10 January 2005 FORMATION OF SILICIDED SHALLOW JUNCTIONS USING IMPLANT THROUGH
METAL TECHNOLOGY AND LASER ANNEALING PROCESS by Yung Fu Chong, Kin L Pey and
Alex See BACKGROUND OF THE INVENTION Field of the Invention This invehd?g?{l}lé’féftgé)(gthe
fabrication of a semiconductor device. In particular, it relates to a method of making local electrical
connections to such a device. Description of the Related Art As the size of microelectronic integrated
semiconductor devices is increasingly reduced, the contact resistance between metallic interconnects

and silicon devices RORNES PIGROESIURIDEIYSHA P OSOYERE PIONS eRgigce and plays a more
important role in establishing its properties. As a result, decreasing contact resistance can materially

enhance the devigg ANTPITHRCUH MIEDATY PR ROErP ANE eA SRR ANNEANIAY 2005 been
tried in order to alleviate the problems caused by relatively high contact resistance. One such approach

is the salicide (self-aligned silicide) method, whepgipgarss!s silicides (metal-silicon compounds having
low contact resistance with silicon) are formed on the source, drain and gate electrode regions of silicon
devices as part of the fabrication
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BACKGROUND OF THE INVENTION
Field of the Invention

This invention relates to the fabrication of a semiconductor device. In particular,

it relates to a method of making local electrical connections to such a device.
Description of the Related Art

As the size of microelectronic integrated semiconductor devices is increasingly
reduced, the contact resistance between metallic interconnects and silicon devices
becomes a relatively greater portion of the overall circuit resistance and plays a more
important role in establishing its properties. As a result, decreasing contact resistance can

materially enhance the device performance and reliability. A variety of approaches have



process of the device. For example, the silicides may be formed on the gate electrode and over the
source and drain regions, immediately after the formation of the polysilicon Sld II spac ?deflnmg the
gate electrode, by the deposition of various metallic species in such a fashion %‘éa%géﬁ

themselves serve to properly align the silicide with the device. The utility of this process depends critically

on the efficiangy giddenfaRiigatiameseheme povehasane Abality el ¢ keRtasisthat aseaeieved.
Needless to say, several methods have been advanced. Pfiester et al. (U. S. Patent No. 5,405,806)

teach a methmie {peHoppiogch Metalallicigle irieraanad thaldnkriesl thmbéasmatien @f alragsificial
material, such as silicon nitride, titanium nitride or tantalum nitride, which is then etched away to define a

region withinwéighstheosiieisip dsfasmednfirfo esiek e fatant Nah S lad)teacaasanyethod by

which silicides such as titanium, cobalt or molybdenum are used to form a low contact resistance junction

between twasgliffes enbsiligang senasstvaty rbess stisiiasaldvitdynstian §f @e fatepratedl circuit requiring
interconnects between a variety of polycrystalline silicon types. Talwar et al. (U. S. Patent No.

5,888,888) tpashes & meiadce! PsmiRgndpiilicide cRMachiS@IfWRRIEIh ancamergbowsdéegion is first
formed in the silicon by ion implantation, subsequent to which a metal is made to diffuse into that region

by laser irradiasione FoHRWINGHEsE RIS SainHIg LY IgTISIGORYRTIEd 1o AR YE wiyRialline form by a
rapid thermal annealing (RTA) process. The method of Talwar does not include the formation of a

capping layeyi@iesl e phddsIastiang 2Q0mtbellaseidi| agigtiode fdonien of, Thediseridltagriagslayer is a

novel and important part of
in such a fashion that the spacers themselves serve to properly align the silicide with the
device. The utility of this process depends critically on the efficiency of the fabrication
scheme as well as the quality of the contacts that are achieved. Needless to say, several
methods have been advanced. Pfiester et al. (U. S. Patent No. 5,405,806) teach a method
for forming a metal silicide interconnect that involves the formation of a sacrificial
material, such as silicon nitride, titanium nitride or tantalum nitride, which is then etched
away to define a region within which the silicide is formed. Hodges (U. S. Patent No.
5,432,129) teaches a method by which silicides such as titanium, cobalt or molybdenum
are used to form a low contact resistance junction between two different silicon
conductivity types, such as a p-n junction, in an integrated circuit requiring interconnects
between a variety of polycrystalline silicon types. Talwar et al. (U. S. Patent No.
5,888,888) teaches a method of forming a silicide contact region wherein an amorphous
region is first formed in the silicon by ion implantation, subsequent to which a metal is
made to diffuse into that region by laser irradiation. Following these processes, the

region is converted to a more crystalline form by a rapid thermal annealing (RTA)

process. The method of Talwar does not include the formation of a capping layer prior to



the present invention. It plays two roles: 1. it protects the metal layer during laser annealing, thereby
insuring a high quality silicide with good interfacial characteristics; 2. it permits ore ca %gé% regulation
of the energy deposition produced by the laser annealing process, thereby assufi b?‘@f:,i}s epth control
of the underlying junction. Yu (U. S. Patent No. 5,953,615) teaches a method of fabricating a MOSFET

with deep seiegich atadunBinn$iend whalldn fOuF ae/sFpineiRRsoNRo VA1 ke RRIVAGHORFoFNation is

accomplished by the use of a first step which creates an amorphous region by ion implantation (the

