.200200750-8 Q 8 FEB 2002 CS-00-074 / Y 4 ACTI VAT%\%%&J%O%Q
THE

“JUNCTI ONS AND EXTENSI ONS. _- USI NG A SI NGLE LASER ANNEAL BA
" I NVENTIGSMO0-074) Field of the Invention The invention relates toa method of
fapri cating sem conductor structures, and nore partlcularly, to a nethod .

of forming MOS tran or al ealing in
,t’he manuf act uP‘&T&'?’Aiﬁ ntséaygt%e ?\R) Qﬁ[\{ WT@%S %}%%g:sc 4 p Ild(;&fr?of t he
“Prior Art Sub-0.1 nmicron technolo re U|res the use of abrupt, '
ul tra- shaIIOM/junctlonsUﬁ§ Qe :@%ﬂﬁgé' and for source and
drain extensions. Traditional proce55|ng approaches have used ion
inmplantation followed by rapid thernmal annealing (RTA) to activate the

i npl anted ions. However, RTA-may not be capable for sub-0.1 mcron

technol ogy because the BRCKGROUND QRFRRPIMVENTEMD-down tines are too

| arge and can cause too nuch diffusion |n the substrate. Furthernore, in
sone cases, two RTA cycles are

(1 Field of the Invention

The invention relates to a method of fabricating
semiconductof sfructures, and more particularly, to a
method of forming MOS transistofs with_shéllow junctions
using lééér'annealing in the'manufacture of an integrated

circuit device.
(2) Description of the Prior Art

Sub¥0.l micron MOS tecﬁnology requires the use of
abrupt, ultra—shailow junctions for deep source and drains
and for source and drain extensions.' Traditional
processgng'aﬁproa;hes have ﬁsed ion.implantation foilowed
by rapid thermél annealing (RTA) to activate the implanted
ions. However, RTA may not be capable for sub-Ofl micron
technology because the RTA thermal ramp-up and ramp-down
ltimes are too large and can cause too much diffusion iﬁ the

substrate. Furthermore, in some cases, two RTA cycles are



1,CS-00-074 required: one to formthe source and drain extension and one
t'o formthe deep source and drain. Several prior art approaches disclose
met hodsC3-@-47drm source and drain junctions in the manufacture of
integrated circuit devices. U S Patent-5,6998,272 to Ishida et al teaches
a method to formsalicide and deep' source-drain_  regions prior.to

sour ce- BP@RRTEY cRBF ORCOT EPFHEL £BR. SAUFSSerNddgpRrAl. eFE8RELSN 8Ndsed i h one
enbodi nrent. U.S. Patent 5,937,325 to Ishida discloses a nethod to form

si | i ci denentoafioposthat deep spuggeuandagerins deposited. A laser anneal is
performed to formsilicide. After renoving unreacted netal, an RTAis
performed to decrease the resistivity of the silicide. U S Patent
5,966,605 to Ishida teaches a nethod to activate ions in the polysilicon
gate. An i onSerplrant pirs ope kirar @ doa aheze dilse 1gaice merthoidse tos dwrere and
drain regions. A laser-anneal is performed on the polysilicon gate but the
unact i vaoeddeoRniddaradh jadinfftisms i hthes e sandir@d aif imdPqaceddn RTA is
then perfornmed to activate the source and drain ions. US. Patent

5,770, 484 dwiZhary itlesal tamd Watedaisrdod, Bl Ha sHivaYarmzaki et al

disclose,nethods to formthin film _
teaches a method to form salicide and deep source-drain
regions pricr to source-drain extension formation. A laser
doping_proéeés is”uéed in one emb§diment. U.S. Patent
5,937,325 to Ishida discloses a method to form silicide on
an MOS gate;. A titanium layei is depésitéd. A laser |
anneal is performéd to form silicide.' After reﬁbving
unreacted meta;, an RTA is'pérformed to decrease the
resistivity of the silicide. U.S. Patent 5,966,605 tQ'
Ishida teaches almethod to activate ions in the polysilicon 
gate. An ion implant is performéd to dope the gate and the
source and drain regiohs._ A laser'anneél is peﬁformed ;n
‘the polysilicon éate but the unactivated ions do not
diffusetin the source and drain regions. An RTA is then
performed to aétivate the source and drain ions. U.S.
Patent 5,770,486 to Zhang et al and U.S. Patent 5,891,766
to Yamazaki et al disclése methods to form thin film
transistors. A laser anneal is used on the lightly doéed

drain (LDD) region. Related U.S. Patent Application Serial

™~



transistors. A laser anneal is used on the lightly doped drain (LDD)
region. Related U S. Patent Application Serial CS-00-074 Nunber 09/6. 14557
(CS-00-&ad-#Q4) to Y.F. Chong et al filed ..on July-12, 2000, discloses a
method to formtransistors wherein a pre-anorphization inplant and a | aser
“anneal are used in conjunction with a spacer overetch. SUMVARY OF THE
I"NVENT| inBe pr 00¢Epak 5abjiest-00f 003¢ Ofrdes &t Yi.ifueGhiony e @3 filed dée~an
effective and very mar.ufacturable nethod to form .MOS transistors in the
manuf ackyr gudly anr,i n0eY:,atad cliosels ta nbeticze LA ot heranstijsectrof t he
present’ invention is to attain - excellent doping profile and activation

cont r ol yh@kelht 12 p rENAMCPYHIGTER NGt d eNsli e alttheddepsour ce and
drain junctlons X yet further obj ect of the present invention is to :

repl ace f%gurtnher hey el anneal, (JRTA) asddaptdiedidh, | aser annealing. A

still yet bject of the present inventionis to |nprove dopant
profile control by using a 3.CS-00-074

SUMMARY OF THE INVENTION - ”

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

device.

A further object of the present -invention is to attain
excellent doping profile and activation control for ultra-
shallow source and drain extensions and deep source and

drain junctions.

A yet further object of the present invention is to
replace rapid thermal anneal (RTA) activation with laser

annealing.

