METHOD FOR FORM NG A SHALLOW JUNCTI ON REG ON USI NG DEFECT ENG NEERI NG AND
LASER ANNEALI NG TECHNI CAL FI ELD [0001] This invention relates, generally, to
the fabrication of netal -oxide- sem conductor (MOS) devices and, nore
particularly, to the formation of shallow junctions in the source and drain
regions of MOS transistors, BACKGROUND [ 0002] MOS transistors typically

i ncl ude source and drain regions in a crystalline sem conductor substrate
aligned to a gate el ectrode that overlies the substrate. A channel region

resi des i MEFEIQRIFOR EORMING A SHALLOW HINCTHN REGON SISINEDERECIour ce
and drain regions. |In oENGINEERINGUBNDHOASERANNEALINGecti on into the
channel region, source and drain extension regions are formed adjacent the

channel her side of the gate el ectrode. To adequately reduce
hot el eEéég'hﬁéﬁﬁ}dﬂ n, the extension regions need to have a very |ow
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substrate. This is esgeC|a y inportant as device di nensions continue to
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functl Oﬂn Jrgcib tl‘{ggé’urc%:r?a?\dsd?ﬂirncr%g%’ﬁ% oqmscg%g@&%on regions need to have a

opant concentrati on I'mensi ons shrink, however,

the Iovgﬂgm eg{ﬂfentratl on of the source and drain extension regions tend
to incr % ectrical resistance, thus undesirably increasing the

source 5@002@" aMOS etansistore sypidaApaeciude bb@rcb@ﬁdtdraiﬂﬁrbgtdhs in btcrystalliner ef ore
desirable to form shal | ow extensi on regions that have the necessary |ow

dopant NIRRT YEPT BPStnaER @linest todherisi dle@rade; that euasiieytherrabsirate: i cal

resi st alifzmel region resides in the substrate below the gate electrode and between the
source and drain regions. In order to reduce hot electron injection into the channel
region, source and drain extension regions are formed adjacent the channel region on
either side of the gate electrode. To adequately reduce hot electron injection, the
extension regions need to have a very low dopant concentration and a very shallow
junction in the crystalline substrate. This is especially important as device dimensions
continue to shrink such that the channel width becomes smaller and smaller.
[0003] To function effectively, the source and drain extension regions need to have a
very low dopant concentration. As the device dimensions shrink, however, the low
dopant concentration of the source and drain extension regions tend to increase the
electrical resistance, thus undesirably increasing the source and drain series resistance
in the MOS transistor. It is therefore desirable to form shallow extension regions that
have the necessary low dopant concentration, which not undesirably increasing the
electrical resistance.
[0004] U.S. Pat. No. 5,966,605 to Ishida discloses a method for infusing dopant into
a polysilicon gate structure by first blanket depositing a dopant enriched layer over the
wafer after the polysilicon gate structure has been formed. Laser irradiation is then
applied to melt the polysilicon and thereby causing the dopant to be infused therein.
The laser energy is not sufficient to melt and cause dopant infusion into the source/drain

regions.



[0004] U.S. Pat, No. 5,966,605 to Ishida discloses a nethod for infusing
dopant into a polysilicon gate structure by first blanket depositing a
dopant enriched | ayer over the wafer after the polysilicon gate structure
has been fornmed. Laser irradiation is then applied to nelt the poiysilicon
and thereby causing the dopant to be infused therein. The | aser energy is
not sufficient to nelt and cause dopant infusion into the source/drain
regions. [0005]U.S. Pat, No. 6,372,585 to Yu discloses that nitrogen,
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6, 365,446 to Chong, et.,al., assigned to the present assség‘nee di scl oses a
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regi ons; ar‘(mt'da?ﬁa &norphi zi ng the designated regions by ion inplantation of
Ge, As, Ar, next depositing a refractory netal |ayer, and then
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forma nmetal silicide. The nelted source/drain regions then recrystal lize

to for w%ﬁepgs@eg,adgfrap@mn@@ﬁ@fﬂrsand then implanting the dopant ions through a
metal layer. The amorphized regions are then melted by laser irradiation, causing the

dopant atoms to quickly distribute in the melted regions. At the same time, the
refractory metal reacts with the upper surfaces of the molten amorphized silicon regions
to form a metal silicide. The melted source/drain regions then recrystallize to form
active source/drain elements.

