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[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 (FETSs) 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.
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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.
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[0013]Fig. Inis a flow chart of a know nmethod for
[0012]f or I thg deawinb€, UicQBfef @@t ADnbRAPEdnsIallg réfct 83 thdapmBtiits 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. 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;
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[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.
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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.
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where a silicon substrate is processed using process
flow 200 and Boron is inplanted as a first dopant. The
&pant concentration profile for Boron after activation
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defect %?%%tlgﬂ l?ey%ﬁ(y t%t lli]cgﬁ ﬁﬂ?&s nqtfe fhcex ’il e 1508 1ﬁdl?ctbed 2%(%111 _fiefects are

a tws ers are s

to .a d t he cessin RTP t 800C to
contirmydt 5 A SRl Ko BB mgﬁ%m%i BI%E VACHES (iRes
xperlnental data for the three different groups a, h,
[0035] andThe wafera yese drent it Fi,rptg gmspehngﬁq grifle sgrn{rradlatlon where the
energy, depth of anorphous reglon thrined by the
wafers pn eariogrphp rard pre-dnmpphined asiog Seximplatateins vdeépdnhidedtidahdose of 1 x
pre- plant |aser irradiation process. Since the wafers

10" crh T bt lat &b Eﬂ@FQ B2 kWSl KWDIRICT@Ikd 6@ o8HE b and c respectively.
pre-inplant |aser process conditions, the maxi num nelt

After tﬁjegtgrrgr | me l%lgﬁldm laht alFelrﬁopg %ﬁ&?\%t f@arﬁ@d@ut t§) 1r{t¥Udﬁce Boron dopants

maxi e prel npl ant l'aser

into the? %ugfgﬁte gﬁ{é gé Pﬁ értnglsgglggg was perfa MY %nérlgg:l rc])f 5 keV with a

dose of 1 x 10" cm™ at a tilt 7° and a twist 22°. Finally, the wafers are subjected to a rapid

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



Tabl e G- oup Pre-arnorphization inplant energy (key)
Anor phous region depth (ml) Maximum nelt depth (am
40 40 60

[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 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
¢, 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.




60 100 120 60 100371lin order to conpare the effects
of different processing conditions for groups a, h and
c, the dopant concentration profile and sheet

resistances of wafers jn e.r ctive oups were
[0039] e 2 85 SREP™ %@%%?aﬁﬁp@ﬁgﬁmn Fiik 3gainf 5eifteanship bebes the depth of
concentration as a function of depth fromthe surface )
the amgtphguss ieigimy (ané hemealpppt®@neiithe enfboldapandeigetarsipa) yapusghe location
40keV pre-anor phi zati on sanple as-is after Boron
of the mapinant meBr dqpitts is3&itjcaB3ByamdtcBiY the amesponsl rdgiort depth substantially
profile of 20 key, 40 key and 100 keit PAl sanples

with tldf LfkiRnneaklt d_%gﬂﬁ ROWRr ichseFFd- thd, grbfie ¥ 10keV fRBAiples, boron dopant
sanpl e 330 exhibits the | east Boron diffusion foll owed

difﬁlsi%gﬁ%%pﬁ&eglﬁlgegﬁi eséf&{igelég&ucg& .e?%glgc&@é(d Eadi %Mrﬁggorphizing

erien e nost oron di usi on an

o 5 RCBE B SEEYASAI5R e SRR RO 80 Blosimare
amorpl?orug}c cirylfs?asll'ir?e' in?earlfacg.h %’hg g)lug:tssi‘. 820%2&& itr)letthgggcnang}t] ?icl‘l:i ree%tiom (?Jn 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 R for the different groups were also
compared. The 20 keV and 40 keV PAI samples had resistances of 300 ohm/o and 250 ohm/o
respectively. However, the R of the 100 keV samples was significantly higher at 550 ohm/a.
The variation in Ry 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 R; trend (not shown) was also obtained when the samples are subjected to a
1000°C 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.
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t he anor phous regi on (and hence | ocation of the end of
range defect region) versus the |location of the
maxi mum melt depth is critical. By matching the
.. anmor phous_region depth substantjally with the nmaxj mum

Withinthe tgrepgp pfsagaplgse that 5@\69 bestl w@z%psampﬁ%o‘ﬁaét\ﬁfsé peied to a 0.72
boron dopant diffusion during annealint, can be

J/em® sigleptise prerimplanidestr prescsh moude IS4 are compared with samples which
pre-anor phi zi ng i npl ant creates an End of Range (FOR)

have nbe@e@npieataiiatede3 7AMOThé prisinipdgritdasep poadesBisoptirized to substantially
anor phous/crystalline interface. The excess vacanci es

match {H2 thDEMYACRRS Yndll Gdptl §8h A epBIoff KCARRHASuebdn generated by the PAI
interstitials in the FOR thereby hel ping to suppress

implan%.n%%r fr}dl %35%%3%?(2%1 g% ;h];eﬁbf?l%s %E%Gﬁppiﬁaﬁ\‘lﬂfeg after Pog)rr]l dimplant but

ransi ent”en ron. By reducing latera
. vertjcal di sion, there is.inproved contro

prior tGURIG HAIE Hi eI g L% ARIE T H 61U b tgple post anncal
regi on depth and maxi mum nelt depth nmay be achi eved _

and 3%0nhisothghrrofite fajthe mearreorradipstl Al sampietnashgnaqabh Meanwhile, 380
ion inplantation energy, Although the currently

correspb@de rto hikel aftzp enndah Borerayradile tilnta. cysfalistenerstrat thatphaantot be pre-
conditions to match anorphi zation depth with the | aser

amorpliBéd peBPLH bokdn ifipRh&AOROSAS RkBedi@l, alle Usdroh HRofieXinMheN crystalline
| aser nmelt depth I nstead for exanple, by tuning the

substragtg%(gﬂasoth% Hé@gét?ﬁl?&éié)}lgégﬁﬁc %i&%ﬁ%%ltlgﬁgﬂﬁi‘tﬁfbgfbdtt? cﬁeﬁﬁeling effect

ove, t ntes Rs differen

] oups re.also co red. k and 40 keV PA
aoring HHiP rPRh B Pad SHREES B 358 Gy 7Kook Spiyve @ shallower
) . respectively. However, the Rs of the 100 key sanpl es "
junctiofedepd). dmequgagm reragwis Pirimsdigtednwih daseherionfq glgi BhkeV Si" PAI
in Rs is correlated with the change in Boron )
step pravidevdbd elmallosiesd pest anhesl Pairor disttiihutionsprafite $t. 8. reduction in the
This is because the excess vacancies in the vacancy
junctiohl ¢dpth &gintie Nednp 30 mnfi gBE0e 40P cothygarsd itd ithd sddnkiealeRW counterpart
i ncreasi ng Boron dopant activation. Therefore, the

withou® [ R@8Fgoldde e NkeQnpl 0 A8sef QtafReriePTRerdtfle, WY1 dlMdMIude from the
depth are matched the greater the inprovenent in

: ti ' si.midar. R.. t . sk
experifigRE s Ak b B oSl Thh oo AL ER b B s SRy Yrcssed by o
. 1000C of RTA anncahng instead of 800C. 100411Fig. 3b
pre-impRBLISEH NSt oncent rati on profiles tin sanples in a
crystalline silicon substrate and in siljcon _ .
[0042]sub&igsatdesta idistiatey @hbtedl meehanignpinvaingy depanpdriey interaction,
Si +i npl antation. Wthin the goup of sanples that have
particulbeby) tlendiffplehz@ddessaiplesssitibhai] vacancyubieectied faroraao@3RAI conditions
il em2 single-pulse pre-inplant | aser process prior to

in a laRAPpra3RRAdAkRl SITRAr The Mbirds SRl 168 hwhd Sile Bafvee Metarld®e Represent the
pre-irradiated 370. The pre-inplant |aser process is

o i 2 1 Lol _ : _
sampl QRS U S b bt I8 Sk M TR, MRkt hand side are
schem i CRESEH BT o Tt SHBUR EAF PEAPREE 4 OB BRPb 0 ECfation anneal.
i mpl ant hut prior, to an RTA at 800ce for 60s, 360 is )
As mepRengsy erliere theomaxinain meely depsly ohd@igalpie WasmpPepgspts 2, b, and c is
anneal and 370 is the profile for the non
identicpl &t 2bout6) aved TRAST thanpjweitp of thanmsaticnbemwldi hyethe 38@implant laser
corresponds to the after anneal Boron profile in a
irradiatibiy Staldchide asuhahtiaiuen blvitddpas oN60 roe vitielaindenphidzigdthe reference
prior to boron inplantation As expected, the Boron
numerRA0ith ®idsn44-B¢ crystalline substrate 380 has the
deepest junction depth, which can be mainly attributed
to channeling effect duripg Boron inplantation. The
sanples with PAT (360, 370) in conparison have a
shal l ower junction depth.. Interestingly, the sanple
pro-irradiated with |aser prior to the 40 keV Si' PAIL
step provides the shall owest post anneal Boron

o~ o~ o~




As discussed earlier, the 20 kelt PAL sanple wl|
result in an anorphization depth of --40 amthat is
shal | ower than the maxi num |l aser nelt depth (--60 an)

Theref gr t he [ ter titials 420 int
100431 5 Bt oprrFp e e oG OR b Bat GREY o1t BAL enérey sample.
_substrate surface conpared to the |ocation of the
As dis@xgedsstlieachn ) &8V DAdrsepgle widl myudt iacan apzarplyatipn dpthof ~40 nm that
ext ended defects in the FOR region will then evol ve
is shaltolwenuiyin theemOswaid lasepewritntgpthecté@nis)n THsirefor, theeSi interstitials 420
vacancies are | ocated at a deeper within the substrate

introdlch@BK thesiEGR 1daT186didé @04 8RplaOGAdit @Baret REthe 8GNt W28 compared
of the emtted self iriterstitials fromthe FOR region

to the %ﬁtl&ﬁéﬁhe I@x}% $ ‘Q%Bﬁ&éé ¢Sl g%@&g 'T@:fs’adtl%aﬁ&rc'ﬁ 8@(0{5? Céx'téﬁﬁed defects in

omthe n Interstiti s 420Db

emait ni n ter Hence
e BORCTGH P B ol € iRR R By g e sy Singghe vacancies
surface and |nteract wi th the Boron do&ants Ieadlnq i
are logabed (16 & clempiri IAthST theawpsale PP nE@Rs dpteptregion Tlocation, the
clusters (BiCs) as well as causing TED of Boron when
recombiingionadfethei emidted el feiterstitiakad omi the, EQOBr mgianr wghi thelasgt-generated
depth of-45 rim- 50 nrii below the Si surface has
vacanchig@fleas sfedtwen Tos®K reveidnf fomtthe n@fbleyf iklkst$ialpI26b remaining after
which is attributed to the presence of the

recombifdtRmS tHdncal thé b&hlrﬁggtlﬁﬁ’ QM tenkl Q9 %hFﬂogfar(ﬁtkll%ﬁVﬁrtﬁ&eand interact

case I n which the anorphi zation depth which coinc
with th}éﬂ écgoﬁ ngg%ll%niﬂg%tbﬁ eHPr% ?g #ﬁlggveg?or%)ﬂgmleﬁﬁﬁgl clusters (BICs) as

di s the initial.supers rati

well a3 W@ngﬁﬂe & Borsi Shet By Wi BROBROELL a0 Qgpaprpy trapping at depth
reduced due to the reconbination of the silicon

of ~45inft P& pinthelgve theAd syifaee hastheemplse pern ehgewied derrbe 39 keV PAI sample,
excess vacanci es 410. Therefore, the nunber of

which fsestiridutet td tiegredente off the eéftestitsal 44BFEOR régeis conpared to
experinment in Fig. 4a, resulting in a shallow junction