A still yet further object of the present invention is

to improve dopant profile control by using a

[5%]



pre- anor phi zation ion inplant. and a | aser "anneal . A further object of the
present invention is to " sinultaneously activate shallow source and drain
ext ensi pgge.oANd deep source and drain junctions using a single |aser
anneal . In accordance with the objects of this invention, a new nethod of
formng MOS transistors with shallow source .and drain extensions and deep
sour ce prd-dmdirphiizatioandonn inlanarunidact Waseaf aameait.egrated ci FEhit

devi ce has been achieved. Gates are provided overlying a. sem conduct or
substrate. Each gate conprises a gate oxide |ayer overlying the

sem conduct or substrate and a polysilicon |ayer overlying the gate oxide

| ayer. Tenponarg, $HdeWaldietPasetha g i diredthivgatLso i ons are
inplanted into the exposed sem conductor substrate to forma deep

anor photg%]nlhgwnedlglg, g&ﬂm@@@m OsdlEcdeaty MR RS ed SYShst 0. form
al e source n

re-anne drain junctions. The tenporary sidewall : spacers.
p

are removed. . laons_ are. | : Y S ] ?ﬂguizg L substrate
to fOr'maancghdaﬁopgv?o%ﬁ%ér pr%?{o%glleayrérm %tthgg%%e(\%%g ant?%if nto tﬁer-shal | ow
anor phous Ieg%/ler to form pre-annealed source and drain extensions. A

cappi ng YHEt-may be deposited overlying the 4

‘In accordance with.tﬁe objects of this inventidn, a
new ﬁethéd of forming MOS tranéistors with shallow éource'
and drain extensions and deep source énd drain junctions in
the manufactﬁre of an integrated circuif'de&iqe haslbeen

" achieved. Gates are provided overlying a. semiconductor
substrate. Each gate comprises a qate pxide layer
oveflying the séﬁiconﬁuctor'subStraﬁe and a polysilicon -
layer overlying the gate_okide'layer. Temporary sidewall
spacers are formed on the.gétes. Ions are_implanted into
the exposed semiconductor substrate to form a deep
amorphogs iayer..Ions are implanted into the deep amorphous
layer to fbrm pre-annealed source and drain junctions. The
temporary sidewall spacers are removed. Ions are implanted
into the exposedlsemiconduCtor substrate to form a shallow
amorphous layer; Ions are implanted into the shallow
amorphous layer to form pre-annealed source and drain

extensions. A capping layer may be deposited overlying the



CS-00-074 sem conductor substrate and the gates to protect the _
sem conduct or substrate during irradiation. The sem conductor substrate is
i'rradi adgeghgpsth laser light to nelt the anorphous l[ayer while the
crystalline regions of the sem conductor substrate remain.in solid state.
llons in the pre-anneal ed source and drain junctions diffuse into the deep
anor phosismi eyedudbbt esipssratet BrRdpEReagaeakedo poureetantedrai n ext énsi ons
diffuse into the shallow. anorphous |ayer. The source and drain. junctions

and thesefodbR8uabdrdsabstrestenaienagl e-rbigatiansi staes are thereby
sinmul taneously formed to conplete the MOS transistors. BRI EF DESCRI PTI ON OF

THE DRAVLNGSohAuERSrasGRIR2RYENY sdh @WaRGS thr WiiRE 3 aBBLLAIighPRE of this
description, there is shown: Figs. 1 through 11 schematically illustrate in

cross- seeti onal A8RHASEA! 3hiAR LAG1RN #her eq sealqdiaent Qfhe ¢ present
i nvention. 5 %% LN 2 PTI ON'OF THE EE%EDnE!VB (NENTS ™ The
enbodi nepLs ng%gkﬁé%c‘tﬁ% 2R GALON Bl i1 n RIS selaRLe NI LG, the
formation o ransrstors wth : _ _

the pre-annealed source and drain junctions diffuse into

the deep amorphous layer while ions in the pre-annealed

source and drain extensions diffuse into the shallow

amorphous layer.  The source and drain junctions and the

source and drain extensions for the transistors are thereby

simultaneously formed to compléte the MOS transistors.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings forming a material part

of this description, there is shown:

Figs. 1 throughlll SChematically illustrate in cross-

-

- sectional representation the preferred embodiment of the

present invention.



shal l ow junctions in the manufacture of an integrated circuit device. The
source and drain extensions and. source and drain junctions are anneal ed
S|nultqggguﬁhy by a single laser anneal. It should be clear to those
experlenced in the art that the present invention can be applied and
extended wi thout deviating fromthe scope of the present invention.

Ref erri.ng now parbiSCkEBPt YoM 0OFi DHE 1PREAERREDSEMBODEMENTST 0Ss- sect i Gnhal
representation‘of the partially conpleted preferred enbodi nent of the
present invention. A .sem conductor substrate 10 is provided.- The

- sem conductor substrate 10 preferably conprises nonocrystalline silicon.

Shal I ow trengfei sabatii 88t §Sdhscidsar thaoéﬁ?@lbﬁttibﬂ ogemheonductor -
substrate 10 to define the active regions o the integrated circuit

devi ce. d.Qxi n [ | QG&l oxi dat i on
of SI|I8 %Eg{%g¥8h¥ hn?éugﬂécggrga%gbgsgg ngg%ggggéggfﬁg STIhteglons

14. 6 C300\07Ls Actignsi 3 byhga;n%n 320522 Jos SLonmRd dveryi ng the

sem co S conventi onal netho exanple a gate
di el ectric |ayer % ate QX rned overlyjng. the
seni con§AEFSH sﬁﬁgﬁfgte% 5 & Fate &jdraln SRR RCENA Wl e
and drain junctlons are annealed simultaneously by a single
laser anneal. It should be clear to those experienced in

the art that the present invention can be applied and

extended without deviating from the scope of the present .

invention.

Referring how particularly'to_Fig. 1, there is shown él
cross-sectional repreéentation of the partially completed
preferredlembodiment of the present invention. A"
semiconductbrlsubstrate 10 is provided. - The semiconductor
~substrate id preferably.Comprises mondcrystalline silicon.
Shallow't:ench isolations (STI) 14 are formed in the
semiconductor substrate 10 to define the active regions of
the integrated circuit device. Alternatively, fteld oxide
reéions, formed ﬁsing a local oxidation of silicon (LOCOS)

technique, could be used in place of the STI regions 14.



dielectric layer 18 preferably conprises silicon dioxide that may be
f-ormed by thermal oxidation or by chenical vapor deposition (CVD). The
gate di&] &chic | ayer 18 of the preferred enbodinent is formed to a

t hi ckness of between about 10 Angstronms and 150 Angstrons. .A conductive
gate layer 22.is deposited overlying the gate dielectric |ayer 18. The
conductive gaterdAyest@? gaye lgoandi 82 aspbbysedi cvarlgysg 2Redepostted
using, for exanple, a | ow pressure chem cal vapor deposition (LRPCVD)

pr ocesssembeof@igU6ti ¥abgatetkayer bg2cobavpnefienahl mettlepgesi Fed to a

t hi ckness of between about 500 Angstroms and 2,500 Angstrons. The,

conduct k¥gmgake haxSEeZalémacEE@cgqhgeélQBeCBubﬁ alsayateldxate,pakterned to
form the conductiveé gates for the transistors. The patterning step may be

perfor mfgrmébnavarlggmgeemeo@@knl%%%letmogh%tmt@a% .angeeleh ssequence:.

