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BACKGROUND OF THE INVENTION -

1. Field of the Invention

This invention relates to semiconductor devices and.
more particularly to Metal Oxide Semiconductor (MOS) ffeld
Effect Transistor“(FET) devices.

2. Description of Related Art

A typical polycide gate stack in a DRAM device includes
a gate electrode étack, referred to below as a GC stack,
tﬁat consists of the following composite sequence of layers:
sllicon/gate oxide/N+ doped poiysi1icon/WSi,/Cap—Insu1ator.
The.patterned N+ doped polysilicon and WSi, layers comprise
the gate conductor (GC) in the gate electrode stack.

Fabrication of the polycide structure consists of an
in situ doped.pqusilicon deposition, or polysilicon (or
amorphous siliconi deposition followed by implantation of
As+ or P+, followed in turn by wet cleaning and tungsten
(ws;¥) deposition either by sputtering or CVD (Chemical
Vapof Deposition.) 'The problems encountered during the
above process are as follows: | _
1) During post GC stack heat cycles, the dopant atoms in
the polysilicon migrate into the WSi, layer. FIG. 21 shows
a Secondary Ion Mass Spectrometry (SIMS) arsenic (As+)

profile of the GC stack of 500A N+ doped polysilicon/500A



above process are as follows: 1) During post GC stack heat cycles, the
opant atons in the polysilicon mgrate into the Wsi[err] layer. FIG 21
shows a Secondary |on Mass Spectronetry (SIMs) arsenic (As+) profile of the
GC stack of 500A N+ doped pol ysilicon/500A 2 WGi [err]/2000A
Si[err]N[err], as practiced in the prior art. The profile shows dopant
concentration versus depth fromthe surface of the GC stack. During the

process, the dopant is distributed and piles up at the polysilicon/Wsi[err]
and Wi [err]/cap silicon nitride interf#&ces. Mgration and pi-le up of
dopants reduces the dopant concentration at the polysili- con/gate oxide

interface resulting in a partially depleted gate that nornal|ly degrades the
FET perf WSibince/2900AcS2aN, ,i ag practdcedaliantthex pddorhiadtnesThd err]. 2)
Hi gh-dose inplantation and thin filmdeposition steps frequently result in
met al corpeefihbeishows dopapt| conceatsation versus depth from the
surface of the GC stack. During the process, the dopant is
distributed and piies up at the polysilicon/Wsi,. and
WSi,./cap silicon nitride interfaces. Migration and pile up
of dopants reduces the dopant concentration at the poiysili-
con/gate oxide interface resulting in a partially depleted
gate that normally degrades the FET performance by increas-
1n§ the equivalent oxide thickness t_...
2) High-dose implantation and thin f£ilm deposition steps
frequently result in metal contamination of polysiliéoh and
subsequent metal penetration into the gate oxide and silicon
substrate, thereby degrading the oxide integrity #nd reli-
abllity and reducing the DRAM cell retention time.
3) In dual workfunction CMOS (N+ polysilicon for NMOS and
P+ polysilicon for PMOS), boron penetration through the PMOS
gate degrades the gate oxide and MOSFET pérformance.
Special precautions.hust be.taken to avoid or minimize boron
penetration, however, at the cost of increased process
complexity and reduged flexibility. One example is the
necessary avoidance of a nitride cap that is known to
enhance penetration by generating excess hydrogen.
U. §. patent No. 5,414,301_of M. E. Thomas for "High
Temperature Interconnect System for an Integrated Circuit"
describes use of Tungsten Nitride and Tungsten Silicide for

barrier layers and interconnections in transistor



-

subsequent netal penetration into the gate oxide and silicon substrate,
*t her eby degrading the oxide integrity and reli- ability and reducing the
DRAM cel | retention tine. 3) I n dual workfunction CMOS (N+ polysilicon
for NMOS and P+ polysilicon for PMOS), boron penetration through the PMOS
gate degrades the gate oxide and MOSFET perfornmance. Special precautions
must be taken to avoid or mnim ze boron penetration, however, at the cost
of increased process conplexity and reduced flexibility. One exanple is the
necessary avoi dance of a nitride cap thdt is known to enhance penetration
by generating excess hydrogen. U S. patent No. 5,414,301 of M E. Thonas
for "H gh Tenperature |nterconnect Systemfor an Integrated Grcuit”
descri bestrystyresin@ialen N tkines hdlifungelen2si Linede2ffor 683rrier | ayers
and interconnections in transistor 3 structures; Col. 1, lines 5-15;
Col. 2, FPRes3z7liges 1-31; Col. 4, lines 34-68; Col. 5, lines 1-68;

Col. 6, lines 1-28). As the title suggests, the Thomas

patent is related to interconnects and not to a MOSFET.gate

stack. The main purpose of deposited barrier films is to

inhibit the transport of silicon and subsequent creation of

"spikes" in junctions, when the structure is subjected to

temperatures in excess of 500°C. The structure emphasizes

titanium silicide and titanium nitride and focuses on

electromigration and the Kirkendall effect in bipolar

structures. In contrast, the present invention uses tung-

sten nitride as a barrier in conjunction with tungsten

silicide in a polysilicon gate stack to inhibit the migra-

tion of metals and dopants toward and through the gate oxide

which is a totally different approach and objective.

A publication entitled "Metal Diffusion Barrier Compos-

ite In Polycide Process" published in Research Disclosure,

page 263 (March 1986) describes use of twin layers provided

in a structure made by a polycide process. The first of the

twin layers is a titanium nitride composite underlayer. The

second of the twin layers is a thin metal layer composed of

a metal selected from the group consisting of titanium,

cobalt, and platinum. In the process disclosed, first a

conducting, refractory metal nitride (TiN) layer is deposit-

ed on a polysilicon substrate. Next, the metal layer is

deposited to complete the twin layers. Finally, a tungsten



Col. 3, lines 1-31; Col. 4, lines 34-68; Col. 5, lines 1-68; Col. 6, lines
"1-28). As the title suggests, the Thonmas patent is related to interconnects
and not to a MOSFET gate stack. The main purpose of deposited barrier filns
is to inhibit the transport of silicon d subsequent creation of "spikes”
in junctions, when the structure is subjected to tenperatures in excess of
500[ err] C. sibdcddeudayer depldeposktdd toverntise |canpes hte twianmemali tride
and_focuses on electromgration and the Kirkendall effect in bipolar
st ruct ur eslaymrsofovest thenhdliN cayer) nvdfhe cewinckayeng- acteasnptri de as a
barrier in _conjunction with tungsten silicide in a polysilicon gate stack
to i nhi bi t dpREN% giffusion darwiens dHewengiantin teherPubhicakiongkhenhe
gat e oxi de &hic s a totallﬁé(jifferent %gproach and objective. A
publ i cat i oflEAR UM pItydde g ryspd AF fhe iRATRIRHJIetaL cand £B| 88 de
Process” puhlished in Research Di sclogure age 26 rech 1986 escri bes
hee of 1w HANSPARD BEAMOHEF | n T e 1o SthnS AstHBrian L8 hetocs  The
first of t 0 layerns. i | | 1 g rd S} ngder 341he
b  FROUERRALS TS, bt AT D18 S8 R4 fodr e kit
ing dopant diffusion from the source/drain regions. B
‘U.S. patent No. 5,319,245 for "Loqal Interconnects for
Integrated Circuits" of Chen et al. describes local inter-
connects for integrated circuits, where a refractory nitride
is formed over the IC; and then a refractory metal silicide
is deposited on the refractory nitride as a barrier layer
(See Col. 1, lines 5-22; Col. 2, lines 1-16; Col. 3,
lines 14-68; Col. 4, lines 1-46). The Chen et al. patent
focuses on local interconnects. The method is illustrated
for titanium, titanium nitride barrier, and tantalum
silicide. The main objective is to form low-resistivity
local interconnections (e.g., between source/drain and gate
conductor) without causing "spikes" in the source/drain
junctions. There is no mention of inhibiting metal or
dopant diffusion into a gate oxide. The materials used are
not suitable for this purpose due to their poor thermal
~stabllity.
U.S. Patent No. 5,451,545, "Process for_Forming Stable
Local Interconnect/Aétive Area Silicide Structure VLSI

Applications," of Ramaswami et al. describes a process in
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a netal selected fromthe group consisting of titanium cobalt, and
splatinum In the process disclosed, first a conducting, refractory netal

nitride (TiN) layer is deposit- ed on a polysilicon substrate. Next, the
metal layer is deposited to conplete the twin layers. Finally, a tungsten
4 silicide layer is deposited over the conposite twin netal |ayers (over
the TiN layer). The twin |ayers act as a dopant diffusion barrier. However,
in the publication the titaniun1nitri§e is used as the barrier nmetal and as
an adhesi on pronoter. The path of dopant diffusion is not indicated. It
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then a r gl 3944 uifdd1 fé1d&i dfollowed by a silicon (Si) layer
(Col. 6-12, 45-68; Col. 2, lines 1-22; Col. 3, lines 1-68;
Col. 4, lines 1-33). This patent also focuses on local
interconnects. The materials used are titanium, titanium
nitride, and titanium silicide. The main purpose is to form
‘a barrier to oxygen, to imprdye adhesion and prevent peeling
of the conducting film. The objectives, procedure, and
materials used are completely different from those of the

present invention.

SUMMARY OF THE INVENTION

An object of this invention is to prevent migrﬁtion of
dopant atoms from the polysilicon layer into the WSi, layer
in post gate conductor (GC) heat cycles.

The present 1nvention'uses tungsten nitride as a
barrier, resulting 1n.a simpleﬁ stack and higher thermal
stability than titanium nitride (TiN). The tungsten nitride
is denoted by W,N before annealing and W.N after annealing
at an appropriate temperature. In addition, the present
inﬁention is adapted for a MOSFET gate stack consisting of
gate oxide, polysiiicon, tungsten nitride, tungsten
silicide, and low~-pressure nitride cap insulator process.
This stack withstands the post gate RIE reoxidation process
and source/drain anneals employed when manufacturing a 256

Megabit DRAM. ‘It is applicable to future DRAM and logic



is deposited on the refractory nitride as a barrier.|ayer (See Col. 1,
Tines 5-22; Col. 2, lines 1-16; Col. 3, lines 14-68; Col. 4, lines 1-46).
The Chen et al. patent focuses on local interconnects. The nethod is
illustrated for titanium titaniumnitride barrier, and tantalumsilicide.
The main objective is to formlowresistivity | ocal interconnections (e.g.,
bet ween source/drain and gate conductor) w thout causing "spikes" in the
source/drain junctions. There is no mefiti on of i nhi biting metal or dopant
diffusion into a gate oxide. The materials used are not suitable for this
pur pose due to their poor thermal stability. U S. Patent No. 5,451, 545,

" Process tewhriakogigs St aBecausealit! wiehseandst hAghi tempegatiiries; det

Structure VLSI Applications,” of Ramaswani et al. describes a process +in
5 whi ch taiidmidmmseducing thel damaged cmused byt reabtdveoden etching
(RIE) and/or ion implantation, and hence junction and
surface leakages. Of extreme importance, is the applicabil-
ity of the present invention to dual work function gates |
(N+ polysilicon over NMOS, P+ polysilicon over PMOS). In
‘the past,'incorporating a dual work function CMOS process
has suffered from boron penetration from P+ polysilicon into
and through the gate oxide, degrading the PMOS.