[0044]pr of ﬁ &b 3BOwA Ihe BRWNni whikh the Bhaophizhtion SekpAGtiedoibbidts with the
ux of the silicon interstitials during the post

t f Cfr

mamm%‘?*f%&cdgﬁﬂﬁ Rl 200} ‘Eﬂa% HRGH, EhoRE RESEH, TR, HE TR of tho two

A bet we interstiti s .and Boron. .a .

aisplacgBietiy sy Qi prpSrr Qg Sy a iRy Bl ieg B RS h&?-%%ccsg is greatly
reduced, thereby. suppressing. the correspondjng TED

reducegsgpe 0 thﬁﬁacqnhl?swwnr@pﬂae pidigo interylatialp Q) Perhehe mfltmsﬂéser-generated
results denonstrate that the appropriate choices of

excess vheanpih 4¢hertgyefors, theimioitde of tesidpallintegipinhdsfe¢th440es less compared
corresponding | aser licence can effectively reduce

to expétapantifl i@ cla, teatigingdh iaodmaRewl jumgdion \peofilerBS0I Brshown in Fig. 3(a). It is
characteristics. [0045] For the case of the 100 k& PM

expect&?'ﬂﬁlt &he hﬁwbﬂ tHe sﬁlﬁ:on“i?ltersitﬁﬁlsaﬁﬁﬁ{r%ht%aﬁdsf’ nmﬂftiﬁi Qnr(eaﬂi@é) is greatly
Im is nuc deeper than the maxi mum neitdepth

decreaﬁedngs acrrese £ f thg¥eco%1{1§i§)%bth8{ %d{l&{lg%ealtnke? ctlon between interstitials and

st S gene anta

Boron l ? gkccztg nghy, ﬁg)ggxg] %tgee:rd%z{jﬁ f(bg)s pé%&@%eﬁt{] ZB ﬁg];fﬁltrreleg{:o% is reduced,
greater than the nelt depth, it is expected that no

thereby aepmessing the eopltetsinging € Bref Beropadeimaiaying dloror egiivation (lower
survive. This is because the random arrangenen.t of

R;). Theet resdtsi demomstratehian hinei spprepyiae chidesnsft thalPlAdwnExy to lveincide the PAI
exi stence of vacancies, Accordingly, the situation in
Fig, 4c is analogous to a process where there is no
pre-inplant laser irradiation prior to PAT inplant. i
this situation, TED will ¢om nate due to the end of
range defects such as intersitials that are present in
| arge nunmbers and as such a deep Boron dopant profile
is expected.. Simlarly, the supersaturation of the
S|I|con |nterst|t|als fron1the FOR reglon tomards he

‘. om a o=l



illustation and the invention is not to be limted to
the specific process conditions described. The inplant
condi tions, doparg species, pre-inplant |aser process

depth ‘fvﬁg gli)ﬁt %:%Eessp(%];%ﬁnggﬁsérg 1}1&5136 \émiﬂtl ? Ut ﬁvgsp afrl{léfnn ;;;35? gétle(q interaction and
generate using a first process, a vacancy rich

improvieggn@ienshasiagtieristidie depth of the vacancy rich region is
proximate to the depth of an end of range region

[0045] genEpathedbaby ohithsulfdeme RAT ismpblarshowh 00483, Fhve the amorphization depth
fabrication of the preferred enbodinents is discussed

(~120 hMm)detnaich dweh&Vthah tthe hauimluhenéppémt i(ab@ant)osveated by the laser pre-
that the present invention provides nmany applicable

1rrad1aﬂ16ﬁ’ Gifet¥BiaGAGERER Byl hpgé SnRRResBH i n%@la?ﬁt ‘é’ce?edré’ AEARLY in Fig. 4c

of specific contexts. specific e di nen
ussed ar r | | ustr t|ve .0f .s e ific
by the géfé eengen mer 164%62 %\r/l}é( t}}eoarr]no OdlS &8g1(r)1% t1s Ch etah\év?lgaél the melt depth,
of the |nvent|on 00491Fi . bato
it is exeﬁﬁsé That, apj V3RaACISs EGEORILY gqswgt%t e Baaes’é@gg nagltsdepth gprvive. This is
fabricating a Metal Oxide Field Effect Transistor
becaus¢ NMysREIJom rargpgeneinele ainsh irp ahj smophbesdiregspn does’ hallow for the
invention. it should he noted that emnmbodi nents of the
existenca\oénhacaricar eAdesdinglpethei situtitien aoRigeXt,is ahalbadrsi toad progess where

a MOSFET for illustrative purposes only and the
there id W?x‘% itMankt $asBOkraliiafibA BHoRD FAUGHPMHE. Thehi8Al@dtlon, TED will dominate
applicable to the flu-illation of other sem conduct or

conventl ona cesses

due to ﬁﬁ\;étnﬁg)% ﬁr{#%%?e%cé%q?ﬂ L9 fh@érhﬁﬁals It}tl a?e % séﬁ? 1&%(@.&%95 and as such a
deep B\é?(ér{: gg&% pr I £ |1%%H%¥:t§g ag%?a?@h th eatgr%g%]? 1o|nt o tge tSﬁlCBlé interstitials

under st ood t hat nmany nDdlflcatlons addltlons and/ or

from thEOR) Rk thagetacs leads theipyicant BI¢hErmatige aduch causes the

wi t hout departing fromthe scope or spirit of the
junctiogltahaerh By Rotompatddep thdmeviexatmad esed stevbeindig. 4a and 4b.
descri bed process may include nmole, "ewer, or nore

[0046]St ePis. Ahs@d §8 ates pba QﬁlealpFFEMlc?dsgiiectidﬁ@toﬁ heneLs8W been pre-
di scl osure need not be limted to the initia

amorpl‘uE&@Q’ftﬁtS?'darﬁér'Rﬁl'ihﬁor?&feﬁ";ﬁ_teé%ﬁ(ﬂl@é‘) Cs gdSerer:ésgon&QO a sample that has

0051] Referring now to Fi g. 6a elnis
not beene%{llbg&g% ut%%géref‘i#(rﬂ an é rs%r groo\(zgﬁcso nlglzmlg gb ca?rceascﬁoﬁlg g r§ample with a
one enbodjne e §ubstrate 602 conprl s _a P- t
single-Bisg IrEadiation §J8~s‘p<frat SVIFAGN AR BACIREURR Melt {dePiinis cbsEglly matched
devi ces may be forned. Alternatlvely, ot her bul k

with thealepihorfdie troprpiraveregmins Asr evadend frpouthd T3viccondadions, the density of
materials such as hut not [imted to gernmani um

EOR dstdctscoio iadtipi steis lgaltharuthealeadtyi oieEOR dafietitufiz@irsBigl Seas a result of
may al so be used for the substrate 602. The substrate

the mafPuf Bkl @ epth DR dncthhdus BN bbifg Yt DiaB Y RSkdRE €n 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
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[ 00521Trench isol ation structures 606 are al so folioed
wWithin the substrate to isolate active areas on the
substrate 602. Alternatively, other isolation

structures such as field. o ige | sal.ation struyctures :

laser PREGRSH ¥i59Be QLHEIUBEFR (5 0EREHBCHMEN RN Bigh Tpaigximate o
I s deposited over surface of the substrate 602

the deptlopf avged dyangeiregion gefergiad by elselserwané implesk i al 615 and
a gate capping |layer 620. The gate capping |ayer 620

[0048] i s Tiatltabdtativat drthalpseftdat crabalimapahd disafssal evdatil bgow. It should
the polysilicon el ectrode |ayer 615 front nelting when

be appricbiatIERdCORE UBAIAhe BEdssttibvetioN Brdvedes wingCdp@tcdle Buventive concepts
| aser irradiation process. in one enbodinent, the gate

that aregént?l’;:(;(ﬁéﬁdiﬁal v@i\’i? R/alqéé 85#%0&1&?@@ | pgid Egﬁle b diniiits discussed are

ate cappi ng layer I's a poly capp ayer.
teri.al s,such. as SiO2, SiQON, SIN,. Si or .
merelyg/ﬁ“sgﬁahg? PB?PS?C Ie @gfto ﬁﬁ%}‘%@‘\fl}g% 6hdr 18?’“&8[“&/&%%%% In?]tghmlt the scope of
. layer 620. Alternatively, other materials that can
the invejitiofent the pol ysilicon el eetrod |ayer 615 from
mel ting under laser irradiation are also suitable. o
[0049] [ 00Bigp.Eackp Oh ard erdsosedwinalgvigas ellditealiog tproasss aigps {@1@bricating a
and gate el ectrode |ayer 615 are generally
Metal OgiteeritidoR@dct Trinsidier ©EOSEBMY tic hevordaabé mdait & dinstasnibodiment of the
For exanple, the gate dielectric layer 610 may
inventi6® MR dhSBldehedi Rt EMaf bobIBhRIsA tBY Gl eASorShrei deStibed in the context of
di oxide, silicon oxyriitride, silicon nitride, a
fabricaﬁ*?Q'l\%ogﬁlti?lforoi)ﬁg?tgaet&e &’?1&%%(; Hﬁ Lh@ e B@f:rﬁﬁ)fn is no} lsirgit%de as such but

ernalvely, materials may a

. sed... T te dielectric 610.may he deposited using

i cauaffg it B AP Rt otBs BB B IR  vapour
deposition, rapid thermal oxidation or the |ike as

