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There are, however, disadvantages attendant upon employing SOI substrates in fabricating
semiconductor devices. A notable disadvantage is what is referred to as "floating body effects”. For example, it
takes a considerable period of time for an ejected charge to leak out. As a result, transient bipolar effects can
occur wherein a parasitic bypolar transistor turns on parallel to the MOSFET. In addition, hysteresis effects can
occur.

There exists a need for efficient methodology to fabricate semiconductor devices having accurate ultra-

shallow junctions. There also exists a need for efficient methodology to fabricate semiconductor devices having

accurate ultra-shallow junctions based upon SOI substrates without floating body effects.
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way of illustration of the best mode contemplated for carrying out the present invention. As will be realized, the

present invention is capable of other and different embodiments, and its several details are capable of
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Embodiments of the present invention include forming a gate electrode structure on the upper
crystalline silicon layer of an SOI substrate and then ion implanting Xe to amorphize the upper silicon layer
down to the buried insulating layer, as by ion implanting Xe at an implantation dosage of about 1 x 10" to about
5 x 10" ions/cm’® and an implantation energy of about 1 KeV to about 200 KeV, e.g., about 10 KeV to about 130
KeV.

A method in accordance with an embodiment with the present invention is schematically illustrated in
Figs. 1 through 4 wherein similar features or elements are denoted by similar reference numerals. An SOI

substrate 101 is formed comprising substrate 10, buried insulation layer 11, such as silicon oxide, and an upper
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dopant ion implantation to form source/drain extension implants. Embodiments of the present invention include
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formthe source/drain regions prior to formng the source/drain extensions.
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sem conductor devices. The present invention is particularly applicable to
manuf acturi ng sem conduct or devices having subm cron features. In the
previ ous wessnisus on, numerous specific details are set f@arysosuesh7 as
specific materials, structures, chemcals, processes, etc., to provide a
better understandi ng of the present invention. However, the present
invention can be practiced without reéeaMy ng to the details specifically
set forth. In other instances, well known processing and naterials have
not beeWHdSEECLABEER I¥: detail in order not to unnecessarily obscure the

present |, invanﬁeh@mefngnlhfyct&,mgam&f)ﬁfu&&@emmtcomnswe present invention
and but a fe its v rsati shown and described in the

present disc 6'5‘%%?]“’?? o ?S‘fabor é))LfH&CéLF% é%‘ifmﬂ’ﬂ%'}g the present invention is

capabl e of us®werisiicoresubsgats (10 her conbi nati ons and environnents and i s

capabl e of c@mggﬁlw@aﬁmgﬁm{mmwe%b%mw L4i n the scope of the inventive
concept as disclosed herein. /012844 PCT/ US02/ 10827 CLAIMS WHAT IS

CLAIMED | S: 1! “pﬂ?rﬂféfrﬁ’f)ﬂys&“‘"ﬁﬂh‘iﬁf&@i‘fj‘r"iled@“]ém@éﬂf onduct or device, the method
conpri si ng: 10f101’1p13nﬁ@ (&5)gérdoh CENinOIMhel ufsetl Isitito@Nay(rS61D) foitr dd @noplous region (12A)

(101) CO[’EQ{]fn%Ju in ﬁoerA’\{ﬁagerﬁhrhl:e tQVOaréHp?kae(?ﬁ)gﬂ# Jrg%yer ?abu” ed insul ating [ayer

(11) on the su [line silicon (12) on
the insul ati WQ‘WF&‘V’E‘Fg (2(?)6?Pal‘tr‘r‘ﬁll’“z§.'ﬁ‘ts “higr ?We/%@hﬁiﬁené‘%é‘)“l’iaﬁf ydppEeedper sili con
| ayer t gnplahid)and Or m an anor phous regl on (12A) therein ext endl ng from an

upper Surface nE:a mg tto act vztle shallljorwI s(c:’)‘l(ljrceI diRfex c%s!lon?gl?%ggou{cg'/%r)afnr s ?an@ntl ng (20)
dopant |rrpur| For m sourcel drai nsion | nplants a Sour ce/ dr ai n