The present invention 1nhihits boron penetration, even
in the preseﬁce of a nitride cap.

In accordance with the method of this invention, a
stable dopant diffusion barrier is formed in a polysili-
con/wWsi, structure to minimize outdiffusion of dopant from
the polysilicon layer into the WSi, layer. The diffusion
bariier thus prevents the depletion of dopants in poly-
silicon duriﬁg post WSi, deposition annealing, and ensures
that a-high concentfﬁtion (approximately 3x102° atoms/cm?®)
of electrically active dopant material remains at the poly-
silicon/gate oxide interface to avoid an increase in the
equivalent oxide thickness (t.,) and the associated degra-
dation in MOSFET performance.

The resultant structure thus consists of:

Si/Gate Oxide/doped (N+ or §+) polysilicon/w,N/WSi,/Cap

insulator.



followed by a layer of titaniumnitride; followed by a |layer of titanium
"silicide; followed by a silicon (Si) layer (Col. 6-12, 45-68; Col. 2, lines
1-22; Col. 3, lines 1-68; Col. 4, lines 1-33). This patent also focuses on
| ocal interconnects. The materials used are titanium titaniumnitride, and
titaniumsilicide. The main purpose is to forma barrier to oxygen, to

| nprove adhesi on and prevent peeling of the conducting film The

obj ectives, procedure, and naterials usep are conpletely different from

t hose of the present invention. SUMVARY 'OF THE | NVENTI ON An object of this
I nuention is to prevent mgration of dopant atonms fromthe polysilicon

present i nvent PoRCL sésk&ﬁéﬂaéﬁ”aﬁ”fﬁ%?%ﬁﬁ J’é}vérﬁﬁeﬁ?ﬁﬁgﬂ ug™ Th:
Tungsten FEE? QQQP?' E"ﬁé‘rte?’%&%ﬁ@% dede, ¥ LA o WerrIN af for

annealing ot 251708880kl mﬁﬂﬁca&/ww&spn/cwem;&f&ear' nventi on

i s adapted for consi st
The diffusion barrier (WyN) also prevents migration of

metallic impurities (introduced during implantations and
thin film depositions) from the WSi, layer to the underlying
polysilicon and gate oxide.

BRIEF DESCRIPTION OF THE DﬁAWINGS

The foregoing and other aspects and advantages of this
invention are explained and déscribed below with reference
to the accompanying drawings,'in which:

FIGS. 1-13 illustrate a series of steps in a manufac-
turing process in accordance with this invention for making
a MOSFET device.

FIG. 14 shows a flow chart of a process for forming a
gate electrode stack in accordance with this in#ention.

FIG. 15 shows a flow chart of an alternative process
for forming a gate electrode stack in accordance with this
invention.

FIG. 16 shows a flow chart of an integrdted process for
'forﬁing a gate electrode stgck in a CVD tool in accordance
with this invention.

FIG. 17 shows a flow chart of another integrated
process for forming a gate electrode stack in a CVD tool in

accordance with this invention.



gate oxide, polysilicon, tungsten nitride, tungsten silicide, and

| ow- pressure nitride cap insulator process. This stack w thstands the post
gate RIE reoxidation process and source/drain anneal s enpl oyed-when

manuf acturing a 256 Megabit DRAM It is applicable to future DRAM and | ogic
6 technol ogi es. Because it withstands high tenperatures, it aids in
reduci ng the danage caused by reactive ¢on etching (RIE) and/or ion

i npl antation, and hence junction and -surface | eakages. O extrene

i nportance, is the applicabil- ity of the present invention to dual work

function oat oo X R Kol oM o O E Lo ovet OB 1n
degr adi ngPFRECBRBs oLTih: W LStng R ERR HLHRI IR, PEEREEF on penet ration, even
in the presenceref, 39" dHdwl dy¥Hbh of a profile of boron in the

| presence of a W.N (tungsten nitride) barrier.

FIG. 20 shows a graph of metallic contamination of the
gate oxide at the end of'process anneals showing the concen-
trations of aluminum, copper and titanium penetrating
through the layers in the order of WSi, polyéilicon, gate
oxide;'and silic&n substrate in a stack without the W.N
diffusion barrier.

FIG. 21 shows aISIMs arsenic graph of a profile in the
absence of a WoN (tungsten nitride) barrier, as praqtiged in
the prior art. In particular FIG. 21 is a graph of arseﬁic
diffusion through a polycide structure without a tungsten
nitride (WZN) bariier.

DESCRIPTION OF THE PREFERRED EMBODIMENT

FIGS. 1-13 illustrate a series of steps in a manufac-
turing process in aécordance with this invention for m#king
& MOSFET device 10. The device 10 is shown in the same
sectional yiew for each step which illustrates the develop-
ment of the device during its manufacture on a stép-by-step
basis. ;

In FIG. 1, a device 10 is shown comprising a conven-
tional P- doped silicon substrate 11 with a flat upper
surface 11' upon which a thin blﬁnket insulator layer 13 has

been formed with a thickness of say 500 nm.
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Jn accordance with the method of this invention, a stable dopant di ffusion
barrier is formed in a polysili- con/WSi[err] structure to mnim ze
outdi ffusion of dopant fromthe polysilicon layer into the Wsi[err] |ayer.
The diffusion barrier thus prevents the depletion of dopants in poly--
silicon during post W5i[err] deposition annealing, and ensures that a high
concentrati on (approximately 3x10[err] atons/cnjerr]) of electrically
active dopant nmaterial renmmins at the p8|y- silicon/gate oxide interface to
avoid an increase in the equival ent oxide thickness (t[err]) and the
associ ated degra- dation in MOSFET performance. The resultant structure
thus consi sts PIGS Si 2 zaBR, O3Bdahdoded 1Qits tratied+one method of forming
polysilicon/Werr] NWSi [err]/ Cap insul ator. A GC stack in accordance
wi th thi sisolationnregliohsufort nadesicer ian adeoydansie midh ddids as f ol | ows:
Si/Gate Oxide/ N+ polysilicon/Werr] NWSi [err]/Cap insul ator.

invention. :

FIG. 2 shows the device 10 of FIG. 1 after a photore-
sist mask 12 with openings 12' and 12'' on the right and
left sides of device 10 therethrough has been used to

-pattern an underlying insulator 13 that will act as a sten-
cil 13*' to etch trenches in silicon substrate 11. :Mask 12
has been formed over the surface of insulator layer 13
which has been patterned by etching into a stencil 13' with
opeﬁings 8 and 8' on the right and left sides of device 10
below openings 12' and 12'' down to surface 11' of silicon
substrate 1ll.

Using the mask 12, the substrate 11 is etched away
through the openings 12' and 12'' by means of anisotropic
RIE (Reactive Ion Etching) forming two shallow trenches 8
and 8' in substrate 11 with one of those trenches on either
side of mask 12.

FIG. 3A shows the device 10 of FIG. 2 after mask 12 has
been stripped from the device 10, and trenches 9 and 9' have
been etched into the silicon substrate 11. Film 13 has been

- patterned to form a stencil 13' to etch shallow trenches 9
and 9' in substrate 11 below the openings 8 and 8' respec-
tively in stencil 13'. The trenches typically surround the

structure and may have different shapes. Trenches 9 and 9°'



The diffusion barrier (WN) al so prevents mgration.of netallic inpurities
‘(introduced during inplantations and thin fil mdepositions) fromthe

W5i [err] layer to the underlying polysilicon and gate oxide. BRI EF
DESCRI PTI ON OF THE DRAW NGS The foregoi ng and ot her aspects and advant ages
of this invention are explained and described below with reference to the
acconpanyi ng drawi ngs, in which: FIGS. 1-13 illustrate a series of steps in
a manufac- turing process in accordance with this invention for nmaking a
MOSFET device. FIG 14 shows a flow chart of a process for formng a gate
el ectrode stack in accordance with thigginvention. FIG 15 shows a flow
chart of an alternative process for formng a gate el ectrode stack in
accordance with this invention. FIG 16 shows a flow chart of an integrated

PLOC5S RhyhOk "SRR, 32 RpRbSala g o 35 ORln L hBATRE" W P
provided by means of directional Reactive Ion Etching (RIE)
through stencil 13', yielding the result shown in FIG. 3A..

FIG. 3B shows the device 10 of FIG. 3A after an Shallow
Trench Isolation (STI) oxide film (14, 14') has been depos-
ited on the surface of the device 10, following which the
surface of the oxidé £film has been polished, the stencil has
been removed and a sacrificial oxide (silicon dioxide) layer
15 has been grown or deposited on the exposed silicon
surfaces 11'. Trenches 9 and 9' are shown filled with oxide
(silicon dioxide) that constitute Shallow Trench Isolation
(STI) regions 14, 14'. To form the silicon dioxide STI
regions 14 and 14' in the trenches 9 and 9' an insulator
film (preferably silicon dioxide) of appropriate thickness
is conformally deposited by a method such as Chemical Vapor
Deposition (CVD), over the entire surface of device 10,
filling trenches 9, 9'. The surface of the insulator f£ilm
is then planarized ﬁy a method such as Chemical-Mechanicall
Polishing (CMP) and etching. A sacrificial oxide layer 15
aboﬁﬁ 15 nm thick is then formed over exposed silicon
surfaces 11', typically by oxidation of silicon substrate 11
resulting in the structure seen in FIG. 3B. |

It is obvious to anybody skilled in the art that other
isolation schemes, such as local oxidation-(LOCOS) or field

oxide (FOX), can also be used with the preferred embodiment.



process for formng a gate el ectrode stack in a CVD.tool in accordance with
this invention. 8 FIG 18 shows graph of a profile of phosphorus in the
presence of a Werr]N (tungsten nitride) barrier. FIG 19 shows graph of a
profile of boron in the presence of a WON (tungsten nitride) barrier. FLG
20 shows a graph of netallic contanination of the gate oxide at the end of
process anneal s showi ng the concen- trations of alum num copper and
titani um penetrating through the Iayeri in-the order of WS, polysilicon,
gate oxide, and silicon substrate in a %tack wi thout the Werr] N diffusion
barrier. FIG 21 shows a SIMs arsenic graph of a profile in the absence of
a WN (tungsten nitride) barrier, as practiced in the prior art. In
particular FIGFIXZ.i 4 ahgwaphhefdawienldOdpﬁfﬁiﬁbn3thﬁtqﬁwtmgiﬂntaﬂe
structure without a tungsten
ion of N- type dopant ions 16 into the P- substrate 11 to
form an N- well 17 therein. As will be well understood by
those skilled in the art, a -photoresist mask (not shown for
convenience of illustration) is patterned to implant the
N-well in selected regions where PMOSFETs are formed.
A P-well is typically implanted over the rest of the wafer
using another mask.
To form an N-well, phosphorus or arsenic ions 16 are
implanted at a dose from about 10** atoms/cm® to about 104
atoms/cm® and at an energy that typically ranges from about
100 keV to about 1000 keV. The fesultant_impurity profile
typically peaks at a concentration from about 107 atoms/cm®
to about 10*® atoms/cm®.
Using the N-well mask, phosphorus and/or arsenic ions
are ion implanted at a dose that can range from about 102
atoms/cm®* to about 10** atoms/cm® and an energy from about
10keV to about 100 keV to suppress punch-through and adjust
the MOSFET threshold voltage.
- While shallow trench regions are shown in FIG. 4, there
may be several STI regions within one well.
FIG. 5 shows the device 10 of FIG. 4 after the sacrifi-
cial oxide layer 15 has been stripped from the device 10
leaving the surface 11' of the.N- well 17 exposed. For the
sake of clarity the boundaries of threshold adjust and

punch-through stop regions are not shown.



