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A METHOD TO FORM MOS TRANSISTORS WITH SHALLOW

JUNCTIONS USING LASER ANNEALING
BACKGROUND OF THE INVENTION
(1) Field of the Invention

The invention relates to a method of fabricating
semiconductor structures, and more particularly, to a

method of forming MOS transistors with shallow junctions

"l

using laser annealing in the manufacture cf an integrated

circuit device.
(2) Description of the Prior Art

Sub-0.1 micron MOS technology requires the use of
abrupt, ultra-shallow junctions for deep source-and drains
and for source and drain extensions. Traditioral
processing approaches have used ion implantatibn followed
by rapid thermal annealing (RTA) to activate ﬁhe implantéd'
ions. RTA is used rather than a traditional taerﬁal
process to limit the thermal budget of the anneaiing
process. However, RTA.may not be capable for sub-0.1

micron technology because the RTA thermal ramp-up and ramp-
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down times are too large and can cause too much diffusion
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in the substrate. In addition, two RTA cycle
required: one to form the source and drain extension and
one to form the deep source and drain.

RTA is also used in the art in the formation of

éilicide, particularly seif—aligned silicide (salicide). A
metal layer is first deposited overlying the integrated
circuit. A RTA is performed to promote the reaction
between the metal layer and silicon for the formation of
silicidg wherg the polysilicon gaﬁe and the source and
drain junctions contact the metal layer. Once again, RTA
may not be a capable process for sub-0.1 micron formétion
of silicide because of the large thermal budget. In

addition, it is not pOSSible to combine the RTA used for

silicide formation with that used for source and d
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junction activation.

Several prior art approaches disclose methods tc form
self-aligned silicide or to form source and drain junctions

in the manufacture of integrated circuit devices. U.S.

"Patent 5,953,615 to Yu teaches a method to form ceep source

and drain junctions and shallow source and drain extensions

in a single process. Spacers are formed. An ion beam is
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used to amorphize-the-silicon to two different depths.
Spagers are removed and not reformed. A single dopant
implantation .is performed. U.S. Patent 5,888,838 to Talwar
et al discloses a method to form silicide. Amorphcus
regions are fo;med in the polysiliconlgate and in the
substfaté. A metal layer is then deposited. ILaser light
is used to form silicide. The metal layer is explicitly
not mélted by the laser light. A thermal anneal is then
performed to crystallize the silicide. No capping layer.is
used during silicidation. U.S. Patent 5,998,272 *0 Ishida
et al teaches a method to form a MOSFET with deepr source

and drain junctions and shallow source and drain

sourée and drain junctions and salicide. A laser dooing
procesé is used in one embodiment.. U.S. Patent 5,937,325
to Ishida discloses a method.to fofm éilicide on an MOS_
gate. A titanigm layer is deposited. A laser anneal is
performed to form silicide. After removing unreacte
metal, an RTA is performed to.decrease the resistivity of

the silicide. U.S. Patent 5,908,307 to Talwar et

V]

teaches a method to form MOS transistors with ultrz-shaliow
junctions. After a pre-amorphizing ion implantation, a
projection.gas immersion laser doping (P-GILD) process is

used to deposit the junctions. U.S. Patent 5,556,503 to
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Talwar et al discloses a method to form shallow junction
MOS transistors. Amorphous regions are ion implanted and
then laser annealed._ The deep source and drain junctions
are énnealed separately from the shallow extensiocn
junctions. The deep junctions and the shallow extension
jﬁhctions are formed inléeparaté p;ocesslstep. U.S. Patent
5,966,605 to Ishida teaches a method to form a_transistor.
An ion implant is performed to dope the.gate and the source
and drain regions. A laser anneal is pefformed cn the
polysilicon gate but the unactivated ions do not diffuse in
the source and drain regions. An RTA is then performed to

activate the source and drain ions.

SUMMARY OF THE INVENTION

A principal object of the present invention is to
provide an effective and very manufacturable methed to form
MOS transistors in the manufacture of an integrated circuit

device.

A further object of the present invention is to form

shallow source and drain extensions using a laser anneal.



Another further object of the present invention is to

form deep source and drain junctions using a laser anneal.

A still further object of the present inventicn is to
simultaneously form shallow source and drain extensions and
deep source and drain junctions using a single laser

anneal.

Another further object of the present inventicon is to
form self-aligned silicide on the gate, drain, and scurce
of an MOS transistor using a laser anneal.

A still further object of the present invention is to

6]

simultaneously form shallcw socurce and drain extensions and
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self-aligned silicide on the gate, drain, and source of an

MOS transistor using a single laser anneal.

In acCordance with thelobjects of this inventiocn, a
new method of forming MOS transistors with shallow source
and drain egtensions and deep source and draih
the manuféctufe.of an integrated qircuit device has peen
achieved. Gates are provided overlying a semiconducter

substrate. Each gate comprises a gate oxide layex



overlying the semiconductor substrate and a polysilicon
layer overlying the gate oxide layer. Temporary.sidewall
spacers are formed on the gates. The temporary sidewall
spacers are over etched to achieve a selected sidewall
width. Ions are implanted into the exposed semiconductor
substrate to form an amorphoué layer. A deeper amcrpnous
layer forms adjacent'to the spacers while a shallcwer

amorphous layer forms under the spacers. The tempcrary
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sidewall spacers are removed. Ions are impiante
exposed semiconductor substrate to form lightly doped
junctions in the shalloWer amorphous layer. Permanent
sidewall spacers are formed on the gateé. Ions are
implanted into the semiconductor‘substrate to form heavily
doped junctions in the deéper amorphous layer. A capping
layer is deposited overlying the semiconductor substrate
and the gates to protect the semiconductor substrate during
irradiation. ‘The semiconductor substrate is irradiated
with laser light to melt the amorphous layer while th
crystalline regions of thé semiconductor substrate remain
in solid stafe. Ions in the heavily aoped juncticns diffuse
in the deeper amorphous lafer and in the lightly doped
‘junctions diffuse in.the shallower.amorphous layer. The
deep source and drain junctions and the shallow source and

drain extensions for the transistors are thereby




simultaneously formed. The capping layer is removed to
complete the MOS transistors in the manufacture of the

integrated circuit device.

