METHODS FOR ELIMINATION OF ARSENIC BASED DEFECTS
BACKGROUND OF THE INVENTION (1) Field of the Invention The present
invention relates to methods used to fabricate semiconductor devices, and
more specifically to methods used to prepare semiconductor surfaces for
metal siligiderfomation HRINPBSSTRINNOF RESENIMicKSERNtpTization or
the ability to fabricate semiconductor devices with sub-micron features has
allowed semiconductor device performance to be increased. Decreases in
performance degrading junction capacitances has been achieved as a result
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addition to the capacitance decreases resulting with the use of sub-micron
device features, device performance has also been enhanced via the use of
lower resistance materials. For example word line and source/drain
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Micro-miniaturization or the ability to fabricate semiconductor devices with sub-micron
features has allowed semiconductor device performance to be increased. Decreases in
performance degrading junction capacitances has been achieved as a result of the sub-micron
features used for semiconductor devices. However in addition to the capacitance decreases
resulting with the use of sub-micron device features, device performance has also been enhanced
via the use of lower resistance materials. For example word line and source/drain resistances
have been reduced via the use of metal silicide regions formed on both the word line and
source/drain regions. Formation of metal silicide on these regions is accomplished selectively
via a self aligned metal silicide (salicide) procedure in which metal silicide is formed only
selectively on exposed conductive regions such as a polysilicon word line structure and
semiconductor source/drain regions. To ensure optimum salicide formation the surfaces of these
exposed conductive regions have to be hydrophobic or oxide free, usually accomplished via use

of a hydrofluoric acid type wet clean procedure. However insulator regions such as shallow



exposed to an arsenic ion implantation procedure used for source/drain
regions for N channel metal oxide semiconductor field effect transistor
(MOSFET) devices, can release the incorporated arsenic ions during the
hydrofluoric acid, salicide pre-clean procedure. The released arsenic ions,
now in the form of arsenic based defects, can deposit on exposed conductive
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interfering with subsequent salicide formation on these surfaces. This
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conductive surfaces prior to salicide formation. The novel process sequences described in the
present invention used for solution or elimination of arsenic based defects allow optimum metal
silicide regions to be formed on exposed conductive regions. Prior art such as Hamanaka et al in
U.S. Pat. No. 6,569,766 B1, as well as Miyasaka in U.S. Pat. No. 6, 673,126 B2, describe
cleaning procedures used at various stages of a semiconductor fabrication procedures. However
none of the above art describe the novel process solutions offered in the present invention which
allows an oxide free and arsenic based defect free conductive surface to be achieved prior to the

salicide formation procedure.

SUMMARY OF THE INVENTION

It is an object of this invention to prepare conductive regions for metal silicide

accommodation.



It is still another object of this invention to remove arsenic based defects from
hydrofluoric acid cleaned conductive regions prior to metal silicide using
novel wet or dry processes, wherein formation of the arsenic based defects
on the conductive region surfaces resulted from exposure of insulator
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formation, is described. After formation of the insulator filled STI regions and
definition of conductive gate structures overlying gate insulator layers,
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conductive gate structures overlying gate insulator layers, arsenic source/drain regions are formed
via ion implantation into portions of a semiconductor substrate not covered by the conductive
gate structure or occupied by the STI regions, with arsenic ions also implanted into top portions
of the STI regions. Prior to metal silicide formation a wet hydrofluoric acid procedure is
employed to remove unwanted oxide from the surface of the source/drain region however with
the wet hydrofluoric acid procedure also resulting in unwanted arsenic based defects released
from the top portions of the STI regions and depositing on exposed source/drain surfaces. Several
processes used to remove arsenic based defects from the surface of the conductive regions feature
wet procedures in which hydrogen peroxide is employed in conjunction with the hydrofluoric
acid procedure to oxidize and remove the arsenic based defects. In addition dry procedures such
as spin drying and hydrogen dry etching are employed after a wet hydrofluoric acid procedure to
remove arsenic based defects from the surface of conductive regions prior to metal silicide

formation.