[0008] Inrelated U.S. Pat. No. 6,391,731 to Chong, et.al., a process is disclosed in
which both the deep source/drain regions and the shallow source/drain extensions are
amorphized using two Ge, As, or Ar implantations. After dopant implantation, a single
laser anneal then melts these regions and caused the dopant to distribute. After the
anneal, the regions re-crystallize epitaxially from the subjacent single crystalline silicon
to form highly activated, very shallow doped regions with abrupt junctions.

[0009] U.S. Pat. No. 6,897,118 to Poon et al., assigned to the present assignee,
discloses a method in which shallow junctions are formed in source and drain extension
regions by first performing and amorphizing implantation using a heavy ion such as
silicon or germanium. The amorphizing implantation is followed by introducing a
dopant, such as boron, which is activated by pulse laser annealing. The annealing is
carried out just below the melting temperature of the substrate. The annealing process
results in without altering the dopant concentration profile in the substrate.

[0010] While non-melt puise laser annealing can be carried out to substantially avoid
dopant diffusion in the substrate, less than satisfactory dopant activation can result. To

maintain optimum electrical resistance, substantial dopant activation needs to be



[0008]In related U.S. Pat. No. 6,391,731 to Chong, et.al., a process is

di scl osed in which both the deep source/drain regions and the shall ow
source/ drai n extensions are anorphi zed using two Ge, As, or Ar

i npl antations. After dopant inplantation, a single |aser anneal then nelts
t hese regions and caused the dopant to distribute. After the anneal, the
regions re-crystallize epitaxially fromthe subjacent single crystalline
silicon to formhighly activated, very shall ow doped regions wth abrupt
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surface region in the substrate.

[0012] In another embodiment, a method for fabricating a semiconductor device
includes forming a gate electrode on the surface of a crystalline semiconductor
substrate. Firstions are implanted into a surface region of the substrate using the gate
electrode as an implant mask. Substrate vacancies are generated in the surface region
and interstitial species are generated in a buried region. The implantation of first ions is
carried out such that the surface region remains substantially crystalline. Second ions
are implanted in the buried region using the gate electrode as an implant mask and the
interstitial species are captured in the buried region. Source and drain extension
regions are formed adjacent to the gate electrode and a laser annealing process is
carried to anneal the crystalline semiconductor substrate.

[0013] In yet another embodiment, a method for fabricating a semiconductor device
includes forming an MOS device in a crystalline semiconductor substrate. The device
includes source and drain regions in the substrate that are separated by a channel
region. A gate electrode overlies the channel region and is separated therefrom by a
gate dielectric layer. Source and drain extension regions are disposed in the substrate
adjacent to the source and drain regions respectively. In the fabrication method, a
defect engineering step includes implanting first ions into a surface region of the source
and drain regions and generating substrate vacancies in the surface region. Interstitial
species are generated in buried region of the substrate. The implantation process is
carried out such that the surface region remains substantially crystalline. Second ions
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crystalline sem conductor substrate includes introducing first ions into a
first region of the substrate. Substrate vacancies are generated in the
first region, while the first region renmains substantially crystalline.

