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~ invention relates to a method to form silicide utilizing a sxhcon/ amorphous srhcon/metal
(SASM) structure, and laser annealing.
2. Description of Prior Art

10 Semiconductor devices are well known 1n the art. Conventronal semiconductor

structure often 1ncludes self-allgned silicides that are formed b'y Rapid Thermal

Annealmg (RT_A) process. However, this process may result in silicides with- poor
uniformity, and has a tendency to consume source/dram Junctlons during srhcldatron as

Junctlon depths continue to decrease to less than 100 nm. In addition the process always

15 has a silicide etch-back step after the first silicidation step to prevent bridging of the gate

to the source/drain regions, which the current invention avoids
For Example, U.S. Pat. No. 6,060,392 (Esséian 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 al.), all show other laser anneal srlrcrde

processes.




silicide process, however this process'does not teach akkey IaBtSCNEafteﬁof
of the current invention. U S. Pat. No. 5,940, 693 (Nheggga)Yanézéki ef
15,988,272 (Ishida et al.), 20 and U.S. Pat. No. 6,074,YSUNM(ARY nzaki
al );’all show ot her |aser anneal silicide processes. _ o
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: tcki(late shesrestseanice)siHeide Bisrh oatsBaldi\ s 05 THA% feﬁ% s, The & :
?aigg‘géggd?;e substrate. A gate layer is formed over e gagg Griemehr i ¢

1ple ranap ] fter creatjng a lightly
' and hibleranap-ap patk aytch isheh0fei® thePMsH bl ft e o 1
112%25, sgzrce/ drain gxt’ensi on region in tﬁe s(%g{s? rﬁ?ga,s rs%’é‘&%lraé Aeaneltingred

, C oy : and cap | ayer,

on the si d&uﬂfinfefligix.%% gf; t‘rﬂrg I%@é&g%%l%%ﬁ%ﬁdénsg%g‘@%g%gaéwqy@p@p@hpﬂplish@gon is
resulting in an In _ is foll owed bv an anneal ing step to
then for chwfﬁﬁlﬁqg%%@atﬁrg% rf]:!cznﬁihzw qgmgﬁgide§dm exserdimpiorhithenzts to
eout o dopa_ntts. V\ﬁol e structulre so far. A metal layer is then déposited
deposi ted Youree reain regions instead of a silicide etch-back step.

10 The method of this invention includes the formation of a semiconductor device |
having a substrate and forming a gate dielec_t:rip layer over the substrate. A gate layer is
formed over the gate dielectric layer, and thc_r__l a cap layer is formed over that. Afier
creating a 1ightly doped source/drain extens.ion region in the substrate, spacers are formed _
on the side of the gate dielectric layer, gate layer, and cap layef, resulting in an

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

is followed by an annealing step to activate dopants. The cap layer is then removed, and
silicon film is deposited over the whole structure.so far. A.meta.l layer is then deposited
ovef the silicon film. Using laser irradiation on.the silicon film and the metal then creates
a silicide. A pre-metal dielectric layer is then deposited and a chemical mechanical
20 polishing is used to break the continuity of the silicide. |
Semiconductor devices are wel] known in the art, and it is well known in the art

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



- over fhé Si Iibon film Using | aser irradiation on-the si IiC_on filmand the
metal then creates a silicide. A pre-netal dielectric layer is then
deposited and a chem cal nechanical 20 polishing is used to break the

- continuity of the silicide. Sem conductor devices are well known in the
art, and it is well known in the art that they can be either an N-MOS
transi stor or dhPilMehtsaas cmdysd RS Lyeptor, has found the |aser
~anneal process has advant ages over %roaﬁl\l}éeqr.llgllré)%gﬁ Rasp@f‘)(a%}ﬁ&ewsrmamms
are: an eRMAAR the R ing and cooling rate; ability to form
fine-grained silici 'des;&hgﬁg}egg%gﬁﬁr?mgy h&ﬁq‘gli‘f‘égflg Add eerlingtrate; sloibitystorfoan e
region. Aﬁﬁé‘ﬁﬁﬁ tage, . besides the |aser process, is the SASM
structure, [ c%eqﬁsgl\sféaﬁsegﬁ‘?j\?%&@&&ﬁb?atglgmnbvihditmmsmﬂmbtrégjml Afbthecon for
silicidatjon t%\‘i’s formng thick silicide without junction ‘consunption.
BRI EF DESKRBIESbesides Fhe IBraprades, ith Sasat senqarty WL MABRAEI JO 3
nat-eri(ﬁz:l 'par{swtl)f (;tcgis description there is 1 o shown: Fl ShoRe 4 cross
sect i ohal PRovislingyddditidnal silicen égr silividARnMBLEesknAk urrent., i nvention.

