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A SILICON NITRIDE - TEOS OXIDE, SALICIDE
SUB

BLOCKING LAYER FOR DEE -MICRON DEVICES

BACKGROUND OF THE INVENTION i

(1) Field of the Invention

™ THe present invention relates to a process used to ™~ 7
fabricate semiconductor devices, and more specifically to a process
used to form salicide, (Self-ALigned metal siLICIDE), layers, only

on specific regions of a semiconductor substrate.

(2) Description of the Prior Art

Metal oxide séﬁiconductor field effect tranéistors,
{(MOSFET), devices can be fabricated using low resistance,
polysilicon word lines, for logic applications, while other
applications, such as memory devices, or electro-static discharge,

(ESD), prctection circuits, are usually fabricated using higher

~resistance, polysilicon word lines. For cases in which. both memory

and logic, MOSFET devices, or complimentary metal oxide
semiconductor, (CMOS), devices, are used on a single semiconductor
chip, low sheeé resistance is needed for the polysilicon word line
and for the source/drain regions, while higher sheet resistances
are needed for the memory components. The use of salicide layers,

formed only on the polysilicon and silicon regions, of devices
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needing lower sheet resistance, has been used to fabricate the
higher performing devices, while other regions of the semiconductor
chip, not requiring the lower sheet resistance, have been maskeq-
from the salicide process, thus resulting in the desired higher |

sheet resistance components.

The masklng of the higher sheet resistance dev1ces,

-~durxng-the precess sequence used to form sa11c1de layers -on the

devices requiring low sheet resistance regions, is usually
accomplished using a silicon oxide layer. The metal layer used as

a component of the salicide layer, overlying the masking silicon

- s

oxide layer, remains unreacted during an anneal cycle that is used

to convert the same metal layer to a metal silicide layer, on the
exposad polysilicon or silicon regions, of the devices requiring
iower sheet reeistance. Removal of unreaeted-metal, from the
masking silicon oxide layer, and removal of the masking silicon
oxide layer, result in polysilicon and source/drain regions, free
of salicide layers, while unmasked counterparts, exhibit the
desired, low resistance salicide layers on the polysilicon and

source/drain regions, of high performing CMOS logic devices.

Several aspects of the use of silicon oxide layers, in
fegards to salicide blocking or masking functions, can however
result in deleterious structural or device phenomena. First, an
anisotropic reactive ion etching, (RIE), procedure used to remove

the masking silicon oxide layer, in a first region of the
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semiconductor substrate, exposing polysilicon and silicon regions

to a subsequent salicide layer, can result in thé formation of an
additional silicon oxide sbacer, overlying an existing insulator
spacer, located on the sides of the polysilicon word lines, in the.
first region of the semiconductor substrate. The additional
silicon oxide spacer, decreases the design space between

>~
’

polysilicon wordmlinés, and when using designs with sub-mic;pn

dimensiorns, the decreased space can result in the complete blockage

of a source/drain region, located between polysilicon word lines,
thus not allowing the incorporation of an overlying, low resistance
salicide layer. Secondly, the silicon oxide layer, used as a mask
for salicide formation, is obtained using low pressure chemical

vapor deposition, (LPCVD), or plasma enhanced chemical vapor

deposition, (PECVD), procedures, each using

tetraethylorthosilicate, (TEOS), as a source. Undensified TEOS
oxide layers have a high removal rate in dilute hydrofluoric,
(DHF), or buffered hydrofluoric, (BHF), acid solutions. Therefore
a BHF or a DHF, pre-clean procedure, performed to remove native
oxide from the surface of the polysilicon and silicon qggions
being readied for salicide formation,';esults in large, and
uncontrollable, thickness decreases, fqr the TEOS oxide mask that
is used to block salicide formation, and therefore may not protect
against salicide formation. Densification of the TEOS oxide layer,
alleviating the rapid removal rate, during pre-clean procedures,.

would however adversely influence the thermal budget used for the
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sub-micron devices.

