SELECTIVE SALICIDE PROCESS BY REFORMATION

OF SILICON NITRIDE SIDEWALL SPACERS

(1) FIELD OF THE INVENTION

This inveﬁtion relates to a method of fabrication used

for semiconductor intégrated circuit devices, and more
specifically to a method whereby a selective salicide process

forms salicide on exposed logic FET's, while blocking salicide

formation on memory FET's.

(2) DESCRIPTION OF PRIOR ART

In the fabrication of semiconductor integrated circuits
the salicide process is well documented for MOSFET and CMOS

device formation. Methods are presented which differ in the

number of masking steps and processing steps from the present'

invention.

9903003- 3

21 JuN- 1999



2
'yU.S. Patent 5,672,527 to Lee teaches a method for fabri-
cating an electrostatic discharge protection circuit. The
invention describes a process that features only one photo
mask to form ESD protection circuit without the salicide and

a 1DD, lightly doped drain structure.’

U.S. Patent 5,719,079 to Yoo et al describes .a  salicide
process for an embedded logic device. A method forming a local
interconnect in an SRAM simultaneously with the formation of

a salicide in logic devices is described.

U.S. Patent 5,668,024 tc Tsia e£ al is a method to form
CMOS devices with a dual sidewzll insulato¥ spacers to reduce
szlicide bridging, as well as, using these regions for pockef
implantation regions. The pocket implantation regions are used

to reduce punch~-through leakage.

U.S. Patent 5,510,648 to Davies et al shows a process

for forming salicide with a gate and insulating sidewall spaceré
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of cxide, nitride. The patent teaches that the insulated gate

device formed is well suited for the design of low voltage

circuits due to the small variations of threshold voltage.

U.S. 4,912,061 to Nasr teaches a method of fabricating
CMOS devices using szlicide process using a disposable silicon
nitride spacer, metal silicide and a single implant step for
source, drain and gate, Dual sidewall spacers of oxide/nitride

are described with the nitride spacer being removed subsequently.

SUMMARY OF THE INVENTION

It is a general object of the present invention to provide
an improved method of forming an integrated circuit. in which a
selective salici@e process forms salicide on exposed loéic
FET's, while blocking salicide forming on memory FET's. Thus,
yielding logic FET's with robust salicide structures which
exhibit highly conductive lines and contacts, while blocking
salicide formation on the sensitive memory FET's which opergtg

at low voltage and have low leakage, shallow junctions. A
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confermal layer of thick silicon nitride in conjunction with a

ezlicide blockout mask forms rcbust selective salicide
structures. These structures show low leakage and lack the usual

problems associated with conventicnal salicide processing, such

as, silicide bridging, “ribbons” or “stringers”.

In acccrdance with the present invention, the above\and
cther objectives are realized in the first embodiment of the
present invention by using a method of fabricating robust
selective, salicide structures uvsing a second fhick conformal
layer of dielectric which is refractory and can be selectively
etcheq compared with the etch rate of silicon oxide. This thick
confcormal layer of refractory dielectric foéms a salicide mask,
whereby logic FE:'s receive the sa;icide process an§ memory FET’s
are protected by the salicide mask. Hence, a selective salicide

process is described in the present invention.

The follcwing process information is prgvided as a
background té the present invention. Prior to said sécond thick
conformal layer of refractory dielectric, conventional
processing is provided. For example, a first conformal silicon
nitride layer is deposited on cxidized polysilicon gate
structures. Anisotropically etch of the silicon nitride layer

forms sidewall spacers on the sidewalls of said-oxidized
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polysilicon gate structures, Exposed source and drain regions

zre then ion implanted ferming lightly doped source/drain regions
undérneath the sidewall structures. Rapid thermal annealing
activates the jon implanted dopants while limitiﬁg diffusion.
The szid silicon nitride spacers are etched off leaving oxidizeq
polysilicon gate structures.with implanted source and drain
regions. Both logic and memory FET's are processed

simultzneously at this stage of the process.

In the first embodiment of the present invention, the second
thick confermal layer of refractory dielectric material is any
material which meets the general requirements for the process.
One of the key requirements is that it must‘have a high etch
selectivity to that of silicon dioxide. In the second embodiment
the material is listed as thick silicon nitride. This second

conformal material protects the memory FET’s from salicidation.

