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METHOD FOR FABRICATING SEMICONDUCTOR DEVICES  

WITH SHALLOW DIFFUSION REGIONS 

 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001]      This application claims the benefit of U.S. provisional application No. 61/053,674, 

filed May 16, 2008, entitled “Method for Fabricating Semiconductor Devices with Shallow 

Diffusion Regions”, the entire content of which is herein incorporated by reference. 

 

TECHNICAL FIELD 

[0002]      The present invention relates to generally to methods for fabricating semiconductor 

devices, and more particularly to methods for fabricating transistor diffusion regions. 

 

BACKGROUND ART 

[0003]      Integrated circuits (ICs) comprising many tens of thousands of semiconductor devices 

including field effect transistors (FETs) are a cornerstone of modern microelectronic systems. 

The various regions of the FETs (e.g. source/drain and source/drain extensions) are formed by 

introducing dopant atoms into a semiconductor substrate using methods such as ion implantation.  

After the dopants have been introduced, they are electrically activated by subjecting the 

semiconductor substrate to one or more annealing processes such as low temperature thermal 

anneal, rapid thermal anneal, spike anneal, flash  anneal or laser anneal.   

[0004]      Unfortunately, dopants have a tendency to diffuse or expand both laterally and 

vertically away from the profile as-introduced during annealing thereby increasing the 

dimensions of the various device regions.  This outward diffusion of dopants is undesirable 

particularly as semiconductor devices are scaled down in size.   

METHOD FOR FABRICATING SEMICONDUCTOR DEVICES  WITH
SHALLOW DIFFUSION REGIONS CROSS-REFERENCE TO RELATED
APPLICATIONS [0001] This application claims the benefit of U.S.
provisional application No. 61/053,674,  filed May 16, 2008, entitled
"Method for Fabricating Semiconductor Devices with Shallow  Diffusion
Regions", the entire content of which is herein incorporated by reference.
TECHNICAL FIELD [0002] The present invention relates to generally to
methods for fabricating semiconductor  devices, and more particularly to
methods for fabricating transistor diffusion regions.  BACKGROUND ART
[0003] Integrated circuits (ICs) comprising many tens of thousands of
semiconductor devices  including field effect transistors (FETs) are a
cornerstone of modern microelectronic systems.  The various regions of
the FETs (e.g. source/drain and source/drain extensions) are formed by
introducing dopant atoms into a semiconductor substrate using methods
such as ion implantation.  After the dopants have been introduced, they
are electrically activated by subjecting the  semiconductor substrate to
one or more annealing processes such as low temperature thermal
anneal, rapid thermal anneal, spike anneal, flash anneal or laser anneal.
[0004] Unfortunately, dopants have a tendency to diffuse or expand both
laterally and  vertically away from the profile as-introduced during
annealing thereby increasing the  dimensions of the various device
regions. This outward diffusion of dopants is undesirable  particularly as
semiconductor devices are scaled down in size. 1 [0005] For example, as
the gate length of FETs is scaled down to 45 nm and beyond, the  source
and drain regions of the FET increasingly interact with the channel region,
gaining  influence on the channel potential. As a result, the gate electrode
has reduced control over the on  and off states of the channel. This effect
is known as the short channel effect. In order to reduce  
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[0005]      For example, as the gate length of FETs is scaled down to 45 nm and beyond, the 

source and drain regions of the FET increasingly interact with the channel region, gaining 

influence on the channel potential.  As a result, the gate electrode has reduced control over the on 

and off states of the channel.  This effect is known as the short channel effect.  In order to reduce 

the short channel effect, it is desirable to fabricate FET devices with shallower source/drain 

extension and/or source/drain junctions and also reduce the lateral extension of these regions 

after anneal.   

[0006]      Known approaches for the formation of ultra shallow junctions include the use of 

techniques such as pre-amorphization implant (PAI) to reduce the effect of ion channeling of 

dopant species. However, the PAI process commonly results in the formation of end of range 

(EOR) defects regions which include interstitial defects.  Interstitials are undesirable as they have 

the effect of increasing junction depth and deactivating dopants during subsequent annealing 

steps. In addition, current leakage caused by residual EOR defects not removed by annealing 

processes is also becoming an important concern as device dimensions are scaled down to less 

than 100nm. 

[0007]      In addition to the above-mentioned need for shallow junctions, the level of dopant 

activation is also a critical factor as device dimensions are scaled down.  This is because the 

resistances of the various diffusion regions (e.g. source/drain regions) increase with the shrinking 

of diffusion region dimensions.  Since an increase in the level of dopant activation has the effect 

of decreasing resistance, a higher level of dopant activation is desirable. 

[0008]      In view of the above discussion, there is a need for fabrication techniques that can 

mitigate at least one of the above mentioned problems.  

 

SUMMARY OF THE INVENTION 

[0009]      The present invention relates to semiconductor devices and in particular, to the 

formation of diffusion regions in semiconductor devices. 

the short channel effect, it is desirable to fabricate FET devices with
shallower source/drain  extension and/or source/drain junctions and also
reduce the lateral extension of these regions  after anneal. [0006] Known
approaches for the formation of ultra shallow junctions include the use of
techniques such as pre-amorphization implant (PAI) to reduce the effect of
ion channeling of  dopant species. However, the PAI process commonly
results in the formation of end of range  (EOR) defects regions which
include interstitial defects. Interstitials are undesirable as they have  the
effect of increasing junction depth and deactivating dopants during
subsequent annealing  steps. In addition, current leakage caused by
residual FOR defects not removed by annealing  processes is also
becoming an important concern as device dimensions are scaled down to
less  than 100nm. [0007] In addition to the above-mentioned need for
shallow junctions, the level of dopant  activation is also a critical factor as
device dimensions are scaled down. This is because the  resistances of
the various diffusion regions (e.g. source/drain regions) increase with the
shrinking  of diffusion region dimensions. Since an increase in the level of
dopant activation has the effect  of decreasing resistance, a higher level of
dopant activation is desirable. [0008] In view of the above discussion,
there is a need for fabrication techniques that can  mitigate at least one of
the above mentioned problems. SUMMARY OF THE INVENTION [0009]
The present invention relates to semiconductor devices and in particular,
to the  formation of diffusion regions in semiconductor devices. 2 [0010] In
accordance with a first aspect of the invention, there is provided a method
for  fabricating a semiconductor device comprising providing a substrate,
forming a gate stack over  the substrate and performing a first laser
processing to form vacancy rich regions within the  substrate on opposing
sides of the gate stack. The vacancy rich regions have a first depth from a
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[0010]      In accordance with a first aspect of the invention, there is provided a method for 

fabricating a semiconductor device comprising providing a substrate, forming a gate stack over 

the substrate and performing a first laser processing to form vacancy rich regions within the 

substrate on opposing sides of the gate stack.  The vacancy rich regions have a first depth from a 

surface of the substrate.  A first implant is carried out after the first laser processing, the first 

implant causing end of range defect regions to be formed on opposing sides of the gate stack at a 

second depth from the surface of the substrate.  The first depth is proximate to the second depth. 

[0011]      These and other objects, along with advantages and features of the present invention 

herein disclosed, will become apparent through reference to the following description and the 

accompanying drawings.  Furthermore, it is understood that the features of the various 

embodiments described herein are not mutually exclusive and can exist in various combinations 

and permutations.  

 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012]      In the drawings, like reference numbers generally refer to the same parts throughout 

the different views.  Also, the drawings are not necessarily to scale, emphasis instead generally 

being placed upon illustrating the principles of the invention.  In the following description, 

embodiments of the invention will now be described, by way of example with reference to the 

drawings of which: 

[0013]      Fig. 1a is a flow chart of a know method for forming a diffusion region comprising 

first dopants; 

[0014]      Fig. 1b is schematic graph depicting the as-implanted Boron concentration profile for 

a substrate processed using the method in Fig. 1a; 

[0015]      Fig. 2a is a flow chart of a method for forming a diffusion region comprising first 

dopants in accordance with an embodiment of the present invention; 

surface of the substrate. A first implant is carried out after the first laser
processing, the first  implant causing end of range defect regions to be
formed on opposing sides of the gate stack at a  second depth from the
surface of the substrate. The first depth is proximate to the second depth.
[0011] These and other objects, along with advantages and features of the
present invention  herein disclosed, will become apparent through
reference to the following description and the  accompanying drawings.
Furthermore, it is understood that the features of the various
embodiments described herein are not mutually exclusive and can exist in
various combinations  and permutations. BRIEF DESCRIPTION OF THE
DRAWINGS [0012] In the drawings, like reference numbers generally
refer to the same parts throughout  the different views. Also, the drawings
are not necessarily to scale, emphasis instead generally  being placed
upon illustrating the principles of the invention. In the following description,
embodiments of the invention will now be described, by way of example
with reference to the  drawings of which: [0013] Fig. la is a flow chart of a
know method for forming a diffusion region comprising  first dopants;
[0014] Fig. lb is schematic graph depicting the as-implanted Boron
concentration profile for  a substrate processed using the method in Fig.
la; [0015] Fig. 2a is a flow chart of a method for forming a diffusion region
comprising first  dopants in accordance with an embodiment of the
present invention; 3 [0016] Fig. 2b is schematic graph depicting the as-
implanted Boron concentration profile for  a substrate processed using the
method in Fig. 2a; [0017] Fig. 3a is a graph showing the after anneal
Boron concentration profile for samples a,  b, and c processed in a
method in accordance with an embodiment of the present invention;
[0018] Fig. 3b is a graph showing Boron concentration profile for samples
without PAI, with  
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[0016]      Fig. 2b is schematic graph depicting the as- implanted Boron concentration profile for 

a substrate processed using the method in Fig. 2a; 

[0017]      Fig. 3a is a graph showing the after anneal Boron concentration profile for samples a, 

b, and c processed in a method in accordance with an embodiment of the present invention; 

[0018]      Fig. 3b is a graph showing Boron concentration profile for samples without PAI, with 

PAI, and with PAI and pre-implant laser processing in accordance with an embodiment of the 

present invention; 

[0019]      Figs. 4a to 4c  are schematic representations showing the mechanism associated with 

the interaction of laser induced vacancies with interstitials in a EOR region created by a pre-

amorphization implant; 

[0020]      Figs. 5a to 5b are cross-sectional TEM micrographs for samples with and without 

pre-implant laser treatment; 

[0021]      Figs. 6a to 6h(i) are schematic cross-sectional views illustrating the results of 

progressive stages in fabricating a semiconductor structure in accordance with a first 

embodiment of the invention;  

[0022]      Figure 6h(ii) is a schematic cross-sectional view illustrating a semiconductor 

structure with a process flow similar to that described in relation to Figs. 6a to 6h(i) but 

excluding a pre-implant laser step;  

[0023]      Figs. 7a to 7i are schematic cross-sectional views illustrating the results of 

progressive stages in fabricating a semiconductor structure in accordance with a second 

embodiment of the invention; and 

[0024]      Figs. 8a to 8k are schematic cross-sectional views illustrating the results of 

progressive stages in fabricating a semiconductor structure in accordance with a third 

embodiment of the invention. 

 

 

PAI, and with PAI and pre-implant laser processing in accordance with an
embodiment of the  present invention; [0019] Figs. 4a to 4c are schematic
representations showing the mechanism associated with  the interaction
of laser induced vacancies with interstitials in a FOR region created by a
pre- amorphization implant; [0020] Figs. Sa to Sb are cross-sectional TEM
micrographs for samples with and without  pre-implant laser treatment;
[0021] Figs. 6a to 6h(i) are schematic cross-sectional views illustrating the
results of  progressive stages in fabricating a semiconductor structure in
accordance with a first  embodiment of the invention; [0022] Figure 6h(ii)
is a schematic cross-sectional view illustrating a semiconductor  structure
with a process flow similar to that described in relation to Figs. 6a to 6h(i)
but  excluding a pre-implant laser step; [0023] Figs. 7a to 7i are schematic
cross-sectional views illustrating the results of  progressive stages in
fabricating a semiconductor structure in accordance with a second
embodiment of the invention; and [0024] Figs. 8a to 8k are schematic
cross-sectional views illustrating the results of  progressive stages in
fabricating a semiconductor structure in accordance with a third
embodiment of the invention. 4 DETAILED DESCRIPTION [0025] The
making and using of embodiments of the invention are discussed in
sufficient  detail below to enable those skilled in the art to make and use
the invention. It is to be  appreciated that other embodiments would be
evident based on the present disclosure, and that  system, process, or
mechanical changes may be made without departing from the scope of
the  present invention. 
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DETAILED DESCRIPTION 

[0025]      The making and using of embodiments of the invention are discussed in sufficient 

detail below to enable those skilled in the art to make and use the invention.  It is to be 

appreciated that other embodiments would be evident based on the present disclosure, and that 

system, process, or mechanical changes may be made without departing from the scope of the 

present invention.  

[0026]      Generally, the following embodiments relate to the formation of diffusion regions in 

semiconductor devices including a first laser process where vacancy rich regions are formed at a 

first depth from the surface of a substrate.  A first implant is carried out after the pre-implant 

laser process wherein the first implant causes the formation of end of range (EOR) defect regions 

at a second depth from the surface of the substrate.  By engineering the depth of the vacancy rich 

regions such that they are approximately equal to the depth of the EOR regions, the number of 

interstitials in the EOR defect regions can be reduced.  Accordingly, interstitial related problems 

such as transient enhanced diffusion and dopant deactivation may be mitigated.  By way of 

example, the first implant may be a pre-amorphization implant or other amorphization implants 

such as a deep source/drain implant. 

[0027]      Fig. 1a shows a known process flow 100 for fabricating a diffusion region.  In this 

process flow, a silicon substrate is subjected to a pre-amorphization implant (PAI) in step 102 to 

form an amorphous region in the substrate followed by the implantation of a first dopant to form 

a first diffusion region in step 104.  The first diffusion region and the amorphous region overlap 

and the pre-amorphization implant is used to reduce the extent of first dopant channeling when 

first dopants are implanted into the substrate.  Reducing the extent of channeling facilitates the 

formation of diffusion regions with shallow junction depth.  PAI schemes that may be used 

include using inert ions such as Ge or Si for pre-amorphizing, or using a dopant as self-

amorphizing.  