Al so, interstitial species are generated in a second region of the
substrate, Second ions are introduced into the second region of the
substrate and the interstitial species are capture, thus creating a
vacancy-rich surface region in the substrate. [t(f)é)‘i | n anot her enbodi nent, a
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[0019] FIG. 6 is a cross-sectional view illustrating the formation of source and drain
extension regions in accordance with an embodiment of the invention;

[0020] FIG. 7 illustrates the substrate of FIG. 6 undergoing non-melt laser annealing
in accordance with an embodiment of the invention;

[0021] FIG. 8 is a comparison plot of sheet resistance versus pulse count illustrating
a comparison of sheet resistance and dopant activation for substrates processed in
accordance with an embodiment of the invention and in accordance with the prior art;
and

[0022] FIG. 9illustrates, in cross-section, continued processing of the substrate
illustrated in FIG. 6 with the formation of sidewall spacers in preparation for silicide

formation in accordance with an embodiment of the invention.



[0015]FIG 2 illustrates, in cross-sedion, a sem conductor substrate having
al ready undergone several fabrication steps in accordance with the one
process enbodi nent of invention; [0016]FIG 3 illustrates, in
cross-section, a defect engineering step in accordance with the enbodi nent
of the invention in which non-anorphizing ion inplantation is carried out;
[0017]FIG 4 is a plot illustrating the |location of vacanci es and
interstitials in a crystalline sem conductor substrate follow ng the

i npl ant BETOH-E BFSCREFEHPARt ed in FIG 3; [0018]FIG 5 is a plot of net

vacancy, en tjon versus depth . illustrating t phe of
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cross-sectional view.illustrating the formation of source and drain
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and 16 reside. A gate electrode 18 overlies semiconductor substrate 12 and is
separated therefrom by a gate dielectric layer 20. A channel region 22 underlies gate
dielectric layer 20 in semiconductor substrate 12 and extends between source region 14
and drain region 16. Source and drain extension regions 24 and 26 reside in
semiconductor substrate 12 adjacent to source regions 14 and drain regions 16,
respectively. Sidewall spacers 28 and 30 are positioned on the sidewalls of gate
electrode 18 and overlie source and drain extension regions 24 and 26, respectively.
Silicide regions 32 and 34 reside at the surface of the semiconductor substrate 12 and
overlie the source and drain regions 14 and 16, respectively. A silicide region 36
overlies gate electrode 18.

[0024] In accordance with an embodiment of the invention, source and drain
extension regions 24 and 26 include ultra-shallow junctions in semiconductor substrate
12. Source and drain junctions regions 24 and 26 are created using a defect
engineering process that enables source and drain extension regions 24 and 26 to have
a relatively low sheet resistance with high activation of dopant species and junction
depths (x;) on the order of about 15 nm or less. As will subsequently be described, the
defect engineering process creates a vacancy-rich surface region in which source and
drain extensions 24 and 26 are formed.

[0025] FIG. 2 illustrates, in cross-section, a portion of semiconductor substrate 12
having already undergone several steps in accordance with a process embodiment of
the invention. Source and drain regions 14 and 16 are formed in a well region 38 in
semiconductor substrate 12. Isolation regions 40 and 41 plank well region 38 at the
surface of semiconductor substrate 12. In the illustrated embodiment, isolation regions
40 and 41 are shallow trench isolation regions in which an electrically insulating material
is deposited into a lined trench within semiconductor substrate 12. A suitable dielectric
material, such as silicon nitride, and the like, is conformingly deposited in the trenches

to form liners 42 and 44. An insulating dielectric material, such as silicon oxide and the
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[0020]FIG 7 illustrates the substrate of FIG 6 undergoing non-nelt |aser
anneal ing in accordance with an enbodi nent of the invention; [0021]FIG 8
is a conparison plot of sheet resistance versus pulse count illustrating a
conpari son of sheet resistance and dopant activation for substrates
processed in accordance with an enbodi nent of the invention and in
accordance with the prior art: and [0022]FIG 9 illustrates, in
cross-section, continued processing of the substrate ilustrated in FIG 6
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regions 14 and 16, respectively. A suicide region 36 overlies gat

