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PCT/US02/10827 XE PREAMORPHIZING IMPLANTATION TECHNICAL FIELD The present
invention relates generally to manufacturing semiconductor devices)
particularly highly miniaturized semiconductor devices having ultra-shallow
junction depths. BACKGROUND ART The senuconductor manufacturing techniques
undergo constant challenges as design features continue to plunge deeper
into the submicron regime, as in fabricating devices having a design rule
of about 0.12 micron and under. The accurate formation of ultra-shallow
junction depths (X~) having high reliability in an efficient manner poses a
particularly challenging problem. Preamorphization techniques, as by ion
implanting silicon (Si) or germanium (Ge), to define the contours of
sourceldrain regions prior to dopant implantation and annealing have been
employed to reduce the channeling effect and reduce transient enhanced
diffusion (TED), and to reduce the activation temperature. Such
preamorphization (SPE) techniques, however, are not without disadvantageous
consequences. For example, implanted Si and Ge ions tend to migrate beyond
the intended source/drain regions resulting in what is referred to as
implantation straggle, both vertically and horizontally, making it
extremely difficult to precisely define ultra-shallow source/drain
extensions) e.g., below 400A. As the design rules plunge into the deep
sub-micron range) the channel length) i.e., distance between junctions
across the channel, evolves as a critical dimension, particularly as the
channel length is reduced to about 1000 and under. Natural variations in
junction position as well as variations arising from processing render it
difficult to accurately design devices. Alteration of a doping profile from
TED as well as implantation straggle exacerbate design problems.
Conventional silicon-on-insulator (SOI) types of substrates have evolved
and basically comprise a substrate, a buried oxide layer thereon, and a
semiconductor layer on the buried oxide layer which constitutes the "body"
of the transistor. In such SOI devices) the body floats in that there is no
direct electrical connection to it. As the source and drain regions are
isolated from the substrate, junction capacitance is reduced) i.e., when an
electrical signal changes on either or both source and drain, there is
significantly less capacitive coupling to the substrate. As electrical
isolation is facilitated employing an SOI substrate, certain electrical
elements of the circuit can be positioned closer together, thereby reducing
the die size. SDI structures also offer the advantage of more rapid
switching. In addition, latchup, which typically occurs in standard CMOS
devices, does not exist employing SOI substrates, since the substrate is
isolated by the buried oxide. Static or plasma arcing is also reduced in
SOT derives. There are) however) disadvantages attendant upon employing SOI
substrates in fabricating semiconductor devices. A notable disadvantage is
what is referred to as "floating body effects". For example, it takes a
considerable period of time for an ejected charge to leak out. As a result)
transient bipolar effects can occur wherein a parasitic bypolar transistor
turns on parallel to the MOSFET. In addition, hysteresis effects can occur.
There exists a need for efficient methodology to fabricate semiconductor
devices having accurate ultra shallow junctions. There also exists a need
for efficient methodology to fabricate semiconductor devices having
accurate ultra-shallow junctions based upon SOI substrates without floating
body effects. 1 u~uuunsu~u~ui   2 4 MAY 2004 WO 03/012844 DISCLOSURE OF THE
INVENTION PCT/US02/10827 . An advantage of the present invention is a
method of manufacturing a semiconductor device having an SOI structure with
reduced floating body effects. Another advantage of the present invention
is a method of manufacturing a semiconductor device having ultra-shallow
junctions and accurately formed sourceldrain extensions and regions. 