[0026] Generally, the following embodiments relate to the formation of
diffusion regions in  semiconductor devices including a first laser process
where vacancy rich regions are formed at a  first depth from the surface of
a substrate. A first implant is carried out after the pre-implant  laser
process wherein the first implant causes the formation of end of range
(EOR) defect regions  at a second depth from the surface of the substrate.
By engineering the depth of the vacancy rich  regions such that they are
approximately equal to the depth of the FOR regions, the number of
interstitials in the FOR defect regions can be reduced. Accordingly,
interstitial related problems  such as transient enhanced diffusion and
dopant deactivation may be mitigated. By way of  example, the first
implant may be a pre-amorphization implant or other amorphization
implants  such as a deep source/drain implant. [0027] Fig. la shows a
known process flow 100 for fabricating a diffusion region. In this  process
flow, a silicon substrate is subjected to a pre-amorphization implant (PAI)
in step 102 to  form an amorphous region in the substrate followed by the
implantation of a first dopant to form  a first diffusion region in step 104.
The first diffusion region and the amorphous region overlap  and the
pre-amorphization implant is used to reduce the extent of first dopant
channeling when  first dopants are implanted into the substrate. Reducing
the extent of channeling facilitates the  formation of diffusion regions with
shallow junction depth. PAI schemes that may be used  include using inert
ions such as Ge or Si for pre-amorphizing, or using a dopant as self-
amorphizing. 5 [0028] In step 106 of Figure la, the silicon substrate is
subjected to an annealing process to  activate the first dopants in the first
diffusion region. Annealing processes such as rapid thermal  annealing
(RTA), spike annealing, laser annealing or flash annealing may be used.
Solid-phase  epitaxial re-growth (SPER) of the amorphous region occurs
during the annealing process. [0029] Fig. lb shows the dopant
concentration versus substrate depth profile for an example  where a
silicon substrate is processed using the above described process flow
100. In this  
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[0028]      In step 106 of Figure 1a, the silicon substrate is subjected to an annealing process to 

activate the first dopants in the first diffusion region.  Annealing processes such as rapid thermal 

annealing (RTA), spike annealing, laser annealing or flash annealing may be used.  Solid-phase 

epitaxial re-growth (SPER) of the amorphous region occurs during the annealing process.   

[0029]      Fig. 1b shows the dopant concentration versus substrate depth profile for an example 

where a silicon substrate is processed using the above described process flow 100.  In this 

example, Boron is used as a first dopant.  The dopant concentration profile for Boron after 

activation anneal (that is after step 106) is represented by the curve 110.  120 denotes the 

location of an amorphous region in the silicon substrate, 130 a crystalline region in the silicon 

substrate and the dotted line 140 represents the amorphous/crystalline interface.  While the pre-

amorphization implantation step 102 can help to facilitate ultra-shallow junction formation by 

reducing Boron channeling, it also leaves behind an end-of-range (EOR) defect region 150 

located just beyond the amorphous/crystalline interface 140.  The EOR region is rich in Si-

interstitials.  During post-implantation activation anneal (step 106), the Si-interstitials 

agglomerate into extended defects and evolve via the Ostwald ripening mechanism thus resulting 

in problems such as first dopant transient enhanced diffusion, first dopant deactivation as well as 

junction leakage. 

[0030]      For the case when Boron is used as a first dopant, Boron-rich clusters form in the 

region of high Boron concentration, and beyond the initial amorphous/crystalline interface 140. 

When the amorphous region 120 re-crystallizes during solid-phase epitaxial re-growth in step 

106, interstitials from the EOR region agglomerate into interstitial-clusters.  These interstitial-

clusters result in transient enhanced diffusion (TED) and dopant deactivation of Boron.  In 

diffusion regions acquired through PAI, the EOR defect band is located beyond the high-

concentration Boron region, so that deactivation requires transport of interstitials from the EOR 

band towards the surface, forming inactive Boron Interstitial Clusters (BICs).  The stability of 

the boron-doped junction formed by the technique of Fig. 1a is of a concern since dopant 

example, Boron is used as a first dopant. The dopant concentration profile
for Boron after  activation anneal (that is after step 106) is represented by
the curve 110. 120 denotes the  location of an amorphous region in the
silicon substrate, 130 a crystalline region in the silicon  substrate and the
dotted line 140 represents the amorphous/crystalline interface. While the
pre- amorphization implantation step 102 can help to facilitate
ultra-shallow junction formation by  reducing Boron channeling, it also
leaves behind an end-of-range (EOR) defect region 150  located just
beyond the amorphous/crystalline interface 140. The FOR region is rich in
Si- interstitials. During post-implantation activation anneal (step 106), the
Si-interstitials  agglomerate into extended defects and evolve via the
Ostwald ripening mechanism thus resulting  in problems such as first
dopant transient enhanced diffusion, first dopant deactivation as well as
junction leakage. [0030] For the case when Boron is used as a first
dopant, Boron-rich clusters form in the  region of high Boron
concentration, and beyond the initial amorphous/crystalline interface 140.
When the amorphous region 120 re-crystallizes during solid-phase
epitaxial re-growth in step  106, interstitials from the FOR region
agglomerate into interstitial-clusters. These interstitial- clusters result in
transient enhanced diffusion (TED) and dopant deactivation of Boron. In
diffusion regions acquired through PAI, the FOR defect band is located
beyond the high- concentration Boron region, so that deactivation requires
transport of interstitials from the FOR  band towards the surface, forming
inactive Boron Interstitial Clusters (BICs). The stability of  the boron-doped
junction formed by the technique of Fig. la is of a concern since dopant  6
deactivation may arise upon subsequent thermal treatments not limited to
post implant activation  anneal 106. [0031] In an exemplary embodiment
of the present invention, the problems generated by  interstitials in the
FOR region 150 of Fig. lb may be mitigated by adding a pre-implant laser
step  before the pre-amorphization implantation step 102. A flow chart 200
representing the  
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deactivation may arise upon subsequent thermal treatments not limited to post implant activation 

anneal 106.  

[0031]      In an exemplary embodiment of the present invention, the problems generated by 

interstitials in the EOR region 150 of Fig. 1b may be mitigated by adding a pre-implant laser step 

before the pre-amorphization implantation step 102.  A flow chart 200 representing the 

exemplary embodiment is shown in Fig. 2a.  A silicon substrate is subjected to a pre-implant 

vacancy generating laser process in step 202 followed by a pre-amorphization implant in step 

204.  A first dopant is then implanted to form a first diffusion region in step 206 followed by a 

post-implant anneal in step 208 to activate the first dopants in the first diffusion region.  

Annealing processes such as but not limited to rapid thermal annealing, spike annealing, laser 

annealing or flash annealing may be used.  Solid-phase epitaxial re-growth of at least a 

substantial portion of the amorphous region occurs during the annealing process.   

[0032]      The pre-implant vacancy generating laser process in step 202 is optimized to form a 

vacancy rich region proximate to an EOR region generated by the pre-amorphization 

implantation step 204.  In one embodiment, the depth of the vacancy rich region corresponds to 

the maximum melt-depth of a laser fluence used in the pre-implant laser step.  The depth of a 

vacancy rich region is used herein to denote a depth at which a peak concentration of vacancies 

exist while the depth of an EOR region is used to denote a depth at which a peak concentration 

of defects exist.   The vacancies in the vacancy rich region combine with the interstitials in the 

EOR defect region thereby reducing the number of interstitials released from the EOR region.  

Consequently, problems caused by EOR interstitial defects can be reduced thus bringing about 

one or  more effects such as a suppression in transient enhanced diffusion of first dopant species, 

improved activation of dopants, decrease in leakage current due to EOR defects, significant 

removal of end-of-range defects, reduced lateral diffusion leading to a better control of short 

channel effect.  

exemplary embodiment is shown in Fig. 2a. A silicon substrate is
subjected to a pre-implant  vacancy generating laser process in step 202
followed by a pre-amorphization implant in step  204. A first dopant is then
implanted to form a first diffusion region in step 206 followed by a
post-implant anneal in step 208 to activate the first dopants in the first
diffusion region.  Annealing processes such as but not limited to rapid
thermal annealing, spike annealing, laser  annealing or flash annealing
may be used. Solid-phase epitaxial re-growth of at least a  substantial
portion of the amorphous region occurs during the annealing process.
[0032] The pre-implant vacancy generating laser process in step 202 is
optimized to form a  vacancy rich region proximate to an FOR region
generated by the pre-amorphization  implantation step 204. In one
embodiment, the depth of the vacancy rich region corresponds to  the
maximum melt-depth of a laser fluence used in the pre-implant laser step.
The depth of a  vacancy rich region is used herein to denote a depth at
which a peak concentration of vacancies  exist while the depth of an FOR
region is used to denote a depth at which a peak concentration  of defects
exist. The vacancies in the vacancy rich region combine with the
interstitials in the  FOR defect region thereby reducing the number of
interstitials released from the FOR region.  Consequently, problems
caused by FOR interstitial defects can be reduced thus bringing about
one or more effects such as a suppression in transient enhanced diffusion
of first dopant species,  improved activation of dopants, decrease in
leakage current due to FOR defects, significant  removal of end-of-range
defects, reduced lateral diffusion leading to a better control of short
channel effect. 7 [0033] Fig. 2b shows the dopant concentration versus
substrate depth profile for an example  where a silicon substrate is
processed using process flow 200 and Boron is implanted as a first
dopant. The dopant concentration profile for Boron after activation anneal
(that is after step 208)  is represented by the curve 210. 220 denotes the
location of an amorphous region in the silicon  substrate, 230 a crystalline
region in the silicon substrate and the dotted line 240 represents the  
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[0033]      Fig. 2b shows the dopant concentration versus substrate depth profile for an example 

where a silicon substrate is processed using  process flow 200 and Boron is implanted as a first 

dopant.  The dopant concentration profile for Boron after activation anneal (that is after step 208) 

is represented by the curve 210.  220 denotes the location of an amorphous region in the silicon 

substrate, 230 a crystalline region in the silicon substrate and the dotted line 240 represents the 

amorphous/crystalline interface. As a result of the pre-implant laser process in step 202, there are 

fewer residual defects such as interstitials in the EOR region compared to Fig. 1b where there is 

no pre-implant laser process.  Consequently, the extent of Boron diffusion during activation 

anneal is reduced for Fig. 2b and the Boron diffusion region in Fig. 2b is shallower than the 

Boron diffusion region in Fig. 2a. 

[0034]      In an experiment carried out by the inventors, a number of Czochralski-grown n-type 

(100) silicon wafers were subjected to a pre-implant laser irradiation process where the wafers 

were pre-irradiated by a KrF excimer laser of wavelength 248 nm at 0.72 J/cm
2
 in a nitrogen 

ambient with a laser pulse duration of 23 ns and a repetition rate of 1 Hz.  The high fluence 

excimer laser irradiation melts the surface of the substrate and the melted surface layer 

undergoes a liquid phase epitaxy regrowth.  Re-crystallization of the melted layer creates a point 

defect deformation beyond the liquid/solid interface. The laser induced point-defects are 

confirmed by double-crystal X-ray diffraction measurements to be vacancy type.    

[0035]      The wafers were then split into groups a, b and c after laser irradiation, where the 

wafers in each group were pre-amorphized using Si
+
 implantations with an identical dose of 1 x 

10
15

 cm
−2

 but at an energy of 20 keV, 40 keV and 100 keV for groups a, b and c respectively.  

After the pre-amorphization implant, B
+
 implantation was carried out to introduce Boron dopants 

into the substrate of all wafers.  The B
+
 implantation was performed at an energy of 5 keV with a 

dose of 1 x 10
15

 cm
−2 

at a tilt 7° and a twist 22°. Finally, the wafers are subjected to a rapid 

thermal processing (RTP) at 800
o
C to activate the Boron dopants. 

amorphous/crystalline interface. As a result of the pre-implant laser
process in step 202, there are  fewer residual defects such as interstitials
in the FOR region compared to Fig. lb where there is  no pre-implant laser
process. Consequently, the extent of Boron diffusion during activation
anneal is reduced for Fig. 2b and the Boron diffusion region in Fig. 2b is
shallower than the  Boron diffusion region in Fig. 2a. [0034] In an
experiment carried out by the inventors, a number of Czochralski-grown
n-type  (100) silicon wafers were subjected to a pre-implant laser
irradiation process where the wafers  were pre-irradiated by a KrF excimer
laser of wavelength 248 nm at 0.72 J/cm2 in a nitrogen  ambient with a
laser pulse duration of 23 ns and a repetition rate of 1 Hz. The high
fluence  excimer laser irradiation melts the surface of the substrate and
the melted surface layer  undergoes a liquid phase epitaxy regrowth.
Re-crystallization of the melted layer creates a point  defect deformation
beyond the liquid/solid interface. The laser induced point-defects are
confirmed by double-crystal X-ray diffraction measurements to be vacancy
type. [0035] The wafers were then split into groups a, b and c after laser
irradiation, where the  wafers in each group were pre-amorphized using Si'
implantations with an identical dose of 1 x  1015 CM -2 but at an energy of
20 keV, 40 keV and 100 keV for groups a, b and c respectively.  After the
pre-amorphization implant, B' implantation was carried out to introduce
Boron dopants  into the substrate of all wafers. The B' implantation was
performed at an energy of 5 keV with a  dose of 1 x 1015 cm-2 at a tilt 7
and a twist 22. Finally, the wafers are subjected to a rapid  thermal
processing (RTP) at 800C to activate the Boron dopants. 8 [0036] Table I
provides experimental data for the three different groups a, b, and c in
terms  of the pre-amorphization implant energy, depth of amorphous
region formed by the pre- amorphization implant and maximum melt depth
of the pre-implant laser irradiation process.  Since the wafers in all three
groups were subjected to the same pre-implant laser process  conditions,
the maximum melt depth of the wafers are identical at 60nm. In this
experiment, the  
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[0036]      Table I provides experimental data for the three different groups a, b, and c in terms 

of the pre-amorphization implant energy, depth of amorphous region formed by the pre-

amorphization implant and maximum melt depth of the pre-implant laser irradiation process.  

Since the wafers in all three groups were subjected to the same pre-implant laser process 

conditions, the maximum melt depth of the wafers are identical at 60nm.  In this experiment, the 

maximum melt depth of the pre-implant laser process corresponds to the depth of a vacancy rich 

region generated by the process.   

 

Table I 

Group a b c 

Pre-amorphization 

implant energy (keV) 

20 40 100 

Amorphous region 

depth (nm) 

40 60 120 

Maximum melt depth 

(nm) 

60 60 60 

 

[0037]      In order to compare the effects of different processing conditions for groups a, b and 

c, the dopant concentration profile and sheet resistances of wafers in the respective groups were 

measured.   

[0038]      Fig. 3a shows the variation in Boron concentration as a function of depth from the 

surface of a substrate.  Graph 310 is the dopant profile for a 40keV pre-amorphization sample as-

is after Boron implant.  Graphs 320, 330 and 340 correspond to the profile of 20 keV, 40 keV 

and 100 keV PAI samples after anneal.  As shown in Fig. 3, the 40 keV PAI sample 330 exhibits 

the least Boron diffusion followed by the 20 keV PAI sample 320.  The 100 keV PAI sample 340 

experienced the most Boron diffusion and hence had the deepest junction depth as evident from 

its dopant profile 440.   

maximum melt depth of the pre-implant laser process corresponds to the
depth of a vacancy rich  region generated by the process. Table I Group a
b c  Pre-amorphization 20 40 100  implant energy (keV) Amorphous
region 40 60 120  depth (nm) Maximum melt depth 60 60 60  (nm) [0037]
In order to compare the effects of different processing conditions for
groups a, b and  c, the dopant concentration profile and sheet resistances
of wafers in the respective groups were  measured. [0038] Fig. 3a shows
the variation in Boron concentration as a function of depth from the
surface of a substrate. Graph 310 is the dopant profile for a 40keV
pre-amorphization sample as- is after Boron implant. Graphs 320, 330 and
340 correspond to the profile of 20 keV, 40 keV  and 100 keV PAI
samples after anneal. As shown in Fig. 3, the 40 keV PAI sample 330
exhibits  the least Boron diffusion followed by the 20 keV PAI sample 320.
The 100 keV PAI sample 340  experienced the most Boron diffusion and
hence had the deepest junction depth as evident from  its dopant profile
440. 9 [0039] As shown from the annealed profiles in Fig. 3a, the
relationship between the depth of  the amorphous region (and hence
location of the end of range defect region) versus the location  of the
maximum melt depth is critical. By matching the amorphous region depth
substantially  with the maximum melt depth as per case for the group b,
40keV samples, boron dopant  diffusion during annealing can be
effectively reduced. As discussed earlier, the pre-amorphizing  
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[0039]      As shown from the annealed profiles in Fig. 3a, the relationship between the depth of 

the amorphous region (and hence location of the end of range defect region) versus the location 

of the maximum melt depth is critical.   By matching the amorphous region depth substantially 

with the maximum melt depth as per case for the group b, 40keV samples, boron dopant 

diffusion during annealing can be effectively reduced.  As discussed earlier, the pre-amorphizing 

implant creates an End of Range (EOR) region below the amorphous region proximate the 

amorphous/crystalline interface.  The excess vacancies in the vacancy rich region can recombine 

with interstitials in the EOR thereby helping to suppress interstitial aided diffusion mechanisms 

such as transient enhanced diffusion.  By reducing lateral and vertical diffusion, there is 

improved control of source/drain dimensions.  Matching of the amorphous region depth and 

maximum melt depth may be achieved through the adjustment of implant conditions such as ion 

implantation energy.  Although the currently described experiments rely on the adjustment of 

implant conditions to match amorphization depth with the laser melt-depth, it is also possible to 

adjust the maximum laser melt depth instead for example, by tuning the energy of the laser 

fluence. 

