TWO BEAM LASER ANNEALI NG W TH | MPROVED TEMPERATURE PERFORMANCE FI ELD
[0001] The present disclosure relates generally to annealing as used in
sem conductor nanufacturing to fabricate integrated circuits, and in
particular relates to | aser annealing of sem conductor wafers using two
| aser beans having different vvavel engths to inprove the tenperature
performance of the anneJWﬁb RaA ING Wﬂ 0002] MI1lisecond

| aser anneal i ng, suchmtpR@VED 'EEMIPGERWITWE PERFORMANCES been wi dely
adopted in advanced sem conductor device fabrication because it offers an

ultra-1ow thermal budget, high dopant activation and super-abrupt
junctions. A key challenge to inplengpiphg this type of annealing on
patterned wafers is the potential large within-chip tenperature
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t her rral opertie er surface cause eatures of the IC
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effects" or just "pattern effects.” [0003] In one exanpl e of LSA, an

i nf r ar egkmigarductirveders L@ngutwgll@seahmsr having diferenpwanrelersthhto Wppreye ther f ace
at or near the Bre inci dence and with a P-polarization to

mi ni mi 2 PR TR p%r}ﬁ@mgwaepﬂﬁge ARGNABRIPFESEhi p t enper at ure non-uniformties

due to pattern density effects. The infrared wavel ength reduces opti cal

interference effects fromthe pagActdrolgsanse of its relatively long
wavel ength (e.g., 10.6 mcrons) conpared to the filmthickness (e.g., on

t he Ordfbbo?fe 1nmnf;ééahd%selr%ﬁﬁaan.ng%]gﬁs@r%ér%.k@%ahsalmfg (Lﬂqlwﬁ%%@nmd&nom to

be the angl'e of maxi mum absor pti 6n a surface and acts to mnimze
di ff er eatopteédinl ddgbiticedlsamiqonidoctoddeviteofabhieatiod hebaysefieaftars es pltralohudi ng t he
various thin filmstacks used in IC chip fabrication. [0004] This
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different optical properties. This reduces the

thermal properties of the wafer surface caused by the features of the IC chip. These

adverse effects are referred to in the art as “pattern density effects” or just “pattern

effects.”

[0003] In one example of LSA, an infrared laser directs a single annealing laser beam to
the wafer surface at or near the Brewster angle of incidence and with a P-polarization to
minimize reflections and thus any within-chip temperature non-uniformities due to pattern
density effects. The infrared wavelength reduces optical interference effects from the
patterns because of its relatively long wavelength (e.g., 10.6 microns) compared to the film
thickness (e.g., on the order of 1 micron or less). The Brewster angle of incidence is known
to be the angle of maximum absorption for a surface and acts to minimize difference in light
absorption due to the IC chip features, including the various thin film stacks used in IC chip

fabrication.

[0004] This single-beam approach works very well for many IC chip features and circuit
layouts. However, for certain IC chip features and for layouts involving large features,
temperature overshoots have been observed due to optical diffraction at the boundary

between two adjacent regions that have different optical properties. This reduces the



maxi mum anneal i ng tenperature that can be used to activate the dopants in

the adjacent regions. [O0O0O5]FIG 1 is a close-up cross-sectional view of a
section of a prior art silicon wafer 10 having a wafer body 9 and a wafer

surface 12 The wafer 10 of FIG 1 includes a feature in the formof an

oxi de re an oxide isol ati waf .er body 9
i acentr B aPBediog yes otse Wi don BF S oo Pelly dpeantbndbF PHEGerd,

oxi de- sj j%%gn interface 17 within the wafer body 9 and constitutes an
exanpl e er structure or feature. FIG 2 is a plot of normalized

i nt ensi j st.ance, x fromth interface 17. The pl sho

i ol at [POSF i A6 TRGEISP L TSP RIRTET YRmieh ~cRE oGt PIREH a1 SR N er Lo
shown i Rafihd w]aféi’%'bHVQ anli ra%a@ebs%@m g5, efh@\ﬂ%?hb BEFS1 RRIJGRL TRchiaraar di ng
to the prior art e sinulation was perforned using a P-polarized

| aser beanfol of aeexitie Gegidn (e3d., #n ovadkekbelatidmpad) 16Gotnel imtaadiaferdiodent upon
the wafer surface 12 at an angle of incidence O near the Brewster angle OB
for a spdipesst thaiwafer ayréaceil2e Tt eexuzle rem‘ﬁeam 16ﬂ¢én¢%ﬂre%dﬁt 9"?9"0t of FIG 2

shows a. relati ron n IIatlon |
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the angig, 9fs d h6t Mﬁuaﬂzéafmtemetwssarstm@mrﬁ) fréMAnhk ftbdfRdCA. [ thedIdir act i on
of the wavel ength. [0006] The correspondi ng tenperature distribution in the

waf er sgtiwsdhe smwamadlobecalur’rtamsntyhhstnhmmsmttye skctibniohthd wafed 1@ sliawvn imer nmal

diffusion, wth a typical heat diffusion length for m|lisecond_| aser
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variation s reft terperatrure overs ge This

t enper ayWeerpte bF M@ELintaMY iheidend tpordee wikirag Fafee sl atf #adngleast idéiddrzersed i n
the wafer 10. SUMVARY [ 0007] Aspects of the disclosure include systens and

met hodsndasthgBrefastarianglel Gadera silivoaasubstatadiad t\e ~ 72Ske rThp detrasityaotef
whi | e ot her ure u%e tvvo | aser

beant, THGi g THe ClIEe NS EHTER e DT Pape HETeeoaRy Jaterane o . at
| east qn%‘erfﬁfeeﬁ7d'l'$ ér%uuﬁmf%éré?clﬂla?gn d%gé“c];?éﬁlrtﬂgtangl@%lf%cﬂfenh@@'o@lﬁﬂece and a

different plane o nC| e syste nmet hods i nprove t

t enper absdrdebimi LBPaME fsYymEallly Adrawtibe bf thenfaetength.i Nng t he anneal i ng process.
For wafers whose annealing tenperature is |imted by slip generation, the

t wo- beagp nea&hgeoﬁé@toﬁmﬁ@m pPBENRUS b Rfdn0A 8kl BEFeRisBetiNs BRobHEeA tO

i ncrease the maxl mum anneal’i ng tenperature that can be applied w thout
causi nghsh ithe infdRRBHivErdswioa Rvts thenfabdiffesionwisie aitygocud bestatiffuadrelengtihndi cat e
that the wafer surface reflectivity can vary significantly as a function of
waf er faf m&@cs@@iatsewngghm%qu&%b%ﬁ 10@em. evgatBe sergperatysephthezat i on,

I f t t t th
Feat ur duterBFR A o kel Hon R 1R 2 B ChREORAN Srmth s aRRES appr oach
descri hafahi6h RirBfep@R thadHgse @mbelrauﬁ@a@ermmedgeb%@ﬁbm@biau@m@naa e for

reflectivity variations and thereby inprove the anneal tenperature
uni f or mah yeasteredge tihinage neinfeatuads 16Goohegm. the wafer 10.