Also in accordance Qith the objects of this invention,
a new method of forming MOS transistors with sﬁaliow source
and drain extensions and deep source and drain junctions in
the manufacture of an integrated circuit device has keean
achieved. Gates ére provided overlying a semiconductor
substrate. Each gate comprises a gaté oxide layer
overlyipg.the_semiconductor substrate and a poiysilicen
layer overlying the gate oxide layer. Ions are implanted
into the exposed semiconductor substrate to férm shallower
amorphous layer. Ions are implantéd into the exposed
semicondu¢tor substfaté to form lightly doped junctions in
the shallower amorphous layer. Sidewall spacers are formed
on the gates. Ions are implanted.inté the exposed
semiconductor substrate to form a deeper amorphous layer.
Ions are implanted into the-semiconductor substrate to form
heavily déped junctions in the deepei amorpheous lavyer. A
capping layer is deposited overlying the semiconductor
substrate and the gates to protect the semiconductor
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substrate during irradiation. The semiconductor subs

is irradiated with laser light to melt the amorphous layer



thile the crystalline regions of the semiconductor
substrate remain in solid state. Ions in the heavily doped
junstions diffuse in the deeper amorphous_layer andlin the
lightly doped junctions diffuse.in‘the shallower amorphous
layer. The deep source and drain junctions and the~shallow
source and drain extensions for the-transistors.are thereby
simultaneously formed. The capping layer is ;emoved to
complete the MOS transistors in the manufacture of the

integrated circuit device.

Also in accordance with.the objects of this invention,
a néw method of forming Més transistors with shallow source
and drain extensions and self-aligned silicide in the
manufacture of an integrated circﬁit~device_has been
achieved. Gates are provided overlying a ‘semiconductor
substrate. Each gate comprises a gate oxide layer
overlying the semiconductor substrate and a polysilicon
layer overlying the gate oxide layer. Tempbrary sidewall
spacers are formed on the gates. The temporary sidesall
~ spacers are over etched to achieve a selected sidewall
width. Ions are implanted into the exposed semiconductor
substrate and the exposed polysilicon iayer to form an

amorphous layer in the semiconductor substrate and the

polysilicon layer. A deeper amorphous layer forms ad



to the spacers while a shallower amérphous layér forms
underlying the spacers. The temporary sidewall spacers are
removed. Ions are implanted into the exposed semiconductor
substrate to form ligﬁtly doped junctions in the shailower

amorphous layer. Permanent sidewall spacers are formed on -
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the gates. Ions are implanted into the semicondu
substrate to form heavily doped junctions in the deeper
amorphous layer. A metal layer is deposited overlying the

semiconductor substrate and the gates. A capping laye
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is
deposited overlying the metal layer to protect the metal
layer during irradiation. The semiconductor substrate, the
metal layer, and the polysilicon layer are ikfadiated with
laser light to melt the amorphous layer while the
'polysilicon layer and the crystalline regions of the

semiconductor substrate remain in solid state. The

metal
layer is heated and may be melted depending on the liaser

fluence. Ions in the heavily doped junctions and in the

lightly doped junctions are thereby diffused in

ct
0o
ot
o
[0}

amorphous layer. The deep source and drain juncticns, the
shallow source and drain extensions, and a silicide layer
overlying the gates and the deep source and drain junctions
for the transistors are thereby simultaneously Zformed.  The
silicon body is then subjected to a heat treatmeni to

~convert the silicide layer into highly crystalline silicide



of desired resistivity..The capping layer and the metal
layer are removed to complete the MOS transistors in the

manufacture of the integrated circuit device.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings forming a material part

of this description, there is shown:

Figs. 1 through 13 schematically illustrate in cross-
sectional representation a first preferred embodiment of

the present invention.

Figs. 14 through 23 schematically illustrate in cross-
sectional representation a second preferred embodiment of

the present invention.

Figs. 24 through 26 schematically illustrate in cross-
sectional representation a third preferred empodiment of

the present invention.



DESCRIPTION OF THE PREFERRED EMBODIMENTS

The embodiments disclose the application'of the
present invention to the formation of MOS transistors with

shallow junctions in the manufacture of an integrated
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circuit device. The present invention is appli
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preferred embodiments to the formation of MOS transi
with shallow source and drain extensions and ceep source
and drain junctions. The shallow source and drain
extensions and deep source and drain junctions are annealed
simultaneoUsly by a single laser anneal. 1In a third
embodiment, thelshallow source and drain extensions and
deep source and drain junctions are annealed simultaneously

with the formation of self-aligned silicide. ~Herein, a

single laser anneal is used to form the junctions and the
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silicide. It should be clear to those experienced in the

art that the present invention can be applied and extended

Referring now particularly to Fig. 1, there is shown a
cross-sectional representation of the_first preferred
embodiment éf the present invention. A semiconductor
substrate 10 is provided. The semiconductor substrate 10

4 =

preferably comprises monccrystalline silicon. Shallow

1



trench isolations (STI) 14 are formed in the semiccnductor
substrate 10 to define the active régions of the integrated
circuilt device. Alternatively, field oxide regions, formed
using a local oxidation of silicqn'(LOCOS) technigue, could

be used in place of the STI regions 14.

A transistor gate is formed overlying the
semiconductor substrate 10 by conventioﬁal metﬁods. For
example, a gate 6xide layer 18 is formed overlving the
semiconductor substrate 10. The gate oxide layer 18
preferably comprises silicon dioxide that may be formed by
thermal oxidation or by chemical vapor deposition (CVD).
The gate oxide layer 18 of the preferred embodiment is
formed to a thickness of between about 10 Angstroms and 150

Angstroms.