[0040]      In addition to the above, the sheet resistances Rs for the different groups were also 

compared.  The 20 keV and 40 keV PAI samples had resistances of 300 ohm/□ and 250 ohm/□ 

respectively.   However, the Rs of the 100 keV samples was significantly higher at 550 ohm/□. 

The variation in Rs is correlated with the change in Boron activation level as the PAI conditions 

are varied.  This is because the excess vacancies in the vacancy rich region help to remove the 

interstitials thereby increasing Boron dopant activation.  Therefore, the closer the end of range 

region depth and maximum melt depth are matched the greater the improvement in dopant 

activation. A similar Rs trend (not shown) was also obtained when the samples are subjected to a 

1000
o
C of RTA annealing instead of 800

 o
C.  

[0041]      Fig. 3b shows Boron concentration profiles for samples in a crystalline silicon 

substrate and in silicon substrates that have been pre-amorphized by a 40 keV Si
+ 

implantation.  

implant creates an End of Range (EOR) region below the amorphous
region proximate the  amorphous/crystalline interface. The excess
vacancies in the vacancy rich region can recombine  with interstitials in
the FOR thereby helping to suppress interstitial aided diffusion
mechanisms  such as transient enhanced diffusion. By reducing lateral
and vertical diffusion, there is  improved control of source/drain
dimensions. Matching of the amorphous region depth and  maximum melt
depth may be achieved through the adjustment of implant conditions such
as ion  implantation energy. Although the currently described experiments
rely on the adjustment of  implant conditions to match amorphization
depth with the laser melt-depth, it is also possible to  adjust the maximum
laser melt depth instead for example, by tuning the energy of the laser
fluence. [0040] In addition to the above, the sheet resistances R, for the
different groups were also  compared. The 20 keV and 40 keV PAI
samples had resistances of 300 ohm/i:i and 250 ohm/[:]  respectively.
However, the RS of the 100 keV samples was significantly higher at 550
ohm/o.  The variation in R, is correlated with the change in Boron
activation level as the PAI conditions  are varied. This is because the
excess vacancies in the vacancy rich region help to remove the
interstitials thereby increasing Boron dopant activation. Therefore, the
closer the end of range  region depth and maximum melt depth are
matched the greater the improvement in dopant  activation. A similar RS
trend (not shown) was also obtained when the samples are subjected to a
1000C of RTA annealing instead of 800 C. [0041] Fig. 3b shows Boron
concentration profiles for samples in a crystalline silicon  substrate and in
silicon substrates that have been pre-amorphized by a 40 keV Si'
implantation.  10 Within the group of samples that have been amorphized,
samples that are subjected to a 0.72  J/cm2 single-pulse pre-implant laser
process prior to PAI 360 are compared with samples which  have not
been pre-irradiated 370. The pre-implant laser process is optimized to
substantially  match the maximum laser melt depth with a depth of an
amorphous region generated by the PAI  
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Within the group of samples that have been amorphized, samples that are subjected to a 0.72 

J/cm
2
 single-pulse pre-implant laser process prior to PAI 360 are compared with samples which 

have not been pre-irradiated 370.  The pre-implant laser process is optimized to substantially 

match the maximum laser melt depth with a depth of an amorphous region generated by the PAI 

implant. 350 and 355 correspond to the profiles of both PAI samples after Boron implant but 

prior to an RTA at 800°C for 60s, 360 is the profile for the pre-irradiated PAI sample post anneal 

and 370 is the profile for the non pre-irradiated PAI sample post anneal.  Meanwhile, 380 

corresponds to the after anneal Boron profile in a crystalline substrate that has not be pre-

amorphized prior to boron implantation.  As expected, the Boron profile in the crystalline 

substrate 380 has the deepest junction depth, which can be mainly attributed to channeling effect 

during Boron implantation. The samples with PAI (360, 370) in comparison have a shallower 

junction depth. Interestingly, the sample pre-irradiated with laser prior to the 40 keV Si
+
 PAI 

step provides the shallowest post anneal Boron distribution profile 360. The reduction in the 

junction depth is more than 30 nm (about 40%) compared to the identical PAI counterpart 

without undergoing the pre-implant laser treatment.  Therefore, we can conclude from the 

experimental results that Boron transient enhanced diffusion can be significantly suppressed by a 

pre-implant laser process.   

[0042]      Figs. 4a-4c illustrate physical mechanisms involving dopant-defect interaction, 

particularly, the different modes of interstitial and vacancy interaction for various PAI conditions 

in a laser pre-irradiated silicon.   The figures on the left hand side before the arrows represent the 

samples during a pre-amorphization implant step while the figures on the right hand side are 

schematic representations of the samples after pre-amorphization implant and activation anneal.  

As mentioned earlier, the maximum melt depth of for all the three experiments a, b, and c is 

identical at about 60 nm.  Thus, the majority of the vacancies formed by the pre-implant laser 

irradiation are located at a maximum melt-depth of 60 nm which is denoted by the reference 

numeral 410 in Figs. 4a-4c.  

implant. 350 and 355 correspond to the profiles of both PAI samples after
Boron implant but  prior to an RTA at 800C for 60s, 360 is the profile for
the pre-irradiated PAI sample post anneal  and 370 is the profile for the
non pre-irradiated PAI sample post anneal. Meanwhile, 380  corresponds
to the after anneal Boron profile in a crystalline substrate that has not be
pre- amorphized prior to boron implantation. As expected, the Boron
profile in the crystalline  substrate 380 has the deepest junction depth,
which can be mainly attributed to channeling effect  during Boron
implantation. The samples with PAI (360, 370) in comparison have a
shallower  junction depth. Interestingly, the sample pre-irradiated with
laser prior to the 40 keV Si' PAI  step provides the shallowest post anneal
Boron distribution profile 360. The reduction in the  junction depth is more
than 30 nm (about 40%) compared to the identical PAI counterpart
without undergoing the pre-implant laser treatment. Therefore, we can
conclude from the  experimental results that Boron transient enhanced
diffusion can be significantly suppressed by a  pre-implant laser process.
[0042] Figs. 4a-4c illustrate physical mechanisms involving dopant-defect
interaction,  particularly, the different modes of interstitial and vacancy
interaction for various PAI conditions  in a laser pre-irradiated silicon. The
figures on the left hand side before the arrows represent the  samples
during a pre-amorphization implant step while the figures on the right hand
side are  schematic representations of the samples after
pre-amorphization implant and activation anneal.  As mentioned earlier,
the maximum melt depth of for all the three experiments a, b, and c is
identical at about 60 nm. Thus, the majority of the vacancies formed by
the pre-implant laser  irradiation are located at a maximum melt-depth of
60 nm which is denoted by the reference  numeral 410 in Figs. 4a-4c. 11
[0043] Fig. 4a corresponds to the schematic for a group a, 20 keV Si' PAI
energy sample.  As discussed earlier, the 20 keV PAI sample will result in
an amorphization depth of -40 nm that  is shallower than the maximum
laser melt depth (-60 nm). Therefore, the Si interstitials 420  
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[0043]      Fig. 4a corresponds to the schematic for a group a, 20 keV Si
+
 PAI energy sample.  

As discussed earlier, the 20 keV PAI sample will result in an amorphization depth of ~40 nm that 

is shallower than the maximum laser melt depth (~60 nm). Therefore, the Si interstitials 420 

introduced by the Si
+
 PAI will reside at a displacement nearer to the substrate surface compared 

to the location of the excess vacancies. During the RTA activation at 800
o
C, extended defects in 

the EOR region will then evolve through the Oswald ripening mechanism. Since the vacancies 

are located at a deeper within the substrate than the EOR defect region location, the 

recombination of the emitted self interstitials from the EOR region with the laser-generated 

vacancies is less effective.  This is evident from the number of interstitials 420b remaining after 

recombination.  Hence, the self-interstitials will tend to flow towards silicon surface and interact 

with the Boron dopants, leading to the formation of inactive boron-interstitial clusters (BICs) as 

well as causing TED of Boron when the wafer is annealed. In addition, boron trapping at depth 

of ~45 nm - 50 nm below the Si surface has been also been observed for the 20 keV PAI sample, 

which is attributed to the presence of the interstitial-rich EOR region.  

[0044]      Fig. 4b shows the case in which the amorphization depth which coincides with the 

maximum melt-depth induced by the laser fluence (~60 nm). With the matching of the two 

displacements, the initial supersaturation of interstitials caused by the PAI process is greatly 

reduced due to the recombination of the silicon interstitials 440 with the melting laser-generated 

excess vacancies 410. Therefore, the number of residual interstitial defects 440b is less compared 

to experiment in Fig. 4a, resulting in a shallow junction profile 330 as shown in Fig. 3(a). It is 

expected that the flux of the silicon interstitials during the post implant annealing is greatly 

decreased as a result of the recombination thus reducing the interaction between interstitials and 

Boron atoms. Accordingly, boron-interstitials (BI) pairing and BICs formation is reduced, 

thereby suppressing the corresponding TED of Boron and improving Boron activation (lower 

Rs). The results demonstrate that the appropriate choices of the PAI energy to coincide the PAI 

introduced by the Si' PAI will reside at a displacement nearer to the
substrate surface compared  to the location of the excess vacancies.
During the RTA activation at 800C, extended defects in  the FOR region
will then evolve through the Oswald ripening mechanism. Since the
vacancies  are located at a deeper within the substrate than the FOR
defect region location, the  recombination of the emitted self interstitials
from the FOR region with the laser-generated  vacancies is less effective.
This is evident from the number of interstitials 420b remaining after
recombination. Hence, the self-interstitials will tend to flow towards silicon
surface and interact  with the Boron dopants, leading to the formation of
inactive boron-interstitial clusters (BICs) as  well as causing TED of Boron
when the wafer is annealed. In addition, boron trapping at depth  of -45
nm - 50 nm below the Si surface has been also been observed for the 20
keV PAI sample,  which is attributed to the presence of the interstitial-rich
FOR region. [0044] Fig. 4b shows the case in which the amorphization
depth which coincides with the  maximum melt-depth induced by the laser
fluence (-60 nm). With the matching of the two  displacements, the initial
supersaturation of interstitials caused by the PAI process is greatly
reduced due to the recombination of the silicon interstitials 440 with the
melting laser-generated  excess vacancies 410. Therefore, the number of
residual interstitial defects 440b is less compared  to experiment in Fig.
4a, resulting in a shallow junction profile 330 as shown in Fig. 3(a). It is
expected that the flux of the silicon interstitials during the post implant
annealing is greatly  decreased as a result of the recombination thus
reducing the interaction between interstitials and  Boron atoms.
Accordingly, boron-interstitials (BI) pairing and BICs formation is reduced,
thereby suppressing the corresponding TED of Boron and improving
Boron activation (lower  RS). The results demonstrate that the appropriate
choices of the PAI energy to coincide the PAI  12 depth with the
corresponding laser fluence can effectively reduce dopant-defect
interaction and  improve junction characteristics. [0045] For the case of
the 100 keV PAI sample shown in Fig. 4c, the amorphization depth  
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depth with the corresponding laser fluence can effectively reduce dopant-defect interaction and 

improve junction characteristics. 

[0045]      For the case of the 100 keV PAI sample shown in Fig. 4c, the amorphization depth 

(~120 nm) is much deeper than the maximum melt-depth (~60 nm) created by the laser pre-

irradiation. Interstitials generated by the pre-amorphization implant step are denoted in Fig. 4c 

by the reference numeral 460.  Since the amorphous region is much greater than the melt depth, 

it is expected that no vacancies previously present at the maximum melt-depth survive. This is 

because the random arrangement of atoms in an amorphous region doesn’t allow for the 

existence of vacancies.  Accordingly, the situation in Fig. 4c is analogous to a process where 

there is no pre-implant laser irradiation prior to PAI implant. In this situation, TED will dominate 

due to the end of range defects such as intersitials that are present in large numbers and as such a 

deep Boron dopant profile is expected. Similarly, the supersaturation of the silicon interstitials 

from the EOR region towards the surface leads to significant BICs formation which causes the 

junction to have a large Rs compared to the previous two cases shown in Fig. 4a and 4b. 

[0046]      Figs. 5a and 5b are post anneal TEM cross-sections of samples have been pre-

amorphized with Si
+
 amorphization energies of 40 keV.  Fig. 5a corresponds to a sample that has 

not been subjected to a pre-implant laser process while Fig. 5b corresponds to a sample with a 

single-pulse irradiation of 0.72 J/cm
2 

, wherein the maximum melt depth is substantially matched 

with the depth of the amorphous region.  As evident from the TEM cross-sections, the density of 

EOR defects 540 in Fig. 5b is less than the density of EOR defects 520 in Fig. 5a as a result of 

the maximum melt depth and amorphous region being substantially matched in the former. 

[0047]      It is to be appreciated that the above described experiment is only for purposes of 

illustration and the invention is not to be limited to the specific process conditions described.  