BRIEF DESCRIPTION OF THE DRAWINGS The object and other
advantages of this invention are best described in the preferred embodiment
with reference to the attached drawings that include: Figs. 1 - 5, which
schematically in cross-sectional style show key stages used to selectively
form metal silicide on conductive regions of an N channel MOSFET device,
wherein the surfaces of the conductive regions were treated to eliminate
arsenic based defects prior to metal silicide formation. DESCRIPTION OF

PREFERRED EMR@RIMESTRMethedsof Aiepating eQaductive regions for

accommodation of metal silicide regions featuring removal of arsenic based
defects from the conductive surfaces prior to metal silicide formation, will
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channél MOSFET device for metal silicide processing. The arsenic based
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present as a result o ofluoric acid component of the metal silicide
pre-clean procedures, with the hydrofluoric acid allowing release of arsenic
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DESCRIPTION OF PREFERRED EMBODIMENTS

Methods of preparing conductive regions for accommodation of metal silicide regions
featuring removal of arsenic based defects from the conductive surfaces prior to metal silicide
formation, will now be described in detail. This invention will be described for preparing an
N channel MOSFET device for metal silicide processing. The arsenic based defects deleteriously
influencing the success of metal silicide formation is present as a result of the hydrofluoric acid
component of the metal silicide pre-clean procedures, with the hydrofluoric acid allowing release
of arsenic material previously embedded in insulator regions such as insulator filled, STI regions,
and now deposited on the surfaces of conductive regions designed to accommodate metal
silicide. Embedded arsenic material in STI regions can be introduced during N type source/drain
ion implantation procedure used for formation of N channel MOSFET devices. However this

invention can also be applied to other devices such as a P channel MOSFET device in which
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An N channel device at a fabrication stage prior to N type, source/drain
formation, is schematically shown in Fig. 1. Semiconductor substrate 1,
comprised of P type single crystalline silicon is used. Region 20, will be used
to accommodate an N channel MOSFET device, while region 30, of
semiconductor substrate 1, will be used to accommodate a P channel
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formed via dry etching procedures defining shallow trench shapes in top
portions of semiconductor substrate 1, followed by filling of the shallow
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dioxide is thermally grown to a thickness between about 15 to 200
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structure 5, shown schematically in Fis%. 1. )
gate structures 4, at a thickness between about 500 to 3000 Angstroms, are comprised of doped

polysilicon, wherein a blanket polysilicon layer is first obtained via low pressure chemical vapor
deposition (LPCVD) procedures followed by definition employing photolithographic and dry
etching procedures. Insulator spacers 5, at a thickness between about 10 to 1000 Angstroms,
comprised of silicon oxide or silicon nitride, are next formed on the sides of polysilicon gate
structures 4, accomplished via LPCVD or plasma enhanced chemical vapor deposition (PECVD)
of the silicon oxide or silicon nitride layer followed by an anisotropic dry etching procedure.
Insulator spacers 5, shown as L shaped structures in the drawings are formed by depositing a
composite insulator layer such as an underlying silicon nitride layer, at a thickness between 10
and 1000 Angstroms, followed by the deposition of an underlying silicon oxide layer. After the
anisotropic dry etching procedure the silicon oxide spacer shape is selectively removed via wet

etch procedures resulting in L shaped insulator structure 5, shown schematically in Fig. 1.
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5 Photoresist shape 6, is then formed to expose only N channel MOSFET
region 20, to a subsequent arsenic ion implantation procedure to be
employed for creation of an N type source/drain region. With P channel
MOSFET region protected by photoresist shape 6, an arsenic ion
implantation procedure is performed at an energy between about 10 to 100
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forming N type source/drain regions 8, In regions of semiconductor substrate
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arsenic ions 7a, are also implanted into top portions of insulator filled
sourcé@é%‘i‘?e%io-ﬁhe depth of arsenic ions 7a, in STI region 2, is a function of

implantation energy with the lower energy placing arsenic ions near the top

surface of the STI regions thus increasing the possibility of removal or
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result of the arsenic implaiitation proce ematically’ shown in Fig. 2.
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procedures resulting in the formation-of native or silicon oxide on the to
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with the lower energy placing arsenic ions near the top surface of the STI regions thus increasing
the possibility of removal or release during subsequent blanket, wet hydrofluoric acid procedures.
The result of the arsenic implantation procedure is schematically shown in Fig. 2.