FI GS 2-10 show cross-sectional views of a nu#ﬁeghg@(%ﬂ(é‘lgg Withophiungtiom o g of
the curremsuinptiemt i on. 15 DETAI LED DESCRI PTI ON OF THE | NVENTI ON .

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings forming a material part of this description there is

10 shown:

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 the method of the

current invention.
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DETAILED DESCRIPTION OF THE INVENTION
Referring now more pmicularly to Fig. 1, a basic structure 10 is a first stepina
semiconductor device structure. Basic structure 10 has a substrate 12, with a gate
20

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

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



Referring now nore particularly to Fig. 1, a basic structure 10 is a first
step in a sem conductor device structure. Basic structure 10 has a
substrate 12, with a gate 20 dielectric layer 14 on the substrate 12. The
gate dielectric layer 14 is preferably made of silicon oxynitride and has
a thickness of 10 to 150 Angstroms but preferably 16 Angstroms. A gate

| ayer 16 is forned on gate dielectric |layer 14. The gate |layer 16 is 3
pref erably doped poly-silicon and has a thickness of 500 to 3000 Angstrons

but  pref grepltly 46RQ pAROStIER Ehd hﬁ@@tﬂi%&%soc%f%gbﬁo §6Ud§§§'%sﬁlia Gfg: gate layer

16. The cap layer 18 is preferably nmade Ilrcon n e and has a

t hi ckness gstronms but preferably 1000 5 Angstroms. The
gate and %Ig%r{bggleér@ %2&28@@18 are deposited and then patterned as is well

known in the art, ,In Fbg..2 ion i.nplantation.is done tqg formthe lightly
doped source/ drééﬁp n a%%gtlggsslfogﬁe(?ﬁ?)ihelgﬁ%g%‘?r lg' éﬁ‘% 5%'@?’?1 y&Pre datﬂ% _"F’H%n i
deposited. . The spa er(ga er. 22 is preferably made of an oxide film an as
a thi ckne%fss'lbclmé‘ﬂ)t@ﬁ? gn %%G‘ thisgass 8ha009r20PQ Agegrasmsimit raderablyd 08igst r oms.  As
shown in FIG 4, an anisotropic etch is used to formspacers 24 from spacer
| ayer 2. Angtropiseflbe galg apdraplayapil € aed thargsieposited fut then hattesmralcasriswh | s an
oxide dry etch. Then FIG 5 shows ion inplantation to form deep
sour ce/ driglownriadghests 26. This is fol |l owed by Rapid Ther nal Anneal i ng (RTA)
to activate the dopants. Referring nowto 15 FIG 6, a selective etching of
the cap |ayer Ib&ig.2 ibhénpldomton is done to form the lightly doped source/drain extension
20. InFig. 3 a spacer layer 22 is then deposited. The spacer layer 22 is preferably made
of an oxide film and has a thickness of 300 to 1500 Angstroms but is preferable 800
10 Angstroms.
As shown in FIG 4, an anisotropic etch is used to form spacers 24 from spacer
layer 22. The preferred anisotropic etch used to form the spacers 24 is an oxide dry etch.
Then FIG. 5 shows ion implantation to form deep source/drain regions 26. This is
followed by Rapid Thermal Annealing (RTA) to activate the dopants. Referring now to
15 FIG 6, a selective etching of the cap layer 18 is then done.
In FIG. 7, a blanket deposition of silicon film 30 is made. Preferably layer 30 is
made of amorphous silicon but optionally the silicon can be poly silicon. Amorphous
Silicon is deposited using low-pressure chemical vapor deposition (LPCVD) with silane
(SiH4) as the reacting gas. Pyrolysis (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.