[0050] k notdditianalhe itaip to bagnderstopd dhag atrduraliycalrogueentigpal processes that are
61.5, it may conprise a conductive or sem -conductive

well krmtreinithé art had nbt repeitathexanplagpréaedt odlldepEigs. 6a- 6h. Moreover, it
polysilicon, a netal suicide or a conbination thereof

is to bE QA8&kELY thh InsRoMe difltatis s ulidisiond, apalot @nikiehst Ay Batngade to the
dielectric |ayer 610, gate el ectrode | ayer( 615 and

below %&ﬁb%@&&g _inﬁ%ﬁ{ %eg)t%gle ;grr;'flr(l):&ghe &%8% gr %ﬁféﬂ&f‘;\gg Rlafiméd ﬁlﬁbﬁ%ct matter.

enti ona ng neth

For exalglléut)lggt%% églrééle(g%tg%l?ee{dgérggﬁsg Er:u&én@.pgé ﬁl‘rg?ez Ig?s»t%er]; gll‘pllﬁllg\,%S ept%y Also, it is to
| ayer, the gate el ectrode |ayer and the ga%e,,. i L
be appgrcetet that ¢hq apesnt rdigelprire seef net BefimiediiRdhg dpidiakiniegeated circuit
630. After etching is conpleted, the photoresist nask
structuiesdepiatédopeldigobd. and the final gate stack structure is
as shown in Fig. 6h. shown) are thrilled proximate
[0051]t heRsfed@viahdvs tOFig be, thateth Btshokn G.s3dhidodllavestrieyure 660 comprising
formati on of deep source/drain regions 608 within the

a semig&ﬁﬁluo?tsﬁbs‘?ﬁteog@?%&‘&iiﬁé dewel@fo0l et §ithirAC Ky 630 embB&iment, the

c
eep source/drain regions 608 may be forned by
substraken.%b? nctoI g)giégglatlﬁ?l % {)ﬁIE(S%iHQ(QIP A s 3RCEA VI 'aﬁtﬁ-v{rafe in which PMOS
substra and *usI ng e duntry spaceﬁé as an
. inmplant mask to offset the e of the dee .
devices Gy VAT 1 &dicarivelys Fa i ée@&gedwmf Aitqgigtseor @ compound
~ el ectrode 615. An annealing process such as high _ _
semicon@wgier meigrials sagh as biearatdimimdrie gempaniyrRTA}coppgarbide, gallium arsenide
optionally be carried out after the inplant to
or indiani arsatide trag dldor b¢ uskaipfontthe sébstratené@il. vEhy subdated@@pmay also be a
source/ in regions nmay al so be activated at a | ater
silicon $haflatbOdubexaepl e, after source/drain extension
dopants have been inplanted. In the enbodi nent of Fig.
6¢c, the dummy spacers arejgetched hack after deep
source/drain region formation resulting in first
of fset spacers 632 of a narrower wi dth. The edge of
the deep source/drain regions 608 as inplanted is
therefore offset fromthe edge of the first offset

A~ o~



[0057]In Fig. 6d, an optical coating |layer 640 is
appl i ed over the sem conductor structure 600 of Fig.
6e, I n one enbodinment, the optical coating |ayer nay

conpri se.an oxi de- pase i electric Jayer..The i cal .
100521G o AR oG i SRR F ot (bl AU ArpAd & solate active

gate capping | ayer 620 form an optical |ayer that o .
areas oncthp SwleRsrasi éq% r‘%mrnme}/y, todher aealfiontstiuglaegs” suecky e field oxide isolation

depending on its local thickness. For exanple, the
structuogstnayedlsd beyesedporti on overlying the top of the gate

el ectrode 615 is conposed of the gate capping | ayer

[0053]620 Aagrde BRRldcER meRALl 619 ik Ay Pisited OvaniirfaboBtha substrate 602 followed
t hi ckness of H2" The combi ned thickness 11.2 i s chosen

by a la? a?is%afté’ eRELYdARat@RaION £l a FRE LEHIIYRyR (tgﬂlvjr e Sfelbapping layer

aser light 1 npinging thereon i's fros

. reflected. . This, prevents the £ .
20 is e BF kel My P U S of PR 0 BAVIRFGH Bt 615 from
. other hand, sections of the substrate ere an. .
melting §hep HasusenHeqyidyptor siracguns S0P s eqt‘?ff 9 al3pedpadiation pigess. Inone
such as within the deep source/drain region 608, have
embodirper etheegateeddedsspdie hasied 6h8 14 meée of palpnlieonsandabeggte capping layer 620
generate vacancy rich regions. Accordingly, portions
is a poBf capp@gapierr.c Matdrysesuchue 1@, BHDNSLRIN, S&0icorGmbidatiolathereof may be
a thickness that results in laser transm ssion to the

used TOHVIRY k¥ipgigs BYBSEI@AL thelfn_ﬁti%l?, othéh mSBHMs ke @R bHk&ht the polysilicon

coating | aver 640 overlies the deep source drain

electrolﬁg ay%pgl @&gm%atihéunﬁ@? S 1trrh. Hdzl?)ﬁaﬁi a’%ogsu\{‘é%l%h results

aser transm ssion. 58 erring nowto Fig. 6e,
theEe

ini wn th r [ f FLg. i.n
[0054]pr el iaﬁtb p&ﬁlges | grgg(?ltngte t d}lﬂgﬁcﬁé laglgb 6&@&:@? g4t ee?ectrode layer 615 are
irradiation of laser tinenee in a |aser_process that . .
genera ¥ copeestiiopplt innthg egmieondpeiar byigatinic gty i KR sxagipdhdhesate dielectric
in the substrate on opposed sides of the gate stack
layer 6880mayDoompgset hdiepacrid mpleainl suchsersilsbepliotihe sdptoncadynitride, silicon
| ayer reflects laser fluenee fromthe gate el ectrode

nitride! £ 81K trhétsl PHEY 8N4 ch@binBEo eteteot| @dietdi®cky] bthr Af¥lectric materials
melting while allow ng incident |aser thence to be

may afsh HeSElcl! efhe 8RS ANEGric gli‘ﬁqﬁ' bl Qe RHBA QA methods such as thermal

correspondi ng"to desired vacancy rich regions.

L

oxidatigé,e {;lﬁerg?lg%l%%lpélgrgqeﬁ)%gi}iio{{,ﬁ%%l ;téllg%i%/ rorx?c([: 1%153%‘(%% 1R taé ﬂhg\gﬁl in the art.

substantially matches the depth of end of range defect )

As for the gafgclectiod layer 81 wilt My AO8RHITE At YIRS Red Sﬁ%’b‘FBﬁ‘F{‘z’lﬁg"e material.
regions. The desired |ocation of subsequently formed

Non-ligntorgptraowlesdyilods dopsdmpepisdisent edeiahsibirige o6h chybiwgtipe thereof.
lines. [0059]1n one enbodi ment, the incident |aser

[0055]beamigradbt showsphe résuits off paheniighdie raateedietectrar lyesra6E) @pte electrode
rich regions 655 around the maxi mum nelting depth of

layer (Flhﬁ‘ ah@38fe cigpidgs 1dyer 820 URdeigs tr?ﬁot@ fobat a &afkiabk Wde. otonventional

aser process paranmeters, such as but not lin ed to
h . ey : _
puer Y SRR R AT NGy DEIGEDE AR BUERRERR Bilhed oy ot
scanerdgF HEugb ok B e o P R TS 5 B ey

paranmeters can vary with the optical coating |ayer i .
may berasest foadefimghe getg stack §36t r Adler sighiag iacomplabids flaiphategesist mask is

exanple. [00691 In Fig. 6f, the optical coating |ayer
stripped40f aranttie finel gat stadagpichge isapeshow2M Figr oled are renoved

after the pre-inplant | aser step. [00611Referring now

to Fig. 6g, therein is shown the structure of Fig. 6f

in a pre- anorphization inplant t step. Arrows 660

depict the inplantation ofisa second i on species such

as Ge, Si or an inert gas such as Ne, Ar, Kr so as to

f orm anor phous regi ons 670 on opposed si des



of the gate stack 630. Anorphous regions 670 represent
areas where the crystalline structure of the
substrate 602 has been transforned a random st at e.
re zat i,on | cQnmo to.re

100561, F R AL T Sereriberdouinb i 35 b fed ?lgmay spacers (ot
Boron) penetrate to a greater depth than projected.

shownik SJeS PIEIGRE i SIGPVRlIRpi DR Sl S G uBHof G bY b Brmation of
may be formed. [00621 However, the pre-anorphization

deep sjurpd/dmin sgEps 668 withn the suhgragene papdsor Bdesarfdhogate atage630. The
(FOR) defect regions which are | ocated approxi mately

deep s@ircéliraBsrelohti 508 afa§heifbroddiby Bgplsdtingrultyblb €k \dopdir species into the
dept h of the anorphous region 670. The FOR regi ons

substra@@@@z e ugﬁ% R Surd rbtpﬁc%ré 9% &h SkblahahSsB 8 offset the edge of the deep
Interstitials 665 |n OR region are undesirab

source}a?a(ﬁl?li!é:'ﬁqo&gr@é ﬁjerﬁ yol'f‘%h tefecﬁgéie élhgte I Xﬁltahg&hﬁ% Brocess such as

assesting in segrega

and/or clustering of the ants. |.nt itia }

high tefRegsirs fepd thesma emealéﬁlﬂ]%ﬁaq@gbn@mw@fbﬁ ?Sfa?ft@%ef the implant
duri ng subsequent anneal steps thus increasing

to actiyaimtbeifgpt dhwprin. ABematemiplthe dpert wusee drhialrsgioadmial alshee activated
FOR region. nmay decrease the electrical activation of

at a latdo papt, forsenple dfier svarce/deaic ex@dndom depdnenbkaverbaecadmplanted. In the
in a subsequent step and contribute to transient

embodBRGRNTERigdictf #el @inilesaeérs st i didhedaer | aftel rd@?isﬁ‘ﬁ%e/drain region
enhanced dlffu3|on of source/drain extension &pants

fonnatioﬂcfe%ﬁﬁg f{ﬂ%@‘ﬁ‘d#ﬁ%ﬁ\s}g Ql%cts %f323§1fggctﬁ%(}v@f Qngl?flt eq‘fih %ge of the deep

reg ons. canC|es generate

source g%?ﬁ F%géﬁ) 4=, té(ﬁ%’éﬂ@gif{‘l‘b‘i@rl% nt e Liﬁ‘tpl %Qg‘? S{ t&lgléra offset spacers

activation of dopants used to forn1the source/ drain
632. Thetramrgse @t .ee@rere%k ihe damyupacers tsdpadppt Bresatqni gt ipetdon-to-gate
sitese the dopants can becone electrically active. In
overlapatetiveema, subseqnenthvionged nowrce/didin aktensiom ecgiet amt thesedgé o1 the gate
al so suppress interstitial aided transient enhanced
electrodé 6f3si on. in one enbodi ment of the present enbodi nment
as shown in Fig. 6g, the pre-ainorphization inplant
[0057] pr oﬁ?F@ eaNaPEp@Rl 'cmlt aS8Coud Ralpplib® oFERKE 88D nductor structure