In the seccnd enmbodiment of the present invention, the
above and other objectives are realized by using the mefhod of
selective salicide-formation by depositing a second conformal
thiqk layer of silicpn n;tride, in the thicknessarange of
approximately 500 Angstroms to approximately 1500 Angstroms. Said
second thick layer of silicon nitride is patterned by

photolithography by applying a salicide blockout mask to the
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memcry FET's. Anisotropic silicon nitride RIE {(Reactive Ion

Etch) etching forms robust silicon nitride sidewall spacer
structures on the sidewalls of the cxidized silicon nitride gate
structures. Greater integrity of the =sidewzll spacer is achieved

with the said thick silicon nitride process.

Thé tlockout photolithography mask is subsequently removed
by stripping the resist. salicide formatioﬁ process is applied by
depositing metals, such as, Ti, Ta; Mo, W, Co, Ni, Pd, Pt onto
the substrate. Low electrical resistance, good édhesion and low
mechanical stress are some of the more desirable propertigs in
chocsing which metal to deposit and by what method to deposit the
silicide metal., Silicide formation occurs by diffusion of silicon
atoms through the polysilicon to the surface where the reaction
with the metal occurs. In some instances, a two step RTA, Rapid
Thermal Anneal, in an inert atmosphere converts the silicide from
C49 crystal structure to the preferrea C54 low electrical
resistance structure. Salicide formation occurs in the exposed
pclysilicon areas and at the top of the source/drain areas,:hence
it is a self-aligned process. Deleteriocus bridging, which is
silicide formation between the polysilicon and closely spaced
source/drain regions is prevented by the rcbust silicon nitride

sidewall structures.
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The thick silicon nitride, the silicide protection layer and

rnitride sidewall epzcers sre subsequently removed by selectively
etching the nitride while leaving the cxide layers and salicide
layers intact. This is cne of the key aspects of the present

invention.

The salicide fcrmation takes place con all the exposed
gilicon surfaces, that is, at the top of the polysilicon gate
and in the diffusion regions. However, the silicon nitride
spacers that see exposure to the selective salicide processing

metal do not react to form silicide.

The silicon cxide loss or recess in tﬂe field isolation
region is significantly greater for conventional processing. The
reason for this is due to fact that the prior art or traditional
process etches silicon cxide to form the salicide mask
(self-aligned silicide mask). Therefore, the field silicon oxide,
is also etched in thé traditional process etch. This
non-selective etch results in a recess in the field oxide region.
These effects expose the gilicon at the edge of the active
souvrce/drain regions and cause deleteriocus silicide formation_to
occur. This results in leakage around the source)drain. The |
present invention describes a procesé whereby thick.dielectric

silicon nitride can be the refractory material that forms the
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calicide mask and it can be selectively etched compared with

cilicon oxide. The selectively etch process minimizes the leakage

problem.

In addition, after the salicide process is complete, said
thick silicon nitride layer can be anisotropically etched to form

sidewall spacers on the memory devices.
BRIEF DESCRIPTION OF THE DRAWINGS

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

the attached drawings that include: . .

Figé; 1A - 1B which in cross—sectionai representation
illustrate the prier art methods whereby selectivé salicide
formations result in leakage on the sidewall spacers and |
residual bridging, “ribbons” or “stringers” associated with

silicide formation in undesirable regions.

The method of the preferred embodiment of the present
invention in cross-sectional representation is illustrated in
starting structure in Fig. 1A and proceeding from Fig. 2 through

to Fig. 6.
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DESCRIPTION OF THE PREFERRED. EMBODIMENTS

Referring now more'par£icularly to Fig. 1A, there is sh&wn
in cross-section the siarting structures of both prior art and
the present invenﬁion. Fig. 1A sketches two FET structures, the
one on the left-hand side represents a logic FET 3 and the one
on the right-hand side represents a memory FET 5. The substrate
2 is a semiconductor substrate with implanted source and drain
regions 6. Note the lightly doped portions of the source and
drains 6 are the necked down, shallow junctions shown in the
figures. Thick field oxide 4 electrically isolates the FET's.
Polysilicon gate structures 10 with gate oxide 8 and polysilicon
oxide layer 12 are sketched. Silicon nitride sidewall spacers

are provided and are depicted in Figure 1A.