ilicc i 'ly the silicon can be
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o : SysRKttering and. evaporation. As shown in
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' ’ i i 30 to form suicide |ayer :

anneal i ng ¢ an ASDs PR GO iR iepeprcfuatapiaes adizsioptietedab hiarhg f or med

/ ' | uence
i iation of selected wavel engths and fl uence.

ims/ F lﬁlesgg%‘lr‘%agﬁé:?é{a%glsggclmﬂmré@é@lﬁm‘ QihciddﬂinElm_W?hi&hﬁp{}Iq}e??% {;hat Ihgn
range OfﬁfS nmto 308 nm The preferred wavelength o ase

i s 248 nfSOmetERteThe laser imadiatian geproferbly pt@ortnd b/ medagéé?ﬁ]ﬁﬁfhsiat@;o? ton of
annealing is proportional to the |aser pul se duration, e
Selected wavelengths and fluence. Fluence is the energy density of the irradiation.

- 10 - Wavelength should be in the range of 157 nm to 3_08 nm. The preferred
wavelength of laser irrédiatio_n is 248 nm. Fluence is in the range of 0.1 to 1.5 J/cm
squared. Duration of annealing is proportional to the laser pulse duration, which is tens
of nanoseconds. A pulsed laser can emit irradiation with a controllable number of pulses.
Since the melting temperature of arhorphous silicon is lower than the melting
15 tempefafures 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 b'etween them and-the source/drain regions 26 consumes a minimum
amount of silicon from the source/draix_l ré'gions 26. It should be noted that somie
reactions with the source/drain regions 26 are necessary in order to form a desirable
20 silicide with low contact resistance. Depending on the iaser fluence, méfél 32 and/ora
-minute portion of the source/drain regions 26 may also melt during laser irradiation.

-Optionally, after laser irradiation, the silicon body is then subj ected to a heat

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



of - nanoseconds. A pulsed laser can emt irradiation with a controllable
nunber .of pul ses. Since the nelting tenperature of anorphous silicon is

| ower than the nelting 15 tenperatures of the netal and single crystal
silicon, the anorphous silicon layer nelts nore easily. Stoichioneteric
rati o between the netal and silicon layers 32 and 30 is such that the
Feaction bet.\Q/een_ them_and the source/drain regions 26 consunmes a m ni num
amount of TETHYEB YAyl hereat seatmentrani eithe ey DRI A2iep bit subbfukst REHipROt ed

- that some_ reactions with the source/drain regions 26 are necessary in

order to faserPulsercasilowst Buenge sFoi RTAgtemigebath@wa g2t 258 1 &5 &érg?c%]eg;]%;of the

Dependi ng on the | aser fluence, nmetal 32 and/or a mnute po

sour ce/ dr glurationganges ffin HBYcaldS G MBbhr Gty | i rradiation. , |
Optionally, after laser irradiation, rt_herlgiggit}ce%ﬁﬁ B8 nﬁ§“$§?8ﬂe“§ﬂfb‘]‘l%19ed to

a heat tr émenpulses, QueRipveBbhIdHREShd daGi i into a highly crystalline

silicide with a desired resisti \I}?%Ay}a\%ggggqbigoe&ﬁegfmtsﬂlé%f?ﬂﬁ?fi nagbeepf her be
a RTA st epuldes A% l4t i pl L ul ses at |ower fluence. For RTA,

tenperat u?e r aﬁ%ﬂe} is Oﬁéﬂg 19t|851 OQEEP&%@MS&WF%‘W BoFsgh it the anndalisgconds -

to 1 houry ' t.nent usi.ng subsequent multiple |aser pulses,
fl uence sh%ﬁuﬁ@ugzg?aﬁg{%d@%eT’bkacg.CGBV‘i"éwO?lERﬁ/z\@ﬁﬁs a&rasd @ndrfonaber of

5 pul ses ed r from1 to 100. This SASM structure does not limt
t he annea?ﬁiﬁg‘i“ﬁg%hﬁﬁgﬁﬁ lygr I3i§éﬁl be titaninna siliside, cobaltestilicide on kel QRake RTA can

al so be used t%‘@?r orm silicidation. Silicide layer 31 can be titanium
silicide, cobaftOgigpwsaerossrsentiariabyiewi dfiseintmndEiGe 8e\GEOWer @eposjtion of -
cross-sectignal view of sem conductor device after deposition of an

