;Z[e3e?<\.16T,3% 3 AUG Z004 A SALI Cl DE METHOD FOR PRODUCI NG A SEM CONDUCTCR
- DEVI CE USI NG SI LI CONV AMORPHOUS Sl LI CONV METAL STRUCTURE BACKGROUND OF THE

I NVENTION 1. Field of Invention The present invention relates generally to
sem conduct or. devices and to an inproved nethod of naking a smac.ﬁggumgr
device. Mre particularly, the present invention relates to a net :

formsiligi W 2 a_silicon/. anorphous silicon/netal (SASM
 structur e“,g S%ﬁ'ﬁ@?éﬁigﬁﬂgg FOR PROIEEINGA SEMECORDUCTOR DEVICE -
-.Sem conduct or[égﬁ/(%ges are well known in the art. Conventional sem conductor
structure oft P INSAMORPHSEE SILICONME TAB S TRRECToREdD by Rapi d
“Thermal Anneal ing (RTA) process. -However, this process may result in
silicides with poor uni E&GKGROUND GBTHE MaNdene)Nt 0 consume sour ce/ drain
junctions during silicidation as junction depths continue to decrease to

| ess t haAid@of Invention addi ti on the process always 15 has a, silicide
etch-back step after the first silicidation step-to prevent bridging of the
gaté to the Eoupresind trveftisLHLQ88 Pém . current inventjon avoi ds For
Exanple, U.S. Pat. No. 6,060, 35251 sslgiq%né}gltm]é(?qc()?orcﬂeé”(‘:"%%’@to&nl aser anneal
si | i ci denpR6RQeRShol SIEY B LNES, Y ss,does not teach a key last CWP step
of the current invention. gb g lc%g;aﬁ&%qevﬁ?egéﬁ?m%@'%ﬂ@)mewns Pat. No.
5, 988, Zfferionh ; : 20. and. U, S: Pat. No. 6,074,900 (Yamazaki et
al.), all s‘r?o?vag%ﬁgéa%é%drd 9 i siligide; wiligngpse diéennd emorpho@d siflcoddGetal UU~
SUMVARY, HE | NVENTI Accordingly, the present invention provides an
imrove@%@&%@ﬁ%ﬁ%ﬂi%@%‘%%@ met hod of making an i nproved
sem cor_ﬁh:)ctor, devi ce-using a SASM structure. Another purpose of the present
i nvent i oSSR Priondat anneal ing for the formation of thick (low sheet
resi stance) silicide filmon shallow source/drain regions. The extrenely

hi ¢® r anp- upSensitendutor devises e wellBiR wiig b 8f.the: | aser anneal
allows nelting and internixing of the neta %ngg%%hlng%ﬂ Sﬁ?bcr‘?ﬂ.au%orChem cal .

Mec hanistrattuRobftainb@de 218428 si1Sid reak, the continuity of the
alfgnel Sﬂl%ldégﬁ%é%%ofg’%%é(ﬂ Wdﬁgﬁf‘@#s instead of a

silicide filmextending fromthe gat

silici denrRhE ' thod of this invention includes the
f or mati on ofﬁgaggre':n%%ﬁ%&c%%PN-ES%\’/ﬁ}é%pﬁ’ﬁﬁsﬁ’@]ayd'e%b’é]tsrﬂﬁléesa‘ﬁﬂipwm ng a gate

di el ectymiifp e substrate. ‘A gate |layer is formed over the gate
dielectric | a%/(’gdrrnfi%\é%%t nﬁgﬂcyato&gﬁs“}%@“@eédrﬁ@dmlmdurin@siﬁicidéfiéxeas creating
~a light; gurce/drain extension region in the substrate, spacers are
f or nedsléﬁnct‘%ﬁgﬁgﬁg EOIYeHR %5%{9%96613 &¢36 ¢ 190Inay.eln, adgiition theyecessuMaap | ayer,
resyl ti ng@i ri ?fp 15 intermedi ate structure. A deep source/drain region is
hen f &a §UicHle deh-Bankotepeatier thRnfisst silicidation step to prevent bridging of the gate

1o the source/drain :egions; which the current invention avoids

For Examplg, US Pat. No. 6,060,392 (Essaian et al.) discloses a laser anneal
silicide process, however this process does not teach a key last CMP step of the current
invention. U.S. Pat. No. 5,940,693 (Maekawa), U.S. Pat. No. 5,988,272 (Ishida et al.),

20 and U.S. Pat. No. 6,074,900 (Yamazaki et él.r), all show other laser anneal S.ilicidé

processes.