A polysilicbn layer 22 is deposited overiying the gate
oxide layer 18. The polysilicon léyer 22 wili form the
gate for thé transistor. The polysilicon layer 22 is
deposited using, for example, a_low;ﬁressu:e chemical vapdr
deposition (LPCVD) process. The polysilicon layer 22 is
preferably deposited to a thickness of between about 300

Angstroms and 2,500 Angstroms.
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The polysiliéon layer 22 and the gate oxide layer 18
are patterned to form the gates for the trangiStors. The
patterning step may be performed using a conventicnal
photdlithographic mask and etch sequence. 1In this schene,
a photoresist material is deposited overlying the
polysilicon layer 22. The photoresist material is exposed
to light through a patterned mask and then developed. The
remaining photoresist forms a_éurface mask which allows the
polysilicon layer 22 énd the gate oxide layer 18 to be
selectively etched away. The remaining photoresist layér

is then stripped.

Referring now to Fig. 2, a dielecfric layer 26 is
deposited overlying the semiconductor substrate 10 and the
gate 22. The dielectric layer 26 Will be later etched to
form a temporary sidewall spacer.on the gate 22. The

oxide

|...l.

dielectric layer 26 preferably comprises silicon d
that is deposited by a chemical wvapor deposition (CVD)
process. The dielectiic layer 26 is deposited to a
thickness of between about 200 Angstroms and 1,500

Angsfroms.



Referring now to Fig. 3, the dielectric layer 26 is
anisotropically etched to form temporary sidewall spacers

26 on the gate 22.

Refe:rihg now to Fig.’4, the temporary sidewall
spacers 26 are over-etched to achieve a selected sidewall
width. This step is important'to the present invention
becauée it provides additional process margin foxr the later
formation of the amorphous layer in the semiconductorzr
substrate 10. The over—-etching may be performed in the
same etching process used to form the temporary sidewall
spacers 26. The selected width of the temporary.siaewall

spacers 26 is between about 200 Angstroms and 3,000

Angstroms.

Referring now to Fig. 5, an important step in the
method of the present inﬁention is illustrated. ZIons are’
“implanted 30 into the exposed semiconductor substrate 10 to
- form an amorphous layer 38 and 42 in the semiconductor
substrate 10. Preferably, Si, Ge, or Ar ions are implanted
to break lattice bdndsland create a non—crystalliﬁe or
amorphous silicon layer in the semiconductcr substrate 10.

By carefully selecting the weight of the ion and the

implantation energy, an amorphous layer 38 and 42 can e



. created with a very shallow depth. The amorphous layer 38
and 42 so formed is critical to the present invention

because it exhibits a lower melting point than

(¢}

rystalline
or polycrystalline silicon. Note that the semiconductor
substrate 10 undeflying the temporary sidewall spacesrs 2%
forms a shallow amorphous layer.42 while the semiconductor
substrate 10 not underlying the temporary sidewall spacers
26 forms a deeper amorphous layer:38. The ion impiantation
30 also forms a third amorphogs layer 34 in the expcsed
polysilicon layer 22.

The ion implantation 30 is preferably performed at an

ot

energy of between about 1 KeV and 50 KeV and a dosage of
between about J.xlO15 atoms/cm?® and lxlOlsatoms/cﬁz. The
deeper amorphous layer 38 has a depth of between abcut 300
'Angstroms and 1,000 Angstroms. The shallow amorphous layer

42 has a depth of between about 50 Angstroms and 500

Angstroms.

Referring now to Fig. 6, an impértént feature éf the
ﬁresent invention is shown. The temporary sidewall spacers
26 are removed. The presehce of the temporary sidewall
spacers 26 has enabled the.amorphous layer 38 and 42 to be

formed with two depths to correspond to the later formed
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deep source and drain junctiéns and shallow source and
drain extensions, respectively. The removal of the
temporary sidewall spacers 26 facilitates the implantation
of the lightly doped junctions thét will form the shallow

.source and drain extensions.

Referring now to Fig. 7, ions are implanted 46 into
the exposed semiconductor éubstréte 10 to form lightly
doped junctions 54 iﬁ the amorphoué layer 38 and 42. The
lightly doped junctions 54 so formed are self-aligned to
the gate 22 of the transistor. Note that the lightly doped
junctions 54 are very shallow. Preferably, BY, BF,", As*, or
P* ions are implanted at an ultra—low'implaﬁt energy of
between about 0.1 KeV and 10 KeV and a dose of between
about 5x10 atoms/cm® and 1x10'® atoms/cm?. The lightly
doped junctions 54 so formed have a depth_of between about

50 Angstroms and 400 Angstroms. In addition, 1lig]
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121y doped

s

junctions 50 are formed in the amorphous layer 34 of the

gate.

Referring now to Fig. 8, an important feature of the
present invention is shown. Permanent sidewall spacers 58
are formed on the gates 22. The permanent sidewail spacers

58 may be formed in the same way as the temporary sidewall
Y



spacers 26 of Figs. 2 and 3. For example, a dielectric
layer is deposited overlying the semiconductor substrate
10. This dielectric layer is then anisotropically etched

to form the permanent sidewall spacers 58.

The permanent sidewall spacers 58 are comprised of a
material that has a relatively high melting point compared
to silicon. 1In addition, the permanent sidewall spacers 58
should be substantially transparent to laser irradiaticn.
Preferably, the permanent sidewall spacers 58 comprise.8;02

or Si3N4.

Referring now to Fig. 9, ions are implanted 62 into

the exposed semiconductor substrate 10 to form he

)
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doped junctions 70 in the amorphous layer 38. The heavily

9

doped junctions 70 will later form the deep source and
drain junctions'of the transistor. Note also that the
implantation forms a heavily doped.junctidn €5 in.the
amorphous layer 34 of the gate. Preferably, B®, BF, , As®, or
P' ions are implanted at an energy of between about 2 KeV
and SO-KeV and a dose of between about 1x10% toms/cr’ and
1x10'" atoms/cm®. The heavily doped junctions 70 so formed
have a depth of between about 250 Angstroms and 8C{

Angstroms.