The implant conditions, dopant species, pre-implant laser process conditions may be varied 

without departing from the invention.  The objective of the invention is to generate using a first 

(-120 nm) is much deeper than the maximum melt-depth (-60 nm) created
by the laser pre- irradiation. Interstitials generated by the
pre-amorphization implant step are denoted in Fig. 4c  by the reference
numeral 460. Since the amorphous region is much greater than the melt
depth,  it is expected that no vacancies previously present at the
maximum melt-depth survive. This is  because the random arrangement
of atoms in an amorphous region doesn't allow for the  existence of
vacancies. Accordingly, the situation in Fig. 4c is analogous to a process
where  there is no pre-implant laser irradiation prior to PAI implant. In this
situation, TED will dominate  due to the end of range defects such as
intersitials that are present in large numbers and as such a  deep Boron
dopant profile is expected. Similarly, the supersaturation of the silicon
interstitials  from the FOR region towards the surface leads to significant
BICs formation which causes the  junction to have a large RS compared
to the previous two cases shown in Fig. 4a and 4b. [0046] Figs. 5a and 5b
are post anneal TEM cross-sections of samples have been pre-
amorphized with Si' amorphization energies of 40 keV. Fig. 5a
corresponds to a sample that has  not been subjected to a pre-implant
laser process while Fig. 5b corresponds to a sample with a  single-pulse
irradiation of 0.72 J/cm2, wherein the maximum melt depth is substantially
matched  with the depth of the amorphous region. As evident from the
TEM cross-sections, the density of  FOR defects 540 in Fig. 5b is less
than the density of FOR defects 520 in Fig. 5a as a result of  the
maximum melt depth and amorphous region being substantially matched
in the former.  [0047] It is to be appreciated that the above described
experiment is only for purposes of  illustration and the invention is not to
be limited to the specific process conditions described.  The implant
conditions, dopant species, pre-implant laser process conditions may be
varied  without departing from the invention. The objective of the invention
is to generate using a first  13 laser process, a vacancy rich region
wherein the depth of the vacancy rich region is proximate to  the depth of
an end of range region generated by a subsequent implant. [0048] The
fabrication of the preferred embodiments is discussed in detail below. It
should  
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laser process, a vacancy rich region wherein the depth of the vacancy rich region is proximate to 

the depth of an end of range region generated by a subsequent implant.   

[0048]      The fabrication of the preferred embodiments is discussed in detail below.  It should 

be appreciated, however, that the present invention provides many applicable inventive concepts 

that are embodied in a wide variety of specific contexts.  The specific embodiments discussed are 

merely illustrative of specific ways to make and use the invention, and do not limit the scope of 

the invention.  

[0049]      Figs. 6a to 6h are cross-sectional views illustrating process steps for fabricating a 

Metal Oxide Field Effect Transistor (MOSFET) in accordance with a first embodiment of the 

invention.  It should be noted that embodiments of the invention are described in the context of 

fabricating a MOSFET for illustrative purposes only and the invention is not limited as such but 

is equally applicable to the formation of other semiconductor devices.   

[0050]      Additionally, it is to be understood that a plurality of conventional processes that are 

well known in the art and not repeated herein, may precede or follow Figs. 6a- 6h.  Moreover, it 

is to be understood that many modifications, additions, and/or omissions may be made to the 

below described process without departing from the scope or spirit of the claimed subject matter.  

For example, the below described process may include more, fewer, or more steps.  Also, it is to 

be appreciated that the present disclosure need not be limited to the initial integrated circuit 

structure depicted by Fig. 6a. 

[0051]      Referring now to Fig. 6a, therein is shown a semiconductor structure 600 comprising 

a semiconductor substrate 602 including a well 604 formed within.  In one embodiment, the 

substrate 602 comprises a P-type bulk silicon substrate having an N-well in which PMOS 

devices may be formed.  Alternatively, other bulk semiconductor materials or a compound 

semiconductor materials such as but not limited to germanium, silicon carbide, gallium arsenide 

or indium arsenide may also be used for the substrate 602.  The substrate 602 may also be a 

silicon on insulator substrate.   

be appreciated, however, that the present invention provides many
applicable inventive concepts  that are embodied in a wide variety of
specific contexts. The specific embodiments discussed are  merely
illustrative of specific ways to make and use the invention, and do not limit
the scope of  the invention. [0049] Figs. 6a to 6h are cross-sectional views
illustrating process steps for fabricating a  Metal Oxide Field Effect
Transistor (MOSFET) in accordance with a first embodiment of the
invention. It should be noted that embodiments of the invention are
described in the context of  fabricating a MOSFET for illustrative purposes
only and the invention is not limited as such but  is equally applicable to
the formation of other semiconductor devices. [0050] Additionally, it is to
be understood that a plurality of conventional processes that are  well
known in the art and not repeated herein, may precede or follow Figs. 6a-
6h. Moreover, it  is to be understood that many modifications, additions,
and/or omissions may be made to the  below described process without
departing from the scope or spirit of the claimed subject matter.  For
example, the below described process may include more, fewer, or more
steps. Also, it is to  be appreciated that the present disclosure need not be
limited to the initial integrated circuit  structure depicted by Fig. 6a. [0051]
Referring now to Fig. 6a, therein is shown a semiconductor structure 600
comprising  a semiconductor substrate 602 including a well 604 formed
within. In one embodiment, the  substrate 602 comprises a P-type bulk
silicon substrate having an N-well in which PMOS  devices may be
formed. Alternatively, other bulk semiconductor materials or a compound
semiconductor materials such as but not limited to germanium, silicon
carbide, gallium arsenide  or indium arsenide may also be used for the
substrate 602. The substrate 602 may also be a  silicon on insulator
substrate. 14 [0052] Trench isolation structures 606 are also formed within
the substrate to isolate active  areas on the substrate 602. Alternatively,
other isolation structures such as field oxide isolation  



 15 

[0052]      Trench isolation structures 606 are also formed within the substrate to isolate active 

areas on the substrate 602.  Alternatively, other isolation structures such as field oxide isolation 

structures may also be used. 

[0053]      A gate dielectric material 610 is deposited over surface of the substrate 602 followed 

by a layer of gate electrode material 615 and a gate capping layer 620.   The gate capping layer 

620 is made of materials that are capable of preventing the polysilicon electrode layer 615 from 

melting when the semiconductor structure 600 is subjected to a laser irradiation process.  In one 

embodiment, the gate electrode layer 615 is made of polysilicon and the gate capping layer 620 

is a poly capping layer.  Materials such as SiO2, SiON, SiN, SiC, or combinations thereof may be 

used for poly capping layer 620.  Alternatively, other materials that can prevent the polysilicon 

electrode layer 615 from melting under laser irradiation are also suitable.   

[0054]      Each of the foregoing gate dielectric layer 610 and gate electrode layer 615 are 

generally conventional in the semiconductor fabrication art.  For example, the gate dielectric 

layer 610 may comprise a dielectric material such as silicon dioxide, silicon oxynitride, silicon 

nitride, a high-K metal oxide or a combination thereof.  Alternatively, other dielectric materials 

may also be used.  The gate dielectric 610 may be deposited using methods such as thermal 

oxidation, chemical vapour deposition, rapid thermal oxidation or the like as known in the art.  

As for the gate electrode layer 615, it may comprise a conductive or semi-conductive material.  

Non-limiting examples include doped polysilicon, a metal silicide or a combination thereof.   

[0055]      Fig. 6b shows the results of patterning the gate dielectric layer 610, gate electrode 

layer 615 and gate capping layer 620 in Fig. 6a to form a gate stack 630.  Conventional 

patterning methods such as lithography patterning using photoresist followed by selective 

sequential etching of the gate capping layer, the gate electrode layer and the gate dielectric layer 

may be used to define the gate stack 630.   After etching is completed, the photoresist mask is 

stripped off and the final gate stack structure is as shown in Fig. 6b. 

structures may also be used. [0053] A gate dielectric material 610 is
deposited over surface of the substrate 602 followed  by a layer of gate
electrode material 615 and a gate capping layer 620. The gate capping
layer  620 is made of materials that are capable of preventing the
polysilicon electrode layer 615 from  melting when the semiconductor
structure 600 is subjected to a laser irradiation process. In one
embodiment, the gate electrode layer 615 is made of polysilicon and the
gate capping layer 620  is a poly capping layer. Materials such as SiO2,
SiON, SiN, SiC, or combinations thereof may be  used for poly capping
layer 620. Alternatively, other materials that can prevent the polysilicon
electrode layer 615 from melting under laser irradiation are also suitable.
[0054] Each of the foregoing gate dielectric layer 610 and gate electrode
layer 615 are  generally conventional in the semiconductor fabrication art.
For example, the gate dielectric  layer 610 may comprise a dielectric
material such as silicon dioxide, silicon oxynitride, silicon  nitride, a high-K
metal oxide or a combination thereof. Alternatively, other dielectric
materials  may also be used. The gate dielectric 610 may be deposited
using methods such as thermal  oxidation, chemical vapour deposition,
rapid thermal oxidation or the like as known in the art.  As for the gate
electrode layer 615, it may comprise a conductive or semi-conductive
material.  Non-limiting examples include doped polysilicon, a metal silicide
or a combination thereof.  [0055] Fig. 6b shows the results of patterning
the gate dielectric layer 610, gate electrode  layer 615 and gate capping
layer 620 in Fig. 6a to form a gate stack 630. Conventional  patterning
methods such as lithography patterning using photoresist followed by
selective  sequential etching of the gate capping layer, the gate electrode
layer and the gate dielectric layer  may be used to define the gate stack
630. After etching is completed, the photoresist mask is  stripped off and
the final gate stack structure is as shown in Fig. 6b. 15 [0056] Fig. 6c
shows the semiconductor structure 600 of Fig. 6b after dummy spacers
(not  shown) are formed proximate the sidewalls of the gate stack 630
followed by the formation of  
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[0056]      Fig. 6c shows the semiconductor structure 600 of Fig. 6b after dummy spacers (not 

shown) are formed proximate the sidewalls of the gate stack 630 followed by the formation of 

deep source/drain regions 608 within the substrate on opposing sides of the gate stack 630.  The 

deep source/drain regions 608 may be formed by implanting suitable first dopant species into the 

substrate 602 and using the dummy spacers as an implant mask to offset the edge of the deep 

source/drain regions 608 from the edge of the gate electrode 615.  An annealing process such as 

high temperature rapid thermal annealing (RTA) may optionally be carried out after the implant 

to activate the first dopants.   Alternatively, the deep source/drain regions may also be activated 

at a later stage, for example, after source/drain extension dopants have been implanted.  In the 

embodiment of Fig. 6c, the dummy spacers are etched back after deep source/drain region 

formation resulting in first offset spacers 632 of a narrower width.  The edge of the deep 

source/drain regions 608 as implanted is therefore offset from the edge of the first offset spacers 

632.  The purpose of etching back the dummy spacers is to adjust the extent of junction-to-gate 

overlap between a subsequently formed source/drain extension region and the edge of the gate 

electrode 615. 

[0057]      In Fig. 6d, an optical coating layer 640 is applied over the semiconductor structure 

600 of Fig. 6c.  In one embodiment, the optical coating layer may comprise an oxide-based 

dielectric layer.  The optical coating layer 640, alone or in combination with the gate capping 

layer 620 form an optical layer that responds differentially to incident laser light depending on its 

local thickness.   For example, the optical layer portion overlying the top of the gate electrode 

615 is composed of the gate capping layer 620 and optical coating layer 640 and has a thickness 

of H2.  The combined thickness H2 is chosen so as to provide an optical reflective property such 

that laser light impinging thereon is mostly reflected.  This prevents the gate electrode 615 from 

melting during pre-implant laser irradiation.  On the other hand, sections of the substrate where 

an amorphous region is to be formed in a subsequent step such as within the deep source/drain 

region 608, have to be melted by incident laser fluence so as to generate vacancy rich regions.  

deep source/drain regions 608 within the substrate on opposing sides of
the gate stack 630. The  deep source/drain regions 608 may be formed by
implanting suitable first dopant species into the  substrate 602 and using
the dummy spacers as an implant mask to offset the edge of the deep
source/drain regions 608 from the edge of the gate electrode 615. An
annealing process such as  high temperature rapid thermal annealing
(RTA) may optionally be carried out after the implant  to activate the first
dopants. Alternatively, the deep source/drain regions may also be
activated  at a later stage, for example, after source/drain extension
dopants have been implanted. In the  embodiment of Fig. 6c, the dummy
spacers are etched back after deep source/drain region  formation
resulting in first offset spacers 632 of a narrower width. The edge of the
deep  source/drain regions 608 as implanted is therefore offset from the
edge of the first offset spacers  632. The purpose of etching back the
dummy spacers is to adjust the extent of junction-to-gate  overlap
between a subsequently formed source/drain extension region and the
edge of the gate  electrode 615. [0057] In Fig. 6d, an optical coating layer
640 is applied over the semiconductor structure  600 of Fig. 6c. In one
embodiment, the optical coating layer may comprise an oxide-based
dielectric layer. The optical coating layer 640, alone or in combination with
the gate capping  layer 620 form an optical layer that responds
differentially to incident laser light depending on its  local thickness. For
example, the optical layer portion overlying the top of the gate electrode
615 is composed of the gate capping layer 620 and optical coating layer
640 and has a thickness  of H2. The combined thickness H2 is chosen so
as to provide an optical reflective property such  that laser light impinging
thereon is mostly reflected. This prevents the gate electrode 615 from
melting during pre-implant laser irradiation. On the other hand, sections of
the substrate where  an amorphous region is to be formed in a
subsequent step such as within the deep source/drain  region 608, have
to be melted by incident laser fluence so as to generate vacancy rich
regions.  16 Accordingly, portions of the optical layer overlying such
regions will have a thickness that  
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Accordingly, portions of the optical layer overlying such regions will have a thickness that 

results in laser transmission to the underlying substrate.  In Fig. 6d, only the optical coating layer 

640 overlies the deep source drain regions 608 and it has a thickness H1 which results in laser 

transmission. 

[0058]      Referring now to Fig. 6e, therein is shown the structure of Fig. 6d in a pre-implant 

laser step.  Arrows 650 depict the irradiation of laser fluence in a laser process that has been 

optimized to create vacancy rich regions 655 in the substrate on opposed sides of the gate stack 

630.  During the pre-implant laser step, the optical layer reflects laser fluence from the gate 

electrode region thus preventing the gate electrode 615 from melting while allowing incident 

laser fluence to be transmitted / absorbed through to locations corresponding to desired vacancy 

rich regions.  Preferably, the pre-implant laser process is optimized so that the depth of the 

vacancy rich region substantially matches the depth of end of range defect regions associated 

with subsequently formed amorphous regions.   The desired location of subsequently formed 

amorphous regions is represented in Fig. 6f by dotted lines.   

[0059]      In one embodiment, the incident laser beam melts a portion of the substrate to form 

vacancy rich regions 655 around the maximum melting depth of the laser.   It is to be understood 

that a multitude of laser process parameters, such as but not limited to wavelength, beam energy, 

irradiation duration and number of pulses, can be adjusted to modulate the depth of vacancy rich 

regions 655.  Moreover, those skilled in the art will appreciate that laser process parameters can 

vary with the optical coating layer material employed, substrate material employed, for example. 

[0060]      In Fig. 6f, the optical coating layer 640, and the gate capping layer 620 formed are 

removed after the pre-implant laser step. 