This invention will describe a composite insulator
shape, comprised of a thin silicon nitride layer, overlying a thih
TEOS oxide layer, used to block specific regions of a semiconductor
substrate, from salicide formation. ‘The composite insulator shape

is anisotropically removed from the regions of the semiconductor

-subgtrate.being readied for salicide formation, however affer = = ===~ —
removal of the masking photoresist shape, which is used to maintain
the composite insulator layer in regions not designed for salicide
formation, a DHF, BHF, or a wet HF spray is performed to remove the
~additional TEOS oxide spacer, formed during the anisétropic RIE -
procedure. The thin nitride layer, of the compésite' insulator
shape, not only remains és a blocking layer during removal of. the
additional TEOS oxide spacer, but also offers protection from
subsequent BHF or DHF, preclean procedures, used prior to metal
deposition, or protection from a silicon ion implantation
procedure, used for amorphization of 'source/ drain regions, allowing
these sourcé/drain regions to rémain shallow. Prior art, such as
Yoo et al, in U.S. Pat. No. 5,573,980, describe a salicide ‘process,
however the use of the novel salicide blocking, composite insulator
shape, featured in the present invention, is noE describec.il in that

prior art.
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SUMMARY OF THE INVENTION

It is an object of this invention to fabricate a first
group of transfer gate transistors, in a second region of a
semiconductor substrate, using a salicide layer on polysilicon word
lines, and on source/drain regions, while simultaneously
fabriéating é éécona”§r6up dfrtransfer gaﬁe ﬁransistors, in a
£i¥st region 6ffé;sem{66ﬁductdf'éﬁbstrate, without using a . . =
salicide layer for the polysilicon word lines, or for source/drain

regions.

It is another object of this invention to use a
patterned composite insulator layer, comprised of a silicon nitride-
layef; on a silicon oxide layer, deposited using TEOS as a source,
to block the salicide formation, in-the first region of a

semiconductor substrate.

It is yet another object of this invention, toc remove
‘@ TEOS oxide spacer, from the sides of polysilicon word lines,
in a second region of a semiconductor substrate, formed during an
anisotropic RIE patterning of the composite insulator layer, using

a wet DHF, or a DHF spray, procedure.

In accordance with the present invention a method for
using a patterned composite insulator layer, to allow regions of a
semiconductor substrate to be protected from salicide formation,

has been developed. Transfer gate transistors, comprising
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polysilicon gate structures on an underlying gate insulator layer,

silicon nitride spacers on the sides of the polysilicon gate

structures, and lightly doped, and heavily doped, source/drain

regions, are formed in a first region, and in a second region, of

a semicondﬁétor substrate. Afcomposite insulator layer, comprising
--an overlying silicon nitride layer, and an underlying TEOS"

i e e -OEPO81 ted, - gilicon oxide layer, is.deposited. . A _COMPOSILe:emmains i 2
insulator shape is then formed via removal of Ehe composite
insulator layer from a second region of the semiconductor
substrate, using anisotropic RIE procedures, exposing a second
group of transfer gate transistors, in the second region of the
semiconductor substrate, and créating a TEOS oxide spacer, on the
Silicen nitride spacers, located on the sides of the polysilicon
gate structures. A first group of transfer gate transistors,
located in a first region of the semiconductor substrate, remain
protected by the overlying composite insulator shape. A dilute
hydrofluoric wet etch, or an acid spray is used to remove the TEOS
oxide spacers, from the sides of the polysilicon gate structures,
in the second region of the semiconductor substrate, while.the
first group of transfer gate transistors remain protected by the
overlying compdsite insulator shape. A silicon ion implantation
procedure is applied to prepare the surface of source/drain
regions, located in the second region of_the semiconductor
substrate, £or subsequent salicide formation. A metal is

deposited, followed by an anneal cycle converting the metal to a
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salicide layer, in regions in which the metal overlaid exposed

polysilicon, and source/drain regions, in the second region of the
semiconductor substrate. Unreacted metal, located overlying the
composite insulator shape, in a first region of the semiconductor
substrate, and also located on the silicon nitride spacers, on the

sides of the polysilicon gate structures, in the second region of

acid procedures, leaving metal silicide, or salicide layers,
located only on the polysilicon gate structures, and on the
scurce/drain regions, in the second region of the semiconductor

substrate. The composite insulator shape, overlying transfer gate

 transistors, in a first region of the semiconductor substrate, is

then removed.