Referring now to Fig. 10, the permanent sidewall

spacers 58 are over-etched to achieve a selected sidewall
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width. This step provides additional process margi or

the later laser annealing process. The over-etching may be
performed in the same etching process used to form the
permanent sidewall spacers 58. The selected width of the

permanent sidewall spacers 58 is between about 200

Angstroms and 3,000 Angstroms.

Referring now to Fig. 11, an important feature of the
present invention is shown. A capping laver 74 is
deposited overlying the semiconductor substrate 10, the
gate 22, and the permanent sidewall spacers 58. The capping
layer 74 is important to the present invention because it
controls the temperature distribution profile acrcess the
silicon during the subsequent laser anneal. The capping
layer 74 must comprise material that has ajhigher melting
point than silicon so that it will not melt during the
laser anneal. 'The.capping layer 74 brotects the silicon
surface.by acting as a barrier between the silicon and the
ambient. In addition, the capping layer 74 must trarsmit
the irradiated laser light to the underlying semiconductor

'substrate 10.



The capping lgyer 74 préferably comprises W, Ta, TiN,
or faN. ‘Other cémmon metal oxides and metal nitrides may
also be used fof the capping layer 74. The thickness of the
capping layer 74 can be selected to control the temperature
profile acrosé the silicon. In this preferred emkbodiment,
the capping layer 74 is deposited to a thickness of between
about 50 Angstroms and 400 Angstroms.

Referring now to Fig. 12, an important feature of the
present invention is illustrated. The semiconductor
substrate 10 is irradiated with laser light 78. This
irradiation causes the siiicon in.the amorphous layer 38
‘and 42 to melt. The implanted ions in the lightly doped
junction 54 aﬁd the heavily doped junction 70 diffuse into
the amorphous layer 38 and 42 to simultaneously form the
deep source and dréin junctions 86 and the shailcw source
and drain extensions 90 for the transistor. The laser
irradiation also causes the silicon in the amorphocus laygr
‘34 of the gate to melt. The implantéd ions in the heavily
doped region 66 diffuse into the amorphous layer 34 to form
a heavily'dbped junction 82 in the polysilicon laver 22 of
the gate. Only one laser anneal is required to form both

the deep source and drain junctions 86, the shaliow source



and drain extensions 90, and the heavily doped gate
junction 82.

-

The laser light fluence is carefully contrclied so
that the temperature of the silicon only rises sufficiently
to melt the amorphous layer 38 and 42 in the silicon. The
c;ystalline silicon in the semiconductor substrate 10 below
the amorphous layer 38 and 42 does not melt. The dopant
diffusion is therefore limited to the previoﬁsly defined
amorphous layer 38 and 42. It is therefore possible to
cCreate very éhallow, yet very abrupt juhctions. in
addition, the high re-growth velocity of the amorphcus
silicon léyer 38 and 42 enables it to re-crystallize from
the underlying semiconductor substrate 10. Finally, the
amorphous layer 34 of the gate re-crystallizes from the

underlying polysilicon layer 22 and ‘becomes a

polycrystalline layer upon re-crystallization.

The laser light 78 wavelength is preferably between

l_.l
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about 157 nanometers and 308 nanometérs. The laser light 78
fluence is controlled between about 0.1 Joules/cm® and 1.5
Joules/cm?. The deep source and drain junctions 86 so

formed have a depth of between about 300 Angstroms and

1,000 Angstroms and a concentration of between about ix10%®
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atoms/cm® and 1x10%' atoms/cm®. The shallow source and drain
extensions 90 so formed have a depth of between abocut 50
Angstroms and 500 Angstroms and a ‘concentration of between

about 1x10%° atoms/cm® and 1x10%' atoms/cm’.

An important feature of the present invention is that
the source and drain extensions have not been . annealed
until this step. In addition, the permanent spacers have
been ovér-etchéd; The combination of these factors allows
the laser.energy 78 to reéch the deep source and drain
junctions 86 and the shallow exténsions 90 simultanedusly.
Since the silicbn has been pre-amorphized to two different
depths, the final junction depths are defined wnile both
;he deep junctions and the shallow extensions are annealed
or activated in a single step. This differs from the prior
art approach found, for example, in Talwar et al (U.S.

Patent 5,956,603).

Referring now to Fig. 13, the capping layer 74 is
removed to complete the manufacture of the integrated

circuit device.

Referring now to Fig. 14, the second preferred

embodiment of the present invention will be illustrated.
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Once again, a single laser anneal is used to form both deep
source and drain junctions and shallow source and drain
extensions. As in Fig. 1.of'the first embodiment, a gate
112 is formed overlying the semiconductor substrate 100.
The gate 112 again comprisés a polysilicon layer 112

overlying a gate oxide layer 108.

Referring now particularly to Fig. 14, ions are
implanted 115 into the exposed semiconductor substrate 100

to form shallow amorphous layers 144 and into th

()

polysilicon layer 112 to form-émorphous.layer 135.
Preferably, Si, Ge, or Ar ions are implanted to break
lattice bonds ana to thereby create non-crystalline or
amorphous silicon layers in the semiconductor substrate 100
and in the polysilicon gate 112. .The ion implantation 115
is preferébly performed at an energy of between about 1 KeV
and 10 KeV and a dosage of between about 1x10*° atoms/cm?
and 1x10'® atoms/cm?. The shallow amorphous.layer 144 has a
depth of between about 50 Angstroms and 500 Angstroms.
Referring now to Fig. 15, ions are implaﬁted 1i6 into

the exposed semiconductor substrate 100 to form lightl
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doped junctions 124 in the shallow amorphous lavers

The lightly doped junctions 124 so formed are self-aligned

22



to the gate 112 of the transistor. Ncte that the lightly
doped junctions 124 are very shallow. Preferably, BY, BF,',
As*, or P' ions are implanted at an ultra-low implant energy
of between about 0.2 KeV and 10 KeV and a dose cf between
about_leO14 atoms/cm® and 1x1016'atoms/cm2. The lightly
doped junctions 54 so fofmed have a depth of between about
50 Angstroms and 400 Angstroms. In addition, liightly doped
junctions 120 are formed in the amorphous layer 135 of the

gate 112.