SUMMARY

[0007] Aspects of the disclosure include systems and methods for performing laser
annealing using two laser beams having different wavelengths, while other aspects of the
disclosure use two laser beams having the same wavelength but a different configuration,
i.e., at least one of a different polarization, a different angle of incidence and a different
plane of incidence. The systems and methods improve the temperature uniformity of the
wafer surface during the annealing process. For wafers whose annealing temperature is

limited by slip generation, the two-beam annealing systems and methods disclosed herein
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[ 0009] The use of the systens and net hods di scl osed herein to inprove
within-chip tenperature uniformty (as conpared to conventional single-beam
anneal i ng approaches) is particularly useful when annealing wafers having
devices formed with materials that cause high surface reflectivity at
infrared vel engths. In this case, the ratio of t intensities of the two
aser b G0 UNGEAse NS Bk gTTe i g S et L nt b BRPlse st
surfacecﬁg Pn to achieve a m ninmumoptical absorption contrast, which in
turn |l ea Fe mproved anneal tenperature uniformty. [0010] Accordingly,

aspects he i scl osure i clud stens d tho ng | aser
onneal ; Kogt "5 edneShtnic prSEeT bR R ar et it Ehe el o b
manuf act j¢i g #Pé’ctlggy”péﬂa'?@s%hlﬁgs tlgr}g a367 Q1 Jr A3fdr SDAABposiiYh Js'\ﬁ@l:asltﬁser
beamis an |n?rare P-pol arrze nI ser eam i nci dent upon the wafer surface
at or ngaslajenevabelensthepolarngitionhetd ofihtiderwe ahid tee incalkouplanoodegntes) . The
first laser beamis a preheat |aser beamthat heats the wafer surface to an

i nt er mewithtrespeshiseha feateres I’ﬁ@’lqusOftShSlV@éﬂl s;drw:@ hlhe wwa\éﬁlenﬁﬁhaﬁwhaegr ees
centigrade or eak ;annea %a%ug) nper, ah}{u The cond | aser

beam cafP B8N ‘?Sﬁ'?l?ea#re%emafa feg L‘EF@”%’PSO&'WS PN corpRensated] d | aser

beam Ca&fl@@ﬁﬁt%ﬁﬁaﬁ&%dd%é@b?ﬂn%‘&@kl%mﬁéaﬁt%rﬂdé@athké &Mfdrmrev&@%hﬂt then
nmust have a different configuration, i. | east one of a different

pol ari zatdivithual & ahigsf er ent angl e of i I’ICI dence and a different plane of

i ncidence. If the second | aser beam has a substantially different

wavel engiobof r omhkhi€e bf ﬂﬁtsyétam@en@mcdshﬁﬁldsbd aarilavithpsoRshaRhicaid y the
same beam configuration, i.e., lie in the same incident plane and have the
same ortepipesatutounifoemityrias amnmpanemto eonykeetiord! sisglarbsem armealiwopmdodchsdrs beam
can al so have a dlff rent veIe B@and d|f erent .configuration fromthe

st | B e g OB R EAS B e CHCBOT HER el S SRsieor
surfac d t he
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waf er suheftweeasteabemacme@ d)mgn'rzempecraa.tuer\enm,aswwraﬂmohmfwaf@xarfp&ee is just
bel ow the wafer nelt tenperature. In an exanple, the second | aser beam

i ncr easeasitianetoaghiere 8 ariniguen ppYigH: AP EOMSONIREStvsdYchiD urs learts tgdmPEVedhe
first and s cond |.aser peans formrespective first and second |ine inages
on the YHFa egmefa&g%e uNtermfYexanpl e, the first line i mage enconpasses t he
second line image, i.e., the second line image falls within the first line
i mage. [PALOK ﬁcsqrdm&y gmseéﬁdnfrthm@sﬂﬁwwcwévaemée@dmf‘éhwéﬁrfer pefeee in
synchrgn enent he novi ng
The I e aEnEUnegY S B Micon Bkl AThhe Pheta ! B b IOt v R Bh Rk cecond
aspect Qf cokifiniflk fifst QAY5EnT I8eFBELIRS 'ﬂ'fe R HbREMLNEN Infsd RPBPIZéL

i nprove the annealing tenperature uniformty as descri bed above, and

furt herlasemdnbamienscnqimttftmomthrﬂgmfeesm'rﬁareadnongearathe@r@mteeédg&:@g wﬁsilyconﬂps, at the
preheat and anneal wavel engt hs and for the portion of waf er surface to

be anneXoul?5 degrees)t ke figst Fser beam sddyeheatdaser h@amﬁ'éath@fahébwefwueﬁceat
ool e doRflitePRe b BRARIGEe MU LARAIG e LRIRRENIXA RERRE L ARGu T 0

wavel engt al n secon ectl

usi ng tdreolof £5d tardtdl peSIc MHbaliRd te@ddritiuty. Tmcoﬁmesmelaadcaalb%can iRfrhredes
annealing the wafer surface using first and second | aser beamintensities
| i and aldsibleaer a @¥iaser béamn.t Brpmcandilasenkmamatandrave ihe semevafraredsur f ace as

conpared t a si Ie | as eam f or ann exanpl e

enct GfelnEia the gt HESCBF D DURMCATREEYE F AT HoRENBRRuTT [FagbleoBeam

I Nt ensidyX% or3 differbRf dASiATioR, Jaﬁﬁ%Fén?BngE of fh%.cté/ﬂ&ei nPBFRFEtRPHeldON TN &
manner that reduces or mni'mzes variations in the wafer surface

t enper ahdidéncas Ifehepedond Idser Beure abs Agulistentiatly diffesertivanelensthhfrenshagtse anneal
| aser beam [0012] The third aspect of the disclosure is a nethod of

defi ni h@ser heamstheh éscanihaug subspangially He sams heaseeordigarationol. ¢ ditiadhefame t | gat e

edge damm near e eatures neratjions forged in the vvafer

SuP T acaioien e it Hea tratoety Hos5re iRideBE el Phur ol |

sel ect edcdny |959errfbe5mcaﬁ aRBPEVE TRt Wi RRIngRAR] & dRERENtRoh RAFSLOH fréﬁacond
intensities and establishing the second iIntensity associated wth a reduced
or m nithelfirsafmRenbieadi. Hagrcoltdage bamacasl bepingdastraionahe iafeshdhck
tenperature. The anount of edge damage or slip generation of the test
wafers is determ ned by inspection, 8.9g., by optical mcroscope inspection.