I's prOXI te to e depth of the vacancy rich
5. f 1 C rich re |on
600 ofr 1*63 §9 ggu arllle % eb({dﬁl% I}agheer oﬂe(f# 2 a laty%r may, nsg %g oxide-based
er ste ferabl FOR r.egi o ,

dlelectﬁq% RY5pr J%P r?Qfle‘f yFoat&fayeD 0 g%ealﬂ%gwno?o@l?@%%{'c‘gﬁg)’ﬁe gate capping
rich region. Alternatively, the |aser nelting depth

layer 6@ Jorpean epiied! laperrthatarsponds didiRrensiglly fo imeigent, laser light depending on its
100641Fol | ow ng the pre-anorphization |nplant st ep,

local thiblreds. &Fortexspell ds agtzal tyeapbdedn iovedyihp ehestopsdfirtae @ate electrode
to form source/drain extension. regions an. opposed

615 is 8drfosell of iR Gd Eapplaciky &30 dnd opkikcdl- co@@n% Il Sr 640 and has a thickness

source/drain exten3|on as inplanted co

of H. Ol\h% dofnddBicRARL R 19y §h(§s%9|s8 n$ & }Z]I%Vld%l a{nh@?ﬁgl féﬁkéﬁvew?@perty such

IOﬂS

ource raln ex nS|on al'so ave | Mensi o
o o SR BEPAE S S T e 15 o

"ogurce/drain extension r ion inplanted. 100651l n one
melting fipydies merimplant bsrrirgreiatioa. @n f@mth%rdtaeé geRtonsef the substrate where

sour ce/ drai n extension
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.
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regions 670 may be fornmed by inplanting |lightly doped
P-type inmpurity ions. Non-limting exanples of P-type
dopants include Boron, Al um num Gallium |ndium or
conpounds t hereof. In anot her, enbodj nent, an NFET i

Accordingly; Bertiges oheéhs ppvign dByrartveEpe B rgons grtl |13ﬂvaoqoéackness that
N-type inpurity ions. Non-limting exanples of N-type

results ¢ lpagntteansmissiptdo Brrogpledying subtimi lo Fog. 6donpydimeleptical coating layer
thereof. 100661After the source and drain extension

640 oveertiek alnd dsdpeqpure@ndraimnegions 0P aad eskassiittlickasssadnealchngsults in laser
processes such as | ow tenperature thermal anneal,

transmis@Bhd t hermal anneal ., spi ke anneal, flash anneal or
| aser anneal is carried out to activate the source and

[0058] dr aRQ{e%{r%gcz\{v ?TQ rlt:(tijé) g%n Elﬁerelﬁ QOB Bre vﬁ?ﬁgﬁ]}e 8{‘1 ?%ﬁ iR %Slt)re implant

annea e |nvent|on ere

laser stmls F%rr%vo%g@m n Y@ﬁ]&%g{aéhg g) &;l@ c%\?ﬁtrq?%g?r\/&%ggsg tﬁat has been
pre- |nplant Iaser processi ng. As evident fromthe

optimizqd) tgegaiy VasanCyigh rapiqus)05A4E the yubgiele @nmpapeed sides of the gate stack
interstitial defects conpared to Fig.

630. IBurdig ibhe Gonspipneitdey stephehepasicabinyeatefkotsrlest dhwinoe from the gate
extension region for Fig. 6h(i) is of a shallower

electrode pédiora tths hasveatify Ghe ateell €tiddadn 5otorfl ap@hg adiilevalowafe incident
conmpared to the source/drain extension region for Fig.

laser ﬂﬁéﬁ]c%% bL QRE& AT abg&bécpthzét%gﬂrtsfl(;%@%ﬁs ?ﬂﬁ{t%t’d §Mred vacancy
ustratlng process st eps rlcatlng e
rich feglfrfese eGSR BRSNS S CE B e gt or
dlnent a sacrificjal re cepent ate I s used )
vacancy {5 1SEIoH PRBANE Thraiibetie b b fd egranesatef% regignsy associated
to prevent the gate electrode fromnelting during
with sybgequenpy demsst mgorphpud segiansbe Thedéassed beratipratof gubsequently formed
plurality of conventional processes that are well
amorpHouewepions it hepresentca MO Fipobf bepetadddtheber ei n, may precede
or follow Figs. 7a- 7i. Moireover, it is to he

[0059] UNGRT StOQHbd b TRRYinBRSA IR HcRSmeladd| bbitBADL tROMHBfrate to form
om ssions may be made to the bel ow descri bed process

vacanc?'p{g??r% Ssﬂﬁgg{: {)ﬁxﬂgtth{e HI% rﬁé‘iﬁﬁ% fitgtfth %E thre lﬁﬁepf it g%o be understood

or exa

d rib rocess i ncl u
that a iBLle ORfesB! PES ARl D e Pt 1FHEH 19 RavPighrheam enerey,
di scl osure need not be limted to the initia
irradiatsiaiiruetdorusher o€ pulses, gapbe pdinstey tmngdulgig the dagbof vacancy rich
Referring nowto Fig. 7a, therein is shown schematic
regionsc s sMeemiven tadse vkidhed of the asewilt eppotecato thas flasac processG@fameters can
conprising a sem conductor substrate 702 including a

vary wite ke offfdall bRl aved Mhtdriall dinp;ﬁﬁﬁ:de sitRehteBRMteridl Réhployed, for example.
substrate 702 conprises a type bul k silicon

[0060] S Ub?'lt F%E &f, h%’ bgtgcagt%lt)%t!' r}@ila&eﬂ :ﬁkep %%} g;g}(%% i%@et‘wo formed are

als or nd sentconductor mat eri al s such
removegzafgeﬂther%? HIHP%'F&%%@F epger mani um silicon carbide,
gall_ﬁntarsenlde or indium arseni de nay al so be used
[00611 £ or Refgring, pevr &t 15098 ﬂ“ﬁ’éﬁ%L}E)s‘ith(Peth?O%“t?&Vea‘Pfsglgwéfam a pre-

silicon on insulator substrate. 100701Trench i sol ati on
amorpliratigotionpt 7108, Arevsoradettpist the imptldngatwbetar stend ion species such as
i sol ate active areas
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
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on the substrate 702. Alternatively, other isolation
structures such us field oxide isolation structures
may al so be used. 100711A gate dielectric layer 710 is

deposi.ted over a substrate, 70 olJ owed he. :

the sutfERR0P 8 By FRA b Hfiofy Sglet ¢ rErER MV ORdmalants commony
713 OWsr Ehe ate dielectric layer 710, The gate

used togredyescing channglipg effagss phgrehy dprishted dons (ige Berqry jpenetrate to a greater
mat eri al such a.s silicon dioxide, silicon

depth thatypriojactede Bysieflucagthersixtent dieghaandlingtshidlovedrgiinctions ohey be formed.
a conbination thereof. Alternatively, other dielectric

[0062] mat Hoival &, theprabsorphézatis e tnplhhestgaiesuldh ialthe fd¢reeatibhOf end of range
may be deposited using nmethods such as thernal

(EOR) QeifhatrbQOns GRRMK £8!10MARPH5proSRORdLY iag Br ak ?ﬂﬁ%‘sai%lgfrnn?i:%.e 6g slightly

oxidation or the like as Known in the ar

below gﬁ%tﬁ ?)E:fgtlﬁf la&%&l&ﬁ% ‘inﬁié? r6gi6%:5*rl;%§%g§£ {fg%gnss H&Hpgsse defects such as
interstils 60, EFNils 65 T ABeEOR, G eeier BB GRSy decrease the

formed on the sidewal |s of a dummy gate stack which _
electriqah actiyghipy of arrlaripe €opasd iors drassigarg inohe gegregation apd/or clustering of
used. 100721Fig. 7b shows the results of patterning
the doph@s.galerdiiedleaiosi alsb agemse Hiddsican@nbmeny djffuson of dopants during
el ectrode layer 715 of Fig 7a to fonu a dunmy gate

subseqBérd Glinda3 GtepSaRyeiicieasiab jRaitodr dipfty NEedrhadapSd) GRteRSitials 665 in the
l'i thography patterning using photorcsist followed by

EOR %gloﬁ %hy e gééeﬁl%aélecgﬁigélt 'ﬁ&fvﬁﬁbﬁ] g)g .o(folpﬁﬂtg &HM i%%%_ Source/drain

ectrode | ayer e gate dielfectric |ayer

my be used t.o definge the du te stack 730. After.
extensiff PRy et sbRetGrbao g (L EHEa Srvak efungsd piifiipn thereot
. off A blanket |ayer of dielectric nmaterial is )
during gigedlquERBH§taEpaRTeediiavien athwugstdsaigt adgospgodopats increases the
substrate 702 and patterned by perform ng an
dimensigrissdsewrpé/dragr extewsioropgionet ch. process to formfirst
of fset spacers 732 adjacent the sidewalls of the dumy

[0063] gat Ehelaahciodess ddierdted stthofdsechekipadeptd ré@dves aitatetitads 665 in the
an i nplant mask for subsequent pre-anorphization and

EOR R286hCeflh iﬁbrﬁﬂ‘tﬁﬁ?%u?@rior cRL@RE] AE@RSion BYf M5@tOlised to form the
exanple, the first offset spacers 732 may conprise a

source/glgilj(l: g’?r%?%%‘i fé %{s le 'shﬁs%alg%t? ?{.ee § bY %Habﬁé’ I ée( ¥1Pé(§lt\{éljlleg§ %h%.rdopants can

reo hati've ric
material.s may al so .used. [0073] Referr.i. owto .
becomes;& ,Ct%‘!“yt & n?f? §g§’t‘i’8\‘}}n hg”%‘ﬁ’ %:&HaﬁEngs g}er Yegarigs 665 also

700 of Fig. 7b e :
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
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in a pminplant | aser step. Arrows 750 depict the
irradiation of laser thience in a | aser process that
has been optim zed to create vacancy rich regions 755

es of th ate st 730 ef era
Fi. O ?nf RRER!n anierRa o radBa SRty Variaah MG SR resions 670
great est concentration of vacancies at end of
Altem%tafﬁa@ thfetaEse/dray; Gransioadaey ase davs ehendigigpsient antong as it overlaps
pre-anor phi zation i nplant step that fornms an anorphous
the am(nsglilqm_ reglva. | dlrefieiably, othe t dneorpludisse cpgeont lisy deepengtlan the source/drain
anor phous regions is denoted in Fig. 7c by dotted
extensiohRegon pOBddted.one enbodi nent, the incident |aser
beam 750 nelts a portion of the substrate to four/

[0065] vacaee b diiR&it0ASPHoP RURENG thhigcARX b MdT8blrt&8rain extension
depth or the laser, it is to he understood that a

t
reglon{rwﬂs gdﬁo?(\gl\%i/egl A rﬁﬂlgﬁtgligaggﬂw g}%/e%rﬁ ’t}gpil d%qu%? tf(%s thon-hmmng
exampﬁ:ﬁ IarSlge agangég]?ﬁldsgq;&g ;ﬁgynr}q%gﬂ ?E J};}gi?lgilgg)rtcgmpounds thereof.