In this schene, a photoresist material, not shown, is. deposited
overl yi lLysi. %/ (o] s ‘rv] o 43 ; RhotaEsit materi al
is expogg t@%tf%:i 2 %oggh%%fggt%tbel n%& r?agsik-an% :ihen devgl oped. The :
renalnlngatpggbp%gsEsrme r@@ %H%fﬂé OX1 J%fgﬂ(g} (%ﬁﬁ%Jgél

vapor deposition (CVD). The gate dielectric~layer 18qu the

preferréd embodiment is formed to a thickness of between

about 10 Angstroms and 150 Angstroms.

JA conductive-gate la&er 22 is deéosited ove;lying the
gate dielectric layér 18. The'condﬁctiQe gatellayer 22 may
compfise a polysilicon layer 22 deposited using, for
exémple} a low—preésufe chemical vapor deposition (LPCVD)
process. The-cohductive gate layer 22 is preferably
deposited to a thickness of between about 500 Angstroms and

2,500 Angstroms.

The.condugtiQe gate layer 22 and the gate dielectric
layer 18 are patterned to form the conductive gates foi the
transistors. The patternlnq step may be performed using a
conventional photollthographlc mask and etch sequence. In
this scheme, a photoresist material, not shown, is.

deposited overlying the polysilicon layer 22. The



polysilicon layer 22 and the gate dielectric layer 18 to be selectively
etched away. The remmining photoresist layer is then stripped. Referring
nmow to K ghod, @ dielectric layer 26 is deposited overlying the

sem conductor substrate 10. and the conductive gate 22. The dielectric

| ayer 26 will be later etched to forma tenporary sidewall spacer on the
gate 22pnholbeedistenhtieibayes 2appseberabllygbenphirseshsial i con di 6xide or
silicon.nitride that is deposited bya chenical vapor deposition. (CVD)

processpafhgrfkal fakki anbayaen2@eve logepasi red remaihiingkness of between
about 280 Angstrons and 1,500 Angstrons. Referring nowto Fig. 3, the

di el ect bh%gbﬁ%@is%6 f'o§msart SRR Gl |ky WHidhed 11QwisOfRe emporary si dewal |
spacers on the gate 22. Significantl y, t he net hod of the present

Lventi gly 33520 RAGY 9204y S ELT PlaidiecddevalyeSAF /S g | Mprove

t he procCes pr e- anor extension area. This is because

t he met ho present inventiQn tion 8
CS- 00- O7% ec??ﬁiva? s © t’ﬁi“ d;lar""saty'i np an't&:s eg[?ael%ﬁ 3%{33{03,} le°“soll%;90eéﬁand drain

regi on. The second .inplant, which is perfornmed after
. 1s then stripped. : -

Referring now to Pig; 2, a dielectric layer 26 is
deposited overlying the semiconductor substrate 10 aﬁd_the
conductive éate 22. The dielectric layer 26 will be later -
etched to form a temporary sidewall spacer on the gate 22.
The dielectric leyer 26 preferably comprises silicon
dioxide or silieon nitride that is deposited.by'a.chemical
vapor deposition (CVDs.ﬁrocese.'_The dielectric 1ayer 26 is
deposited te a thickness of'beﬁween about 200 Angstroms and

1,500 Angstroms.

Re@erring now to Fig. 3, ﬁhe dielectric layer 26 is
anlsotroplcally etched to form temporary sidewall spacers
26 on the gate 22. Significantly, the method of the
present invention does hot require over etching of the
sidewall spacere to improve the process margin for the
pre—~amorphized extension area. This is because the method

of the present invention uses two, separate amorphization



the sidewall spacers 26 are renoved, pre-anorphizes the extension regions.
Referring nowto Fig. 4, an inportant step in the nethod of the present
FnventiqQnis,illustrated. ions are inplanted 30 into the exposed
sem.conductor substrate 10 to form a deep anorphous layer 38 in the

sem conductor substrate 10. Preferably, Si, Ge, or :Ar ions are .inplanted

to breajnbppihése bpréesrapget omgigat epaenamoepliskakl tne souragoapbols™
- silicon layer in. the sem conductor substrate 10. By carefully selecting

the “B'@Pélﬂfréeﬁohon TE@esebHHHaﬂhﬁlhﬁE deagchand pberbwpbankakieen energy, ...
a deep anorphols | ayer 38 can be created. The anor phous | ayer 38 so :

forned tﬁecg%&%ﬁgiltg EQSFFrQ%eQEe'Q%ﬁBVEQn B%%aﬂﬁ%rbhlz%%hhﬂbts a | ower

mel ting poin an cr sta i ne or ycrystalline silicon. The ion

i mpl ant a an annrphous | ayer 34 in the exposed :
'pon5|I?%%% gggrkgglggﬁe ion inplantation 30 is preferably perforned at. an
ener gy of betmeen about 10 KeV and 50 KeV and a dosage of between about
1x1014 atoms /cm and | x| 0l6atoms/cm . The deep 9 CS-00-074 anorphous’

| ayer 38 has_a depth of between about 300 Aantrons and 1, ?90 Angstrons.
Referring now to Fig. 4, an important step in the

method of the present anenﬁion is illustrated. Ions are
implanted 30 into tﬁe exposed semiconductor substrate 10 to
form a deep amorphoué-Layer 38 in thé semiconductor
substrate’ld. 'éreferabiy,-Si, Ge, or Ar ions are implanted
to break lattice bOnaé and to create a non-crystalline or
amorﬁhbus silicon.layer in the semicoﬁductor substrate 10.
By caréfully selecting tﬁe Qéight of the ion( the
implantation dose, ana the implantaﬁion energy, a deep’
'amqrphous layer 38 can be created. The émorphous layer 38
lso formed is critical to the present'invention'bécause it
exhibits a lower melting point than crystalline or
polycrys;alline éilicon. The ion implantation 30 also forms

an amgrphous'laye: 34 in the exposed polysilicon layer 22.

The ion implantation 30 is preferably performed at an
energy of between about 10 KeV and 50 KeV and a dosage of

between about 1x10'! atoms/cm® and 1x10'° atoms/cm®. The deep



Referring now to Fig. 5 an.inportant feature of the present invention is
. illustrated. lons are inplanted 50 into the deep anorphous |ayer 38 to
forn1pqﬁ;ﬁﬂﬁgaled source and drain junctions.54 in the anorphous | ayer 38.
These. heavily doped junctions 54 will |ater be annealed.. to formthe
source and drain junctions of the transistor. Note -.also that the

i npl ant ahbBProhor MByerheavhhy dopegthuset baaweeh8abbuthaoanor phous™[ayer 34
of the gate. Preferably,. B+, BF,,"', As, or P+ ions are inplanted at an-

ener gy fhqbet¥renanabeybod KaYsardmadQ KeV and a dose of between about .
1x1015 afons/cnR- and 3x1016 atons/cnR. The pre-anneal ed source and drain

junctions 54 so forned have a depth of between about 200. Angstrons and
1,400 Angstrons. Referring nowto Fig. 6, an inportant feature of the

present, i nveﬁgkggﬁgﬁlgs R%W”toT@‘?..gt ERPOrAr ¥ 1S %lf‘les f%%g%g]ezglfggh%r e-r ermvéd'.