“pre-amorphigingre &8P WhitSh hasghe sadditienal adiatagesahealRwingRasignigrmation of silicide
contacts. The method of Yu utilizes a barrier oxide that is deposited prior to the metal layer and, thereby,

does not senygnthae sameradvaRtaIRoyEi PHReSES asdir canpsdgdarerfeyidaddhsinethod of the
present invention. Goto et al. (U. S. Patent No. 5,981,372) addresses the problem of removing unwanted

films that remyjarafiieath fotnatian Qidasbridehe ehexanapisthedpinatiend wf @ditaprm silicide (TiSi)

also produces a layer of titanium nitride (TiN), which must be removed by various etching processes that

can damageadavite syrtaess. thhiespetlod of preiselepthteaahasoihadonpation Ofmeandugting metal film

over the metal remaining from the silicide formation. In this way, the silicide layer is protected by the

silicide formatics) meéat, RUONVITS BUbSRAUBA SleRnFngPrasessasthaesinat Wamaasy the silicide.
Thus, the method of Goto in effect uses a metal capping layer to protect a surface from cleansing

processes, Whigbeldnat fhectigsahidehaapringlryaititReprerant ThemipnuAciicoatitiagcording to
the practice of the method of Goto, but unlike the practice of the method of the present invention, said
capping layek iscali@iyechta 3ntidnise of a first step which creates an amorphous region by ion

implantation (the "pre-amorphizing" step), which has the additional advantage of

allowing easier formation of silicide contacts. The method of Yu utilizes a barrier oxide

that is deposited prior to the metal layer and, thereby, does not serve the same

advantageous purposes as the capping layer provided by the method of the present

invention. Goto et al. (U. S. Patent No. 5,981,372) addresses the problem of removing

unwanted films that remain after the formation of a silicide. For example, the formation

of a titanium silicide (TiSi) also produces a layer of titanium nitride (TiN), which must be

removed by various etching processes that can damage device surfaces. The method of

Goto et al. teaches the formation of a conducting metal film over the metal remaining

from the silicide formation. In this way, the silicide layer is protected by the silicide

formation metal, allowing subsequent cleansing processes that will not damage the

silicide. Thus, the method of Goto in effect uses a metal capping layer to protect a surface

from cleansing processes, which is not the role of the capping layer in the present

invention. Additionally, according to the practice of the method of Goto, but unlike the

practice of the method of the present invention, said capping layer is allowed to remain.



3 10 January 2005 The method of Goto, cited above, also differs materially from the present invention in
that it does not make use of ITM or laser annealing. Cheng et al. (U. S Patent l\ﬁ 5,624,%(35% teach a

method for forming palladium silicided shallow junctions using implant through metaéiic echnology.
lons are implanted into a palladium or palladium silicide layer over a silicon substrate. The impurities are

driven into thensiligeRo $ubsERie disindéhe, tasmatinranresivaiptisalion pfdhanaNagiisn silicide layer and
a diffusion region with a shallow junction is formed in the substrate. Laser annealing is not employed in

this method {Ratafchenstigisies Qe or diive shrdBrRUtigsIntC Hasicansub siaia. M will be seen from
the discussion above, the formation of silicided contact regions by methods such as the salicide method

typically invaly pEBSsIeRSnSUeb 35 RFATAMsRItiingisIRanis (AW Talwaoes éinyu), rapid thermal

annealing (RTA) using lasers or other means (Talwar et al.; Yu; Mister et al.; Hodges) and/or implant

through metahglbM)Eehigmas(dhanddetatinfiapid toasmal amaaliadnkowemeldipioguces silicides with

poor uniformity and high interfacial roughness at the silicide- silicon interface. In addition, during the

formation of siligigieshyiaaid thermalranaBabngulbRiAe. thaksi ispaterd aRciHoGomnsy e dhr@ntire junction
as junction depths decrease to less than 100 nanometers, thus depleting the dopants at the junctions.

These adverasatieciarniandrs ibmjbnehion Mmasslipaishlertodgainpgaandicadsehighapatact resistance.
These problems still exist with the use of a pre-amorphizing implant (PAI) or an implant

diffusion region with a shallow junction is formed in the substrate. Laser annealing is not

employed in this method to form the silicides or to drive the impurities into the silicon

substrate.