[ 0013] Addi ti onal features and advantages of the disclosure are set forth in
t he detailed



description that follows, and in part will be readily apparent to those
skilled in the art fromthat description or recognized by practicing the
enbodi ments as described herein, including the detail ed description which
follows, the clains, as well as the appended draw ngs. The cl ai ns

titut f thi fi cat d h ted into th
ot ai | caMUEF 1190 BFPP BT BFERLE 1O POUBATTE S So1 oo UNAL b OBR Bhat both
the foregM a9 1HEREAL Ié’s%?ﬁé%]ﬁ‘ié &s@d@@ﬂegtf}ﬁe wafdr! sgméwtoda%t@anb%gdescr i ption

presented bel ow are intended to provide an overview or framework for

under st edmipargtur O, Metich ia aaredamb&namtsehselow thé@aflir sedlioeuperatard. tinias ¢l ai med.
The acconpanyi ng drawi ngs are included to provide a further understanding
of the axagmlgstbﬁéecoaﬁdasaréeamm%eaﬂ@d’vafﬁtwr&ﬁat%mﬂ%bé at"]b%ﬁ“tZO@f this

SpeCIfI h dramnn il lystrate various

o scl os (e STt TpETRE ARG Redere B LB ny B o el Ve L e e
principj e@@ﬁ tRORE R 5@ 5celin ER@xemlﬁ@ltﬂ&FiFsQ link @R e-mgnﬁﬂa?s'egr%é@coﬁd)” h
bel ow constitute part of this specification and in particular are

i ncor polird iethgenite, thadeanddinke irnbge fals withingh®tshiihe tnddes dhi hirit@nd setondor t h
bel ow. BRI EF DESCRI PTI ON OF THE DRAW NGS [0016]FIG 1 is a c] ose-up

cr oss- sBe MATEr MPVeALTeFs Weveien wifage 'rhsva?hrenv Yehdnovempnt 6ol B8 t hat

| ud
L0 sestecBRg el SRR S RN, A G5t e
surfaceiwd RRldhEhie 2 is a plot of normalized intensity vs. the distance x

(vm into the wafer body fronlthe oxide-silicon interface of FIG 1, with

the pl ofgg ﬁ' %Qﬁ%?p\;\%@tﬁg @Iﬁc?}fre(?sozs h%ﬁlodl &tc‘éﬁ%iirfﬁ(%m/ogfagé bRl N the

silicon sec ion o uring laser annealinhg as pertorned

accor di ingprbee tHe@anpealg tafmlperaling Lailﬁa)anﬁhey\umnbéwamﬂgﬁarm/fermhomtluaeﬁper ature
ATEDCE t hat can cause e%gf damage to the wafer at the edge of the oxide
r egi on; p¢réragIhe anpeslingbasedhemegfiestidtvagprsatahe areherbansl anneabueNakngthsof a

| aser an ff%lr Ithe poS |cs>;[1 (e)mhaecv(\%a rerdéur}%ce ?o E)nggela ecJ us,eche method includes
measuring the reflectivity of at least a portion of the wafer surface for the respective
preheat and anneal wavelengths A; and A; to obtain first and second reflectivity maps.
Then, using the first and second reflectivity maps, the method also includes annealing the
wafer surface using first and second laser beam intensities |; and |, that reduce the
temperature variation in the wafer surface as compared to using a single laser beam for
annealing. In an example, at least one of the first laser beam intensity |; and the second
laser beam intensity I, is varied as a function of the wafer surface position in a manner that
reduces or minimizes variations in the wafer surface temperature as compared to annealing

the wafer surface with a single anneal laser beam.

[0012] The third aspect of the disclosure is a method of defining intensities I; and |, of
the two laser beams to reduce or mitigate edge damage near large features or slip
generations formed in the wafer surface. In an example, the intensity [, of the second laser
beam is selected by performing experiments on test wafers over a range of second
intensities and establishing the second intensity associated with a reduced or minimum
amount of edge damage or a slip generation threshold temperature. The amount of edge
damage or slip generation of the test wafers is determined by inspection, e.g., by optical

microscope inspection.



[0019]FIG 4A is a schematic el evated view of an exanple | aser annealing
system or an exanple wafer reflectivity measurenent system illustrating
different configurations for the 5 preheat |aser beam (first |ight

beam source system and the anneal |aser beam (second |ight beam source

syste 20 a sc ased on 4A and shows
the 11 190G Ui PrdaRy B A i anireet b Ne R BRI ettt i fheSatalief
beams a%e&‘?ghaﬁ%ﬁlfolm% %%nma@ﬂﬁm%dewﬁ a\ﬁpgrem ?d"'ﬁ'\osé QHRRGH itNEh M From
[0021]FIG 5A is a plan schematic view of exanple i1dealized preheat and
anneal tharelesdaripgies oasecoghinetiboprattiengetfeesmisidirhacs as HOQZBEhereird hauding=| G
5C are schematic plots of exanple intensity profiles for the preheat and
anneal rhwtalﬂﬁ&g@écrﬁlqna«*@ﬁh fallonpethgcliime @s we ag theaprspied Aewiogs rTBet i on

§ ::mcj (nf SQ%ichgggﬁgdlg paarg'1 8Pthps speaﬁcanlonngu? are%uerrgt%/qgcgr%%%f lIn!fj(; ﬁ'neTc?etgl@d Vs

description by reference.

[0014] It is to be understood that both the foregoing general description and the
following detailed description presented below are intended to provide an overview or
framework for understanding the nature and character of the disclosure as it is claimed.
The accompanying drawings are included to provide a further understanding of the
disclosure, and are incorporated into and constitute a part of this specification. The
drawings illustrate various embodiments of the disclosure, and together with the

description serve to explain the principles and operations of the disclosure.

[0015] The claims set forth below constitute part of this specification and in particular

are incorporated into and constitute part the Detailed Description set forth below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] FIG. 1is a close-up cross-sectional view of a section of a prior art silicon wafer
that includes an oxide region formed in a wafer body and adjacent a wafer surface, and

shows a scanned anneal laser beam passing over the wafer surface;

[0017] FIG. 2 is a plot of normalized intensity vs. the distance x (um) into the wafer
body from the oxide-silicon interface of FIG. 1, with the plot showing the simulated laser
optical intensity distribution in the silicon section of the wafer body during laser annealing
as performed according to the prior art, and also showing the edge overshoot temperature

ATepge that can cause edge damage to the wafer at the edge of the oxide region;

[0018] FIG. 3 is a schematic diagram of an example embodiment of a laser annealing

system according to the disclosure;

[0019] FIG. 4A is a schematic elevated view of an example laser annealing system or an

example wafer reflectivity measurement system, illustrating different configurations for the
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shows a typical wafer surface tenperature profile generated by the preheat
and anneal | aser beans. [0024]FIG 5E is a plan view of an exanple wafer
that includes a close-up inset illustrating an exanple regi on RWof the
waf er surface that includes IC chips, and also a second cl ose-up inset

|Ilustrat|ng an arrple waf er feature OXIde regions) within the I C chip;
[ 0025] FPighegtdasss e di'r%%*&?b@amow dtg apned) fager heam éeF%Pf 9 ect i \F/)I ty

maps ofbé[qﬁ%%éltnl(_ é?g%%bngxanpl e waf er surface as neasured at the preheat

wavel en hd at the anneal wavelength A2 (FIG 6B);

[0026] FIG 7A and FIG 7B are plots of reflectivity Rvs position X

(rmm (i . nS| nal reflectivit e .reflectivity
tmps. i 0280 i AR 3 sebematisciaer vbing et Hackh 357 vy the Teatone SReed

lines Afnpiden{;qgl‘?%gfg}ﬁe rﬁ‘@h ?nglaﬁ;hezﬁ%s@trl?ea?'r‘:srﬂslo%rﬁné@b!l:{fgx@ l@BGnkkke 7A
and show mensi ona reflectivity map and a reflectivity vs.
posi ti onzplaie, (dspectively; one- di mensi onal reflectivity map) taken at a
central |ine based on a conbination of an IR preheat wavel ength of 10.6

m crons and an anneal wavel ength of 0.85 mcrons (850 nm; [0028]FIG 9 is

a bar cfpapi] t haic.CAaLAR sthémi08eW FBGM J I8 IR dbreregahabHh&s [ifd- 1

images as formed on the wafer surface;

[0022] FIG. 5B and FIG. 5C are schematic plots of example intensity profiles for the

preheat and anneal line images as taken in the Y-direction (FIG. 5B) and X-direction (FIG.