The presence o enporary Si'dewdl I~ Spacers the deep
anor phous | ayer .38 and pr.e-anneal.ed sour and drain..unctj 54 to be

f or ned. pr?ﬁg%ger’rﬁ\yflnt&lp % He -tlg‘ﬁﬁ“osrtfﬁ;es@# dgev?/é'\sl -asrpeaclén:}sl eé:{ %{q?li' s 10
c.S-00-Q71 point facilitates the fcwr;gion f the shallo %ynrphous | ayer
and the1pFe- Ehreos® SPOSROYIfs tayer 38 to form pre-annealed = T -.

__source-and drain junctioné.54 in the amorphous layer 38.
Theée_heavily doped junctions 54 will later be annealed. to
form the sourcé and drain junctions of the transistbr.'Note
also thaf the imﬁlahtation_f6£ms é heavily doped junction
S8 in the amorphous layer 34 of the gate. Preferably, BY,
BF:", As", or p* ions.are implanted at an:energy of Eetween
about 2 KeV and 30 KeV and a doée of betweén about 1x10%°
atoms/cn?® and 3x10'6 atoms/cm?. fhe pre-annealed source and
drain ﬁﬁhctions 54 so formed have a depth of between about

200 Angstroms and 1,400 Angstroms.

Regerr;ng néw to.fig; 6, an important feature of the
present,invent?on is shown. The temporary sidewall spacers
26 are removed. The presence of the temporary sidewall
spacers 26 has enabled the deep amorphous layer 38 and
pre-annealed source and drain junctions 54 to be formed..

The removal of the temporary sidewall spacers 26 at this



Referring nowto Fig. 7, another inportant feature of the present
invention is shown. lons are inplanted 70 into the exposed sem conduct or
substratsodfrst o forma shall ow anorphous layer 74 in the sen conduct or
substrate 10. Preferably, Si, Ge, or Ar ions are inplanted to break
lattice bonds and to create a non-crystalline or anorphous sil.icon |ayer
in the genntofdgdildrtadiglss tubet e dinaByorcaafefurly shed|laxw iarpaiougki ghit "of t he
ion, the ‘inplantation dose, and the inplantation energy, a shall ow

anor phola yleay end/ 4 hearp dee- aoresd Jogt vettteregiarid r a- shal l ow depth suitable for
an extension. The shall ow anorphous. |layer 74 .so fornmed is critical to the
present invention because it exhibits a lower nelting point than
crystalline or polycrystalline silicon. The ion inplantation 70 is

preferably peidurlth@tindh t8NELQY Pf HebtREn aRseitanKereandrdOoKeV and a
dosage of .between about 1x1014 atons/cm and | x1016 atonms/cm . The

o0 oy s 0, 8258 IRBLY. kb, e Tiape,JBOT0 MREk! O U,
Sinto the,ghal l ov 8oL BROUSH4GYEL r "$ub9e QLD P6C:8NPERLCY SRYY E8w

amorphous layer 74 iﬂ the_semicondﬁctor substrate 10.
Preferably, Si, Ge, orxr Ar ions are implanted-to break
lattice bdnds and to Ccreate a non%crystalline.or.amorphoué
sili;on layer in_the semiconductor substrate 10.
By'caréfully seleétiﬁg-the weight'of'the ion, the
_implantation dose, ahd the impléntation energy, a shailow

. amorphous'layer 74 can be created with an ultfavshallow
depth.suitable for_an.extenéion. The shallo& amorphog§;
layer.74 éo:formed'is critical to the present in;eﬁtion'
because it exhibits a lower melting point than crystaliiné

or polycrystalline silicon.

The ion.implantation 7Q is preferably performed at an
energy of between about 3 KeV and 30 KeV and a dosage of
‘between about 1x10! atoms/cm® and 1x10'® atoms/cm®. The
shaliow amorphous layer 74 ha$ a depth of between about 100

Angstroms and 600 Angstroms.



and drain extensions 84. The pre-anneal ed source and drain extensions 84
so fornmed are self-aligned to the gate 22 of the transistor. Note that the
pr e- anne@o’ds Sour ce and drain extensions-84 are very shallow Preferably,
B+, .BF24, As', or P ions are inplanted at an ultra-low inplant, energy

of between about 0.1 KeV and 10 KeV and a dose of between about 5x1014
atonms/ cm  ankl ledPilibg atowst c nPig The, pienanaeel tuplantede8@ninteai n™
extensions 84 so formed have a depth of between about 40 Angstrons and 500
Angst r ofke SeA ELOWNgmaoPhdos FLgyed, 7antbnpornaptrefeahendedf sbhecepr esent

i nvention is.shown. A capping |layer 90 may be deposited overlying the

sem congHgt @rasHbektaheidfisansd.t hehegpire-3dnedledcappireg bagedr8@ni s
optional to the present invention. If used, the capping |ayer 90 controls -

the tegpeeakybasdbst sbbebiRBAPESE ke1&ckhas neaetalhheoaadureagofthe
subsequent | aser anneal. The capping | ayer must conprise material that

has a highe gl E%Q%ﬁgOINBLEh%R tsth'C%Qéﬂ%nEQ%ﬁe sWleen@lhgrel t during

the | asér anfhear cappi ng ayer protects the silicon surface by
2CLIN9 33,8 Dl et usen. (e S L e WR AN b1 47,5 00-074
As*, or P* ions are implanted at an ultra-low implant energy

of between about 0.1 KeV and 10 KeV and a dose of between

about 5xio“_etems/cm2 and ixlolsatoms/cmz._ The pre-anneéled
source and-drain;extensions 84”50 formed have a depth of

between about 40 Angstroms and 500 Ahgstrehs.

Referring now to Fig. 9; en important'featute of.the.
present invention is_éhewn. A capping layer 90‘mey be
deposited overlying the semiconductor Substrate 10 and'the
.gate'22. The capping layer 90 is optional to the present
invention. If used, the capping layer 90 controis the
temperature dlstrlbutlon proflle across the 31llcon during
the subsequent laser anneal. The capping layer 90 must
comprise material that has a higher melting point than
silicon so that it will not melt during the laser anneal.