As will be seen from the discussion above, the formation of silicided contact
regions by methods such as the salicide method typically involve process steps such as
pre-amorphizing implants (PAI) (Talwar et al.; Yu), rapid thermal annealing (RTA)
using lasers or other means (Talwar et al.; Yu; Pfeister et al.; Hodges) and/or implant
through metal (ITM) schemes (Cheng et al.). Rapid thermal annealing, however,
produces silicides with poor uniformity and high interfacial roughness at the silicide-
silicon interface. In addition, during the formation of silicides by rapid thermal annealing
(RTA) there is a tendency to consume the entire junction as junction depths decrease to
less than 100 nanometers, thus depleting the dopants at the junctions. These adverse
effects render the junction more vulnerable to leakage and cause high contact resistance.
These problems still exist with the use of a pre-amorphizing implant (PAI) or an implant

through metal (ITM) scheme. Conventional ITM schemes involve the implantation of

dopant ions into the metal/silicide layer, followed by a drive-in step to form shallow



through metal (ITM) scheme. Conventional ITM schemes involve the implantation of dopant ions into the
metal/silicide layer, followed by a drive-in step to form shallow 4 10 January 2038j [unction ne issue in

such ITM schemes is the confinement of dopants in the metal/silicide during th g‘i%‘lﬁﬁyszB. SUMMARY
OF THE INVENTION The present invention addresses the problems associated with the silicidation

process as [imetiend. iDibessuianiuant BV aseiscursed ahaveniardingbhtl is @e object of the present
invention to provide a microelectronics device and a method for its fabrication, with such device having

silicided confasts/anidigeRrRidRPantacti\wtien and dopant profile control. It is another object of the
present invention to provide a method for fabricating a microelectronics device having abrupt, shallow

junctions together with silicides with desired interfacial and electrical properties. These objects will be
achieved through the use of ITM (implant-through-metal) and laser technology. The dopant profile can

be controlled by rendering the silicog NS AReYaD O PHELENY ENIER®&D depth by ion implantation so that
the depth subsequently melted by the laser irradiation corresponds to the final junction depth. The

extremely high ramp-up and ramp-down rate of laser annealing makes it suitable for the formation of
abrupt, shallow junctions and silicides with desired interfacial and electrical properties. The laser fluence

is chosen so that itTisd et suffieienitioned-tieameRbblsmsiicatiavavaangrtbieiniial. The silicon

atoms then diffuse/mix with the metal atoms to form silicides. During laser irradiation,
process as practiced in the current art and as discussed above. Accordingly, it is an object
of the present invention to provide a microelectronics device and a method for its
fabrication, with such device having silicided contacts and superior dopant activation and
dopant profile control. It is another object of the present invention to provide a method
for fabricating a microelectronics device having abrupt, shallow junctions together with
silicides with desired interfacial and electrical properties. These objects will be achieved
through the use of ITM (implant-through-metal) and laser technology. The dopant
profile can be controlled by rendering the silicon substrate amorphous to a desired depth
by ion implantation so that the depth subsequently melted by the laser irradiation
corresponds to the final junction depth. The extremely high ramp-up and ramp-down rate
of laser annealing makes it suitable for the formation of abrupt, shallow junctions and
silicides with desired interfacial and electrical properties. The laser fluence is chosen so
that it is just sufficient to melt the amorphous silicon layer beneath the metal. The silicon
atoms then diffuse/mix with the metal atoms to form silicides. During laser irradiation,
dopant atoms are redistributed to the melt front almost instantaneously. At the same

time, the silicon atoms and metal atoms are reacting at the metal-Si interface. The

amorphous silicon layer then re-crystallizes from the underlying substrate at a high re-



dopant atoms are redistributed to the melt front almost instantaneously. At the same time, the silicon
atoms and metal atoms are reacting at the metal-Si interface. The amorphous i\&iﬁon Iag r géen
re-crystallizes from the underlying substrate at a high re 5 10 January 2005 growth3/&fJ i%p ch that the
metal atoms do not diffuse through the entire depth of the melt. In this way, shallow junctions and

silicides canggvighned sinslanearaly trienconRshall avriaeHamm villothacasprieiehiconsumed by
the silicide formation. BRIEF DESCRIPTION OF THE DRAWINGS Figures 1-11 illustrate the steps that

would be usectin ferminevaySeRAILORN]URteoMIlsaiementainbbis exampieud MEdestypaidansistor, in
accordance with the methods and objects of this invention. Fig. 1 shows a schematic cross-sectional

view of a gatgsiashomigi SheWa theteb sty bigisdhaing skbigsted tiandipplantation. Fig. 3

shows the fabrication of Fig. 2 subsequent to an annealing process. Fig. 4 shows the fabrication of Fig. 3
subsequent to deposition of a dielectric layer. Fig. 5 shows the fabrication of Fig. 4 subsequent to an
anisotropic etch. Fig. 6 shows the fabrication of Fig. 5 subsequent to ion implantation and amorphization.

