDDY) fedi s Moy 1806 Siaswalein0ks Qa® devi ces,
featuring netal gate structures. DESCRI PTI ON OF THE PREFEF?RED EMBODI MENTS 4

a gypeQHeat@P dogdiesoliFlePsin ¥ oib? iR %ird rte%iﬁg,t(ﬁffgﬁogfragyg@f ﬂl%\ékﬁfc%hdl};c?grt uring

nmetal - polysilicon gate structures, o te 1 nsulator Tayer, and

Si e i a _second,set. of CMOS devices, .featuring tal gate
ot SR ARERHSRY LIS Halhs InS O RS L Prses apa e el oet a0 ger fisa
detai.l. This igve tion will be described using the netal - polysilibon gate
st FERoRsae fqrgye serapr cegion, griNMOSHsgion @ Hhetsemicgadectet nbstratees in an NWVbS
regi on, however it should be understood that netal -polysilicon gate

st gitiens of @somposite asulatirddyegistfollovedist acipmica atchmi@Upblaneg, (CMP) t her

type of CMOS type.

procedure, resulting in exposure of the top surface of the silicon nitride dummy gate structures,
embedded in the composite insulator layer. After selective removal of the silicon nitride dummy

gate structures, a high k gate insulator layer is deposited, followed by the deposition of an in situ

doped, polysilicon layer. Photolithographic, and wet etching procedures are used to remove

3




A P type, semiconductor substrate |, conprised. of single cr ys.t-aIZ--.iZﬁ_élUV 2004

T sillicon, with a <100> crystallographic orientation, is used and -

schematically shown in Fig. 1. Region 30, of sem conductor substrate 1,
will be used for PMOS devices, featuring nmetal - polysilicon gate
structures, while region 40, of sem conductor substrate 1, will be used for

- the NMOS devices, fabricated with nmetal gate structures. A silicon oxide

| ayer 2, is fornmed on senm conductor substrate 1, either via thernal

oxi dation, or via plasm enhanced chem cal vapor deposition, (PECVD),
procedures, at a thickness between about 100 to 200 Angstrons, followed by
chemical vapor. deposition of silicon nitride |ayer 50, at_a fhickness
begalysdlivon fiout the oeosurtice odie highds gasainsulemilait.ilbHia septisk 8T NMEYreBdtc and
reactive ion etching, (RIE), procedures, using CHF3 as an etchant for

si dtitlqesvidyl folysiiRoh ay elie 1gh k gart ifmitated yarpin thefirke drdMOS 2¢giamd using Cl 2 or
SF6 as an etchant for silicon, are used to for define shallow trench shape
3, : t w t eCRRGHET Or
< u%@osﬁ:o%ﬁfahg?%l%ﬁfb eichg,%ls tRe ﬁ‘,&@@ Vﬁf&%ﬁtquﬂg silibdh SEHed

rate oxl ayer 4, 1's next deposited via | ow pressure
hem cal i.tion.. PCVD ' t
abotieTgene 18 PaB08 rariprnBisahe SOt er I GRRR ARy e A B e pe 5. A
hem cal hanical 5 2 2_:NOV_2004 poli shing, : d [ t
cpespetitride dawbate SgieBes. 0 DSTYIE TR M Prb R RBBE ML f ace

of silicon nitride layer 50, with the CVP procedure term nating on silicon
ni toeiall mykafyen thdtop Bhifacel of teehighiitayenin aregiomin whichrthe high kApyes residesiiial  of
silicon nitride layer 50, via use of a hot phosphoric acid solution, a

bufHeabp durfyd o thedpositd Beltor Rged res‘dRitn? &t Ghetfir-godilicen gateyaactutes onenove
silicon oxide layer 2, fromthe top surface of sem conductor substrate 1.

Th : r Y ] o 1 'ﬁpepﬁgri er 2, at a
fagtfeﬂ;g}g%gt\%zﬁsﬂgag?%%a%ﬁ{ehggddgﬁgi?&E%%%f)ﬁgﬁg&rg#egx| de ’é.?/g?}l (22 resul ting
in the raised, insulator filled, shallow trenchtﬁhﬁgg s%%vm schematical ly
i nregien ofthe seraicpadustor substrate; agdmeial 236 RTUFBITOR HOME! KigPtaHREObet ween
~about 100 to 200 Angstrons, via thermal oxidation, PECVD or LPCVD

pr dayed wmbsddedah kewempogite insulalep iyen ingrseeinda os NMQ@D regin ofitge | ayer, via
LPCVD or PECVD procedures, at a thickness between about 2000 to 300d
Angehiconductdsanuarié. onal phot of i t hographi ¢ and ani sotropi ¢ RLE procedures,
~using ClI2 or CF4 as an etchant for silicon nitride, while using CFR 3 as an
etchant for silicon oxide, are next performed resulting in silicon nitride
dumy gate structures 6, on silicon oxide dummy gate insulator layer 5, in
both region 30, and i Lo [y o gate structures, which
w || subsequently déllﬁ%SWé%@ﬂr%?wg@?ormd wth a wdth

bet ween about 0.10 to 0:15 um Renoval of the photoresist shapes used for
definition of the du structures is acconplished via plasm oxygen aching
and car Sheipbjegstand othen advantagey ekthistinvention aredept desethed dx thepreferedmt i cal |y
shown in Fig. 2. Region 30, and region 40, wll next be subjected to the

i orepibdiragitaivith nefpreneatdithe sttavhedl dohwngs that include:

Figs. 1 - 9, which schematically, in cross-sectional style show key stages of fabrication used
to form a first set of CMOS devices, featuring metal - polysilicon gate structures, and used to

form a second set of CMOS devices, featuring metal gate structures.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
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2 2 ~OV 2004 to formP type and N type, source/drain regions, shawhNOV 200%
~schematically in Fig. 3. A photoresist block out shape, (not shown in the -
drawi ngs), is use to protect NMOS-region 40, frominplantation of boron or
BFZ ions, at an energy between about 5 to 10 KeV, at a dose between about
2E14 to 1E15 atons/cn®2, resulting in P type, LDD region 7. After renoval of
t.he photoresi st shape used for definition of P type LDD region 7, via
pl asma oxygen ashing and careful wet cleans, another photoresist block
- Shape, (not shown in the drawings), is used to protect PMOS region 30, from
i npl antation of arsenic or phosphorous ions, at an energy between about 5
to 10 KeV, at a dose between about 5E14 to 1E15 atons/cne, creating N type,
LD regime diuhddier BREheaaRlise: B CGloPulia0aRG HSLHCLRT pdelinlifon of N type
d p 1 Mg areful®