The capping layer 90 protects the silicon surface by acting

as a barrier between the silicon and the ambient. In



| aser light to the underlying sem conductor substrate 10.. The capping

| ayer 90 preferably conprises W=~a, TiN, or TaN. Qther. comon netal
oxidEé&._ 4netal nitrides may also be used for. the capping | ayer 90..The
t hi ckihess of the capping. |layer 90 can be selected to control the
tenperature profile across the silicon. In this preferred enbodi ment, the

bappiQQdk@YéhhgghéscgﬁﬁQﬁbtQQyEQ §0tHLSEn€§§n9&iEeEﬂéeﬂerQQEEeéohAﬁgStrO”B
and 500 Angstrons. Referring howto Fig. 10, an inportant feature of the :

Pfesemssgevs@{;hentbsthu HALER §dng TBENTEBhARBAE! ShosPuBBLI 20 10 1S
irradiated wth laser "Light 100. "This irradiation causes the silicon in
t he deep anorphous layer 38 and in the.shallow anmorphous |ayer 74 to nelt..
The inplanted ions in the pre-anneal ed source and drain .junctions 54
diffuse in t he dee nmor phqaus | ayer .. Meanwhil e, igns [n the
pre-annealg§e58ﬁpgén§ngagﬁgi%% Q%Féﬁfﬁgﬁg §9NRILPESe " rit8t RéNshal | ow
anmor phous layer 74. In this way, the source and_drain junctions 104 and
the S&uréd-anQtarZi FOBTCENTRSRS PHFAIRS aRe™erhs PdtEidgSe™aNor med
simul taneously. Only one |aser anneal 100 is required-to drive in and to
act i valep&en uske $o¥ Cacak@redran1eyer &lai Fhe Endckoess10f &8¢ the source
and drai n extensions : ' '
- capping layer 90 can be selected to control the temperature
‘profile across the silicon. In this preferred embodiment,
the capping layer 90 is deposited to a thickness cf between

about 50 Angstroms and 500 Angstroms.

Referring now to_Fig. lb, an important feature oﬁ the
present invention ié iilustrated. The semiconductor
Substréte 10 is irradiated with laser light 100. This
irradiation causes the silicon in the deep  amorphous layer
38 and in the shallow amorphous layer 74 td méit; Tﬁe
implanted ions in the pré¥annéaled source and drain

~Junctions ?4 difﬁuée into the deep amorphoué layer-38;
Meanwhi;e,;ions in the pre-annealed source and drain
extensions 84 diffuse inte the shallow amorphous layer 74.
Iﬁ this way, the source and drain junctions 104 and the
source and drain extensions 108 for the transistor are
_formed simultaneously. Only.one-laser anneai 100 is

required to drive in and to activate both the source and



108. Note that the laser irradiation 100 al so causes ions in t he. heavi.ly
doped-region 58 of the gate 22 to diffuse and to form.a. heavily doped

]unctkggo%%g in. the gate. The laser light fluence is carefully controlled
SO the tenperature of the silicon only rises sufficiently to, melt

the deep anor phous |ayer 38 and the shal |l ow anorphous |ayer-74.in the

sili C%axﬁh?xﬁi&é&dﬂs ey MY i 19 & 'én‘bo%ﬂa'lnt ke 3G GRductor
substrate 10 bel ow the anorphous |l ayers 38 and 74 does not nelt. The

d gi f f d h
~ dopanty ol gl ahdS deierelale diudieat iy W RIYY Wgeiaided - amor phous

It e necessary melt a portion of the

cryst | ] 0 th ou in order to
corrpl [l‘ lﬂ'?e Afi lrﬂh&gea#m es%l%guiéezoéléb %r‘?eetp ?J%raﬂ:(?réfﬁéz% S%n i npl ant s
30 and 7 is therefore possible to cre g, very shal | ow, yet very

abr upt@™? u’?‘n%t?%ﬁ% %?‘Faa‘ﬁ’dw ‘Fh@’}ﬁ"gﬁ"} 1Yyridwis d¥Ety of the -
anmor phous silicon |ayers 38 and 74 enables the silicon to re-crystallize
fromthe underlying sem conductor substrate 10. Finally, the anorphous
layer 34 of the gate re-crystallizes fromthe underlying polysilicon

| ayer 22 anBheetases hightyElyenes|inecargirlly monteokigdtse | | zatlon
Addi ti onal anneal irng of residual 14

that the temperature of the silicon only rises squlclently
to mélt the deep amorbhous ;ayer 38 and the shallow
amorphous layer 74 in the gilicon. The bulk éf the
crystalline silicon in the semiconductor éubstrate 10 below
thé amorphous layers 38 and 74 does not melt. The depant
diffusion is ﬁherefore limited to the preViously'defined
amorpﬁous layers 38 and 74. Hdwever, i1t may be necessary
to melt a portion of tﬂe crystalline substrate that is
-adjaCent-tb the amorphous layer in order to completely
anneal the damages caused by the pre-émorphization implants
30 and 70. It_is therefore possible to'create véry snallow,
yet very abrupt, jﬁnctions. In éddition, the high fe—
growth_veipcity of the amorphous silicon layers 38 and 74
enables the siliéon to re-crystallize from the underlying
semiconductor substraté'lo. Finally, the amorphous layer
34 of the gate re-crystallizes from the underlying
polysilicon layer 22 and becomes a polycrystalline layer

upon re-crystallization. Additional annealing of residual

14



CS-00-071 defects.(if any) is also provided during the subsequent
silicidation process. The laser |ight 100 wavel ength is preferably between
about hogponmeters and 308 nanoneters. The laser light 100 fluence is
controlled between about 0.1 Joules /CM2 and 1.5 Joul es/cnR. The source
and drain junctions 104 so fornmed have a depth of between about 300

CAngstr ofsradis i 500n WS4 I DBo apdoai geacent L Ay i e osubséqeent about T x1018
atons/ cnB and 6x10° atons/cnB. The source and drain extensions .108 so

formed dave- fqepdbh pfobesyeen about 100 Angstrons and 600 Angstronms and a
concentration of between about 1x1018 atons/cnB and 6x102, atons/cnB.- An
i nportant feature of the present invention is that the source and drain
ext ensi ons have not been annealed wuntil this step. Since the silicon has

ot 1 nba whi | ERBoF Ao TRo aihs LORcE TR ARI T A2 ChalTon A ererans e

ep junctions a allow éxtensions are

| ed ' d i iinal . [ Fi,g.11, th
Cappi ng"PaYET 190" RAOMEN 5o 2R anagBd CACBEF SERent " AASH S9Rer 120 may

be Tored, £0,2K041 98 BLRIYLNY B QLSO A8 3 BRIRWent 1R

1.5 Joules/cm’. The source and draiﬁ junctions 104 so
formed have a depth of beﬁween about 300 Angstfoms and _
1,500 Angstroms and a concentration of between about 1x10@
atoms/cm® and 6x10%° atoms/cm®. The source and drain
éxtengions 108 S§ fprmed have a depth'of between about 100

Angstroms and 600 Angstroms and a concentration of between

about 1x10'® atoms/crm® and 6x102° atoms/cm’.