4

pitride (Werr]N) barrier. DESCRI PTION OF THE PREFERRED EMBODI MENT FI GS.

1-13 illustrate a series - of steps in a manufac- turing process in
accordance with this invention for making a MOSFET device 10. The device 10 '
is shown in the sane sectional view for each step which illustrates the

devel op- nent of the device during its manufacture on a step-by-step basis.
In FIG 1, a device 10 is shown conprising a conven- tional P- doped
silicon substrate 11 with a flat upper surface 11' upon which a thin

bl anket insulator |ayer 13 has been forned with a thickness of say 500 nm
9 FIGS. 2, 3A, 3B and 4 illustrate one Yethod of fornming isolation regions
for a device in accordance with this invention. FIG 2 shows the device 10
of FIG 1 after a photore- )

FIG. 6 shows the device 10 of FIG. 5 after a silicon
dioxide gate oxide layer 18 (with a thickness from about
4 nm to about 20 nm) has been formed over the exposed
surfaces 11°'.

FIG. 7 shows the device 10 of FIG. 6 after a doped
polysilicbn layer 20 has been formed over the gate oxide
layer 18 and the STI regions 14, 14'. Layer 20 has a
thickness of about 100 nanometers. With an N+ doped poly-
silicon layer 20, the layer 20 is either doped by a conven-
fional in situ doping process or doped after deposition by
ion implantation. In dual function CMOS, the N+ polysilicon
is typically doped with arsenic or phosphorus and the P+
polysilicon with boron, typically.

FIG. 8 shows the device 10 of FIG. 7 after deposition
upon the exposed surface of polysilicon layer 20 of several
layers starting with a tungsten nitride (W,N) layer 22 with
a thickness from about 5 nm to about 20 nm. Tungsten
nitride (W, N) layer éz is formed over the doped polysilicon
layer 20 by a process selected from reactive sputyering and
Chemical Vapor Deposition (CVD) or sputtered tungsten plus
and NH, anneal. A standard step of heating to 150°C and
degassing in a vacuum chamber is used prior to W,N deposi-
tion of tungsten nitride (W,N) 1;yer 22 and the W,N is
sputtered using a tungsten target with the wafer unclamped
ﬁnd not heated. Tables I and II describe the process of

reactive sputtering of the tungsten nitride (W, N) layer 22.



Sist mask 12 with openings 12' and 12'' on the right and left sides of

devi ce 10 therethrough has been used to pattern an underlying insulator 13
that will act as a sten- cil 13" to etch trenches in silicon substrate 11.
Mask 12 has been fornmed over the surface of insulator |ayer 13 which has
been patterned by etching into a stencil 13" with openings 8 and 8 on the
right and left sides of device 10 bel ow openings 12' and 12'' down to
surface 11' of silicon substrate 11. Using the nask 12, the substrate 11 is
etched away t hrough the openings 12 add 12" by neans of anisotropic R E
(Reactive lon Etching) formng two shallow trenches 8 and 8 in substrate
11 with one of those trenches on either side of nmask 12. FIG 3A shows the
device 10 of FIG 2 after nmask 12 ha{'ABIE Btripped fromthe device 10, and
trenches 9 and 9' have been etched into the silicon substrate 11. Film 13
has been pattTUNGETEY NITRIDE t(MydN) SPUTEERING [PROCESSVPARAMETERSO and 9

I n substrate 11 bel ow the openings 8 and 8 respec- tively in stencil 13'.

The trenches typically s #nd the GAS LOW RATE
2000w Argon is 20 sccm
2000w Nz is 60 sccm

TABLE II

TUNGSTEN NITRIDE (W,N) SPUTTERING DEPOSITION THICKNESS & TIME

Thickness Time
20 nm (200A) 35.6 sec.
15 nm (150A) 26.3 sec.
10 nm (100A) 17.5 sec.

5 nm (50A) 8.7 sec.

Above the tungsten nitride (W,N) layer 22 is formed a
tungsten silicide (wsix) layer 24 with a thickness from
about 50 nanometers to about 100 nanometers deposited by a
CVD or sputtering process. The 50 nanometers thick léyer
can be sputtered during anlinterval of about 2.8 seconds.

Above the tungsten silicide (Wsi.) layer 24 is formed
(preferably by a CVD process) a silicon nitride (Si,N,) cap
layer 26 with a thickness from about 75 nanometers to about
200 nanometers. The silicon nitride (Si;N.) can be formed
by Low Pressure CVD (LPCVD) at a temperature of from about
720°C to about 800°C for a time duration of from about 30
minutes to about 150 minutes. |

FIG. 9 shows the device 10 of FIG. 8 after a gate

electrode photoresist mask 28 with windows 28' and 28" on



\structure and may have di fferent shapes. Trenches 9 and 9 10 have a
depth of approximately 250-nmin silicon 11 which is provided by neans of
directional Reactive lon Etching (RIE) through stencil 13', yielding the
result shown in FIG 3A. FIG 3B shows the device 10 of FIG 3A after an
Shal | ow Trench Isolation (STlI) oxide film (14, 14') has been depos- ited on
the surface of the device 10, follow ng which the surface of the oxide film
has been polished, the stencil has beerd4renoved and a sacrifi-cial oxide
(silicon dioxide) |ayer 15 has been grown or deposited on the exposed
silicon surfaces 11'. Trenches 9 and 9' are shown filled with oxide -

(silicon ghexsfgest o2t theNmbisku® Had been fureted vvext iswLidon) regions
14, 14'. To formthe silicon dioxide STI regions 14 and 14' in the

trenches 91 6rd@ cap Lagekalgr. f Mask 28 ardldly haid i thiknesie) o Hf
appropriate thickness is conformally deposited by a nethod such as Chem cal
Vapor about 1 um, is shown centrally between the STI reg-
ions 14, 14'. An isotropic vertical etching process has
been performed through the window 28' and 28" through the
layers 20, 22, 24 and cap layer 26 down to the gate oxide
layer 18 and the STI regions 14, 14' conveiting the layers
20, 22, 24 and cap layer 26 into a stack 27 thereof leaving'
the sidewalls of the stack 27 exposed.
FIG. 10 shows the device 10 of FIG. 9 after oxidation
of the gate conductor sidewalls. This step forms qbout
10 nanometer thick oxide layers 30, 30' on the sidewalls of
stack 27. layers 30, 30' have been formed adjacent to the
sidewalls of the stack 27 (i.e. the sidewalls of layers 20,
22, 24) of layers 20, 22.
Next, FIG. 11 shows the device 10 of FIG. 11 during
formation of optional conventional lightly doped P-
source/drain extension regions 33, 33' in the N- well 17 on
either side of the stack 27 by ion implantation of boron
ions 32 at a dose that ranges from about 5 x 10** atoms/cm™=
to about 5 x 10** atoms/cm~2 at an energy of about 5 keV to
about 10 keV of boron dopant.
FIG. 12 shows a device 10 of FIG. 11 after formation of
conventional silicon nitride (Si,N,) spacers 31 and 31°
adjacent to the sidewall layers 30, 30' and stack 27 includ-

ing the silicon nitride cap layer 26. The silicon nitride



‘Deposition (CVD), over the entire surface of device 10, filling trenches 9,
*9'. The surface of the insulator filmis then planarized by a nethod such
as Chem cal - Mechani cal Polishing (CMP) and etching. A sacrificial oxide

| ayer 15 about 15 nmthick is then formed over exposed sili-con surfaces
11', typically by oxidation of silicon substrate 11 resulting in the
structure seen in FIG 3B. It is obviou$ to anybody skilled in the art that
ot her isolation schenmes, such as | ocal oxidation (LOCOS) or field oxide
(FOX), can also be used with the preferred enbodi ment. FIG 4 shows the
device 1Qnf did3 38 @hde81" "REaNEBrmelOByOla NonvieRt itANbIdiIed 6 into the
P- substrdate 11 to forman N well 17 thérein. As will be well understood
by those fdpdd PEhdn éFcaagliidonhalierddieslaj@ik folllowdtD\By fercomverni ence
of illustration) is patterned to inplant the NNwell in selected regions
wher e PM3dmi&l ad fréetiofal A(Bnisbitropiic)pispaider iet@hmiye RIF er (Ré@acrest of

t he wafer :
' tive Ion Etching).
FIG. 13 shows the device 10 of FIG. 12 during self-
aligned ion implantation of BF; to form PMOS source/drain
regions 36/36'with dopant ions 34. The ions 34 qré im-
planted with a dose of from about 7 x 10** atoms/cm™ to

about 7 x 102*“ atoms/cm~2 at an energy of about 15 keV.

Method of Forming MOSFET Device

There are several methods of manufacturing a device 10
in accordance with the method of this invention.

FIG. 14 shows a flow chart of a process for forming a
gate electrode stack in accordance with this invention.

FIG. 15 shows a flow chart of an alternative process
for forming a gate electrode stack in accordance with this
invention.

FIG. 16 shows a flow chart of an integrated process for
forming a gate electrode stack in a CVD tool in accordance

-with this invention.

. FIG. 17 shows a flow chart of another integrated
process for forming a gate electrode stack in a CVD tool in
accordance with this invention.