LDD region 8, is renoved via plasna oxygen as anaPe t cleans. A

Si | Cf i . r.d.s next deposjted via LPCVD, or PECVD prqcedures, at a

© e e e o S R P PO A oot oA OB
ani,satropi c R E procedure, using CHF3 as an etchant, form ng silicon oxide
- spARures, Batugg Srigstrugiures;qn; the Righik satelmseaterjaygamall sowbetdgsaibedin This i s
schematically shown in Fig. 3. Another photoresist block out shape, (not
shewaili Ahisfrevegtiemivilis) destsbedgming thsmetal opgiysilieetgaNMBBChead R PAIRS T rom
inmplantation of boron or BFZ, at an energy between about 25 to 30 KeV, at.a
dosevitust whitnshabiont mbfalGatt etrddels 3 SRAVAIY regfdre Ab kB B sth)ggﬁbeheaw l'y doped
source/drain region 10, shown schematically in Fig. 3. ter renoval of the

PR pLent SR SRR L RS T

region 10, -via p ygen ashi cdre ®phot or esi st

bl - shape n wn in the drawings), is again used to protect PMOS
re§§§ﬁ8§%w'1%%%?P%8f§kﬁ2?ﬁ@ﬁ-of arseni c or phosphorous ions, at an energy
bet ween about 60 to 80 KeV, at a dose between about 5E15 to 1E16 atons/cn®,
used to form N type, heavily doped 7 z z NOV ZQCa source/drain region 1
I, in MvBSypegéminomiictoT Bilsstiage §abaipitédel dinplebowallihdsifbd, with 210R0>

phot oresi st bl ock out shape is again renoved using plasma oxygen asking and
cacafullogphic baanstion] Hust@RRIdERaALIT SAMPRTES | REHLRLGNA aver, enbeddi ng
silicon nitride dummy gate structures™ is next dressed @nd schematically
shg i fofd < j {6 ' | layer.12.. such.as a silicon rich

oxi c‘éﬁglf:bﬂ(ihéxgtod)i,sutlﬁ’sg?gi,, Viﬁg@? ?gésdtjﬁag% fede fgaﬁ’gaglﬁle@rl " BROVECPt edures, to a
t hi n oyt 300 to 500, Angstrons, followed by the deposition of
ov SRS, PletB8DR 6,4 seiconilorSbaas 1) wyche usd FabanAEAS droREAD
pracedures,  at q t hi ckness between about 8000 to 10000 Angstrons, can be
co?F%r"‘f’%tg with mgtal gatestrugiuses. bdrdises opidedaver 2 éorgledsm sefBPOS@)ctot ayer, and an
overlying fluorinated silica glass, (FSG, l|layer, or an overlying |ayer of

- anyulisbateld, eitheswishernmnd beidation, of naullaharenhayed cldnicAeapbrede@byitbs | | s the
spaces between silicon nitride dummy gate structures 6. A chem ca

| prpeddinsdi] e i.zat]
me (PE@VD prp J 4G thickhds) betviech BBt A0DLO Y66 Al gt@m%mg)gfeg tyMleRiLPOSES

and to expose the top surface of silicon nitrid res 6.
Thiygnd @B GCHRIREL Gl ' [ 4. | ective val of the exposed
si | i§pco,n Rtride g%%%%%ﬁ%&ﬁﬂgf Erﬂggkl}egs ?S%é’ﬁerh%%%@o’iﬂ 0§ wet etch
prqcedur e sing.a hot phosphoric acid solution, which selectively renoves
S| %“8%&0%41 ?‘B’&g"\}ﬁ'{aﬂﬂlﬁt&gﬁwwac anq yegetiveden gehingN(RIE) mseedures, wsing ol | owed
by a BHF dip, renmoving silicon oxide dummy gate insulator |ayer 5, now

ex pd&Baas an elghart orrsilivoun altridé laytre50pued forisiligos bkide Qe taht 8ind WY AL €
structures, resulting in opening, or space 14, in PMOS region 30, and

openimechak fERikRen, ke uicd tHRHRE Eﬁ’iﬂoévqren-gﬂghe{?%rﬁ?é g&%‘h E&I@'}ggkﬁ con oxide

dummy gate insulator |layer 5, via a short exposu Yon,

ex i g§ﬁ§ . el.reqgio 0 th P and NMOS devi ces, does
notI§ Q@e@%@i n #g‘%%’f“ﬁ %ﬁﬁ © C{Utcggggulgﬁ?ra;eeimgﬁporb@m & pyeet 1sne denpsied de

regi qns, such as silicon oxide spacers 9, or insulator |ayer 13. 8 2 2
NOVRJ0H presiire chemice! v3pok depesitipn.dbBGYDs rracedutesstata thizkhass bhswon kbodfi g 5.

~ 6000 to 8000 Angstroms, completely filling shallow trench shape 3. A chemical mechanical
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A high dielectric constant, (high k), transition net al oxide 1ayzrd NGV 2004

"~ conprised of a refractory rret al'lic oxi de; 'such as Taz05, or conprised.of a
~nitrided oxide layer, is next deposited conformally via CVD procedures, at
a thickness between about 200 to 400 Angstroms. High k layer 16, with a

di el ectric constant between about 5 to 22, interfacing the portion of

sém conduct or substrate 1, exposed at the bottom of opening 14, and opening
15, respectfully, will serve as the gate insulator |ayer for both PMOS and
NMOS devices. This is schematically shown in Fig. 6. A polysilicon |ayer
17, .i s next deposited via LPCVD procedures, to a thickness between about
4000 to 5000 Angstrons. Polysilicon |layer 17, shown schematically in Fig.