5C);

[0023] FIG. 5D plots the wafer surface temperature Ts (°C) vs. time (milliseconds) and
shows a typical wafer surface temperature profile generated by the preheat and anneal

laser beams.

[0024] FIG. 5E is a plan view of an example wafer that includes a close-up inset
illustrating an example region RW of the wafer surface that includes IC chips, and also a
second close-up inset illustrating an example wafer feature (oxide regions) within the IC

chip;

[0025] FIG. 6A and FIG. 6B are two-dimensional (x,y) gray-scale reflectivity maps of a
portion of an example wafer surface as measured at the preheat wavelength A; (FIG. 6A)

and at the anneal wavelength A; (FIG. 6B);

[0026] FIG. 7A and FIG. 7B are plots of reflectivity R vs. position x (mmj)(i.e., one-
dimensional reflectivity maps) based on the reflectivity maps FIG. 6A and FIG. 6B

respectively, as taken along the white dashed lines A-A’;

[0027] FIG. 8A and FIG. 8B are similar to FIG. 6A and FIG. 7A and show a two-

dimensional (x,y) reflectivity map and a reflectivity vs. position plot (i.e., a one-dimensional
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(C) observed in three different |ayout areas of a test wafer using
conventional single-beam annealing (white bars) and using the two-beam
anneal i ng systenms and mnet hods di scl osed herein (black bars); and [0029] FI G
10 is a plot of the slip threshold tenperature as nmeasured using

i se os ERL BER ekéh A5 b8 e roeRE} 053BpuBRER ol Y TRl "0

detai | bp1y/8hdiQHas SAPAHATRA! Raleddi® oflh 86 hiGUhE(850@¥@MPl €s of which are
illustrated in the acconpanyi ng drawi ngs. Wenever possible, the sane or

| i ke reference nunbers and synbols are used throughout the drawings to
f t | ' ' | e,
and onelPT1 oo ALeE e EloF o sE e o M MR BB ed B0 ©

si npl i f "epobiserieldlinsrireatifferéiet 1Rt aE66f 5§t wahe uding ebemutionallsthgkop&amf t he
Fi gures, Cartesian coordinates are provided for the sake of reference and

ar e not annsabngl nehitesbass)enid dising the twae-bedrorsnenling syt ems andimetiadsclirslosed
orientations, of Lhe systens and net hods described herein. The clains as set
forth b @Sﬂ)ﬁg@k ﬂébﬁé rated into and constitute part of this detailed
description. [0031]In the discussion below the term "sem conductor

substrate" and "wafer" are synonynous and used interchangeably. Li kew se,
t he t er 9929k eniFioA@ic? slot ghtherslia threshald tepperatige as measyrad #singr e synonynous

and used i nterchangeabl i t.h "wafer surface”" bein ort.hand,.f or
en cortnyER R ARERREG o e dho B lep 4B e VRS B AR e
"sem copgdmt or wafer” such as is used in the fabrication of integrated
circuit devices. An exenplary wafer is a silicon wafer. [0032]FIG 3 is a
schemati c di agram of an exanpl e enbodi nent of a | aser annealing system
(t‘syst](cam') 100 according to thgefldBed BESEAPTIONG 4A Is a schematic el evated
view o

[0030] Reference is now made in detail to various embodiments of the disclosure,
examples of which are illustrated in the accompanying drawings. Whenever possible, the
same or like reference numbers and symbols are used throughout the drawings to refer to
the same or like parts. The drawings are not necessarily to scale, and one skilled in the art
will recognize where the drawings have been simplified to illustrate the key aspects of the
disclosure. In some of the Figures, Cartesian coordinates are provided for the sake of
reference and are not intended as providing limitations on specific directions and
orientations of the systems and methods described herein. The claims as set forth below

are incorporated into and constitute part of this detailed description.

[0031] In the discussion below, the term “semiconductor substrate” and “wafer” are
synonymous and used interchangeably. Likewise, the terms “semiconductor wafer surface”
and “wafer surface” are synonymous and used interchangeably, with “wafer surface” being
shorthand for “semiconductor wafer surface.” The term “wafer” is shorthand for
“semiconductor wafer” such as is used in the fabrication of integrated circuit devices. An

exemplary wafer is a silicon wafer.

[0032] FIG. 3 is a schematic diagram of an example embodiment of a laser annealing

system (“system”) 100 according to the disclosure. FIG. 4A is a schematic elevated view of



exanpl e system 100. The system 100 of FIG 4A can also be a wafer
reflectivity nmeasurenent system 100RM as di scussed bel ow. [0033]Wth
reference to FIG 3, the system 100 includes a wafer stage 120 that
operably supports a chuck 130 having an upper surface 132. The wafer stage

120 f dt in the X d_opt I in th
Z- di Ichgi?ag‘#’ %’;f‘ge’erjrﬁeﬂ? i‘)’é{]e”%ﬂlgq éﬁ@@@f@&ﬁ B’Iﬁfeggegﬂ%t'lﬁﬁ\éragl y support
a vvafermjegsmgwengﬁ@,( Wah Rl\ﬁoéi s%ug)gg?f%o_?%anar surface 11 that operably

d a

supports a patter er sur ace e wafer surface 12 can have any

tt t t f fabrj [ | C chi
bnd 1 C st fezruﬁ Ferdeetelly. 2 bRt Sn il Jubln el Pt AR G o
i nt rOdUGSéjr 9{%} k 28h HX\Om 5993’&& sOrface £292 TRk Guafdhi@adebplis 130 i's

heat ed so t er 10 can e preheated. The wafer stage 120 is

oper abl yorffrgnrmnbenio\tednah@xagmrcecnmtdropltrbeallyma4he Zuddettiom. dheckudAibpes oper abl y
connected to a chuck controller 134. [0035]Wth reference to FIG 3 and