[0061]      Referring now to Fig. 6g, therein is shown the structure of Fig. 6f in a pre-

amorphization implant step.  Arrows 660 depict the implantation of a second ion species such as 

Ge, Si or an inert gas such as Ne, Ar, Kr so as to form amorphous regions 670 on opposed sides 

of the gate stack 630.  Amorphous regions 670 represent areas where the crystalline structure of 

results in laser transmission to the underlying substrate. In Fig. 6d, only
the optical coating layer  640 overlies the deep source drain regions 608
and it has a thickness Hi which results in laser  transmission. [0058]
Referring now to Fig. 6e, therein is shown the structure of Fig. 6d in a
pre-implant  laser step. Arrows 650 depict the irradiation of laser fluence in
a laser process that has been  optimized to create vacancy rich regions
655 in the substrate on opposed sides of the gate stack  630. During the
pre-implant laser step, the optical layer reflects laser fluence from the gate
electrode region thus preventing the gate electrode 615 from melting while
allowing incident  laser fluence to be transmitted / absorbed through to
locations corresponding to desired vacancy  rich regions. Preferably, the
pre-implant laser process is optimized so that the depth of the  vacancy
rich region substantially matches the depth of end of range defect regions
associated  with subsequently formed amorphous regions. The desired
location of subsequently formed  amorphous regions is represented in Fig.
6f by dotted lines. [0059] In one embodiment, the incident laser beam
melts a portion of the substrate to form  vacancy rich regions 655 around
the maximum melting depth of the laser. It is to be understood  that a
multitude of laser process parameters, such as but not limited to
wavelength, beam energy,  irradiation duration and number of pulses, can
be adjusted to modulate the depth of vacancy rich  regions 655. Moreover,
those skilled in the art will appreciate that laser process parameters can
vary with the optical coating layer material employed, substrate material
employed, for example.  [0060] In Fig. 6f, the optical coating layer 640,
and the gate capping layer 620 formed are  removed after the pre-implant
laser step. [0061] Referring now to Fig. 6g, therein is shown the structure
of Fig. 6f in a pre- amorphization implant step. Arrows 660 depict the
implantation of a second ion species such as  Ge, Si or an inert gas such
as Ne, At, Kr so as to form amorphous regions 670 on opposed sides  of
the gate stack 630. Amorphous regions 670 represent areas where the
crystalline structure of  17 
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the substrate 602 has been transformed a random state.  Pre-amorphization implant is commonly 

used to reduce the channeling effects whereby implanted ions (e.g. Boron) penetrate to a greater 

depth than projected.  By reducing the extent of channeling shallower junctions may be formed.   

[0062]      However, the pre-amorphization implant step results in the generation of end of range 

(EOR) defect regions which are located approximately at or as illustrated in Fig. 6g slightly 

below the depth of the amorphous region 670.  The EOR regions comprise defects such as 

interstitials 665. Interstitials 665 in the EOR region are undesirable because they decrease the 

electrical activation of implanted dopant ions by assisting in the segregation and/or clustering of 

the dopants.  Interstitials 665 also cause transient enhanced diffusion of dopants during 

subsequent anneal steps thus increasing junction depth.   For example, interstitials 665 in the 

EOR region may decrease the electrical activation of dopants used to form a source/drain 

extension region in a subsequent step and contribute to transient enhanced diffusion thereof 

during anneal.  Transient enhanced diffusion of source/drain extension dopants increases the 

dimensions of source/drain extension regions.   

[0063]      The vacancies 655 generated at the laser melting depth remove interstitials 665 in the 

EOR region thereby permitting superior electrical activation of dopants used to form the 

source/drain extension regions in subsequent steps by creating more sites where the dopants can 

become electrically active.  In addition, by removing interstitials, the vacancies 665 also 

suppress interstitial aided transient enhanced diffusion.  In one embodiment of the present 

embodiment as shown in Fig. 6g, the pre-amorphization implant process can be optimized such 

that the EOR region depth is proximate to the depth of the vacancy rich region 655.  The depth 

of the vacancy rich region 655 may be equal to the laser melting depth of the pre-implant laser 

step.  Preferably, EOR region depth is approximately equal to the depth of the vacancy rich 

region.  Alternatively, the laser melting depth may be tuned to match the EOR region depth.   

[0064]      Following the pre-amorphization implant step, third dopant species are implanted into 

the substrate to form source/drain extension regions on opposed side of the gate stack 630.  In 

the substrate 602 has been transformed a random state.
Pre-amorphization implant is commonly  used to reduce the channeling
effects whereby implanted ions (e.g. Boron) penetrate to a greater  depth
than projected. By reducing the extent of channeling shallower junctions
maybe formed.  [0062] However, the pre-amorphization implant step
results in the generation of end of range  (EOR) defect regions which are
located approximately at or as illustrated in Fig. 6g slightly  below the
depth of the amorphous region 670. The FOR regions comprise defects
such as  interstitials 665. Interstitials 665 in the FOR region are
undesirable because they decrease the  electrical activation of implanted
dopant ions by assisting in the segregation and/or clustering of  the
dopants. Interstitials 665 also cause transient enhanced diffusion of
dopants during  subsequent anneal steps thus increasing junction depth.
For example, interstitials 665 in the  FOR region may decrease the
electrical activation of dopants used to form a source/drain  extension
region in a subsequent step and contribute to transient enhanced diffusion
thereof  during anneal. Transient enhanced diffusion of source/drain
extension dopants increases the  dimensions of source/drain extension
regions. [0063] The vacancies 655 generated at the laser melting depth
remove interstitials 665 in the  FOR region thereby permitting superior
electrical activation of dopants used to form the  source/drain extension
regions in subsequent steps by creating more sites where the dopants can
become electrically active. In addition, by removing interstitials, the
vacancies 665 also  suppress interstitial aided transient enhanced
diffusion. In one embodiment of the present  embodiment as shown in Fig.
6g, the pre-amorphization implant process can be optimized such  that the
FOR region depth is proximate to the depth of the vacancy rich region
655. The depth  of the vacancy rich region 655 may be equal to the laser
melting depth of the pre-implant laser  step. Preferably, FOR region depth
is approximately equal to the depth of the vacancy rich  region.
Alternatively, the laser melting depth may be tuned to match the FOR
region depth.  [0064] Following the pre-amorphization implant step, third
dopant species are implanted into  the substrate to form source/drain
extension regions on opposed side of the gate stack 630. In  
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Fig. 6g, the source/drain extension as implanted completely overlaps the amorphous regions 670.  

Alternatively, the source/drain extension may also have other dimensions so long as it overlaps 

the amorphous region.  Preferably, the amorphous region is deeper than the source/drain 

extension region as implanted.    

[0065]      In one embodiment, a PFET device is fabricated and the source/drain extension 

regions 670 may be formed by implanting lightly doped P-type impurity ions.  Non-limiting 

examples of P-type dopants include Boron, Aluminum, Gallium, Indium or compounds thereof.  

In another embodiment, an NFET is fabricated the third dopant species are lightly doped N-type 

impurity ions.  Non-limiting examples of N-type dopants include Phosphorus, Arsenic or 

compounds thereof.   

[0066]      After the source and drain extension implant step, an annealing process such as 

annealing processes such as low temperature thermal anneal, rapid thermal anneal, spike anneal, 

flash  anneal or laser anneal  is carried out to activate the source and drain extension dopants.  

[0067]      Fig. 6h(i) shows a post anneal embodiment of the invention where pre-implant laser 

processing was carried out to generate vacancies while Fig. 6h(ii) shows an embodiment without 

pre-implant laser processing.  As evident from the illustration, Fig. 6h(i) has a reduced number 

of interstitial defects compared to Fig. 6h(ii).    Consequently, the post anneal source/drain 

extension region for Fig. 6h(i) is of a shallower depth and has a higher percentage of dopant 

activation compared to the source/drain extension region for Fig. 6h(ii).   

[0068]      Figs. 7a to 7i are cross-sectional views illustrating process steps for fabricating a field 

effect transistor (FET) in accordance with second embodiment of the present invention.  In this 

second embodiment, a sacrificial replacement gate is used thus eliminating the need for an 

optical coating layer to prevent the gate electrode from melting during laser processing. It is to 

be understood that a plurality of conventional processes that are well known in the art and not 

repeated herein, may precede or follow Figs. 7a- 7i.  Moreover, it is to be understood that many 

modifications, additions, and/or omissions may be made to the below described process without 

18 Fig. 6g, the source/drain extension as implanted completely overlaps
the amorphous regions 670.  Alternatively, the source/drain extension may
also have other dimensions so long as it overlaps  the amorphous region.
Preferably, the amorphous region is deeper than the source/drain
extension region as implanted. [0065] In one embodiment, a PFET device
is fabricated and the source/drain extension  regions 670 may be formed
by implanting lightly doped P-type impurity ions. Non-limiting  examples of
P-type dopants include Boron, Aluminum, Gallium, Indium or compounds
thereof.  In another embodiment, an NFET is fabricated the third dopant
species are lightly doped N-type  impurity ions. Non-limiting examples of
N-type dopants include Phosphorus, Arsenic or  compounds thereof.
[0066] After the source and drain extension implant step, an annealing
process such as  annealing processes such as low temperature thermal
anneal, rapid thermal anneal, spike anneal,  flash anneal or laser anneal
is carried out to activate the source and drain extension dopants.  [0067]
Fig. 6h(i) shows a post anneal embodiment of the invention where
pre-implant laser  processing was carried out to generate vacancies while
Fig. 6h(ii) shows an embodiment without  pre-implant laser processing. As
evident from the illustration, Fig. 6h(i) has a reduced number  of interstitial
defects compared to Fig. 6h(ii). Consequently, the post anneal
source/drain  extension region for Fig. 6h(i) is of a shallower depth and
has a higher percentage of dopant  activation compared to the
source/drain extension region for Fig. 6h(ii). [0068] Figs. 7a to 7i are
cross-sectional views illustrating process steps for fabricating a field
effect transistor (FET) in accordance with second embodiment of the
present invention. In this  second embodiment, a sacrificial replacement
gate is used thus eliminating the need for an  optical coating layer to
prevent the gate electrode from melting during laser processing. It is to  be
understood that a plurality of conventional processes that are well known
in the art and not  repeated herein, may precede or follow Figs. 7a- 7i.
Moreover, it is to be understood that many  
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departing from the scope or spirit of the claimed subject matter.  For example, the below 

described process may include more, fewer, or more steps.  Also, it is to be appreciated that the 

present disclosure need not be limited to the initial semiconductor structure depicted by Fig. 7a.   

[0069]      Referring now to Fig. 7a, therein is shown schematic cross-sectional view of a 

semiconductor structure 600 comprising a semiconductor substrate 702 including a well 704 

formed within.  In one embodiment, the substrate 702 comprises a P-type bulk silicon substrate 

having an N-well in which PMOS devices may be formed.  Alternatively, other bulk 

semiconductor materials or a compound semiconductor materials such as but not limited to 

germanium, silicon carbide, gallium arsenide or indium arsenide may also be used for the 

substrate 702.  The substrate 702 may also be a silicon on insulator substrate.   

[0070]      Trench isolation structures 706 are formed within the substrate to isolate active areas 

on the substrate 702.  Alternatively, other isolation structures such as field oxide isolation 

structures may also be used. 

[0071]      A gate dielectric layer 710 is deposited over a substrate 702 followed by the 

formation of a layer of dummy gate electrode material 715 over the gate dielectric layer 710.  

The gate dielectric layer 710 may comprise a dielectric material such as silicon dioxide, silicon 

oxynitride, silicon nitride, a high-K metal oxide or a combination thereof.  Alternatively, other 

dielectric materials may also be used.  The gate dielectric 710 may be deposited using methods 

such as thermal oxidation, chemical vapour deposition, rapid thermal oxidation or the like as 

known in the art.  As for the dummy gate electrode layer 715, materials such as polysilicon, 

SiGe, SiN or SiC may be used.  Alternatively, other materials that may be removed selectively 

with respect to spacers subsequently formed on the sidewalls of a dummy gate stack which the 

dummy gate electrode forms part of may also be used.  

[0072]      Fig. 7b shows the results of patterning the gate dielectric layer 710, and dummy gate 

electrode layer 715 of Fig. 7a to form a dummy gate stack 730.  Conventional patterning 

methods such as lithography patterning using photoresist followed by selective sequential 

modifications, additions, and/or omissions may be made to the below
described process without  19 departing from the scope or spirit of the
claimed subject matter. For example, the below  described process may
include more, fewer, or more steps. Also, it is to be appreciated that the
present disclosure need not be limited to the initial semiconductor
structure depicted by Fig. 7a.  [0069] Referring now to Fig. 7a, therein is
shown schematic cross-sectional view of a  semiconductor structure 600
comprising a semiconductor substrate 702 including a well 704  formed
within. In one embodiment, the substrate 702 comprises a P-type bulk
silicon substrate  having an N-well in which PMOS devices may be
formed. Alternatively, other bulk  semiconductor materials or a compound
semiconductor materials such as but not limited to  germanium, silicon
carbide, gallium arsenide or indium arsenide may also be used for the
substrate 702. The substrate 702 may also be a silicon on insulator
substrate. [0070] Trench isolation structures 706 are formed within the
substrate to isolate active areas  on the substrate 702. Alternatively, other
isolation structures such as field oxide isolation  structures may also be
used. [0071] A gate dielectric layer 710 is deposited over a substrate 702
followed by the  formation of a layer of dummy gate electrode material 715
over the gate dielectric layer 710.  The gate dielectric layer 710 may
comprise a dielectric material such as silicon dioxide, silicon  oxynitride,
silicon nitride, a high-K metal oxide or a combination thereof. Alternatively,
other  dielectric materials may also be used. The gate dielectric 710 may
be deposited using methods  such as thermal oxidation, chemical vapour
deposition, rapid thermal oxidation or the like as  known in the art. As for
the dummy gate electrode layer 715, materials such as polysilicon,  SiGe,
SiN or SiC may be used. Alternatively, other materials that may be
removed selectively  with respect to spacers subsequently formed on the
sidewalls of a dummy gate stack which the  dummy gate electrode forms
part of may also be used. [0072] Fig. 7b shows the results of patterning
the gate dielectric layer 710, and dummy gate  
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etching of the dummy gate electrode layer 715 and the gate dielectric layer 710 may be used to 

define the dummy gate stack 730.   After etching is completed, the photoresist mask is stripped 

off.  A blanket layer of dielectric material is subsequently deposited over the gate stack 730 and 

substrate 702 and patterned by performing an anisotropic or isotropic etch process to form first 

offset spacers 732 adjacent the sidewalls of the dummy gate electrode.  The first offset spacers 

732 serve as an implant mask for subsequent pre-amorphization and source drain extension 

implant steps.  By way of example, the first offset spacers 732 may comprise a silicon nitride, 

silicon oxide, silicon oxynitride or a combination thereof.  Alternatively, other dielectric 

materials may also be used.   

[0073]      Referring now to Fig. 7c, therein is shown the semiconductor structure 700 of Fig. 7b 

in a pre-implant laser step.  Arrows 750 depict the irradiation of laser fluence in a laser process 

that has been optimized to create vacancy rich regions 755 on opposing sides of the gate stack 

730.  Preferably, the pre-implant laser process is optimized to locate the greatest concentration of 

vacancies at end of range defect regions associated with a subsequent pre-amorphization implant 

step that forms an amorphous region.  The location of the subsequently formed amorphous 

regions is denoted in Fig. 7c by dotted lines.   

[0074]      In one embodiment, the incident laser beam 750 melts a portion of the substrate to 

form vacancy rich regions 755 around the maximum melting depth of the laser.   It is to be 

understood that a multitude of laser process parameters, such as but not limited to wavelength, 

beam energy, irradiation duration and number of pulses, can be adjusted to modulate the depth of 

vacancy rich regions 755.  Moreover, those skilled in the art will appreciate that laser process 

parameters can vary with the substrate material employed, for example. 