6, IIRLHEPRIMPY phédelturcdihd: GmBRRES | Feib t@&&%@gﬁ@bﬁ bole Paéfgfz;igfﬁ}ﬁ # | ayer,

phosphr ne, to a silane anb e attail nnent of N type

on. B ce ich er o of dopants to

fop,firBlq o MEBRRI RS2 SRAFE GuBbBledive RABEPESE T st b,
nte .ion inplanted N type, polysilicon layers, on underlying thin

a{ h‘%&?é?‘%"malbﬁ@g’oﬁhég’%‘t Fighdpe 18, 'shown schematically in Fig. 7, is
' next used as an etch mask to all ow exposed portions of polysilicon |ayer,
in NMOS region 40, to be selectively renoved via wet etch procedures, in a
sol ut i Aftecempvalsddiliobn hitidglayase] vimubsy df DkétdthospHieiciasidt sobipios, et et ch
procedure allows renoval of polysilicon layer 17, located on the sides of
opbuered AxrirofiMurich (BI9F), deil Ofveld@e QEMIré BHREH HSleRvaRiliatt SBHE Bﬁbxoz RIE

procedure. In addition the selective wet etch procedur e does result in

re [ reservr he |ntegr|ty
thﬁﬁtﬁhﬁ% tﬁ@eég shicihatebP i, PhatBRE bR gy PEFRSILE

ggm L 2 NOV 2004 J\ addr ti on this procedure al so avoi ds

% siggon; gyd ?geﬁ%at ipSier FenqyRhHthem eceasadmiod sitepmosire of
photore5|st shape 18, is again acconplished via plasma oxygen ashi ng and
c alagend, rogiiting Iealtfsralsmtmmdtmyfﬁted,lﬂtaﬂm trenclssdpafshewh hettenakivaityrinm  al umi num
- copper, alum num - copper - silicon, copper, or other transition netals,

i SFReat Algikesh bede 1 gé' iDhaa TBmYANE T (HRRASE betRen ﬁr%é&))too% Q@@Qﬂgftfomst 0 a |
t hi ckness bet Ween about 4000 to 5000 Angstroms, conpletely fiTling opening

a0 B TP PE@Q’PO%“Q%%T’%??% fy*‘t“‘ﬁ“é@ Ef* A ?%9%& BRI 1 eon-
15. A
Sy oléteaura‘i?’?"ﬁﬁaf’éﬁa*ﬁ" proget Ltvs%ia itneis o rabies 4001890 10, 1r om

the top surface of hig | ayer in eros region 40, in the regronrn
whEEstmy HCgnvertjsal a@torthggrae@c erd pnigotraps BIE proceduses, usisgChtaCH,a@ger 13
The same CMP procedure renoves the region of netal layer 19, and the region
* of apetchit|forsliconaytede, Whilei using NIPEF.r s gin@tchao, fof Bilimrtchédé,@rbmf)ﬁf@nﬁﬂ hi gh k
| ayer 17, in the region in which high k |ayer 16, resided on the top
Surdsalidg o silieunutigide dulnayeratd struchhs 6 esiiMilicoBfoxi eIty P40 GREMISR 14 mg% r5he
tal

formation of a nmetal polysilicon gate structure, conprised of | ayer

16 P AES0 B Sl 46 SHESTt R Doty af o Der o BEh | ShiEfetly |
gadeh %e?ﬁtr@?sﬁb'mﬁ GRS POt 3 PAGBOCEen GHOT LY 10/ QUM GFeronght
insul ator layer 16, in NMOS region 40. The use of a netal -polysilicon gate

st ofitherhetoresist shapes hisadrgr #efgitide afabedimsysatenrds aymeothPlished Mavsastadesi r ed
operating voltage to be used for devices in PMOS region 30, , while the

at ro&ygammng bndcarefubiveOabs S The! dstik OF tHdkd fﬁ%%dbr%s Bél%%l&lﬁcﬁ@tsﬁoévﬂ gyl ator

| ayer 16, allows a different, desired 10 °
Fig. 2.

Region 30, and region 40, will next be subjected to the ion implantation procedures needed




operating voltage to be used for the .devices in NMOS region 40. Pf2 N 2084
“the gate structures can also be defined via sel-ective renpval of portions
“of netal -layer 19, and portions of polysiiicon layer 17, via selective R E
procedures, using Clz or SF6 as an etchant.. Wiile this invention has been
particularly shown and described with reference to, the preferred

enbodi nents thereof, it will be understood by those skilled in the art that
vari ous changes in formand details may be nade wi thout departing fromthe
“spirit and scope of this invention. What is clainmed is: 11 2 2 ~ov 200a
1. Anethod of formng a first type gate structure, for a first type
conplinentary netal oxide sem conductor device, (CMOS), device, and

si nefdrarietyps layd Nawpe, souee/Sle0 regidng Péhogatsehéhdtieaityingig f0r A ghsweqnd type CMOS
device, on a sem conductor substrate, conprising the steps of formng a

fi bRfck GuisRapEAhS: hbivGh WHeSir@Winds)f s ' ' | ggpduct or

substrat e, Pg’qge used fore srai léllg?)f rssut%g%cg/glgh%?&kgg% g?ggzn% orm ng a~second
due . uct ure~on_a second reqi on aof said Lcondyct or substrate, to
pe aRndy SLaGh BLBE S ph 8% By ruRt bl i A0 KEVE o & lors KPR doped
sogéceﬁzg{:]ai n regi on, of a first conductivity %ype' inan ~ ' area of said
f i ARPULZEF 4R 1645 stomy/ar nicswliag &t BEyPsubBDY regionfotAftesvemernliof theai d fi r st
dumy gate structure, and formng a second |ightly doped sour.ce/drain

r eghoteresist shaps osainfor defimtinat 6fR type L2 region Bviapleanoéxypen dsitgeand regi on of
sai d sem conductor substrate not covered by said second dummy gate

St rean@hill et cle@isThm@hdrphblorésit bﬁﬁﬁ%ﬁidﬁé (eﬁgn ShfvPindes de{wi

hds fiidgSsh dummy gate
structure, and on the sides of sai ond dumy ga e%?’rﬁc% Srs[é; formng a

an PLe TOSKeAIB 50 M T o FHRon ophonvtrontBlin Stektvbaboedle: ea by
sai d first e structure or by said insulgtor spacers, and formng a
s o By i}t@akpﬁ[?% gg{?se getween about 5E14 ¥o 1E15 atoms/cm%, creating N type, LD

region 8. The photoresist block out shape used for definition of N type LDD region 8, is removed

via plasma oxygen ashing and careful wet cleans. A silicon oxide layer is next deposited via

LPCVD or PECVD procedures, at a thickness between about 600 to 800 Angstroms, then

subjected to an anisotropic RIE procedure, using CHF, as an etchant, forming silicon oxide

spacers 9, on the sides of silicon nitride dummy gate structures 6. This is schematically shown in

Fig. 3. Another photoresist block out shape, (not shown in the drawings), is again used to protect

NMOS region 40, from implantation of boron or BF,, at an energy between about 25 to 30 KeV,

at a dose between about SE15 to 1E16 atoms/cm?, creating P type, heavily doped source/drain

region 10, shown schematically in Fig. 3. After removal of the photoresist block shape used to

rdeﬁne P type heavily doped source/drain region 10, via plasma oxygen ashing and careful wet

cleans, a photoreéist block out shape, (not shown in the drawings), is again used to protect PMOS

region 30, from implantation of arsenic or phosphorous ions, at an energy between about 60 fo