Additional advantages and other features of the present invention will be
set forth in the description which follows and, in part, will become
apparent to those having ordinary skill in the art upon examination of the
following or may be learned from the practice of the present invention. The
advantages of the present invention may be realized and obtained as
particularly pointed out in the appended claims. According to the present
invention, the foregoing and other advantages are achieved in part by a
method of manufacturing a semiconductor device, the method comprising:
forming a silicon-on-insulator (SOI) structure comprising: a lower silicon
substrate; a buried insulating layer on the substrate; and an upper layer
of crystalline silicon on the insulating layer; ion implanting xenon (Xe)
into the upper silicon layer to form an amorphous region therein extending
from an upper surface toward the buried insulating layer; ion implanting
dopant impurities to form source/drain extension implants and sourceldrain
implants; and annealing to activate shallow source/drain extensions and
source/drain regions, and to crystallize the amorphous region. Embodiments
of the present invention comprise forming an SOI structure with a silicon
oxide buried insulating layer) ion implanting Xe at an implantation dosage
of about 1 x10 to about SxI0~4 ions/cm2 and an implantation energy of about
1 KeV to about 200 KeV. Embodiments of the present invention comprise
annealing at a temperature of about 500C to about 650C, e.g., about 550C to
about 600C, to activate source/drain extensions and, the sourceldrain
regions, and to recrystallize amorphous regions caused by Xe ion
implantation. Embodiments of the present invention include forming the
source/drain extensions prior to forming the sourceldrain regions, and also
include removable spacer techniques wherein the sourceldrain regions are
formed prior to the source/drain extensions. Another aspect of the present
invention is a method of manufacturing a semiconductor device, the method
comprising: providing an ion beam consisting essentially of xenon dimer
(Xe2'~; implanting the Xez'` into a crystalline semiconductor substrate to
form an amporhous region therein; ion implanting dopant impurities into the
amorphous region to form source/drain extensions and source/drain implants;
and annealing to activate the source/drain extensions and sourcc/drain
regions, and to recrystallize the amorphous region. Embodiments include
analyzing a first Xe ion beam and selectively extracting the Xe2~ beam
therefrom. Embodiments of the present invention comprise ion implanting the
Xez" into a substrate, inclusive of bulk silicon and SOI substrates) to
preamorphize regions prior to ion implanting dopant impurities, followed by
annealing at a temperature of about 500C to about 650C. Embodiments of the
present invention comprise ion implanting XeZ+ into a bulk silicon
substrate forming amorphous regions having a depth no greater than about
250k e.g.) to about 100 to about 250A; and then forming source/drain
extensions and source/drain regions with intermediate annealings at a
temperature of about 500C to about 650C. Additions! advantages of the
present invention will become readily apparent to those skilled in the art
from the following detailed description, wherein embodiments of the present
invention are described, simply by way of illustration of the best mode
contemplated for carrying out the present invention. As will be realized,
the present invention is capable of other and different embodiments) and
its several details are capable of 2   2 b MAY 2004 WO 03/U12844
PCT/US02110827 modifications in various obvious respects) all without
departing from the present invention. Accordingly, the drawings and
dcscriptian are to be regarded as illustrative in nature) and not as
restrictive. BRIEF DESCRIPTION OF DRAWINGS Figs. 1 through 4 schematically
illustrate sequential phases of a method in accordance with an embodiment
of the present invention. Figs. 5 and 6 schematically illustrate sequential
phases of a method in accordance with another embodiment of the present
invention. Fig. 7 schematically illustrates an ion implantation apparatus
suitable for use in embodiments of the present invention. DESCRIPTION OF
THE INVENTION The present invention provides enabling methodology for
fabricating semiconductor devices having well defined ultra-shallow
junctions by significantly reducing vertical and lateral straggle)
particularly in semiconductor devices having an SOI substrate. The present
invention also provides efficient methodology for fabricating semiconductor
devices having well defined ultra-shallow junctions using Xe ion
implantation) particularly by ion implanting Xez`. The present invention
further provides methodology enabling the fabrication semiconductor devices
comprising an SOI substrate with signiFccantly reduced floating body
effects. The precise mechanism underlying the advantageous reduction in
floating body effects in SOI type structures by employing Xe ion
implantation for preamorphization prior to forming the source/drain
extensions and source/drain regions is not known with certainty. However)
it is believed that the combination of high atomic weight and large ionic
size for Xe vis-~-vis elements such as Ge and Si, and the reduced lateral
and vertical straggle) facilitate both dopant activation and Xe inclusion
in the recrystallized lattice in some manner so as to virtually eliminate
or significantly reduce floating body effects without the excessive leakage
currents usually caused by crystal damage from ion implantation.