[0075]      Referring now to Fig. 7d, therein is shown the structure of Fig. 7c in a pre-

amorphization implant step.  Arrows 760 depict the implantation of a first ion species such as 

Ge, Si or an inert gas such as Ne, Ar, Kr so as to form amorphous regions 762 on opposed sides 

of the dummy gate stack 730.  Amorphous regions 762 represent areas where the crystalline 

electrode layer 715 of Fig. 7a to form a dummy gate stack 730.
Conventional patterning  methods such as lithography patterning using
photoresist followed by selective sequential  20 etching of the dummy gate
electrode layer 715 and the gate dielectric layer 710 may be used to
define the dummy gate stack 730. After etching is completed, the
photoresist mask is stripped  off. A blanket layer of dielectric material is
subsequently deposited over the gate stack 730 and  substrate 702 and
patterned by performing an anisotropic or isotropic etch process to form
first  offset spacers 732 adjacent the sidewalls of the dummy gate
electrode. The first offset spacers  732 serve as an implant mask for
subsequent pre-amorphization and source drain extension  implant steps.
By way of example, the first offset spacers 732 may comprise a silicon
nitride,  silicon oxide, silicon oxynitride or a combination thereof.
Alternatively, other dielectric  materials may also be used. [0073]
Referring now to Fig. 7c, therein is shown the semiconductor structure
700 of Fig. 7b  in a pre-implant laser step. Arrows 750 depict the
irradiation of laser fluence in a laser process  that has been optimized to
create vacancy rich regions 755 on opposing sides of the gate stack  730.
Preferably, the pre-implant laser process is optimized to locate the
greatest concentration of  vacancies at end of range defect regions
associated with a subsequent pre-amorphization implant  step that forms
an amorphous region. The location of the subsequently formed
amorphous  regions is denoted in Fig. 7c by dotted lines. [0074] In one
embodiment, the incident laser beam 750 melts a portion of the substrate
to  form vacancy rich regions 755 around the maximum melting depth of
the laser. It is to be  understood that a multitude of laser process
parameters, such as but not limited to wavelength,  beam energy,
irradiation duration and number of pulses, can be adjusted to modulate
the depth of  vacancy rich regions 755. Moreover, those skilled in the art
will appreciate that laser process  parameters can vary with the substrate
material employed, for example. [0075] Referring now to Fig. 7d, therein is
shown the structure of Fig. 7c in a pre- 
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structure of the substrate 702 has been transformed a random and amorphous state.  Pre-

amorphization implant is commonly used to reduce the channeling effect.   

[0076]      However, the pre-amorphization implant step results in the generation of end of range 

(EOR) defect regions which are located approximately at or as illustrated in Fig. 7d slightly 

below the depth of the amorphous region 762.  The EOR regions comprise defects such as 

interstitials 765. Interstitials 765 in the EOR region are undesirable because they decrease the 

electrical activation of implanted dopant ions by assisting in the segregation and/or clustering of 

the dopants.  Interstitials 765 also cause transient enhanced diffusion of dopants during 

subsequent anneal steps thus increasing junction depth.   For example, interstitials 765 in the 

EOR region may decrease the electrical activation of subsequently introduced dopants used to 

form a source/drain extension region and contribute to transient enhanced diffusion thereof 

during anneal.  Transient enhanced diffusion of source/drain extension dopants increases the 

dimensions of source/drain extension regions.   

[0077]      The vacancies in the vacancy rich region 755 remove interstitials 765 in the EOR 

region thereby permitting superior electrical activation of dopants used to form the source/drain 

extension regions in subsequent steps by creating more sites where the dopants can become 

electrically active.  In addition, by removing interstitials, the vacancies 755 also suppress 

interstitial aided transient enhanced diffusion.  In a preferred aspect of the present embodiment 

as shown in Fig. 7d, the pre-amorphization implant process can be optimized such that the EOR 

region depth is approximately equal to the location of the vacancy rich regions which may be 

determined by the pre-implant laser step’s laser melting depth.  Alternatively, the laser melting 

depth may be tuned to match the EOR region depth.   

[0078]      Following the pre-amorphization implant step, second dopant species are implanted 

into the substrate to form source/drain extension regions 762 on opposed side of the gate stack 

730.  In Fig. 7d, the source/drain extension region as implanted completely overlaps the 

amorphous regions 762.  Alternatively, the source/drain extension may also have other 

amorphization implant step. Arrows 760 depict the implantation of a first
ion species such as  Ge, Si or an inert gas such as Ne, At, Kr so as to
form amorphous regions 762 on opposed sides  of the dummy gate stack
730. Amorphous regions 762 represent areas where the crystalline  21
structure of the substrate 702 has been transformed a random and
amorphous state. Pre- amorphization implant is commonly used to reduce
the channeling effect. [0076] However, the pre-amorphization implant step
results in the generation of end of range  (EOR) defect regions which are
located approximately at or as illustrated in Fig. 7d slightly  below the
depth of the amorphous region 762. The FOR regions comprise defects
such as  interstitials 765. Interstitials 765 in the FOR region are
undesirable because they decrease the  electrical activation of implanted
dopant ions by assisting in the segregation and/or clustering of  the
dopants. Interstitials 765 also cause transient enhanced diffusion of
dopants during  subsequent anneal steps thus increasing junction depth.
For example, interstitials 765 in the  FOR region may decrease the
electrical activation of subsequently introduced dopants used to  form a
source/drain extension region and contribute to transient enhanced
diffusion thereof  during anneal. Transient enhanced diffusion of
source/drain extension dopants increases the  dimensions of source/drain
extension regions. [0077] The vacancies in the vacancy rich region 755
remove interstitials 765 in the FOR  region thereby permitting superior
electrical activation of dopants used to form the source/drain  extension
regions in subsequent steps by creating more sites where the dopants can
become  electrically active. In addition, by removing interstitials, the
vacancies 755 also suppress  interstitial aided transient enhanced
diffusion. In a preferred aspect of the present embodiment  as shown in
Fig. 7d, the pre-amorphization implant process can be optimized such that
the FOR  region depth is approximately equal to the location of the
vacancy rich regions which may be  determined by the pre-implant laser
step's laser melting depth. Alternatively, the laser melting  depth may be
tuned to match the FOR region depth. 
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dimensions so long as it overlaps the amorphous region.  Preferably, the amorphous region is 

deeper than the source/drain extension region as implanted.    

[0079]      In one embodiment, a PFET device is fabricated and the source/drain extension 

regions 762 may be formed by implanting lightly doped P-type impurity ions.  Non-limiting 

examples of P-type dopants include Boron, Aluminum, Gallium, Indium or compounds thereof.  

In another embodiment, an NFET is fabricated and the second dopant species are lightly doped 

N-type impurity ions.  Non-limiting examples of N-type dopants include Phosphorus, Arsenic or 

compounds thereof.   

[0080]      Fig. 7e shows the semiconductor structure 700 of Fig. 7d after second offset spacers 

734 are formed adjacent the sidewalls of the first offset spacer 732.  The second offset spacers 

may be formed by depositing a blanket layer of dielectric material over the semiconductor 

structure 700 of Fig. 7d followed by an anisotropic or isotropic etch process to.  By way of 

example, the second offset spacers 734 may comprise a silicon nitride, silicon oxide, silicon 

oxynitride or a combination thereof.  Alternatively, other dielectric materials may also be used.   

[0081]      As shown in Fig. 7e, the second offset spacers serve as an implant mask during a 

deep source/drain implantation step where third dopant species as depicted by arrows 770 are 

implanted into the substrate.  The deep source/drain implantation step forms deep source/drain 

diffusion regions 772 which are offset from the edge of the gate electrode by the first and second 

offset spacers (732, 734).    

[0082]      In one embodiment, a PFET device is fabricated and the deep source/drain regions 

772 may be formed by implanting heavily doped P-type impurity ions.  Non-limiting examples 

of P-type dopants include Boron, Gallium, Indium or compounds thereof.  In another 

embodiment, an NFET is fabricated and the third dopant species are heavily doped N-type 

impurity ions.  Non-limiting examples of N-type dopants include Phosphorus, Arsenic or 

compounds thereof.   

[0078] Following the pre-amorphization implant step, second dopant
species are implanted  into the substrate to form source/drain extension
regions 762 on opposed side of the gate stack  730. In Fig. 7d, the
source/drain extension region as implanted completely overlaps the
amorphous regions 762. Alternatively, the source/drain extension may
also have other  22 dimensions so long as it overlaps the amorphous
region. Preferably, the amorphous region is  deeper than the source/drain
extension region as implanted. [0079] In one embodiment, a PFET device
is fabricated and the source/drain extension  regions 762 may be formed
by implanting lightly doped P-type impurity ions. Non-limiting  examples of
P-type dopants include Boron, Aluminum, Gallium, Indium or compounds
thereof.  In another embodiment, an NFET is fabricated and the second
dopant species are lightly doped  N-type impurity ions. Non-limiting
examples of N-type dopants include Phosphorus, Arsenic or  compounds
thereof. [0080] Fig. 7e shows the semiconductor structure 700 of Fig. 7d
after second offset spacers  734 are formed adjacent the sidewalls of the
first offset spacer 732. The second offset spacers  may be formed by
depositing a blanket layer of dielectric material over the semiconductor
structure 700 of Fig. 7d followed by an anisotropic or isotropic etch
process to. By way of  example, the second offset spacers 734 may
comprise a silicon nitride, silicon oxide, silicon  oxynitride or a combination
thereof. Alternatively, other dielectric materials may also be used.  [0081]
As shown in Fig. 7e, the second offset spacers serve as an implant mask
during a  deep source/drain implantation step where third dopant species
as depicted by arrows 770 are  implanted into the substrate. The deep
source/drain implantation step forms deep source/drain  diffusion regions
772 which are offset from the edge of the gate electrode by the first and
second  offset spacers (732, 734). [0082] In one embodiment, a PFET
device is fabricated and the deep source/drain regions  772 may be
formed by implanting heavily doped P-type impurity ions. Non-limiting
examples  
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[0083]      After the deep source/drain extension implant step, the dopants in the source/drain 

extension and deep source/drain regions are activated by an annealing process.  By way of 

example, the annealing process may be a low temperature thermal anneal, rapid thermal anneal, 

spike anneal, flash anneal or laser anneal process. 

[0084]      Referring to Fig. 7f, therein is shown the structure of Fig. 7e after a first dielectric 

layer 780 is deposited over the substrate.   The first dielectric layer 825 as deposited completely 

covers the dummy gate stack 730 and is subsequently recessed through a CMP or etch back 

process to expose a top surface of the dummy gate electrode 715.  By way of example, the first 

dielectric layer may include a low k dielectric material, an oxygen containing material such as 

silicon dioxide, TEOS, silicon nitride or a combination thereof.  

[0085]      In Fig. 7g, the dummy gate electrode 715 is removed in an etch process that 

selectively removes the dummy gate electrode material while retaining the gate dielectric 710, 

first offset spacer 732, second offset spacer 734 and first dielectric layer 780.  In one 

embodiment, the dummy gate electrode material is removed by a wet etch process.   

[0086]      Referring now to Fig. 7h, a layer of gate electrode material 782 is deposited over the 

semiconductor structure 700 of Fig. 7g.   The gate electrode material 782 fills the void left 

behind by removing the dummy gate electrode and also covers the top of the first dielectric layer 

780.  The gate electrode layer 782, it may comprise a conductive or semi-conductive material.  

Preferably, the gate electrode material comprises polysilicon, metal or metal alloy.  Although a 

unilayer of gate electrode material is illustrated in Fig. 7h, it is to be understood that a composite 

layer of gate electrode material may be deposited instead. 

[0087]      Referring to Fig. 7i, a gate electrode is formed by recessing the gate electrode layer 

782 of Fig. 7h so that the top of the first dielectric layer 780 is exposed.   In one embodiment, a 

chemical mechanical polishing process may be used to recess the gate electrode layer 782.  The 

exposed first dielectric layer 780 is subsequently removed thus providing the structure as shown 

in Fig. 7i.  In one embodiment, the first dielectric layer may be removed by a wet etch process.  

of P-type dopants include Boron, Gallium, Indium or compounds thereof.
In another  embodiment, an NFET is fabricated and the third dopant
species are heavily doped N-type  impurity ions. Non-limiting examples of
N-type dopants include Phosphorus, Arsenic or  compounds thereof. 23
[0083] After the deep source/drain extension implant step, the dopants in
the source/drain  extension and deep source/drain regions are activated
by an annealing process. By way of  example, the annealing process may
be a low temperature thermal anneal, rapid thermal anneal,  spike anneal,
flash anneal or laser anneal process. [0084] Referring to Fig. 7f, therein is
shown the structure of Fig. 7e after a first dielectric  layer 780 is deposited
over the substrate. The first dielectric layer 825 as deposited completely
covers the dummy gate stack 730 and is subsequently recessed through a
CMP or etch back  process to expose a top surface of the dummy gate
electrode 715. By way of example, the first  dielectric layer may include a
low k dielectric material, an oxygen containing material such as  silicon
dioxide, TFOS, silicon nitride or a combination thereof. [0085] In Fig. 7g,
the dummy gate electrode 715 is removed in an etch process that
selectively removes the dummy gate electrode material while retaining the
gate dielectric 710,  first offset spacer 732, second offset spacer 734 and
first dielectric layer 780. In one  embodiment, the dummy gate electrode
material is removed by a wet etch process. [0086] Referring now to Fig.
7h, a layer of gate electrode material 782 is deposited over the
semiconductor structure 700 of Fig. 7g. The gate electrode material 782
fills the void left  behind by removing the dummy gate electrode and also
covers the top of the first dielectric layer  780. The gate electrode layer
782, it may comprise a conductive or semi-conductive material.
Preferably, the gate electrode material comprises polysilicon, metal or
metal alloy. Although a  unilayer of gate electrode material is illustrated in
Fig. 7h, it is to be understood that a composite  layer of gate electrode
material may be deposited instead. 
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In another non-illustrated embodiment, the first dielectric layer 780 forms part of an inter layer 

dielectric layer separating a first metal layer from the substrate.   

[0088]      Figs. 8a to 8j are cross-sectional views illustrating process steps for fabricating a field 

effect transistor (FET) in accordance with third embodiment of the present invention.  In this 

third embodiment, the FET comprises a metal based gate electrode which does not melt during 

when a semiconductor structure is subjected to a vacancy-forming laser process.   Accordingly, 

the need for an optical coating layer to prevent the gate electrode from melting during laser 

processing may be eliminated.  It is to be understood that a plurality of conventional processes 

that are well known in the art and not repeated herein, may precede or follow Figs. 8a- 8j.  

Moreover, it is to be understood that many modifications, additions, and/or omissions may be 

made to the below described process without departing from the scope or spirit of the claimed 

subject matter.  For example, the below described process may include more, fewer, or more 

steps.  Also, it is to be appreciated that the present disclosure need not be limited to the initial 

semiconductor structure depicted by Fig. 8a.   

[0089]      Referring now to Fig. 8a, therein is shown schematic cross-sectional view of a 

semiconductor structure 800 comprising a semiconductor substrate 802 including a well 804 

formed within.  In one embodiment, the substrate 802 comprises a P-type bulk silicon substrate 

having an N-well in which PMOS devices may be formed.  Alternatively, other bulk 

semiconductor materials or a compound semiconductor materials such as but not limited to 

germanium, silicon carbide, gallium arsenide or indium arsenide may also be used for the 

substrate 802.  The substrate 802 may also be a silicon on insulator substrate.   

