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FABRICATING CMOS DEVICE WITH DUAL GATE ELECTRODE The present invention
relates generally to fabrication of semiconductor devices, and more
specifically to methods of fabricating dual gate complimentary metal-oxide
semiconductor (CMOS) devices. 1   BACKGROUND OF THE INVENTION The
conventional dual poly-gate CMOS process includes the following problems:
1) diffusion of the p+ poly gate deposit dopant (boron) through very thin
oxide; and 2) gate depletion effect due to insufficient dopant activation
in a low thermal-budget process with the gate depletion resulting in drive
cur rent degradation. In attempts to overcome these problems associated mth
dual poly gate CMOS processes, various dual-metal gate CMOS processes
having two different metal materials for n-MOSFET (n-channel metal-oxide
semiconductor field effect transistor) and p-MOSFET (p-channel metal-oxide
semiconductor field effect transistor) (to achieve different work
functions), respectively, have been proposed in the past. However, in
general the dual-metal gate CMOS processes are very complicated and require
many masking levels. For example, U.S. Patent No. 6,159,782 to Xiang et al.
describes a method for fabricating short channel field effect transistors
(N-channel 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 replacement gate process. 2   i U.S. Patent
No. 6,033,943 to Gardner describes a semiconductor manufacturing process
for producing MOS integrated circuits having two gate oxide thicknesses.
U.S. Patent No. 6,171,911 to Yu describes a method for forming dual gate
oxides on integrated circuits with advanced logic devices. U.S. Patent No.
5,918,116 to Chittipeddi describes a process for forming gate oxides
possessing different thicknesses on a semiconductor substrate. U.S. Patent
No. 5,750,428 to Chang describes a self-aligned nonvolatile process with
differentially grown gate oxide thicknesses to fabricate an electrically
erasable programmable read only memory (EEPROM). 3  



SUMMARY OT THE INVENTION Accordingly, it is an object of the present
invention to provide an improved method of fabricating a dual-gate CMOS
device. Another object of the present invention to provide an improved
method of fabricating a dual-gate CMOS device having n+ poly/metal gate for
an n-MOSFET and a metal gate for a p-MOSFET. Other objects will appear
hereinafter. It has now been discovered that the above and other objects of
the present invention may be accomplished in the following manner.
Specifically, a wafer is provided having an N-MOSFET region and a P-MOSFET
region. A sacrificial gate layer/doped N~ poly-1 layer/gate insulator layer
stack is formed over the wafer. The N-MOSFET sacrificial gate layer is
patterned 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. An undoped poly-2 layer is formed over the once patterned
sacrificial gate layer and the exposed N+ poly-1 layer within the P-MOSFET
region. The uydoped poly-2 layer is planarizcd to fore, a planarized
undoped poly-2 layer only within the P-MOSFET region. The once patterned
sacrificial gate layer, the doped 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 planarized to form an initial P-MOSFET gate
electrode stack having 4   exposed sidewalls. Sidewall spacers are formed
adjacent the exposed sidewalls of the initial N-MOSFET and P-MOSFET gate
electrode stacks. An intermetal dielectric layer is formed adjacent and
between the initial N-MOSFET and P-MOSFET gate electrode stacks. The
initial P-MOSFET gate electrode stack is removed to form a 1'MOSFET gate
cavity exposing a portion of the wafer. A second P-MOSFET gate insulator
layer is formed within the P-MOSFET gate cavity over the exposed portion of
the wafer. The upper sacrificial gate layer of the initial N-MOSFET gate
electrode stack is removed to form an N-MOSFET gate cavity. A metal layer
is formed over the structure, filling the remaining P-MOSFET gate cavity
and the NMOSFET gate cavity. The metal layer is planarized 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-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. 5   BRIEF DESCRIPTION OF
THE DRAWINGS The features and advantages of the present invention will be
more clearly understood from the following description taken in conjunction
with the accompanying drawings in which like reference numerals designate
similar or corresponding elements, regions arid por lions and in which:
Figs. 1 to 9 schematically illustrate in cross-sectional reps esentation a
preferred embodiment of the present invention. 6   DETAILED DESCRIPTION OF
THE PREFERRED EMBODIMENT Unless otherwise specified, all structures,
layers, etc. m~v be formed or accomplished by conventional methods known in
the prior art. Initial Structure 