el ect r glemegts from their lattice sites and thus creating vacanC|es in the long range order of
the crystalline lattice. Many different ionic species can be used in the defect generation
step to create vacancies in a crystalline semiconductor material. In accordance with
one embodiment of the invention, one or more of silicon or germanium ions are
implanted into a silicon semiconductor substrate to generate vacancies. Those skilled
in the art will appreciate that other ionic species can be used depending upon the
particular semiconductor material forming crystalline semiconductor substrate 12.
[0027] During the creation of vacancies in the surface region, interstitial species are
dislodged in the surface region and accumulate in a buried region within semiconductor
substrate. The interstitials typically are found at depths in substrate 12 below the
surface region. FIG. 4 illustrates a plot of concentration versus depth and schematically
illustrates the location of a vacancy-rich surface region 50 and a buried interstitial region
52. A vacancy concentration profile 54 shows the relatively high concentration of
vacancies near the surface of semiconductor substrate 12 and a diminishing vacancy
concentration at deeper levels within semiconductor substrate 12.
[0028] In accordance with the defect engineering aspect of the invention, a second
implantation step is carried out to introduce ions that will bond with the interstitials.
Preferably, the second species are electrically neutral and will chemically or electrically
bond with the interstitial species. Preferably, electrically neutral species including one
or more of carbon or fluorine are implanted in the semiconductor substrate 12 to capture

the interstitial species generated during the formation of vacancy-rich surface region 50.
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[0024] I n accordance with an enbodi nent of the invention, source and drain
extension regions 24 and 26 include ultra-shallow junctions in

sem conductor substrate 12. Source and drain junctions regions 24 and 26
are created using a defect engineering process that enables source and
drain extension regions 24 and 26 to have a relatively | ow sheet resistance
with high activation of dopant species and junction depths (x) on the order
of about 15 nrn or less. As will subsequently be described, the defect
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implanted species at capturing interstitials, and the amount of defects generated during
the defect generation step. In one embodiment, carbon is implanted at a dose of about
10E13 ions/cm?to about 10E15 ions/cm?. Further, fluorine is preferably implanted with
a dose of about 10E14 ions/cm? to about 10E16 ions/cm?. Both carbon and fluorine can

be implanted at an energy of about 10 to about 30 keV.
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[0028] I n accordance with the defect engineering aspect of the invention, a
second inplantation step is carried out to introduce ions that will bond
with the interstitials. Preferably, the second species are electrically
neutral and will chemically or electrically bond with the interstitial
species. Preferably, electrically neutral species including one or nore of
carbon or fluorine are inplanted in the sem conductor substrate 12 to
capture the interstitial species generated during the formation of
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e AURST  THE LI SO a8l et SN R D27
of between about 0.4 to about 0.6 J/icm?. The laser preferably emits light at a
wavelength of about 248 nm. The number of pulses is dependent upon the energy of
the laser and the duration of each pulse. In one embodiment of the invention, only a
single pulse is used at an intensity of about 0.6 J/cm?. The single pulse process is
possible because of the number of vacancies created in the defect engineering process
described above. Alternatively, about 200 pulses can be used at an energy of about
0.5 J/cm?. In either case, the laser annealing produces activated source and drain
extension regions having very low leakage current levels.
[0036] As described above, the defect engineering process creates vacancies in the
crystalline lattice structure of the semiconductor substrate. The thermal activation is
efficient in activating the dopants introduced after the defect engineering process
because the dopants can easily occupy the lattice vacancies. Thus, a substantially high

percentage of the dopant atoms assume lattice positions during the annealing process



neutral and that will bond electrically or chemcally with the
interstitials in buried region 52. The inplant dose depends on a nunber of
factors, including the efficiency of the inplanted species at capturing
interstitials, and the amobunt of defects generated during the defect
generation step. In one enbodi ment, carbon is inplanted at a dose of about
10E13 ions/cnRto about 10E15 ions/cnR. Further, fluorine is preferably

i nplanted with a dose of about 10E14 ions/cn® to about 10EL6 ions/crm2. Both
car bon and af¢ net pr@@eégﬁllfﬁélqmﬁbrwqhetbeéattleen durieg §ie ebseoent therral cyblest 30
ke e glef=l ace region 50 is formed, source and

dré,u n e%péﬁgsdl Ion rgéﬁ%ﬁ@?ﬁ%ﬂda‘f@ %EE are fornmed as illustrat ed in FIG 6. The

sour ce EOOBAr aiFiGestilkrstiates a eginpadsar plot of sitsbt bysistance Wﬂs&@tpﬁlwe%btmft a
dopant aﬁm es_Uusi ng ate el ectrode 18 and offsets sidewal | acers 46 and

