FORMATION OF SILICIDED SHALLOW JUNCTIONS USING IMPLANT
THROUGH METAL TECHNOLOGY AND LASER ANNEALING PROCESS
by Yung Fu Chong, Kin Leong Pey and Alex See 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 RORVEECFION O PISHACHINEIRAIUGPWAPUIRESTRONS aasingly
reduced, the contact resistance between metallic interconnects and silicon
IRYIgEA NOE QRO BGHAWME AT e RNOIOY tha RYETUA SHRUK KSSEAINI0EG
and plays a more important role in establishing its properties. As a result,
decreasing contact resistance carpR@EEsdy enhance the device
performance and reliability. A variety of approaches have 1 been tried in
order to alleviate the problems caused by relatively high contact resistance.
One such approach is the salicide (self-aligned silicide) method, wherein
various silicides (metal-silicon compagyynds having low contact resistance with
silicon) are formed on the source, drain and gate electrode regions of silicon
devices as part of the fabrication process of the device. For example, the
silicides may be formed on the gate electrode and over the source and drain

regions, immediatglynaftar te gl Katior«fdiPe palvsiicarsee

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



sidewall spacers defining the gate electrode, by the deposition of various
metallic species 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

bethersemiacadtiab ale ahiane proveadiassiiosey r8aMeEd IMathedahavaharne.
advanced. Pfiester et al. (U. S. Patent No. 5,405,806) teach a method for

OfersichapRat siisidaintgrcepnastdhal ivalesibasarmatimolaisactiitiales

material, such as silicon nitride, titanium nitride or tantalum nitride, which is

(ntban trhadoayyiasdeingsadeaion withisiwdieh whe silliee) iséaonaed on the
Hodges (U. S. Patent No. 5,432,129) teaches a method by which silicides

soBHE) @silitanigaiCcabaliode RevadnYMcaieiesesk ts iMoot {Rwresnéagbn
resistance junction between two different silicon conductivity types, such as

prochsk dfmedianyide AFHEaiAINE, CHELIli EREMIANG by EserRAtEIShdeliteaBciode and
variety of polycrystalline silicon types. Talwar et al. (U. S. Patent No.

02388 &8 deachrsia mathedipiiomatey asdicklereaniaichregiae yodaligicoan
amorphous region is first formed in the silicon by ion implantation,

sigbgeqgpert Qo ahengial Mednade, 1y dfuEs iiadhal regionsiydases species

irradiation. Following these processes, the region is converted to a more

in Giysiallingfofmytia: rapickth etenaleviiarling ttprépeyasassthERaitiethoahohe
Talwar does not include the formation of a capping layer prior to 2 the laser

deviagliafignuiipwer aiistpertss aéptappingddyeainshe sketandompe fidnicaatn
of the present invention. It plays two roles: 1. it protects the metal layer
scHerisadasel [nheglingtbembydnsicinga highmualdy. sNieidewits gogdeveral
interfacial characteristics; 2. it permits a more careful regulation of the
méhemhaepbsition pracidceefibytthetlasgU. 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



annealing process, thereby assuring precise depth control of the underlying
junction. Yu (U. S. Patent No. 5,953,615) teaches a method of fabricating a
MOSFET with deep source/drain junctions and shallow source/drain
extensions. The deep junction formation is accomplished by the use of a first

thStapVRiahi sieate 313 ABRIDBAME sediefbBi PR yPRIanasti@nianportant part of
"pre-amorphizing” step), which has the additional advantage of allowing

thepRieEfornmaiesnofsiiigecontaets. 1The rorthothemanvtiizesiarharigeoxide
that is deposited prior to the metal layer and, thereby, does not serve the

anBeile catheapiagralim puRRSESuaE tha Icapp waHaxIdnevitReth byniedegEmed; 2.
of the present invention. Goto et al. (U. S. Patent No. 5,981,372) addresses

it faenmeoklaprotresmaving 1 masttac ifthat gesmain pitatoe fermatigeof a

silicide. For example, the formation of a titanium silicide (TiSi) also produces

anddalyRs pfdtianiuneRBFdesukihg. prdvich depst bentren@yRe indyvayious eichvng Yu

processes that can damage device surfaces. The method of Goto et al.
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from the silicide formation. In this way, the silicide layer is protected by the