Fabrication of a polycide GC stack with a dopant

diffusion barrier can be done in an integrated processing



usi ng another mask. To forman N-well, phosphorus or, arsenic ions 16 are

i mpl anted at a dose from about IO[err] atoms/cnferr] to about 10[err]
atons/cnR2 and at an energy that typically ranges from about 100 keV to
about 1000 keV. The resultant inpurity profile typically peaks at a
concentration fromabout 10[err] atons/cnferr] to about 10[err]
atons/cnferr]. Using the N-well mask, phosphorus and/or arsenic ions are
ion inplanted at a dose that can range fibom about 10[err] atons/cnierr] to
about 10[err] atonms/cnierr] and an energy from about 10keV to about 100 keV
to suppress punch-through and adjust the MOSFET threshold voltage. Wile

shal I ow t anl & r &lﬂﬁ@r I e e I
regions wi thin one ﬂ{lesﬁg’i i ¢ ?1 faf ﬁuleéﬁé‘?/?céefige%f QIE—I % ¥§ﬁ@h\§}o e
sacrifi- @ua@f@g & odP, has been stripped fromthe device 10 | eaving
the surface 1 f the N well 17 exposed. For the sake of clarity the

gﬁgc\garl es of (Rl ah Ustc ANTl Par CombEd DHEht SéPPal RELABA 8¥C thdls
invention is described including a set of process steps in
accordance with this invention are described as follows:
1) In step 40 (as shown in FIG. 6) a silicon dioxide, gete
oxlde layer 18 (ﬁith a thickness from about 4 or 5 nm to
about 10 nm) is formed over N- well 17 in eiposed surfaces.
2) ' In step 41, form N+ doped polysilicon 20 using an in
situ CVD doped process (doping with phosphorus or arsenic)
from silane and either arsine (AsH,) or phesphine (PH,) on
gate oxide layer 18. _ i
3) In step 42 tungsten nitride is deposited onto the
surface of polysilicon layer 20.
4) Step 43, tungsten silicide is deposited from dichloro-
silane (WSiH.Cl.) and tungsten hexafluoride (WF¢).
5) In step 45 a silicon nitride (Si,N,) cap layer 26 is
deposited by CVD evei the device 10 at a temperature from
about 720°C to about 800°C from about 30 minutes to about
150 minutes. | |
6) " In step 46, post GC processing steps are performed
including high temperature RTA (Rapid Thermal Annealing) at
about 1000°C to about 1050°C for about_lo seconds to about
60 seconds during which a tungsten rich tungsten nitride
(WN) is formed with the W:N phase. Since the atomic packing
density of W.N phase is higher than that of W or WSi,, the



12 FIG. 6 shows the device 10 of FIG 5 after a silicon dioxide gate oxi de
*layer 18 (with a thickness fromabout ‘4 nmto about 20 nn) has been forned
over the exposed surfaces 11'. FIG 7 shows the device 10 of FIG 6 after a
doped polysilicon layer 20 has been forned over the gate oxide |ayer 18 and
the STI regions 14, 14'. Layer 20 has a thi.ckness of about 100 nanoneters.
Wth an N+ doped poly- silicon |ayer Zgﬂ the layer 20 is either doped by a
‘conven- tional in situ doping process doped after deposition by ion

i nplantation. In dual function CMOS, the N+ polysilicon is typically doped

\IIZVIItG:] ' ordsgadt PAECRAERYD BACanIRaTIZA] ¥ 5 G Wt el e eé%%%@%%
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Tungsten contamination to the Wsi, layer.

7) In step 47, impurity profiling is performed by a
process, such as Secondary Ion Mass Spectrometry (SIMS) or
Spreading Resistance Profiling (SRP), to determine the
concentration of dopant vs. depth from.the surface of the GC
stack. Examples are shown in FIGS. 18-21.

Referring to FIG. 15 another embodiment of a method of
this invention is described including a set of process steps
in accordance with this invention are described as follows:
1) In step 50 a silicon dioxide, gate oxide layer 18 is
formed on N- well 18 (as shown in FIG. 6, with a thickness
from about 4 nanometers to about 10 nanometers) over exposed
surfaces 11°'.

2) -In step 51; intrinsic polysilicon is deposited on the
gate oxide layer 18.
| 3) In step 52 tungsten nitride is deposited on the surface
of the intrinsic polysilicon.
4) In step 54, tungsten silicide is deposited.
5) .. In step 55 arsenic or phosphorus is ion implahted.
6) In step 56, silicon nitride layer 26 cap layer is
deposited on the tungsten silicide layer 24 at a temperature -
from about 720°C to about 800°C from about 30 minutes to

about 150 minutes.



pitride (Werr]N) layer 22 is forned over the doped polysilicon | ayer 20 by
a process selected fromreactive sputtering and Chem cal Vapor Deposition
(CVD) or sputtered tungsten plus and NH3 anneal.. A standard step of heating
to 150[err] C and degassing in a vacuum chanber is used prior to Werr]N
deposi- tion of tungsten nitride (Werr]N layer 22 and the Werr]Nis
sputtered using a tungsten target with the wafer unclanped and not heat ed.

Tables | and |1 describe the process ofigreactive sputtering of the tungsten
nitride (Werr]N layer 22. 13 TABLE | TUNGSTEN NI TRIDE (Werr]N)
SPUTTERI NG PROCESS PARAMETERS POVER GAS FLOW RATE 2000W

Ar gon 7)i s Z® &t@Rn Bho\post GEpregessing stepscargceariagmed |

TUNGSTEN NI TRI DE (V%frr]hg SPUTTERI NG DEPOSI TI ON_THI CKNESS & TI ME
including high temperature RTA (Rapid Thermal Annealing) at

about 1000°C to about_1050°c for about 10 seconds to about.
60 seconds during which a tungsten rich tungsten nitride
(WN) is formed with the W:N phase. Since the atomic packing
density of W.N phase is higher than that of W or WSi,, the
dopant (or metal contémination) through W.N will be retarded
confining the dopant to the polysilicon layér and metallic
contamination to the WSi, 1ayer.. | |
8) in-step 58, profiling is process is performed, by a
process such as SIMS or SRP.

Referring to FIGS. 16 and 17, an embodiment of a method
in accordance with this invention includes a set of process
steps which are described as follows:

1) In step 60 (as shown in FIG. 6) a silicon dioxide, gate
oxide layer 18, with a thickness from about 4 nm to about

20 nm, is formed over exposed surfaces 11t

2) In step 61, a ﬁrocess is performed, in gigg by sequen-
tial deposition of phosphorus doped polysilicon 20 over gate
oxide layer 18 from silane (SiH,) and phosphine (PH;) gases.
3) " In step 62, tungsten nitride (W,N)layer 22 15 deposited
from tungsten hexafluoride (WFs) plus ammonia gas NH, plus
hydrogen gas (H:).

4) In step 63, tungsten silicide (W51.) layer 24 is
deposited from dichlorosilane and tungsten hexafluoride over

tungsten nitride layer 22.



_Thi ckness Time 20 nm (200A) 35.0 sec. 15 nm (150A) 26.3 sec. 10

‘nm (100A) 17.5 sec. 5-nm (50A 8.7 sec. Above the tungsten nitride
(Werr]N) lTayer 22 is forned a tungsten silicide (Wsi[err]) layer 24 with a

t hi ckness from about 50 nanoneters to about 100 nanoneters deposited by a
CVD or sputtering process. The 50 nanoneters thick |ayer can be sputtered
during an interval of about 2.8 seconds. Above the tungsten silicide
(Wsi'[err]) layer 24 is formed (preferawéﬁ by a CVD process) a silicon

nitride (Si[err]Nerr]) cap |ayer 26 w ‘a thickness fromabout 75

nanonet ers to about 200 nanoneters. The silicon nitride (Si[err]Nerr]) can -

be formedg gw BDs 64e Ogafﬂcp&y%eh&et SR} s Oia%EQ”h bqut

720[err]C out 800[err a time durati out 0 m nut es

to about 35 oElEEHe§? v 6%6%"%%hé§€bﬂe§iffbﬂ@bOia é£528 8ht ghed gate
el ectrode photoresist mask - 28 with W ndows 28" and
device 10 at a temperature from about 720°C to about 800°C
from about 30 minutes to about 150 minutes.
7) In step 65, post GC processing steps are performed
including high temperature RTA (Rapid Thermal Annealing) at
~about 1000°C to about 1050°C for about 10 seconds ﬁo about
60 seconds during which a tungsten rich tungsten nitride
(WN) is formed with the W.N phase. Since the atomic packing
density of W.N phase is higher than that of W or WSi,, the
dopﬁnt (or metal confamination)'through W2N will be retarded
confining the dopant ‘to the polysilicon layer and metallic
contamination to the WSi, layer.
7) In step 66, profiling is performed by a process such as
SIMS or SRP.
Referring to FIG. 17 a set of process steps in accor-
dance with this invention are as follows:
1) In étep 70 a silicon dioxide, gate oxide layer 18 of
thickness from about 4 nm to about is formed in exposed
surfaces 11°.
2) " In step 71, form N+ doped polysilicbn 20 using an in
situ CVD doped process (doping with phosphorus or arsenic)
from silane (SiH,) and arsine (AsH,) or phosphine (PH,) of
doped polysilicon layer 20 over gate oxide layer 18.
3) In step 72, tungsten nitride (W,N) layer 22 is depbsit-

ed over polysilicon layer 20 by reactive sputtering or



14 the sides of the mask 28 has been forned over sil.icon nitride cap |ayer
26. Mask 28, which has a'thickness of about 1 pm is shown centrally
between the STI reg- ions 14, 14'. An isotropic vertical etching process
has been perforned through the wi ndow 28" and 28" through the |ayers 20,

22, 24 and cap |layer 26 down to the gate oxide |layer 18 and the STl regions
14, 14' converting the layers 20, 22, 24g5and cap layer 26 into a stack 27

t hereof |eaving the sidewalls of the stack 27 exposed. FIG 10 shows the
device 10 of FIG 9 after oxidation of the gate conductor sidewalls. This

R T R R e B R
s, ° 2 4 s gl mydevgil it e 20, 1 D ol Tvers 20 2
conventiongj |iphtk¥efgoP8y Pungsten silicide (WSi,) layer 24 is
depqsitéd over tungsten nitride (W, N) layer 22 from
dichlorosilane and tungsten hexafluoride.
6) In step 74, a silicon nitride (Si,N,) cap layer 26 is
- deposited by CVD over tungsten silicide layer 24 on the
device 10 at a temperature from about 720°C to about 800°C
from about 30 minutes to about 150 minutes..
7) In step 75, post GC processing steps are performed
including high temperature RTA (Rapid Thermal Annealing) at
about 1000°C to about 1056°c for about 10 seconds to about
60 seconds during which a tungsten rich tungsten nitride
(WN) is formed with the W.N phase. Since the atomic packing
density of W,N phase is higher than tha# of W or Wsi,, the
dopant (or metal contamination) through W-.N will be retarded
confining the dopant to the polysilicon layer and metallic
contamination to the Wsi, layer. . |
8) In step 76, profiling is performed by a process such as
SIMS or SRP.

FIG. 18 shows a profile of phosphorus in the presence
of a W.N (tungsten nitride) barrier. This is a SIMS profile
of diffusion of phosphorus through three thicknesses of
tungsten nitride (W.N) with three curves of dopant concen-
tration (atoms/cm®) showing phosphorus concentration vs.

depth into the GC stack for thicknesses of tungsten nitride



source/drain extension regions 33, 33" in the N well 17 on either side of
“the stack 27 by ion inplantation of boron ions 32 at a dose that ranges
fromabout 5 x 10[err] atons/cnierr] to about 5 x 10[err] atons/cnjerr]

an energy of about 5 keV to about 10 ke\ypf boron dopant. FIG 12 shows a

device 10 of FIG 11 after fornation of conventional silicon nitride

(Si[err] Nghrédroaanceg 86 A dabheddicka¥d) ! Ar tuiéledadt 1ageAs 30, 30
and stack 27 includ- ing the silicon nitride cap |ayer 26. The silicon

nitride

(d615@acarvel andd idl cubve i d 5y & (dobised | oueve pl anhiere

deposition of a silicon nitride |ayer followed by a conven- tional

di rect i onaAré atweovemtilcpls pamshed tldndsy ddl EheRagraph iwkichbnimdicate) .

at

FI G

13 shows the device 10 of FIG 12 during self- alifned ion inplantation of

BF[ err] totherkapars douths @Gistack)iohsiddicamn i
ions 34 are im

tridpatmitsidelds frome
0 to about 1800 A followed by WSi/WN to a thickness of about

2700 A, where the polysilicon layer begins.

For curve A (50 A), there is a reduction of dopant )
concentration from about 2 x 102° atoms/cm® at the poly-
silicon to WaN interface to about 5 x 10*® atoms/cm® within
the tungsten silicide (WSi). .For curve B (100 A), there is '
a reduction of dopant concentration from about 2 x 102°
atoms/cm® at the polysilicon to W:N interface to about
5 x 10*® atoms/cm® within the WSi. For curve C (150 A),

there is a reduction of dbpant concentration from about

2 x 102° atoms/cm® at the polysilicon to W2N interface to

about .1 x 102 atoms/cm® within the Wsi.

