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A METHOD OF FABRICATING CMOS DEVICES FEATURING
DUAL GATE STRUCTURES AND A HIGH DIELECTRIC

CONSTANT GATE INSULATOR LAYER

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 layer.

(2) Description of Prior Art -

Integrated circuit, (IC), technolo_gy has progressed to the point in which two different gate
insulator thicknesses have been used to create CMOS devices with two different threshbld
voltages, allowing different, desired operating voltages to be realized for each CMOS device.
Subsequ?nt CMOS development featur)ed gate structures, each comprised of a specific'metal, on
an underlying high k gate insulator, with each CMOS device resﬁlting in a specific threshold, or
operating voltage, realized via the difference in work function supplied by each specific metal.

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



complexity, as well as an increase in fabrication costs. In addition the use of polysilicon gate
structures, on various thicknesses of underlying gate insulator layer, can result in CMOS device |
depletion effects resulﬁng especially from N type implanted, polysilicon gate structures, when

formed on thin silicon dioxide gate insulator layers.

This invention will describe a novel fabrication procedure for CMOS devices, in which dual
gate structures, a metal gate, as well as a metal - polysilicon gate structure, are.formed on an
underlying high k gate insulator layer, résultir_xg in a specific threshold voltage for each specific

gate structure. Prior art, such as Lia6 etal, in U.S. Pat. No. 5,480,839, describe a method of

'fabricatihg CMOS devices that operate at different voltages, resﬁlting from the use of doped, as

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

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 insulator layer |

allowing a specific-operating voltage to be realized for 2 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,
featuring a first set of CMOS devices, operating at a first voltage, and featuring a second set of

CMOS devices, operating at a second voltage.

It is another object of this invention to use a high k gate insulator layer for both the first
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set, and the second set of CMOS devices.

It is still another object of this invention to form metal - polysilicon gate structures for the

first set of CMOS devices, while using metal gate structures for the second set of CMOS devices.

It is still yet 'cinpther object of this inventionto simplify the whole process of making dual

gate CMOS devices

~ Inaccordance with the present in§ention ofa m;'.thod of fabricating a first set of CMOS
devices, designed té operate at a first voltage, and fabricating a second set of CMOS deviceé,
designed to operate at #secénd voltage, is described. Silicon nitride, dummy gate structures are
formed in a first region of a semicondﬁctor sﬁbstrate, to be used for a P channel, (PMOS),
CMOS devices, and.silicon nitride dummy gate structures are also formed in a second region of |
the semxconductor substrate, to be used for an N channel (NMOS) CMOS devices. After
formation of P type, hghtly doped source/dram, (LDD) regions, insulator sidewall spacers, and P
type, heavily doped source/drain region, in the first region, or PMOS region of the semiconductor
- substrate, N type LDD regions, insulator sidewall spacers, and N type, heavily doped source/drain
regions are form_ed in the second region, or NMOS region of the semiconductor substrate. )
bepositidn ofa comﬁosite insulator Iayer is followed by.a chemical 'méchanicél poﬁsﬁg, (CMmP),
procedure, resulting in exposure of the top surface of the silicon nitride dummy ga:te structures,
embedded in the composite insulator layer. After selective removal of the silicon nitride dummy
gate strﬁctures, 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
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~ polysilicon from the top surface of the high k gate insulator layer, in the second, or NMOS region,
still leaving polysilicon on the high k gate insulator layer, in the first, or PMOS region.

| Deposition of a metal layer; on polysilicon, ﬁlis the space vacated by the silicon nitride dummy
structurés, in the PMOS region, while the same metal deposition fills the space vacatéd by the
silicon nitride dummy gate strﬁctures, in the NMOS region. Another CMP procedure remo'vés the 'l
metal layer from the top surf#ce of the high k layer in a region in wlﬁcix the high k layer resided on
the top surface of the éompdéite insulator layér, resulting in: metal - polysilicon gate structures on
the high k gate insulator layer, embedded in the composite insulator layer in a first, or PMOS
fegion of fhe semiconductor substrate; and metal gate stru_c.tures bn the high k gate insulator

layer, embedded in the composite insulator layer in a second, or NMOS region of the

semiconductor substrate.