-is followed by an annealing step to activate dopants. The cap |layer is.then
renoved, and silicon filmis deposited over the whole structurg so far. A
“metal layer is then deposited over the silicon film Using |aser
irradiation.on.the silicon filmand the netal then creates ﬁ BlAUB%?‘iA .
pre-netal dielectric layer is then deposited and a chem cal nechanical- 20 ,
polishing is used.to break t vy of the silicide. Sem conductor
devices are well known in th EINMENTERGWN in the art that
they can be elt\%:r @ N- tranS|stor of a P-MOS semi conductor. -2 ~i,3
AU6 20U4 The i nv&fiPHR BRFAent imentian provides enlimproved sanftandioraiages
‘over conventi on RTA and the advant ages are: an extrenely high heating and
cool i ng rafBd qdlq ynakng a impproves gmacoethcr devitelasng 234 BRARRRhdet Y Of
heating only the top surface region. Another advantage, besi des t e | aser

process, | $NoHer gpiss of the possent imbéigionhiag ﬁs@@as%ﬂéﬁﬁ{%hﬁ% ‘ﬂ} at dﬂn
addi.tional- silicon for silicidation, thus formng-t 1 °Cl W hout

junctioh cdnsk pwisheet rBRERPESCRRTH, IIZW@ Wg\ﬁ%gl%m Eﬁfacco nyi ng
pt .

drawings formng a material part of this: escrl

FI G 1 shohigharaghQgsrasowhi Ik ep in the thod of the
current m??ntl on. FIaGS F?(ﬁeﬁg\%@gﬁg‘éﬁéé? i)ﬂ;{h 3?359\%‘“}??1%1 WFelting f

steps in thgy f e invention..is DETAILED DESCRI PTI ON OF
THE | NVENTI mf%&e%ﬂ%n%r?é‘ttﬁr%o%g ﬁBF‘P} sy &Fh@“ﬁld\/feqhanwabﬁshshng ructure

10 is a fir t m duct or _device structure. Basic structure 10
has . a subst(éfg{@ S%% 15 W‘%ﬁog ‘?j‘%ttg ¢ oQItHiuiY o€ thei stlidide/Bhm dending fenstheghteabe 12.
The gate dielectric | ayer 14 is preferably made of silicon oxynitride and

has a thi cPREEE/ypimmgions is&adwfsasilivite die-bavkatey abl y 16 Angstrons. A gate
| ayer 16 is formed on gate dielectric layer 14. The gate layer 16 is -

10 The method of this invention includes the formation of a semiconductor device
havmg a substrate and forming a gate dlelectrlc layer over the substrate. A gate layer is
formed over the gate dlglcctric layer, and then a cap layer is formed over that. After
creating a thﬂy doped source/drain extension region in the substrate, spacers are formed
on the side of the. gate dielectric layer, gate layer, and cap layer, resulting in an

15 iptennediate structure. A deep source/drain region is then formed in the substrate. This

is followed by an annealing step to acti\}ate dopants. The cap layer is then removed, and

rsiliéon film is déposite'd over the whole structure so far. A‘metall layer is then deposited
over the silicon film. Using laser irradiation on the silicon film and the metal then creates
a 311101de A pre-metal dlclectrlc layer is then deposited and a chemical rnechamcal

20 polishing is used to break the continuity of the silicide.

| Semiconductor devices are well known mn the art, and it is well known in the art

that they can be either an N-MOS transistor or a P-MOS semiconductor.




1i::3 AUK ZOQ- preferably doped poly-silicon and has a thickness of 500 to
3000 Angstrons but preferably 1600 Angstrons. Cap |ayer 18 iha io‘{dgagwj)n t he
gate layer 16. The cap layer 18 is preferably made of silicoh™ni fand
has. a thi ckness of 500 to 2000 Angstrons.but preferably 1000 Angstrons. The
gate and cap layers 16 and 18 are deposited and then patterned as is well

known in the arfieinléhtéi s foud C tation is done to formthe lightly
doped source/drai n extensi ondzj%?llé{g% %plge?‘f%"’?Sé%ﬁ%@lfﬂméﬁ%ﬂromcwyem@ml