FI G 4Asurfawe 1§wcenflawed 40 aperiahly|sypeest a wafersio hqvgrsta wfarbedid ard 3 plenram 150
t hat |n e is onfr red ner.at e S 68 havi ng
211 v ot S FlRE S Thatesratft St & oal@reeret fuber nnng el 8RR s
beam haNé\lé%n?'batt@Frﬁtm\%t fsYakdo Rl Ifth @ﬁ@&’art&rs Bfa%@@@ﬁfabh&t*ﬁ@ﬁ@&hnﬁyérfoal@fbhﬂa? by
raising a wafer surface tenperature Ts to be in the range of from about 500
C t o abfeaturds (560eg,, thdexample wabdrdeatutes 16ah €iG. SRneabdt@dpedalissusedA, in an
exanpl e, about 1,300 C. [0036]In another exanple, the system 100

consti tlﬁﬁ%‘é’) or is otherwi se used as a reflectivity neasurenent system
100RM and the first light beam 168 is narrow band |ight centered at the IR
pr ocessliofgdav ¢ amgradmplerthasheck §30gs beated so that the wafier 48 garebepfehested.

refl ect t waf er rface 12 at rst, wavel ength X1,
descr 1 bl WHEEHRERL2q Rerar Db Ronerenes Barors comaledizy M bE CEF GO e
anneal |(r;|[;13 gt;]gc(l),q{ee{edttg arce,%gg&;dtlv iy 15Easur enent, for conveni ence a first

| i ght beam source system ere ‘ter ref erred to as the preheat | aser

system nd, the first 1 al so.r rre pr eheat
heer HRBRRoa WiHbeioERre 8t Bt ettt seui JpBeBhiddu R el eiget &
pr eheatbdaﬁ?—%f)ur%gg\ﬁ_ﬁ&q 1%095&*1#% eRRthhiedd configh @M td BendAad 2 flrt Ilé}ﬁ%eﬁmfIHSSt
optical axis he preheat | aser 160 can i nclude a diode |aser or a
| aser, lsavilg eférswemhdngiiuhudn waeearqpM) theFirpdigat bead 168 isG lpsar beam@@®ing

an intensity |, and is used to preheat the wafer surface 12 by raising a wafer surface

temperature Ts to be in the range of from about 500 °C to about 1,100 °C, which is below

the wafer anneal temperature Ty, in an example, about 1,300 °C.

[0036] In another example, the system 100 constitutes or is otherwise used as a
reflectivity measurement system 100RM, and the first light beam 168 is narrow-band light
centered at the IR processing wavelength for annealing and is used to measure a first
reflectivity Ri(x,y) of the wafer surface 12 at the first wavelength A;, as described below. As
the discussion below is initially directed to laser annealing and later to reflectivity
measurement, for convenience a first light beam—source system 150 is hereafter referred to
as the preheat laser system 150 and the first light beam 168 is also referred to as the

preheat laser beam 168.

[0037] An example preheat laser system 150 includes a preheat laser 160 and a preheat
optical system 166 that defines a first optical axis A1. The preheat laser 160 can include a

diode laser or a CO; laser, such as a continuous-wave (CW), P-polarized 10.6 micron CO,



| aser. The axis Al can be oriented so that the preheat | aser beam 168 is

i nci dent upon the wafer surface 12 at an incidence angle 01 that is in the
range of fromnear normal (i.e., near O degrees) to a |large oblique
incident angle, such as the Brewster angle for silicon, or larger. In an

exanpl e, enbadi nent first optjc axi,s ) le. 01 that

Subst ant TRt | redaart B PecleRfesirhtbe Biat oot Mo 19 rkisehp Loch re®

af or emeqikQReHaRAIL &1 |H&&‘e°ﬂct=.-3én§|fefe?%a‘% if QAR F'é?%e%'?'?r%%rﬁ@a‘?%hﬁé‘l'(u @.b§&t’rpt ron
are reduced or mnimzed 8] The preheat optical system 16

conf i gubedgtees)rteadange oaliquenintidaht ggthewth dsabe Brdwestenabgl fansihcfomr m Ih}‘mr efrom
the preheat | aser beam 168. The preheat | aser beam 168 travel S generally

al ong t Hea't $%2810lg pneadimept.dpe fltsappasaigxwlaﬁaarf el Onthet ssu ztgrr\f@i'éat) line
| mage 1%@ aqtto {he Wa];teerr'a%hlggh%rasmcpn s[oqgggzlf %fdélone 9ttgrn englcf\( Fe]e 'C vi ew

of an e rrplel eali ze Waf er
sur f acefrda ndrLéniforR (ﬁﬂﬁaﬁb%rp@l@n%@reﬁﬁwthhlrmz@&S Of an exanpl e intensity
profile 170P for the preheat |line image 170 as taken in the Y-direction

(FIG SRpagnd o0l GELt B L Brerd e s BRrbIEE DS kiR RIS o Z0B.GRkE esponds

to that he pr er 'sarface efl nes

the prebemh 162 B&d fdmﬁﬁeﬂe?l%m thepreh&Bt [35ef bedn @68t i praheaghdey bb&hnggabove a
certain threshold intensity | TH The preheat |ine image 170 is shown as

havi ng taweingeneriliyalang th fisst (hreheat) betidabais A1 ard forvs adirstdprehent) linki ch is
per pendJ cul gt to the scan X) direction. The preheat |line inmage 170

i s scanfl§S Zoﬁh@wﬁ? ﬁ(cﬁrﬁat a velocity Vs as indicated by the | arge
arrow in FIG 5A 0040L The preheat |aser beam 168 typically has a Gaussi an
i nt ensi P39k of iFI%® SArs 8 R n§éla¢matrfgww|oé@m ewm{ﬁwealw |r&€heﬁé|hyefm@se EY)0)

fil h di |
et i nett Brmen BRe R RETACE RN Pl e ARy 25100 A e et o TP for ¢ he
pr eheatint@sRy pRARM AP ok ﬁﬂe%r%h'é!ﬁ Ilﬂgfmﬁé@IW£h§@n |h‘t|ﬁ‘@YJdﬂ€&%n1(?Q§ SBfar‘nJI the

range of from about 0.05 mmto about nm An exanpl e beam | ength
t he pr ehdaectiongEIG. Bé)armhlzar&e(matwbmﬁleslmercotrhsaoqndetreﬁtat bf the pratwaped idké0) i s
typlcallylntherangqe of fromabout 5 mMmto about 20 mm In an exanpl e,

the scafifMhibdat thpwafrrsHEace 143 definemtheorrelnst linedmage i%%ﬁcﬂwchvwm@ eat
line 'r%g?nt%g%tgm%?n%b §%fcr8n§1n%§reﬁﬁé’1§d&'en£ HS “rhe%';'gﬁ gggqhirg 19 the

waf er om a m crons crons.