sosiligidenitojinationsmedah allowig suhbamuent (eansi mudiecs ssegithatomblation

not damage the silicide. Thus, the method of Goto in effect uses a metal

is aappifgilayeniptpeatech pastirface plidiickleRasngnPiacLpReSs which is/nen the
role of the capping layer in the present invention. Additionally, according to

intprRMnecicehef he-neshsitl 0h Satep uihiolikeshe: pdadiseDidhenragehstd of
the present invention, said capping layer is allowed to remain. 3 The method
allohagleasite doabauen s g itk schatesiallyefmemthibqpreseintlinventionist dhide

it does not make use of ITM or laser annealing. Cheng et al. (U. S Patent No.
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.



5,624,867) teach a method for forming palladium silicided shallow junctions
using implant through metal/silicide technology. lons are implanted into a

palladium or palladium silicide layer over a silicon substrate. The impurities
are driven into the silicon substrate during the formation or recrystallization
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formed in the substrate. Laser annealing is not employed in this method to
thieibudee sdicidas asdodriva thadmphritiesiHpothensibean (suisstiate: A will

be seen from the discussion above, the formation of silicided contact regions
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as pre-amorphizing implants (PAI) (Talwar et al.; Yu), rapid thermal

inprealing (R Titausing dasessrlsihersneansitlphadeha)-a puldisigioet al.;
Hodges) and/or implant through metal (ITM) schemes (Cheng et al.). Rapid

paliermal anedalingsrhaweyellicorodibeassilizise sy paosbafknititanet Rigldon

interfacial roughness at the silicide- silicon interface. In addition, during the

suftraationaksiicides Mompiddngsmal Anvaalinge (RIAJ thekalis @& Ryeeney 410
consume the entire junction as junction depths decrease to less than 100

diffesiomalgis thids deplBtng thetidadantsraédhe fioctipistd NeseatvRiSE is not
effects render the junction more vulnerable to leakage and cause high

engplotacet iiesisi anadodlioesenp (e keitsdstibewsdivignibenys@idtainto the silicon
pre-amorphizing implant (PAI) or an implant through metal (ITM) scheme.
subgnentional ITM schemes involve the implantation of dopant ions into the
metal/silicide layer, followed by a drive-in step to form shallow 4 junctions.
One igsudlirbsyebnl Tivhsdireies dsidhesondineatenneficopasilsdidddeontact
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



metal/silicide during the drive-in step. SUMMARY OF THE INVENTION The
present invention addresses the problems associated with the silicidation
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

juRGEbAsTERQsk i S ufRbrioatieRe s ueh davicentiayipgdeiligiiet eaptacts

and superior dopant activation and dopant profile control. It is another object

mé&hihgieIesantiyanrt@mtoiprayjde 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 dopagity M Rs20 Per¢pn irNieENyeRdering 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

makegnt pritaplenfmiienfanmation okahusmnshalovw-teacinnshngi Slsites
with desired interfacial and electrical properties. The laser fluence is chosen

préGedhad frig fiestisHffieientiammeltiitaamiocphdsbiliconAayerfdpaneaihidhe object
metal. The silicon atoms then diffuse/mix with the metal atoms to form

ofshi€isieserld uting diasab ipiadidtonmicepatiaitnisdarecetistibdgd dashasmelt
front almost instantaneously. At the same time, the silicon atoms and metal

fabitiRatOal & gaatihglat ihehameial<vididedfaseial Rendmarphousoplitottaygion and
then re-crystallizes from the underlying substrate at a high re 5 growth

dd{fiﬁq'bhbﬁucdfbﬁﬁﬁﬂlhle ingtatiaioobsedooid diffesa thioughvihe eativeidepiitbd
fo: fibricating 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-



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. BRIEF DESCRIPTION OF THE DRAWINGS
Figures 1-11 illustrate the steps that would be used in forming a

grSQANCRNAS On chitRMtRlametaibnihig exanaRiRR MEde Y PR EANRISIOPHDLS the
accordance with the methods and objects of this invention. Fig. 1 shows a

m&EheMalicwwa9ssharstionakuiaw afesaatrisiaak. deithrishemsuliméabtigatigince,
of Fig. 1 being subjected to ion implantation. Fig. 3 shows the fabrication of

th& GaBSHhsRANRNIN AB BERSAIEEIESS InTOb ¢ BhaWRinertrRrication 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 fabricBRIE PIHS CRIPIFONOF THEDRKOWVD{@gnetal 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. 6 Fig. 10 shows the fabrication of Fig. 9
undergeing lasarilliaeiatianeakgalesied oyrvedangthis 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.