Removal of photoresist shape 6, is accomplished via plasma oxygen ashing procedures
resulting in the formation of native or silicon oxide on the top surfaces of N type source/drain
region 8, and polysilicon gate structure 4. For successful metal silicide formation on N type
source/drain region 8, as well as on the top surface of polysilicon gate structure 4, the native
oxide formed during the photoresist removal procedure has to be completely removed. Wet
procedures featuring hydrofluoric acid can be used to remove unwanted silicon oxide from the N
type source/drain region and polysilicon gate structure, however this procedure will also remove
a top portion of silicon oxide from insulator filled, STI regions 2. The removal of silicon oxide

from STI regions also results in the release of some arsenic ions implanted into top portions of

STI region 2, with the released arsenic ions now being in the form of arsenic based defects 7b.
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from STI regions also results in the release of some arsenic ions implanted
into top portions of STI region 2, with the released arsenic ions now being in
the form of arsenic based defects 7b. 6 Arsenic based defects 7b,
redeposited on the surfaces of N type source/drain region 8, as well as on
the top surfaces of polysilicon gate structures 4, are comprised of crystalline
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ased defects features the use of hydrogen peroxide (H20

region MEPRAUSRING 135 & SQMOARRNT, N el IEpfiypris acid procedure used
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Hydrogen peroxide alone will oxidize the unwanted arsenic based defects
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an HF to_hydrogen peroxide ratio of between about 1: 1, to 1000:1, followed
hydroﬂyoglc acid procedure used to remove native oxide prior to a metal silicide formation

procedure. Hydrogen peroxide alone will oxidize the unwanted arsenic based defects resulting in
a water soluble product. It may also result in additional formation of native oxide on exposed
silicon or polysilicon surfaces unless dilute solutions of H,O, are used. Hydrogen peroxide can
be spiked into the de-ionized water rinse after HF, at an HF:water ratio between about 1:50

to 1:1000. Alternatively a procedure featuring a mixture of hydrogen peroxide and hydrofluoric
acid can accomplish oxidation or removal of the arsenic based defects as well as removal of all
native oxide. This mixture can be used in several variations such as a HF/hydrogen peroxide
procedure with an HF to hydrogen peroxide ratio of between about 1:1, to 1000:1, followed by a
de-ionized water rinse and a drying procedure. Successful results can also be accomplished via
an initial dilute HF cycle followed by a HF/hydrogen peroxide mixture again with an HF to
hydrogen peroxide ratio of between about 1:1, to 1000:1, and again followed by a de-ionized

water rinse and drying cycle. If desired a mixture comprising HF and a hydrogen peroxide
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de-ionized water rinse and a drying procedure. Successful results can also
be accomplished via an initial dilute HF cycle followed by a HF/hydrogen
peroxide mixture again with an HF to hydrogen peroxide ratio of between
about 1:1, to 1000:1, and again followed by a de-ionized water rinse and
drying cycle. If desired a mixture comprising HF and a hydrogen peroxide 7
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of oxide on silicon via the HF component of the wet procedure. Fig.
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a third category for removal is the use of hydrogen plasma after an aqueous

HF procedure. After remaval of native oxide from N type . .
Unwanted arsenic based defects 7b, located on N type source/drain regions 8, and on

polysilicon gate structures 4, can also be removed after an HF only procedure via a spin dry
procedure. The loosely adhering arsenic based defects are removed via the centrifugal force
created by the circular motion of the spin dry procedure. The spin dry solution can be
accomplished in nitrogen using a single wafer or batch tool. In addition to the wet removal and
the spin dry removal procedures for arsenic based defects, a third category for removal is the use
of hydrogen plasma after an aqueous HF procedure. After removal of native oxide from N type
source/drain and polysilicon surfaces via a wet HF procedure a dry etch procedure employing
hydrogen is used to remove the arsenic based defects which were a result of release of arsenic
ions during the wet HF procedure. A hydrogen/argon or hydrogen/nitrogen ratio between about
1:0 to 1:100, is used at a pressure between about 20 to 300millitorr, at an rf power between about
150 to 2000 watts, at a temperature between about 15 to 40° C. The hydrogen reacts with the

arsenic based defect to form a volatile AsH3 product.
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source/drain and polysilicon surfaces via a wet HF procedure a dry etch
procedure employing hydrogen is used to remove the arsenic based defects
which were a result of release of arsenic ions during the wet HF procedure.
A hydrogen/argon or hydrogen/nitrogen ratio between about 1:0 to 1:100, is
used at a pressure between about 20 to 300millitorr, at an rf power between
about 150 to 2000 watts, at a temperature between about 15 to 40 C. The
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semiconductor substrate 1, photoresist masking of region 20, would
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semiconductor (CMOS) device, comprised of both N channel and P channel MOSFETs the novel
pre-silicidation procedures, the HF- hydrogen peroxide, the spin dry, or the hydrogen dry etch,
are performed only one time, after both the N type and P type source/drain regions have been

formed.