Fig. 7 shows the fabrication of BRIEFDBESTRETIONCOPSTHE BRAVEIA(gyer. Fig. 8 shows the
fabrication of Fig. 7 undergoing an ion implantation through the
Figures 1-11 illustrate the steps that would be used in forming a semiconductor
circuit element, in this example a MOS type transistor, in accordance with the methods
and objects of this invention.
Fig. 1 shows a schematic cross-sectional view of a gate stack.
Fig. 2 shows the fabrication of Fig. 1 being subjected to ion implantation.
Fig. 3 shows the fabrication of Fig. 2 subsequent to an annealing process.
Fig. 4 shows the fabrication of Fig. 3 subsequent to deposition of a dielectric
layer.
Fig. 5 shows the fabrication of Fig. 4 subsequent to an anisotropic etch.
Fig. 6 shows the fabrication of Fig. 5 subsequent to ion implantation and
amorphization.
Fig. 7 shows the fabrication of Fig. 6 subsequent to deposition of a metal layer.
Fig. 8 shows the fabrication of Fig. 7 undergoing an ion implantation through the
metal layer.
Fig. 9 shows the fabrication of Fig. 8 subsequent to the deposition of a capping

layer.



metal layer. Fig. 9 shows the fabrication of Fig. 8 subsequent to the deposition of a capping layer. 6 10
January 2005 Fig. 10 shows the fabrication of Fig. 9 undergoing laser irradiation at select

wavelengths. Fig. 11 shows the completed fabrication subsequent to removal O%Qﬁéméjﬁ}%%%qayer and
unreacted metal layer. DESCRIPTION OF THE PREFERRED EMBODIMENT The preferred embodiment

will be described by:efereirRioRaDiReRrMVEPR. 19 vadeRrdivdthdhiemeaihgds andiekierts of the
present invention, depicted schematically in Fig. 1 through Fig. 11. Referring first to Fig. 1, there is shown

a schematic wresgeaegiional view of the initial stages of the fabrication of a MOS (metal-oxide-
semiconductor) type transistor in accord with the methods of the present art. The gate electrode (18) has

been patterned and-fermeshAlsatycaaprads kewaishRiasttiossroatiie Nies@piappiae a gate oxide
(16), which has been formed on a silicon substrate (10). The gate oxide layer (16) preferably comprises

silicon dioxidgyktainmaybecfedmeeab)ayiiermal oxidation or chemical vapor deposition (CVD) to a
thickness of between about 10 angstroms and 150 angstroms. The gate electrode (18) preferably

comprises polysilicon that is deposited using, for example, low pressure chemical vapor deposition
(LPCVD). The polysilicon layer (18) is deposited to a thickness of between about 500

DESCRIPTION OF THE PREFERRED EMBODIMENT

The preferred embodiment will be described by reference to the process steps, in
accord with the methods and objects of the present invention, depicted schematically in
Fig. 1 through Fig. 11. Referring first to Fig. 1, there is shown a schematic cross-
sectional view of the initial stages of the fabrication of a MOS (metal-oxide-
semiconductor) type transistor in accord with the methods of the present art. The gate
electrode (18) has been patterned and formed, also by methods known to practitioners of
the present art, on a gate oxide (16), which has been formed on a silicon substrate (10).
The gate oxide layer (16) preferably comprises silicon dioxide that may be formed by
thermal oxidation or chemical vapor deposition (CVD) to a thickness of between about
10 angstroms and 150 angstroms. The gate electrode (18) preferably comprises
polysilicon that is deposited using, for example, low pressure chemical vapor deposition
(LPCVD). The polysilicon layer (18) is deposited to a thickness of between about 500
angstroms and 2500 angstroms.

Referring next to Fig. 2, there is shown, now in accord with the methods and
objects of the present invention, an ion implantation (26) of selected ions into the

exposed silicon substrate (10) to form lightly doped junctions (13) in said substrate. The



angstroms and 2500 angstroms. Referring next to Fig. 2, there is shown, now in accord with the methods

and objects of the present invention, an ion implantation (26) of selected ions gllrbo the e)(;%é?fd silicon
substrate (10) to form lightly doped junctions (13) in said substrate. The 7 10 JanuAR!38t me ion
implantation (26) also forms lightly doped junctions (17) in the exposed polysilicon layer (18). Preferably,

the ion implantatioeh(RRY1aARSISES 26 Pits Plodts AgtitBr dBpedfctibRiaNted piaegpsyay of between about
0.1 KeV and 10 KeV and a dosage of between about 5x1014 atoms/cm2 and 1016 atoms/cm2. Referring

next to Fig. olpsiecismppwnithe fabricabnn @k fig. idpHRSAAEIdBRsiISRNERNBPIOCRSSIP activate the
dopants and to remove any damage caused by the ion implantation (26). The annealing process can be

a rapid thernpal; i) eip{Et&) Qraa asesyamraliBenpinsass 1 Kevimplanted oasdn thedightly doped
junctions (13) diffuse into the silicon substrate (10) to form the shallow source and drain extensions (14).