Fig. 11 shows the completed fabrication subsequent to removal of the
capping layer and unreacted metal layer. 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 presery iRvaRtian resmiairth EEatiGRIL 40ifp JasktauERi &g ddiected

Referring first to Fig. 1, there is shown a schematic cross sectional view of
wiakeldnitak stages of the fabrication of a MOS (metal-oxide- semiconductor)
type transistor in accord with the methods of the present art. The gate

electingdel (Lhdwastheesnnatmes aadifarnestise Ry Ratharsfihevpiing

practitioners of the present art, on a gate oxide (16), which has been formed

lagt andlicRBastéaskiata (4. 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 UFREL RIPPFEONOF I BrPRIUFE RIERICE MBOD IMPRSTtion
(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 iomhgplafeiat® BniB6Johse|/eIEBidBs itiedbe rexpased SilicopretiIsiiais, in
(10) to form lightly doped junctions (13) in said substrate. The 7 same ion

acttoRlanitatias (Zehalsadarshgetighilislopeddunieiensdd, Qdpidhe expanedcally in

polysilicon layer (18). Preferably, the ion implantation (26) consists of B+,
FiBH2thrdgch ®ig. 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



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/cm2.
Referring next to Fig. 3, there is shown the fabrication of Fig. 2 subsequent to
an annealing process to activate the dopants and to remove any damage

safiRUSAd AyIheattsh (08 aREPLRMEZh TNEPRASHIRDRIIEESTMARR b astapid

thermal anneal (RTA) or a laser annealing process. The implanted ions in
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the shallow source and drain extensions (14). In addition, the implanted ions

Prinothe ightthie@nesh vnRetis ot bel Wiffdss duthepvlvsiliaondayein (k81 d0afer bt
a lightly doped junction (12) in the polysilicon layer (18) of the gate. The

besalRwhsatrea Ghdignain eXtensinns {dh geniormed have a depth of between
about 60 angstroms and 500 angstroms. Referring now to Fig. 4, there is

showreihe fabreationrel Bighdrevesnhighir fdigiestiin layery(203unasdaesito an

deposited. The dielectric layer (20) preferably comprises silicon dioxide or
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(CVD). The dielectric layer (20) is deposited to a thickness of between about
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the fabrication of Fig. 4, with the dielectric layer having been anisotropically
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6, there is shown the fabrication of Fig. 5, undergoing a second ion
silivplantatiare (A%) of satediedsionio JandeqidaisaufageRyats Qi thdsaddies,
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



(22), drain (22) and gate (24) regions amorphous. Preferably said second ion
implantation consists of Si, Ge or Ar ions implanted so as to break lattice
bonds and create a non-crystalline or amorphous silicon layer in the silicon
substrate (10). The ions of said second ion implantation are typically

ImRlanted 2t a1 eRRr MOt hsbNeEMARABLS HeMansl poutiaYand aslosage of

between about 1015 ions/cm2 and 1016 ions/cm2 so as to render the surface
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angstroms. Referring next to Fig. 7, there is shown the fabrication of Fig. 6
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amorphous regions, which can be a layer of titanium (Ti), cobalt (Co) or
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the desired silicide depth. The metal layer can be formed by a deposition
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to a thickness of between about 50 angstroms and 450 angstroms. Referring

toRenddotiguBtdheimishnwatha dabticatiopthidfiBetw ¢soieaingRm@roms and
implantation process (34), said process being preferably a high-dose,

100@anesesays.ion implantation through metal (ITM) scheme. In this scheme,
preferably B+, BF2+, As' or P+ ions are implanted at an energy of between

abourfR ey and RPPiKaYiatR Hosage ehdeivesn abofiFhx BhRiansiaimds
and 1017 ions/cm2. The ITM process serves to ion-mix the metal-Si interface

nd® peemiensiicide:formatioBoRelesiing AOMakD thigaDotbRoadsSheNNWRech can
fabrication of Fig. 8, over which a capping layer (32) has been deposited on

betheaetaf tayelu@QYi T, heteap@oy dayesk@lisiaudaysiPeyfaehed & an optimal
metal/ceramic stack comprising materials chosen from a group listed,