In Figure 1B is sketched the type of FET structure that
results from Prior Art processing using a tﬁick oxide layer 16
and salicide blockout mask lé. Salicide is formed selectively on
the logic FET 3 in exposed silicon and polysilicon regions 22
with silicen ﬁitride sidewall spacers 14 and TEOS deposited
oxide sidewall spacers 20: Electrical leakagé paths 24 due to
silicide bridging tend to develop near the edges of the FET

structure.
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The silicon nitride sidewall spacers 14 shown in Figure 1A
are removed by an etching process, such as, a wet etch in hot
phcséhorie acié. Figﬁre é shows £ﬁe polysilicon gaﬁe struéfﬁreé
10 and the polysilicon cxide 12, Figure 3 shows a thick, layer of
silicon nitride 26 ganging in thickness from approximétely 500
Angstroms to apprcximately 1500 Angstroms, coveriﬁg both typeg
of FET's, logic FET 3 and memory FET 5. The silicon nitride 26 is
deposited by LPCVD (Low Pressure Chemical Vapor Deposition). A
silicide blockout mask 28 in Figure 4 serves as a nitride etch
protection mask for FET memory devices, while robust nitride
sidewall spacers 30 in Figure 5 are formed yy an anisotropic.etch
using RIE, Reactive Ion Etching, on FET logic devices. The
blockout mésk 28 shown in Figure 5 is subsequently removed by
stripping the resist. Szlicide formation process is applied'by
depositing metals, such as, Ti, Ta, Mo, W, Co, Ni, Pd, ft onto
the substrate. Low electrical resistance, good adhesion and low
mechanical stress are some of the more desirable properties in
choosing wﬁich metal to depoéit. Silicide formation occurs bf
diffusion of silicon atoms through the polysilicon to the
surface. In some insténces; a two step RTA, Rapid Thefmal Anneal,
in an inert atmosphere converts the silicide from C49 crystal
structure to the preferred C54 low electrical resistance

structure. Salicide formation occurs in the exposed polysilicon
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areas and at the top of the source/drain areas, hence it is a

self-zligned process. Deleterious bridging, which is silicide
formation between the polysilicon and closely spaced source/drain
regions is prevented by the robust gilicon nitride sidewall'

structures.

The thick silicon nitride 26 silicide protection layer and
nitride sidewall spacers 34, as shown in Figure € are
subsequently remcved by selectively etching the nitride while
leaving the oxide layers and salicide layers intact. This is one

of the key aspects of the present invention.

In Figure 6 selective salicide formation 32 is shown on all
exposed silicon surfzces, that ié, at the top of the polysilicon
gate and in the diffusion regions. The silicon nitride spacers
34 that =ee exposure to the.selective- salicide processing metal.

do not react to form silicide.

Referring again to Figure 6, sketched is the low electrical

leakage region 36 which is formed as a direct result of the

improved selective salicide process. Comparing the prior art
structure 24 in Figure 1B and struéture 36 in Figure 6, it can be
plainly seen that the silicon oxide loss or recess in the field

isolation region is significantly greater for structure 24. The
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reason for this effect is due to fact that the prior art or

traditional process etches silicon oxide to form the salicide
mask (self-aligned silicide mask). Therefore, the field silicon
oxide is also etched in the traditional proceés-etch._This.'
non-selective etch results in a recess in the field oxide region
24, Figure 1B. These effects expose the silicon at the edge of
thé active source/drain regions where deleterious silicide
formation occurs. This results in junction leakage. The present
invention describes a process whereby silicon_nitride can be th; :
material that forms the salicide ﬁasking and can be seléctively.
etched compared with the etqh rate of silicon oxide. Tbe

selectively etch process minimizes the leakage problem.

In addition, after the salicide process is complete, said
thick silicon nitride layer can be anisotropically etched to form

sidewall spacers on the memory devices.

While the invention has beer particularly shown and
described with reference to the preferred embodiments thereof,
it will be understood by those skilled in the art that various
changes in form and detailg may be made without departing from

fhe spirit and scope of the invention.
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1. A method of forming MOSFET semiconductor devices
on a seﬁiconductor substrate using a selective salicide
pfocess for logic devices and not on meﬁory devices
comprising:

providing a semiconductor silicon-substrate having
field cxide regions for MOSFET device isclation;

forming gate oxide and polysilicon gate structures on both
said logic devices and memory devices;

thermzlly oxidizing said polysilicon gate structures to form
silicon oxide on szid polysilicon gate structures;

depositing a first conformal refractory dielectric layer
over said substrate;

masking and anisotropically reactive iéh e£ching {RIE)
$aid dielectric layer to form gate sidewall spacers on said
poiysilicon gate structures;

patterning source/drain.regions wﬁereby said
polysilicon gates aré self-aligned; .

forming by implantation source/drain regions
associated with said polysilicon gate structures;
removing said dielectric sidewall spacers;

depositing a second conformal refractory dielectric layer

over said substrate:;

forming a salicide blockout mask over.said'hemory devices,

while exposing logic FET devices using said second conformal

AN
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refractory dielectric layer;

etching anisotropicaily-said second refractory
dielectric layer to form second sidewall spacers on said logic.
devices;

removing said sa}icide blbckout mask;

applying a salicide process of metai deposition and
forming self-aligned silicide struc&ures on exp;sed said
logic FET devices, whereby there is_formed low electrical
resistance lines and contacts on polysilicon gates and
socurce/drain regions, wﬁile sil%cide formation is blocked on

memory FET devices, by said second dielectric layer.