i npl ant SWSt@Wdthanm@mOnggl?rdl%tl vat e shal | ow source/ drai n extensions (21)
and source/drain regi ons (41) and to crystallize the anorphous region
(12B). Th cor claim1l1, conprising: ion inplanting (15)
Xe at a% |rrpﬁ%?ﬁ?eélf°86‘i‘i°§18§%?§é“ ok C%’H’S“flg 1 x 1014 to about 5 x 1014 ions/cn2
and an i npl @niretdnore (&7 e gyan ofplaboen dogied@ waubl a b abs8 0 xKeViongerd amhmeal i ng

at a temﬁarn@gd,;regergiofQQMK@QQQOEtQS@qungGSOC to actl vate the source/drain
extensions (21) . and source/drain re f} %] to re% stalllz%ethe

anor phous re@‘l"&ﬁﬁ‘"%??%}“per%‘“reﬁféo%éqoh% a%"(‘:‘b%s i:f“faée ‘Eﬁ SQITHY 20 SR
f or m ngami sgadedradl regiéns Gd R arfdiedeoysailizt the aqpeus redidni(E28) | ayer (12) with a gate
insulating |ayer (13) therebetween; ion inplanting dopant inpurities into

t he anmog phoughd et BechBing Bcint h@onﬁﬁ'ﬂﬁé}e/ drain extension inplants;
annealing to_activate the source/

rain extension nd tor crystalllze
t he amor phouf BT &if efegEass (14)or5 RRRG” LicereheT §12)s %é%?‘% ‘%@?g By QSHe sur f aces
of the getetvetectrode 14 over the source/drain ext ensi ons
ion implanting dopant impurities into the amorphous region to form the source/drain extension
implants;
annealing to activate the source/drain extensions (21) and to recrystallize the amorphous region (12B);
forming sidewall spacers (30) on side surfaces of the gate electrode 14 over the source/drain extensions
21);
ion implanting Xe (30) to form amorphous regions in the upper silicon layer adjacent the source/drain
extensions;
ion implanting dopant impurities into the amorphous regions to form source/drain implants; and
annealing at a temperature of about 500°C to about 600°C to activate the source/drain regions (41) and

to crystallize the amorphous regions (12B).

4. The method according to claim 1, comprising:

forming a gate electrode (14) over the upper silicon layer (12) with a gate insulating layer (13)
therebetween;

forming sidewall spacers on side surfaces (30) of the gate electrode (14);

ion implanting dopant impurities into the amorphous region of the upper silicon layer to form spaced

apart source/drain implants;



(21); ion inmplanting Xe (30) to form anorphous regions in the upper silicon
| ayer adj acent the source/drain extensions; ion inplanting dopant

i mpuriti ewoimosshe anmor phous regi ons to form source/ drai mcrmsozamisg7 and
annealing at a tenperature of about 500C to about 600C to activate the

sour ce/ dr ai n atireging tdSct{véd jhe stnete/diaid refoysStl 6)lahd @ eectylrdlianeraphbias regigi;ons ( 12B) .

4. The Qr. to. claiml, conprising: formng a gate el ectrode
(14) ovge?&()pﬁgmg &Wﬂggg |cgn layer (12) with a gate insulating |ayer (13)

t her ebet ween lonﬂrorrkmﬂr\ﬁgXegntel dnaprer dlisariercs ogmoBhigecaiers bawws the gy sudtcerfhde gat e
el ect rogﬁeggg%deah(pgaurbmlmgmg dopant i rrpurl t| es into the anor phous regi on

of the upper .silican source/.drain ;
WO 03/ 012844 'BER! ‘tﬂébgzjﬁi%é‘ﬁ‘?““‘ %‘“t@é‘r%aﬁa”’g%‘s 'SE ‘?5\5%1 ce ”me‘sjréﬁ‘reé%'}sﬁrgr?pﬁa %egl ons