Nbreover those skilled in. the art MA|| appreci ate
In anothpmempegimentp po DB isdpbriastedrtbe diird dapeyt swieeiss predightly doped N-type
substrate material enployed, for exanple.
impurityO Qfs 1 R&Noar limnggnemantpdes-iof) . N-Tyhe tityemes indhigles Rovaphdiue, Arsenic or
structure of Fig. 7c in a pre- anorphization inplant
compofifi@ther®bf. OWs 760 depict the inplantation of a first
ion species such as Ge, Si or an inert gas such as Ne,

Ar
o 56 %R0 " LU Y i L ABEER s s
e PR U ) bR A it s
and anor phous state. Preanorphization inplant is

flash appeatoRIaerARgak i EiRdcR! imrstiy AR sqUse &¥rdsgin extension dopants.
p00761However, the pre-anoi phization inplant step

[0067]r esBlg $hiihshdve ypemranéabrmbofineme o6 ther iangeionROR¥e pre-implant laser
defect regions which are | ocated approxi mately at or

procesésg wak ustiedboattol genbiag vatan@éd Whild Figbeh@yvslidves dle@hbodifnent without
t he anorphous region 762. The FOR regi ons conprise

pre- 1m91§ﬁteﬁ5e°r I_P'“‘f&é‘é@mﬁé ARt &A@t Hodl ﬁle71ﬁ'ﬁ_’stra|t16f1 Erig! 613('1)‘5!%% a’fR8uced number

OR regfon are undesirabl e becausé they

of 1ntegs?€’1af3§<§,§ass| 21# Gedd {oc ?‘l gl hyvat I %u A dfh I?odst %Bn t1 source/drain

|ng In rega
clusterl he .dopant s nt it I al so

cxtensigy fE@iop #ﬂaﬁg Uaihahee a%qugapﬁh andoﬁa § PSH?PPtﬁge of dopant
subsequent anneal steps thus |ncrea3|ng£ unction

activatigapomparegrto éheaiopres/drpintestession regien 76514 whtide FOR

region nay decrease the electrical activation of
[0068] subBagUBNDI A atendroeiectohal depantissttasiag ptarefsatepsdor fabricating a field
source/ drai n extension region and contribute to

effect fedRNRSIrgPETS M aeeshndé KithSIebbhd AEb&RMAUG 1 thE paddB@ahvention. In this
Transi ent. enhanced di ffusion of source/draln

secondeéhﬁ&ﬁfpgﬂt &PaFiclal Q%ﬁ%ﬁ?&n& %ﬁtedisrr&&ﬁ' e eﬁImnating the need for an

source/ drai n extension regi o

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
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100771The vacancies in the vacancy rich region 755
renove interstitials 765 in the FOR region. thereby
permtting superior electrical activation of dopants

to,formthe sour ce dr tension re

departBEIE JER oG AL “BYF ot TR 0L G FPere %mple the below
dopants can becone electrically active. In, additio

descrlb@9 DFRA9BY/AY IMGhederapre; feaves, orereysienanMag it7sdo bp gppreciated that the
suppress interstitial aided transient enhanced

presentdifdlosironeddmot b Helted tetheasipelctenuéondhetopstamant depicted by Fig. 7a.
enbodi nrent as shown in fig. 7d., the pre-anorphization

[0069]i MPRafkrify B6RSH CaN e thitinnisz sthvallcthdntdic drbg-fetidvnal view of a
region depth is approximately equal to the |ocation of

semlcotrﬁ@ctéﬁa%%ere rdo@ncdnet ﬁ[%'s a Vg@fn?&)n@'ﬁ&’top Suisteher mion ﬁféllﬂYng a well 704
the pre-inplant |aser ep's laser nelting depth

formed%v{ fei nalhe\ﬁgélbroggﬁ%l}fatg ltllgs?xlaf O%%E@é&e@%-@?ﬁ%ﬁﬁeﬂhéo% substrate
having? i1 Svelh 1 b biongMIg, levies TPy T dpSuh compardvely, other bulk

extenS|on regions 762 on opposed side of the gat e
semicogflagiRr FRE:riajsn oFp geonpyung emaceae e eigiiadss sehsisohut not limited to
region as inplanted conpletely overlaps the anorphous
germariieg] aiikod 62rbidt,t gallhat i arsdnyde dhendionr eséddainmyexlse risi osed for the
may al so have other dinmensions so long as it overlaps

substratd TR0 IOt Faté 2O ARy alRb Bk arsallov.ontiRéulabDIUBERGMS. T egi on
I's deeper than the source/drain extension region as

[0070]I npll"?e'?ﬁ:ﬁ %glz{tf&g Bt P®6 m%lthlﬁ‘ tIPe.F Ehstdfy | i&ﬁofa%Gazctive areas

fabri cat the source/drain, extension reglons

f.orme | an | S :
on the; ThgeyMPone RV p o tieh doakii Fut RS puy o Wit gid isolation
|nclude Boron, Alum num @Gllium indium or conpounds
structufe§eRayoHso PeuskAot her enbodi ment, an MEET is fabri cat ed
and the second dopant species are lightly doped Nty
[0071]i npdr igaty dielestricNbayet i7i tiis ndepexisarplowsr of Suhsilra}tpeﬂliorﬁdlﬂv@d by the
i ncl ude Phosphorus. Arsenic or conpounds thereof

format{od080] Fiygr of dumhovgaté BRcsedd BRRGHRACTO5 oSt thetdatediéirif layer 710.
Fig. 7d after second offset spacers

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

20



734 are formed adjacent the sidewalls of the first
of fset spacer 732. The second of fset spacers may be
feinted by depositing a blanket |ayer of dielectric

. material over, the senjcon tor struct.ure .700 of Fig.
etchmgm% t?]slq%gm gate e traﬁ{lagfﬂi 2@{@%ﬂlei a5 41%]15?%10 g:liyceﬁ 715 rr('f:lay be used to
process to. By way of exanple, the second offset o
define gfiga@pny Z3te stegk TOmprittse ciehyigl is complateds thpephosgrpsigignask is stripped
oxi de silicon oxynitride or a conbination thereof
off. AAllarkeenhtyeved diglecttiaenatelia liesthseqienty depaited negr thé gate back 730 and
used. 10081] As shown in Fig. 7c, the second offset

substra3ACEhSd Aty EeddlSy pafdrih@ph afsiordti bt DYtrapide@eh process to form first
source/drain inplantation step where third dopant

. : : . ¢ .
ot SHECH 7325880 g1 80,01 01 O¥SELR, BEE AABLAT. T D it s
fornms deep,source/drain diffusion. regions 772 which. .
732 sei 8L 0 of SEIP SRR T bt ik Sior iR R, G ffin extension
. first and seand of f set spacsrs (732, _734). [l In ane o
implang s458%1; Bynvay af prmpledds destiodisphgarerat’dd MHoCpaIgeeylicon nitride,
source/drain regions 772 may be formal by inplanting
siliconhexde,| yilidop et yRitigper | arpambinatiopnigereNon- Alteinafivaly, other dielectric
exanpl es of P-type &pants include Boron, Gllium
materidlfnthayisorbeagapounds t hereof | n anot her enbodi nent, an
NFET is fabricated and the third dopant species are

[0073]hearkfeyriHORAH tdNFigy PE thamRM ik koW Q1R seMNemlbétbt étABture 700 of Fig. 7b
exanpl es of N-type dopans include Phosphorus. Arsenic

ina pr?—'iéra?ﬁﬁpﬁy&%%é% hﬁﬁS?égS géte@@ts {h% ergﬂgti&egpla%%lﬁlféﬁées{n\?\ia&ser process

ons are tiva n anneall Nng process.
of exanpl e, .the ajnealing.process y be a | ow.
that hag G PETFGY 49, GF ARORTCh FRZBIT, e THEr FRAPSIHE Siles of the gate stack

spi ke anneal ., flash anneal or |aser anneal process. .
730. Prqulghm{:hed}rg-ilmglapblap@rgzrocpﬁs, istopamazed tp docatetlip graatest concentration of
structure of Fig. 7e after a first dielectric |ayer
vacanci80t exd dbpoge tefdctoegiont isocated twitht @subfbiehi prstamorphization implant
dielectric layer 825 as deposited conpletely covers

step thah Eoreisnaey a%%&ﬁw‘éﬁ asfior 30Ti@N thchBors YD IRE UEHHel Yenfl§CREBES amorphous
t hrough a or etch back process to expose a top

ionSis 'dbn A 1OFi ot &EM e electrode 715. By way of
regloneian% e.u?ﬁg ???g? |é?§%tric | ayer may include a | ow

o074, L S b TRAE e KGR PSR STl b
form v%gaq;cc)iy nrlazzthi r%giotng e7r5%oground 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
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1008511l n Fig, 79, the dummy gate electrode 715 is
renoved in an etch process that selectively renoves
the dunmy gate el ectrode material while retaining t he

at lelectri Q, fir fse second
structu ?t € gg@s@r {e ?9%111&% CPe]e gns%) (i c:at Eal, opa?/,lé axfé)épcholuﬁ state. Pre-
one enbo I ment, th dumy g de terial is
amorphIgHAPIAIPEAPL 5 GRSt }SHS%‘rtBé%‘g@e th %é‘ﬁé?&f;"ng now t o
Fig. 7h, a laver of gate electrode material 782 is
[0076] depH@Mew, teare-amerndesation fitplenoytes tasulét inrthe FOErasionpif gnd of range
79. The gate electrode material 782 fills the void
(EOR)| dzffdct hedibimd whichr eraduéangl apyeoxivmmgly gatoe aelitadtracdeinafig. 7d slightly
al so covers the top of t le first dielectric layer

below @0 depth&faat enRrfitduk adg@ohape!l TR EOR rBBYns MMpligeddects such as
conductive or sem - conductlve material . Preferably,