-

BRIEF DESCRIPTION OF THE DRAWINGS

The object and other advantagés of this invention are best described in the preferred

-embodiments with reference to the attached drawings 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



The method of forming a first set of CMOS devicés, featuring metal - polysilicon gate
structures, on a high k gate insulator layer and simultaneously forming a second set of CMOS
'dewces featuring metal gate structures on the high k gate insulator 1ayer will now be descnbed in
detail. This invention will be described using the metal - polysilicon gate structures for PMOS
devices, while s-how-ing metal gate structures in an NMOS region, however it should be |
undei‘stood_ that m’etai -pblysilicon gate structures, as well-as metal gate structﬁres, can be

employed in either type-of CMOS type.

A P type, semiconductor _subétrate 1, comprised of single crysta,lline.silicon, with a <100>
cfystallographic orientation, is used and schematically shown in Fig. 1. Region 30-, of
semiconductor substrate 1, will be used for PMOS devices, featuring metal - poiysilicon gate
structures, while region 40; of semiconductor g_ubStrate 1, will Be used for the NMOS devices,
fabricated with metal gate structufes. - A silicon oxide layer 2, is forméd on semiconductor
substrate 1, either via thermal oxidation, or via plasma enhanced chemical vapor deposition,
@ECW), proéédufes, at a thickness between about 100 to 200 Angstroms, followed by chemical
" vapor deposition of sﬂicon nitride layer 50, at a thickness betwéén about 2000 to 4000
Ang#troms. .Conventional photolithographic and reactive ion etchirig, (RIE), procedurés, using )
| CHEF, as an etchant for silicon nitride layer 50, and for silicon .oxide layer 2, and using Cl, or SF;

 as an etchant for silicon, are used to for d_eﬁne shall;w trench shape 3, at a depth between about
3000 to 4000 Angstroms, in semiconductor substrate 1. Silicon oxide layer 4, is next deposited
via low pressure chemical vapor deposition, (LPCVD), procedures, to a tyickness between about

6000 to 8000 Angstroms, completely filling shallow trench shape 3. A chemical mechanical
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polishing, (CMP), procedure is next employed to remove regions of silicon oxide layer 4, from the
top surface of silicon nitride layer 50, with the CMP procedure terminating on silicon nitride

layer 50. This is schematically shown in Fig. 1

After removal of silicon nitride layer 50, via use of a hot phosphoﬁc acid solution, a
buffered hydrofluoric, (BHF), acici, wet etch proceduré is used to remove silicon qxide layer 2,
from the toﬁ surface of semiconductor substrate 1. The B_HF procedure removes the less dense
- PECVD silicon oicidé layer 2, at a faster removal rate than the denser LPCVD silicon oxide
layer 4, rgsultin_g in the raisecL insulator ﬁlled, Mow trench shape, shown schematically in
Fig. 2. A silicon oxide iayer is next formed to a thickness between about 100 to 200 Angstroms,
via thermal oxidation, PECVD or LPCVD procedure;‘, followed by the deposition of a silicon
nitride layer, via LPCVD or P]*:ZCVD procédures, at a thickness between about 2000 to 3000
Angstroms. Conventional photolithographic and anisotropic RIE procedures, using Cl, or CF, as
an etchant for silicon nitride, while using CHF, as ant etchant for silicon oxide, are next performed
resulting iri silicon nitride dummy gate structures 6, on silicon oxide dummy gate insulator layer 5,
in both region 30, and region 40. Silicon nitride dummy gate étructures, which will subsequently
define CMOS channel regions, are formed with a width between about 0.10 to 0.15 um. Removal
of the photoresist shapes used for definition of the dummy structures is accomplished via plasma

oxygen ashing and careful wet cleans. The result of these procedures is schematically shown in

Fig. 2.