After the pre-silicidation cleaning procedures resulting in removal of oxide and of arsenic
based defects, and after an activation anneal procedure used to activate the implanted ions in all
source/drain regions, a metal layer such as cobalt, nickel or titanium is deposited via physical
vapor deposition (PVD), to a thickness between about 50 to 300 Angstroms. A first silicide
anneal is performed in either a conventional or rapid thermal anneal (RTA) furnace, at a
temperature between about 400 to 800° C, forming a first phase of metal silicide on surfaces of
all source/drain regions and on the exposed top surface of all polysilicon gate structures. The

metal layer remains unreacted on the surface of insulator spacers 5, and on the surface of STI



based defects, and after an activation anneal procedure used to activate the
implanted ions in all source/drain regions, a metal layer such as cobalt,
nickel or titanium is deposited via physical vapor deposition (PVD), to a
thickness between about 50 to 300 Angstroms. A first silicide anneal is
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surface of all polysilicon gate structures. The metal layer remains unreacted
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Removal of unreacted metal is selectively accomplished via a wet etch
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regions as[. S Ol CXPOSEC CP é’Sl 1%011 ate, structure sur ace%.
particularly shown an scribedwith reterence 1o, the preferred

embodiments thereof, it will be understood by those skilled in the art that
iqus, changes in form and details may be rﬁg@d without departing from the
SEl i degE R e LRI o o frsentbed Wit feferchce to the
preferred embodiments thereof, it will be understood by those skilled in the art that various
changes in form and details may be made without departing from the spirit and scope of this

invention

What is claimed is:
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10 1. A method of forming metal silicide regions on a semiconductor
substrate, comprising the steps of: providing insulator filled, shallow trench
isolation (STI) regions in top portions of said semiconductor substrate;
providing a gate insulator layer on a portion of said semiconductor substrate
not occupied by said insulator filled STI regions, and providing a conductive
gate structure comprised with insulator sidewall spacers, on said gate

insylaiomlayet PerdaPIRRIQNIITRRIZVRIRND RSN LREDIM B strate, comprising

source/drain region in a portion of said semiconductor not covered by said
coa@&gﬁg gate structure; performing a pre-metal silicide formation
treatment; and forming said metal silicide regions on said source/drain region

and 0’%1%&&9@'{{9&&@ 5L SRAALSINESRIR GG YCr s rJ@Sn@‘ﬁf[PS}S’;??thions of

claim 1, wherein said insulator filled, STI regions are comprised with “silicon

oxi[g[‘efC1 §e£ﬂ%ﬁﬁﬁép&ds1%s?@@ 1, wherein said conductive gate structure is a
Vsl "

polysilicon gate structure. 4. The method of claim 1, wherein said
Sourcg!%?d’i‘nr%e ! %'n%}ﬁ%o@r%ﬁe%%%r%j)’é’&%ﬂ g %‘Pd“s-e i OSSR SRR
1, wherein sard ion implantation procedure Is performed using arsenic ions,
MRS A A0 R Y RN REN AL A AP S Y 2 LRAERIVERL structure
comprised with insulator sidewall spacers, on said gate insulator layer;
performing an ion implantation procedure to form a source/drain region in a portion
of said semiconductor not covered by said conductive gate structure;
performing a pre-metal silicide formation treatment; and

forming said metal silicide regions on said source/drain region and on a top surface

of said conductive gate structure.

2. The method of claim 1, wherein said insulator filled, STI regions are comprised with

silicon oxide.

3. The method of claim 1, wherein said conductive gate structure is a polysilicon gate

structure.

4. The method of claim 1, wherein said source/drain region is an N type source/drain

region.