48 as afN{ #pPaRtaGEIoN pRECEaRgeMErSHRIPYPS CRURKPEAQYTGR a,ngdjrgnﬁ X@Ii%e f or med
by a varddpdns phbrigseant aé@&@lbﬁée dRReMEMBodRRIMt bh&e%’ifrltén‘? ?Hv%ﬁtlérY D&rsk

sem conductor material form ng sem conductor substrate 12. For exanpl e,

wher e sé@regmadcdrain @@m&l@@f@quls fabrigater do accyrdapee wibdhe priemart.dAsi n

t
onbod it aEkIREIC8, tifin LGRS Mtarcahd B AR el aoR arB S Bbvatith 88%see. of
about 1864 Hraioestansidbn rblgtmsrfabmcaﬂa(ym écuordanda:—wmmailavemmnftlhﬁ)asmmh &re and g
dr ai t b d n 0S rous an
o aeni olne 58 iin HBHcf 830 RPa dndaeS ATahahiopAn b At ALP B ACKSSIFNE BI R 20
a non- Wﬁhl'(se|c@§ﬁfraﬁ@@%%|ddhﬁbé?é@%ﬁlsddp%nPﬁéﬂ'\}aQiGn%'\Felé md%‘a&éd/spﬁné Bg dopant
atons in the source and drain extension retg?1 ons. lustrated in FIG 7,

seni conWitioyt dslast epgineering)i & usigr diveda v ouééefqgtxeewseenm) indicatest he

t i

poi ht of SR MectFaHEOREN SERised bbb s ted i tie FE LG HoRfR I 1hE°

pr ocesseés (wish gefeceeagingedag)r iAxtordinglgt samce ahdmalh)exténshﬂtmmmwbout 0.4 to
bout 0,6 . .//cn2. Th ef er abl ts | h of
oot il B aed T B FeEEtPh LB B bt BRES I Che

| aser aggddeeredivradfitne sabsieaeh Thdlifroldy @slare @Eﬁ@étmné Mcatt@@ bl eat 1 on,
only a S'&éle pul se is used at an intensity of about 0.6 Jicin2. The si ngle

pul se pPRRAS$esiBlanee asigempasee Hitseorier attiiaethigas @crass a/bieaddpege of depard in t he
def ect Q&WSHSR%hHSaIH{gO&?rm&%SC” bed above. Alternatively, about 200 pul ses

can be used at an energy o about 0.5 j/cn2. In either case, the |aser
anneal i [0938] odres mme/an@dramexteasmmdegromsrﬁm&ﬁsaomfdnegdpimsthbaw ng very
t he def ect

low | e rent.levels 036 S bed _above

engi ne€ F%&atﬁa gﬁ&“@?@ @?V‘{?ﬁ %?ré’széjﬂné:hh R JAMAA YRE SfAaWallsPagersct ur e
of the s$&aheasduapettivdpdd itigtratddeh FIBrITEThaetd YiRéiHaibr Sroebéd & @fied N
activati nﬂet he dopants 1 ntroduced after the defect engi neeri ng _process

becaus eyt Qf@ﬂ)éﬁffafrt%ﬂ“@@é piligidg cegipys BRe34.aand %@aﬁdb@tfétecdsm ud, a
subst anfjald é’klﬁﬁ(ﬂh tH@%?ﬁDﬁlaa%%réaB;llath ﬁatCl%?it%ﬂE t@g&"(?f E:?(#’%Tf‘eéf ebé’os' tions

during the annea are no ough t he
| atti cefodued iy expesmgtass:lq«:m’nwrfamtnad recfr;actcary nagtpl dmbsutrmnsmbscsa,u%n
ot of heet