1nterst1{1Q1‘§ 3t ﬁlt&JS?&%lg 9? CAFP# gﬁ)rﬁpz{réﬁﬁﬁeﬁﬁb%%éch&s%qhey decrease the

net al ayer
. L1 t t.ed i g.
clectrigh SGHABOE pEBRT TR dgp%fﬂi% It Gr gw@tw@eﬁfﬁa glistering of
mat eri al nay be deposited instead, [00871Referrin

the doppys.7j Intgrsiaale Kidealsp opmess ransichiedn Cﬁ@dh’éfgm@ ath éOpants during
gate el ectrode layer 782 of Fig, 7h so that the top of
subseqti¢re ained tstaps shec incieasihg yenctipg Qlepth. exposadmple) intesstitials 765 in the
enbodi nent, a
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. Altematively, the source/drain extension may also have other

22



chem cal mechani cal polishing process nmay be used to
recess the gate elect-ode |ayer 782. The exposed first
dielectric layer 780 is subsequently removed thus

: roviding the stricture' as shown in_one enbodi ment .
dimengiis s (08 A5 EPEEIPT G SPERTS T oREEDIB 1 dphous region is
etch process. 24 in another non-illustrated

deeper dhagsglie fruee/ dapecHtersian 1ggienas fipplentedyer 780 foi ns part
of an inter yet dielectric |ayer separating a first

[0079]ret &l oheyeerboflmoentt hePiibsterat 6s ABOS8IFags theBaouroe/Bjain extension
are cross-sectional views illustrating process steps

region§ 062 nddyr b€ &drinied By irhpthstief figetly H6FWASPSYRY infddly iddd. Non-limiting
accordance with third enbodi nent of the present

example8 b8 'Pt-tigg@ dopdhtd PRk B h, eBRGL IR NGallihhe l\?!?ﬁl"l 'é)r comﬁgltmds thereof.

conpri Ses a netal based gate el ectrode wh oes

[t dur.ing wh sem conduct structure is . .
to anoffF bofi 0, 4R RGO REHAY R Tog S5t Sl becies are tighuy doped
Accordingly, the need for an_optical coating |ayer to ,
N-typejmpyht 1oph e NgadiEnigng cxameles of Yriveefenant aerfinhsghens, Arsenic or
processing nay be elimnated. It is to be understood
compophgsttherepf. ural i ty of conventional processes that are
wel | known in the art and not repeated herein, may
[0080] pr eErd@e ahowotHemamrt@siuctBastriduire M0 rof Hig. 1dsafted sb@nd offset spacers
under stood that many nodifications, additions, and/or

734 ar® iRl AFcBRhP id¥RERs bP hﬂehﬁrsp&*f@fv sPesEnshe qh@{éﬁ&ﬁa Sffset spacers
e

wi t hout departing fromthe scope or spirit of

may bg L@ﬁ?ﬁgg Ut%lpgﬁhn tgﬁﬁketsl?ge eeﬁaa}%ie%t id Hlecltekfﬁi ?)W%ro Fhee semiconductor

ocess may 1 n e nore, ewer, O

. Al .t is to be appreciated that the present
srucrufy 105 56 618 o boGe et FRPPEIE 3 SHUTP EFAIProecs . By way of
sem conductor structure depicted by Fie. 8a. . ) .
examplep (g0 3qRene offspigsneserst G4rngy cgaprisharsli¢en; ritrideowiicon oxide, silicon
schemati c cross-sectional view of a sem conduct or
oxynitisdea arct eomebiBA®ndberpof. shltgnativebioten distdctic matestls atay BODbe used.
including a well 804 fornmed within. In one enbodi nent,

[0081]t heAs whsivh ah &Fi802, AREBEdoSE SofRePspat P dotilekassad iE®lAnt mask during a
substrate having an N-well in which PMOS devi ces may

deep s&ﬁ‘fé/@faqffgnglﬁ‘httaﬁf)ﬂ "'s‘{e.g\ljn dre tﬁﬁ}(h 95%%13{5?&@5@50% & Bg élﬁrows 770 are

materi a r a conp sem con r materrals s
si.li.con car

: but . not limt t.o _ger mani. um . i de, :
implanfSy R R bbe Thr BBl Ay SO B NE) T b g sgg source/drain
diffusiér? Trqg%pglg 72% t\;\ﬁ{%é}g}}rgtf gfsﬂlfg‘gt?lpe;éjdggtorf?ﬁeega%g gleg?glde%lystge %?st %nd 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.
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[ 0090] Trench isol ation structures 806 are forned
wWithin the substrate to isolate active areas on the
substrate 802. Alternatively, other isolation

stryctures such as field oxijde i olatlo ruc

008315y Adie &%Qe%s@&rce(%@emsna@vel St e PR e sgurea/drain
deposited over a substrate 802 foll owed by the

extensfonyaryd flegp; ssyresfdrain| wgions gfe @ativajedy By eneprsicplinggrocess. By way of
mat eri al 815 over the gate dielectric |ayer 810. The

exampiyatle ainehlegt priocesk aygrbedil Dvnynreomipti tbemal diedak copiid ¢hermal anneal,
materi al such as silicon dioxide, silicon oxynitde,

spike @nhbdl COBhAhhED dElas@ dahehpkdeest al oxi de or a
conbi nati on t her eof . Al ternatively, other dlelectrlc

[0084]malt ?ﬁ:fe%ge Flgag? othpt%lﬂjﬁesqilﬁwghﬁe Qﬁ"h@cas : i: Fé GREAD first dielectric

osl te usi ng nmet S SucC
Bl g N
coversAagrql%rggltl)ggptgétq 3 gﬁel@gs%t tgpq%ggql}? gcr@s%ah{pglaghgelgMP or etch back

Al ternatively, other materials that nmay be renoved
process &t extosy eltyp wirtdee o dhpedimmy gegadestwds iSediyeney gf example, the first
formed on the sidewal k of a dummy g ate stack which
dielecttib.lgyetl mayingatie adbeck dittetdomarriphrah ©fygem cyntaihB@ eterial such as
used. [00921Fig. 8b shows the results of patterning

sﬂlcontd"@mg@tﬁi(ﬁs &liReh hitedé @N&?onﬁl;igatl(ﬁﬂ%e%m gate
el ectrode l'ayer 815 of Fig, 8a to forma dunmy gate

oo 255 1980 ORI nok RLARLP. 18, EIRAREHET B mosese

.sel ective uential e ch| of t

sclecti Gy SEPENS PagUmIYL Ba AP RAGS Gl Wéadlém%@ns fyegatsygisiectric 710,
may be used to define the du gate stack 820. After

first Oéﬁseth BRAgel 32omproat eaffset rﬁ@agﬂrm%r dafstirsredirlestsicslayerppdyy  In one
off A blanket | ayer of dielectric material is

embodsmbrgetha dnninyy glepelsctrett materaltiheengated bytaaedt e82Cpraceds.
substrate 802 and the layer of dielectric material is

[0086]Pat ReFhefs RywREFILIH mqhy@ﬂoﬁgdté Qlek@Bi & maferiabP8Y BRleBosited over the
etch process to formfirst offset spacers 818 adjacent

semlc&npﬁct& deuali %08%2? Sgg:‘@m’ B at@le@ft!tlrogg qnat%ﬁ% Fdor fifls the void left

set spacers as a ant mas

behmd X bs FAWE nttgg ; ea g(};tlrog& é'iﬁ,g @Es%ocl%%gres/t ¢ @)IP ?k%( ! fz £ dleﬂectrlc layer

spacers_ 818 may rise a silicon nitride, silicon

780. "blig e equrp%}ﬁiyerxﬁ iy M@¥ COMPESE & INARRLVE P (SAB}-egpductive material.
Al ternatively, other dielectric materials ma.y al so be

Preferapdpdhe pe038icRefle nratarigl compiiges Beysilidesr eictal ios nsitdwtioy hé\lthough a
structure of Fig. 7b after a first dielectric layer

unilayé 23 dat demode hetkrly & illufteatslipstip atte it i§he bé unddrstood that a composite
dielectric |ayer 825 as deposited conpletely covers

layer of %@te@%d@ﬁ%ﬁerﬁf ﬁ\§§ b8dGh RN {Rteaybsequent |y recessed
t hrough a CWP or etth back process so that the top

[0087]3\;;&{%?e?n§%t0 P% G}f hrgggaftg "élltete,tr(gd e%tf{) L | C %?ede&nﬁ%{}m%is%gﬁ calgée(trode layer

Irs ayer

782 ofﬁ,ﬁ!g.g% é:(a t%gtu E%&iggth%g:dlgpggp Eq:y’er g&s’ g)&%tpg(i:ghl{]gne embodiment, a

‘nitride or a conbination reof.
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.
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[00941In Fig. 8d, the dummy gate el ectrode 815 is
renoved in an etch process that selectively renoves
t he dunny gate el ectrode naterial while retaining the

| ect et space 8, an .
o an"‘?‘f"’r E‘P“ H\eé r%tﬁ‘ir‘ F{“J?Oi}‘%ﬁé’} tgﬁglrsq %‘iﬁ‘é" 3?‘?3&%’5 Ptaﬂé’f an inter Jayer
gate electrode material 815 is renoved by a wet
dlelectlé@ &qyebfie@e@ggg afiogontrdaws fionytheswbtietei g. Sc. a | ayer
of netal -based gate el ectrode material 830 is
[0088] de pbigit fadkody ere drhws-ssenidrmd Mtuwst bustwting ptagess s8@6 foffabiigting a field
8d. The gate electrode material 830 fills the void

effect h@isea@N(FETY ipfabsatiarkieacel shitdahbbdineheaf a@d. prbyent vention. In this
renmoval of the dummy gate el ectrode material, and al so

third e@®Y&hent NEe FOR &tngﬂggs §itesd Whi&d %ir?& EleStrb @Y @fncﬁ %@es h& melt during

one enbodi ment device is f I cated and the gate

when aR%emlcgn%(ljlctor I'lIJCr1]Cléll e is ”B%R&OEP [l Isgcagn (#'m %e{}rﬁ%{) Accordlngly,
the ne Al T B0 e B e SheC e T Sl i s

Alternatively, other netals or netal alloys which are
procesgug Myl be dloringied Akisdo datunderstnpdribeier playeliay ebcdwentsegl processes
The netal -based gate el ectrode materials may be
that arelepdl kh@dh by tiethonhs satakpasedhyrsing ahayw peoede or follow Figs. 8a- 8§j.
deposition, chem cal vapor deposition or atom c |ayer

Moreo®&@Pasik ttd ®8.undSRRBHAhSahEn e hRal@tdend, 3ddiBbAR Gnd¥%r omissions may be
recessing the gate el ectrode | ayer 830 of Flg 8f SO

made th fiﬁé bElQ% (?é%@ﬁl%fd ;glﬁgesg'x%ﬁ{oug hgﬁ ?ﬁtgnfr‘c‘)m: ¥ %E%&Z . it of the claimed

expose n one i ment

shi roc h d, to recess.the g
subjeclgPaltEy obig IS 350 Dol TR DL P PCT g G PP - fower, or more
Ia er 825 is subsequently renmoved thus providing t o
steps. Sfiégcb Abisgathe peckateh thap fegpresant disclppye nged nptnbeoﬁ@lted to the initial
enbodi nent, the first dielectric |layer 825 is renoved
semicoinducaomﬁltuc‘elrc:&emcted;b§;§ig. [BA097] Referring now to Fig. Sg,
therein is shown the sem conductor structure 800 of