Fig. 1 illustrates a cross-sectional view of a wafer 10, preferably a
semiconductor wafer, after twin-well 12, 14 (P-well 12 and N-well 14) and
sllallow trench isolation (STI) 16 formation. Formed over wafer 10, is gate
insulator layer 18 that is preferably comprised of Si02 (silicon oxide or
oxide) grown by a conventional oxidation process or a high-k dielectric
material such as HfO~. 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 20. N+ poly-1 layer 20 has a thickness of preferably from
about 1500 to 2500A and is preferably deposited by low-pressure chemical
vapor deposition (LPCVD) at preferably from about 620 to 650C. N+ poly-1
layer 20 is preferably doped either insitu using POC13 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 (Si3N~) or nitride. Nitride layer 26
is preferably from about 500 to 1000 thick and is preferably deposited by
LPCVD. 7   Wafer 10 also includes N-MOSFET/P-well region 22 and P
MOSFET/N-well region 24. Nitride layer 26 is exposed at least within
P-MOSFET/N-well region 24, i.e. nitride layer 26 is covered or masked
within N-MOSFET/P-well region 22, by, for example, conventional
lithography. For example patterned photoresist layer 28 is formed at least
over N-MOSFET/P-well region 22 leaving at least the portion of nitride
layer 26 within P-MOSFET/N-well region 24 exposed. Patterning Nitride Layer
26/Depositing_Second Undoued Poly La; er 30 As shown in Fig. 2, the exposed
portion of nitride layer 2G 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 NMOSFET/P-well
region 22 and exposing N+ poly-1 layer 20 within P-MOSFET/Nwell 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 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.
Second undoped polysilicon (poly-2) layer 30 is then deposited over the
structure, covering patterned nitride layer 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   



Planarization of Poly-2 Layer 30 As shown in Fig. 3, poly-2 layer 30 is
then planarized, preferably by chemical mechanical polishing (CMP), using
patterned nitride layer 26' as a polish stop layer, leaving 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 electrode stacks 34, 36 are patterned. For example, as shown
in Fig. 4, initial NMOSFET and P-MOSFET gate electrode stacks 34, 36 may be
patterned by forming patterned photoresist portions 32 over patterned
nitride layer 26' within 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 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 of 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 PMOSFET gate ~ electrode stack/dummy
P-MOSFET gate electrode stack 36 9   comprises patterned undoped poly-2
layer 30"/patterned N+ poly-1 layer 20"/patterned gate insulator layer 18".
Forming Implants 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 completed
using: conventional LDD implants 44, 46, respectively; sidewall spacer 48,
50 formation, respectively; and S/D implants 52, 54, respectively; and
silicidation to form silicide portions 56, 58, respectively. Formation of
Intermetal Dielectric Layer 60 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-MOSFET 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 oxide (Si02) (oxide) and is initially deposited to a
thickness of preferably from about-8000 to 15,000A using preferably a
plasma enhanced CVD (PECVD) process at a temperature of from about 400 to
450C. 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   Removal of Initial/Dummv P-MOSFET Gate Electrode Stack 36 and
Formation of Gate Insulator Layer 62 As shown in Fig. 7, initial/dummy
P-MOSFET gate electrode stack 36 (patterned undoped poly-2 layer
30"/patterned N+ poly-1 layer 20"/patterned gate insulator layer 18") is
removed, preferably using a dry etch process, to expose a portion 64 of
wafer 10. 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 2001
leaving PMOSFET 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 Dummv N MOSFET Nitride Laver 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 nits ide 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   Deposition
of Metal Laver 66 As shown in Fig. 8, a highly conductive metal layer 66 is
deposited over the structure, filling P-MOSFET gate cavity 72 and N-MOSFET
gate cavity 74. Metal layer 66 is preferably comprised of copper, aluminum,
titanium nitride (TiN) or tungsten (W) and is more preferably comprised of
copper. Planarization of Metal La, a 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 electrode cap 68 (within N-MOSFET gate
cavity 74) over n+ poly-1 gate 20' and planar ized P MOSFET metal gate 70
(within P-MOSFET gate cavity 72). This completes formation of finalized
N-MOSFET 40 and finalized P MOSFET 42. Advanta,~;es 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 metihod; 12   2) the gate
resistance for N-MOSFET devices 40 ar a reduced through the use of a highly
conductive metal gate electrode cap 68 over the N-MOSFET n' poly-1 gate 20'
in a fairly simple method; and 