[ 0041] Whblnr8hatifpa@er@ine draxfsI(@in ehelodg fileGy &ﬂﬁecﬂdﬁem}éﬁt@ﬁé@@ﬁ)d@ulﬁlo
i ncl udes a second |ight beam source system 250 that generates a second

| i ght Bedhe 2@8.(i. ¢nX)ahreet4amrpTlm preheat Ipedwngk 17Cgllstscdmamlr2'6®>1 -directive@bad | aser
beam of |ntensit d is,used to add heat to the preheated portion of

t he vvaf"@iocétﬁyﬁ a%;%d@te?}vabaéaéae ByowiR B afi on with the preheat |aser beam
168 (and optionally heated chuck 130) so that a wafer surface tenperature
|'s | ocdPP40]r i se‘%\e@ndwe@pias@fsbw 468 typrceby hasenprusaipniirdemsity prbfilelin the an

265 s SN Brestiondne 3 Broul Tt ton PRREA MedeRs (GERTF IS FUBRAIR s
plots thempRfidantWidiROPL (RARES & il Suidth Hamddmuld FRHIVT) btheeagidsy for a
profile) for the preheat laser beam 168 (and thus for the preheat line image 170) is in the
range of from about 0.05 mm to about 2 mm. An example beam length L1 for the preheat
laser beam 168 (and thus for the preheat line image 170) is typically in the range of from
about 5 mm to about 20 mm. In an example, the scanning of the preheat laser beam 168
and its corresponding preheat line image 170 has an associated heat diffusion length

(depth) into the wafer 10 in the range of from about 30 microns to about 500 microns.

[0041] With reference again to FIG. 3 and FIG. 4A, the system 100 also includes a second

light beam-source system 250 that generates a second light beam 268. In an example, the



gi ven position on the wafer surface 12, and shows a typical wafer surface
tenperature profile generated by the preheat | aser beam 168 and t he anneal

| aser beam 268 preheat as the beans pass over the position. The tenperature
To is the base wafer surface terrperature prior to the application of the

preheat | as am 168 or the nne . _beam 26 surface
I e e R R R R S A A BT S e

| aser DEARe10R poibh bfthelwhfd i\ ratd i@s@catueémsr ﬁlralara@.ohrrﬁfre@%epréré%mssbe

pr eheat " waf er terrper ature TpH to the anneal tenperature TA produced by the

anneal besnried¢an dfidnalliieeated ehuck 1Bb)sopthat a whfeFbBfaceDempekmsred' totathe
preheat | aser beam 168 being wider in the scanning direction than the
anneal risgsendiseikas 258 anmgpktegweratyre by wheheraen exnRlafsdpstiasioma waferrelli at e
(prehea tur pH_ bef o t he ser further {s the
wafer s %ecrgp vr&e%ﬁﬁ&%‘f“%'éﬁ& &?g iso rf%éfg]t?%’%gno i anneﬁﬁ%fer t he
second Lighbeheam 268 is a narrow band |ight beam centered at processing a
(second) wavel ength A2 of the second |ight beam 268 and is used to nmeasure

avel oniZhor “He" B bR ety RS s S Bl liRRe SRR R 8 |

di rect egivé®p bﬁﬁ&forﬁfH’éﬂ/@éfbﬂﬂJrfaTcBQZS&fHCthvds|a9{7l§|ci)%$ér%@%@@te$ﬂ;$érm@50 i s
her eaft er referred to as an anneal |aser system 250 and the at |east one

second bnogllﬁgdmeeatedaethespnebéairlasedbemnd§8tahétlm1armlal Ipses dreaimelo® 2elBeaiab ess
ot herw e not ed. 0044 In an exanpl e, the anne | aser, system 250 i ncl udes

an anneHle heggspa POREIRYY: dihedemneratyreiTafs t Eﬁr’?@%ﬁ Wf‘fziéér‘rtf?fgam 262. The
second [ I s the
anneal DU Snes Et'é‘%ﬁ Jhe saRE B aeok FREY o 168 S e R el e

sur f acebdatn ab8 & thietwdfassupfaes 1pr eheathehretimoanpale sarfaeatenvvaiuengiddscédcl ude
IR, visible or ultraviolet (UV) wavel engths. [0045] The anneal | aser system
250 al sly thedirelarss lasar beame 468, @ptiddals tb@/é‘!"éﬂ?ﬁl%Pé@@ﬂ&b‘l’Ve%ﬁr Eﬂ’f@é’@? relative
to the an ser 260 al secon al cal, .a An exanple
anneal GBNFAKIES GIuiF e froe g e bisaReTas Toproptrady \bg bt BBl °a

f ol d-m gaaf > EdyneadhidH e lofdtlof Fmo@bt.yrs%ea%z th@ﬁwh%eegér%aemeso@émgsyst em
266B and optionally another fold mrror e anneal optical system 266
i s confivigier acthe Gcarairey dmectrbethanntheahneaimw béams 268.bHaA3R 6 thrpoehdabeheanneal

| aser 260 and to formtherefromthe anneal |aser beam 268. The anneal | aser
beam 26@2afepEh#n @rermraéhararrgeh%aﬂreaqutzrre%@@&ra theypmneal lpsen heam fwalher 270
relativ tto t he fQrehre td t(he nr’na1gte patﬁr%f hat that the aforenentioned
anneal |I?1e§ é‘c?LWas "R rﬁ')qls enbodl Trent A t he second (anneal ) opti cal

axi s has an i nci dent an?I e e2to the wafer_surface 1 h Fear t he

Br ewste[Poéﬂgl e 17 pothen ©38IPle, thytRFANG HENtReaBLIRSF & NpHew czltéaﬁ'fj BAEPEMP or t he

second mérsa cgss@% @&&g@%&&gﬁA&P@&Lé&m h%ﬁﬂ??@s aﬁm hagensi ty

12 of t e annea ["as eam to rar era ure of the

waf er  sirmha@sarel?sdtyn®d edMmrant2RO0y Jafdh SARfde subdgqernditie @étohb@vaﬂél%hgﬁhthz,
tenperature TpH In an exanple, the intensity 12 raises the wafer surface

t enper asutescribedrheldve mmeeéacuwémebelgwﬁsf iatially dirpeied telaserprealing the he anneal
tenperature, TA, which in an e ow the neltin ture
oF o | et AU A S e heraB e SherEH CeArAATE PR SRS Bl o
| deal | zpg tﬁ@g?l%iastldn'eesetdm%?gzg?:rﬁéé%ls Rt Rfold ol3@nN&H lal BYETIAGE gk rel ative

to the preheat [ine inage 5C al so 1 nclude X-direction
and Y-dJrﬂ@@btKH’ﬂw(S@Qﬁ)secEeCtl onal plots of an exanple intensity profile 270P
for the anneal | aser beam 268. The intensity profile 270P defines the

anneal (hodl | Mhis Shthpl& the anfbal rékérw@tem‘ 2§d1|ﬁcl'u8§sezﬂ$éﬁdéaplﬁ!;é}%@tiﬂé/te a
threshold iI'ntensity 1'Ip The anneal l'ine inage 270 has a length L2 in the
Y- di r e@ehorateseh iaitial aiidealBsérrbehhe262- diheaetanalnvavelength A, of the second light

beam 268 is referred to as the anneal wavelength, and can be any wavelength that can heat

the wafer surface 12 after it has been preheated. Example anneal wavelengths include IR,

visible or ultraviolet (UV) wavelengths.
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[0048]FIG 5E is a plan view of an exanple wafer 10 that includes a
close-up inset illustrating an exanple region RWof the wafer surface 12.
The regi on RWincludes a nunber of |IC chips 15 spaced apart by gaps 13,
e.g., a kerf region or a region used to formscribe lines for dicing the IC