[0090]      Trench isolation structures 806 are formed within the substrate to isolate active areas 

on the substrate 802.  Alternatively, other isolation structures such as field oxide isolation 

structures may also be used. 

[0091]      A gate dielectric layer 810 is deposited over a substrate 802 followed by the 

formation of a layer of dummy gate electrode material 815 over the gate dielectric layer 810.  

[0087] Referring to Fig. 7i, a gate electrode is formed by recessing the
gate electrode layer  782 of Fig. 7h so that the top of the first dielectric
layer 780 is exposed. In one embodiment, a  chemical mechanical
polishing process may be used to recess the gate electrode layer 782.
The  exposed first dielectric layer 780 is subsequently removed thus
providing the structure as shown  in Fig. 7i. In one embodiment, the first
dielectric layer may be removed by a wet etch process.  24 In another
non-illustrated embodiment, the first dielectric layer 780 forms part of an
inter layer  dielectric layer separating a first metal layer from the substrate.
[0088] Figs. 8a to 8j are cross-sectional views illustrating process steps for
fabricating a field  effect transistor (FET) in accordance with third
embodiment of the present invention. In this  third embodiment, the FET
comprises a metal based gate electrode which does not melt during  when
a semiconductor structure is subjected to a vacancy-forming laser
process. Accordingly,  the need for an optical coating layer to prevent the
gate electrode from melting during laser  processing may be eliminated. It
is to be understood that a plurality of conventional processes  that are well
known in the art and not repeated herein, may precede or follow Figs. 8a-
8j.  Moreover, it is to be understood that many modifications, additions,
and/or omissions may be  made to the below described process without
departing from the scope or spirit of the claimed  subject matter. For
example, the below described process may include more, fewer, or more
steps. Also, it is to be appreciated that the present disclosure need not be
limited to the initial  semiconductor structure depicted by Fig. 8a. [0089]
Referring now to Fig. 8a, therein is shown schematic cross-sectional view
of a  semiconductor structure 800 comprising a semiconductor substrate
802 including a well 804  formed within. In one embodiment, the substrate
802 comprises a P-type bulk silicon substrate  having an N-well in which
PMOS devices may be formed. Alternatively, other bulk  semiconductor
materials or a compound semiconductor materials such as but not limited
to  germanium, silicon carbide, gallium arsenide or indium arsenide may
also be used for the  
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The gate dielectric layer 810 may comprise a dielectric material such as silicon dioxide, silicon 

oxynitride, silicon nitride, a high-K metal oxide or a combination thereof.  Alternatively, other 

dielectric materials may also be used.  The gate dielectric 810 may be deposited using methods 

such as thermal oxidation, chemical vapour deposition, rapid thermal oxidation or the like as 

known in the art.  As for the dummy gate electrode layer 815, materials such as polysilicon, 

SiGe, SiN or SiC may be used.  Alternatively, other materials that may be removed selectively 

with respect to spacers subsequently formed on the sidewalls of a dummy g ate stack which the 

dummy gate electrode forms part of may also be used.  

[0092]      Fig. 8b shows the results of patterning the gate dielectric layer 810, and dummy gate 

electrode layer 815 of Fig. 8a to form a dummy gate stack 820.  Conventional patterning 

methods such as lithography patterning using photoresist followed by selective sequential 

etching of the dummy gate electrode layer 815 and the gate dielectric layer 810 may be used to 

define the dummy gate stack 820.   After etching is completed, the photoresist mask is stripped 

off.  A blanket layer of dielectric material is subsequently deposited over the gate stack 820 and 

substrate 802, and the layer of dielectric material is patterned by performing an anisotropic or 

isotropic etch process to form first offset spacers 818 adjacent the sidewalls of the dummy gate 

electrode.  The first offset spacers 818 serve as an implant mask for subsequent pre-

amorphization and source/drain extension implant steps.  By way of example, the first offset 

spacers 818 may comprise a silicon nitride, silicon oxide, silicon oxynitride or a combination 

thereof.  Alternatively, other dielectric materials may also be used.   

[0093]      Referring to Fig. 8c, therein is shown the structure of Fig. 7b after a first dielectric 

layer 825 is deposited over the substrate.   The first dielectric layer 825 as deposited completely 

covers the dummy gate stack 820 and is subsequently recessed through a CMP or etch back 

process so that the top surface of the dummy gate electrode 815 is exposed.  By way of example, 

the first dielectric layer may include a low k dielectric material, an oxygen containing material 

such as silicon dioxide, TEOS, silicon nitride or a combination thereof.  

substrate 802. The substrate 802 may also be a silicon on insulator
substrate. [0090] Trench isolation structures 806 are formed within the
substrate to isolate active areas  on the substrate 802. Alternatively, other
isolation structures such as field oxide isolation  structures may also be
used. [0091] A gate dielectric layer 810 is deposited over a substrate 802
followed by the  formation of a layer of dummy gate electrode material 815
over the gate dielectric layer 810.  25 The gate dielectric layer 810 may
comprise a dielectric material such as silicon dioxide, silicon  oxynitride,
silicon nitride, a high-K metal oxide or a combination thereof. Alternatively,
other  dielectric materials may also be used. The gate dielectric 810 may
be deposited using methods  such as thermal oxidation, chemical vapour
deposition, rapid thermal oxidation or the like as  known in the art. As for
the dummy gate electrode layer 815, materials such as polysilicon,  SiGe,
SiN or SiC may be used. Alternatively, other materials that may be
removed selectively  with respect to spacers subsequently formed on the
sidewalls of a dummy g ate stack which the  dummy gate electrode forms
part of may also be used. [0092] Fig. 8b shows the results of patterning
the gate dielectric layer 810, and dummy gate  electrode layer 815 of Fig.
8a to form a dummy gate stack 820. Conventional patterning  methods
such as lithography patterning using photoresist followed by selective
sequential  etching of the dummy gate electrode layer 815 and the gate
dielectric layer 810 may be used to  define the dummy gate stack 820.
After etching is completed, the photoresist mask is stripped  off. A blanket
layer of dielectric material is subsequently deposited over the gate stack
820 and  substrate 802, and the layer of dielectric material is patterned by
performing an anisotropic or  isotropic etch process to form first offset
spacers 818 adjacent the sidewalls of the dummy gate  electrode. The first
offset spacers 818 serve as an implant mask for subsequent pre-
amorphization and source/drain extension implant steps. By way of
example, the first offset  spacers 818 may comprise a silicon nitride,
silicon oxide, silicon oxynitride or a combination  
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[0094]      In Fig. 8d, the dummy gate electrode 815 is removed in an etch process that 

selectively removes the dummy gate electrode material while retaining the gate dielectric 810, 

first offset spacer 818, and first dielectric layer 825.  In one embodiment, the dummy gate 

electrode material 815 is removed by a wet etch process.   

[0095]      Referring now to Fig. 8e, a layer of metal-based gate electrode material 830 is 

deposited over the semiconductor structure 800 of Fig. 8d.   The gate electrode material 830 fills 

the void between the offset spacers that is created by the removal of the dummy gate electrode 

material, and also covers the top of the first dielectric layer 825.  In one embodiment, a PFET 

device is fabricated and the gate electrode material may comprise TiAlN, WCN, Ni, Pd, Rd, or a 

combination thereof.  In another embodiment, a NFET is fabricated and the gate electrode 

material may comprise Ti, Ta, Al, TaN, or a combination thereof.  Alternatively, other metals or 

metal alloys which are suitable for use as a gate electrode may also be used.  The metal-based 

gate electrode materials may be deposited by methods such as physical vapor deposition, 

chemical vapor deposition or atomic layer deposition.  

[0096]      A gate electrode is formed by recessing the gate electrode layer 830 of Fig. 8f so that 

the top of the first dielectric layer 825 is exposed.   In one embodiment, a chemical mechanical 

polishing process may be used to recess the gate electrode layer 830.  The exposed first dielectric 

layer 825 is subsequently removed thus providing the second gate stack 840 as shown in Fig. 8f.  

In one embodiment, the first dielectric layer 825 is removed in a wet etch process. 

[0097]      Referring now to Fig. 8g, therein is shown the semiconductor structure 800 of Fig. 8f 

in a first pre-implant laser step.  Arrows 850 depict the irradiation of laser fluence in a laser 

process that has been optimized to create vacancy rich regions 855 on opposing sides of the 

second gate stack 840.  Preferably, the pre-implant laser process is optimized so that the location 

of the vacancy rich regions substantially matches the location of end of range defect regions 

generated by a subsequent pre-amorphization implant step. The location of an amorphous region 

formed by the subsequent pre-amorphization implant step is denoted by dotted lines. 

thereof. Alternatively, other dielectric materials may also be used. [0093]
Referring to Fig. 8c, therein is shown the structure of Fig. 7b after a first
dielectric  layer 825 is deposited over the substrate. The first dielectric
layer 825 as deposited completely  covers the dummy gate stack 820 and
is subsequently recessed through a CMP or etch back  process so that
the top surface of the dummy gate electrode 815 is exposed. By way of
example,  the first dielectric layer may include a low k dielectric material,
an oxygen containing material  such as silicon dioxide, TFOS, silicon
nitride or a combination thereof. 26 [0094] In Fig. 8d, the dummy gate
electrode 815 is removed in an etch process that  selectively removes the
dummy gate electrode material while retaining the gate dielectric 810,  first
offset spacer 818, and first dielectric layer 825. In one embodiment, the
dummy gate  electrode material 815 is removed by a wet etch process.
[0095] Referring now to Fig. 8e, a layer of metal-based gate electrode
material 830 is  deposited over the semiconductor structure 800 of Fig. 8d.
The gate electrode material 830 fills  the void between the offset spacers
that is created by the removal of the dummy gate electrode  material, and
also covers the top of the first dielectric layer 825. In one embodiment, a
PFET  device is fabricated and the gate electrode material may comprise
TiAIN, WCN, Ni, Pd, Rd, or a  combination thereof. In another
embodiment, a NFET is fabricated and the gate electrode  material may
comprise Ti, Ta, Al, TaN, or a combination thereof. Alternatively, other
metals or  metal alloys which are suitable for use as a gate electrode may
also be used. The metal-based  gate electrode materials may be
deposited by methods such as physical vapor deposition,  chemical vapor
deposition or atomic layer deposition. [0096] A gate electrode is formed by
recessing the gate electrode layer 830 of Fig. 8f so that  the top of the first
dielectric layer 825 is exposed. In one embodiment, a chemical
mechanical  polishing process may be used to recess the gate electrode
layer 830. The exposed first dielectric  layer 825 is subsequently removed
thus providing the second gate stack 840 as shown in Fig. 8f.  
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[0098]      In one embodiment, the incident laser beam 850 melts a portion of the substrate to 

form vacancy rich regions 855 around the maximum melting depth of the laser.   It is to be 

understood that a multitude of laser process parameters, such as but not limited to wavelength, 

beam energy, irradiation duration and number of pulses, can be adjusted to modulate the depth of 

vacancy rich regions 855.  Moreover, those skilled in the art will appreciate that laser process 

parameters can vary with the substrate material employed, for example. 

[0099]      Referring now to Fig. 8h, therein is shown the structure of Fig. 8g in a pre-

amorphization implant step.  Arrows 860 depict the implantation of a first ion species such as 

Ge, Si or an inert gas such as Ne, Ar, Kr so as to form amorphous regions 862 on opposed sides 

of the gate stack 840.  Amorphous regions 862 represent areas where the crystalline structure of 

the substrate 802 has been transformed a random state.  Pre-amorphization implant is commonly 

used to reduce the channeling effects.   

[0100] However, the pre-amorphization implant step results in the generation of end of range 

(EOR) defect regions which are located approximately at or as illustrated in Fig. 8h slightly 

below the depth of the amorphous region 862.  The EOR regions comprise defects such as 

interstitials 865. Interstitials 865 in the EOR region are undesirable because they decrease the 

electrical activation of implanted dopant ions by assisting in the segregation and/or clustering of 

the dopants.  Interstitials 865 also cause transient enhanced diffusion of dopants during 

subsequent anneal steps thus increasing junction depth.   For example, interstitials 765 in the 

EOR region may decrease the electrical activation of subsequently introduced dopants used to 

form a source/drain extension region and contribute to transient enhanced diffusion thereof 

during anneal.  Transient enhanced diffusion of source/drain extension dopants increases the 

dimensions of source/drain extension regions.   

[0101] The vacancies in the vacancy rich region 855 remove interstitials 865 in the EOR 

region thereby permitting superior electrical activation of dopants used to form the source/drain 

extension regions in subsequent steps by creating more sites where the dopants can become 

In one embodiment, the first dielectric layer 825 is removed in a wet etch
process. [0097] Referring now to Fig. 8g, therein is shown the
semiconductor structure 800 of Fig. 8f  in a first pre-implant laser step.
Arrows 850 depict the irradiation of laser fluence in a laser  process that
has been optimized to create vacancy rich regions 855 on opposing sides
of the  second gate stack 840. Preferably, the pre-implant laser process is
optimized so that the location  of the vacancy rich regions substantially
matches the location of end of range defect regions  generated by a
subsequent pre-amorphization implant step. The location of an
amorphous region  formed by the subsequent pre-amorphization implant
step is denoted by dotted lines. 27 [0098] In one embodiment, the incident
laser beam 850 melts a portion of the substrate to  form vacancy rich
regions 855 around the maximum melting depth of the laser. It is to be
understood that a multitude of laser process parameters, such as but not
limited to wavelength,  beam energy, irradiation duration and number of
pulses, can be adjusted to modulate the depth of  vacancy rich regions
855. Moreover, those skilled in the art will appreciate that laser process
parameters can vary with the substrate material employed, for example.
[0099] Referring now to Fig. 8h, therein is shown the structure of Fig. 8g in
a pre- amorphization implant step. Arrows 860 depict the implantation of a
first ion species such as  Ge, Si or an inert gas such as Ne, At, Kr so as to
form amorphous regions 862 on opposed sides  of the gate stack 840.
Amorphous regions 862 represent areas where the crystalline structure of
the substrate 802 has been transformed a random state.
Pre-amorphization implant is commonly  used to reduce the channeling
effects. [0100] However, the pre-amorphization implant step results in the
generation of end of range  (EOR) defect regions which are located
approximately at or as illustrated in Fig. 8h slightly  below the depth of the
amorphous region 862. The FOR regions comprise defects such as
interstitials 865. Interstitials 865 in the FOR region are undesirable
because they decrease the  electrical activation of implanted dopant ions
by assisting in the segregation and/or clustering of  
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electrically active.  In addition, by removing interstitials, the vacancies 855 also suppress 

interstitial aided transient enhanced diffusion.  In a preferred aspect of the present embodiment 

as shown in Fig. 8h, the pre-amorphization implant process can be optimized such that the EOR 

region depth is approximately equal to the depth of the vacancy rich regions 855.  In one 

embodiment, the depth of the vacancy rich regions corresponds to the laser melting depth of  the 

pre-implant laser step.  Alternatively, the laser melting depth may be tuned to match the EOR 

region depth.   

[0102] Following the pre-amorphization implant step, second dopant species are implanted 

into the substrate to form source/drain extension regions 862 on opposed side of the gate stack 

840.  In Fig. 8h, the source/drain extension region as implanted completely overlaps the 

amorphous regions 862.  Alternatively, the source/drain extension may also have other 

dimensions so long as it overlaps the amorphous region.  Preferably, the amorphous region is 

deeper than the source/drain extension region as implanted.    