In addition, thesisaplapsadiens intbadighihasiopet upstimil7) diffuse into the polysilicon layer (18) to
form a lightly doped junction (12) in the polysilicon layer (18) of the gate. The shallow source and drain

extensions (14) so fasmemh haveracdep!hs ofhbrivedidwhont fdrragsH ofs @shbqngstrems. Referring
now to Fig. 4, there is shown the fabrication of Fig. 3 over which a dielectric layer (20) has been

deposited. Thaeiglechicdayeio(@hareigedy sompisesesiinenajoxide & siicea wttidashat may be
formed by a method of chemical vapor

implantation (26). The annealing process can be a rapid thermal anneal (RTA) or a laser

annealing process. The implanted ions in the lightly doped junctions (13) diffuse into the

silicon substrate (10) to form the shallow source and drain extensions (14). In addition,

the implanted ions in the lightly doped junction (17) diffuse into the polysilicon layer

(18) to form a lightly doped junction (12) in the polysilicon layer (18) of the gate. The

shallow source and drain extensions (14) so formed have a depth of between about 60

angstroms and 500 angstroms.

Referring now to Fig. 4, there is shown the fabrication of Fig. 3 over which a
dielectric layer (20) has been deposited. The dielectric layer (20) preferably comprises
silicon dioxide or silicon nitride that may be formed by a method of chemical vapor
deposition (CVD). The dielectric layer (20) is deposited to a thickness of between about
200 angstroms and 1500 angstroms.

Referring next to Fig. 5, there is shown the fabrication of Fig. 4, with the
dielectric layer having been anisotropically etched to form sidewall spacers (21) on the
gate (18).

Referring now to Fig. 6, there is shown the fabrication of Fig. 5, undergoing a

second ion implantation (28) of selected ions to render the surface layers of the source



deposition (CVD). The dielectric layer (20) is deposited to a thickness of between about 200 angstroms

and 1500 angstroms. Referring next to Fig. 5, there is shown the fabrication of Fig, 4, Witg dielectric
layer having been anisotropically etched to form sidewall spacers (21) on the g];{gga(’i%ry ring now to
Fig. 6, there is shown the fabrication of Fig. 5, undergoing a second ion implantation (28) of selected ions

to render the surfasgnayersamf tar 304y eefoAl AabkRoLL0PRLAbI dinin (R rnbgate (24) regions

amorphous. Preferably said second ion implantation consists of Si, Ge or Ar ions implanted so as to

break latticeipgnslsansh &eates dNON-GEStalinennapanRkPus SilicOrlayRittadbefilicaa substrate (10).
The ions of said second ion implantation are typically implanted at an energy of between about 5 KeV and

50 KeV and a¢lpsagrptbringan abadbibadens/emid wnanl@d Giians/ciisadad . ramdesibe surface

amorphous/damaged to a depth of between about 300 angstroms and 1000 angstroms. Referring next to

Fig. 7, there i$ shewsdhe fabiigplion.abhigqypienwhiablhasdnewhkeeniosmedweenaipbiayer (30)

covering at least the amorphous regions, which can be a layer of titanium (Ti), cobalt (Co) or
nickel-platingrR éNiBRH forRed iaan aptinwdf thicksassbubicty i3 pdyaatomef e dasicad siigide depth.

The metal layer can be formed by a deposition process such as sputtering, evaporation or chemical
vapor depositieendér\ih) siiefacthiaknpas af hehveantaaadhHOANgsiem g 360 argstorsad
1000 angstroms.

Referring next to Fig. 7, there is shown the fabrication of Fig. 6 over which has
now been formed a metal layer (30) covering at least the amorphous regions, which can
be a layer of titanium (Ti), cobalt (Co) or nickel-platinum (NiPt), formed to an optimal
thickness which is a function of the desired silicide depth. The metal layer can be formed
by a deposition process such as sputtering, evaporation or chemical vapor deposition
(CVD), to a thickness of between about 50 angstroms and 450 angstroms.

Referring next to Fig. 8, there is shown the fabrication of Fig. 7 undergoing an ion
implantation process (34), said process being preferably a high-dose, high-energy, ion
implantation through metal (ITM) scheme. In this scheme, preferably B*, BF,", As* or P*
ions are implanted at an energy of between about 10 KeV and 250 KeV at a dosage of
between about 5x10'° ions/cm” and 10" ions/cm®. The ITM process serves to ion-mix
the metal-Si interface to promote silicide formation.

Referring now to Fig. 9, there is shown the fabrication of Fig. 8, over which a

capping layer (32) has been deposited on the metal layer (30). The capping layer (32) is a

layer formed of a metal/ceramic stack comprising materials chosen from a group listed,



Referring next to Fig. 8, there is shown the fabrication of Fig. 7 undergoing an ion implantation process
(34), said process being preferably a high-dose, high-energy, ion implantation fithr ugh m%{? | (ITM)
scheme. In this scheme, preferably B+, BF2+, As' or P+ ions are implanted at iaﬁ%la@’ etween
about 10 KeV and 250 KeV at a dosage of between about 5x1015 ions/cm2 and 1017 ions/cm2. The ITM
process servggeifdPRnixhie ek PoimeriacBdepro Bty silisidafpropatienciRede singanaueko Fig. 9,
there is shown the fabrication of Fig. 8, over which a capping layer (32) has been deposited on the metal
layer (30). ThfaeaRPINAdRYRIiA3dbks Be l@xEFelopRRE:hanraRT ACRIAMISSkackaasBphisiRg materials chosen
from a group listed, 9 10 January 2005 together with their melting points, in the table below. The
appropriate choice of the stack material is determined by the desired process margin during subsequent
laser annealing. MaterialMelting Point (C) W3410 Ta2996 TiN2930 TaN3087 Si3N41900 Si021700

(approx.) Teble qifea@PRing Materials Since the capping Igxesi fopsiRof’melt during said annealing, it
protects the surface of the

W 3410

Ta 2996

TiN 2930

TaN 3087

Si3Ny 1900

SiO, 1700 (approx.)