deposite er .22 is preferably made of an oxide filmand has
a thi cknggmgfﬁ dggo t ont%l%&r%ﬁﬂscﬁf%ﬁ’&@t}ﬂgh neitineand capling @60 ablityMagetmons. As
shown in 4. an.anj sotropic etch is used to form spacers 24 from spacer

| ayer szﬁlf:%ar&;@]s@pld@& andicapabilipy; of heating ol thet top SonfaoetBgios PAGSHer 24 IS an
oxide dry etch. Then FIG 5 shows ion inplantation to formdeep _

sour ce/ dridvatags besidesabe Laber wocassis kicoSyesiviy B WhitiEhdSethe mﬁ?al i n‘% (RTA)
to.ac'gi vat e _Elhe dopants. Referring nowto 15 FIG'6, a selective t i ng of
the cap |magedingdigionblesilic@or siliBidah epposi tion.of silicon
film30 is made. Preferably | ayelgld%&l)’stﬂlﬁsia%gh@%qg%rsﬁﬁ SWiLhqut apetipn ¢

opt i onal lopnsiheption. i con can be poly silicon. Amorphous Silicon:.is deposited
usi ng | ow pressure chem cal vapor deposition (LPCVD) with silane (SiH4) as
the reacting gas. Pyrolysis (thermal deconposition) of SiH4 causes the 20
deposition of silicon. The tenperature used is | ess than 580 degrees
Centi grade. The deposi t gl fi i s essentially anorphous. At higher

t enperat ures 580 t o0 -650=H¢EH S LU THEIDRAWINGS | i ne silicon will be
deposi t ed instegﬁj. The sil.icon | ayer 30 has a thickness of 50 to 1000
Angstrons but TIIHIEPEPARIRE BBy ingsformings: matefillepatieqfakis tdeuRipbibn $hdrk KON

' Iayer1030 s'hgwfrol | owed by a netal deposition 32 over the _

FIG. 1 shows a cross sectional view of a first step in the method of the current
invention. |

FIGS 2-10 show cross-sectional views of a number of steps in thé method of the

current invention.

T 15
pETA]LED DESCRIPTION OF THE INVENTION
Referring now more pmiculmly to Fig. 1, a basic étructure- 10is a first stepina
semiconductor device structure. Basic stfuqture 10 has a substrate 12, with a gate
20

dielectric layer 14 on the substrate 12. The gate diclectric layer 14 is preferably made of
silicon oxynitride and has a thickness of 10 to 150 Angstroms but prefcrably 16

Angstroms. A gate layer 16 is formed on gate dielectric layer 14, The gate layer 16 is



silicon layer 30. Metal layer 32 is preferably nade of titanium cobalt, or
ni ckel and has a thickness of 50 to 500 Angstrons but pref Qﬁcaaileg 4(%3
Angstroms. Hence, an internedi ate SASM structure is fornmed. =} Uit ﬂ!flayer
32 is typically deposited using physical vapor deposition (PVD), which

i ncl udes sputtering and evaporation. As shown in FIG 8, in a key step,
preferably laser irradiation is used to Beat up netal layer 32 and silicon
| ayer 30 to formsilicide layer 31. Rapid Thernal annealing can al so be

used. Th i rradi.ation is,preferabl for b ul sed | aser

i rradiat 5)5‘%1@%&%&3 %c?%&'si}\}ﬁ%%%&sﬁéﬁlﬁﬁbﬂs%/f’ﬁﬁ%tg .3H§<?ﬁa%%*§'ﬂ§’% he ener gy

density of fIhEI i rrﬁ iation. 10 Wavel ength should be in the range of 157 mm

to 308 nhreSREYAOY AnE¥PRavel ength of |aser irradiation is 248 nin.

Fluence is in the range of 0.1 to | .5 J/cmsquared. Duration of. annealing

i s proportionaf2p&yenB isdaeied vyithesaie leaed ¥n, Thercee Hyes] & is meeferpbliards econds.

A pul sed | aser can emt irradiation with a controll abl e nunber of pul ses.