80 KeV, at a dose between about SE15 to 1E16 atoms/cm?, used to form N type, heavily doped




source/drain- region, of .a‘second conductivity type, in an area 02 Zsméi 2[][]4
- second regi on of sald seini conductor substrate not covered by said second
dummy gate structure or by said insul ator spacers; 12 2 2 NOV 2004
foaning a planarized, conposite insulator |ayer, between dummy gate _
structures, with a top surface of said first dummy gate structure, and with
a.top surface of said second dummy gate'structure, exposed; selectively
removing said first dummy gate structure, exposing a first channel region,
|l ocated between said first lightly doped sourceldrain regions, and
sel ectively renoving said second dutmy gate structure, exposing a second
channel red on, |ocated between said second |ightly doped source/drain

[ egiPRFdraRaREsh U1 N NMUIsgRg i@h%be%is':gs Dt ’shé%%gh gaLe insulator

| ayer, deposrting a doped ponS| I con ayer enDV|ng portlon of said

] h t I
b o R e e ool Rl R bt P et SR el e et ar

| ayer, conpletely filling spaces created by renoval of sai d dumy

The formation of a composite insulator layer, embedding silicon nitride dummy gate
structures is next addressed and schematically shown in Fig. 4. Silicon oxide liner layer 12, such
as a silicon rich oxide, (SRO), layer, is first deposited.jvia LPCVD or PECVD procedures, to a
thickness between about 300 to 500 Angstroms, followed by the deposition of overlying insulator
layer 13. Insulator léyer I3, obtained via PECVD procedures, at a thickness between about 8000
to 10000 Angstroms, can be comprised of an underlying borophosphosilicate glass, (BPSG),
layer, and an overlying fluorinated silica glass, (FSG), layer, or an overlying layer of any low k,
flowable material. Insulator layer 13, completely fills the spaces between silicon nitride dummy
gate structures 6. A chemical mechanical polishing, (CMP), is then employed for planarization
purposes and to expose the top surface of silicon nitride dummy gate structures 6. This can be
schematically sen in Fig. 4. Selective removal of the exposed silicon nitride dummy gate
structures is then achieved via a wet etch proc;edure, using a hot phosphoric acid solution, which
selectively removes silicon nitride without etching silicon oxide. This procedure is followed by a
BHF dip, removing silicon oxide dummy gate insulator layer 5, now exposed with the removal of
the ovetlying silicon nitride dummy gate structures, resulting in opening, or space 14, in PMOS
région 30, and opening, or épace 15, in NMOS region 40. The removal of thin silicon oxide
dummy gate insulator layer 5, via a short exposure to a BHF solution, exposing subsequent
channel regions for both PMOS and NMOS devices, does not result in significant attack or

removal of exposed silicon oxide regions, such as silicon oxide spacers 9, or insulator layer 13.
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gate structures; and renoving a . first portion of said netal ,I_ayez_:,z NOY 200
top surface of said high k gate insulator |layer to formsaid. second type = -
" gate structure, conprised of nmetal, on-said-high k gate insul-ator layer,.on
sai d second channel region in said second region of said sem conductor
substrate, and renoving a second portion of said netal |ayer, and a portion
of , said poiysilicon layer, fromthe top surface of said high k gate
insulator layer; to formsaid first type gate structure, conprised of netal
- polysilicon, on said high k . gate insulator layer, in said first region
of said sem conductor substrate. 13 . 2 2 ~ov 2004 2. The nethod of claim
1, wherein said dunmy gate structures are conprised of silicon nitride, at

a mmbeksuﬁ&mﬁugépﬂ@ed@%tsc_ cél@_sﬁ@@ﬁiﬁﬁ%?&rom, Wi th said dummy gate
yi :

Structures over ng a silicon oxide |aye formed at a thickness between

about 100 to 200 Angstrons. 3. The method of claim1, wherein said first

- lightly e yrcel drain. ion,.is a P type, lightly doped source/drain
regi on, AW rﬁ%gﬁp%g?%gfmﬁ ﬁ%ﬁﬁ‘?&f ?HBWOBF“"B?; P&ﬁggﬁwegﬂ:% cioérﬁg‘,se‘g?fdﬁan ener gy

between about 5 to 10 KeV; at a dose between about 2E14 to 1E15 atons/cn?.

4. TeiFAetoRs meiRllicpxide, sheh as TaRerasicampsised ofatided owide llayed dpeekt depmsited dr ai n

region, is an N type, lightly doped source/drain region; fornmed via ion

i mebefermaliyoria 6VIdpmeedwenat piivcmhortetsednaibsut 200 RUOENRIGK RS %1( about 5
to 10 KeV, at a dose. between about 5E14 to 1E15 atons/cne. 5. e net hod of

cl adyar 16, wittes BielecS R dnitBfWedh&n SBRCSIS2 2/ E&@fh@?ﬂnﬁyf i 1icon oxide,
Faye , u |ngnL

obt ai ned via deposition of a silicon oxi de CVD or PECVD
S| 55D OB | R PR O e
will serve as the gate insulator layer for both PMOS and NMOS devices. This is schematically
shown in Fig. 6. A polysilicon layer 17, is next deposited via LPCVD procedures, to a thickness
between about 4000 to 5000 Angstroms. Polysilicon layer 17, shown schematically in Fig. 6, is
doped in situ, during deposition via the addition of arsine or phosphine, to a silane ambient. The
attainment of N type, polysilicon layer, via in situ deposition procedures, which allows over 90%

of the dopants to be activated reduces the risk of depletion effects observed with counterpart, ion

implanted N type, polysilicon layers, on underlying thin insulator layers.