5. The method of claim 1, wherein said ion implantation procedure is performed using

arsenic ions, implanted at an energy between about 10 to 100 KeV, at a dose between
11



11 about 1E15 to 1E16 atoms/cm2. 6. The method of claim 1, wherein said
pre-metal silicide formation treatment is a wet treatment using a solution
comprised with hydrogen peroxide as a component. 7. The method of claim
6, wherein said wet treatment used for said pre-metal silicide formation
treatment is a solution of hydrofluoric (HF) acid and hydrogen peroxide, with

a rafig.af e $emdIggshrarpRide between about 1:1, to 1000: 1. 8. The
method of claim 6, wherein said wet treatment used for pre-metal silicide

formation treatment is an initial dilute HF cycle followed by a HF/hydrogen

pergxifRe aualeqwittid ol A fregra RSIRKdE REYESA ALAHIPLa wet

to 1000 to 1. 9. The method of claim 6, wherein said wet treatment used for

preffé‘ﬁ}ﬁéﬁi'iﬂﬁ’% J%Hﬁ%ﬂ%ﬁ%ﬁﬁ@&f‘%ﬂ?Hg&g%ﬁﬁ%ﬁﬁﬁ&%&%@ﬁ@eﬂj#&ﬂ.i”to

a de-ionized water rinse performed after H ydrogen pero water

ratio between about 1:50 to 1:1000. 10. The method of claim 1, wherein said

preiﬁ?ﬁ%’rﬁfﬁlﬁi@c%ﬂbm&ﬁ%?Jf%?%%ﬁ&savg%fé’i}@%ﬁx‘ﬁ%%lﬁ&“sﬁ?é‘i@l&ﬁﬁe? Yilicide

procedure followed by a spin dry procedure, wherein the spin dry procedure

can.be performed in nitro usin single waf batch tool., 11. The . .
AR i GGt ARG T B PRyarocen Hfoxide, with

performed using agueous HF follgwed by a hydrogen dr h treatment,
o sl i e R SR W
hydrogen/nitrogen ratio between about 1:0 to 1: 100, at a pressure between

iflitorr, rf ri12 o
ab%qtﬁl% Eﬁe%t?gﬂy Ié aim ,%/r}ler 1gvgz%d wet treatment used for pre-metal silicide
formation treatment is an initial dilute HF cycle followed by a HF/hydrogen peroxide

cycle, with a ratio of HF to hydrogen peroxide between about 1to 1, to 1000 to 1.

9. The method of claim 6, wherein said wet treatment used for pre-metal silicide
formation treatment features hydrogen peroxide spiked into a de-ionized water rinse

performed after HF, at a hydrogen peroxide:water ratio between about 1:50 to 1:1000.

10. The method of claim 1, wherein said pre-metal silicide formation treatment is
performed using an initial HF only procedure followed by a spin dry procedure, wherein

the spin dry procedure can be performed in nitrogen using a single wafer or batch tool.

11. The method of claim 1, wherein said pre-metal silicide formation treatment is
performed using aqueous HF followed by a hydrogen dry etch treatment, wherein a dry
etch ambient is comprised with a hydrogen/argon or hydrogen/nitrogen ratio between

about 1:0 to 1:100, at a pressure between about 20 to 300millitorr, at an rf power

12



between about 150 to 2000 watts, and performed at a temperature between

about 15 to 400 C. 12. The method of claim 1, wherein said metal silicide

regions are comprised of cobalt silicide or titanium silicide. 13. A method of

preparing conductive surfaces for metal silicide formation employing wet

treatments featuring a hydrogen peroxide component, comprising the steps

of: puiuieing silico existsolillgsushalioy aachy isclatign éaf) 6SIRREH B8R 15

portions of said semiconductor substrate providing a silicon dioxide gate

insylaigr tayer on a portion of said semiconductor substrate not occupied by

said silicon oxide filled STI regions, and providing a polysilicon gate structure

comprised with insulator sidewall spacers, on said silicon dioxide gate

B AT PG A AL C AR NIENIOC AN IR BT Dl

type source/drain region in a portion of said semiconductor not covered

salg1 glggr ican,gals strugiure; performing wet treatments featuring the use
rogen peroxide, to prepare surfaces of said N type source/drain region

and top surface of said polysrllcon gate structure for metal silicide formation;

andl gorg‘] gﬂ’mgta% SII'IEIDCIEg‘eIlre ons IOCSSaE{%aSC%Iéf ces Of IFCI\(IIC%I‘I’D&UOH employlng