‘I nt er | evefn bitetlexsl Dielettigdrmyéd (L) lagye33. 38D il 333Y ' efferaply made
of oxide 10 and has a thickness of 1000 to 5000 An getf%gbn@,sm%{ﬁa’to%?‘é erabl e

3000 Angsandhas a fhiciakbsy/of 1000 to 5000 Angstroms, but preferab'le 3000 Angstroms. Finally

FIG 10 illustrates that a CMP is used to break the continuity of the silicide film extending

from gate to the source/drain régions. ~ Therefore, silicide layer 31 becomeé source
drain/silicide 34 and'gate silicide 36. Therefore a silicide etch back step is not necesSary.
| After this, another interlevel dielectric layer (ILD) is formed ovér 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 fhe source/drain silicide 34. Next, conventional techniques can be

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

semiconductor to other devices.

Unless explicitly stated otherwise, each numerical value and range should be

20 1nterpreted as being approximate as if the word “about” or “approximaiély” 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



FIG 10 illustrates that a CMP is used to break the continuity of ‘the
silicide filmextending fromgate to the source/drain regions. Therefore,
~silicide layer 31 becomes source drain/silicide 34 and gate silicide 36.
Therefore a silicide etch back step is not necessary. After this, another
interlevel dielectric | ayer (ILD) is fornmed over the gate SI|ICIde 15 36
and the source/dr |n SI|ICIde 34. Contact holes are forned in this ILDto

. expose the NS Shingss fuforw, andidetnids ey be olade avithost dépairtiter Bdm thNeagirit and

- conventional techniques can be -used to form additional conductive and

i nsul ati ng $®peeEthedayantioner to connect the  seniconductor to ot her _
devices. Unless explicitly stated otherw se, each nunerical value and range
shoul d be 20 interpreted as being approximate as if the word "about" or
"approxi matel y" preceded the value of the value or range. Wile the

i nventi on has been particularly shown and described with reference to the
preferred enbodi ments thereof, it will be understood by those skilled in
the art that 6 various changes in form and details may be nmade w t hout
departing fromthe spirit and scope of the invention. 7 CLAIMS Wat is
claimed is: 1. A nethod for form ng sem conductor device conprising: 5
provi ding a substrate;



formng a gate dielectric |ayer over said substrate; formng a gate |ayer
over- said gate dielectric layer; formng a cap | ayer over said gate |ayer;
creating .a lightly doped source drain region in the substrate, and not
under the 10 gate dielectric layer; form ng spacers on the sidewalls of
‘sai d gate dielectric layer, and said gate layer, and said cap layer to
forman internmediate structure; formng a deep source drain region in said
substrate and under said lightly doped 'source drain region; 15 annealing
to activate the dopants; renoving the cap |ayer;. depositing a silicon
filmover said internmediate structur €LAIMSHositing a netal |ayer over said
silicon f|In1 formng a silicide layer fromthe silicon filmand the netal
| ayer by'“’ tig claamed is:20 irradi ation; subjecting the silicon body to a heat
treatment to convert the silicided regions into lowresistivity silicides;

deposi ti n Aamethudefot formlingliephiesiductor ldavigs cQMFﬁsiﬁ?i d silicide layer; 8
chenui cal - nechagi cal polish (CWP) said interlevel dielectric |ayer, said
spacerss and saprdvidiid 4 SitdBafe0 break the continuity of the silicide filmto
create a source drain silicide film ‘

forming a gate dielectric layer over said substrate;
forming a gate layer over said gate dielectric layer;
forming a cap layer over said gate layer;
creating a lightly doped source drain region in the substrate, and not under the.
10 gate dielectric layer;
forming spacers on the sidewalls of said gate die]eétric layer, and said gate layer,
and said cap layer to form an intennediat'e"struc_ture;

forming a deep source drain region in said substrate and under said lightly doped

source drain region;
| 15 " annealing to activate the dopants;
removing the cap layer;
depositing a sil'icon film over said intermediate structure;
depositing a metal layer over said silicon film;
forming a silicide layer.from thé silicpn film and the metal layer by using laser
26 irradiation;
subjecting the silicon body to_a heat treatment to convert the siliéided regions into
low-resistivity silicides; .