Table of Capping Materials

Since the capping layer does not melt during said annealing, it protects the surface of the
metal layer beneath it by acting as a barrier between said metal layer and the ambient
atmosphere. The use of the capping layer is a novel and important part of the present
invention. It plays two roles: 1. it protects the metal layer during laser annealing, thereby
insuring a high quality silicide with good interfacial characteristics; 2. it permits a more
careful regulation of the energy deposition produced by the laser annealing process,
thereby assuring precise depth control of the underlying junction.

Referring next to Fig. 10, there is shown the fabrication of Fig. 9, now undergoing
annealing by laser irradiation (36) of selected wavelength and fluence (energy flux). This

irradiation causes the silicon in the amorphous region ((22) in Fig. 9) of the silicon

10



metal layer beneath it by acting as a barrier between said metal layer and the ambient atmosphere. The
use of the capping layer is a novel and important part of the present invention. ih;ilz?/s twg rc§es: 1.it
protects the metal layer during laser annealing, thereby insuring a high quality SHitid&%t 08 od
interfacial characteristics; 2. it permits a more careful regulation of the energy deposition produced by the

laser annealingprace$s) MEROYASHHIN RiasiseBenmanytinohthsoudesbingiinaione Referring next

to Fig. 10, there is shown the fabrication of Fig. 9, now undergoing annealing by laser irradiation (36) of

selected wavglanagtheainshilirace@ngrax tebond g ilRdiRleoncasPes g B eRmikthir Amorphous
region ((22) in Fig. 9) of the silicon 10 10 January 2005 substrate (10) and the amorphous region ((24) in

Fig. 9) in the;pRiysilbeenrdawak (28) tadmels. (b Herinmaptashiona e dRasReRAHOdM PhaRtation ((34) in Fig.

8) diffuse into the amorphous regions (22) and (24) to form deep source and drain junctions (60) in the

silicon substggieorl At g Hepivilhe aped i asHen j(thelith the piateheTigevavrlangthepitthe laser

irradiation (36) is preferably in the range of between about 157 nanometers to about 308 nanometers.

The fluence of thellaserridadiasio 6369 jeateeipramticontngied tRihetweapsuabsrhanbaetdrsiem2 and
about 1.5 Joules/cm2. The metal layer (30) is heated or even melted during laser irradiation, depending

upon the lasgsdliusnsemahbmenatal faenutdo) irantsiwihifhalBitieanio)GopiReiMmilhy ddadensd sdicides. A
silicide layer (62) is formed in the deep source and drain regions (60) and a silicide layer (62) is formed in
the polysilicegtayaraHd) of thegairnBesauspnol Slikidr it fat MERkancthe] side ) BpReeEd or

even melted during laser irradiation, depending upon the laser fluence. The metal layer

(30) reacts with the silicon in contact with it to form silicides. A silicide layer (62) is

formed in the deep source and drain regions (60) and a silicide layer (62) is formed in the

polysilicon layer (18) of the gate. Because no silicide is formed on the sidewall spacers

(21), the silicide layers (62) and (64) become self-aligned to transistor source, drain and

gate. The laser irradiation (36) fluence is carefully chosen so that the temperature of the

silicon only rises sufficiently to melt the amorphous region (22) in the silicon and the

amorphous region in the gate (24). The crystalline silicon in the substrate (10) and

beneath the amorphous region (22) does not melt. The dopant diffusion is, therefore,

limited to the previously defined amorphous region (22). During the laser irradiation,

dopant atoms are distributed almost instantaneously to the melt front. At the same time,

the Si atoms and metal atoms are reacting at the metal-Si interface. The amorphous Si

layer then recrystallizes from the underlying substrate at a high re-growth velocity such

that the metal atoms do not diffuse through the entire depth of the melt. In this way,

shallow junctions and silicides can be formed simultaneously. Hence the shallow

junction will not be completely consumed by the silicide formation.