:22: Isf azﬁ&:@%&tﬁfggﬁg IB{?r%ge ('ga%hc?de ma ena af:Leu‘cher di rtglr;tI r%gtgng,s and me ods
can be used to form the sidewall spacers. Moreover, the dual spacer forming process is
optional and the need for an additional sidewall spacer will depend upon the lateral
distance of the source and drain extension regions along the substrate surface.

[0039] Thus, there has been described, a method performing a shallow junction
region in a crystalline semiconductor substrate and a method for fabricating a
semiconductor device that fully provides the advantages set forth above. Although the

invention has been described and illustrated with reference to specific illustrative
9



and doparit activation percentage versus pul se count for source and drain
extension regions fabricated in accordance with an enbodi nent of the
current invention versus source and drain extension regions fabricated in

accordance with the prior art. As illustrated in FIG 8, both sheet
resi stance and dopant activation are inproved in source and drain extension
regions fabricated in accordance with the invention. In particular, line 54

(with defect engineering) indicates higher dopant activation across a broad
| aser pen@@dmngts thegagfe tag nebintrnded thattthe dosation Setlinvitad tothosa/dustrativei cat ed
by 11 neefBolithdiiouTndel SEilio@RANBSEr WITkoodHid BRE vahibihs M htautodtef ect
engi neeri ng |ca I gher sheet res ance across a aser pul se
count r eamgbe madscwmwmdjephttmg frare KO siivit bfnthéehmntmen@dne&amp@ a wide

Accor di ource . and . drain e ten on r e cord nce

o ot heShiehy of Al s A Pl St e v B a0 taltepts s MBS Sovick 365bgar oot on
of the guRad riatgartidigr, brﬁ%w&d;f%wéﬁ&s%ahlb\éaﬁsémolfgrm @ﬂie%h%éabéfrsldwm
sheet resistance as conpared tas)rlor art net hods across broad range of

dopant @@leisjeatiasie. aa Mg aﬁg\etmﬁtﬁr tsritiffereobially et@he@eyﬂmr@épaﬁdo e n
t 4 |
Y ionel PRLEAPESOR" FRaRRe Th8400 Wil b0 hGubhlate Sl SRR,

respect nmdlfr;catlms ihiat fedltwithie the scdile®f tBe appendedclairhs andequwaleptsokhesemfi S
carried out to formrefractory-nmetal silicide regions 32, 34, and 36 as
illustrated in FIG 1. Those skilled in the art will appreciate that
various types of silicide regions can be forned by exposing a silicon
surface to a refractory nmeta/ deposition process, then converting the
interface to a suicide material. Further, different nmaterials and net hods
can be used to formthe sidewall spacers. Moreover, the dual spacer formng
process is optional and the need for an additional sidewall spacer wll
depend upon the lateral distance of the source and drain extension regions
al ong the substrate surface. (00391 Thus, there has been described, a

met hod performng a shallow junction region in a crystalline sem conductor
substrate and a nethod for fabricating a sem conductor device that fully
provi des the advantages set forth above. Although the invention has been

described and illustrated with reference to specific illustrative 9
enbodi nents thereof, it is not intended that the invention be |imted to
those illustrative enbodi nents. Those skilied in the art will recognize

that variations and nodifications can be nade wi thout departing fromthe
spirit of the invention. For exanple, a wide variety of nmaterials and
processes can be used to fabricate the MOS device described above. In
particul ar, a nunber of materials can be used to form sidewall spacers on
the gate electrode, so long as the material is differentially etchable with
respect to the underlying |layers. Therefore, included within the invention
are ail such variations and nodifications that fall within the scope of the
appended cl ai ns and equi val ents thereof. CLAIMS.: 1. A nethod for formng a
shal l ow junction region in a crystalline sem conductor substrate, the

met hod conpri si ng:

10



introducing first ions into a first region of the substrate and generating
substrate vacancies in the first region and generating interstitial species
in a second region, wherein the first region remains substantially
crystalline; and introducing second ions into the second region of the
substrate and capturing the interstitial species, whereby a vacancy-rich
surface region is created in the substrate. 2. The nethod of claim
1, further conprising introduci ng dopant species into the vacancy-rich
surface region and formng an ultra-shallow junction in the first region.
3. The method of claim2, wherein introducing first ions conprises

i ntroducing one or nore of silicon or germani um 4. The net hod of

cl ai m@LAWM®r ei n introducing first ions conprises introducing ions at a
dose of about .10E13 to 10E15 ions per square centinmeter and at an energy
of about 10 tq about 200 Key. . 5...The nmethod of claim1l ef ein

i nt roduci ng'- sg‘c'B @" ﬂrsfgﬁraﬁér"i‘ §*é@"%WPB%QIH%O%'P&‘EWF@Q\“P?GHB%?% C'%peci es.
6. The net hodsgbstedidi it Pnethb@ E6inprisitigr oduci ng second i ons conpri ses
introducing one or more of carbon or fluorine. 7. The met hod of

cl ai mintrediiaing first inmsrints ahgrat segion ghieaubsaterandsgparainesuipdiRte hat t he
SUbSt r\?ﬁtc%nﬁﬁg'?ﬁ b S BrdoRSPAMS g BSEr2Nhg MerTBlis! P3ciRQIiNG Btohdfegidthstrate

wherein the first region remains substantially crystalline; and
introducing second ions into the second region of the substrate and capturing the
interstitial species,

whereby a vacancy-rich surface region is created in the substrate.

2. The method of claim 1, further comprising introducing dopant species into the

vacancy-rich surface region and forming an ultra-shallow junction in the first region.

3. The method of claim 2, wherein introducing first ions comprises introducing

one or more of silicon or germanium.
4. The method of claim 2, wherein introducing first ions comprises introducing
ions at a dose of about 10E13 to 10E15 ions per square centimeter and at an energy of

about 10 to about 200 KeV.

5. The method of claim 1, wherein introducing second ions comprises introducing

electrically neutral species.

6. The method of claim 5, wherein introducing second ions comprises introducing

one or more of carbon or fluorine.
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8. The method of claim1 further conprising: form ng a gate el ectrode
on a surface of the crystalline sem conductor substrate; form ng source and
drai n extension regions adjacent to the gate el ectrode; and | aser anneal ng
the crystalline sem conductor substrate. 9. The method of claimS8,
wherein introducing first ions conprises inplanting one or nore of silicon
or gernmani um 10. The nethod of claim9, wherein introducing first
ions conprises inplanting ions at a dose of about 10E13 to 10E15 ions per
square centineter and at an energy of about 10 to about 200 Key. 11.

The net hod |l aim §, erei n introduci.ng, second i,0ns, conpr.ises

i ntroduci nf zﬁhécrﬁ?ﬁhggqu?P%ﬁtﬂghe%%%pggngIaser ?nn %'.ngfslkﬁg Sﬁ&?tﬁéa SHf’hcl aim
11, whpaethe subbira@uenpersaerorehdi e Bclo@BEinssitnd poinast thegudpestiees confi gured
to chemcally or electrically bond with the interstitial species.

13. THBAEBhod of claim 8, wherein introducing second i ons conprises
i npl anting one or nore of carbon or fluorine. 14. The net hod of
claim8, wherein |aser annealing conprises pul sed | aser annealing, and
wher ei n t hé. diiesnetavd of slaeriafutiner campiisisg:bel ow t he nel ting point of

gL%:E ‘rala![ ;n%%% %Oé‘a%' %Ee%rtroggto 4 glIJrfa];cc()arcr;fI the cFy%?alﬁrqé/ get;r%,clo'n l?ctgre éﬂbcs?r%geu;(:t or
forming source and drain extension regions adjacent to the gate electrode; and

laser annealing the crystalline semiconductor substrate.