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



to form P type and N type, source/drain regions, shown schematically in Fig. 3. A photoresist |
block out’ shape, (not shown in the drawings), is use to protect NMOS region 49, from
implantation of boron. or BF, ions, at an energy between about 5 t6 10 KeV, at a dose between
about 2E14 to 1E15 atoms/cm?, resulting in P type, LDD region 7. After removal of the
‘phot-oresist shape used for definition of P type LDD regiori 7, via plasma oxygen ashing ‘.and
careful wet cleans, .another photoresist block shépe, (not shown in the drawings), is used to
protect PMOS region 30, fr(;m implantation of arsenic or phosphorous ions, at an energy between
about 5 to 10 KeV, at a dose bet_ween zibc)ut 5E14 to 1E15 ato\ms/cmz, creating N type, LD | _
region 8. The photoresi_st block out shape used for deﬁnition qf N type LDD region 8, is ren;oved
via plasma oxygen ashing and careful wet cleans. A 'sil_icon oxide layer is hext deposited via
LPCVD or PECVD procedures, at a thickness between about 600 to 800 Angsfroms, thex_l_
subjected to an anisotropic RIE procédure, using CHF, as an etchant, forming silicon oxide
spacers 9, on the 'sides. of silicon nitride dummy gate structures 6. This is schematically s_héwn in
Fig. 3. Another photoresist block out shape, (not shown in the drawings), i.; again used to protéct
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, heaviléy doped source/drain
region 10, shown schematically in Fig. 3. After removal of the photoresist block shape used to
define P type heavily doped source/drain region 10, via plasma oxygen ashing and careful wet
cleans, a photoresist block out shape, (not shown in the drawings), is again used to protect PMOS
region 30, from implantation of arsenic or phosphorous i;)ns, at an énergy between about 60 to

- 80 KeV, at a dose between about 5E15 to 1E16 atoms/cm?, used to form N type, heavily doped



source/drain region 11, in NMOS region 40. This is schematically shown in Fig. 3. The

photoresist block out shape is again removed using plasma oxygen ashing and careful wet cleans.

The formation of a composite insulator layer, embeciding silicon nitride dummy gate
structures is next addressed and schematicaily showh in Fig. 4. Silicon oxide liner layer 12, such_ |
as a silicon rich o;(ide, (SRO), layer, is first deposited via LPCVD or PECVD procedures, to a
thickness between about 300 to SOO.Angstroms, fbllowed by the deposition 6f overlying insulator
layer 13. Insulator layer 13, obtained via PECV_D.pror.:edures, ata thickness between about 8000

‘to 10000 Angstroms, can be c;)mprised éf an underlying borophosphosilicate glass, (BPSG),
layer, and an ovéﬂﬁné ﬂuoﬁnﬁted silica glass, (F SG), layer, or an overlying layel; 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), ié theﬁ employed for planarization
purposes and to expose the toiJ surf#ce of silicon nitride dummy gate structures 6. This can be
s.chematically sen in Fig. 4. Selectivé removal of the éxposed silicon nitride c}ummy gate
structures is then achieved via a wet etch proc;edure, using a hot phosphoﬁc acid solution, which
selectively removes silicon nitride without etching silicqn oxide. This procedure is followed by a
BHF dip, remow;i;ng sﬂicon oxide duﬁmy gate insulator layer 5, now exposed with the removal of
the overlying silicon nitride dummy gate structures, resulting in opmhé, or space 14,in PMQS
region 30, and opening, or space 15, in NMOS region 40. The removal of thin silicon oxide

duminy gate insulator layer 5,viaa shqrt 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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The result of these procedures is schematically shown in Fig. 5.

A high dielectric constax;t, (high k), traxisition metal oxide layer 16, comprised of a
refractory metallic oxide, such as Ta,0;, or comprised of a nitrided oxide layer, is next deposited
cénfonnally via CVD prbcedures,_at a thickness between about 200 to 400 Angstroms. Highk

| layer 16,- with a dielectric cdristant between about 5 to 22, interfacing the portion of

semiconductor substrate 1, exposed at the Bottom of opélﬁng 14, gnd opening 15, respectfully,

will serve as the'géte insulator layer fof bo_th' PMOS and NMOS devices. This is schematically -

~ shownin Fig.' 6. A polysilicon layer 17, is next deposited via LPCVD procedures, to 4 thickness

between at.yout' 4000 to 5000 Angstfoms. Polysilicon layer 17, shown schematica]ly m Fig. 6, is