depositing an interlevel dielectric layer over said silicide layér;



. inplantation

and a gate silicide film 2. The nethod of .1laiin 1, wherein the gate
dielectric is made of silicon s oxynitride having a thickness between 10
and 150 A. 3. The nmethod of claiml, wherein the gate | ayer is nmade of
doped poly silicon 4. The nethod of claim11, wherein the cap |ayer is

ni tride ' a_ thickness. en 500 and 2000 A 5. . The nethod of claim
1, wher eféﬁgﬁc&]ﬂeﬁﬂma ?éméé@i!ﬂtﬂfh\@r dielactri¢ layer,daidipabersi amd said

6. The nmethod of claim 1, wherein the spacer is nmade of an

oxi de fi ISHOdRtorRyesk therrontinuity of the silividenfilpe tobre A0 @ soutbe lha shiicide filtge

met hod of clai'm 1,7 wherein the spacers are made using anisotropic etch. 8.
The net heod efgatd silicidg filmher ei n t he ani sotropic etch used is an oxide dry
etch. 15 9. The nethod of claim1, wherein the deep source drain region is

formed by ion 2.i Mhtanithéd efclailf 1, WherePiR odrefiefebic hradlldpLiR, 2 t er
a the

creating the deep source drain region,. annealing o R er nedi at e

he T emoving of " RLSeR e R8BI berien IREATIIR O Tl Ny 12 The
. method of ol arn TueSREE B b . vhfe e giieliyiras ide nedopd g wdicon,
| Ctitanium 4. The method of claim 1, wherein the cap layer is nitride haviﬁg a thickness
between 500 aad 20004 . |
5. Thg method of claim 1, wherein the lightly doped source dram area is for'meci
10 ' ' by ion impléntaﬁon,
6. The method of claim 1, wherein the spacer is made of an oxide il having a
thickness in the range of 300 and 1500 A.
7. The method of claim 1, wherein the spacers are made using anisotropic etch.
8. The method of claim 7, wherein the anisotrapic etch used is an oxide dry etch.
15 . 9. The method of claim 1, wherein the deep source dram region is formed by ion
| -i‘mplanmtiom | | 7
10. The m:ethoc; of claim 1, wherein after creating the- deep source drain region, an
. annealing of thé inteﬁneéliate structure is done to activate dqpants. |
11. The method of claim 1, wherein the removing of ﬁc cap layer is done by
20 . selective etching, |
12. The method of claim 1, wherein the siticon film is amorphous silicon
| 13. The méthod of ¢laim 1, whex:ein the metal layer is one of the following:

a. titanium,



. b. cobalt _ c. or nickel. 14.. The nethod of clagnlé, ¥ﬂ:re|n
ihé.iééé;.ir;adlatlon is froH1alpuIsed ?gg:g?:onlﬁgeGOﬁgu;feébout ST o
nmet hod of claim1, wherein the laser ir ( Lon 15 done at apout Iornm ¢
hod of claim15, wherein the laser irr I's
2?822g]ni? Ige qﬁ; met hod of claim11, wherein the SI:ICIge Iageroisnﬁgﬁeff
i msilicide, 10 b. cobalt silicide, c. . |
grﬁlifglO?%ngTheane?hgg&%g claim1, wherein the interlevel dielectric |ayer

he silicide layer is
19. T nme of claim1, where_lnt _
:‘zr ?rgdo;(lrgren a Sili cor?fﬂr?gf’ghous Silicon/Metal structure. 15. 20. The

| m having a
met hod of- claim %hgv\/nerel n the spacer is made of an oxide film g

width in range14 owthed afsdamal, vtereifihke Meétiagdiatios isaf’r&l]&ﬁlmaﬁé? Bkt

the
silicon filmis anorphous silicon 22. The method of claim 181%h

| ow- pressure chem cal vapor
hous sili colesérssodegeosi ted using _
35825 tion (LPCVD) with silane (SiH4) as the 20 reacting gas.