Referring now to Fig. 16, a dielectric layer 128 is
depositéd overlying the semiconductor substrate 10C and the
gate 112. The dielectric layer 128 will be later etched to
férm sidewall spacers to the gate 112. The dielect;ié layer
128 is cdmprised of a material that has a relatively high
melting point compared to silicon. 1In addition, the

rent to
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dielectric 1ayer 128 should be substantially transp

a1

laser irradiation. referably, the dielectric lays
comprises Si0, or Si3N4. The dielectric layer 128 is
deposited to a thickness of between about 200 Angstroms and

-1,500 Angstroms.
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Referring now to Fig. 17, the dielectric layer 128 is
anisotropically etched to form sidewall'space:s 128 on the

gate 112.

Referring now to Fig. 18, an important step in the
method of the ﬁresent invention is illustrated. Ions are
implantéd 132 into the exposed semiconductor substrate 100
to form a deeper amorphbus layer 140 in the semiconductor
substrate 100. Prefe;ably,'Si,_Ge, or Ar ions are
implanted to break lattice bonds aqd create a
non-crystalline or amorphous silicoﬁ layer 140 in.the
semiconductor substrate 100. By'carefﬁlly selecting the
weight of the ion and the implantation energy, the
émorphous layer 140 can be created with a very shallow
depth. The ion implantation 132 also forms a third

amorphous layer 136 in the exposed polysilicon layer 112.

The ion implantation 132 is preferably performed at an
energy of between about 5 KeV and 30 KeV and a dosage of

0% atoms/cm®. The

between about 1x10%° atoms/cm? and 1x1
deeper amorphous layer 140 has a depth of between about 300

Angstroms and 1,000 Angstroms.
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Referring now to Fig. 19, ions are implanted 148 into
the exposed semiconductor substrate 100 to form neavily
dopéd junctioﬁs 156 in the amorphous layer 140. The
heavily doped junctions 156 will later form the deep source
and drain junctions of the transistor. Note also that the

implantation forms a heavily doped junction 152 i

e

the
amorphous layer 136 of the gate 112. Preferably, B*, BF",
As*, or P' ions are implanted at an energy of between about
2. KeV and 50 KeV and a dose.of'between about 1x10%° atomé/cmé
and 1x10' atoms/cm®. The heavily doped junctions 156 so
férmed have a depth of between about 250 Angstroms and 800

Angstroms.

Referring now to Fig. 20, an important feaﬁure of the
present invention is illustrated. The sidewall spacers 128
are over-etched to achieve a selected sidewall width. This
step is importgnt to the present invention because if
provides additional process margin fof the later laser
annealing process. The over—etchinj may-be perfcrmed using
" the same etching process used to oriéinally form the
sidewall spacers 128 in Fig. 17. The selected width of the
ove;—etched sidewall spacers 128 is'betweeh about 230

Angstroms. and 3,000 Angstroms.
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Referring now to Fig. 21, an important feature of the
present invention is showﬁ. A capping layer 160 is
depgsited overlying the semiconductor substrate 100, the
gate 112, and the sidewall spacers 128. The capping layer
-160 is important to the present invention because it
controls the temperature distribution profile across the
silicon during the subsequent laser anneal. The capping
layer 160 must comprise material that has a higher melting
point than silicon so that it Qill not melt during the
laser anneal. The capping layer 160 protects the silicon
surface by aéting as a barrier between the siiicon and the
ambient. In addition, the capping layer 160 must fransmit
the irradiated laser light to the underlying semiconductor

substrate 100.

The capping layer 160 preferably comprises W, Ta} TiN,
or TaN. The capping layer 160 may also comprise other metal
oxides or metal nitrides common to intggréted circuit art.
The thickness of the capping layer 160 can be selected to
control the temperature.profile écroés the silicen. 1In
thié preferred embodiment, tﬁe capping layer 160 is
deposited to a thickness of betWeen about 50 Angstrocms énd

400 Angstroms.



Referring now to Fig. 22,.an important feature of the
present invention is illustrated. The semiccnductor
substrate 100 is irradiated with laser light 164. This
irradiation causes the silicon in the'amorphous layers 140
and 144 to melt. The:implanted ions in the lightly doped
junction 124 diffuse in the shallow.amorphous layer 144,
The implantéd ions in the heavily doped junction 156
diffuse in the deeper amorphous layer 140. The deep source
and drain junctions 174 and the shallow source and drain
extensions 178 for the transistor are simultaneously
formed. Only one iaser anneal is required to form bcth the
deep source and'drain junctions 174 and the shallow source
and drain extensions 178. Finally, note that the laser
-irradiation causes the silicon in the amdréhous layer 136

of the gate 112 to melt. The implanted ions in th

o

heavily
doped junction 152 diffuse into the amorphdus layer 136 to
for a heavily doped junction 170 in the polysilicon layer

112 of the gate.

The laser light fluence is carefully contrclied so
that the temperature of the silicon only rises sufficiently
to mel£ the amorphous layer 140 and.144 in the silicon.

The crystalline silicon in the semiconductor substrate 100

below the amorphous layer 140 and 144 does not melt. The



dopant diffusion is therefofe limited to the previously
defined amorphous layer 140 and 144. It is therelore
possible to create very shallow, yet very abru?t junctions.
In addition, the high re-growth velocity of the amorghous
silicon layer 140 énd 144 enables it to_re—crystaAlize from
the underlyihg semiconductor substrate 100. By comparison,
the amorphous layer 136 of the gate re-crystallizes from
the ﬁnderlying polysilicon layer 112 and becomes a

polycrystalline layer upon re-crystallization.