3) a sacrificial nitride cap 26" is employed over the initial N-MOSFET gate
electrode stack 34 to eliminate one mask level for the dual-gate CMOS
device. While particular embodiments of the present invention have been
illustrated and described, it is not intended to limit the invention,
except as defined by the following claims. 13   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
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-MOSFET 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-MOSFFT gate electrode stack having exposed
sidewalls; 14   forming sidewall spacers adjacent the exposed sidewalls of
the initial N MOSFET and P-MOSFET gate electrode stacks; forming an
intermetal dielectric layer uajacent 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-MOSFET 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
for m a finalized P-MOSFET, thus completing formation of the dual gate
electrode CMQS device. 2. The method of claim 1, wherein the sacrificial
gate layer is formed of a mater ial 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 nits ide, and the gate insulator layer is HfOz. 15   4,
The method of claim 1, wherein the sacrificial gate layer is from about 500
to 10001 thick, the Nt poly-1 layer is from about 1500 to 2500A thick, and
the gate insulator layer is from about 10 to 200 thick. 5. The method of
claim 1, wherein the undoped poly-2 layer is for med by an LPCVD deposition
at a temperature of From about G00 to G50C. 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 450C. 16   10. The method of claim 1,
wherein the initial P-MOSFET gate elects ode 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. 11. The method of claim 1,
wherein the second P-MOSFET gate insulator layer has a thickness of from
about 10 to 200. 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 5 stack over the water;
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; 17   planarizing the undoped poly-2 layer
to form a planarized undoped poly-2 



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-MOSFET 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-MOSFET gate electrode stacks; forming respective S/D implants
adjacent the respective LDD implants; forming respective 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 tl~e wafer; 35 removing the upper sacs ificial gate
layer of the initial N-MOSFET ga to electrode stack to form an N-MOSFET
gate cavity; 18   forming a metal layer over the structure, filling the
remaining P-MOSrET gate cavity and the N-MOSFET gate cavity; and
planarizing the metal lay ~~ 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 ial selected from the group consisting of
silicon nitride and nits ide; 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 for med of nits ide, and the gate insulator layer is HfOz.
18. The method of claim 15, wherein the sacrificial gate_layer is from
about 500 to 1000 thick, the N+ poly-1 layer is from about 1500 to -2500
thick, and the gate insulator layer is from about 10 to 200F thick. 19. The
method of claim 15, wherein the undoped poly-2 layer is for med by an LPCVD
deposition at a temperature of from about 60U to 650C. 20. The method of
claim 15, wherein the undoped poly-2 layer is planarized by chemical
mechanical polishing. 19   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 450C. 23. The method of claim 15, wherein the initial P-MOSFET
gate elects ode 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. 24. The method of claim 15, wherein the second
P-MOSFET gate insulator layer has a thickness of from about 10 to 2001. 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 comps ised of
a ma ter ial 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; 20   Forming a sacrificial gate layer/doped N+ poly-1 layer/gate
insulator layer 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 r egion 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 I'-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; 21   30 forming respective silicide
portions on the wafer over the respective S/D implants; 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 gate 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 nits ide, and the gate insulator layer is HfOz. 30.
The method of claim 28, wherein the sacrificial gate layer is fr om about
500 to 1000 thick, the N+ poly-1 layer is from about 1500 to 2500 thick,
and the gate insulator layer is from about 10 to 200 thick. 22   31. The
method of claim 28, wherein the undoped poly-2 layer is formed by an 



LPCVD deposition at a temperature of from about 600 to 650C. 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 450C.
35. The method of claim 28, 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 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 200. 37. The method of
claim 28, wherein the second P-MOSFET gate insulator layer is oxide. 38.
The method of claim 28, wherein the metal layer is comprised of a mater ial
selected from the group consisting of copper, aluminum, titanium nitride
and tungsten. 23   39. The method of claim 28, wherein the metal layer is
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