15. The method of.claim 1, wherem the laser irradiation is done at about 157nm to
308 nm.
16. The method of claim 15, wheréin the laser irradiation is done at 248 nm. |
17. The method of claim 1, wherein the silicide layer is one of the following:
2. titanium silicide,
" 10 _ b. cobalt silicide,
C. or ﬁickel silicid.
18. The method of claim 1, wherein the interlevel dieléctric layer is an oxide,
19 The method of claim 1, wherein the silicide layer is fonned_ froma -
Silicon/Amorphous Silicon/Mgtal structure.
15 20. The method of claim 1, wherein the spacer is made of an oxide film having a
width in range of 300 to 1500 A
21. The methoq of claim 1, Wherein the silicon film is amorphous silicon
22, The method of claim 12, wherein the amorphous silicon is déposited using
low-pressure chemical vapor deposition (LPCVD) with silane (SIH4) as the
20 : - reacting gas.
23, The method of claim 1, vxfherein the metal layer is deposited using physi.cal
vapor deposition., -

24. A method for forming semiconductor device comprising:

10



23. The nmethod of claim 1, wherein the netal |ayer is deposited using _
physical vapor deposition. 24. A nethod for form ng sem conductor device
conprising: providing a substrate; formng a gate dielectric |ayer over
said substrate; formng a gate |ayer over said gate dielectric |ayer;
formng a cap | ayer over said gate layer; 5 creating a lightly doped source
drain region i rpréﬂginglé%ggt%g, and not under the gate dielectric |ayer;
and said cap layer to forman internediate structure; form ng a deep.source
drain region i i d_supst.rate and under said lightly doped source drain
regi on; renovi 2%&%2&1 %4‘%%‘9 laygr @egraeid substratesi 1i con fil mover said-
internmedi ate structure; depositing a netal |ayer over said silicon film
formng a silid9THUNE agaie layesovehmidpatt diledtiid ﬁ}yénd the metal |ayer by using
rapid thermal annealing; depositing an inter fevel dielectric |ayer over
" said silicide fuydngatsp Hyefrb\eealsaia?fg{&qgg,&al polish (CWP)said inter |evel

di el eeétri c layer, said spacers and said Silicide to break the continuity
of the silici derehtihgra lightty 86y ~ ain silicide filmand a gate
silicide film 25. Thegl\/eyt; hg% os?uicﬁgr%ﬁé%g%“eﬁ?’&%bﬁt%,uaa%mturwerthal

anneal i nggate dafectric layer; and said cap layer to form an intermediate structure;

forming a deep source drain region in said substrate and under said li ghtly doped |

source drain region;
removing the cap layer;

10 depositing a silicon film over sajd intermediate structure:

depositing a metal layer over said silicon film;
forming a silicide layer from the silicon film and the metal layer by using rabid
thermal anhealing;

depositing an inter level dielectric layer over said silicide layer;

s . . : .
chemical-mechanical polish (CMP)said inter level dielectric layer , said Spacers

an . e - N . ) . g .
d said silicide Fo break the continuity of the silicide film to create a source drain silicide

film and a gate silicide film.

25. The Method .of claim 24, wherein the rapid thermal anneali.ng 1s at

temperature range of about 250 to 900 degrees Centigrade; and duration

20 ranges from 5 seconds to 1 hour.

26. The method of claim I, \_vherein the heat treatment can either be a RTA step

or subsequent laser irradiation.



terrper ature range of about 250 to 900 degrees Centigrade; and duration 20
ranges from5 seconds to 1 hour. 26. The method of claim1, wherein the
heat treatment can either be a RTA step or subsequent |aser irradiation.
27. The nethod claimof claim26 wherein the RTA step is in the tenperature
range from 250 to 900 degrees Centigrade, and has a duration in the range

of 5 seconds 28 Thewnathod 2&imUrRIARIIOILGLA! aClal m.26 wherein the heat
treatment for using laser 5 irradiation ‘%lﬂ e Rﬁr RIS ‘E%%tempéral“&ﬁge of

- 0.05 to 0.5J/cm applied ranging from |l
to 100". 12 &@H@é R6m 2404 9561aegr@(!f{“%entl&JadeloandS has a u@atlon in the ?angeg of 5

seconds to 1 hour,

'28. The method claim of claim’ 26 wherein the heat treatment for using laser -

5 irradiation has a ﬂuence 1s in the range of 0.05 to 0. 5J/cm squared with the

number of pulses applled ranging from 1 to 100”.