For all three curves, at about 2,700 A, at the transi-
tion betﬁeen WS1i/WN and the polysilicon there is no pile up
where the three curves reach a high value of above 10*°
atoms/cm®. Phosphorus concentration is essentially uniforﬁ

within the polysilicon layer from the W,N interface to the

depth of about 4,000 A- 5,000 A where phosphorus segregates.

FIG. 19 shows a graph of a profile of bo:on in the
presence of a W.N (tungsten nitride) barrier. The graph
shows diffusion of boron through tungsten nitride (WN) with

three curves of dopant concentration (atoms/cm®) vs Depth



planted with a dose of fromabout 7 x 10[err] atons/cnferr] to about 7 x
1014 atons/cnferr] at an energy of about 15 keV. Method of Form ng MOSFET
Device There are several methods of manufacturing a device 10 i.n accordance
with the nmethod of this invention. FIG ég shows a flow chart of a process
- for formng a gate el ectrode stack in actOrdance with this invention. FIG

- 15 shows a fépvthiekhesbesNod! t_ahﬁateﬁenmtesass moeui:%rmnefa SR
. el ectrode stack in accordance with this invention. 16 shows a flow .

' chart of an(solbdreaevepyoirseukoe BObIE mooaquaatebacauﬁz%)staM i a CVD
. tool-in accordance with this invention. FIG 17 shows a flow chart of
; another|lﬂcgﬁwaeﬁl@ﬁobﬁQsAdeaéhedlagruegate el ectrode stack in a CVD too
in accordance with this invention. Fabrication of a polycide GC stack with
a dopant dlffLwlfﬂrtﬁﬂl threencuevesnati abeuti i, 8§PaldetthprecdssianP>°,
B** mixture contamination which falls away quickly in the
silicon nitride layer with a peak value of about 1 x 102*°
atoms/cm®.. In the polysilicon, near the-WSilwzn to )
polysilicon interface, the B** concentration exceeds 102°
atoms/cm®. Note that there is less boron penetration in
 311icon undér-the-polysilicon gate in the range from 100 A
to 150 A of tuhgsten nitride.
FIG. 20 shows a graph of metal penetration into silicon
in the absence of a WaN (tungsten nitride) bafrier. The
graph shows metallic contamination of the gate oxide at the
end of process anneals showing the concentrations of alumi-
num, copper and titanium'penetfate through the layers in the
order of ﬁ51, polysilicon, gate oxide, and silicon substraté
in a stack without the WaN diffusion barrier. The concen-
trations are for a dose of 2.1 x 10*° Al atoms/cm®, a dose
of 1.1 x 10** Cu atoms/cm®. Metallic materials such as Al
and Cu.will degrade the integrity of the gate oxide. No
measurable metal penetration has been observed in the
presence of a WaN barrier layer.
FIG. 21 shows a SIMS arsenic graph of a profilé.in the

absence of a W;N (tungsten nitride) barrier. 1In particular

FIG. 21 is a graph of arsenic diffusion through a polycide



16 systen1such as a commercial polycide systemor a convention- al
sputtering tool. Referring to FIG 14 an enbodi nent of a method of this
i nvention is described including a set of process steps in accordance with

this invention are described as followsy3 1) In step 40 (as shown in FIG
6) a silicon dioxide, gate oxide |layer 18 (with a thickness from about 4 or
5 nmto about 10 nm is fornmed over N- well 17 in_ex osed surfaces 2) I n

?éep 41, f?hﬁm“ﬁ#"&:péﬂ-%%ﬁlwwmﬁhbi%el (W) berplggped Thevcess
opi ng w phasphor us or enj c ane I ther ,@rsine ( hp) or -
phosphi ne GoRa&L ©P aiﬂl?dJea ’éﬁé‘? ‘g 9 g & ih

nitride is,de S|téi¥r£i) t he syrface ) %ifo t ps St ep
43d Eungsté‘ﬁl 5 j(]%‘b'b%lt f?%‘ﬁ‘f%l?g &Fgﬁé V\%P'ﬁ[ i)er"] I[err])
an ungst X WF[ err 5 I t 45 I d
(Si[err]N M% %; L*[q'gyer ré‘B i[s d]eiaosi %ed b; ?:V%poverat ?113 Idg\?incgl EL{)I ate a

tenperature from Alternative Embodiments

While this invention has bgen shown and described in
detail for a PMOS embodiment, it will be well understood by
those skiiled in the art that the techniques and designs of
this invention &re also applicable to NMOS devices which can
be achieved simply by changing the doping polarities from

P to N in the source/drain regions and by changing the
doping polarities form N to P in éhelsubstrate or wells.
lThe polysilicon gate electrodes can be doped P-type or |
N-type depending upon the particular application as will be
understood by those skilled in the art. y

Aside from the details of the NMOS and PMOS embecdi-
ments, while this ;nvention has been described in terms of
the above specific embodiment(s), those skilled in the art
will recognize that the invention can be practiced with
modifications within the spirit and scope of the appended
claims, i.e. that changes can be made in forﬁ and detall,
without departing from the spirit and scope of the inven-
tion. Accordingly all such changes come within the purview
of the present invention and the invention encompasses the

subject matter of the claims which follow.



about 720[err]C to about 800[err]C from about 30 m nutes to about 150

m nutes. 6) In step 46, post GC processing steps are performed including
hi gh tenperature RTA (Rapid Thermal Annealing) at about 1000[err]C to about
1050[ err] C for about 10 seconds to about 60 seconds during which a tungsten
rich tungsten nitride (WN) is formed with the Werr]N phase. Since the
atom ¢ packing density of Werr]N phase is higher than that of Wor

W5i [err], the dopant (or netal contamination) threughVYeNWITT be
retarded confining the dopant to gﬁe pol ysilicon | ayer
contam nation to the Wsi[err] layer. 7) In step 47, i MWM‘ !{Ll“b S
performed by a process, such ascfgemgdary | on Mass Spe Ly *or
Spreadi ng Resistance Profiling TSRP), to determ ne the concentration of
dopant vs. depth fromthe surface of the GC stack. Exanples.are shown in
FIGS. 18-21. Referring to FIG 15 another enbodi nent of a nethod of

Having thus described the invention, what is claimed as

new and desirable to be secured by Letters Patent is as

follows:

1. A MOSFET device comprising:
| a doped semiconductor substrate with a counter-
doped well formed therein, with a pair of isolation’
regions formed in said weli with a gate oxide layer
formed above said well, an FET:device defined by a gate
electrode that is formed above said gate oxide layer
with source and drain regions self-aligned to said gate
electrode and formed within said well, said gate
elecﬁrode formed above said gate oxide
layer aligned with said source and drain regions,
said gate electrode comprising a stack of layers
as follows: -
a doped polysilicon layer formed on sald gate
oxide layer,
a tungsten nitride dopant barrier layer formed upon
said polysilicon layer, and
a tungsten silicide layer formed upon said

dopant barrier layer.



this invention is described including a set of'process steps I n accordance
with this invention are described as follows: 1) In step 50 a silicon
di oxi de, gate oxide layer 18 is formed on N well 18 (as shown in FIG 6,

with a thickness from about 4 nanonmeters to abogipégygﬁpggglgL§L_gyer
exposed surfaces 11'. 2) In step 51, intrinsi riTcon Is deposited
on the gate oxide |layer 18. 3) In step 52 tungste bl o el W posi t ed
on the surface of the intrinsic polysilicon. 4) \‘!ﬁ!@g\“"“ﬁ“‘\ﬂl sten
silicide is deposited. 5) In step 55 arsenic or orus iss ion

I nplanted. 6) - In step 56, silicon ni Pi de | ayer 26 cap |ayer is deposited

on the tungsten silicide |ayer 24 at a tenperature from about 720[err]C to
about 800[err]C from about 30 m nutes to about 150 m nutes. 18

2. A device in accordance with claim 1 wherein vertical
sidewalls are formed adjacent to said polysilicon,

dopant barrier, and tungsten silicide layers.

3. A device in accordance with claim 1 wherein vertical
sidéwallé are formed adjacent to said polysilicon,
dopant barrier; and tungsten silicide layers,

& silicon nitride cap layer is formed above said
stack on the surface of said tungsten silicide layer,
and

silicon nitride spacers are formed adjacent to

gsald stack including said cap layer.

4. A device in accordance with claim 1 wherein vértical
sidewalls are formed adjacent to sald polysilicon,
dopant barrier, and tungsten silicide léyers, and

lightly doped source/drain extension regions are
formed adjacent to said source/drain regions in said
well beneath said extension regions with the ¢hanne1 of

"said FET device therebetween.



7) In step 57, post GC processing steps are performed including high
- tenperature RTA (Rapid Thermal Annealing) at about 1 about
1050[ err] C for about 10 seconds to about 60 seconds durin ﬁﬂiﬂ a tungsten

rich tungsten nitride (W) is formed with the W “mmm e the
atom c packi ng density of W2N phase is higher tha i[err],
t he dopant (or netal contam nation) thr@ﬁgh WN w Kl be retarded conflnlng

" the dopant to the polysilicon layer and netallic contam nation to the

X‘FBE%QLSL?KGQS Bapsds’ SoRodlrafhén i bR Eathif ek dsR UREETRE ot o
ahi ch are deacr R ey 78,8 f‘&?&vgﬁ#‘@?"”‘é{a “feRaZpafim L ABpHCS) o P

silicon dioxidgg 1%?;;_2 B Hifed 2VEhd %n%i@n%iﬂ&f&?sfa{(éfm about 4 nmto

about 20 nm is d over exposed suffaces n sfep 61, a
process is perfornedightEy tdopd Sesefe/draln 08ROShE LOR 9égpaﬁ§pa%us

doped polysilicon 20 over gate oxide |layer 18 from sil ane H4) and
phosphi ne (PH €orijedyarifacent to said source/drain regions in said
well beneath said extension regions with the channel of
sald FET device therebetween,
vertical sidewalls are formed adjacent to said
polysilicon, dopant barrier,
and tungsten silicide layers,
a silicon nitride-éap layer is formed above said
stack on the surface of tungsten silicide layer, and

silicon nitride spacers are formed adjacent to

sald stack including saild cap layer.