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,



9 together with their melting points, in t

he 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.) Table of Capping
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protects the surface of the metal layer
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capping layer is a novel and important
two roles: 1. it protects the metal layer

beneath it by acting as a barrier

afhr AMASPEEbsER Bt tAfnealing.

part of the present invention. It plays
during laser annealing, thereby

insuring a high quality silicide with good interfacial characteristics; 2. it

pexmitgigrmore careful regulation of th
laser annealing process, thereby assu

e engemhgerRasiiian produced by the
ring precise depth control of the

wunderlying junction. Referring next to
Fig. 9, now undergoing annealing by |z

13410, there i1s shown the fabrication of
aser irradiation (36) of selected

Tavavelength and fluence (energy flux).
the amorphous region ((22) in Fig. 9) o

highdrradiation causes the silicon in
f the silicon 10

TiN 2930
TaN 3087
SizNy 1900
SiO, 1700 (approx.)

Table of Cappin

Since the capping layer does not melt during

metal layer beneath it by acting as a barrier b

g Materials

said annealing, it protects the surface of the

etween 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




substrate (10) and the amorphous region ((24) in Fig. 9) in the polysilicon

layer (18) to melt. The implanted ions of the second ion implantation ((34) in
Fig. 8) diffuse into the amorphous regions (22) and (24) to form deep source
and drain junctions (60) in the silicon substrate (10) and in the heavily doped

subMREHON (B 2hinReariShbhewavrIgnaihn &fithe)laserd radiatiebn Bhkis(18) to

preferably in the range of between about 157 nanometers to about 308
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to between about 0.1 Joules/cm2 and about 1.5 Joules/cm2. The metal layer
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laser fluence. The metal layer (30) reacts with the silicon in contact with it to

silietm silisiges (Fosilicdda tayeedday isopeameattinina aapzoriice TR @Widtlength
regions (60) and a silicide layer (62) is formed in the polysilicon layer (18) of

ofthR gate.iBeGatse (38 SiNgaEImbPymethomie sidwateanderis {12 hkntiteters to

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

aband3gaiembhrdasermnagdiaiienp ¢Btdusncerisivaiaiuly chgsersslihastholled to
temperature of the silicon only rises sufficiently to melt the amorphous region

befB2rinahrisiicanandding aamasphous yegiesidimthagatec(@iyEhe3onyistadingl or
silicon in the substrate (10) and beneath the amorphous region (22) does not

evBitihelibe dapandiffusiahasothasptodn dioptediie theaviresiphdafisadlayer
amorphous region (22). During the laser irradiation, dopant atoms are

(3diskieuied mlmestlivshaintamaatslyite ithe roak fitiotdAt thesBande tine, (6bgiSi
atoms and metal atoms are reacting at the metal-Si interface. The

foanar phoksiSpleyatcthen manystaliss 6Mnmnihe dndeBYings@astateraied in the
high re-growth velocity such that the metal atoms do not diffuse through the
potire slepiyenf tRponelt. dntehiB veayse shaditiol denctionscdrh sHiciies ainspecers
formed simultaneously. Hence the shallow
(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.
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junction will not be completely consumed by the silicide formation. 11 The
silicon body is then subjected to a heat treatment to convert the silicided
region into a highly crystalline silicide with a desired resistivity value. The
heat treatment can either be a rapid thermal anneal (RTA) with appropriate

temperatilecandodiiiatineh QusjRReAWENhFHRIENASEb RUISRS WD ded
fluence. For RTA, an appropriate temperature range is between about 2500

re SAEHS000 G 1nshAn FPRIQRERIS Widkation rangesils Priweas alyautB sec.

and | hour. For heat treatment using multiple laser pulses, 2 2 fluence should

trdgnierthenrengR b iwsanRBeU! ShaSaI(RTA RAGKE Pf6pHatcabslfbfiture and

number of pulses applied should range between | and 100. Referring finally

du@tig. ok buthegadatseenipielcamnplgiediadricalifncse b SewH Rt AQ areippMPaite
the capping layer (32) and the unreacted metal layer (30) by conventional

tefMsshods. canvRiionatiedvigesy @adheocrapiayed o sompieleitigion range

manufacture of the transistor. As is understood by a person skilled in the art,

is hgvreteses snkodimmean@frthBopresent imientions Huripsvaef okes,
present invention rather than being limiting of the present invention.