BRIEF DESCRIPTION OF THE DRAWINGS

The object and other advantages of this invention are
best describhed in the preferred embecdiments with reference to the

attached drawings that include:

Figs. 1 - 7, which schematically; in cross-sectional
style, show the key stages of fabrication used to simultaneously
form devices with salicide léyers, while protecting, or blocking
other devices from salicide formation, via use of a composite

insulator shape.
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DESCRIPTION OF THE PREFERRED EMBODIMENTS

The process for forming, and using, a composite
insulator shape, to prevent salicide formation on polysilicon and
silicon surfaces, located in a first area of a semiconductor
substrate, while sallclde layers are formed on exposed

poly3111con and s111con surfaces, located in a second area of a

- - ~-Semi:eonductor substrate, will now be described 'in de€ail. The ™ i

transfer gate transistors, used in this description, will be N
channel, type, MOSFET devices, however this invention can be used

with P channel, MOSFET devices, or CMOS type devices.

Referring to Fig. 1, a P type, semiconductor
substrate 1, ccmprised of single crystalline silicon, featurlng a
<100> crystallographic orlentatlpn, is used. Region 30, will be
used to illustrate this invention in which a space between
polysilicon gate structures, or word lines, is narrow, in the sub-

micren range of about 0.35 uM, for a 0.25 uM CMOS technology. The

‘process for forming salicide layers for higher performance, logic

devices, while masking, or not forming salicide layers, for lower
performance memory devices, or for devices used for ESD circuits,
via use of a patterned, composite insulator layer, will be

illustrated using region 40, of semiconductor substrate 1.

Shallow trench isolation, (STI), regions 2, are formed

in region 40, and schematically shown in Fig. 1. STI regions 2,
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are formed by initially creating a shallow trench, between about

3000 to 4000 Angstroms in depth, in semiconductor substrate 1, via

conventional photolithographic and anisotropic RIE procedures,

using Cl, as an etchant. After removal of the photoresist shape,

used as a mask for shallow trench definition, via.plasma oxygen
.ashing and careful wet cleans, a-silicon .oxide layer is deposited,

us1ng LPCVD or PECVD procedures, at a thickness between about 6500

to 7500 Angstroms, usxng TEOS as a source and completely f1111ng- -

the shallow trench. Removal of the s;llcon oxide layer from the
top surface of semiconductor substrate 1, is accomplished using a
chemical mechanical polishing procedure, or using a selective RIE
procedﬁre, using CHF, as an etchant, resulting in STI regions 2.
A gate insulator layer 3, comprising silicon dioxide, is

between about 30 to 50 Angstroms. Next a polysilicon layer 4,
is deposited, via LPCVD procedures, to a thickness between about
1800 ta 250 Angstroms. Polysilicon layer 4, can be doped in situ,
during deposition, via the addition of arsine, or phosphine, to a
silane ambient, or the polysilicon layer can be deposited
intrinsically and.ﬁheﬁ doped via ion implantation of afeenic or
phosphorous ions. éoﬁventional photolithographic and anisotropic
RIE procedures, using Cl, as an etchant, are used to create
polysilicon gate structures, Or word lines 6, in region 30, while
pclysilicon gate structure, or word line 7, and polysilicon gate

structure, or word line 8, are formed in region 40, of
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semiconductor substrate 1. The photoresist shape, used for .

patterning of the polysilicon gate structures, is removed using
plasma oxygen ashing and careful wet cleans. The wet clean
procedure, also removed regions of gate insulator layer 3, not
covered by the polysilicon gate structures. The result of these

process steps is schematically shown in Fig. 1.

Lightly doped source/draih ¥égioms 9, Shown -~ — 7
schematically in Fig. 2, are next formed in regions of
semiconductor substrate 1, not covered by STI fegions 2, or by the
polysilicon gate structure, via ion implantation of arsenic or
phosphorous ions, at an energy between about 18 to 25 KeV, at a
dose between about 3E14 to 6E14 atoms/cm®. A silicon oxide layer
is next deposited, (not shown in the drawings), wvia LPCVD _
'procedures, using tetraethylorthosilicate, (TEOS), as a source, at
a thickness of about 150 Angstroms, followed the deposition of a
silicon nitride layer, via LPCVD or PECVD procedures, to a
thickness between about 1000 to 1300 Angstroms. An anisotropic RIE
procedure, using SF; - HBr - 0, as an etchant, is used to create
silicon nitride spacers 10, on the sides of all polysilicon gate
structures. A f£irst narrow spadé‘between polysilicon gate
structures 6, in region 30, is between about 0.18 to 0.22 uM.
Heavily doped source/drain regions 11, shown schematically in
Fig. 2, are next formed in uncovered regions of semiconductor 1,

via an ion implantation procedure, performed at an energy between
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about 50 to 70 KeV, at a dose between about 2E15 to 4E15 atoms/cm?,

using arsenic or phosphorous ions.