Si nce t heofgidicon nigridecand dinnia thickneds o506 ph2109 Avidsircronbutpréferably t06AN t he

melting i5 tenperatures of the netal and single crystal silicon, the

anor plousArgstroreanThagate amiadap Sayemnries mddiBlaye depbsitedind Beh @aiténédds iOwlBRt ween

the metal and silicon layers 32 and 30 is such that the reaction between

t hem and knbens®the@&/ drai n regi ons 26 consunmes a m ni num anount of silicon

fromthe source/drain regions 26. It should be noted that sonme reactions

W th the sour gg/rgy aiigh inflinen RERES j esirabl e

20 silicide w tﬁ %\;véhclont actﬁjpéf?(g{eg%ce. Dggg%g{ é\bgg%g&{r%%&ﬁglg%@nﬁfﬂence,

metal 32 sgn . } t .t he rai44..reglions 26 my al so
R e a ok BOhARbe? PRpACH B 1 pRALIR e

melt during |as I on. a radiation, the

silicon dy IS n |8 to at atnent .to. conve e silicided
region i %@t?ox%b%f%ﬁﬁg alzdrj%sstagf]ﬁ??]eess 8??@39&85%%%%&&?}5@&6%3%"?BAUG 2004
resi Sltoi viﬁ%l}/ val ue. The heat treatnent can either be a RTA step or

subsefuedt 8PP pl e | aser pul ses at |ower fluence. For RTA, tenperature
range is 250 to 900 degrees C; duration_ranges from5 seconds to 1 hour.
For heat treat’/Hefie™id? %ﬂ%@é&ﬂ@?ﬁlc Rishis yed tq fem spasarsSddrom spastice shoul d
be in the range of 0.05 to 0.5 J/cm squared, and nunber of 5 pulses applied
range frdmyer 280Tmc)mefenwri@nlsﬂml%@tmmegﬁ@ fattethe prcets i an drddeadimetehi ng
technique to laser irradiation. In fact, conventional RTA can al so be used
to, perform silhesFtats shows 8irl inplatatioaye forBildeep pouves/drainangion 246, Thiide,

cobalt silicide, or nickel silicide FIG 9 shows a cross-sectional view of
sem conduollowedligvRamd &héraral depating (RDAP Rivieiedopaued. iretgghowao Layer
(ZZ,D) layer 33. IL,D layer 33 is preferably made of oxide 1o and has a

t hi cknies ¥10f6, 1Q06ctive BB AigSdabW%er 1D Withed &gl abl e 3000 Angstrons. Finally
FIG 10 illustrates that a CMP is used to break the continuity of the

siiicide Tl MgHENaMunkiQRp&RHich SR FHAHIERGEAT PlefolBl AT 3BT oF OF &,

silicide |ayer 31 beconmes source drain/si 4 and gat'e Silicrde 36.
it er! oval s apaRpAPuifiha AE bpfnily b bn QEEBESAY Yricdl. Lholflfye TS 56
UG TR A S e T NN
conventi O(gﬁ-IM)ta%?h%nrieg: 1(1313 ggsér}’y%elysis (thermal decomposition) of SiH4 causes the
20 deposition of silicon. The temperature used is less than 580 degrees Centigrade. The
deposited film is essentially amorphous. At higher temperatures 580 to 650 degrees

Centigrade, polycrystalline silicon will be deposited instead. The silicon layer 30 has a

thickness of 50 to 1000 Angstroms but is preferable 600 Angstroms.




ot o ) o conduct i v i ing layers there over to
form addi tional conductive and insulating S the
gzﬁgeiﬁ Iﬁ;n;eniconductor to OtherdeV|ces.hUn:gsEee§gl:ﬁ{élzrztgéegé being
ot herwi se, each nunerical val ue and rapge shou é ded the value of
' i i "about" or "approxi mately". prece
-approxinmate as if the word "ab _ has been particul arly shown and
t he value or range. Wi.le the i nventi on: _ o thecoot ipom o
[ A reference to the preferred enbodi nents t - , W ,

3ﬁ32¥ Is? ggdwb; hesleposiRon phsilican layey 3@ris fdllwted by ametal depdsion @%v&atﬁé OUSi .
changes ipn form and details may be made without departing fromthe sp

and ‘scop&llispndayst Boy dvictablayerB2 is Gefrabl a%it&fh@ﬁqw&b\é\ﬁ?&r,ﬁ%e %ﬁ%ﬂ%d Is: 5

1. A nethod for form ng senm conductor device conprising:”p

subst r at @;thicknessio§ 50 G50 Aﬁ@h@%rﬂugpﬁle%%ly%pghﬂ%%g%g strate; formng a

i d
i dielectric layer; 1> cap'®edfer over sai
gate |ayer over said gate di FIThy amedp Tayer ove
% ermld; \ I oped_source/ drain reg _ _
gfﬁagt lr:%/gﬁteand 1%(6)? %mer %th‘lé"qgg‘{fé‘e i gﬁ%@ﬁ#gy%%lﬁ;wléﬁﬂﬁdmospdwmg on the

[ g ' |c layer, and said gate layer, and said cap .
ayer 1 o PSR AP HRl-Bpich BFRDAtviel imebades sputiring and ovaponstion.