fliRevisinosl@nd magdifiaations Keaycbe HacetoITRIOAs d W oRSSESanmaterials,
structures, and dimensions through which are formed silicided shallow

nykibetionpulseapisentisiaordniageasesysyeroghactuanics devices, while still
providing silicided shallow junctions in semiconductor integrated

micrqaiegiianics devieas foimeadein isceondhwit i disasebisaventiabsaguent to
defined by the appended claims.
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.
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12 What is claimed is: 1. A MOSFET device having shallow silicided junctions
formed through use of implant-through metal technology and laser
annealing, comprising: a gate stack provided with sidewall spacers; a
shallow, silicided, heavily doped junction on the gate stack, said silicide
having desireable interfacial and electrical properties; deep source and drain
regions having lightly doped, shallow, silicided junctions, said silicides having
desirgableiinteriastdlsand electrical properties. 2. The device of claiml
wherein the gate stack is formed of silicon dioxide and the sidewall spacers

1.are fommeogKEsiligon diaxidaoimsilisannitigel finthendeyiaatistaiizhlwaerein

the gate stack, source and drain junctions are initially formed by an ion

iniprpheakabiern GRASISOBl &Y, Bl 24seAsmmesiib, ieompitpianted at an energy

of between about 0. 1 KeV and 10 KeV and a dosage of between about 5x

1014ptens(eR PRV 1G atgmsiampsbelie device of claim | wherein the
gate, source and drain regions were rendered amorphous to depths of

apprexindisly, Slciangstsamis @pedfanasiromady e tiok landaling @ HRsng
selected from a group consisting of Si+, Ge+, or Ar+ ions, which were 13

dedepasiesiwittiansigeRtrRveespaidt 5 KeV and 50 KeV and density of
between about 1015 ions/cm2 and 1016 ions/cm2. 5. The device of claim 1
whergéghosbabaw Eilicices gup GHO NS \Wehel jatoped, Ra1dw, silicided junctions,

said silicides having desireable interfacial and electrical properties.

2. The device of claim] wherein the gate stack is formed of silicon dioxide and the

sidewall spacers are formed of silicon dioxide or silicon nitride.

3. The device of claim 1 wherein the gate stack, source and drain junctions are
initially formed by an ion 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'® atoms/cm?.

4. The device of claim 1 wherein the gate, source and drain regions were rendered
amorphous to depths of approximately 300 angstroms to 1000 angstroms by the

implantation of ions selected from a group consisting of Si*, Ge*, or Ar" ions, which were
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ion implantation through a layer formed of a metal selected from the group
consisting of Ti, Co, NiPt or Ni, and wherein the implantation of ions through
the metal layer was a high-dose, high-energy ion implantation of ions chosen
from among the group B+, BF2+, As' or P+, implanted at an energy of

depetiveen aRentky Kedéand R asbiey e alesdagaveanal RatNeeR Blébn about

5x1015 ions/cm2 and 1017 ions/cm2. 6. The device of claim 1 wherein the

10Metalslaperan@s dHen comared by a capping layer formed of an optimally
chosen combination of materials selected from among the group consisting

_ of W, Ta, TiN, TaN, Si3N4, or SiO2 and the entire fabrication was heated by
an RTA process or a process of laser annealing so as to melt the amorphous
silicon regions beneath the metal layer and allow the recrystallization of a
highly crystalline silicide with a desired resistivity value which does not

5.consumedhiecshal @i neligiteitdthe shallow silicided junctions were formed by an
ion implantation through a layer formed of a metal selected from the group consisting of
Ti, Co, NiPt or Ni, and wherein the implantation of ions through the metal layer was 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"° ions/cm? and 10'7 ions/cm?.

6. The device of claim 1 wherein the metal layer was then covered by a capping
layer formed of an optimally chosen combination of materials selected from among the
group consisting of W, Ta, TiN, TaN, Si3Ny, or SiO, and the entire fabrication was heated
by an RTA process or a process of laser annealing so as to melt the amorphous silicon
regions beneath the metal layer and allow the recrystallization of a highly crystalline

silicide with a desired resistivity value which does not consume the shallow junction.
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