11



(21), the silicide layers (62) and (64) become self-aligned to transistor source, drain and gate. The laser
irradiation (36) fluence is carefully chosen so that the temperature of the silico ly rise ficiently to
melt the amorphous region (22) in the silicon and the amorphous region in thqu(g?ém(‘ﬁat]-f 5%65 crystalline
silicon in the substrate (10) and beneath the amorphous region (22) does not melt. The dopant diffusion

is, therefore, limitegiie R AHBUQViali@ftamPiphMeaesiand?2) Edaried thedarsddiradiation, dopant
atoms are distributed almost instantaneously to the melt front. At the same time, the Si atoms and metal

atoms are reagtiipiaictheaiphSiimestaaa ciibawamamriods kilaverthendeansiallizes from the
underlying substrate at a high re-growth velocity such that the metal atoms do not diffuse through the

entire depth @fihgemelin Bithis MsayraphipdiRymsingtienas @whsilcides srphadasmpersieiageously. Hence
the shallow junction will not be completely consumed by the silicide formation. 11 10 January 2005 The

silicon body istheshsshigsieshtaahaapieaatorent & oy estiitr &ibisidee: repiQnINipIpighty crystalline
silicide with a desired resistivity value. The heat treatment can either be a rapid thermal anneal (RTA)

with approprigigptennperaie andtweratieouensobeeseniohatiple Jasppripses vt dowy fiwesce. For RTA,

an appropriate temperature range is between about 2500 C and 9000 C and an appropriate duration
range is betweerwabpubsus8Geanghd havirFPohReditieatment wsHdchiunlRiedasgupedises, fluence should

be in the range of between about 0.05 J/cm2 and 0.5 J/cm2, and the number of pulses applied should
range betwegich@ndf@.be in the range of between about 0.05 J/cm? and 0.5 J/cm?, and the
number of pulses applied should range between 1 and 100.

Referring finally to Fig. 11, there is seen the completed fabrication subsequent to
removal of the capping layer (32) and the unreacted metal layer (30) by conventional
methods. Conventional techniques are then employed to complete the manufacture of the
transistor.

As is understood by a person skilled in the art, the preferred embodiment of the
present invention is illustrative of the present invention rather than being limiting of the
present invention. Revisions and modifications may be made to methods, processes,
materials, structures, and dimensions through which are formed silicided shallow
junctions in semiconductor integrated microelectronics devices, while still providing

silicided shallow junctions in semiconductor integrated microelectronics devices formed

in accord with the present invention as defined by the appended claims.

12



Referring finally to Fig. 11, there is seen the completed fabrication subsequent to removal of the capping
layer (32) and the unreacted metal layer (30) by conventional methods. Convenéi nal tecg b ues are
then employed to complete the manufacture of the transistor. As is understood. )3?}5%% ﬁ illed in the
art, the preferred embodiment of the present invention is illustrative of the present invention rather than
being limiting of the present invention. Revisions and modifications may be made to methods, processes,
materials, structures, and dimensions through which are formed silicided shallow junctions in
semiconductor integvatggsishaelegtronics devices, while still providing silicided shallow junctions in
semiconductor integrated microelectronics devices formed in accord with the present invention as

defined by the appedeehel@insorriddJantaE2R0Ri W bahisdslaimed dsvikcAvinetadeiforming a

microelectronics semiconductor device with silicided shallow junctions comprising: providing a silicon
substrate; paHgnainguacdIRiriReaA@ate stack on said silicon substrate; forming the source and drain
extensions; patterning and forming sidewall spacers on the gate stack; creating amorphous regions in the
source, drain and gateviegi@asimyANsidiztinpplantation;
patterning and forming a gate stack on said silicon substrate;
forming the source and drain extensions;
patterning and forming sidewall spacers on the gate stack;
creating amorphous regions in the source, drain and gate regions by an ion
implantation;
forming a metal layer over the gate formation and the source and drain regions;
implanting ions through the metal layer;
forming a capping layer over said metal layer;
forming silicides and heavily doped junctions in the gate, the source and the drain
regions by laser irradiation through the capping layer so as to melt the amorphous silicon
substrate regions beneath the metal layer;
subjecting the silicon body to a heat treatment;
removing the capping layer;

removing the unreacted portion of said metal layer.

2. The method of claim 1 wherein the silicon substrate is a lightly doped, p- type

silicon substrate.
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forming a metal layer over the gate formation and the source and drain regions; implanting ions through
the metal layer; forming a capping layer over said metal layer; forming silicides heauvil ped
junctions in the gate, the source and the drain regions by laser irradiation thro HELaEpING layer so as
to melt the amorphous silicon substrate regions beneath the metal layer; subjecting the silicon body to a

heat treatment; remgyip@dhRl GARRING la¥BEEaMRY iR MTERHAEIRATIRR G ridideelial layer. 2. The
method of claim 1 wherein the silicon substrate is a lightly doped, p- type silicon substrate. 13 10 January

2005 3. The gethad hetainrd whaeaibthigigaiishaak i ionnathatidcon dioxide and the sidewall
spacers are formed of silicon dioxide or silicon nitride. 4. The method of claim 1 wherein the lightly doped

junctions are formed by an ion implantation consisting of B+, BF2+, As' or P+ ions, implanted at an
energy of between about 0.1 KeV and 10 KeV and a dosage of between about 5x1014 atoms/cm2 and

1016 atoms/gm2. STHhmengshed ahslainvisdigianiibediohshed 9pedidmctiemsraieiaingaled to form
source and drain extensions. 6. The method of claim 1 wherein the gate, source and drain regions are
rendered  implantation consisting of B*, BF,*, As* or P* ions, implanted at an energy of between

about 0.1 KeV and 10 KeV and a dosage of between about 5x10'* atoms/cm? and 10'°

2
atoms/cm”.