A layer of silicon oxide 12a, is deposited using LPCVD
or PECVD procedures, to a thickness between about iso to 250
Angstroms, using TEOS as a source, followed by the deposition of

silicon nitride layer 13, obtained via LPCVD or PECVD procedures,

.__._‘_—,q,,._ T e

Cata’ thlckness between about 100 to 300 Angstroms. This is .
illustrated schematically in Fig. 3. The composite insulator
iayer, comprising overlying silicon nitride layer 13, and
underlying silicon oxide.layer 12a, will be subsequently patterned
to create the desired mask, needed for salicide blocking.
Undensified silicon oxlde layer, or TEOS oxide layer 12a, exhibits
a large etch rate in HF type solutions, and therefore overlying
s111con nltrlde-layer 13, supplies protection for TEOS oxide
layer 12a, during subsequent HF pre-cleau procedures. TEOS

oxide 12a, could be densified via anneal cycles, which would
decrease the removal rate of the TECS oxide layer, in HF type
solutions, however the anneal cycle would result in the device sub-
micron features, such as shallow source/drain regions,-to be

compromised.

A photoresist shape 14, schematically shown in Fig. 4,
is formed and used as mask, to remove the composite insulator layer

from region 30, exposing the top surface of polysilicon gate

Structures 6, and the top surface of heavily doped source/drain
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region 11, located between polysilicon gate structures 6.
Photoresist shape 14, also allows the removal of the composite’
insulator layer in an area of region 40, éxposing the top surface
of polysilicon gate structure 7, and the tbp surface of heavily
doped source/drain region 11, located between polysilicon gate

structure 7, and STI regions 2. The removal of the composite

s iEsdkASulator layer,—preparing specific -&Zegions-j:pdlysﬁﬁeanzand 88136
for subsequent salicide formation, is accomplished using RIE
procedures. First, silicon nitride layer 13, is removed using an
anisotropic RIE, using SF; - HBr - O, as an etchant, this is
followed by the removal of exposed TEQS oxide layer 12a,
accomplished via an anisotfapic RIE procedure, again using SF, -
HBr - O, as an etchant. The use of anisctropic RIE procedures, for
removal of TEOS oxide layer LZa,.remcves all of the remaining
silicon nitride layer 13, and results in the formation of TEOCS -
cxide spacer 12b, formed on the sides of polysilicon gate
structures 6, in region 30, and on the sides of polysilicon gate
structure 7, in region 40. Referring to region 30, the first
narrow space.between polysilicon gate structures 6, is reduced to
a second narrow space, between about 0.14 to 0.18 uM, as a result
of the additional TEOS oxide spacers 1l2b. This reduction in.the
area between polysilicon gate structures, reducés the exposed area
of the heavily doped source/drain region 11, located between
polysilicon gate structures 6, and thus if not subsequently

removed, will be blocked from a subsequent salicide formation, used

W
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to lower the resistance of heavily doped source/drain region 11.

This is schematically shown in Fig. 4.

The removal of TEOS oxide spacers 12b, is next
addressed, and shown schematically in Fig. 5. With photoresist
shape 14, in place,. a dilute hydrofluoric, (DHF), solution, between
about 10 to 20_parts water, to one part BF, isused to.. ..
selectively remove TEOS oxide spaéeré 12b, from the sides of
polysilicon gate structures. Silicon nitride spacers 10, are not
attacked by the DHF procedure, resulting in the area between
polyéilicon gate structures 6, being restored to the dimensions of
the first narrow space, that existed prior to the TEOS oxide
patterning procedure. A DHF, HF, or buffered HF spray, can also be
used for selective removal of the undensified, TEOS bxide spacers.

In add@tion the removal of TEOS oxide spacers 12b, was shown with
photoresist shape 14, in place, however if desired photoresist
shape 14, had been previously removed, silicon nitride layer 13, of
the composite insulator shape, would have protected underlying TEOS
oxide layer 12a, from the DHF procedure. Also shown schematically
ih Fig. 5, is the isotropic component of the DHF procedure, |
resulting in an undercut of underlying TEbS oxide layer 12a,

component, of the composite insulator shape, in region 40.