An imporﬁant feature of the preseﬁt invention is that
the source and dréin exténsions have not been annegled
until this step. Since the silicon has béen pre-amorphized
to two Q§fferent‘depths, ﬁhe final junction depths are
defined_?hile both the deep junctions and the shailow

extensions are annealed or activated in a single step.

Referring now to Fig. 11, the capping layer 90 may now
be removed. A permanent sidewall spacer 120 may be formed

to provide bridging protection during a subsequent



CS-00-Q74 silicidation process. The manufacture of the MOS transi stor
device may then be conpleted using conventional. neans. The pernanent

-S|dew§6 pacers 120 may conprise, for exanple, silicon dioxide (Si02) or
si licon n|tr|de (Si3N4). The advantages of the present invention may now be
enumerated. First, a nmethod for formng abrupt, ultra-shallow-source and

~drai ng £x{ &01¢4 ©\n %‘Po@@@é’ SP4E GRan @RSl A Mot W R ham deanachi eved.

Preci se control of" doping proflle and activation i1s denonstrated by the

mbi Th th f
tC\?\D I@é‘;ieé] ng attpé |zat|@ﬁbf€% eXx e‘?‘?ﬁ‘;? coO i% r Brgin i

separate ntrol chrocess margin is
achi eved for goth source ang%graln %unctlons nd the t ensi ons.
S

. Si de F?agﬁa e?18$%$fetiﬁ?h%r? t™héc %@%f§5e¢6 LhowPT#r-$ he preferred

enbodlggnts t he resent i nvention provides a verﬁ manuf act ur abl e process
8l

for. FRPRgIRRS ??aﬁ%?@tkonkﬁﬁ%ﬁ§?MtW? t{SisHal t ow junctions in an

integrated circuit device. The use of a Iaser anneal to selectively nelt
only the anorphized or damaged silicon enables careful.-control of

i npl ant ed dopant diffusion. Deep source and drain junctions-and. shallow 16
The advantages of the present invention may now be

enumerated. First}-a method fqr forming abrupt,
ultra-shallow source and drain e#tensions and deep source
and drain junctions has been achieved. Preciee contrel.of
doping profile and activation is demonstrated by the
combination of a pre-amorphizatioﬁ and laser annealing.
Through the ese of twe, separate amorpﬁizaéion steps,
excellent controlland process margin is achieved for beth )
the source and drain juhctions and the extensions.

- Sidewall spacer over etching is not necessary.

As shown in the preferred embodiments, the present
invention provides'a very_manufacturable process for
forming.M6$ transietor device with abrupt, shallow
junctions in an ietegrated circuit device. The use of a
laser anneal to selectively mel; ont? the amorphized or
damaged silicon enébles careful--.control of implanted dopant

diffusion. Deep source and drain junctions and shallow

16



CS-00-074 source and drain extensions for sub-0.1 micron devices can be
activated and diffused using a single |laser anneal. Wile the invention has
been patg-peorsarl y shown and described with reference to the preferred
enbodi nents thereof, it will be understood by those skilled in the art
t-hat various changes in formand details nmay be made - without-departing
from t heoaptei andndratapexeknsiensi foentsubr0 . \lhati cieonc Haivieedsi £anl7 "~
CS-00-074 1. Anethod to form MOS transistors in the manufacture of an

i nt egr abedaekh GHitbdd@WHCa i EFMRlkdS uREngP20\WidigN@ qaRrdwClnvneagat es overlying
a sem conductor substrate; 5 formng tenporary sidewall spacers on said .
gates; thereafter inplanting ions into exposed said sem conductor
substrate to forma first anorphous layer having a first depth; thereafter
i npl anting i in sai.d first rphous . .10 .1 ayer .to form pre;anneal ed
source and d%&ﬁ%ej &%@t ﬁgg’f;ntﬁ%nerq’ea It%reére r r?&%lr??is?éi*& tsélr?ﬁg“r aarnycl si dewal |

SPACer S yescribed with reference to the preferred embodiments
thereof, it will be understood by those skilied-in the art
that various changes in form and details may be made
without-depérting from the épirit and scope of the

invention.

What is claimed is:



thereafter inplanting ions into exposed said sem conductor substrate to
forma second anor phous | ayer having a second depth shallower than said

.firgkmg%pth; 15 thereafter inplanting ions into said second anor phous
Ia§ rto form pre-anneal ed source and drain extensions; and thereafter
I rradi ati ng said sem conductor substrate with laser light to nmelt_said

first and SeqERdATRPRHUS MY it L1KOLAL kRuiragkans B Sai d

sem conduct or -20 substrate remain in so state to thereby se ions in

m condlict or 20 S refain in solld state 1o therel o
ayer ol hRaied Koreoit Sathte AR 2 2 ext ensi ons 1t 0 sai d

second anor phous | ayer and, ta conplete formation of said transi stors.
T4 11111111 BEOUMENE CONCPGHYE BareS ORI SEMEREGHEERT accor di g

to daim1l further conprising depositing a capping |ayer overlying said
seni cond@RRYTa%]strate and said conductive gates after said step of
i mplanting ions into said second.annrgfous | ayer to form5. pre-anneal ed

sou¥ ce and drEPFENd SFRIMRMER BN HigWr el sIRarFe st it of2iG radhieftyi ng wherein :
sai d capping |layer protects said sem conductor substrate during said step
of the:eafter.implanting ions into exposed said
semiconductor Substrate to form a first amorphous léyer
having a first depth; |
| thereaftef.implanting ions intd said firsﬁ amorphous
10 iayer to.form_pre—annealed source and dfain jgﬁctions:_
thereafter removing'said'teﬁﬁorary sidewall spacgrs;
thereafter'implanting ions into exposed.said
semiconductor substrate_to form a second amorphous layer
haviqg alsecond deptﬁ shalloWer than said_firét depth;
15 ' thereafter implanting ions-into said secgnd amorphoué
layer to form pre-annealed source énd dfain_extensions; and
thereafter irradiating said semiconductor-substrate.
with laser light to melt said first and second amorphous
layers,%hile crystélline regions of said semiconductor
20 substrate remaiﬁ in solid state to thereby diffuse ions in
said ére—annealed source and drain junctions into said
first amorphous layer and to diffuse ions in said souzrce
and dréin extensions into said second amorphous layer and

to complete formation of said MOS transistors.

T
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irradiating. 3. The method according to Caim2 wherein said
conprises one of the group of: W Ta, TiN *TaN, netal oxide,

capping |ayer
and net al

nitricgee-0s+ The method according to Claim1 further conprising formng
permanent sidewal|l spacers on said conductive gates after said step of

rradiating. 5. The nethod according to Claim1 wherein said
irradiating is perforned using a laser light wiwth a fluence
about 0.1 Joules/cn2 and 1.5 Joules/cn2 and a wavel ength of

step of
of between
bet ween about

157 nanonet ers, ARtk 3% HdEi@reo ¢ldim! 1l fbithds IddogtidingM IITIT11]
19 CS-00-074 6. The nmethod according to Claim1 wherein said step of

a0t 400 e £rOBRRgaL & SETCoRaEd ol sutsianl ondgeborn 2 {11

anor phous Tayer ng one o

group.of: S

i, Ge, and Ar

B R e It T

implanting ions into said second'amorphous layer to form'z

5 pre-annealed source and drain extensions and before said

step of irradiating wherein said capping layer protects

said semiconductor substrate during said step of

~irradiating.