Photoresist shape 18, shown schematically in Fig. 7, is next used as an etch mask to allow
exposed portions of polysilicon layer, in NMOS region 40, to be selectively removed
via wet etch procedures, in a solution comprised of hot potassium hydroxide. The isotropic wet
etch procedure allows removal of polysilicon la.ygr 17, located on the sides of opening 15, which
could not be accémplished using an anisotropic RIE procedure. In addition the selective wet etch
‘procedure does not result in removal of exposed high k layer 16, in opening 15, preserving the

integrity the high k layer for use as a gate insulator layer for subsequent NMOS devices. In




- 14 a2 ~ov ZOO4 6. The method of claim1, wherein said first hpayiNgy 2004
‘doped source/drain region, is a P type, lightly doped source/drarn region,
" formed via ion inplantation of boron or BFz ions, at an energy between .
about 20 to 30 KeV, at a dose-between about 5EI5 to iEI6 atons/cre. 7. The
met hod of claim 1, wherein said second heavily doped source/drain region,
is an N type; lightly doped source/drain region, forned via ion
i npl antation of arsenic or phosphorous ions, at an energy between about 60
to 80 KeV, at a dose between about 5E15 to-1E16 atons/cne. 8. The nethod of
claism 1, wherein said conposite insulator layer is conprised of an
underlying silicon oxide liner |ayer, such as a silicon rich oxide, (SRO,

| aygditionthisaproesiiuvd dsd-RWiR sxpoRFE YR IR Maaduy &S o tpPasalifduckdgssadiet ween about
300 to 500 Angstrons; and an overlying |ayer of borophosphositicate glass -

oY S0 o Prsign G 8pE 18 AR By B ot BT e BUTYE 10000

An?rstroms 9. The nethod of claim1;, wherein said dummy gate structures are
se&&% vel y removed using a hot phosphoric acid solution. 15 a 2 Nov Zoos
10. The method of claim1l, wherein said high k gate insulator |ayer is
either a refractory netal oxide |ayer, such as TazQ,, or a nitrided oxide

| ayer; Metehlagerdidetauprised of cittet alutniet \ubeninainowopfert AluR@nmobt@ipeed via CVD
procedures, at a thickness between about 200 to 400 Angstrons. 11. The

et kitidorg bogper] o dtherthREIELA nfefile] igﬁeﬁdiegediaéaivido%ﬁta})é PUBE déAg;c,sﬁiahai ned via LPC

VD procedures at a thickness between about 40 gstrons; in situ

Sopeos plobBERRSh el Aokl AU 01 SR SRR O RIDSRILE, 0 2
CustEnag £8% PRIGR e Brountieil: Slias pepnipsror "pOMARS FegdtrMeiae
SOllal;rEni' ?9r: sggwr? Qch%En%Qc?aTlgr in Fig. 8, overlays polysilicon layer 17, in opening 14, while
overlaying high k layer 16, in opening 15. A CMP procedure is then employed to remove regions
of metal layer 19, from the top surface of high k layer 16, in NMOS region 40, in the region in
which high k layer 16, resided on the top surface of insulator layer 13. The same CMP procedure
removes the region of metal layer 19, and the region of polysiticon layer 17, in PMOS region 30,
from the top surface of high k layer 17, in the region in which high k layer 16, resided on the top
sutface of insulator layer 13. The result of the CMP procedure is the formation of a metal -
polysilicon gate structure, comprised of metal layer 19, and underlying polysilicon layer 17, on
high k, gate insulator layer 16, in PMOS region 30, embedded in insulator layers comprised with
interfacing silicon oxide spacers 9. The CMP procedure also defines a metal gate structure,
comprised of metal layer 19, on undérlying high k gate insulator layer 16, in NMOS region 40.
The use of a metal -polysilicon gate structure, on underlying high k gate insulator layer 16, allows
a desired operating voltage to be used for devices in PMOS region 30, , while the attainment of a
metal gate structure, directly on high k gate insulator layer 16, allows a different, desired

10




13 The nethod of clar m 1, wher ein said netal layer is corrprrseoQQ‘Ngvtm :
al um num —al um-num - copper “al uni num--. copper “-- silicon, copper, 0z
‘transition nmetal, obtained via plasma vapor deposition procedures at a

t hi ckness bet ween about 4000 to 5000 Angstrons. 2 2 NOV 2004 14. A

met hod of formng a netal - polysilicon gate structure, on a high k
dielectric eonstant, (high k), gate insulator |ayer, for a P channel, netal
oxi de sem conductor, (PMOS), device, and sinultaneously formng a netal
gate structure, on said high k gate insulator layer, for an N channel,

met al oxi de sem conductor, (NMOS), device, on a sem conductor substrate,
conprising the steps of formng a first silicon nitride dunmy gate

St bperfifgvdlfgd 1OBERCTH B8 delicssah NMORTEARAUE! o dcStiBPlTLE: i@ used for
"said PMOS device, and formng a second silicon nitrid umry gate structure

in oL said NMOS

de\‘iia{;%l or‘%‘r&%%% gfetyp rgml%r grﬂgﬁ)’gg}él’%éggmg%gf a@f&r@ Plglé’rnﬁﬂ? %‘{‘Fo&r ea of
r{L\éDS pat covredb g{‘:rst silicon nitride dumy gate

'st r ga 58 St"f’ KQCEHIT s P§/‘ ZICF Ay 2RiBisEts our ce/ drain region in an

area of said NIVDS regi on not covered by said second silicon nitiide dummy

gate structure, '

‘While this invention has been particularly shown and described with reference to, the
preferred embodiments thereof, 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 this

‘invention.

What is claimed is:
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form ng.silicon oxide spacers on the sides of said first silicongri tpydepny
dummy gate structure, and on the sides of said second silicon nitride dummy
gate structure; formng a P type heavily doped source/drain region in an
area of said PMOS region not covered by said first silicon nitride dunmy
gate structure or by said silicon oxide spacers; and formng an N type
heavily doped source/drain region in an area of said NMOS regi on not
~covered by said second silicon nitride dumy gate structure or by said
sii.con ‘oxi de spacers; depositing a silicon oxide liner layer; 17 2 2

NOV- 2004 deposit| a .conmposite insulator lLayer filling.,spages ween said
first si ﬂié&%ﬁhﬂ%&%&@n%%fémeeg%ﬁ f,tmpe},or ﬁ&“%eqcogg’@g%&g@ fnll%ga(i)n nitride
dummy gate structure; planarizing said conposite insulator |ayer, exposing
“a top supkide eemitoxsiuml:dnvim,t(mg)i devipe, gad simitapeaugly dermisg psesqnde| y
removing said first silicon nitride dummry gate structure, exposing a PMOS
channel kggiga sueenis dobeiererd typeiCMOStdapie) drphsdmicoipipetdr sohstrate, drain
regi ons, and selectively renoving said second silicon nitride dunmy gate
structur on@ﬁﬁ&%hﬁ%t oBIMOS channe[-regiop,_located bet ween sai d N type