After removal of photoresist shape 14, via plasma
oxygen ashing and careful wet cleans, a silicon, ion implantation

procedure, is used to prepare, or damage, the surfaces of exposed

e LY
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heavily doped source/drain regions 11, and the surfaces of

polysilicon gate structures 6 and 7, resulting in enhancement of
subsequent salicide formation, and the ability to maintain the .
depth of the sub-micron source/drain regions. A pre-metal clean,
in a DHF or in a BHF solution, is used to remove native oxide from
. ... ~-@x¥xposed surfaces of polysilicon or source/drain regions, followed
w e - mpemmeeDY-Lhe . depositica-0f-a metal -layer -16a; - sn-clr as-titanium,~cobatr; e
nickel, or nickel alloy, shown schematically in Fig. 6, using R.F.
sputtering procedures, to a thickness between about 100 to 400
Angstroms. Typically the metal layers are capped with a titanium
nitride layer, between about 150 to 250 Angstroms in thickness.
Silicon nitride layer 13, preserved the integrity of the blocking,
composite insulator shape, during the metal pre-clean;procedﬁre,‘as
well as offering additional mésking during the siiicon ion
implantation procedure. If silicon nitride layer 13, were not a
component of the blocking composite insulator shape, TEOS oxide
layer 12a, may have been removed during pre-clean procedures,
resulting in the deleteriocus formation of a subsequent salicide

layer on polysilicon gate structure 8. _ -

An anneal cycle, performed using a rapid thermal
anneal, (RTA), procedure, or a conventional furnace procedure, is
employed, at a temperature between about 700 to. 750°C, %n a
nitrogen ambient, and is used to convert titanium layer 1l6a, to

titanium silicide layer 16b, in regions where the metal layer 16a,
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overlaid exposed surfaces of polysilicon or source/drain regions.

For cobalt, nickel, or nickel alloy layer 16a, an anneal
temperature between about 500 to 600°C, is used, in a nitrogen
ambient, to form cobalt silicide, nickel silicide, or nickel,
(alloy), silicide layer 16b. Metal layer l1l6a, located
overlying silicon nitride spacers 10; and -located on silicon
nitride layer 13, remains unreacted,nand-ié selectively removed
using a 1:1:5 solution of NHOH - K,0, - H,O. A 1:1:5 solution of
HCl1l - H,0, - H,0, would be used to remove unreacted cobalt, nickel,
or nickel alloy. A second anneal cycle-is used to lower the
resistance of the silicide layers. For the case of titanium
silicide a second anneal, is performed at a temperature of about
850°C, for about 10 to 30 sec., while a second anneal, at a
temperature of about 750°C,.for about 10 to 30 sec., is used to
reduce the resistance of cobalt silicide, nickel silicide, or
nickel, (alloy), silicide layers. The result of this procedure,
schematically shown in Fig. 7, is the selective salicide, or metal
silicide formation, in areas not blocked with the composite
insulator shape, comprised of silicon nitride layer 13,-overlying
TEOS oxide layer 12a. The result of these procedures, again shown
schematically in Fig. 7, are that pélysilicon gate structure 8, and
heavily doped source/drain region 11, located between polysilicon
gaﬁe structure 8, and STI regions 2, do not exhibit salicide
layer 16b, while counterpart polysilicon gate structures 6,

polysilicon gate structure 7, as well as the adjacent source/drain
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regions, have been overlaid with the low resistance, salicide,.or

metal silicide layer 16b.

While this invention has been parﬁicularly shown ar;d.
described with reference to, the preferred embodiments thereof, it
- Wwill be understood by those skillec_i in the art that various-changes:
in form and detai_ls. may be made without departing from the spirit

and scope of this invention.
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CLAIMS - 17 - _
1. A method of blocking the formation of a metal silicide .

layer, on exposed silicon surfaces, in a first region of
a semiconductor substrate, while allowing the formation
of a metal silicide layer, on exposed silicon surfaces,
in a second region of a semiconductor substrate,
comprising the éteps of:
Lt et - forming shallow trench iSolatién_regions,fin said’ -
| semiconductor substrate;

forming a gate insulator layer on said
semiconductor substrate;

forming a first polysilicon gate structure, and a
second polysilicon structure, on said gate insulator
layer, in a second region of said semiconductor
substrate; '