The lase@ light 164 wavelength is preferably between
about 157 nanometers and 308 nanometers. The laser light
164 fluence is controlled_between'about O.i Joules/cm® and
1.5 Joules/cm®. The deep source and drain juncticns 174 so
formed have a depth of bétween about 300 Angstroms and
1,000 Angstroms and a concentration of between about 1x1i0%®
atoms/cm® and 1x10%! atoms/cm®. The shallow source and drain
extensions 178 so formed have a depth of between about 50
Angstroms gnd 500 Angstroms and a concentration of between

about 1x10%® atoms/cm® and 1x10%! atoms/cm.

Referring now to Fig. 23, the capping layer 160 is
removed to complete the manufacture of the integraied

circuit device.
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Referring now to Fig. 24, a third embodiment of the

present invention is illustrated. Beginning with sither

Fh

P
ole

Fig. 10 of the first embodiment or Fig. 20 o
embodiment, a method is now illustrated for_the
simultaneous formation of the deep source and drain
junctions; the shallow source and drain extensions and a

self-aligned silicide using the laser anneal.

More particularly, Fig. 24 begins with integrated

e

circuit device of Fig. 10 after the heévily_doped junctions
70 have been formed and the permanent sidewall spacer 58
over-etch. A metal layer 200 is deposited overlying the
semiconductor substrate 10 and the gate 22. The metal
layer 200 will later be reacted to form metal silicide on
silicon surfaces that are in contact with the metal layer
200. The metal layer preferably comprises Ti, Co, Ni, or a
Ni—Pf alloy. The metal layer 200 may be deposited using
physical vapor deposition (PVD) or CVD, for exampls, to a

thickness of between about 50 Angstréms and 450 Angstroms.

layer 200. The capping layer 204 is important to the

present invention because it controls the temperature



distribution profile acrésg the metal layer 200 and the
silicon during the subsequent laser anneal. The capping
layér 204 must comprise a material that has a.higher
melting poiﬁt than the metal iayer 200 and the siliccn so
that it will not melt during the lasef anneal. The capving
layer 204 protects the metal layer'ZOO by acting as a
barrier between the metal layef ZQO énd the ambient. Iﬁ

addition, the capping layer 204 must transmit th

[0}

irradiated laser light to the underlying metal laver 200

and to the semiconductor substrate 10.

The Capping layer 204 preferably qomprises W, Ta, TiN,
or TaN. Alternatively, the capping iayer 204 may comprise a
metal oxide or metal nitride common to the art. The
thickness of the capping layer 204 can be selected to
control the temperature.profile écross the metal layer 200,
the'semiconduc;or substrate 10 and the polysilicon layer 22
of the gate; In this preferred embddiment, fhe capping
layer 204 is deposited.to a thickneés of between about 50

r

Angstroms and 400 Angstroms.

Referring now to Fig. 25, an important feature of the
present invention is illustrated. The semiconductor

substrate 10, the metal layer 200 and the polysilicen layer



22 afe irradiated with laser light 208. This irradiation
causes the silicon in the émorphous layer 38 énd 42 of the
semiconductof substrate 10 and the amorphous laver 34 of
the polysilicon layer 22 to melt. The implanted ions in the
lightly doped junction 54 and the heavily doped junction 70
diffuse into the amorphous layer 38 and 42 to
simultaneously form the deép source and drain junctions 220
and the shallow source and drain extensions 224 for the

transistor.

' The metal layer 200 also is heated during the laser
irradiation step. The laser fluence is chosen such that it

is just sufficient to melt the amorphous layer beneath the

t

y the

y

metal. The silicon atoms then diffuse'and mix wit
metal atoms to form silicides. The'métal layer 200 thus
reacts with the silicon in contact with the metal layer 200
to form silicide. Note that metal layer 200 may or may not
be melted, depending on the laser fluence. In fhe present
invention, there is a high tendency for the metal to melt
during the laser irradiation. A silicide layer 216 is
thérefore formed in the deep source and d;ain regions 220,
and a silicide layer 212 is formed in the pclysilicon layer

22 of the gate. Because no silicide forms on the sidewall



spacers 58, the silicide layer 212 and 216 is formed self-

aligned to the transistor gate, drain, and source.

The laser light 208 fluence is carefully controlled so
that the temperature of the silicon only rises sufficiently
to melt the amorphous layer 38 and 42 in the silicecn. The

crystalline silicon in the semiconductor substrate 10 below

'the-amorphous layer 38 and 42 does not melt. The dopant

diffusion is therefore limited to the previously defined

amorphous layer 38 and 42. Note élso that the laser

- irradiation causes the silicon in the amorphous layer 34 to

melt. The implanted ions in the heavily doped junction 66
diffuse into the amorphous layer 34 to from a heavily doped
junction 230 in the polysiliéon layer 22 of the gate. It is
therefore possible to create very shallow, yet very abrupt
junctions. In addition, the high re—groﬁth velocity of the
aﬁorphous silicon layer 38 and 42 enables it to re-
crystallize from the underlying semiconductor substrate 10

so that the shallow junction will not be completel

‘consumed by the silicide formation. By comparison, the

amorphous layer 34 of the gate re-crystallizes from the
underlying polysilicon layer 22 and becomes a

polycrystalline layer upon re-crystallization.

(93}
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The laser light 208 wavelength is preferably between
about 157 nanometers and 308 nanometers. The léser light
208.fluence is controlled betweeh about 0.1 Joules/cm? and
1.5 Joules/cm®. The deep source and drain junctions 220 SO
formed have a depth of between about 300 Angstroms and
1,000 Angstroms and a concentration of between about 1x10S
atoms/cm3 and 1x10%! atoms/cm®. The shallow sgurve and drain
extensions 224 so formed have a debth of between about 50
'Angstroms_and 300 Angstroms and a concentratign of ketween

about 1x10!® atoms/cm?® and 1x102 atoms/cm3.