‘doped in situ, during deposition v1a the addition of arsine. or phosphine, to a si}ane ambient. Thé

attainment of N type, polysilicon layer, via in situ deposition procedures, which allows over 90%

of the dopants to be activated reduces the risk o'f deplétion 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 porfions of polysilicon layer, in NMOS region 40, to be selectively removed
via wet etch procedures, in a solution combrised of hot potassium hydroxide. The. isotropic wet )
etch procedure allows removal of polysilicon layer 17, located on the sides of opening 15, which
could not be accomplished using an anisotropic RIE procedure. In addition the selective wet etch
procedure does not resulf in removal of exposed high k layer 16, in opening 15, preserving the

integrity the high k layer for use as a gate insulator iayer for subsequent NMOS devices. In
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addition this procedure also avoids exposure of the high k layer to plasma induced damage.
Removal of photoresist shape 18, is again accomplished via plasma oxygen ashing and careful wet

cleans.

Metal layer 19, comprised of either aluminum, aluminum - copper, aluminum - coppef
- silicon, é(:zpper, or other transition metals, is next deposited via plasma vapor deposition,
(PVD), procedures, to a thickness between about 4000 to 5000 Angsfroms, completely_ filling
opeﬁing 14, in PMOS region 30, and completely filling opening 15, in NMOS region 40. Metal
layer 19, shown schemaﬁcany in Fig. 8, ovérlays polysilicon l#yer 17, in opening 14, while
overlaying high k layer 16, in opening 15. A CMP procedure is then employed to remove regions -
of metal iayer 19, from the top.'surface of high k layer 16, in NMOS regiéﬁ 40, in the.region in
which hfgh k layer 16, resided on the top surface of insulafor layer 13. The same CMP proéeduré _ |
removes the region of metat layer 19, and the region of polysilicon 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
surface of insulator layer 1'.3. The resulf of the CMP proéedure 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 cbmprised with
interfacing silicon oxide spacers 9. The CMP procedure also defines a metal gate structure,
comprised of metal layer 19, on underlying 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
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operating vdltage to be used for the devices in NMOS region 40. If desired the gate structures
- can also be defined via selective removal of portions of metal layer 19, and portions of polysilicon

layer 17, via selective RIE procedures, using Cl, or SF, as an etchant..

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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1. A method of forming a first type gate structure, for a first type complimentary metal
oxide semiconductor device, (CMOS), device, and simultaneouSly forming a second .
type gate structure, for a second type CMOs device, on a semiconductor substrate,
comprising the steps of.

forming a first dummy gate structure on 2 first region of said semiconductor

~ substrate, to be used for said first type CMOS device, and forming a second dummy

gate structure on a second region of sald semiconductor substrate, to be used for said

second type CMOS device;

forming a first lightly doped source/drain region, of a first conductivity type, inan

" area of said first region of said semiconductor substrate not covered by said first dummy

- gate structure, and forming a second lighﬂy doped source/drain region, of a second

conductivity type, in an area of said second region of said semiconductor substraié not
covered by said second dummy gate stmctﬁre; o

&@g insulator spacers on. the sides of said first dummy gate structure, and on the
sides of said second dummy gate structure;

forming a first heavily doped source/drain region, of a first conductivity type, in an
area of said first region of said semiconductor _substrate not covered by said first dummy;
gate strﬁcturg 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 gafe structure or by

said insulator spacers;
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forming a planarized, composite insulator layer, between dummy gafe structures,
with a tép surface of said first dummy gate structure, and with a top surface of said
second dummy gate structure, exposed |

selectlvely removing said first dummy gate structure, exposing a first channel region, |

located between said first lightly doped source/drain regions, and selectively removing

said second dummy gate structure, exposing a second channel region, located between

said second lightly doped source/drain regioné;
depositing a high dielectric constant, (high k), gate insulator layer;
depositing a doped polysilicon layer;’

rerhoving a portion of said polysilicon layer from the top surface of said high k gate

- insulator layer, in said second region of said semiconductor substrate;

depositing a metal layer, completely filling spaces created by removal of said dummy

gate structures; and

removing a first portion of said metal layer, from ihe top surface of said high k gate
insulator layer to form said second type gate structure, comprised of metal, on said
high k gate insulator layer, on said second ché.nnel region iﬁ said second region of said
semiconductor substrate, and removing a second portion of said metal layer, and a
portion of said polysilicon layer, from the top surface of saud high k gate insulator layer,
to form said first type gate structure, comprised of metal - polysilicon, on said high k

gate insulator layer, in said first region of said semiconductor substrate.
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2. The method of claim 1, wherein said dummy gate structures are comprised of silicon
nitride, at a thickness between about 2000 to 3000 Angstfoms, with said dummy gate

structures overlying a silicon oxide layer, formed at a thickness between about 100 to

- 200 Angstroms.