chips 15, ampl e wafer features 16 are al so shown wi.thin on C chip 15.
The oxali9MET wal 16 a8 et Vet a 250 SROMIRIIYS QRGOS BRLGR PETSRS SREPRFPPYat | on

i nes wthin it : ' ' [ ' iing.qapi anted in the
Vi v ottt By ST e nhRal tacef 265 Bt p LBl A 2P e A AR°C i ng
di rect i exarhpipiafRddl ¥phias syatdr 66 inkluded b eamshaping vptied| eystémaeceh df foldA2 of t he
anneal line inmage 270 is defined by the FWHM of a Gaussi an Y-directional

cr oss- sedtreoiivibfantasgustatle agértyre 26814 prejezviopopiical jysteral2668 anthon@onadlyi n t he
f 5 i t 0] i o |l e,. the | th L2 .of. th

innoal PrgHRer T INL DA AR PP RE ABRe LR tORATTE T 1Bfak ne

pr eheat arllHé}?l(g%&?:%gFﬁ(iﬁi'sfrcgrq(%ﬁ@]aw&nlagcﬁf 0&RA%0 AGR thet&rdih the sl ELG  4A,

the system1l a first photodetector 280 arranged relative to the
waf er sbigédrmees.1thd anndallesdr baasBagdband at thelaéatsadfateaatra sdvead(dn@R) lihat
reflects fromthe wafer surface. The first photodetector 280 generates an
el ect ri EAge7gmelptigDp the prefanting imagedOsahatibatibe ploremeptienegaansepling
reflected | aser beam 168R. ln an_exanpl hot,odet ect or Q incl. s a

ool ed F8UE ¥ o dratEp e arinoct Pe R B R e Bt SR Far e
det ect Ofngld B08thd Warer%aHSeR 10Q &near iRE BHRr angﬂ@r&rsmcsmh@@gfa{ &ytor 290
arranged gto detect reflected or scattered |ight beam 268RS trom the wafer
sur f acerebonabie iacidexteemglecfor tHessesembogtiqahati vz cachoempe@ed.ncl udes an
integrating sphere 292 and a photodi ode 294 that is operably attached

t her et o[jpaael] i N IVBH bkathple ARBTRERALY 195 the laRnéd) faseNb&irh 268 Rfselebrditblrgigs at i ng
sphere 292. The second phot odetector 290 generates an el ectrical signal SD2

r epr esethedeimperadiiretdi¢hé watensurfacedi2 yrletaeer20@ W anst 309 Cedepandingeutther ed

i ght beam 268RS. Note that if a short wavel ength anneal |aser 260 is used
to genef?rég]%atttﬁ@pﬁfﬂﬁ\é@lTPF'a'é‘é“ Pag eZB'E'”fq{‘é'tﬁEﬁg'ﬁ‘fStg‘F "‘éag%{tst“g“lsafﬁg of the

anneal {Aaeka AR e bt RerP dhr&eiefobfle BULS o he'dndiiteRferature

significant. , n exanple, t tegrating sphere 292 1s enpl oyed

t o col I'egivhiatilat Bramplejluarbel®l ticielinghempeatireoésilitaser |ight beam
268RS. [0052] The system 100 further includes a systemcontroller 300

el ectri@ghyy CoRNSALRD ihaua&%.}]asr%%e R VR S anldmpid e siegkncedtine! | er

134, the prieheat laser 160, the anneal |aser 260, the adjustable aperture
267, arnichagba76 bs &irmaddnke onterphchadel etdtive o A8Dpr@hdatdB@.imbge &70.eBENTB e,
the systemcontrol [ er 300 conprises a conputer or |ike machine that is
adapt ecPnderlg. 5C Ysqinciyde Kudikeichion ard) ¢dirgetiapirpsiasestiond glateal gmex@mple
conput er - r eadabl.. chi ne-readabl e n?g'u tQ c I to
contr ol MRS RbRRr s 198 TBF (erans 330 boaBiasinae LRaFRYREoS Sr GRS e
system é?m‘%_@ﬁlrlﬁ’ﬂeliﬁﬁgé)’@ﬂ),'e%c.,l BiAgtu@oPheGRIAGTY BEMd adoVBaARRSRAW inteRSR, 1ANd a
menory unit ("nmenory”) 304. An exanple controller 300 is or

The anneal line image 270 has a length L2 in the Y-direction and a width W2 in the X-

direction.

[0048] FIG. 5E is a plan view of an example wafer 10 that includes a close-up inset
illustrating an example region RW of the wafer surface 12. The region RW includes a
number of IC chips 15 spaced apart by gaps 13, e.g., a kerf region or a region used to form
scribe lines for dicing the IC chips 15. Example wafer features 16 are also shown within one
IC chip 15. The example wafer features 16 are shown by way of example as metallization

lines within the IC chip 15, the metallization lines being oriented in the Y-direction.
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i ncludes a conmputer with a processor and includes an operating system such
as Mcrosoft WNDOAS or LINUX. [0053]1n an exanpl e enbodi nent, the
processor 302 is or includes any processor or device capable of executing a
series of software instructions and includes, without limtation, a

ener al i al _GL.Opr oces f|n|te st at e machi ne

cont 1 ol 196491 20 e tuseRsthnrofile 278p 38 takep along be SPepDg ArEFAnDBal b o
gate ar R r nt
Sne pr 0SBl . Aol o ’&%%ﬁ?%ﬁ%%%k@%ﬁ’%%?ﬁ% T
ot her i AWHMEOf & Geugfanwmkbcﬂbﬁ@les@s@rsmmﬁﬁtbyurﬁé&t%rcﬁﬁle 270w eA typadap. oOr

anot her sem conduct or processor manufacturer. [0054] The mem)rig 304 is
oper abl yidtbWeistiethetranghel 39 wicewsdp 580 micrags.usad ehémélenthetlh@gt a2of theenor y"

S PR ORIs BSSIR RS LR gt il i,

Ilke 0@7(y_\,h| ch may be stored a series of instructions execut able by the
processor 302. In an exanpl e enbodi ment, the system controll er 300 incl udes

a disk 30 dapt ed tgo a dat A8 vabl e dabl e
medi um gfglgglesuc tﬁsr \%ﬁ [8;3 fﬁzl t| c esysrle"kgéd) § ium

[ 0055] Tﬂ%tbé@t@Eto@QQ@ﬁJrhﬁ&d%FahQ@%o ﬂ\%%fétbﬁﬁfah@@'t@d@i‘é}{t ??pe'cﬂlﬁh??&l@c% in
vari ous enbodi ments in a machi ne-readabl e medium (e.g., nmenory 304)

conpr i slasgr rachl63& tha@ébdte fronsthewatferonusfate. The firsopipuiddetegood8@ns and/ or

sof tware nodul es) for causing the system gontroller 300 to {)erf?rmthe
anneal i Ry erienayeledsise!signatd rre@rfffeﬁsﬁt'a%ﬁ theiintensity ofdhe detestadgtlestedy st em