Note that oﬁly one. laser anneal is required to form
the deep sbufce and_d:ain junctibns 220, the shailow source
and drain eﬁtensions 224, and the silicide layer 212 and
216. Note also that,.while.the silicon atoms and the metal
atoms are reacting at the metal-silicon interface to form
silicide, the amorphous silicon layers are re-crystallizing
from the underlying substrate. The high re-growth velocity
of the re-crystallization prevents th; metal atoms £from
diffusing through the entire melt depth. 1In this.way, the

junctions will not be completely consumed by the silicide

formation.

(V8
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Next, the silicon body or wafér is preferabkl
subjected to a heat treatment to convert the silicide layer
into a highly crystalline silicide with a desired
resistivity value. This heat treatment may or may not be
necessary, depending on the metal—siliéon system that is
employed for silicidation. _Herein,.it i; preferred that a
heat treatment be performed. The heat treatment can either
be a RTA with éppropriate annealing temperature and time or
multiple laser pulses with a iow laser fluence. Zor RTA,
the temperéture range is between ébdut 250 degrees C and

900 degrees C. The duration range is between about 5

seconds and 1 hour. For heat treatment using multiple

laser pulses, the laser fluence should be between about
0.05 J/cm® and 0.5 J/cm? with between about 1 pulses and 100

pulses.

Referring now to Fig. 26, the capping layer 204 and
the unreacted metal layer 200 are removed to complete the
manufacture of the integrated circuit device.

As shown in the preferred embodiments, the present
invention provides a very manufacturable process for
forming MOS transistor device with abrupt, shallcw

junctions in an integrated circuit device. The use of a

V3]
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laser anneal to selectively melt only the amorphized
silicon enables careful control of implanted dopant
diffusion. Deep source and drain junctions and shallow

source and drain extensions for sub-0.l1 micron devices can

~{
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be activated and diffused using a single laser anns
addition, the method ofﬂthe present invention can be used
to form self-aligned silicide during the same laser anneal
that activates and diffuses the.deep source and drain

junctions and shallow source and drain extensions.

While the invention has been particularly shdwn_and
described with reference to the preferred embodiments
thereof, it will be understood by_those skiiled in the art
that various changes in férm and details may ke made
without departing fram the spirit and scope cf the

invention.

What is claimed is:
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i. A methqd to form MOS transistors in the manufacture of
an integrated circuit device comprising:

providing gates overlying a semiconductexr substrate
wherein each said gate comprises a gate oxide layer
OVérlying said semiconductor substrate and a polysilicon
layer overlying said gate oxide layer;

forming temporary sidewall spacers on said gates;

over—etching said temporary sidewall spacers to a
selected width;

thereafter implanting ions into exposed said
semiconduétor substrate to form an amorphous layer wherein

salid amorphous layer underlying said temporary sidewall

‘spacers is shallower than said amorphous layer not

underlying said temporary sidewall spacers;

thereafter removing said temporary sidewall spacers:;

thereafter implanting ions into exposed said
semiconductor substrate to form lightly doped junctions in
said shallower and said deepér amorphous layer:;

thereafter forming permanent sidewall spacers on said
gates; *

thereafter implanting ions into exposed said

semiconductor substrate to form heavily doped junctions in

said deeper amorphous layer:;

Q.

thereafter depositing a capping layer overiying sai

-_—
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semiconductor substrate-and said gates wherein said capping
layer protects said semiconductor subétrate during
irradiation;

thereafter_irradiating said semiconductor substrate
with laser light to melt said amocrphous layer while
crystalline regions of said semiconductor substirate remain
in solid state; to diffuse ions.in.said heavily doped
junctions into said deeper amorphous layer and in said
lightly doped junctions into said shallower amoréhous
layer, and to thereby simultaneously form deep source and
drain junctions and shallow source and drain extensions for
said transistors; and

thereafter removing said capping layer to complete the

manufacture of said integrated circuit device.

2. The method according to Claim 1 further comprising
over—etching_said permanént sidewall spacers to a reduced
thickness after said step of implanting ions into exposed
said semiconductor substrate to form said heavily doped
junctions and before said step of aepésiting sald capping

layer.

3. The method according to Claim 1 further comprising:

implanting ions into said polysilicon layer to ferm an

A
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amorphous layer dufing said step of implanting ions into
exposed said sémiconductor substrate to form said amorphous
layer;

depositing a metal layer overlying said semiconductor
substrate and said polysilicon layer after said step of
imblanting ions into exposed said semiconductcr subsirate
to form said heavily doped junctions and before said step
of depositing said capping layer:

irradiating polysilicon layer during said step of
irradiating said.semiconductor substrate to thereby form a
silic;de layef overlying said gates and said deep source
and drain junctions of said transistors; and

thereafter removing sald capping layer and said metal
layer.
4. The method accordind to Claim'i wherein said capping
laye; éomprises one of the group of: W, Ta, TiN, TaN, metal

oxide, and metal nitride.

5. The method according to Claim 1 wherein said permanent

sidewall spacer comprises one of the group of: Si0; and

 SisNg.

6. The method according to Claim 1 wherein said step of

_
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irradiating'is performed using a laser light with a fluence
of between about 0.1 Joules/cm® and 1.5 Joules/cm? and a
wavelength of between about 157 nanometers and 308

nanometers.

7. The method according to Claim 1 wherein said step of
implanting ions into exposed said semiconductor substrate
to form an amorphous layer comprises implanting cone of the
group of: Si and Ge, wherein said implantation is performed
at an energy of between about 1 KeV and 50 KeV and a’dosage

of between about 1x10® atoms/cm® and 1x10*°® atoms/cnm?.