| i.ght|y dopéd sourcefdrain regions; depositing a high dielectric constant,

(high k), te insulator | ayer: depositing an._i i olysilicon - -
| ayer per%ﬁ?’?ﬁ?ﬁ@%&“ t%a%e Joré ﬁrs&g%\?gséédﬁs%%uﬁgﬁ 0 (prsai dinsitu
doped polysilicon layer fromthe tgf surface of said high ate insul ator
| ayer, i riubsirate, kpbsusedpoipid fiesh bPeGMGSAevice.And fayups 28 filling
spaces created by renoval of said silicon nitride dummy gate structures; '
and 18  gat@sthichir@ 604 sequadiregion nfjsad shindwhictorsebstmates 0 bpusaddpr #wd procedure
to renove a first portion of said netal layer froma first portion of a top-
surface ofecom §pbCHIOKd@ate i nsul ator | ayer, ' S -
forming a first lightly doped source/drain region, of a first conductivity type, inan ~
" area of said first region of said semiconductor substrate not covéréd by said first dummy
- gate structure, and forming a second lightly doped source/drain region, of a second
conductivity type, in an area of said second region of said semiconductor substrate not
covered by said second dummy gate structure;
forming insulator spacers on the sides of said first dummy gate structure, and on the
sides of said second dummy gate stmcuxre;
forming a first heavily doped source/drain region, of a first conductivity type, in ah
area of said first region of said semiconductor substrate not coveré_d by said ﬁrst dummy -
gate structure or by said insulator spacers, and forming a second heavily doped
* source/drain region, of a second conductivity type, in an area of said second region of

said semiconductor substrate not covered by said second dummy gate structure or by

said insulator spacers;
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form ng said netal gate structure, enbedded iw said conposite :\&Lﬁ ﬁmqrzquq
| ayer, residing on said high k gate insulator |layer, in said N channe
regi on; and renoving a second portion of said netal |ayer, and an
“underlying portion of said in situ doped polysilicon |layer, froma second
portion of a top surface of said high k gate insulator layer, formng said
nmetal - polysilicon gate structure, enbedded in said conposite insulator

| ayer, residing on said high k gate insulator layer; in sai.d PMOS region.
15. The method of claim 14, wherein said silicon nitride dummy gate

structures.are forned. fro N {4 Ld mmg A fedtudsa LPCVD or
PECVD procé‘i‘fﬁ?’&a %lfm%'zfe érlég}lgﬂ)ggiléé %‘g@%gﬁggﬂbgﬁﬁ%% t tg\431000 Ar?gsfrom;, and
defined via an ani sotropi.c. ItlE procedure, usi.ng.either 2 . CF;, as an
et chant Whastppis%f&?erﬂfts%‘ﬁ%&t dygmiyigte SRS ac?fivgf § pl%‘,d%%%ér)srglldgzsai d P
type lightly doped source/drain region is formed via ion inplantation of

boron or s&®ndidomsty gate siructireraypossdt ween about 5 to 10 KeV,  at a dose
bet ween about 2E14 to 1E15 atons/cne. 17. The nethod of claim 14, wherein

sai d' N typaeleb@hly smdopedadditsiarhthipgae segitore, expobing aduistwhantiebregion, |
i npl antation of arsenic or phosphorous ions, at an energy between about 5

S0t 15 s R Sl e ety idorg 1

2004 18. 1 ot 1 1 el Sifi con oxi de spacers are :
90T SR B S BBk oL e BB SRR e
via an anisotropic RE procedue. using CF3F3 as an etchant.
| | depositing a high dielectric can'stant, (high k), gate insulator layer,
depositing’ a dor.ped polysilicon layé_r; |
removing a portiori of said polysilicon layer from the top surface of said thh k gate |
insulator layer, in éaid second region of said semiconductor substrat:;
depositing a metal layer, cﬁmpletely filling spaces created by removal of said dummy
gate structures; and |
removing a first portion of said metal layer, from the top surface of said high k gate
insulator layer to form said second type gate structure, comprised of ‘metal, on sgid
high k gate insulato; layer, on said second channel region in said secon_d region bf .sa'fd
semiconductor substrate, and removing a second portion of said metal laycf, and a
po;'tion of said polysilicon layer, from the top surface of said high k gate.insulato_r layer,
" to form said first type gate structure, comprised of metal - polysilicon, on said high k K

gate insulator layer, in said first region of said semiconductor substrate.
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-~9. The nmethod of claim 14, wherein said P type heavily doped s rzzw'gqr an
region is fornmed via ion inplantation of boron.or BF2 ions; at -ah energy
bet ween about .25 to 30 KeV; at a dose between about 5E15 to 1E16 at omns/cn®.
20. The nethod of claim 14, wherein said TV type heavily doped source/drain
region is forned via ion inplantation of arsenic or phosphorous ions, at
an energy between about | 60 to 80 KeV, at a dose between about 5E15 to
1E16. atoms/ cn2. 21. The met hod of claim 14, wherein said silicon oxide-
liner is a silicon rich oxide, (SRO, |ayer, obtained via LPCVD or PECVD
procedures; at a thickness between about 300 to 500 Angstromns, .22. The

met hod of. Feanethed of olier b whesein daid shipoat gase stnantiras #ie compered & WsBri sed of
an underlying | ayer of borophosphosilicate glass; and an overlying | ayer of
fl uori nahfde at 4 eickpegtrwesn OEPZItHad 3000 Amysthams, kvifhf aidedingnyrgeter i al , bot h.
obtai ned via PECVD procedures, with said conposite insulator |ayer at a

t hi cknes ' f@@‘%:& : : i MEnetVetwekndboM 004 23. The
met hod O?tngﬁgél@?n%?e, egrﬂg‘lgﬁp%}g(?edﬁg%oh%(ﬁegg}?nsul ator layer is planarized
via a chgﬁbcal mechani cal polishing procedure. 24. The nethod of claim 14,
wher ei n- 8P ANGSFOBYn nitride dummy gate structures are selectively renoved
usi ng a hot phosphoric acid solution. 25. The nethod of claim 14, wherein
said high k gate insulator layer is a re&ctory nmetalljc oxide, such-as
Ta205, or3. Thentethioded Mdewmsﬁmh@tﬂidépe‘imﬁfwsﬁﬂv Batteen about -
5 to 22, obtained via CVD, or rapid thernal oxidation procedures, at a = .
t hi cknessype tigkndeded sburd8rdin rebsh, Argsetivizmien ififlanttien ofdron coBFgl ai m 14,
wherein said In situ doped polysilicon layer is obtained via LPCVD o
pr ocedur.ggndy & btk G} EBREMNES o RUV, 40D80de®eBRRA BBESIRINTS, in situ
doped during deposition via the addition of arsine, or phosphine to a '
'silane anbignt. al[%zis/c-lr;[ae met hod of claim 14, wherein said wet etch B
procedure,” Useéd to renbve a portion of said in situ polysilicon |layer in:
said NMOS region; is acconplished usinga hot potassium hydroxide sol ution

as an etchant. . . Y .
4. The method of claim 1, wherein said second lightly doped source/drain region, is an