2. The method of claim 1, wherein said second refractory
dielectric layer ranges in thickness between approximately
500 Angstroms to 1500 Angstroms, close in thickness to

the first dielectric layer.

3. The method of élaim 1, wherein séid blockout mask
can be any high temperature, refractory dielectric material that
that is capable of being anisotropicaily reactively ion etched,
non-reactive to silicide formation and selectively etched to

silicon oxide.

4. The method of claim 1, wherein said salicide process

can be titanium or other suitable metals, such as, Ta, Mo, W, Co,

NN 1
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Ni, Pd and Pt,

5. A method of_fgrming MOSFET sémicénductor devices
on a semiconductor substrate using a selective salicide .
process for logic devices and not on memory devices
comprising:

forming a semiécnductor silicon substrate having
field oxide regions for MOSFET device isolation: N

forming for gate oxide and polysilicon gate structures on
both said logic devices and memory devicgs;

thermally oxidizing said polysilicon gate structures to’
form silicon cxide on said polysiliﬁon gate structures;

depositing ; first conformal silicon nitride
layer over said substrate; |

masking and anisotropically reactive ion etching (RIE)
said silicon nitride layer to form gate'sidgvall.spacers on said
polysilicon gate structures;

patterning source/drain regions wheieby said polysilicon
gates are self-aligned;

forming by iﬁplantation source/drain regions
associated with said polysilicon gate and sidewall spacer
structures;

removing said silicon nitride sidewall spacers;

depositing a second conformal silicon nitride layer over .

said substrate;

A
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forming a salicide blockout mask over said memory devices,

while exposing logic FET devices using said second conformal

gilicon nitride layer;

etching anisotropically said second silicon
nitride to form second.sidewall spacers on said logic
devices; |

removing said salicide blockout mask;

applying a salicide process of metal deposition and
formiﬁg self-aligned silicide structures on exposed said
;ogiq.FET_devjces, whereby there is formed low resistance lines .
and contacts on polysilicon gates. and sou;ce/drain ;eéions;'while
silicide formation is blocked on memory fET'devices, by =aid

second silicon nitride layer.

6. The method of claim 5, wherein said second silicon

nitride layer ranges in thickness between approximately

' 500 Angstroms and 1500 Angstroms.

7. The method of claim 5, wherein said salicide processg
can be titanium or other suitable metals, such as, Ta, Mo, W, Cb,

Ni, Pd and Pt.

-
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8. The method of claim 5, wherein said second silicon

nitride layer can be anisotropically reactive ion etched to form

sidewall spacers on the memory devices.

9. A method of forming MOSFET semiconductor devices on a
semiconductor substrate using a selective salicide process
for application in the fabriéation of CMOS, complementary MOS
transistors, comprising:

depoeiting a thick silicon nitride layer over provided FET
structures and patterning said silicon nitride layer;

forming a salicide blockout mask over selected FET
structures with the patterned said silicon nitride layer;

depositing silicide forming mgta; and ¥eacting with exposed
silicon regions to form salicide; ‘

ap?;ying this salicide process, whereby there is formed low
resistance lines and contacts on poiysilicon gates and
source/drain regions, while silicide forhation is blocked on

other devices, by said silicon nitride layer.

10. The method of claim 9, wherein the silicon nitride

layer ranges in thickness between approximétely 500 Angstroms and

1500 Angstroms.

W AR
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11. The method of claim 9, wherein said selective

salicide process can be used for small geometry devices less than

cne quarter micron lithography ground rules.

12. The method of claim 9, wherein said selective

salicide process can be used for both p- and n-type transistors.

13. The method of claim 9, wherein said silicon nitride
layer can be deposited by Low Pressure Chemical Vapor Deposition,
LPCVD, in a wide range of deposition temperature and deposition
conditions including: deposition temperatures from 500 to
800 degrees Celsius, various gas mixtures of ammonia and
dichlorosilane, and gas pressures from 100 milli-Torr to several

Torr.
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