As shown in FIG. 8, in a key step, preferably laser irradiation isrused to heatup
metal layer 32 and silicon layer 30 to form silicide layer 31. Rapid Thermal anneaﬁng can
| also be used. The laser inadiation is preferably performed by pulsed laser irradiation _of
selected wavelengths and fluence. Flﬁencc is the energy density of the irradiation.
: iOv ' Wavelength should be in the range of 157 nm to 308 nm. The preferred
wavelength of laser irrédiati'on is 248 nm. Fluenceis in the range of 0.1 to 1.5 J/em
| squared. Duration of annealing is proportional to the laser pulse duration, which is tens
of naﬁoseconds. A pulsed laser can emit irradiation with a céntrollable number of pulses.
Since the melting temperature of arhorphous silicon is lower than,"the melting
15 tempef_atures of the metal and single crystal silicon, the amorphous silicon layer melts
‘more easily. Stoichiometeric ratio between the metal and silicon layers 32 and-30 is such
- that the reaction betweex_i them and-the source/drain regions 26 consumes a minimum
amount of silicon from the source/drain regions 26. It should be noted ‘thiat sofn“e
reactions with the source/drain regions 26 are necessary in order to fonﬁ a desirable
20 silicide with low contabt resistance. Depending on the laser fluence, mef:éxl 32 and/ora .
-Iminute portion of the sour‘ce/drain'regions 26 may also melt during laser irradiation.

: Optionaliy, after laser ii‘radiation, the silicon body is then subj ected to a heat

ireatment to convert the silicided region into a highly crystalline silicide with a desired



o bstrate and under said

ng a deep source/ drain region in said su
rféﬂlrg I S dgped source/ drain region; annealing to activate the dgpg?és
renoving the cap layer; depositing a silicon-filmover said interme

licon film a
ructure; depositing a netal |ayer. over said si
zltlrjmde Iayelro fromthe silicon filmand the netal |ayer by Lz}géwgidgaggﬁ

irradiation, .subjecting.the silicon body to a heat treatnent to convert the

silici ded™isHViSh¥alpet Bhe beet trestnsnt virt gitlet b 6 M%stegﬁpﬁﬁis&%d%ﬁt Al ervel el
dielectric |ayer over said silicide |ayer;

~ -chen cal - Reetpaes at lopek flnbndcCVGY RIa, @emﬁér%keﬁéﬁ% ?b‘%ﬁbéo 8?%%3; fsal d

to
spacers and said silicide to break the cont i nui I 1'm

film 5 The
ticetangesiroms deb6hdiao fiiy I SI|ICIde 2. T
?nrate ﬁt)g gf é?a?;af@ wher ei n thdei‘ gjat glalc‘ilg(ﬁ g?ca%lngmrfﬁﬂ’@ SHPS%“FI?%W 1ple

~ hod of cl
oxyni tri dséailde, Rudnbt KRGS e Hﬁg@g& g 83338 ?Jf cm Qggﬁregz%ﬁ-ﬁ;tmi?@ og,-et ﬁogl m

1, wherein the gate layer Is nma " 0
i de having a thickness between

and 2000 PUsHHEREHTERE HREL IR aEAEMwﬁqqmrem@s@tmmmmgm‘fnz doped

cou ~: 6. The nethod of claim

sour ce/ on inplantation 3

wher-ei n ?{] gécgfla?eg I%cgi%u% %rfa‘ifx‘?cﬂ’éequﬂ R qay adsotbei Lts.kd]&spertdmnt he rang

of 300‘ anschxcjﬂaatlon Silicide layer 31 canbe tltamum silicide, cobalt silicide, or nickel SllIGldC

FIG 9 shows a cross-sectional view of semiconductor device after deposition of :
an Interlevel bielectric Layer (ILD) layer 33. ILD layer 33l is preferably made of oxide
- 10 and has a thickness of 1000 to 5000 Angstroms, but ﬁreferable 3000 Angstroms. Finally
7- 'FIG 10 illustrates that a CMP is used to break the continuity of the silicide film extending
from gate to the source/drain fégions - Therefore, silicide layer 31 becomes source
dram/sﬁ1c1de 34 and gate silicide 36. Thcrefore a silicide etch back step 1s not necessary
After this, another interlevel dielectric layer (ILD) is formed over the gate silicide
15 36 and the source/drain silicide 34. Contact holes are formed in this ILD to expose the
gate silicide 36 and the source/drain silicide 34. Next, conventional techmqucs can be

used to form add1t10na1 conductive and insulating layers there over to connect the

semiconductor to other devices.