[0089] Fi gRef¥fring nawf to Fig. p8£-théminant shAGLkclsnetic Absowsti®hl view of a
depict the irradiation of laser .fluerice in a | aser

semicoRBRGES Sridadt MBS REHEL %E'M&ﬁdﬁ&op E%Eﬁtevg(ﬁaﬁﬁ}ﬁdﬁﬂgcg well 804

regions 855 on opposing sides of the second gate stack
formed8 \sghl Pr ef %re %blbx)g% e?rﬁe rregsg‘tlést ak) 2f C({a}%pgr{s\(;ar gﬁ%e rblu%hsﬂlcon substrate
ubst tches the | ocation
having, él%gﬁ virdk dBt wﬁlé:é- gp{gg%e ices elalabyb% fg%%qugh?matlve?y, other bulk

pr e- anor phi zation inplant step. The |ocation of an
semicoafentphoaterabgbon doormedd anmdgqglg aptestads such as but not limited to
pre-ai norphi zation inplant step is denoted by dotted
germaniume Silicof ararbidtd Cgabliymr arsdnidec gt andiudS arsatideimekyt hlgo be used for the
maxi mum el ting depth of the laser. it is to be

substrat18leY. stiRasbithad 8@2 il bisbwde sﬂfcoh%%QﬁthQﬁ%&rate
paraneters, such as but not |imted to wavel ength,

[0090] bﬁlag}gglgﬁg%at hrsf J ug‘% eSg)%ta%‘ E‘(ﬁ'g{ ?&13{*1? ﬁ&“ﬁ%@%ﬁé’@ isolate active areas
o el BERISE A L R ORI RES A0 s, taion

can vary wth the substrate material enployed, for
structugss gy adso po@gdiRef erring now to Fig, 811, therein is

shown the stricture of Fig. 89 in a pre-
[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.
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anor phi zation inplant step. At TOAS 860 depict the
inplantation of a first ion species such as a, Si or
an inert gas such as Ne, Ar, Kr so as to form
rphous, regi.ons 862 on opposed. sides of the gate .. . .
The e BRI S G ot SopBh-Ch BRSSP aiBReLineh IF B85 dipide. sticon
.the crystalline structure of the substrate 802 has )
oxynitgde §ilicen utridens B1gh- I apdeddarea cpmamatisn ﬁfﬁ“’z‘ét iAtprnatively, other
i mplant is commonly used to reduce the channeling
dielectf freederénls ey ObsoHsvesedr The tgetephieleetrici8d P phiyz bt lenvsited using methods
inplant step results in the generation of end of range
such af FInatlek@ation, ademis] whpah dpesiliacatgeid thppliaaxidatieh yor the like as
at or as illustrated in Fig. Sb slightly below the
knowndi@Phb o8f ABGoAMRr ARAYUS JaROLIRAERAaydNEl Sgggatérﬁﬂé Qih as polysilicon,

conprise defects such as interstitials

: it].al [ [ r ' -
s YSESC FDIR 08 AR BE O RaR ol B R staivey
... i nplanted dopant ionps.b ssisti.ng i.n the segregatio .
with resfie 35 SEpS BP Ty ap oRbedap S0l e St adinay £ Fesiek which the
al so cause transi ent enhanced difthsion of dopants
dummy gate slpcyods Beue pert ahrasplsebepsed hus i ncreasi ng
junction depth. For exanple, interstitials 765 in the
[0092]BORFig: €hisbowsrthe rdadised petttrhmgahe ghteidiadbctacayentl @randfdummy gate
subsequent |y introduced dopauts used to forma

electrod@ Ui/ girsabN FaXt&NEd Gdint @_gdhﬁﬂmﬁnght@ Qfikk i 20t € Cofventional patterning
transi ent enhanced diffusion thereof during anneal.

methoc-ié-{) A QQFIitﬁ&@iﬁé@ g?tﬂéerﬁlggsn%sﬁ%g %‘g%o si/ 0B dretgf Eaéét% sequential

pants I ncreas source/d

. extensi on regi ons 0101 vacancies in the v nc
ctehing 5t A G] B3 iobOBOH SISl ARG <TelsBiric Byt dTRRRY be used 1o
region thereby permtting superior electrical ) ) ]
define fha duramy sateotadotidht Afiss sihing 1 spmpiatl. Seplatorgsisl mask is stripped
extensi on regions in subsequent steps by creating nore
off. Adilakst latyer ef diplectdicpaaiersal éasnbseqsniy depasetes oiver the galiedtgk 820 and
transi ent enhanced diffusion. In a preferred aspect of
substrdtd180redaht 18ebodidigdtri@masdiiaivis patekieg. bBperfériting an anisotropic or
pre-anor phi zation i npl ant process can be optim zed

isotropfdI&tah phRibesd ReoEPRrSaateNsFieRs 318 2dpREIAKE BTRERYs S0Maldummy gate
to the depth of the vacancy rich regions 855. In one

electroﬁg.b oqithﬁIt t (%f%%% ﬂs@%el?s (gl SLE‘%%( ﬁa;sag% 3&1‘1{#1%? heﬁlgﬁ AP subsequent pre-

correspon S aser _
amorp 1%%8%%?% %rg{rh%gte séqrﬁ?pgélgﬁi ée Ir gﬂyd\sg; gf 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.
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in plant step, second dopant species are inplanted
into the substrate to foi msource/drain extension
regi ons 862 on opposed side of the gate st ack 840. In

[0094]Fi g{n Sh%} é}? 0 %ﬁé@z[ gz;éer:] a‘ﬁ%ﬁ&%ﬁ L@%r gg %%Ve 6 gr? Ieetjlch process that

Alternatively the source/ drai n extensi on nay aI so have
selectivyly, pmeyyesdhe i‘iﬁlﬁ@}'s%at? skstrade mateeabMhdegetﬁwel%%raale?o@@lecmc 810,
region . Preferably, the anorphous region is deeper
first off$earspadre 83@Uand dirsti dikleeiricelaséroby. edin omeagnbadphendt du. dummy gate
01031l n one enbodi nent, a PEET device is fabricated

electrod@thatdtial STALsGEnoval iy £xtedsh pdceggi ons 862 may be
tinnned by inplanting lightly doped P-type inpurity

SR o, Al e oo ' e ke BRR Heclie imaerial 830 s
deposntela Ved tfhe 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. Alteratively, 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.
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I n anot her enbodi nent, an NFET is fabricated and the
second dopant species are |lightly doped N-type
impurity ions. Non-limting exanples of N—type dopant s
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d. opant second of fset spacers 868 _are funned .
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spacers 818 as shown in Fig. 8i, thus providing a gate
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second pre- |nplant | aser step is to n1t|gate transi ent
amorplygpfimcEeplentistapsi Arrows Polalsaist theciamlniaioronf afffrédps species such as
associated wwth an end of range regi on generated by a
Ge, Si subs etfuegrs sdeeps NouAg &lrcloais o iforpl andrphdecegdina @by ontopposed sides
second vacancy rich regions 875 are aligned with the

of the 506 3tacRB40f AdesHieM rdg6Rs SEUFepRIsEHtAirdhs VRO e dMMtalne structure of
are represented in Fig. Si by dotted Ilnes

the suler@tfee&rOQkH ¥bed arﬁ d a%l?ddnﬁrplja%mPr L RRSSHpladt is commonly
e C on g

opt imzed so t l'ocation of vacancy

ns antlally natches the | ocati on of end
usedtorfe&r‘ entgg Igaé'flgﬁ?g? ons generated by the subsequent

source/drain inplant step. In one enbodi nent, the
101001 sec g&?aveﬁ?re therse- aﬁlprnnhg%aélpn prplaakgemeesulininghe 8a1er#ipn of end of range
effect and it results in the activation. of at |east
(EOR)stnfieat regionshevhsdicamdodipd rpprosipetsl e sit foorasi ilgstrated in Fig. 8h slightly
source/ extensi on regi on 862. The extent of &pant

below alod idesthi adnthd epenplsosnegidat 892 FTHEIEGR regiengYodbrikadefects such as
fluence, duration of |aser pulse and |aser nelting

1nterst1§1§m531h¥t51§tlt1§19%@5 Th ORORERAM sRNIndedil®1d B&dad&Nihey decrease the
| aser beam 870 nelts a portion of the substrate to

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
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form second vacancy rich regions 875 with a depth
denoted by the maxi mum nelting depth of the |aser.
Preferably, the maxi mum nelt depth substantially
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lfgwnﬁ ﬁoyed for exanple. [0108]As shown in Fig. 8j, the
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[0102]dur Foldovaing dep peormemhiredpm implgnasemtseetndsdangnimpneeigs are implanted
third dopant species as depicted by arrows 880 are
into the sypbstnatectd formb otfve/dsaib skieasien rdgiensd&@pors opprosed didaioi the gate stack
i nplantation step forms deep source/drain diffusion
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deeperéléa@cfﬁe S%F%Wﬁ?ﬁ} %@nsr%r@sloetaéﬁnpkaﬂt@ {ocation of an end
range region generated by the deep source/drain
[0103]| nplranne iembodinseranti RIFET desitce he dabiiicated hed Ithe avuroeldein extension
t he second vacancy rich region.. The precedi ng nay be
regionf862 evgdbeifdrhied Wby irhplantng: tipkelyddepedsPuymeimaltn ions. Non-limiting
i npl ant conditions or second pre-inplant conditions

exampRY G Pat?pé'rﬁl)ﬁdnwmt:ﬁﬂ@ BAROVEA lumtPAo! 9@!11Hu191n EnBXR QA cBRMbunds thereof.
a. PEET device is fabricated and the deép source/drain

In anot%&?&%ﬁgdn%% {J@NP@F {so aﬂgga}t%y ﬁﬂﬂ({rﬁ‘leas@&r{agd %&V%Xﬁgg%glgghtly doped

I ONnsS. I Ng exa

ants. i nc Bar on, [ 1] dlun1or ounds .
N-typeIRRRBbE opf S mm%ﬁmea%%ﬂf Nt lpnents igcinde Phesehargs, Arsenic or
and the third dopant species are heavily doped N-type

compoppgstheregt. i ons. Non-1imting exanpl es of N-type dopants
i ncl ude Phosphorus, Arsenic or conpounds thereof