6. A MOSFET device comprising |

a P- doped semiconductor substrate with an N- well
formed therein,-with a palr of isolation regions formed
in said N- well with a gate oxide layer formed above
said N- well, an FET_defingd by a gate electrode that
is formed above said gate oxide layer with source and
drain regions Self-aligned to said gate electrode and
formed within said well, sald gate electrode formed
above sald gate oxide layer aligned with said

source and drain regions,



$3) In step 62, tungsten nitride (WN)layer 22 is deposited from tungsten

hexaf |l uori de (WF6) plus ammonia gas NH err] plus_hydroger—gas—(H2)— 4) I n

step 63, tungsten silicide (Wsi[err]) layer 24 is deposited f
di chl orosi | ane and tungsten hexafl uori de over tung‘_ ﬁ ‘m‘i‘mM}Er 22.
r I ry 'S

19 5) In step 64 a silicon nitride (Si[err]Ner m l!;lm

deposited by CVD over tungsten silicide2fayer 24 on the device 10 at a
tenperature fromabout 720[err]C to about 800[err]C from about 30 m nutes

to about 150 m nutes. 7) In step 65, post GC processing steps are

per forned i ncl udi ng8aighgpsrpeleckroder KomRudisdnthd Ehack k| laygrat about -
1000[ err] C to about 1050Lerr]C for about 10 seconds to about 60 seconds
during which 228 uB9LLeWeEich tungsten nitride (W) is formed with the

WerrIN phase, Since the,aboms BAVYMY NP Tabed HMiSidd NP EsEa' gabbone!
oxide layer, _
a tﬁngsten nitride dopant barrier layer
? formed upon said polysilicon'layer, and.

a tungsten silicide 1ayér formed upon said

tungsten nitride laYer.

7. A device in accordance with claim 6 wherein vertical
sidewalls are fgrmed adjacent to sald polysilicon,
tungsten nitridé and tungsten silicide layers.

8. A device in accordance with claim 6 wherein vertical
sidewalls are formed adjacent to saild polysilicon,
tungsten nitride and tungsten silicide layers,

a silicon nitride cép layer is formed above sald
stack on the surface of tungsteh silicide layer, and
silicon nitride spacers are formed adjacent to

said stack including said cap layer.



dopant (or nmetal contamination) through WN will be retarded confining the
dopant . to the polysilicon layer and netalli.c con ' ' i [err]

| ayer. 7) In step 66, profiling is performed by ‘SI M5 or
SRP. Referring to FIG 17 a set of process steps |ﬁ|@ﬂﬁﬁ&]ﬂﬂ Hmtgh this
invention are as follows: 1) In step 76, a silico \d€,m gat exoxi de

*

| ayer 18 of thickness fromabout 4 nmto about is fornmed in exposed

surfaces 11'. 2) In step 71, form N+ doped polysilicon 20 using an in
itu CVD d ' ' ' j
sty and tar sThdtAR HHCSARE PRER BHR LR, £ MABERTE (eBRITIATC

(Wor it T ayer S5 RIGE ¥ tontod Masactn! FB d&up HBIRBETACOR i ve
sputtering or tumngfdten nitride and tungsten silicide layers, and
| lightly doped source/drain extension regions are
formed adjacent to said source/drain regions in said N-
well beneath said extension regions with the channel of

gald FET device therebetween.

10. A device in accordance with claim 6 wherein vertical
sidewalls are formed adjacent to said polysilicon,
tungsten nitride and tungsten silicide layers,

lightly doped source/drain extension regions are
formed adjacent to sald source/drain reglons in said N-
well beneath said extension regions with the channel of
sald FET device therebetween,

vertical sidewalls are formed adjacent to said
poleilicon, tungsten nitride and tungsten silicide
layers, -

a sllicon nitride cap layer is formed above saild
stack on the surface of tungsten silicide layer, and

silicon nitride spacers are formed adjacent to

' said stack including sald cap layer. -



anneal ing of tungsten in ammnia, e.g. (W[err]) plus amonia gas NH err]
pl us hydrogen gas (Herr]). 4) In step .73, tungsten SUICIde (VBl[efr])
| ayer 24 is deposited over tungsten n|tr|de (Werr]

di chl orosi | ane and tungsten hexafl uori de. In step 74 a

nitride (Si3N4) cap |layer 26 is deposite by CvD ov mn“ N!j

| ayer 24 on the device 10 at a tenperatdﬁe frontabou out
800[ err] C from about 30 ninutes to about 150 minutes. *7)° n step 75, post

GC processing steps are perfornmed including high tenperature RTA (Rapid
Ther mal Ahheat$n§$SEETa§GN#CEOG@H9ﬁ'ﬂéW%)about 1050[ err] C for about 10
seconds to about 60 s nds dur,ing whi.ch a ten r| h tungsten nitride
(WN) is formed with&t pﬁgN SW&§§% tqﬁ? ithg density of

Cont arm nat  on) SOWRSAAHORER HaLl o5 %%a‘eewsee%fé rv%tttt'% réfﬁtipatt"{ 0 the
RIS ARE AT S g‘f%%éio%gcwe:@étzégaeﬁg%%tt%lg frouds "
layer formed above said well, an FET defined by a gate
electrode that is formed above said gate oxide layer
with source and drain regions self-aligned to said gate
electrode and formed within sald nell, a gate electrode
formed above sald gate oxide layer aligned with said.
source and drain regions,
said gate electrode comprising a stack of layers
as follows: . |
a doped polysilicon layer formed on said gate.
oxide layer having a thickness of from about 50 nm
to about 250.nm,
a tungsten nitride dopant barrier layer
formed upon said polysilicon layer having a
thickness of from about 5 nm to about 10nm, and
a tungsten silicide layer formed upon said

tungsten nitride layer having a thickness of from

about 50 nm to about 250 nm.



FI G 18 shows a profile of phosphorus in the presence of a WN (tungsten
nitride) barrier. This is a SIMS profile of diffusion of phosphorus _
t hrough three thicknesses of tungsten nitride (We ' ree curves

of dopant concen- tration (atons/cnB) show ng phosphoru BN vs.
depth into the GC stack for thicknesses of tungsten n \ r“i“'\um“mciurve
A of 50 A (dashed curve), in curve B of _100 A (solid ramnd isn Curve C
- of 150 A (dotted curve). There are two 9@rtical dashed lines on the gr aph

. which indicate the layers in the GC stack of silicon nitride (nitride) from

0O to about 1800 A followed by Wsi/WN to a thickness of about 2700 A, where

- the polysigjcon dayetebadl drcdrdanud With (Fiaid 11 Referdin aveetucaion of
dopant concentration fromabout 2 x 10[err] atons/cnferr] at the poly-

silicon to WNsiatwalldee are dvamtedd adfetenrt |totsmind prlysilieonin the
tungsten silicide (Wsi). For curve B (100 A), there is
: tungsten nitride and tungsten silicide layers.

13. A device in accordance with claim 11 wherein vertical
sidewalls are formed adjacent to said polysilicon,
tungsten nitride and tungsteh silicide layers,

a silicon nitride cap layer is formed above said
stack on the'surfade of tungsten silicide layer, and
silicon nitride spacers are formed adjacent to.

isaid stack including said cap layer.

14. A device in accordance with claim 11 wherein vertical
sidewallé are formed adjacent to sald polysilicon,
ﬁungsten nitride and tungsten silicide layers, and

lightly doped soﬁrce/drain extension regions are
formed adjacenﬁ to said source/drain regions in said
well beneath said extension regions with the channel of

sald FET device therebetween.



@ reduction of dopant concentration fromabout 2 x 10[err] atons/cnierr] at
the polysilicon to Werr]N interface to about 5 x 1 rr
within the Wsi. For curve C (150 A), there is a reduction of do t:
concentration fromabout 2 x 10[err] atons/cni err]”“‘mlmmu““mmﬂon to WN
interface to about 1 x 10[err] atons/cnferr] wth ol l three
curves, at about 2,700 A, at the transi-3Ition betweén s 7 Wl and t he

polysilicon there is no pile up where the three curves reach a high val ue
of above [err] atons/cq{ hor us coniéntration is essentially

. Ph
*ani form wiPhi ndt AEVIGE, I [AGHPYARRTE (WLRR GLalpet f] KRPREAR! ace to the
- depth of bout 4 0 A , 000 wh h t . .FIG 19 sh
o o of o vertlga: ahdenr (18 RES PORRRROASTaSSHE BR) RRte st en T
itrid b i h i ffusi h t t
a9 (g WPPRvEIL D" iyl gl IAkPEfBe ShnBOLRRREERIIN T 0TI EN

Dept h 22 gilicide layers,

lightly doped source/drain extension regions
are formed adjacent to said source/drain regions
- in said well beneath said extension regions with
the channel of said FET device therebetween;
vertical sidewalls are formed adjacent to
sald polysilicon, tungsten nitride and tungsten
silicide layers,

@ silicon nitride cap layer is formed above
said stack on the surface of tungsten silicide
layer, and

silicon nitride spacers are formed adjacent

to said stack including sald cap layer.



~

for thicknesses of tungsten nitride in curve A of 50 A (solid curve), in
curve B of, 100 A (dotted curve) and i-n curve C of 150 A (dashed curve). For
~all three curves at about 1,800 Athere is a Blerr], Blerr] mxture

contam nation which falls away quickly in the silicon nitride |ayer with a
- peak value of about 1 x 10[err] atoms/cgferr]. In tﬂﬂlﬂ“”%ll““(ﬂlﬁﬂjﬂtar t he
- Wsi/Werr]Nto polysilicon interface, t Blerr] co i f pid OB

10[err] atons/cnierr]. Note that there is |ess boron.*peﬁetrLatlonsin siil i con

. under the,pol ysili te.nther from100 A to 150 A of tungsten

L nitride. ILPG goh?%%\%gg S rifg?n c(ﬂmqﬁ] "enetration into silicon in t he

. absence of a VN (tyngst |4 rd.ge) ' B‘l}hgs M/s allic

-~ contam nation of thg %Zt g%g%%geg@% elgfl Bt protgfeggtggaineal asHIsaﬁowi ng the
concentr at i ons.,gh 1 aledFned Hh r]rémper AN 4 s PEIST &4 &nt hrough the

| ayers in the ‘grger O?m\?\g, 530 ysi'l ivz:on, ga‘%e o%e, and sﬁli con substrate

in a stack w tb@?tiohﬁef\%ﬂi’erd N rflige 1451100 ALY ivpith A egaedIceRiderations are
for a dose of 2.1 x 10[err] Al atons/cnR, a dose of 171 x 10[err] Cu

atoms/ cnf err] . 1alferalformedhlatiovd Bl Nawell,

an FET defined by a gate.electrode that is

formed above said gate oxide layer with source and

drain regions self-aligned to said gate electrode:
and formed within said well, a gate eiectrode
formed above said gate oxide layer aligned with
said source and drain regions,

sald gate electrode compéising a stack of
layeré as follows: :

a doped polysilicon layer'formed on said
gate oxide layer having a thickness of from

labdut 50 nm £o about 250 nm,

a tungsten nitride dopant barrier layer
formed upoh said polysilicon_layer having a
thickness of from about 5 nm to about 10nm,
and |

a tungsten silicide layer formedlupon '

said tungsten nitride layer having a thick-

ness of from about 50 nm to about 250 nm.



hl

and Cu will degrade the integrity of the gate oxide.
penetration has been observed in the presence of

- FIG 21 shows a SIMs arsenic graph of a profile in the abs

en
(tungsten nitride) barrier. In particular FIG 21 |ﬁ|ﬁ‘ mi‘EmH‘
di ffusion through a pol ycide 23 stru §jure W t hou

(W2N) barrier.

atons/cnB in the polysilicon. The reduction will degrade the perfor-

No neasur abl e net al
g_yleLL}ALba%frer—fayer

VWerr]N
ni c
ide

The dopant concentration 1s reduced to belom/6 x 10[err]

mance

of the FEJqg Al ge e ﬁ§%§ggaaﬁh ' t A4 Sq | s been shown and

descrlbedIln d%tggﬁkkéri% cﬁqﬁ£éh %Eé&ﬁ éﬂuﬁég%P&understood by

those skilled yBrthead sidatalllae o288 WU RS ADfRCR XIS dé’éi&h' s invention
S

are al so applicable to NMOS devi ces which can be achi eve

~ changi ng the dppilggindlcdn,! tRggt¥A nitride and tungsten

18.