[0103] In one embodiment, a PFET device is fabricated and the source/drain extension 

regions 862 may be formed by implanting lightly doped P-type impurity ions.  Non-limiting 

examples of P-type dopants include Boron, Aluminum, Gallium, Indium or compounds thereof.  

In another embodiment, an NFET is fabricated and the second dopant species are lightly doped 

N-type impurity ions.  Non-limiting examples of N-type dopants include Phosphorus, Arsenic or 

compounds thereof.   

[0104] After implanting the source/drain extension dopants, second offset spacers 868 are 

formed alongside the external sidewalls of the first offset spacers 818 as shown in Fig. 8i, thus 

providing a gate stack 840 comprising the gate dielectric 810, gate electrode 815, and first and 

second offset spacers (818, 868).  The second offset spacers 868 act as an implant mask during a 

subsequent deep source/drain implant step.   

[0105] Subsequent to the formation of the second offset spacers 868, a second pre-implant 

laser step as depicted by arrows 870 is carried out.  The second pre-implant laser step is 

the dopants. Interstitials 865 also cause transient enhanced diffusion of
dopants during  subsequent anneal steps thus increasing junction depth.
For example, interstitials 765 in the  FOR region may decrease the
electrical activation of subsequently introduced dopants used to  form a
source/drain extension region and contribute to transient enhanced
diffusion thereof  during anneal. Transient enhanced diffusion of
source/drain extension dopants increases the  dimensions of source/drain
extension regions. [0101] The vacancies in the vacancy rich region 855
remove interstitials 865 in the FOR  region thereby permitting superior
electrical activation of dopants used to form the source/drain  extension
regions in subsequent steps by creating more sites where the dopants can
become  28 electrically active. In addition, by removing interstitials, the
vacancies 855 also suppress  interstitial aided transient enhanced
diffusion. In a preferred aspect of the present embodiment  as shown in
Fig. 8h, the pre-amorphization implant process can be optimized such that
the FOR  region depth is approximately equal to the depth of the vacancy
rich regions 855. In one  embodiment, the depth of the vacancy rich
regions corresponds to the laser melting depth of the  pre-implant laser
step. Alternatively, the laser melting depth may be tuned to match the
FOR  region depth. [0102] Following the pre-amorphization implant step,
second dopant species are implanted  into the substrate to form
source/drain extension regions 862 on opposed side of the gate stack
840. In Fig. 8h, the source/drain extension region as implanted completely
overlaps the  amorphous regions 862. Alternatively, the source/drain
extension may also have other  dimensions so long as it overlaps the
amorphous region. Preferably, the amorphous region is  deeper than the
source/drain extension region as implanted. [0103] In one embodiment, a
PFET device is fabricated and the source/drain extension  regions 862
may be formed by implanting lightly doped P-type impurity ions.
Non-limiting  examples of P-type dopants include Boron, Aluminum,
Gallium, Indium or compounds thereof.  



 30 

optimized to create second vacancy rich regions 875 on opposed sides of the gate stack 840.  The 

objective of the second pre-implant laser step is to mitigate transient enhanced diffusion and 

dopant deactivation effects associated with an end of range region generated by a subsequent 

deep source/drain implant.  Accordingly, the second vacancy rich regions 875 are aligned with 

the location of desired deep source/drain regions which are represented in Fig. 8i by dotted lines.  

Preferably, the second pre-implant laser process is optimized so that the location of the second 

vacancy rich regions substantially matches the location of end of range defect regions generated 

by the subsequent deep source/drain implant step.  In one embodiment, the second pre-implant 

laser process has an annealing effect and it results in the activation of at least some of the second 

dopant species forming the source/extension region 862.  The extent of dopant activation 

depends on factors such as energy of laser fluence, duration of laser pulse and laser melting 

temperature. 

[0106] In one embodiment, the incident laser beam 870 melts a portion of the substrate to 

form second vacancy rich regions 875 with a depth denoted by the maximum melting depth of 

the laser.   Preferably, the maximum melt depth substantially matches the location of end of 

range defect regions generated by a subsequent deep source/drain implant step.  In the 

embodiment of Fig. 8i, the second vacancy rich regions 875 are formed at a greater depth 

compared to the first vacancy rich regions 855, accordingly, a higher laser fluence may be 

required compared to the first pre-implant laser step.    

[0107] It is to be understood that a multitude of laser process parameters, such as but not 

limited to wavelength, beam energy, irradiation duration and number of pulses, can be adjusted 

to modulate the depth of second vacancy rich regions 875.  Moreover, those skilled in the art will 

appreciate that laser process parameters can vary with the substrate material employed, for 

example. 

[0108] As shown in Fig. 8j, the second offset spacers 868 serve as an implant mask during a 

deep source/drain implantation step where third dopant species as depicted by arrows 880 are 

In another embodiment, an NFET is fabricated and the second dopant
species are lightly doped  N-type impurity ions. Non-limiting examples of
N-type dopants include Phosphorus, Arsenic or  compounds thereof.
[0104] After implanting the source/drain extension dopants, second offset
spacers 868 are  formed alongside the external sidewalls of the first offset
spacers 818 as shown in Fig. 8i, thus  providing a gate stack 840
comprising the gate dielectric 810, gate electrode 815, and first and
second offset spacers (818, 868). The second offset spacers 868 act as
an implant mask during a  subsequent deep source/drain implant step.
[0105] Subsequent to the formation of the second offset spacers 868, a
second pre-implant  laser step as depicted by arrows 870 is carried out.
The second pre-implant laser step is  29 optimized to create second
vacancy rich regions 875 on opposed sides of the gate stack 840. The
objective of the second pre-implant laser step is to mitigate transient
enhanced diffusion and  dopant deactivation effects associated with an
end of range region generated by a subsequent  deep source/drain
implant. Accordingly, the second vacancy rich regions 875 are aligned
with  the location of desired deep source/drain regions which are
represented in Fig. 8i by dotted lines.  Preferably, the second pre-implant
laser process is optimized so that the location of the second  vacancy rich
regions substantially matches the location of end of range defect regions
generated  by the subsequent deep source/drain implant step. In one
embodiment, the second pre-implant  laser process has an annealing
effect and it results in the activation of at least some of the second  dopant
species forming the source/extension region 862. The extent of dopant
activation  depends on factors such as energy of laser fluence, duration of
laser pulse and laser melting  temperature. [0106] In one embodiment, the
incident laser beam 870 melts a portion of the substrate to  form second
vacancy rich regions 875 with a depth denoted by the maximum melting
depth of  the laser. Preferably, the maximum melt depth substantially
matches the location of end of  
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implanted into the substrate.  The deep source/drain implantation step forms deep source/drain 

diffusion regions 882 which are offset from the edge of the gate electrode by the first and second 

offset spacers (818, 868).    The deep source/drain implantation step results in the generation of 

EOR defect regions 885 which are located approximately at or as illustrated in Fig. 8i slightly 

below the depth of the deep source/drain regions 882.  To achieve the optimum effect from the 

second pre-implant laser step, the location of an end of range region generated by the deep 

source/drain implant is substantially matched with the location of the second vacancy rich 

region.  The preceding may be achieved either by tuning the deep source/drain implant 

conditions or second pre-implant conditions such as melting laser power. 

[0109] In one embodiment, a PFET device is fabricated and the deep source/drain regions 

882 may be formed by implanting heavily doped P-type impurity ions.  Non-limiting examples 

of P-type dopants include Boron, Gallium, Indium or compounds thereof.  In another 

embodiment, an NFET is fabricated and the third dopant species are heavily doped N-type 

impurity ions.  Non-limiting examples of N-type dopants include Phosphorus, Arsenic or 

compounds thereof.   

[0110] Fig. 8k shows the semiconductor structure 800 of Fig. 8j after the dopants in the 

source/drain extension and deep source/drain regions are activated by an annealing process.   By 

way of example, the annealing process may be a low temperature thermal anneal, rapid thermal 

anneal, spike anneal, flash anneal or laser anneal process. 

[0111] In the third embodiment of the invention illustrated in Figs. 8a to 8j, pre-implant laser 

irradiation processes are used to form vacancy rich regions prior to a pre-amorphization implant 

and a deep source drain implant.  The location of the vacancy rich regions and hence laser 

irradiation conditions adjusted to locate the vacancy rich regions proximate to the EOR regions 

generated by both implants.  In accordance with the invention, multiple pre-implant laser 

irradiation steps may be applied to create vacancy rich regions that reduce defects in and around 

range defect regions generated by a subsequent deep source/drain
implant step. In the  embodiment of Fig. 8i, the second vacancy rich
regions 875 are formed at a greater depth  compared to the first vacancy
rich regions 855, accordingly, a higher laser fluence may be  required
compared to the first pre-implant laser step. [0107] It is to be understood
that a multitude of laser process parameters, such as but not  limited to
wavelength, beam energy, irradiation duration and number of pulses, can
be adjusted  to modulate the depth of second vacancy rich regions 875.
Moreover, those skilled in the art will  appreciate that laser process
parameters can vary with the substrate material employed, for  example.
[0108] As shown in Fig. 8j, the second offset spacers 868 serve as an
implant mask during a  deep source/drain implantation step where third
dopant species as depicted by arrows 880 are  30 implanted into the
substrate. The deep source/drain implantation step forms deep
source/drain  diffusion regions 882 which are offset from the edge of the
gate electrode by the first and second  offset spacers (818, 868). The
deep source/drain implantation step results in the generation of  FOR
defect regions 885 which are located approximately at or as illustrated in
Fig. 8i slightly  below the depth of the deep source/drain regions 882. To
achieve the optimum effect from the  second pre-implant laser step, the
location of an end of range region generated by the deep  source/drain
implant is substantially matched with the location of the second vacancy
rich  region. The preceding may be achieved either by tuning the deep
source/drain implant  conditions or second pre-implant conditions such as
melting laser power. [0109] In one embodiment, a PFET device is
fabricated and the deep source/drain regions  882 may be formed by
implanting heavily doped P-type impurity ions. Non-limiting examples  of
P-type dopants include Boron, Gallium, Indium or compounds thereof. In
another  embodiment, an NFET is fabricated and the third dopant species
are heavily doped N-type  impurity ions. Non-limiting examples of N-type
dopants include Phosphorus, Arsenic or  
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an EOR defect region.  It is to be appreciated that application of this concept is not limited to the 

specific process flow described in relation to Figs. 8a to 8j. 

[0112] The preferred embodiment of the invention is illustrative of the invention rather than 

limiting of the invention.  It is to be understood that revisions and modifications may be made to 

methods, materials, structures and dimensions of a semiconductor structure while still providing 

a semiconductor that fall within the scope of the included claims.  All matters hithertofore set 

forth herein or shown in the accompanying drawings are to be interpreted in an illustrative and 

non-limiting sense. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

compounds thereof. [0110] Fig. 8k shows the semiconductor structure 800
of Fig. 8j after the dopants in the  source/drain extension and deep
source/drain regions are activated by an annealing process. By  way of
example, the annealing process may be a low temperature thermal
anneal, rapid thermal  anneal, spike anneal, flash anneal or laser anneal
process. [0111] In the third embodiment of the invention illustrated in Figs.
8a to 8j, pre-implant laser  irradiation processes are used to form vacancy
rich regions prior to a pre-amorphization implant  and a deep source drain
implant. The location of the vacancy rich regions and hence laser
irradiation conditions adjusted to locate the vacancy rich regions
proximate to the FOR regions  generated by both implants. In accordance
with the invention, multiple pre-implant laser  irradiation steps may be
applied to create vacancy rich regions that reduce defects in and around
31 an FOR defect region. It is to be appreciated that application of this
concept is not limited to the  specific process flow described in relation to
Figs. 8a to 8j. [0112] The preferred embodiment of the invention is
illustrative of the invention rather than  limiting of the invention. It is to be
understood that revisions and modifications may be made to  methods,
materials, structures and dimensions of a semiconductor structure while
still providing  a semiconductor that fall within the scope of the included
claims. All matters hithertofore set  forth herein or shown in the
accompanying drawings are to be interpreted in an illustrative and
non-limiting sense. 32 What is claimed is: CLAIMS  1. A method for
fabricating a semiconductor device comprising:  providing a substrate;
forming a gate stack over the substrate; 
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What is claimed is: 

CLAIMS 

1. A method for fabricating a semiconductor device comprising: 

 providing a substrate;  

 forming a gate stack over the substrate; 

 performing a first laser processing to form vacancy rich regions within the substrate on 

opposing sides of the gate stack, the vacancy rich regions having a first depth from a surface of 

the substrate; and 

 performing a first implant, the first implant causing end of range defect regions to be 

formed on opposing sides of the gate stack at a second depth from the surface of the substrate,

 wherein the first depth is proximate to the second depth. 

 

2. The method of claim 1, wherein the first and second depth are substantially equal. 

  

3. The method of claim 1, wherein the first implant is an amorphization implant that forms 

amorphous regions within the substrate. 

 

4. A method for fabricating a semiconductor device comprising: 

 providing a substrate and a gate stack formed on the substrate; 

 performing a first laser processing to form vacancy rich regions within the substrate on 

opposing sides of the gate stack, the vacancy rich regions having a peak concentration of excess 

vacancies at a first depth from a surface of the substrate; and 

 performing a pre-amorphization implant to create amorphous regions within the substrate 

adjacent to opposing sides of the gate stack, the pre-amorphization implant causing end of range 

defect regions with a peak concentration of interstitial defects at a second depth from a surface of 

the substrate to be generated, 

performing a first laser processing to form vacancy rich regions within the
substrate on  opposing sides of the gate stack, the vacancy rich regions
having a first depth from a surface of  the substrate; and performing a first
implant, the first implant causing end of range defect regions to be  formed
on opposing sides of the gate stack at a second depth from the surface of
the substrate,  wherein the first depth is proximate to the second depth. 2.
The method of claim 1, wherein the first and second depth are
substantially equal. 3. The method of claim 1, wherein the first implant is
an amorphization implant that forms  amorphous regions within the
substrate. 4. A method for fabricating a semiconductor device comprising:
providing a substrate and a gate stack formed on the substrate;
performing a first laser processing to form vacancy rich regions within the
substrate on  opposing sides of the gate stack, the vacancy rich regions
having a peak concentration of excess  vacancies at a first depth from a
surface of the substrate; and performing a pre-amorphization implant to
create amorphous regions within the substrate  adjacent to opposing sides
of the gate stack, the pre-amorphization implant causing end of range
defect regions with a peak concentration of interstitial defects at a second
depth from a surface of  the substrate to be generated, 33 wherein the first
depth is proximate to the second depth.  5. The method of claim 4 further
comprising: forming first diffusion regions overlapping the amorphous
regions; and activating dopants in the first diffusion region wherein the
excess vacancies in the  vacancy rich region reduce diffusion of the
dopants in the first diffusion region. 34 
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 wherein the first depth is proximate to the second depth. 

5. The method of claim 4 further comprising: 

forming first diffusion regions overlapping the amorphous regions; and 

activating dopants in the first diffusion region wherein the excess vacancies in the 

vacancy rich region reduce diffusion of the dopants in the first diffusion region. 