source/drain regror? Bhd &n saré[l%op surface of said ysr icon gate

stctie: 44 Ihgamethed abdaim 13, wherel L e onmRnon,

procedure DS80to Formsaid ? ource ralnpregloh erformed atan

igirg f%et\ﬁly%%nsi tc)(c))rliI to%lod;[: fil Q(P sha O%tt?elclic Sleso gtt}’é'ﬁ‘?gﬁ??éjgtlgﬁlﬁ op portions

of said semiconductor substrate, providing a silicon dioxide gate insulator layer on a
portion of said semiconductor substrate not occupied by said silicon oxide filled STI
regions, and providing a polysilicon gate structure comprised with insulator sidewall
spacers, on said silicon dioxide gate insulator layer;

performing an arsenic ion implantation procedure to form an N type source/drain
region in a portion of said semiconductor not covered by said polysilicon gate structure;
performing wet treatments featuring the use of hydrogen peroxide, to prepare
surfaces of said N type source/drain region and top surface of said polysilicon gate
structure for metal silicide formation; and

forming metal silicide regions on said surfaces of said N type source/drain region,

and on said top surface of said polysilicon gate structure.

14. The method of claim 13, wherein said arsenic ion implantation procedure used to
form said N type source/drain region, is performed at an energy between about 10 to

100 KeV, at a dose between about 1E15 to 1E16 atoms/cm”.
13



13 15. The method of claim 13, wherein said wet treatment is performed
using a solution of hydrofluoric (HF) acid and hydrogen peroxide, with a ratio
of HF to hydrogen peroxide between about 1:1, to 1000: 1. 16. The method
of claim 13, wherein said wet treatment is performed using a dilute HF cycle
followed by a HF/hydrogen peroxide cycle, with a ratio of HF to hydrogen
peroxide between about Ito 1, to 1000 to 1. 17. The method of claim 13,

whereifRAIGMEER) SHISIHE IR AUARR A 85 WEY BEA RESARYL-RINGIEL RIng a solution

titanium silicide. 18. A method of preparing conductive surfaces for metal

silicige, {REBIAtATL RFIP) QA% A RYMBIRAYRRARI L AN SR AV HERMAN sen

comprising the steps of: providing silicon oxide filled, shallow trench iSolation

(STQ)gﬁgj%sbi&&%glp%gﬁ)pﬁ 19[§%§gmiconductor substrate, providing a

silicon dioxide gate insulator layer on a portion of said semiconductor

SUbRIAGRLAEEER Y PRI UiER AR Tld, AT RIS AORRIYIE e 1

a polysilicon gate structure comprised with insulator sidewall spacers,on

Saidg‘ciiiecf)orhg\i%(cidb%/ %%—tl%}ﬂf(()ﬁ?%%rrh ';%4‘8%&9? ADINGAD AIESIC 198 o hydrogen

impﬁ ntation procedure to type source/drain region in a po

said semigopdustor ot eqrered Dipdif Rolysilicon gate stucture;
per?ormmg said wet and spin dry treatments featuring an initial cycle using
agueous HF acid, followed by a spin dry procedure, to prepare surfaces of

e R SRS e A P AR ARA DR ARG AR BN S WA ed of cobat

silicide or titanium silicide.

18. A method of preparing conductive surfaces for metal silicide formation employing
a combination of wet and spin dry treatments, comprising the steps of:

providing silicon oxide filled, shallow trench isolation (STI) regions in top portions
of said semiconductor substrate, providing a silicon dioxide gate insulator layer on a
portion of said semiconductor substrate not occupied by said silicon oxide filled STI
regions, and providing a polysilicon gate structure comprised with insulator sidewall
spacers, on said silicon dioxide gate insulator layer;

performing an arsenic ion implantation procedure to form an N type source/drain
region in a portion of said semiconductor not covered by said polysilicon gate structure;
performing said wet and spin dry treatments featuring an initial cycle using aqueous
HF acid, followed by a spin dry procedure, to prepare surfaces of said N type
source/drain region and top surface of said polysilicon gate structure for metal silicide

formation; and

14



formation; and 14 forming metal silicide regions on said surfaces of said N
type source/drain region, and on said top surface of said polysilicon gate
structure. 19. The method of claim 18, wherein said arsenic ion implantation
procedure used to form said N type source/drain region, is performed at an
energy between about 10 to 100 KeV, at a dose between about 1E15 to

1E16 aipmacmeaPOiithe meihad.afalaintiwbein W?g@%%h%é’/drain region,
procedure is performed in nitrogen using a single wafer or batch tool. 21.