Embodiments of the present comprise implanting Xe ions into an upper
crystalline layer of an SOI structure comprising a substrate, buried
insulating layer such as silicon oxide, and the upper crystalline layer
thereon, to preamorphize the upper silicon layer. Sequential ion
implantations and annealings are then conducted to form the source/drain
extensions and source/drain regions utilizing sidewalf spacers on the gate
electrode. Advantageously, activation annealing after Xe ion implantation
can be conducted at a relatively low temperature of about 500C to about
650C vis-~-vis conventional activation temperatures of about 800C to about
1,050C. Accordingly, embodiments of the present invention include forming
the source/drain extensions before or after forming the sourceldrain
regions. Embodiments of the present invention include forming a gate
electrode structure on the upper crystalline silicon layer of an SOI
substrate and then ion implanting Xe to amorphize the upper silicon layer
down to the buried insulating layer, as by ion implanting Xe at an
implantation dosage of about 1 x 104 to about 5 x 10~ ions/cm2 and an
implantation energy of about 1 ICeV to about 200 KeV) e.g., about 10 KeV to
about 130 KeV. 



A method in accordance with an embodiment with the present invention is
schematically illustrated in Figs. 1 through 4 wherein similar features or
elements are denoted by similar reference numerals. An SOI substrate 101 is
formed comprising substrate 10, buried insulation layer 11, such as silicon
oxide, and an upper 3   2 4 MAY Z004 WO 03/012834 PCT/US02/10827
crystalline silicon layer 12, The upper silicon layer 12 typically has a
thickness of about I00 A to about 1000A. A gate electrode 14 is formed on
the upper silicon layer 12 with, a gate insulating layer 13 therebetween.
As illustrated in Fig. I, Xe ion implantation is conducted to preamorphize
an upper portion of upper silicon layer 12 down to a projection depth
forming an amorphous region 12A on each side of gate electrode 14.
Embodiments of the present invention include preamorphizing the upper
silicon layer 12 to a depth up to about 400k e.g,) about 50 to 300A, as
well as down to buried insulating layer 11, Subsequently, ion implantation
of a dopant species is conducted, such as an N-type dopant) e.g., arsenic
or phosphorus) as illustrated by arrows 20. Typically) such ion
implantation is conducted at an implantation dosage of about LxIO~ to about
SxIO~ ions/cm2and an implantation energy of about 200 eV to about 10 KeV,
to form shallow source/drain extension implants. Annealing is then
conducted, as at,a temperature of about 500C to about 650C) e.g., about
5S0C to about 600C, to activate source/drain extensions 21 and
recrystallize amorphous regions 12A. Typically, the sourceldrain extension
21 extend from the surface of upper silicon layer 1 Z to a depth of about
50A to about 300D. Subsequently) sidewall spacers 30 are formed on the side
surfaces of gate electrode 14) as shown in Fig. 3. Sidewall spacers 30 can
comprise an insulating material such as silicon oxide or silicon nitride.
Xe ion implantation is again conducted, as indicated by arrows 30, to form
amorphous regions 12B adjoining source/drain extensions 21. Such Xe
implantation can be performed under the conditions previously disclosed
with respect to Fig. 1. Subsequently, as illustrated in Fig. 4, ion
implantation is conducted, as indicated by arrows 40, to form source/drain
implants, typically at an implantation dosage of about 1x10" to about SxIO~
ionslcm2 and an implantation energy of about 10 KeV to about 60 KeV.