Unless explicitly stated otherwise, each numerical value and _raﬁge should be
20 interpreted as being approximate as if the word “about” or “approximately” preceded the

value of the value or range.

While the invention has been particularly shown and described with reference to

the preferred embodiments thereof, it Will be understood by those skilled in the art that




7. The nmethod of claim 1, wherein the spacers are nade using anisotropic
etch. .8. The nethod of claim 7, wherein the anisotropic egcgogﬁggwbg an
oxi de dry etch. 9. The nethod of claim1l1l, wherein the deep" rain
region is formed by ion inplantation. 10. The method of claim1, wherein
after creating the deep source/ drain region, an annealing of the
~internediaR%istr cture is done to.activate dopants. 11. The nethod of claim
|, wherein Brigns changes g fomm. details maydre madepwithous depeting frometh@6pieit afd ng.
12. The method of claim1l, wherein the silicon-filmis anorphous silicon.
"13. The net¥iBRF Ofthe (¥eptian. wherein the netal layer is one of the fol | ow ng:
35 a. titanium ‘9 ~~ .~ AUG 2004 b. cobalt, c. or nickel. 14. The nethod
of--claim 1, wherein the laser irradiation is froma pul sed excimer 5 | aser
source. 15. The nethod of claim 1, wherein the laser irradiation is done at
about 157 nmto 308 nm 10 16. The nethod of claim 15, wherein the |aser
irradiation is done at 248 nm 17. The method of claim 1, wherei.n the
silicide-layer is one of the following: a. titaniumsilicide, b. cobalt
silicide, 15 c. or nickel silicide. 18. The nmethod of claim1, wherein the
interlevel dielectric layer is an oxide. 19. The nethod of claim1, wherein
the silicide layer is formed froma 20 Silicon/ Anorphous Silicon/ Met al
structure. ' .



20. The nethod of claim 12, wherein the anorphous silicon is deposited
usi ng | owpressure chem cal vapor deposition (LPCVD) with silane (SiH4) as
the reacting gas. 25 21. The nmethod of claim 1, wherein the ”Etﬁlﬂlﬁﬁ"@rmhf
deposi ted usi ng physical vapor deposition. 22. A nethod for form ng

sem conductor device conprising: 30 providing a substrate; formng a gate
dielectric layer over said substrate; formng a gate |layer over said gate
dielectric layer; 10 ~1 3 A-9G 2D0AIMS M ng a cap | ayer over said gate

| ayer; form ng spacers on the sidewalls of said gate dielectric |ayer, and
said gate |layer and said cap layer to forman internedi ate structure;
creating a lightly doped source/ drain region in the substrate, and not
under theyRagatgifielectric layer; and said cap layer to forman
internediate structure; formng a deep source/ drain region in said
substrate and under said lightly doped source/ drain region; renoving the
cap layer; depositing a silicon filmover said internediate structure; 10
depositing a ng%a# | gyer, over said silJicon film formng a silicide |ayer
from the lsi e fardpunge semicpaduptor|dgyice coRPUENgy rapi d thermal anneal i ng:
depositing an inter level dielectric |ayer over said silicide |ayer;

cheni cal - nechanpdding@obgirat;CMP) said inter level dielectric |layer, said
spacers 15 and said silicide to break the continuity of the silicide film
to create a sdunmiag agiaee dielectric layer over said substrate;

forming a gate layer over said gate dielectric layer;
forming a cap layer over said gate layer;
10 creating a lightly doped source/ drain region in the substrate, and not under the
gate dielectric layer;
forming spacers on the sidewalls of said gate dielectric layer, and said gate
layer, and said cap layer to form an intermediate structure;
forming a deep source/ drain region in said substrate and under said lightly
15 doped source/ drain region;
annealing to activate the dopants;
removing the cap layer;
depositing a silicon film over said intermediate structure;
depositing a metal layer over said silicon film;
20 forming a silicide layer from the silicon film and the metal layer by using laser
irradiation;
subjecting the silicon body to a heat treatment to convert the silicided regions
into low-resistivity silicides;