3. The method of ¢laim 1, wherein said first lightly doped source/drain region, isa P
type, lightly doped source/drain region, formed via ion implantation of boron or BF,

ions, at an energy between about 5 to 10 KeV, at a dose between about 2E14

to 1E15 atoms/cm’.

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 SE14 to 1E15 atoms/cm?®.

5. The method of claim 1, wherein said insulator spacers are comprised of silicon oxide,
obtained via deposition of a silicon oxide layer, using LPCVD or PECVD procedures,

at a thickness between about 600 to 800 Angstroms, then defined via an anisotropic RIE

procedure, using CHF; as an etchant.
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6. The method of cla.im 1, wherein said first heavily doped source/drain region, is a P
type, lightly doped source/drain region, formed via ion implantation of boron or BF,

ions, at an energy between abouf 20 to 30 KeV, at a dose between about SE15

~ to 1E16 atoms/cm’,

7. The method of claim 1, wherein said second- heavily doped source/drain region, i_s an
N type, lightly doped source/drain region, formed via ion implantation of arsenic or _
phosphorous ions, at an energy between about 60 to 80 KeV, at a dose between

about 5E15 to 1E16 atoms/cm?.

8. The method of claim 1, wherein said coinposité insulator layer _is c.o'mprised- of an
underlying silicon oxide liner layer, such as a silicon rich oxide, (SRO), layer, obtained
via LPCVD or PECVD procedui‘es to a thickness bemem about 300 to 500 |
Angstronis; and an overlying layer of borobhosphoSilicate glass - ﬂﬁorinated siﬁc:"a
glass, or other flowable low k dielectric layers, obtained via PECVD proﬁedurés, ata

thickness between about 8000 to 10000 Ahgstroms

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

using a hot phosphoric acid solution.
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10. The method of claim 1, wherein said high k gate insulator layer is either a refractory
metal oxide layer, such as Ta,0,, ora nitrided oxide laye_r, with a dielectric constant
between about 5 tb_ 22, obtained via CVD procedures, at a thickness between about 200

to 400 Angstroms.

" 11. The method of claim 1, wherein said doped polysilicon layer is obtained via LPCVD

proéedure_s at a thickness between about 4000 to 8000 Angstroms, in situ doped during

deposition via the addition of arsine, or phosphine to a silane ambient:

12. The method of claim 1, whereinbortioﬁ of said polysilicon layer is removed in said
second region of said semiconductor substrate, via wet etch procedures, using

a hot potassium hydroxide solution as an etchant.

| 13. The method of claim i, wherein_ said metal layer is comprised of either aluminum,

‘aluminum - copper, aluminum - copper - silicon, copper, or a transition metal, obtained
via plasma vapor deposition procedures at a thickness between about 4000

to 5000 Angstroms,
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14. A method of forming a metai - polysilicon gate structure, on a high k dielectric
constant, (lligh k), gate insulator layer, for a P channel, metal oxide semiconductor,
(PMOS), device; and simultaneously forming a metal gate structure, on said high k
gate insulator layer, for an N channel, metal oxide semiconductor, (NMOS), device, on
a semiconductor substrate, comprising the steps of: |

* forming a first silicon nitride durnmy ;gat_:e structure in a PMOS region of said -
sefxﬁconductor suI;strate, to be used for said PMOS device, and forming a secolnd
silit.:on nitride dummy gate structure in an NMOS region of said semiconductor
substrate, to be used for said_NMOS deﬁce; |

forming a P type, lightly doped source/drain region in an area of said PMOS region | |