9. The method of claim 8, wherein introducing first ions comprises implanting one

or more of silicon or germanium.

10. The method of claim 9, wherein introducing first ions comprises implanting
ions at a dose of about 10E13 to 10E15 ions per square centimeter and at an energy of
about 10 to about 200 KeV.

11. The method of claim 8, wherein introducing second ions comprises

introducing electrically neutral species.

12. The method of claim 11, wherein introducing second ions comprises
implanting species configured to chemically or electrically bond with the interstitial

species.

13. The method of claim 8, wherein introducing second ions comprises

implanting one or more of carbon or fluorine.
14. The method of claim 8, wherein laser annealing comprises pulsed laser

annealing, and wherein the substrate temperature remains below the melting point of

crystalline semiconductor material forming the crystalline semiconductor substrate.
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15. The of claim 1 further conprising: formng an MOS device in the
crystalline sem conductor substrate, the device including source and drain
regions in the substrate separated by a channel region, a gate el ectrode
overlying the channel region and separated therefromby a gate dielectric
| ayer, and source and drain extension regions in the substrate adjacent to
the source and drain regions. 16. The nmethod of claim 15 further
conprising |laser annealing the substrate to activate the source and drain
ext ensi on riggiTorf claiareiunheheormphisingat e t enperature remai ns bel ow t he

mel ting point of a al.line sem 1duct or terial, form t he

Crystarl | ndouaRe BHIDR avies B3p3 Sstalite' SermlophBl Rt Supsyitid) 7 obiGe m 16

f ur t hapclogmgrdosirdtdan@ErbimeFdnd iditHe sﬂﬁﬁhﬂé%e?_éra@etﬁpy baganhedegion, a 18.
The nethod of claim 16, wherein introducing first ions conprises

i nt r odIALP REPCHREC GVEfBNG th claNnet srpien age sRAIAIRA BRERTHD Ry AGIIAGINREBAd i ons
conpY |5, bRl SOGHE! Y @B SlieRRER rBliofi@MAB sAhstatdididlent to the soutct  The

met ho erein 1ntroducing second |1 ons conprises I ntroducing
el ect rarchdidain regidnsal species that chemically or electrically bond with the
interstitial species. 20. A nethod, for form ng a shallow junction
region in a crystalline sem conductor substrate, the nmethod conprising:

i nt roduci ngi6 Mhetmétpog of Blaim a Sfurthér c@apin@fasthansedlisgrias eubstehtgener at i ng
substrate vacancies in the first region and generating interstitial species

. ; g
in a SKLHAW thegodrce albiradimextaesien regiopegyiseindha sHesEaisdemnreraiyney
cryst [ e ind B I i i egi on of
he SuB R 27 e et i L e e e o et S
vacanoyystaldine senfieiyeluctagisubstralecr eat ed in the substrate

17. The method of claim 16 further comprising forming silicide regions at a

surface region.

18. The method of claim 16, wherein introducing first ions comprises introducing
one or more of silicon or germanium and introducing second ions comprises introducing

one or more of carbon or fluorine.

19. The method of claim 16, wherein introducing second ions comprises
introducing electrically neutral species that chemically or electrically bond with the

interstitial species.

20. A method, for forming a shallow junction region in a crystalline semiconductor
substrate, the method comprising:

introducing first ions into a first region of the substrate and generating substrate
vacancies in the first region and generating interstitial species in a second region,
wherein the first region remains substantially crystalline; and

introducing second ions into the second region of the substrate and capturing the
interstitial species,

whereby a vacancy-rich surface region is created in the substrate
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wherein introduci ng second ions conprises introducing electrically neutral
species that chemcally or electrically bond with the interstitial species.

wherein introducing second ions comprises introducing electrically neutral

species that chemically or electrically bond with the interstitial species.
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