19.

gsillicide layers.

A device in accordance with claim 16 wherein
vertical sidewalls are formed adjacent to said
polysilicon, tungsten nitride and tungsten
silicide layers,

a silicon nitride cap layer is formed above.
sald stack on the surface of tungsten silicide
layer, and

silicon nitride gspacers are formed adjacent

to sald stack including said cap layer.

A device in accordance with claim 16 wherein
vertical sidewalls are formed adjacent to said
polysilicon, tungsten nitride and tungsten
s;licide layers, and

lightly doped source/drain extension regions

- are formed adjacent to said source/drain regions

in said N- well beneath said extension regions

with the channel of said FET device therebetween.

i nmply by



P to Nin the source/drain regions and by changi ng LQﬁ_EEEﬂJBlJlﬂJaLLLLes
formNto Pin the substrate or wells. The pol ysili gate el ectrodes can-
be doped P-type or N-type dependi ng upon the particul mm\“\ will
be understood by those skilled in the art. Aside fronf! m he
NMOS and PMOS embodi - nments, while this invention has Beeh desctibed in:

terms of the above specific enbodiment (s¥, those skilled in the art will
recogni ze that the i nvention can be practiced with nDdifications wi thin the

spirit andggcope o4 %OUtfgpgggggdgh?bnait Slaiﬁ?ﬁscﬁﬁ can be made in

form and detail’, epar ron1t rt a scope of the inven-

tion. Accordi ng}é&:@iéaf“&i‘dé@&ﬂﬂésai}@”ﬁo bl BdyBBeRY’ toCWally [ he Present

i nvention and the 1 nvention enconpasses the subject nmatter the cl ai ns

which follow polawindcéhystdRgstbReH1EBedbNYAR! tARgs¢RaAl Is claimed as
new and de5|rable to be secured by Letters Patent is as

silicide layers,

lightly doped source/drain extension regions
are formed adjacent to saild source/drain regions
in said N- well beneath said extension regions
with the channel of said FET device therebetween,"

vertical sidewalls are formed adjacent to
said polysilicon, tungsten nitride and tungstén
silicide layers, '

a silicon nitride cap layer is formed above
said stack on the surface of tungsten silicide
layer, and

silicon nitride spacers are formed adjacent

to said stack including said cap layer.



-

follows: 1. A MOSFET devi ce conprising: a doped seni conductor substrate
with a counter- doped well formed therein, with a pai r—ofTsotatiomregions

- fornmed in said well with a gate oxide |ayer forned abo ET
devi ce defined by a gate electrode that is formed abové ﬂﬂ«ﬂﬂ!ﬁgl“’

- layer with source and drain regions sejg-aligned to sai gat

- formed within said well, said gate el ectrode fornmed above said gate OXIde

. layer aligned with said source and drain regions, said gate el ectrode

. conprising;a Shag;‘ét od D RamPrd OLhAYSOE %a MOSFEPOGYPLEECOR haper forned

i on said gate oxi l ayer, a tungsten nitride dopant barrier |ayer fornmed

upon said pO'Y&bbe@p%ém%ﬁﬁndﬁﬁﬁbﬁléﬁwﬁﬁisﬂesebmprﬂcihgyer formed upon said
' dopant barrier |ayer.

forming an N- well therein,

forming a pair of isolation regions in said
N- well,
forming a gate ok;de layer above said N- weli,
forming a gate electrode above sald gate oxide
layer sald gate electrode comprising a sﬁack of gate
layers as follows: |
forming a doped éolysilicon layer on said
gate oxide layer, |
forming a dopant barrier layer upon said
polysilicon 1ayer,'and
forming a tungsten silicide layer upon said
dopant barrier layer,
patterning said stack of gate layers into a
patterned gate, and
forming source and drain regions within said
N-well self-aligned with said patterned control

gate.

22. A method in accordance with claim 21 including forming
vertical sidewalls adjacent to said polysilicon, dopant

barrier, and tungsten silicide layers.



~

2. "~ Adevice in accordance with claim1 wherein vertical sidewalls are
formed adjacent to said polysilicon, dopant barrier, and tungsten silicide
| ayers. 3. A device in accordance with claim1l wherermvertica—stdewal| s

are formed adjacent to said polysilicon, dopant barriern '
- silicide layers, a silicon nitride cap yer is forned I“ﬂﬂ%w!mmggﬂlon
 the surface of said tungsten silicide I'dyer, and silicon nictT LdEN :
. are fornmed adj acent to said stack including said cap |ayer. 4. A devi ce
. in accordance with claim 1l wherein vertical sidewalls are fornmed adjacent

é to said polysilicon, _dopant barrier, and tungsten silicide |ayers, and

| source] draP 1 B A R R L g TReLadLAGTNs W th t he
channel of said FET sdgw1GRy Whsrengivepldewalls adjacent to said
polysilicon, dopant barrier, and tungsten silicide
layers, h
forming a silicon nitride cap layer above said
stack on the surface of tungsten silicide layer, and

forming silicon nitride spacers adjacent to said

stack including said cap layer.

24. A method in accordance with claim 21 including
forming vertical sidewalls adjacent to said
polysilicon, dopant barrier, and tungsten silicide
layers, and
forming lightly doped source/drain extension
regions adjacent to said source/drain'reg;ons in said
N- well beneath said extension regions with the channell

of said FET device therebetween.



5. A device in accordance with claim1 wherein vertlcal sidewal | s are
formed adjacent to said polysilicon, dopant barrier,

layers, lightly doped source/drain extension regions are forned

said source/drain regions in said well beneath said ex Hll&“ M&

the channel of said FET device therebetwgen, vertical

adj acent to said polysilicon, dopant barrier, and tungsten SI|ICIde Iayers
a silicon nitride cap Iayer is formed above said stack on the surface of

tungsten siJlicide nd sili on nitri cer re f ormed adj acent to
sai d stack &l Lfd“f‘f’?/ ’&a?)cF8§ pncg, Witﬂ F/ﬁgi PE&“@&lﬁﬁr sing a P-

TS ar)on" et one AL Svittleal Matinbh gctn%f Ssald " 2 P

polysilicon, dopant barrier, and tungsten silicide
layers,

forming lightly doped source/drain extension
regions adjacent t0<said source/drain regions in said
N- well beneath said extension regions with the channel
of said FET device therebetween,

formihg vertical sidewalls adjacent to said
polysilicon, dopant berrier, and tungsten'silicide
layers,

forming a silicon nitride cap layer ebove sald
stack on the surface of tungsten silicide’layer, and

forming silicon nitride spacers adjacent to said

stack including said cap layer.



kY

Jn said N wel

defined by a g

source and drain regions self-aligned to said gate el ectrode and formed

within said we
aligned with s
conprising a s
on said gate o
upon saidogoly
tungsten nitri
verti cal

| with a gate oxide |ayer formed above said N- well, an FET.

ate electrode that is fornmed above said gate oxide |ayer

W th

|1, said gate el ectrode forned above ayer
aid source and drain regi g8s, sﬁmnummﬂ"ﬂjﬁ

tack of layers as follows: a doped polyswlleonﬂlayer* orne
Xi de Iayer a tungsten nitride dopant barrier |ayer forned

G U marifcehracat R SobeBiachesel L ry
forming a doped semiconductor substrate with a
counterdoped well formed therein, with a pair of
isolation regions formed in said well with a gate oxide
layer formed above said well, an FET defined by a gate
electrode that is formed above said gate oxide layer
with source and drain regioﬂs selfraiigned to sald gate
electrode and formed within said well, a control gate
electrode formed above said gate qxide layer aligned
with said source and drain regions,
fofming said gate electrode into a stack of
gate layers as follows:
forming a polysilicon layer on said gate oxide
layer having a thickness of from about 50 nm to about
250 m, said polysilicon layer being doped with dopant,
forming a tungsten nitride dopant barrier layer
upon said polysilicon layer having a thickness of from
about 5 nm to ﬁbout 10nm,
forming a tungsten silicide layer upon said
tungsten nitride layer having a thickness of from about
50 nm to about 250 nm, _
- patterning said stack of-gate layers into a
patterned_gate, and _
forming source and drain regioné within said

N-well self-aligned with said patterned gate.

sai d
n
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sidewal |l s are forned adjacent to said polysilicon, tungsten nitride and
tungsten silicide | ayers. 8. A devi.ce in accordance_with claim®6 wherein’
vertical sidewalls are forned adjacent to said polysilicon, tungsten '
nitride and tungsten silicide |ayers, a silicon nitridtun “"mnﬂn“"ruumrned
above said stack on the surface of tungs3®n silicide | s
nitride spacers are formed adjacent to said stack includin sbid’cép l'ayer .
28 9. A device in accordance with claim6 wherein vertical sidewalls are
formed adigpentatfietAbd Bal Weldd:ithed NG S did 361 AAhd HRGSEEBnThl' C de
| ayers, and lightly doped source/drain extension regions are orneﬁ

adj acent to saideffUEat/ gldiewalad AiHjddemtdith Naiteldol dopai d
extension regions with the channel of said FET device therebetween.

tungsten nitride and tungsten silicide layers.

28. A method in accordance with claim 26 including
forming vertical sidewallé adjacent to said
polysilicon, tungsten nitride and tungsten silicide
layers,
forming a silicon nitride cap layer above said
stack on the surface of tungsten silicide layer, and
forming silicon nitride spacers adjacent to said

stack including said Cap layer.