- N type, lightly doped source/drain region, formed via ion implantation of arsenic or
phosphorous ions, at an energy between about 5 to 10 KeV, at a dose between

about 5E14 to 1E15 atoms/cm?. |

5. The method of claim 1, wherein said insulﬁtorj spacers are comprised of silicon oxide,
obtained via deposition of a silicon oxide layer, using LPCVD or PECVD procedureg, |
- at a thickness between about 600 to 800 Angstmnls,.thén'deﬁned'via an anisotropiC-RIE -

procedure, using CHF,; as an etchant.
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28 The nethod of claim 14; wh d tal |
| al um num al um num - copper, aFLﬁ‘: zursnal- cggpgr - aglelrl LGcogELLZfP Zg]slﬂg' anr
transition metal, obtained via plasma vapor deposition procedures at a
t hi ckness between about 4000 to 5000 Angstrons
.AB. A& . A@,.A A . A A&A|AA+

| Al . A&t+<e. AC. Ai (CACG, . A(, . A<.A CA<.A(. A =hn#@7 u <n}xsn|d Z]c
aJcajca]ca]ca]c
g]ﬂcg]ﬂcg] ga] (L:Ja/]rci] (c::a]Qca]#(ég]#ca] c, al (ia] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
a] ca] ca] 6. a’!‘w@{hﬁ)@gj @apbb]vémééf%d r%)ﬁggv%gi]é{)xf o dceﬂr(a:l%]rggglx g‘ L(i’a] caj ¢
a] ca] ca] ca] ca] ca] c$a] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal <111h68888a9 99’7::’7’7’7’7<@
@EEBANVGZ Sl Tighkly Raped {onrtedbhinregivn, £hradd-ap iorl imptaniaips &f S8 L S
a] ca] ca] ca] ca] ca] caUc a]c a] cal ca] ca] ca] ca\/] cal ca] cajJc - -
a] ca] ca] C:?c] &) ],?]Mg ORIBRIESES abbat BELSNKG xsni d Z] ]ca
] ca] ca] c$alta] ca]ﬂ cal-ca] ca] ca] ca] ca] ca] ca] ca] cal ca] ca]calcalcaljcalc -
a] ca] ca] ca]lséi%c%hs Gga] ca] ca! XYYYZ[]i o™ ~_" caZzbnmbgb~bb) c| ccddeneef & thhhh
| } xsnid. 2‘]’] ta] ca]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ¢
a)J ca] ca] ca] ca] ca] caj c, a] ca] caj ca] ca] ca] c, a] ca] ca! | I  RmmmMNoooFppkqqr Tr Zr gr r.
sxst Guuvj wpw} WwwwPx X é}mxsnl d_Z] ] ca] cal ca] '
a] ca] ca] c7a]T¢la]lmel]Q§ia]fV\@ 3} E’éff@lﬂagF@aijeé‘A‘] ‘é‘]"ﬁ‘iﬂ &%% ga?%‘&‘é%@éﬁ’%éﬁ%%ﬁ’ EFca ca] c .
a] ca! z{ % | MNoooFppkqqr Tr Zrgrr -
sxst GuuVj Npydeyligiittydopyd jouscs/drain] regiahcioroed m]@h?@éﬂ%ﬁ]@ of arsenic or
a] ca] ca] cal cal c;{;ai;ai calcalc
al ca] ca JRphdrausions & @Mﬁ&t*a&i 9
15T Pl e e | 1004 0

9 3 Zf)110% & ZC8= 10% & 9
Lot o B PRI )21 100 & () 2O 1090 8 () 0Pvaom e ()-<C
L! @0%1]1& ()-10\10\ 10\ C VI0% & () - &<7f 10% & ()-W&<.$10N & ()-7-u_

8. The method of claim 1, wherem said composite insulator layer is compnsed of an

underlying silicon oxide liner layer such as a sificon rich oxide, (SRO) 1ayer obtamed. :
via LPCVD or PECVD procedures to 2 thickness between about 300 to 500 |
Angstroms and an overlymg layer of borophosphosilicate glass ﬂuormated srhca _

| glass, or other flowable low k dieie(:tric layers, obtaine_d via,PEC.VD pro_cedures, at a

- thickness between about 8000 to 10000 Angstroms

9. The method of claim 1, wherein said dummy gate structures are sélecﬁvély removed

~ using a hot phosphoric acid solution. -
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i K- H&4S10% & ()- &2$10% & ()-Y 00! 10% & ()-Y - 10% & () - NOV 2004
& $10% & ()- W&, $10% & ()-W 10% & ()-= <f D&4S10% & r &$10%& () - c&% 109 () -
#@10% ' [' & ()-10"10"10"C; 10% & ()-#8 10% & () - Ynl oP1

940% & ()-$10% & ()-!"H+10% , & ()- 10 10 10! &$109& ()- !y&H#109%& () - &UVdEOPL
%4.0% 6d10% & () - | f210% & () - | &0#10% & () - - P" 10% & () -
"*10% & ()-c(c10% & ()- + bC %40% 109R& ()-=&c $109R& ()- @
109%& ()-<9%40% & ()-] 10, 10, 10,):10%& ()->"@A'B'C' Q' "#~ @ Y%.c-
"10% & ()- @10% & ()-!$10%$& ()- 10? 10? o |

e TR B g g
1/%{&?:186 %%& yxide i i@@g&égglf}s {a@i%}% I&qufd 9615'6(5‘1‘3"65 JYitha @q}ﬂm constant
betwégn about 5 to 22, obtained yia_ CVD procedures, at a thickness between about 200

"to 400 Angstroms.

“11. The method of claim 1, wherein said doped polyéilic_:on layer is obtained via LPCVD
procedures at 2 thickness between about 400(__) t0-8000 Angs'trom;s, in situ doped during

deposition via the dddition of arsine, or phdsphine to a silane ambient.

12. The method of claim 1, wheren ﬁortipn of said polysilicon la.ye'r is removed in said
second region of said s_emicohdﬁctor substrate, via wet etch prbcedures; using’

’ a hot potassium hydroxide solution as an etchant.