" forming a third polysilicon gate structure, on
said gate insulator layer, in said second region of said
semiconductor substrate, with said third polysilicon gate
structure located between a first shallow trench
isolation region, and'a second shallow trench isclation

region;
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forming a fourth polysilicon gate structure, on

said gate insulator layer, in said first region of said
semiconductor substrate, with said fourth polysilicon
gate structure located between said second shallow trench
isolation region, and a third shallow trench isolation
region; .

forming lightly doped_sourde/arain regions in
areas of said semiconductor substrate, not covered by
polysilicon gate structures, and not covered by said
shallow trench isolation regions;

forming a first insulator spacer on the sides of.

said polysilicon gate structures, resulting iﬁ a first
narrow space between said first polysiliCon gate
structure, and said second polysilicon gaﬁe structure;

forming heavily doped source/drain regions in an
area of said semiconductor substrate, not covered by said
polysilicon gate structures, not covered by said shallow
trench isolation regions, and not covered by said first
insulator spacers; )

depositing an underlying masking insulator layer;

depositing an overlying masking insulator layer;

patterning of said overlying masking insulatox
layer, and of said underlying masking insulatbr layer, to
create a composite insulator shape, overlying said first

region of said semiconductor substrate, with the
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patterning procedure forming a second insulator spacer,

comprising said underlying masking insulator layer, on .
said first insulator spacer, located on the sides of the
polysilicon gate structures, in said second region of
said semiconductor substrate, and with said second
insulator épacer reducing said first narrow space between
said first polysilicon gate strucﬁure,-and said second
polysilicon gate structure, to a second narrow space;
removing said second insulator spacer, from said
first insulator spacer, located on thé sides of the
polysilicon gate structures, in said second region of
said semiconductor substrate, resultinglin
reestablishment of said first narrow space, between said
first polysilicon gate SCructﬁre} and said second
polysilicon gate structure;
performing a pre-clean procedure, to the exposed
surfaces of the polysilicon gate structures, and exposed
surfaces of the heavily doped source/drain region,
located in said second region of said semiconductor
substrate;
depositing a metal layer; _
performing a first anneal procedure to férm said
metal silicide layer on the polysilicon gate structures,
and on said heavily doped source drain regions, located

in said second region of said semiconductor substrate,
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while leaving said metal layer, unreacted, on said first

insulator spacer, on the sides of the polysilicon gate
structures, located in said second region of said
semiconductor substrate, and leaving said metal layer,
unreacted, on the top surface of said composite insulator

shape, in said first region of said semiconductor

— - . e, - . o

sﬁfzgsé’gubstrate; T T ' T L eEETELEEES T

removing unreacted, said metal layer; and
performing a second anneal procedure to form a

lower sheet resistance, metal silicide layer.
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2. The method of claim 1, wherein said polysilicon gate

structures are comprised from a polysilicon layer,

obtained using LPCVD procedures, at a thickness between
about 1800 to 2500 Angstroms,. and.with the polysilicon
1ayer doped in situ, during deposition, via the addition

of arsine, or phosphlne, to a silane amblent, or with the

;.}
1k

~polysiilicon 1ayer deposa:ted— :.nt-rmsmally, and-deped via -
an ion implantation procedure, using arsenic or

phosphorous ions.

3. The method of c1a1m 1, whereln said first insulator
spacer, comprlslng a 5111con nitride layer, obtained
via dep051tlon.of a szllpon.nxtrlde layer, using an LPCVD
or a PECVD pfocedufé, to a':hickness between about 1000
to 1300 Angstroms, with said first insulator spacer
formed via an anisotropic RIE procedure, applied to a
said silicon nitride layer, using SF; - HBr - 0, as an

etchant.

4. The method of claim 1, wherein said first narrow
space, located between said first polysilicon gate
structure, and said second polysilicon gate structure,
both coated with said fi;st insulator spacers, is between

about 0.18 to 0.22 uM.



* [ L M S *

22 =
5. The method of claim 1, wherein said heavily doped

source/drain regions are formed via ion implantation of
arsenic or phosphorous, at an energy between about 50 to

70 KeV, at a dose between about 2E15 to 4E15 atoms/cm®.

6. The method of claim 1, wherein said underlying masking
layer is a silicon oxide layer, obtair'i_ed using LPCVD or
PECVD procedures, at a thickness between about 150 to

250 Angstroms, using TEQOS as a source.

7. The method of claim 1, wherein said overlying masking
layer is a silicon nitride layer, obtained using LPCVD or
PECVD procedures, at a thickness between about 100 to 300

Angstroms.