Annealing is then conducted) as at a temperature of about 500C to about
65dC, to activate source/drain regions 41 and to recrystallize amorphous
regions 12B. The use of Xe ion implantation for preamorphization in
fabricating semiconductor devices on an SOI structure advantageously
eliminates or significantly reduces floating body effects, thereby
improving device reliability. In the embodiment illustrated in Figs. 1
through 4, the source/drain extensions are formed prior to forming the
source/drain regions. However, in view of the very low annealing
temperature which can be advantageously employed for dopant activation due
to Xe ion implantation, a removable spacer technique can be employed to
form the source/drain regions prior to forming the source/drain extensions.
Such an embodiment is schematically illustrated in Figs. 5 and 6, wherein
similar features and similar elements are denoted by similar reference
numerals) as are the elements and features employed in Figs. I through 4.
Adverting to Fig. 5, an SOI structure t05 is formed comprising substrate
10, buried insulating layer 11, and upper crystalline silicon layer 12.
Gate electrode 14 is formed over upper silicon layer l2 with a gate
insulating layer 13 therebetween. Sidewall spacers 15 are then formed on
the side surfaces of gate eiectrode 14 and gate insulating layer 13. Xe ion
implantation is then conducted to amorphize regions of upper crystalline
layer 12 down to the buried insulating layer 11 on opposite sides of the
sidewall spacers 15) followed by ion implantation to form source/drain
implants and then annealing, as at a temperature of about 500C to about
650C, to form sourceldrain regions 16. Subsequently) sidewall spacers 15
are removed, as illustrated in Fig. 6, Xe ion implantation is again
conducted to form upper amorphous regions in upper silicon layer 12 down to
a projection depth followed by dopant ion implantation to form source/drain
extension implants, Embodiments of the present invention include 4   2 4
MAY 2004 WO 03/0128:14 PCT/US02/10827 forming the amorphous regions to a
depth up to about 400A, e.g., about SOA to about 300A, as well as down to
buried insulating Layer I 1. Annealing is then conducted) as at a
temperature of about 500C to about 650C, to activate sourceldrain
extensions 20 and recrystallize the amorphous regions resulting in the
structure shown in Fig. 6. Another aspect of the present invention
comprises preamorphizing by ion implanting xenon dimer (Xez+), thereby
enabling the formation of ultra-shallow junction depths as well as
accurately controlled source/drain extensions and regions. The Xe2' is
extracted from a Xe source at a low attraction voltage and analyzed by an
analyzer magnet within the ion implantation device. The use of Xez+ for
preamophization in accordance with embodiments of the present invention
includes not only SOI structures but conventional substrate structures as
well, e.g., bulk silicon structures. A top plan view of an ion implantation
system for implementing embodiments of the present invention comprising.
Xez* ion implantation is schematically illustrated in Fig. 7. As shown) the
ion implantation system 70 includes a source chamber 72) an analyzer magnet
74) an accelerator ?6 and an end station 78. An extraction power supply 80
is electrically coupled to an extraction electrode 81 and to an ion source
(not shown) contained within source chamber 72. An acceleration power
supply 82 is electrically coupled to acceleration electrodes 83 and 84 at
opposite ends, respectively, of accelerator 76. In operation) extraction
electrode 81 extracts an incident ion beam 85 from source chamber 72.