3. The method according to Claim 2 wherein said capping

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

oxide, and metal nitride.

4. The method accbrding to Claim 1 further comprising

forming permanent sidewall spacers on said conductive gates

.~

after said step of irradiating. o

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

irradiating is performed using a laser light with a fluence

of between about 0.1 Joules/cm® and 1.5 Joules/cm? and a

wavelength of between about 157 nanometers and 308

5 nanometers.

| /{I[/[!////IL//II!////ISII///II/



atoms/cm . 7. The method according to Claim1 wherein said step. of

Lmpl anting ions into exposed said sem conductor substrate to forma second
anor plRays74 ayer conprises inplanting one. of the group of: Si, Ge, and Ar
wherein said inplantation 5 perfornmed at an energy of between about 3 KeV
and 30 KeV and a dosage of between about 1x1014 atonms/cm and 1x1016
atons/cm .6 8ThA methed tecbadinyOBot CArdns tlomhere ithasaitansftapt wfe of ~ . an
Jintegrated circuit devi ce conprising: providing conductive gates. overlying

a sem condygl pLy ¢ S4 Siéﬁéeméofékﬁwgdtggper atyisbAguat brspasst sa08 said
conductive 'gates; 111171 1111UP 11111111 CL MS 20

CS-(Ga-074 ¢ t ! t
Co 0 0T hereali sl rs%aﬁ%?%ﬂéﬁgsﬁégw Eéﬁ‘@??ge@a#“?é?ﬁg‘éﬁﬁﬂ%e?éi A
d .th Ge d.,A Lh ft
T SRR 3p0E 54 e Gy BRDyB el oFu 308 Shatiggenrter

5 performed at an energy of between about 10 KeV and 50 KeV.

and a dosage of between about 1x10! atoms/cm® and 1x10%®

: 2
atoms/cm“.

7. The method according to Claim 1l wherein said steé.of _
implanting ions into exposed said semicoﬁductof_subsﬁrate
to form a second amorphous layer comprises implanting one
of the group of: Si, Ge, and Ar wherein said.implahtation
5 performed at an energy of betwéeﬁ-about 3 KeV and 30.KeV__.

and a dosage of between about 1x10 atoms/cm® and 1x10%S

atoms/cm®.

8. A method to form MOS transistors in the manufacture of
. an ihpegrated circuit device comprising:
providing conductive gates overlying a semiconductor

substrate;

forming temporary sidewall spacers on said conductive

gates;

_
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| ayer to form pre-anneal ed source and drain junctions; thereafter renoving
said tenporary sidewall spacers; thereafter inplanting ions into exposed
sai d ¢kSeseam conduct or substrate to forma second anorphous |ayer having a
second depth shallower than said first depth wherein said ions conprise
one of the group of: Si, Ge, and Ar; thereafter. inplanting ions.into said
second . anor phoushe2afoyer inplént imgr teasneaktedespused aadddrain =~
extensions; thereafter depositing a capping |ayer overlying said

seni conduci&ni s9RaLERLE 3nPseahbeCceBdEskhve Gakes; arbdphbher eafeer
i rradi ati ng said sem conductor substrate wth laser light to nelt said

first a”DrHQGEﬁ%|QyEir§9ddg?tﬁahﬁe§§§9nga§60&BH@Pthﬁ%ﬁ%éwmdeedqfk%ka||ine
regions of sald sem conductor substrate remain in solid state to therehy

diffu e} ' . dapre=gann ed _source and drain junctions into said
firstfgnnrgﬁggg ?gyeﬁgﬁhﬁ é ?ghsgfﬁ sai d source and drain extensions

TR S R e
- layer to form pre-annealed source and drain junctions;
. thereafte; removing said temporary sidéwall spacers;
.thereaftér iﬁplanting ions into exposed'said
15 semiconductor substréte_tb form a éecond'amorphous layer
having a second depth shallower than said first dépth
whereiﬁ said idné éomprise éne of ﬁﬁé group of: Si, Ge, and
Ar; | | |
thereafter implanting ions into said second amorphous.
20 layer to form.pre—énnealed source aéd drain éxtensions:
thereafter dépositing a capping layer overlying said
semiconduétor substrate and said.conductive gates; and
thereafter irradiatiné said semiconductor substrate
with ;aser light to melt said first amorphous layer and
25 'said éecond amorphous_layer while crystaliine regions of
said semiconéuctor substrate remain in solid state to
thereby diffuse ions in said pre—ahnealed source and drain
junctions inté said first amorphous layer while ions in

said source and drain extensions diffuse into said second

_
iy Mt
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transi stors wherein the presence of said capping |ayer protects said _
sem conductor substrate during said irradiating. 9. The. method according
t o CC&i0f08* wherei n sai‘d capping |ayer conprises one of the group of: W
Ta,- TiN, TaN, nmetal oxide, and netal nitride.. 10. The nethod according to
Claim8 further conprising: renovin sald capplng Iayer after. said step of

i rradifat i rozRPUhekragt e3nd ordri TR jusRfersaigh NS d 5
conductive gates. 11. The met hod accordlng to C|a|n110 wherein said

per manent t ikt ¢ r s pevere tonpheé sese sercofof hea it ocgpwing SidPeand  Si 3N4
12. The method according to.C aim8 wherein said step of irradiating is

performed st os | 968d $émitondibor f suesecat of dbeingesapbout 0.1
Joules/cn2 and 1.5 Joules/cn2 and a. wavel ength of between about 157
nanonet ers; angy 808 pgnanoneters. 22 1 [~ 1~~ LI~"11 I~~L1 11"11 111" C

L MS CS—CI>074 13. " The nethod according to Caim8 wherein sald step. of

~ 9. The method according to Claim 8 wherein said capping
layer comprises one of the group of: W, Ta, TiN, TaN, metal

 oxide, and metal nitride..

10. The method acéording to Claim 8 further_comprisihg:
iremoving_said.capping layer after éaid step of:
irradiatiﬁg;_and

thereafter forming permanent sidewall épacers on said

5 conductive gates.

11. The method according to Claim 10 wherein said permanent
sidewall spacer comprises one of the group.of: Si0, and

SiiNg.