8. The method of claim 1, wherein said composite
insulator shape is formed via an anisotropic RIE
procedure, applied to said overlying masking layer, using
SF, - HBr - 0, as an etchant, and via an anisotropic RIE
procedure, applied to said underlying maéking layer,

using SF, - HBr ~ O, as an etchant.



) DN L

-23 - .
9. The method of claim 1, wherein said second narrow

space, lbcated between said first polysilicon gate

structure, and said second polysilicon gate structure,

where both polysilicon gate structures afe coated with
- said first insulator spacer, and with said second

insulator spacer, is between about 0.14 to 0.18 uM.

..... A - e

IO.ITﬁé-ﬁ;Ehod'éf éi;iﬁ 1, wherein said seéoﬁdﬂinéuiator
spacer is removed using either a wet DHF solution, |
comprised between about-lo to 20 parts water, to one

part HF, or removed via use of a DHF, HF or BHF, spray

procedure.

11..Tﬁe method cof élaim 1, wherein said metal layer is a
titanium layer, or-a cobalt layer, or a nickel layer, or
a nickel alloy layer, deposited using R.F. sputtering
procedures, to a thickness between about 100 to 400

Angstroms.
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12. The method of claim 1, wherein said metal silicide
layer, is a titanium silicide layer, or a cobalt silicide
layer, or a nickel silicide layer, or a nickél alloy .
silicide l-ayer, with the titanium silicide 1ayer.formed
using ‘an-RTA ‘procedure, or a conventional furnace | e
procedure, at a temperature between about 700 to 750°C, |
B .=¥While the cobalt silicide, nickel .siii.cide? and-nzcke?*—w-w——:v&;#
alloy silicide layers, are formed at a ‘temperature |

between about 600 to 70Q°C.

13. The method of claim 1, wherein said metal layer, if
titanium is removed using a 1:1:5 soluﬁ'ion of NH,CH - H,0,
- H,0, or if said metal layer is cobalt, nickel, or
nickel ‘alloy, is ;’emoved using a 1:1:5 solutibﬁ of I-iCl -

Hzoz - H,0.

14. The method of claim 1, wherein said second anneal
procedure, used to reduce the resistance of said metal
gsilicide layer, is performed at a temperature between -

about 750 to 850°C.
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15. The method of using a composite insulator shape,

comprising an overlying silicon nitride layer and an
underlying silicon oxide layer, to mask the formation of
a self-aligned, metal silicide layer, on polysilicon and

silicon surfaces, located in a first region of a

~Semiconductor substrate,” while forming a-metal- siticide i = srur -

layer, on polysilicon and silicon surfaces, exposed in a
second region of said semiconductor substrate, comprising
the steps of:

forming silicon oxide filled, shallow trench
regions, in said semiconductor substrate;

growing-a silicon_dioxide,.gateﬁinsulator layer,
on said semiconductoﬁ substraée;

forming a first polysilicon gate structure, and
forming a second polysilicon gate structure, in said
second regién, of said semiconductor substrate;

forming a third polysilicon gate structure, in
said second region{ of said semiconductor substrafé;
located betweén a first silicon oxide filled shallow
trench region,'and a second silicon oxide filled shallow

trench region;-
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‘forming a fourth polysilicon gate structure, in

said first region of said semiconductor substrate,
located between said second silicon oxide filled shaliow
trench region, and a third silicon oxide filled shallow
trench region;
e . forming lightly doped source/drain regions, in .iwh*-~~»'#-
regions of said semiconductor substrate, not covered by |
said polysilicon gate structures, and not covered by said
silicon oxide filled shallow trench regions;
forming silicon nitride spacers on the sides of
said.polyéilicon gate structures, creating a first narrow
space between said first polysilicon gate étructure and
said second pdljsilidon-gate structure;
forming heavily doped source/drain regions in
regions of said semiconductor substrate not covered by
said polysilicon gate structure, not covered by said
silicon nitride spacers, and not covered by said silicon
oxide filled, shallow trench regions; -
depositing said underlying silicon oxide layer, of
said composite insulator shape; '
depositing said overlying silicon nitride layer,

of said composite insulator shape;
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patterning of said overlying silicon nitride

layer, and of said undeflying silicon oxide layer, to
form said composite insulator shape, overlying said first
region of said semiconductor substrate, and forming
silicon oxide spacers, on underlying, said silicon o
_nitride spacers, located on the sides of the polysilidon ~~=  ~% 777
gate ;irucﬁures, inzsaid second region of said
semiconductor substrate, and creating a second narrow
space, between said first polysilicén.gate structure, and
said second polysilicon Qate stxructure;
selectively removing said silicon oxide spacer
from underlying, said si;it:on"nit;ride spacers, re-forming
said first narrovw space, located between said first
polysilicon gate structure and said second polysilicon
gate structure;
performing a silicon ion implantation procedure;
performing a wet pre-clean procedure;