Incident ion beam 85 is analyzed by analyzer magnet 74, wherein a desired
ion species is selected from ion beam 85. Analyzing magnet 74 emits
analyzed ion beam 86, and directs the beam toward an aperture 87 located in
electrode 83. Analyzer magnet 74 filters all but a single desired species
from incident ion beam 85 to form an analyzed ion beam 86. A magnetic field
created within analyzer magnet 74 causes each ion in ion beam 85 to follow
an arching trajectory while traveling through analyzer magnet 74. The
radius of the trajectory of a given ion depends upon the mass and velocity
of the ion) along with the strength the magnetic field within analyzer
magnetic 74. A mechanical obstruction within analyzer magnet 74 blocks all
ions with trajectories that do not have the proper curvature to pass
through the exit end of analyzing magnetic 74. Therefore, only the desired
ions (Xe2*) exit analyzing magnetic 74 to form analyzed ion beam 86. Upon
entering aperture 87, analyzed ion beam 86 is accelerated by accelerator to
76 and directed toward end station 78. It should be recognized that
commercial ion implantation systems typically include additional focusing
systems to properly focus the beam after the beam exits accelerator 76. It
should also be recognized that many different types of end station
configurations are possible) depending upon the particular beam accurent
capable of the ion implantation system. Although initially accelerated by
extraction electrode 81, ions can be further accelerated by accelerator 76
to a specified energy level depending upon the desired implantation depth.
Typically extraction voltages for Xei`range from about LO KeV to about 80
KeV) e.g., about 20 KeV to about 50 KeV. In performing ion implantation, a
substrate, such as a bulk silicon substrate 88) is placed within end
station 78 in alignment with analyzed ion beam 86. Prior to actual ion
implantation, end station 78 is evacuated to remove ambient gases from the
vicinity of silicon substrate 88. During Xe2+ implantation, the analyzed
ion beam 86 exits through aperture 89 in electrode 84. Aperture 89 allows
gaseous communication between end station 78 accelerator 76. 5  



2 4 MAY 2004 WO 031012844 PCT/US02/10827 In accordance with the embodiments
of the present invention) the full spectrum generated from a Xe source is
most distinctly obtained by operating the extraction voltage at relatively
low values of about 10 KeV to about 50 KaV or lower. The substrate 88 shown
in Fig, 7 can be any type of conventional substrate) including a bulk
silicon substrate. The sequence of amorphizing a bulk silicon substrate
employing Xez'' with formation of source/drain extensions and regions can
parallel the sequence illustrated in Figs. 1 through 4 or the sequence
illustrated in Figs. 5 and 6. It should be recognized that the substrate 88
shown in Fig. 7 can also be an SOI structure, and the Xez'' ion
implantations employed with respect to the embodiment illustrated in Figs.
1 through 4 and the embodiment illustrated in Figs. 5 and b can be
conducted employing a Xei+. In implementing Xei'' ion implantation, a lower
implantation energy can be employed than when implementing Xe ion
implantation, since the implantation energy is divided between two ions.
Accordingly) in preamorphizing employing a Xez+ , an energy of about 1 KeV
to about 200 KeV can be effectively employed. The present invention enables
the manufacture of semiconductive devices having an SOI structure with
virtually no or considerably reduced floating body effects) and accurately
positioned and dimensioned source/drain extensions and regions. The present
invention also provides efficient methodology for forming accurately
positioned and dimensioned source/drain extensions in bulk silicon
substrates having an ultra-shallow junction, such as less than about 400D,
e.g.) no greater than about 250g. The use of Xe ion implantation for
preamorphization enables superior activation of dopant impurities, thereby
enhancing device liability and improving wafer-to-wafer uniformity. The
present invention enjoys industrial applicability in the fabrication of
various types of semiconductor devices. The present invention is
particularly applicable to manufacturing semiconductor devices having
submicron features. In the previous description, numerous specifte details
are set forth, such as specific materials, structures, chemicals,
processes, etc.) to provide a better understanding of the present
inventEOn. However) the present invention can be practiced without
resorting to the details specifically set forth. In other instances, well
known processing and materials have not been described in detail in order
not to unnecessarily obscure the present invention. Only the preferred
embodiment of the present invention and but a few examples of its
versatility are shown and described in the present disclosure. It is to be
understood that the present invention is capable of use in various other
combinations and environments and is capable of changes or modifications
within the scope of the inventive concept as disclosed herein. 6   Z 4 MAY
2004 A method of manufacturing a semiconductor device) the method
comprising: forming a silicon-on-insulator (SOl) structure (101)
comprising: 5 ~ lower silicon substrate (10); a buried insulating layer (11
) on the substrate; and as upper Iayer of crystalline silicon ( 12) on the
insulating layer; then implanting xenon ions (15) into tie upper silicon
layer to (12) form as amorphous region (12A) therein extending from an
upper surface toward the buried 10 insulating layer (11); then implanting
dopant ion impurities (20) to form source/drain extension lmplant5; then
annealing to activate shallow source/drain extensions (21) and to
recrystallize the amorphous region~(12A); 15 then iraptanting xenon ions
(30) into the upper silicon layer to form an amorphous region (j2B)
.therein extending from the upper surface toward the buried iasalating
layer (11); then implanting dopant ion impuriries (40) t4 foam source/drain
implants separately flora the said implanting of dopant ion impurities (20)
to form the 20 sourceldrain extension implants; and then annealing to
activate source/drain regions (41) and, to recrystallize the amorphous
region (I2B). 