depositing an intervelel dielectric layer over said silicide layer;




silicide filmand a gate silicide film 23. The nethod of claim 22, wherein
the rapid thernmal annealing is at tenperature range of about 25]? tg 80&
degrees Centigrade; and duration ranges from5 seconds to 20 1k au U 04
The nethod of claim 1, wherein the heat treatnent can either be a RTA step
or subsequent |aser irradiation. 11 t~ .~ AUG 2~0~ 25. The nmethod claim
of claim24 wherein the RTA step is in the tenperature range from 250 to
900 degr ehsmicahiriegizmita] palish [ESPA saidriaterleveli dieledieic rayegesaid spacescanids to 1

hour. 5 26, The nethod claimof claim?24 wherein the heat treatpent for
usi ng | as&id BRI |063wcséh<ilﬁlpm?mt0raﬁf§%aaws%/tcfwaﬁl lisidss 1o
0.5J/cm g9 Hpé{lﬁqgawglﬁmg@glrﬂunber of pulses applied ranging from1 to 100.
12 . A&e. At % AC@Q Ay A&O . AFl . A(.Acl.Ac. AcN A A, . Cs/&u% =@

_E}xsnl d_ZU] ca] ca] ca] ca] cal ca] ca] ca] ca] ca]c™a] c"aU] c"a] ca] ca] ca] ca] ca]ca] ca
] ca] cé] Céﬂ_r Cﬁ]lc: ajedajloc] ddia] tawheaaincthb/gate] dielectric is made of silicon oxynitride

 Ebl<x~
2] cal oa) CAT RIS Bk brCiere A ok DGR ol ca ¢ aUjc. ol cal car FEBlw e
(r~rra2mm""uesss e’ (o(}xsnid _Z]]c]ca]calcalca]ca)lcal]calc
) ol s s spbplashagCubst ol SR e ke ol sl

] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]lca]lc a]Jca]ca]ca]c

a] cajioa] cla] The eadtbed of!dsiny A FOBREIA thd @3S Iivletaid 288id33Kaving a thickness
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7. The method of claim 1, wherein the spacers are made using anisotropic etch.
P

20
8. The method of claim 7, wherein the anisotropic etch used is an oxide dry etch.

9. The method of claim 1, wherein the deep source/ drain region is formed by ion
implantation.

25
10. The method of claim 1, wherein afier creating the deep source/ drain region, an

annealing of the intermediate structure is done to activate dopants.

11. The method of claim 1, wherein the removing of the cap layer is done by selective

30  etching.

12_. The method of claim 1, wherein the silicon film is amorphous silicon,

13. The method of claim 1, wherein the metal layer is one of the following:

35 a. titanium,
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15 c. or nickel silicide.

18. The method of claim 1, wherein the interlevel dielectric layer is an oxide.

19. The method of claim 1, wherein the silicide layer is formed from a

20  Silicon/Amorphous Silicon/Metal structure.

20. The method of claim 12, wherein the amorphous silicon is deposited using low-

pressure chemical vapor deposition (LPCVD) with silane (SiH4) as the reacting gas.

25
21. The method of claim 1, wherein the metal layer is deposited using physical vapor
deposition.
22. A method for forming semiconductor device comprising:

30 providing a substrate;

forming a gate dielectric layer over said substrate;
forming a gate layer over said gate dielectric layer;

10
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forming a deep source/ drain region in said substrate and under said lightly doped
source/ drain region;
removing the cap layer;
depositing a silicon film over said intermediate structure;
- 10 depositing a metal layer over said silicon film;
- forming a silicide layer from the silicon film and the metal layer by using rapid
thermal annealing;
depositing an inter level dielectric layer over said silicide layer;
chemical-mechanical polish (CMP) said inter level dielectric layer, said spacers

15  and said silicide to break the continuity of the silicide film to create a source/ drain

silicide film and a gate silicide film.
23. The method of claim 22, wherein the rapid thermal annealing is at temperature
range of about 250 to 900 degrees Centigrade; and duration ranges from 5 seconds to

20 1 hour.

24. The method of claim 1, wherein the heat treatment can either be a RTA step or

subsequent laser irradiation.
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5  26. The method claim of claim 24 wherein the heat treatment for using laser
irradiation with a fluence in the range of between 0.05 to 0.5J/cm squared, with the

number of pulses applied ranging from 1 to 100,
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