(16) andnd o recrystallize the anorphous region; renoving the sidewall

spacers 15; ia%alﬂn%mla@empkrammXfeabbtntséboé RELPRRFC (6 bk GO doBSlraih ExtATBsRIY) Z€e
regi ons between t de surfaces of the gate electrode and source/drain

regi onsa“q‘BF?CFV%'FZ&H’F?‘HﬁpQTBSd%‘E“Sl nmpurities into the anorphous regions to

form source/drain extension inplants; and annealing at a tenperature of
about 560C t ghabahw a860EE toglaact, icvranri@ingheinmlnnﬁrtgéiewwai n extensions (20) and

to recryst al Ip}ozlgmé Qﬁom %QHgﬁgEsg&hglg%fxeﬁon dTrn@()@‘t) hgd according to claiml,
conprising ion inplantin I ovi an_ion beam consi stin

essentially (‘J‘Fpl%é%ﬁ’)ﬁﬁ r’r‘g? the %EQ#‘TYSE‘QH"CF‘IIC%IF%%WH&f"{‘ﬂg’e UBIRNOPSTEHOY ﬁeée“bpper
crystalline silicon layer (12) to formthe anorphous region therein. 6. A
met hod 6f marduhaot ofmangfacursemeodaivcbdraieviceme mahodtcheprivet:hod conpri si ng:

providing an }oolﬁmgﬁﬁm&%%dnﬁldn@gss&%@%ﬂeﬁ&d&{méPEXeX*‘%nO“ di mer (Xe2+);
inmplanting the Xe2+ into a crystalline sem conductor substrate to anor phi ze

a region thef&4ing e P éfft‘/?tﬂ]d’eéenaﬁ’ﬁda‘ﬁ'tor FRYRE [rAPOTPRED? THE BHEF phous

regi on to foldnisganticel dpat impaexty @rRShedmoiphgik apibsto fandos@lrabedxansinimplimod ant s;
and annggdslmggemtrgn& fahté’@ﬁ t he source/drain extensions and source/drain

regi ons to recrystallize the anorphous region., 7. The nethod
according to aw&wmoectwe%wﬁquSCF/ﬁ@m PSP UCHE A Sg OB dIhiCGHITE F e

essent i ambrphonf regf@?2+ by: extracting a first Xe ion beamfroman ion source;
anal yzing the Xe ion beam selecting singularly charged Xe2+ fromthe first
i on beafh t o fToy mathddeccprding yelim Coomirsing.ng essentially of Xe2+; and

providing the ion beam consisting essentially of Xe," by:

extracting a first Xe ion beam from an ion source;

analyzing the Xe ion beam;

selecting singularly charged Xe,"* from the first ion beam to form the ion beam conéisting essentially of
Xe,"; and
annealing at a temperature of about 500°C to about 650° to activate the source/drain extensions and source/drain

regions and to crystallize the amorphous region.

8. The method according to claim 6, comprising:

implanting the Xe," into the crystallized substrate to form amorphous regions extending from an upper
surface of the substrate to a depth no greater than about 4004

implanting the dopant impurities into the amorphized regions to form the source/drain implants;

annealing at a temperature of about 500°C to about 650°C to activate the source/drain extensions.

9. The method according to claim 6, comprising forming a gate electrode over an upper surface of the
substrate with a gate insulating layer therebetween;

ion implanting dopant impurities into the amorphous region to form the source/drain extension
implants;

annealing to activate the source/drain extensions and to recrystallize the amorphous region;

forming sidewall spacers on side surfaces of the gate electrode over the source/drain extensions;

8



annealing at a tenperature of about 500C to about 650 to activate the
source/drain extensions and source/drain regions and to crystallize the
anor phouswoagionzs44 8. The net hod according to claim®6, conmCTaIS0e 10827
inplanting the Xe2+ into the crystallized substrate to form anor phous
regi ons ext efvdiimgantifighXs,‘an foerp patorhosstiedicarc &ljzoént thh eust/hsin egtmsiods) a dept h no

greater t hanio%.l?rgﬂ‘llgmiélgo(gﬁ%ﬁ 1&&1}'8?’ ti@ﬂl:ntio b altn OQQIBSQJS t<1 Woilrtzei/(ﬁ§n inq)?aﬂts;tan@

anor phi zed regions to e source/drain’l ants; annealing at a
t enperat ure &fcAPBHE CBOOEUE of ey 00 G LA @O‘Qg?%fhé sQuEFE/dreigiveiony A& n

ext ensi aBgstalliA the HAGpiat A@ehsaccording to claim 6, conprising formng a gate
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