"depositing a metal layer;
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performing a first anneal procedure to form said

self-aligned, metal silicide layer, on the tcmbsqrface of
polysilicon gaté structures, and on the top surface of
heavily doped source/drain regions, exposed in said
second region of said semiconductor substrate, whiie said”
metal layéﬁurgmains unreactéd on.said silicon nitreide-
spacer, located on the sides of the polysilicoh gate
structures, in said second region of said semiconductor
substrate, and with said metal also remaining.unreacted
on said composite insulator shape, in said first region
of said semiconductor substrate;
removing unreacted, said metal layer; and
performing a second anneal procedure, to form a

lower sheet resistance, metal silicide layer.

16. The method of claim 15, wherein said polysilicon gate
structures are formed from a polysilicon layer, deposited
using LPCVD procedures, at a thickness between abouyt 1800
to 2500 Angstroms, and with said polysilicon gate
structures formed via use of an anisotropic RIE
procedure, applied to the polysilicon layer, using Cl, as

an etchant.
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17. The method of claim 15, wherein said silicon nitride

spacers are formed from a silicon nitride layer,
deposited using LPCVD or PECVD procedures, to a thickness

between about 1000 to 1300 Angstroms, and patterned via

an anisotropic RIE procedure, applied to the silicon n _’

nitride,,___layer, using SF, - HBr - O, as an etchant:

18. The method of claim 15, wherein said first narrow
space, located between said first polysilicon gate
structure, and said second polysilicon gate structure, is

between about 0.18 to 0.22 uM.

19. The method of claim 15, -wherein said heavily doped
source/drain regions, are formed via an ion implantation
procedure, using arsenic or phosphorous ions, at an

energy between abhout 50 to 70 KeV, and at a dose between

about 2E15 to 4E15 at:oms/cm".

20. The méth_od of claim 15, wherein said u_nde_r]_.ying
siiicon oxide layer, of said .composite insulator shape,
is a TEOS oxide layer, deposited using LPCVD or PECVD
procedures, to a thickness between about 100 to 300

Angstroms, using TEOS as a source.
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21. The method of claim 15, wherein said overlying

silicon nitride layer, of said composite insulator shape,
is'deposited using LPCVD or PECVD procedures, to a

thickness between about 100 to 300 Angstroms.

22. The method of claim 15, wherein said silicon oxide
. spacers, are formed via an anisotropic RIE procedure,
applied to said underlying silicon oxide layer, using

SF; - HBr - O, as an etchant.

23. The method of claim 15, wherein said second narrow
space, between said first polysilicon gate structure, and
said second polysilicon gate structure, is between about

0.14 to 0.18 uM.

24. The method of claim 15, wherein said silicoﬁ oxide
spacers are selectively removed using a DHF.solution,

comprised of between about 10 to 20 parts water, to one
part HF, or said silicon oxide spacers are selectively

removed using a HF containing spray.

25. The method of claim 15, wherein said metal layer is
a titanium layer, cobalt layer, a nickel layer, or a
nickel alloy layer, obtained via R.F. sputtering
procedures, to a thickness between about 100 to 400

Angstroms.
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26. The method of claim 15, wherein said self-aligned

metal silicide layer, is a titanium silicide layer, or a
cobalt silicide layer, or a nickel silicide layer, or a
nickel alloy silicide layer, obtained from reaction of
said metal layer on 'e:'cposed;pc':lysﬂiccn," or “on-exposed
silicon surfaces, -using,ari: RTA prdcedur'e, or conventional
furnace annealing, at a tempéraﬁure between about 500 to

750°C.

27. The method of claim 15, wherein said metal layer, if
titanium is removed using 1:1:5.solution' of NH,OH - H,0, -
H,0, and if said me_tai layer is cobalt, nickel, or nickel
alloy, is rérﬁoved using a'1:1:5 'SOluEion of HCl1 - H,0, -

H,0.