8. A method to form MOS transistors in the manufacture of
an integrated cifcuit device comprising:

providing gates overlying a semiconductor substrate
wherein each said gate comprises a gate oxide layer
overlying said semiconductor substrate and a pclysilicon
layer overlying said gate oxide layer;

implanting ions into exposed said semiconductor
substrate to form a shéllower amorphous layer in said
semiconductor substrate;

thereaftet implanting ions into exposed said
semiconductor substrate to form lightly doped junctions in

said shallower amorphous layexr;

T



thereafter forming sidewall spacers on said gates;
thereafter implanting ions into exposed said
15 semiconductor substrate to form a deeper amorphous layer;
thereafter implanting ions into exposed said
semiconductor substrate to form heavily doped juncticons in
said deeper amorphous layer:;
thereafter depositing a capping layer overlying said
20 semiconductor substrate and said gates wherein said capping
layer protecrs said semiconductor substrate during
irradiation; |
thereafter irradiating said semiconduetor substrate
with laser light to melt said shallower and said deeper
25 amorphous layers while crystalline regions of said
semiconductor substrate remain in solid state, to diffuse
ions in said-hea&ily doped junctions in said cdeeper
amorphous layer, to diffuse.iqns in said lightly doped
junctions into said shallower amorphoﬁs layer, and to
30 thereby simultaneously form deep source and drain junctions
and shallow source and drain.extensions for saia
transistors; and ;
thereafter removing said capping layer tc complete the

manufacture of said integrated circuit device.

9. The method according to Claim 8 further comprising

40
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over-etching said sidéwall spacers to a reduced thickness
aﬁteﬁ said step of impianting ions into exposed said
semiconductor substrate to form said heavily doped
junctions and before said step of depositing said capping

layer.

10. The method according to Claim 8 further comprising:

implanting ions into said polysilicon layer to form an
amorphous layer during said step of implanting ions into
exposed said semiconductor substrate to form said amorphous
layer;

depositing a metal layer overlying said semiconductor

0

substrate and said polysilicon layer after said step o

th

implanting ions into exposed said semiconductor substrate
to form said heavily doped junctions and before said step
of depcsiting said capping layer;

step of

Q.

irradiating said polysilicon layer during sai

irradiating said semiconductor substrate to thereby form a

<

silicide layer overlying said gates and said deep source
and drain junctions of said transistors; and
thereafter removing said capping layer and said metal

layer.

11. The method according to Claim 8 wherein saicd capping

41
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layer comprises one of the group of: W, Ta, TiN, TaN, metal

- oxide and metal nitride.

12. The method according to Claim 8 wherein said sidewall

spacers comprise one of the group of: Si0,; and Si;N,.

13. The method according to Claim 8 wherein said step of
irradiating is performed using a laser lignht with a fluence
of between about 0.1 Joules/cm? and 1.5 Joules/cm?® and a

wavelength of between about 157 nanometers and 308

5 nanometers.

14.The method according to Claim 8 wherein said step of
implanting ions into exposed said semiconductor substrate
to form an amorphous layer comprises implanting one of the
group of: Si and Ge, wherein said implantation is perfofmed
5 at an energy of between about 1 KeV and 50 KeV and a dosage

of between about 1x10° atoms/cm?® and 1x10'® atoms/cm?®.

15. A method to form MOS transistors in the manufacture of
an integrated circuit device comprising:
providing gates overlying a semiconductor substrate

wherein each said gate comprises a gate oxide layer

42
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overlying said semiconductor substrate and a polysilicon
Iayet Qverlying salid cgate oxide layer;

forming temporary sidewall spacers on said gates;

over-etching said temporary sidewall spacers to a
selected width;

thereafter-iﬁpianting ions into exposed said
semiconductor substrate and into exposed said polysilicon
layer to form an amorphous iayer in said semiconductor
substrate and said polysilicon'iayer wherein said amorphous
layer underl?ing said temporary sidewall spacers is_
shallpwer than said amorphous layer not underlying said
temporary sidewall spacers; )

fhefeafter removing said temporary sidewall spacers;

thereaftér implanting ions into exposed said
semiconductor substrate to form lightly_doped junctions in
said shallower amorphous layer:;

thereaftef forming permanent sidewall spacers on said
gates;

thereafter implanting ions into exposed said
semiconductor substrate to form heévily doped junctions in
said deeper amorphous léyer;

thereafter depositing a metal layer cverlying said

semiconductor substrate and said gates:;

'- R A
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thereafter depositing a capping layer overlying said
metal layer wherein said capping layér protects said metal
l;yer during irradiation;

thereafter irradiating said semiconductor substrate,
said metal layer, and said polysiiicon layer with iaser
light to melt said amorphous layer while said polysilicon
layer and crystalline regions of said semiconductor
substrate remain in solid state, tq thereby diffuse ions in
said heavily doped junctions into said déep amorphoﬁs layer
and in-said lightly doped junctions into said shallower
amorphous layer, to react said metal layer with said
semiconductor substrate-and with said polysilicon layer,
and to thereby simultaneously form deep source and drain
junctioné, shallow source énd drain extensions, and a
silicidé layer overlying said gaﬁes and said deep source
and drain junctions for said transistors;

heating said silicide layer and said semiconduétor
sﬁbstrate to improve the érystal structure of said silicide
layer; and |

thereafter removing said capping layer and said metal
layer to complete the manufacture of said integrated

circuit device.
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16. The method according to Claim 15 further ccmprising
over—etching said permanent sidewall spacers to a reduced
thickness after said step of implanting ions into exposed
said semiconducteor substrate to form said heavily doped

5 junctions and before said step of depositing said metal

layer.

17. The method according to Claim 15 wherein said capping
-layer comprises one of the group of: W, Ta, TiN, TaN, metal

oxide, and metal nitride.

18. The method according'td Claim 15 wherein said step of
irradiating is.performed using a laser light with a fluence
of between about 0.1 Joules/cm® and 1.5 Jouleé/cmzand a
wavelength of between about 157 nancmeters and 308

5 nanometers.

h

'19. The method according to Claim 14 wherein said step o

ps
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implanting ions into exposed said semiconductor substra

de

* 0 .
to form an amorphous layer comprises implanting
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group of: Si and Ge, wherein said implantation is performed
5 at an energy of between about 1 KeV and 50.KeV and a dosage

of between about 1x10%® atoms/cm® and 1x10*° atcms/cm?.

-

T



20. The method according to Claim 14 wherein said metal
layer comprises one of the group of: Ti, Co, Ni, and Ni-Pt

alloy.

46

A