5. The method of claim 4 wherein the lightly doped junctions are annealed to form

source and drain extensions.

6. The method of claim 1 wherein the gate, source and drain regions are rendered
amorphous to depths of approximately 300 angstroms to 1000 angstroms by the

implantation of selected ions.

7. The method of claim 6, wherein the ions are selected from a group consisting of
Si*, Ge™, or Ar" ions, and are deposited with energy of between about 5 KeV and 50 KeV

and density of between about 10" ions/cm® and 10'° jons/cm®.
8. The method of claim 1 wherein the metal layer is a layer selected from the group

consisting of Ti, Co, NiPt or Ni, and is formed to an optimized thickness by a method

such as CVD, sputtering, or evaporation.
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amorphous to depths of approximately 300 angstroms to 1000 angstroms by the implantation of selected
ions. 7. The method of claim 6, wherein the ions are selected from a group conjigsr?n of §§R€e+, or Ar+
ions, and are deposited with energy of between about 5 KeV and 50 KeV and §|%9a(5¥ een about
1015 ions/cm2 and 1016 ions/cm2. 8. The method of claim 1 wherein the metal layer is a layer selected

from the grogp conpistinemRdd brleriNiPhdeNinand s permachioorioaRiimized thickesshxeimethod
such as CVD, sputtering, or evaporation. 14 10 January 2005 9. The method of claim 1 wherein the

implantation ofigh.adbeonigh iR ipeiah ayBliga8Hen-Wesee highse ApIaxNWInDIRalinA selected ions

implanted with energies and density sufficient to ion-mix the metal-silicon interface for silicide formation

with good  indesfagialiprieRekties odGnikhadnethediat slaintetryvbeseia ibrIEMGRAtasiow i sl through the
metal layer is a high-dose, high-energy ion implantation of ions chosen from among the group B+, BF2+,

As' or P+, implaftethpprip@tiesgy of between about 10 KeV and 250 KeV and at a dosage of between
about 5x1015 ions/cm2 and 1017 ions/cm2. 11. The method of claim 1 wherein the capping layer is a
layer formed of an optimally chosen combination of materials selected from among the group consisting
of W, Ta, TiN, TaN, Si3N4, or SiO2. 12. The method of claim 11 wherein the composition and thickness
of the capping

10.  The method of claim 9 wherein the implantation of ions through the metal layer is

a high-dose, high-energy ion implantation of ions chosen from among the group B”,

BF,", As” or P*, implanted at an energy of between about 10 KeV and 250 KeV and at a

dosage of between about 5x10" jons/cm? and 10'” ions/cm?.

11.  The method of claim 1 wherein the capping layer is a layer formed of an
optimally chosen combination of materials selected from among the group consisting of

W, Ta, TiN, TaN, Si3Ny, or SiO,.

12. The method of claim 11 wherein the composition and thickness of the capping
layer is optimized so as to promote regulation of the laser annealing process and, thereby,

to increase the process margin.
13. The method of claim 1 wherein the laser irradiation consists of radiation of

wavelengths of between about 147 nm and 308 nm and fluence adequate to melt the

amorphous layer beneath the metal layer and form silicides.
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layer is optimized so as to promote regulation of the laser annealing process and, thereby, to increase

the process margin. 13. The method of claim 1 wherein the laser irradiation consists of ra%l tion of
wavelengths of between about 147 nm and 308 nm and fluence adequate to méiﬁtﬁléuae% @ ous layer
beneath the metal layer and form silicides. 15 10 January 2005 14. The method of claim 1 wherein the
heat treatment is applied so as to convert the silicides into highly crystalline silicides with a desired
resistivity value. 15. The method of claim 14 wherein the heat treatment is a rapid thermal anneal (RTA)

with a temperature TapggeaidesvEamAPAHASAAHe e Pkednd spplEatiomoioReWeRRRbOUL 5
seconds and 1 hour. 16. The method of claim 14 wherein the heat treatment consists of multiple laser

pulses, with flueneesReyasy alQtliPe3ikams and Q -SedifsneaiRdviinaring between 1 and 100. 17,
The method of claim 1 wherein the capping layer is removed by a conventional wet etch process. 18. The

method of claim 1 wherein the unreacted portion of the metal layer is removed by a conventional wet etch
process. 16
15.  The method of claim 14 wherein the heat treatment is a rapid thermal anneal

(RTA) with a temperature range of between about 250° C and 900° C and a duration of

between about 5 seconds and 1 hour.
16.  The method of claim 14 wherein the heat treatment consists of multiple laser
pulses, with fluences between about 0.05 J/cm? and 0.5 J/cm” and numbering between 1

and 100.

17. The method of claim 1 wherein the capping layer is removed by a conventional

wet etch process.

18.  The method of claim 1 wherein the unreacted portion of the metal layer is

removed by a conventional wet etch process.
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