2. A methad according to claim 1, wherein the xenon ions (15) 30) are
implanted 25 at an implantation dosage of about I x 10~ to about 5 x 10'4
ions/cm2 and an implantation energy of about 3 KeV to about 150.4CeV; and
the annealing is performed at a tevnperature of about 500C to about 650C to
salivate the sourceldrain extensions (21) a>ad the source/drain regions
(~1), and to recrystailize the amorphous regions { I 2A) 12B). 30
c~~isra.anw-aa.cn~n~ ri~ fa~s~s rr3 ~i~~llrJ~,~ ~`.tl._: ~..' t.:~ :~'s~~i
r ...il.i~ 1 .,i_iS ) ': .~ ~ r , .'.'ji"I f f' ~ t(`r7 ~~ y '; :~j'1 ,_^
AL:` i'S n1;'iN   Z 4 MAY 2004 3. A ~aedwd according to claim 1) wkterein a
gate elec4rode (14) as foamed over the trapper silicon layer (12) with a
gate insutatitag layer (13) therebe~Eween; and 5 sidewall spacers (30) are
formed oa side surfaces of the gate electrode (14) after forming the
source/drain extensions (2I ) and before implanting the xenon pons (30) to
form the amorlrhous region (1210 in the upper silicon layer adjacent the
sottrceldrain extensions (21). I0 4. A method according to claim 1) wherein
a gate electrode (1 ~) is foriued over the upper silicon layer (I2) with a
gate insulating layer (13) therebetweert; and sidewall spacers (15} are
formed on side surfaces of the gate electrode (la) before implanting the
dopant impurities (d0) into the amorphous region (I2B) of the upper silicon
layer to fornt , the. sourceldrain ' IS i~mplar~ts; the sidewali spacers
(35) being reanoved before implanting the xenon ions (1S7 iatta the upper
silicon layer to form the amorphous region (12A) and implanting the dopant
impurities (20) to form the sourceldrain extension implants.  20 5. A
method according to claim 1 wherein the xenon ions comprise an ion beam
consisting essentially of xenon dipper Xe2+. . 6. ~e method of
matntfacrilring a seneiconductor device, the method comprising: providing
an ions bexnt camsistlng essentially of xenon dismer 3te2+; 25 then
ixnpianting the Xe2+ into a crystalline semiconductor substrate (IO)'to
amoiphaze a region (I2.A., I2B) therein; then ixutplanting a dopant ion
iampurity (20) 40) into the amorphous legion to fomct sotarceldaaita
eutetssiota implants and som~/draiu iataplatats; and theft aautealing to
activate the so~arceldaaan extecasions and source/draixt ~tD re,~,aa~ns,
am~1 to rearr;ysta~llns : tr4te ar~morphous xegiota.