[0104][ 91AleFimgplasting Hewsourdeedramnextensituc daransst semohd rodfs80€6paoérs 868 are
Fig. Sj after the dopants in the source/drain

forme(ﬁéqb@gﬁdeoﬂhe 2Rl eRIeSAUE 6 Rishoffedispatera8 B aCiHowatiadig. 8i, thus
by an anneal ing process. By way of exanple, the

pr0v1di%g %}té BQcIPRY§ %ﬁﬁllpf'@i}ﬂ I?ﬁe ate AILE gﬁ@t %{t‘f eltelf%F(;déaéw and first and

rapld t annéal’, spi ke ann
second OHLe fa spacers (i?l%e §6§)nnleh seBOR SEset 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
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[01111In the third enbodi nent of the invention

illustrated in Figs. 8a to 8j, pre-inplant |aser

irradiation processes are used to formvaciinLy rich

ons. prior,to a anor phization i npl.ant_.and

optimiggRg P i LR PR rRa " BhaBsrE Y hefFaa siapk 840. The

rich regions and. hence laser irradiation conditions
objectiygjof dhe aeqoad%%apﬁlatlh@waﬁ% &S 1o Malrgate Rt fbgnged  diffusion and

to the FOR regions generated by both inplants. In
dopantadsaoti crioo ecfioictshassdreated witht arpeed pf eangaptginn deagrated by a subsequent

irradiation steps nay be applied to create vacancy

deep sburc/dragiapiant hatcotéidgise tidedeecidSvican@ndctarggichs 5 drORligned with
defect region. it is to be appreciated that

the locBRR! bic@ésirQ([‘ a&hp stotifc%/(ﬁ’zﬁﬁ@%loﬁsswﬁi@ﬁ afel Ig?lteﬁ'&técpmtﬂflg 8i by dotted lines.

specific process flow described in relation to8a

Prefera%}l)r ? Feco! ilia_ 2)?' Fﬁ@%ﬁrl ?eg tp%@gsd {T(ﬁ)rt]ﬁm?%d §ohff1ajt Hiéel%zitf%? dfsthe second

Ion ra

the. i nventi nder st od t si ons
vacancy fich, regiops & aaﬁgﬂwt%ss ma%?éwfl& 584 R rﬁlge ﬁﬁf cgt jeglogs generated

structures and di nensions of a sem conductor structure

by the\gibsequesitidepp poused/diapginaplarinitero nlueegrmbdsimentathe sqiceml pre-implant
the scope of the included clains. Al matters

laser phictirdras ah anecadiap effocttandheresilts iothesdvtwatiomof diéeast some of the second
acconmpanyi ng drawings are to be interpreted in an

dopantl bﬂe@&%r@hhm% ERAsRE bittAstdnN @862,  Yhatextent WfaddPRst activation
is: CLAIMS I. A nmethod for fabricating a sem conductor

depen(geéﬂ eRtGOTRE 8¢ BfergP" VAL heficed WRSHOAL S 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
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form ng a gate stack over the substrate,;
performng a first |aser processing to form vacancy
rich regions within the substrate on opposing sides of

. e. ga ck e \vacanc i ch, regions hayin :
lmpla%%?o BEsERTR T h difl SREe iR GRS YRg fep sourceldrain
formn first inplant, the first inplant causin
diffusi s e SRR g e oS ertrd the 8086 (oA bctinie Sy b figand second

sides of the gate stack at a second depth fromthe
offset spacdrac®l SoB68)he Fhehddepabverceldnaen énplantadof istep treidtpti thiesgeneration of
proxi mate to the second depth. The nethod of claiml,

EOR defet edgiorse85fish atnlbcsed @pprodapitblyat @r suhigisaitedahiBig, 8i slightly
equal . 3. The nmethod of claim1l, wherein the first

below {HEFH@{H of e WReRIRI-BDIAR fe%ﬂ)nb b afl, :Icﬂfktve fod E'%ﬁnum effect from the

anor phous regions w thin the substrate.
second];)}l‘;f‘rtér&nﬁl ngn%er s%g ae?lngc ﬁotdloéf glgzlelg £5 rggger Iresr%;%'g g%nerettﬁ% by the deep

ubst.r a flrs | aser ocessi ng
Sourcefﬁlaanp dfrwi%e%lﬁa?ﬁt%r}t@ﬁyr@@ﬁ%ﬁg Whth men oL, Oétt‘n;%ts%coaﬂ vacancy rich

opposi ng sides of the gate stack, the vacancy rich

regionr eghermsetrdirigngiaa peakhisved eitheabyohnatz ecdsep source/drain implant
vacancies at a first depth froma surface of the

conditisndsit seadrel preditiplant condréorkaneh momeltipg Easanmuwaddl zat i on
i npl ant to create anorphous regions within the

[0109]SU bﬁi b BmBaliALENt PIEPRIORE 1Y fa‘b'n@@t%d Qhd tthe e ﬁ)urce/draln regions
stack, the pre arnorphlzatlon I mpl ant causi ng end of

882 mz{)fa? 4! Sr&%{i %gt 'tlﬁ }hdgpe d & @pg QH{;‘)EHM %%né gﬁggl;l%mltmg examples

of P- t%e tdb)l“:i‘an%'I bi%%ﬂl ¢ (t)r%nbe aq{s g aI glui“n 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
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wherein the first depth is proximate to the second
depth. 5. The nethod of claim4 further conprising:
formng first diffusion regi ons overlapping t he
ous r activatin nts in
on EOR dpLR Fietors P bo bl gPeeaied et FophRe TR SELes Gcamicp Bet Higied to the
the vacancy rich region reduce diffusion of the &pains
specifip pracae 9w descibed grloHon feigsria te 8j-The method of claim
1, wherein the first depth is deeper than the second
[0112] depﬁ"he preferred éieodimatinad thé irsleation ik,illvdetie¢ nf tHeanféntioh rather than
i nplant fornms diffusion regions on opposed sides of

limiting BetiRGKVentioB. 1€ BRlLhQEstOdd BlabteRiondfaad ﬁiddhﬁ(fh@loflé {8y be made to
Implant is a source/drain inplant that fool'

method? Hfa tfatly §ﬂrﬁbtﬁ1%9 hﬁ’(p SinkdAslol€ 0B Y g%fc@h&ctor%ﬁgzﬁ?e %h@ Qﬁill providing

f a|m8 urt er corrpr|S| ng activatin opant

o semifdl ﬁt"%”ﬂi‘éef%i i R g5 ol e él@d%ﬂi"ﬁeﬁéﬁcﬁ APt R -
dopants in th source/drain rein 10. The nethod of
forth hgreip % S}E‘B giappqnp@ng@géirg\y%ﬁ ageoqqﬂ?q igtezprgted in an illustrative and
sacrificial gate electrode, the sacrificial gate
non-lingitisgsensde bei ng renoved after the first |aser
processing. 11. A nmethod for fabricating a
sem conduct or device conprising: providing a
substrat e;

32



foimng a gate stack over the substrate,
perronning a :first |laser processhmto form vacancy
rich regions within the substrate on opposing sides of
the.gate stack, the vacancy rich regions having a

“ﬂthFﬁgge &pth froma surfaceyoldie sgbstrate; agd
performng a first inplant, the first inplant causing
end of range defect regi ohbA M She formed on opposi ng
sides of the gate stack at a second depth fromthe

1. Sunfetwd fof fabtieatinglastemacandud@r ddhes eranprothanf claim i i
wherein the second depth is proximate to the first
deptibing B3ubsthee; net hod of claim 11, wherein the first
dept h 3s deeper than the second depth. 121. The net hod
%rrﬁi'n%'a'@age_]stacm&eﬂhe shib\rafd; r st inmplant is an

anor phi zation inplant that forns anorphous regions

DRSS RR bRISiogh® o Sa R P Pl 3 e s on
. d.sid f K. 6.. Th hod. of
opposig sfigs Al Gig F@Flﬁttﬁﬁéagczf&fléha%ﬁr% Favige 3 Tug glenda arortace of

i nplant that fornms source/drain regions in the
the substipyst anglt e. The nethod of claim16, further
conprising activating dopants in the source/drain
rregfoonmg aviiretrigiphant Hbe &xst @splavbcaniopesd bfirangh defectaagioys to be
rich region reduce diffusion of the dopants in the
formedSEHIGPREIAE 3ides bEGk @A 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,
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iff.A method for fabricating a sem conductor device
comm si ngt providing a substrate; formng a
gate stack over the substrate, whercin the gate stack

conpri ses ficial el ect
per ’f"’g‘?rﬁ‘f’ #gea%gst?r:rftéts Ayt mtg‘a dﬁ%mgo 14.-wi n,
vacancy rich regions within the substrate on opposing

si des of the gate stack, the vacancy rich regions
haV| froma surface of the substrate,

5'theT F?i gF“g%Pgm@Fgwpﬁﬁﬁe bei ng renoved after the
f|r | aser ocessin erformn first
?Oélﬁing Hhet Q%F‘P%fegioﬂ-g?"éﬂf‘l’l’é‘%}@? Horeys Efﬁlof‘saﬁ&‘g def ect
reglons to be forned opposi ng .si des of the
st ath gt dogih Hhogie e B et a eI RSt patocs i the

subst
vacancy I‘lC[l reglon reduce diffusion of the dopants in the first diffusion region.

6. The method of claim 1, wherein the first depth is deeper than the second depth.

7. The method of claim 1, wherein the first implant forms diffusion regions on opposed

sides of the gate stack.

8. The method of claim 7, wherein the first implant is a source/drain implant that forms

source/drain regions in the substrate.

9. The method of claim 8, further comprising activating dopants in the source/drain
regions, wherein the excess vacancies in the vacancy rich region reduce diffusion of the

dopants in the source/drain regions.

10. The method of claim 1, wherein the gate stack comprises a sacrificial gate electrode,

the sacrificial gate electrode being removed after the first laser processing.

11. 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
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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.

12. The method of claim 11 wherein the second depth is proximate to the first depth.

13. The method of claim 11, wherein the first depth is deeper than the second depth.

14. The method of claim 11, wherein the first implant is an amorphization implant that

forms amorphous regions within the substrate.

15. The method of claim 11, wherein the first implant forms diffusion regions on opposed

sides of the gate stack.

16. The method of claim 15, wherein the first implant is a source/drain implant that forms

source/drain regions in the substrate.

17. The method of claim 16, further comprising activating dopants in the source/drain
regions, wherein the excess vacancies in the vacancy rich region reduce diffusion of the

dopants in the source/drain regions.

18. A method for fabricating a semiconductor device comprising:

providing a substrate;

forming a gate stack over the substrate, wherein the gate stack comprises a sacrificial
gate electrode;

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, the sacrificial gate electrode being removed after the first laser

processing; and
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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.
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