13. The method of claim 1, wherein said metal layer is comprised of either aluminum,
‘ almninum‘- copper, éluminum' - copper - silicon, coppef, or a transition metal, obtained
via plasma #apo'r,depbsiﬁon procédﬁres at a thickness between about 4000

to 5000 Angstroms.
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14. A method of forrrung a metal polysilicon gate structure onahighk dlelectnc
- constant, (high k), gate msulator layer, for a P channel, metal oxide semiconductor,
" (PMOS), device, and simultaneously forming a metal gate structure, on said high k
g'ate' insulator layer, for an N channel, metal oxide semiconductor, (NMOS), device, on
Ca semiconductor sut:strate, cbmprisihg the steps of:
forming a first silicon nitride durnmy gate structure mn a PN'IOS. region of said
) . semiconductor 'substr'ate to’ be usetl for said PMOS device and -t‘emﬁng a second
sﬂmon mtnde dummy gate structure in an NMOS region of said semiconductor
| substrate to be used for said NMOS dewce
fcrming a P type, lightly ddped sc)urce/dram region in an area of said PMOS region
not covered ‘by said first silicon nitride dummy gate structure, and formingl an N type,
- lightly doped source/drain region in an area of said NMOS region not covered by said
. seco’nd silicon nitride dununy gate structure; ..
forming silicon oxide spacers .on the sides of saitl‘ first silicon nitride dummy gate
. structure anti on the sides of said second silicon nitride dummy gate structure;
fonmng aP type heavily doped source/dram reglon in an area of sa1d PMOS region
- not covered by sa.ld first szhcon mtnde dummy gate. structure or by sa1d silicon omde
' sp,acers; anct forming an N type heavily doped source/drain region in an area of said
- NMOS region not covered by said second sil'icen:nitrid_e dummy gate structure or by
said silicen oxide spacers; | |

depositing a silicon oxide liner layer;
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planarizing said composite insulator layer, exposing a top surface of silicon nitride

dummy gate structures;
| selecﬁve]y femoviﬁg said ﬁrst sililcon nitride durmmy gaté structure, expoéiﬁg a
. PMOS chép.nél reglon loce.ttec_l Between said P type lightly doped source/drgm ;egions,
and selecti§e1§ removing said second silicon nitride dummy gate s'tfucmfe, exposing an
NMOS channel--fegion, located betvv;een said N type lightly doped source/drain fegioﬁs;
depositing ?a.h_igh dielectr.ic coﬁstant, {high k), gate insﬁlator layer; |
| depositing. an m situ doped polysilicon layer;
‘performing a wet.etch procedure to remove a region of said in situ doped polysilicon
layer from the top surface of said high k gate msulator layer, in said NMOS region;
depbsiting a'metal Ié,yer, completely filling spaces created by removal of said silicon

nitride dummy gate structures; and
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A0%=& ( )ﬁe%hlrﬂnglgll clh!sz \A"‘égl"'r%echanical polishing procedure to remove a first portion of

said‘metal layer from a first portion of a top surface of said high k gate insulator layer,
forming said metal gate structure, embed‘ded in'said composite insulator layer residing
' on said high k gate insulator layer, in said NMOS channel region, and removing a
second portlon of said metal layer, and an underlying portion of saxd in situ doped
: polysxhcon layer, from a second portion of a top surface of said h1gh k gate msulator,
layer, forming said metal - oolysilicon gate structure, embedded in said coropoéite '

_ insulator layer, residing on said high k gate insulator layer, in said PMOS region.

:15. The method of claim 14, wherein said silicon nitride dommy gate structures are
formed from a silicon nitride layer, obtained via LPCVD or PECVD procedures at a
thickness between about 2000 to 3000 Angstroms, and defined via an anisotropic RIE

procedure, using either Cl, or CF, as an etchant for silicon nitride.

16. The method of claim 14, wherein said P type lightly dopéd source/drain region is
formed via ion implantation of boron or BF, ions, at an energy betWéen about 5 to

10 KeV, at a dose between about 2E14 to 1E15 atoms/cm’.

1_7. The method of claim 14, wherein said N type lightly doped source/drain region is
formed via ion implantation of arsenic or phosphorous ions, at an energy between about

5 to 10 KeV, at a dose between about SE14 to 1E13 atoms!cniz.
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formed via ion implantation of boron or BF, ions, at’ an energy be_tween about_zs to -

30 KeV','at _a dose between about SE15 to 1E16 atoms/cm®.

'20. The method of claun 14 whereln sald N type heavﬂy doped source/dram reglon is-
formed via ion unplantatlon of arsenic or phosphorous ions, at an energy between about

60 to 80 KeV, at a dose between about 5E15 to 1E16 atoms/cm’.

21. The method of claim 14, wherein said silicon oxide liner is a silicon rich
oxide, (SRO), layer, obtained via LFCVD or PECVD procedures; at a thickness

between about 300 to 500 Angstroms.

22, The rhethod of ciaim l14 whefein soid composite,insulator-iayer is compxised ofan
underlymg layer of borophosphosnhcate glass and an overlymg layer of ﬂuormated

| silica glass, or compnsed of any low k flowable material, both obtamed via PECVD
procedures, with said'cornposite insulator layer at a thickness between about 8000 to

~ 10000 Angstroms.
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23. The method of claim 14, wherein said composite insulator layer is planarized via a

chemical mechanical polishing procedure.

24. The method of claim 14, wherein said silicon nitride dummy gate structures are

selectively removed using a hot phosphoric acid solution.

25. The method of claim 14, wherein said high k gate insulator layer is a
reﬁ‘actory metallic OXIdB such as TaQOS, or a nitrided ox1de layer with a dielectric
onstant between about 5 to 22, obtamed via CVD or rapld thermal oxldatwn

procedures, at a thlckness b_etween about 200 to 400 Angstroms.

.26. The method of claim 14, wherein said in situ doped polysﬂlcon layer is obtamed wa -
LPCVD procedures at a thickness between about 4000 to 5000 Angstroms in 51tu

‘doped during deposition via the addition of arsine, or phosphine to a silane ambient.

27. The method of claim 14, wherein said wet etch proéedure, used to remove a portioﬁ
“of said in situ polysilicon layer in said NMOS region, is accomplished using a hot

po'tassi_um hydroxide solution asanetch’ant_._ : . RN R

~ 28. The method of claim 14, wherein said metal Iayer is comprised of either -
aluminum, aluminum - copper, aluminum - copper - silicon, copper, or a transition . .
metal, obtained via plasma vapor deposition pchedures at a thickness between about

4000 to 5000 Angstroms
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