Themethoskabplaim.L8 orbsreipisainaietatsiicida regions are comprised of

cobalt silicide or titanium silicide. 22. A method of preparing conductive
surfaces for metal silicide formation employing a combination of wet and dry

etchdragfimaait, SOMRLITING s IERS 2l RFARINhSHERMAXIER Slsdushallow

trench isolation (STI) regions in top portions of said semiconductor substrate,

pro}’(;gliﬁ'g ?d%{l* q{)%@?dgﬁherg%%ﬁl@ 9&1&?@{ éﬁlgt Re retli%gg%n;%?\i\geen abouyt 10 to

semicondaductor Substrate not occupie sal ICoNn OxXl ed STI regions,

and, pro¥iding,a BS%%%%%&& ad}ﬁoﬁir&‘ﬁ%??%ﬁ IRsdwitpinsulator sidewal
spacers, on said silicon dioxide gate insulator layer; performing an arsenic
ion implantation procedure to form an N type source/drain region in a portion

of said-semiconductor not covered by sajd polysilicon gate structure: .. .
e R R e e SR RS RS Rl Ried in nitrogen

aqueous .
qusmg a single wafer or batch tool.

21. The method of claim 18, wherein said metal silicide regions are comprised of cobalt

silicide or titanium silicide.

22. A method of preparing conductive surfaces for metal silicide formation employing
a combination of wet and dry etch treatments, comprising the steps of:
providing silicon oxide filled, shallow trench isolation (STI) regions in top portions
of said semiconductor substrate, providing a silicon dioxide gate insulator layer on a
portion of said semiconductor substrate not occupied by said silicon oxide filled STI
regions, and providing a polysilicon gate structure comprised with insulator sidewall
spacers, on said silicon dioxide gate insulator layer;
performing an arsenic ion implantation procedure to form an N type source/drain
region in a portion of said semiconductor not covered by said polysilicon gate structure;
performing said wet and dry etch treatments featuring an initial cycle using aqueous

HF acid followed by a dry etch procedure, to prepare surfaces of said N type

15



HF acid followed by a dry etch procedure, to prepare surfaces of said N type
15 source/drain region and top surface of said polysilicon gate structure for
metal silicide formation; and forming metal silicide regions on said surfaces
of said N type source/drain region, and on said top surface of said polysilicon

gateosilgivit R3:idMamMRiNostRteIaMhRZy IWSHeth ald diseRifkiflt metal silicide

implantation procedure, used to form said N type source/drain is performed
at 30,8019y hegween about 10 to 100 KeV, at a dose between about 1E15 to
1E16 atoms/cm2. 24. The method of claim 22, wherein a dry etch procedure

of Sa'(th%‘i fhdny ﬁlﬁidyﬁ%tlmﬁ S REeHBEDYSIRg ﬁ't B¢ source/drain region,

hydrogen/argon or hydrogen/nitrogen as a dry etchant, wi h of hydrogen to

arg&’ﬁh%@é‘i‘&%ﬁ@&%&@@@&‘d%}’y%@ﬁp £ LiRufe, 100. 25. The method

of claim 22, wherein a dry etch procedure of said wet and dry etch
treatments is performed at a pressure between about 20 to 300millitorr, at an

rfp t 0
18 R s e A ISR A Mea o
areggom zﬁﬁ‘?\? 9{)8 %Ql?rlge?cilrlgfrq ?s%rey gl‘rrllll% a%lgrcl: Igl?er%‘)é between about 10 to

100 KeV, at a dose between about 1E15 to 1E16 atoms/cm”.

24. The method of claim 22, wherein a dry etch procedure of said wet and dry etch
treatments is performed using either hydrogen/argon or hydrogen/nitrogen as a dry

etchant, with of hydrogen to argon or hydrogen to nitrogen between about 1:0 to 1:100.

25. The method of claim 22, wherein a dry etch procedure of said wet and dry etch
treatments is performed at a pressure between about 20 to 300millitorr, at an rf power

between about 150 to 2000 watts, at a temperature between about 15 to 40° C.

26. The method of claim 22, wherein said metal silicide regions are comprised of cobalt

silicide or titanium silicide.
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