29. A method in accordance with claim 26 including
- forming vertical sidewalls adjacent to said
polysilicon, tungsten nitride and tungsten silicide
layers, and
forming lightly doped source/drain extension
regions adjacent to said source/drain regions in said
N- well beneath sald extension regions with the channel

of said FET device therebetween.
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A10. "A device in accordance with claim®6 wherein vertical sidewalls are

formed adjacent to said polysilicon, .tungsten nitrideand—tungsten—sii cide

| ayers, lightly doped source/drain extension reglons ent to
said source/drain regions.in said N well beneath s ﬁ’@jﬂﬁjwa@ Hﬁ ons
with the channel of said FET device thergbetween, are
formed adjacent to said polysilicon, tur ggten n|tr|de and tungsten silicide
| ayers, a silicon nitride cap layer is fornmed above said stack on the

surface of_jungste |I| |de | aye on nitride_spacers are forned

adj acent t%bsal EIB&Fﬁéd§§ang%%hI&§éFm 26 {pcly ET device
corpr i sing tahdgpggi ffgfmgﬂgugte%uca SLiAbhaths" ad 30U kYORg e | formed
polysilicon, tungsten nitride and tungsten silicide
layers, |
forming'lightly doped source/drain extension
regions adjacent to said souree/drain regions in said'
N- well beneath said.extension regions with the channel
of said FET device therebetween,
forming vertical sidewalls adjacent to said
polysilicon, tungsten nitride and tungsten silieide
layers, '
forming a silicon nitride cap layer above said
stack en the surface of tungsten silicide layer, and

forming silicon nitride spacers adjacent to said

stack including said cap layer.



sisolation regions fornmed in said well with a gate oxide |ayer fornmed above
said well, an FET defined by a gate el ectrode that is forned above said
gate oxide layer with source and drain regions self-aligned to said gate
el ectrode and formed within said well, a gate el ectrode fornmed above said
gate oxide layer aligned with said source and drain regions, said gate

el ectrode conprising a stack of |ayers follows: a doped polysilicon

| ayer fornmed on said gate oxide |layer having a thickness of from about 50

nm to about MOSFEM DEVICEWSNEMETHODOH QENTROLLING DOPANT DIFFRISIOPPN
said polysilicon |layer having a thickness of fromabout 5 nmto about 10nm

and a tungst&NDsMETAHCONTAMMNATEON UNOTHEG POLL YOIRE SATE CONPUGTHOR
havi ng a thickness of fromabout 50 nmto about 250 nm
ABSTRACT
A MOSFET device (10) is formed.on a P- doped semiconductor substrate (1 1)
~with an N- well (17) formed therein, with a pair of isolation regions (14, 14') formed in
the N- well (17) with a gate oxide layer (18) formed above the N- well (17). An FET
device is formed with source and drain regions within the N-well (17), and a gate
- electrode formed above the gate oxide layer (18) aligned with the source and drain
regions. The gate electrode comprises a stack of layers. A polysilicon layer (20) is
formed on the gate oxide layer (18). A tungsten nitride dopant barrier layer (22) is
formed upon the poly-silicon layer (20) having a thickness of from about 5 nm to about
20 nm, and a tungsten silicide layer (24) is formed upon the tungsten nitride layer (22).
Fig. 8 |



12. A device in accordance with claim 11 wherein vertical sidewalls are
~fornmed adjacent to said polysilicon, tungsten nitride and tungsten silicide
| ayers. 13. A device in accordance with claim 11 wherein vertical sidewalls
are formed adjacent to said polysilicon, tungsten nitride and tungsten
silicide layers, a silicon nitride cap layer is formed above said stack on
the surface of tungsten silicide |layer, and silicon nitride spacers are
formed adjacent to said stack including said cap layer. 14. A device in
accordance with claim 11 wherein vertical sidewalls are fornmed adjacent to
said polysilicon, tungsten nitride and tungsten silicide |layers, and
| ightly doped source/drain extension re téns are fornmed adjacent to said
source/drain regions in said well beneath said extension regions with the
channel of said FET device therebetween. :
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31 15. A device in accordance with claim 1l wherein vertical sidewalls are
-formed adjacent to said polysificon, tungsten nitride and tungsten silicide
| ayers, lightly doped source/drain extension regions are fornmed adjacent to
said source/drain regions in said well beneath said extension regions with
t he channel of said FET device therebetween, vertical sidewalls are forned
adj acent to said polysilicon, tungsten nitride and tungsten silicide
| ayers, a silicon nitride cap layer is forned above said stack on the
surface of tungsten silicide |layer, and silicon nitride spacers are forned
adj acent to said stack including said cap l-ayer.
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32 16. A MOSFET device conprising a P- doped sem conductor substrate with
san N- well fornmed therein, ‘with a pair of isolation regions forned in said
+N- well with a gate oxide |layer fornmed above said N well, an FET defined

by a gate-electrode that is fornmed above said gate oxide |ayer with source

and drain regions self-aligned to said gate el ectrode and fornmed wi thin
said well, a gate electrode fornmed above said gate oxide |layer aligned with
sai d source and drain regions, said gate a/astrode conprising a stack of

| ayers as follows: a doped polysilicon |ayer formed on said gate oxide

| ayer having a thickness of from about 50 nmto about 250 nm a tungsten

nitride dopant barrier |ayer formed upon said polysilicon Iayerlﬁﬁving a
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t hi ckness of fromabout 5 nmto about 10nm and a tungsten silicide |ayer
formed upon said-tungsten nitride |ayer having a thick- -ness of from about
50 nmto about 250 nm 17.. A device in accordance with claim 16 wherein

verti cal

sidewal | s are formed adjacent to said polysilicon, tungsten

nitride and tungsten silicide layers. 18. A device in accordance with claim
16 wherein vertical sidewalls are forned adjacent to said polysilicon,
tungsten nitride and tungsten silicide Iaﬁ@ﬁs, a silicon nitride cap |ayer
is formed above said stack on the surface of tungsten SI|ICIde | ayer, and
silicon nitride spacers are fornmed adj acent
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to said stack including said cap layer. 19. A device in accordance with
xcl aim 16 wherein vertical sidewalls are fornmed adjacent to said
polysilicon, tungsten nitride and tungsten silicide layers, and lightly
doped source/ drain extension regions are formed adjacent to said
source/drain regions in said NN well beneath said extension regions wth

t he channel of said FET device therebetween. 34 20. A device in
accordance with claim 16 wherein vertica,;gi dewalls are formed adjacent to
said polysilicon, tungsten nitride and tungsten silicide layers, lightly

doped source/drain extension regions are fornmed adj acent to said
source/drain regions in said N well beneath said extension regions
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wi th the channel of said FET device therebetween, - vertical sidewalls
are formed adjacent to said polysilicon, tungsten nitride and tungsten
silicide Tayers, a-silicon nitride cap layer is formed above said stack on
the surface of tungsten silicide layer, and silicon nitride spacers are
formed adjacent to said stack including said cap |ayer. 35 21. A nethod
of manufacture of a-MOSFET devi.ce on a P- doped sem conductor substrate
conprising forming an N well therein, formng a pair of isolation regions
in said N well, form ng a gate oxide | ayer above said N well, formng a
~gate el ectrode above said gate oxide 6/15
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| ayer said gate el ectrode conprising a stack of gate |layers as foll ows:
-form ng a doped polysilicon'|ayer on said gate oxide layer, formng a
dopant barrier |ayer upon said polysilicon layer, and form ng a tungsten
sui cide | ayer upon said dopant barrier-layer, patterning said stack of gate
| ayers intp a patterned gate, and form ng source and drain regions within
said NNwell self-aligned with said patterned control gate. 22. A nethod in
accordance with claim21 including formng vertical sidewalls adjacent to
said polysilicon, dopant barrier, and tupgsfen silicide |ayers. 36
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23. A nethod in accordance with claim 21 including formng vertical
sidewal | s adj acent to said ‘polysilicon, dopant barrier, and tungsten
silicide layers, formng a silicon nitride cap | ayer above said stack on
the surface of tungsten silicide layer, and formng silicon nitride spacers
adj acent to said stack including said cap layer. 24. A-nethod in
accordance with claim?21 including formng vertical sidewalls adjacent to
said polysilicon, dopant barrier, and tung§é§n silicide layers, and form ng
|l ightly doped source/drain extension regi A adj acent to said source/drain
regions in said N well beneath said extension regions with the channel. of
sai d FET devi ce therebetween. 25. A nmethod in accordance with claim 21

i ncl udi ng
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formi ng vertical sidewalls adjacent to said polysilicon, dopant barrier,
Jand tungsten silicide layers, formng |ightly doped source/drain extension
regi ons adjacent to said source/drain regions in said NN well beneath said
extension regions with the channel of said FET device therebetween, formng
vertical sidewalls adjacent to sai-d pol ysilicon, depant barrier, and
tungsten silicide layers, formng a silicon nitride cap | ayer above said
stack on the surface of tungsten silicide |layer, and form ng silicon
nitride spacers adjacent to said stack? kel uding said cap |ayer. 26. A
- met hod of manufacture of a MOSFET device conprising: form ng a doped

sem conduct or substrate with a counterdoped well formed therein, with a
pair of '
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isolation regions formed in said well with a gate oxide |ayer formed above

said well, an FET defined by a gate electrode that is fornmed above said
gate oxide layer with source and drain regions self-aligned to said gate -
el ectrode and formed within said well, a control gate el ectrode forned

above said gate oxide layer aligned with said source and drain regions,
form ng said gate electrode into a stack &0/Iate | ayers as follows: formng
a polysilicon |ayer on said gate oxide |layer having a thickness of from
about 50 nmto about 250 m said polysilicon |ayer being doped with dopant,
formng a tungsten nitride dopant barrier |ayer upon said polysilicon |ayer.
having a.thickness of fromabout 5 nmto about 10nn1 forn1ng a.tungsten

silicide | ayer ppomsarttunmgster—nrtride—tayer—herrrg—ea—thelkress—ef from

~about 50 nmto pbout 250 NmMEORMr "GATRI OXPLXEoIQNte |ayers intgd

patterned gate,] and -60
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form ng source and drain regions within said N-well self-aligned with said
patterned gate. 39 27. "A nethod in accordance with claim 26 including
form ng vertical sidewalls adjacent to said polysilicon, tungsten nitride
and tunhgsten silicide layers. 28. A nethod in accordance wth claim 26

i ncluding formng vertical sidewalls adjacent to said polysilicon, tungsten
nitride and tungsten silicide layers, formng a silicon nitride cap |ayer
above said stack on the surface of tukkSkSn silicide |ayer, and forning
silicon nitride spacers adjacent to said stack including said cap |ayer.

29. A nethod in accordance with-.claim26.including-formng vertical '
sidewal | s adjacent to said polysilicon, tungsten nitride and tungsten
silicide :

FORM GATE OXIDE ON
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| ayers, and formng |ightly doped source/drain extension regions adjacent
_to said source/drain regions in said N well beneath said extension regions
with the channel of said FET device therebetween. 40 30. A method in
accordance with claim 26 including forming vertical sidewalls adjacent to
said polysilicon, tungsten nitride and tungsten silicide |layers, formng
lightly doped source/drain extension regions, adjacent to said source/drain
regions in said N well beneath said extemﬁ4ﬂﬁregions wi th the channel of
sai d FET device therebetween, formng vertical sidewalls adjacent to said
pol ysilicon, tungsten nitride and tungsten silicide |ayers,
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f or i ng a silicon nitride cap |l ayer above said stack on the surface of
‘tungsten silicide layer, and formng silicon nitride spacers adjacent to
said stack including said cap |ayer. '
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