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

wavelength of between about 157 nanometers and 308

5 nanometers.
I —
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i npl anting ions into exposed said sem conductor substrate to form a deep
anor phous | ayer conprises an energy of between about 10 KeV and 50 KeV and
a dogsge-osf between 5 . about 1x1014 atons/cm and 1x1016 atonms/cm . 14.
The. met hod according to Claim8 wherein said step of inplanting ions into
exposed sai d sem conductor substrate to forma shallow anorphous |ayer
conprises.an energy of between about 3 KeV and 30 KeV and a dosageé of

bet ween 5 about 1x1014 atons/cn2 and 1x1016 atons/cm . 15. A method to form

MOS transiss Orphé métieodBaeESed i ©6 CRAihNS egh@tetncsacdi stdgvbee
conprising: providing conductive gates overlying a sem conductor

substrate;; ! o] I C GO gat es;
léééﬁéﬁﬁﬂggiﬁgﬁ [REY ékQ%&@& s§P& 8L LOndaLEoS08HYEE kX Ee

t hereafter s into exposed said sem conductor subsfrate to.

comr i se. oné ST 0&%4’&%(’5%3:1’“?%”939%%5 agiggt;z%“?%ﬁ%?ﬁ?a%l??f

;ﬁgg;ﬁgﬁgl&l&lelea $,5%: 925 Oy La" 88" ksl LA 31090008 LALBLSA O T1rst

5 . about 1x10 atoms/cm® and 1x10'® atoms/cm®.

14. The method according to Claim 8 whereiﬁ said step of
implanting ions into exposed said sémicdnductor subétrate_
to form a shallow amorphous layer comprises an enetgy of
between about 3 KeV and 30 KeV and a dosage of betweén'

5 about 1x10%* atoms/cm?® and 1x10'® atoms/cm?.

15. A method to_fofm MOS transistors in the manufactﬁre of
an integrated circuit device comprising:
- providing conductive gates overlying a semiconductor'
- substrate;
S ' ?orming témporary sidewall spacers on said gonductive
gatesé
thereafﬁer implanting ions into exposed said
semicqnductor substrate to form a first amorphous layer
having a first depth wherein said ions compfise ohe qf the

10  group of: Si, Ge, and Ar;

.,fsz””’/f”,”’d;_

|

S s \&\\\\1\\\\}\\\§\\\“!“\*



| ayer to form pre-anneal ed source and drain junctions; thereafter renoving
.said tenporary sidewal| spacers; thereafter inplanting ions into exposed
sai deglfp-g@m conduct or substrate to forma second anorphous |ayer having a
second depth shallower than said first depth wherein said ions conprise
-one of the group of: Si, Ge, and Ar; thereafter inplanting ions into said
second -anor phoyper2@fteayémptlantdng poesaimeal e iso fics tamgodpdions
extensions; thereafter depositing a capping |ayer overlying said

~seni condughQk rS ¥Rsteghe paRd aviied 1eeN dlitiraee gt @ivaint Hemeafiloers ; _
I rradi ati ng. sai d sem conductor -substrate wth laser light to nelt said

first amor phouiscéle%%rft%'ld x%%mrg;o%%&%dcmw%ﬂ&xﬁamwg&&fwt al i ne

regions of said sem conductor substrate remain’in solid state to thereby

st amor phoud TRt (A e RS L5 i ebsdd P enstons.
LTS s RS R R RSN AP SIS, (Hud oo
o2l 0 SoPPNG L RIS PSS SR CtsllSonducter substiale: dupigo sad
wherein éaid ions comprise one of the group of: Si, Ge, and
Ar; |
thereaftef implanting ions into said.second amorphous
20 layer to form pré—annealed sOﬁpce and'dréin extensions;
thereafter depositing a capping layer overlying said
semicénductor substrate and said conductive gaﬁes;
théreaftef irradiating.said semiconductor substrate
with lasef light té melt said first amorphous layer and
25 = said second émorphous layer while crystalliné regions of
said semiconducto; substrate remain in solid state to
thereby diffuse ions in said pre-annealed source and drain
junct;ons intd sald first amorphous layer while ions in
said éourée and drain extensions diffuse into said second
30 amorphous layer and to thereby simultaneously form source
and'dfain junctions and source and drain extensions whérein
said capping iayer proﬁects said semiconductor substrate
during said irradiating;

thereafter removing said capping layer; and

24




24 11110 * L~ ~i/00 ~tvrererr t/rer/r *1r Cs-G0- 074 35 thereafter
form ng pernmanent sidewall spacers on sai:d- conductive gates to conplete

t he mgmgfacture of said MOS transistors. 16. The nethod according to Caim
15 wherein said capping |ayer conprises one of the group of: W Ta, TiN,
TaN, netal oxide, and netal nitride. 17. The met hod according.to C aim15
wher é5.-sai d permarsnttesi femlng speceanentps Ldewa bheSRACER® QR oBPISF: Si 02
and Si3N4. 18." The method according to,Claim15 wherein said step of

i rradi ati ngbnduPelForfEtesistaogcomprees thghhanifhcautéueficeaiof MO8t ween
about 0.1 Joules/cn2 and 1.5 Joules/cn2 and a wavel ength of between about

157 nanoné{géﬁ gggo?QS 5 nanoneters. 19. The nethod according to Caim15
wherein sard s?ep 0 i mpl anting ions into exposed said sem conduct or
substrate to forma deep anorphous | ayer conprises an energy of

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

oxide, and metal nitride.

17. The method according to Claim 15 wherein said permanent
sidewall spacer comprises one of thé group of: Si0; and

. SiiNg.

18. The method according to Claim 15 wherein said step of
irradiating is perﬁormed using a laser.liéht witﬁ a fluence
of between about 0.1 Joules/cm® and 1.5 Joules/cr’ and a
wavglength of betweeﬁ about 157 nanometers and 308

5 ‘nanometers.

19. Tge method according to Claim.ls wherein said step'of'
implanting iéns into.exposed séid semiconductor substrate
to form a deep amorphous layer comprises an energy of
between about-lo KeV and 50 KeV and a dosage of between

5 about 1x10'% atoms/cm® and 1x10'® atoms/cm?.
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bet ween about 10 KeV and 50 KeV and a dosage of between 5 about. 1x1014
atonms/cnm2 and 1x1016 atons/cnR2. 25 1111 i 94111111111 1111111 CS-00-074
20. Useowets hod according to Claim15. wherein said step of-- inplanting
ions into exposed said sem conductor substrate to forma shallow anmorphous
l ayer conprises an energy of between about 3 KeV and 30 KeV and a dosage
of betweer?® dfvrtmeltii@d 42 eromiiagn tcarfalalmom \aitxmixcntr:almg_uqmg_ﬁ.ﬂ
-111111111111 S 1111111 26

implanting ions into exposed said semiconductor substrate

to form a shallow amorphous layer comprises an energy of
between about 3 KeV and 30 KeV and a dosage of between

5 about 1x10'* atoms/cm® and 1x10'° atoms/cm®.
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