" not covered by said first silicon nitride dummy gate structure, and forming an N type,

lightly doped source/drain region in an area of said NMOS region not covered by said

second silicon nitride dummy gate strdctute;

forming silicon o:ddg spacers on the sides of said first silicon nitride dummy gaté
structure, and on the sides of said second silicon nitride dummy gate structure;

forming a P type heavily doped source/dram region in an area of sa1d PMOS region
not covered by said first silicon nitride dummy gate structure or by said silicon oxide
spacers, a.nd_ forming an N type heavily doped source/drain region in an area of said
NMOS region not covered by said second silicon nitride dummy gate structure or by
said silicon oxide spacers;

depositing a silicon oxide liner layer;
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depositing a composite insulator layer filling spaces between said first silicon nitride

dummy gate structufe, and said second 'si_licon nitride dummy gate structure;
pianarizing said composite insulator layer, ekppsing a top surface of siﬁcdn nitride
dummy gate structures; - |
s'electi\;e}y removing said ﬁrst silicon nitride dummy gate structure, exposing a
PMOS channel region located betWeen said P type lightly doped source/drain regions,
and selectively ren;oving said second silicon nitride '_durmny gate structure, exposing an
NMOS channel region, located between said N tYﬁe ligﬁtly doped soufce/drain regions; |
depositing a high dielectric constant, (high k), gate insulator layer;
- depositing an in situ doped polysilicon layef; |
-perfonning a wet etch procedure to remove a fegion of said in situ doped polysilicon
layer ﬁ'bm the top surface of said high k gate insulator layer, in said NMOS region;
depositing a metal layer, comi)letdy filling spaces created by removal of said sﬂicon.

nitride dummy gate structures; and
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performing a chemical mechanical polishing procedure to remove a first portion of
said metal layer from a first portion of a top surface of smd high k gate insulator layer,

forming smd metal gate structure, embedded in'said composite insulator layer, res:dmg

~ on said high k gate insulator layer, in said NMOS channel region, and removing a

second portion of said metal layer, and an underlying portion of said in situ doped
polysilicon layer, from a second portion of a top surface of said high k gate insulator
layer, fonning'said"metal - polysilicon gate structure, embedded in said composite

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

15. The method of claim 14, wherein said silicon nitride dummy 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 doped source/drain region is |
formed via ion implantation of boron or BF, ions, at an energy between about 5 to

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

17. 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 1E15 atoms/cm?,
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18. The method of claim 14, wherein said silicon oxide spacers are formed via

- deposition of a silicon oxide layer, using LPCVD or PECVD procedures, at a thickness

between about 600 to 800 Angstroms then defined via an anisotropic RIE procedure

using CHF, as an etchant.

19. The method of claim 14, wherein said P type héavily doped source/drain region is
formed via ion implantation of boron or BF, ions, at an energy between about 25 to

30 KeV, at a dose between about SE15 to 1E16 atoms/cm®

'20. The method of claim 14, wherein said N type heavily doped source/drain region is

formed via ion implantation 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, wheréin said silicon oxi_de liner is a silicon rich

oxide, (SRO), layer, obtained via LPCVD or PECVD procedures, at a thickness

between about 300 to 500 Ahgstroms.

22. The method of claim 14, wherein said composite insulator layer is comprised of an.
underlying layer of borophosphosilicate glass, and an overlying layer of ﬂuoriﬂated
silica glass, or comprised of any low k flowable material, both obtainéd via PﬁCVb
procedures, with said composité 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 iaa

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 ga{te insulator layerisa

refractory metallic oxidé, such as T3,0;, or a nitrided oxide layer, with a dielectric

constant between about S to 22, obtained via CVD, or rapid thermal oxidation

prqéedures, at a thickness between about 200 to 400 Angstroms.

26. The method of claim 14, wherein said in situ doped polysilicon layer is obtained via

| LPCVD procedures at a thickness between about 4000 to 5000 Angstromis, in situ

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

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

potassium hydroxide solution as an etchant,

28. The method of claim 14, wherein said metal layer is comprised of either -
aluminum, aluminum - copper, aluminum - copper - silicon, copper, 61' a transition
metal, obtained via plasma vapor deposition procedures at a thickness between about

4000 to 5000 Angstroms
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