ts'~si"a_rp.,'~',uv-~3:y: ??lji3lG:~:S.~~~^~~: ~,1t~7~: i:~f ~x 9.a:
v'is~Jli ~I'vl_)~Ssf~~~l".s~ ~a~i'..:rsfit'~?(-;.'fs:f:lr:;ri''`'.n#.:
:v.t,^ W 'n'~ 



2 4 MAY 2004 7, A. noetbod according to cdaiear ~6, ~fierein the ion berg
consisting essentially of Xe~+is provided hy: extracting a ~tst Xe ion
beann from an ion sourco; 5 analyzing the Xe ion beam; selecting singularly
charged Xei Pram the first ion beam to form the ion beam consisting
essentially of Xei+; and ataneating at a temperature of about 500C to about
650C to activate the sounceldrain extensions and sourae/drain regions and
to recrystatlize the amorphous IO region. ' g. A method according to claim
6) wherein: the Xez+ is implanted into the crystalline substrate to form
amorphous regions extending fxom an upper surface of the substrate to a
depth no greater than about 1S 400.; the dopant impurities are implanted
into the amorphixed regions to form the sourceldrain irnnplants; and
anneaJaag is performed at ~ temperature of about 500C to about b50C to
activate the souaceJdrain extensions. 20 9. .~ method according to claim 6,
further corrrprising forming a gate electrode i 4) over err upper surface
of the ~~abstrate (! 0) with a gate insulating layer (I3) t3rerebetween;
ia~.plantana tD~e dopant ion impurities into flee amorplraus region to form
the 25 sourcefdrain extension implants; . annealing to activate the
sourceldrain extensionas and tan recrystallise the aerxorplaous region;
forsnimg sidevuall svacers (3) on side spaces of the gate electroale over
the aal9rvCe~dr$.t9r elC;~il9'Iili3; 30~ 9~Fr'~~~DSf:l~;e~ ;rlie Xa;r to
~a:n~ ~n atraor~phoaas rr4~on s~ljacent tllae sc~urce/draaa e~au~.~z;~iora
_:. ~.~~.t'~1.~~\p.~: ^:'~.F':~. ~'t?.. i: ^'.SIi,`:~ ~~)f .J~ _ ;~ltj i ~.
;~~ .. . S'ifl/~~:~w~'rfv';~:~"_'~~ 59~'Q?':~'E.   2 4 MAY 2004
i>inplanting the dopant ion impurities into the ata~orphous region to form;
saurce/drain implants; and atuneaiing at a teRnperature of about 500C to
about 6S0C to form the souroeJdrain regions and to reczystaldise the
amorphous region. 5 ' 10. A method according to claim 6, further
comprising: 



farming a gate electrode (14) over an upper surface of the substrate (1.0)
with a gate insulating layer (13) therebetween; forming sidewall spacers (1
S) on the side surfaces of the gate electrode; 10 implanting the dopant
io~a i~!pa~ities into the amorphous regioa to form spaced apart
source/drain implants; annealing to activate the source/drsm regions a~ad
recrystallise the amorphous regions; removing the sidewaU spacers; 3S
implanting the Xei into the substrate to amorphize regions between sfde
surfaces of the gate electrode and sourceldrain regions; . innplanting the
dopant innpuritie's into the amorphiz$d regions to form sourceldrain
extension implants; and annealing at a temperate of about 500C to about
650C to activate the 20 ~ source/dsain extensions and to recrystallise the
amorphous regions. i5:~~.~:4~~I.~.Y~-.x`~a~ ~.~.~~.!. i rl::'~:=..,,~t.(t~
;syii~~'i; n~'~''1 ~; ~-~~.-,w> ;.,I~<.:i~#~:~::~.~~,S~Iri:.~"~?'';:^ ,.
.d:i: I , .lJtn.. ~~~ri,a,w r,~~ :-,.hc:
.AlU.AlA@,.AAR.A?.A9hy.Al{e.A,{.A,U%.ALA,_.A@"=\l(
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