100. | mpan b%éﬁw%fﬁ Frggrggz}a[ifﬁn& gh&*&% &%F@%%Sﬁnﬂé%@rgﬁglreﬁg By thathidf gt 302

out of nenor ORpUt e prograns an Pt war 6 ‘nmodul es may

conpri S@ouaudsmrqhw nitfoden 8501&d) ioPiredidstdctoror der to performthe various
nmet hods of the present disclosure and to control the operation and function

of the jgEjous TﬁQgﬁﬁi e bE allsﬁ ﬁélﬁje@é%%%ﬂdl&%t@dﬂeéter%@arrrﬁf efGh q¥ldcy

measur enent’ syste e type of conputer progranm ng | anguages used

for thereflocted asaycamr*@ﬁhg‘hlt bmaramsasiﬁbai the adfertsypfacé angma@asainple, the
obj ect-oriented | anguages. The files or objects need not have one-t o0- one

a
cor r espeRerhekotpdeterior gBe inchsleppn rréegfétin&ﬂé\@se 45ad pelptofigde R8¢ thathie

nmet hod and ste orrbl nati o
Tt o Y AT e SRR Rt e B bie D vt bl 56 o PentRe el g
the vard,ge R92make&MaQMotEtsctsh 559 g&%ﬂat&e&@u@ctr.kmrgwéﬁsbzsur face
terrperat ure uniformty

representative of the intensity of the detected reflected and scattered light beam 268RS.

Note that if a short wavelength anneal laser 260 is used to generate the anneal laser beam

268, the amount of scattering of the anneal laser beam 268 from the patterned wafer

surface 12 may be significant. Hence, in an example, the integrating sphere 292 is employed

to collect both the specular reflected and scattered laser light beam 268RS.

[0052] The system 100 further includes a system controller 300 electrically connected to
the stage controller 124, the chuck controller 134, the preheat laser 160, the anneal laser
260, the adjustable aperture 267, and the first and second photodetectors 280 and 290. In
an example, the system controller 300 comprises a computer or like machine that is
adapted (e.g., via instructions such as software embodied in a computer-readable or
machine-readable medium) to cause the controller to control the operation of the various
components of the system 100. The system controller 300 includes a processor unit

(“processor”) 302 and a memory unit (“memory”) 304. An example controller 300 is or
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[ 0057] A benefit of using the two-beam | aser annealing systens and net hods
di scl osed herein is inproved tenperature uniformty of the wafer surface
12, which is achieved by mtigating the aforenenti oned adverse pattern
density effects that anong other things create a varying reflectivity over
the wafer surface. As djiscussed above, for certain devices, su as fmarmry
crfgot

chips, {MHEASaREPMBHTEr Y 2 Rropesy oL MIPFLdeS AL QRSraling YNEM wah a7

i nvol vi NB.bWﬁ safilegtivity at the long wavel engths associated with the
pr eheat 0{gaser eam ?6’8 and lower reflectivity at the short wavel engt hs

associ a ith_ the anneal |aser beam 268. sequent | t he preheat | aser
boam 100k « B 2B sNEEPe s EE R RiOSAsE0 R The BREEY WebsERiite ¢ ho
opti cal yahaorRhbRDf eREHULRS b seUbBRGArLPhAYIARNE a AP [nRIdBE WAtHELE emper at ur e
di stribution during the annealing process. [0058] Enbodi nents of the nethods
of annebitatordiagehombbripedalpurpask udieropedcesdar Nithitel stdtemsachines cdrikralied 12 of

t he preheat |aser beam 168 and the anneal |aser beam 268, respectively,
based ofPPRéef.EeNigRltRrofesyingusp ey eticldforegramazabie gatp array GiRGHY of Higitdlaf er
surface_12.. to achi ]eve i 1 :Pived upi f o n_the ann ure

over et ptfteRGR i ARl Snb iRt dht brdcRedol B MRS EIR L BERTUR " T, |

n"a
done i NpRycBRBA ah AMD MBRIORPSH othESHURERnd SMFAEH det@?soYs’irWaéé bPRAMD Corphe waf er
surface 12 during the annealing process. [0059]In an exanple, the ratio R
= | 1/ 12inta Cose dr asothepsarainendrctdrqrroogssarmanudgetutee. anneal i ng process to
achieve a reduced or mnimzed tenperature variation in the wafer surface
12 duripgsahe gRBEMEY 308 QLARFablY BordfecRXaBRh@prdcBisonsoL.i Asuskd hardn 12 are
vari ed during scanning based on first and second reflectivity maps for at

| east athgderm omeaiory refanmfaanyqupéesser-readable medivaxdngiding butenatdimitaditon i s
carried t_Qqve C t [S at | east t Size Q e eal |jne i mge
265p, - SiAMcRONE EpRRB ROyt 5P, i lPoy ik herb Bk SoeRORBUIH She b 11

| engt h. fr ! i i i [or 12
var s STy A R R et Y PR R b B0, 1P e

r ef | ecteéxanipfe enbbdiendpe,ahe ajsten dortnolea300meotlden gtdisk dhive 306 addhtefd @O60] | n

anot her exanple, intensities 11 and 12 are kept constant and represent a
best - cifepmeasity hfwableetyomﬁowed@ﬁeme@lwraﬁo&éﬂpha@%WiRerﬁa\ﬁ%) in terns
of reducgi ng or.gin'hm' ing trya variation in the wafer surface tenperature
duri ng TRECRATHES O '@e%f’r@ ESLNHH- exanpl e of this best-choice nethod is
illustrated in FIG 8A and FIG 8B as di scussed bel ow. [0061] The

refl ectlP93R)y ofhataserannealingyyethodn describpd horginemay he fraplemeptediin VBEOY e asur ed
using t 1 . described abov si.n h r . | aser. heam 168
and Che SRR AT A A B B EeRE e R o TP oN o BB R BREDET "t T east
a portir@Rddtle h@ﬁu&’tﬁi‘r@ge.%ll,lEérﬂﬁ@telﬁré‘g?ﬂmbﬁnd?@ﬂ%ﬁﬁ&e%édwest)P&daﬁiihgf}{d vity
measur enent system 100RM (or a simlarly configured systen) that utilizes

t he fi rsgsteancbnsrtiensDd togterfopmahe A68eading néBodslestriliearhdreis dy controling theser

(e.0., Ian;): ener ated) beans that ha\()e t he s%rre wavel engt hs as the preheat
and anrRP&rHERVIISETETHO0ATN 2 gxammple GRYDOAIMENE, e camMPYTelERPMERUN QRf er 10.

The di %qygeggajgogeduggfin%ngr\gsﬁied to the measurenment of the reflectivity of
g

t he waf'er surface usin e preheat and anneal | aser beans 168 and 268
by wa anpl e. The typical |aser power us for establishing the first
and " o dB0ReT o7 Tt torup iy HpBETbw Rty at SqTOUGE MR T ORI RS MEPEr  surf ace
12 at they pEediateddis (ﬁ"@é}?gl JRURRO 0L s AetRBEs S-2nBBRAAClisdSLAS all &) as

t he anneal 1 ng power, and einthe mlliwatt range.
control the operation and function of the various components in the system 100 and in the

reflectivity measurement system 100RM. The type of computer programming languages
used for the code may range from procedural code-type languages to object-oriented
languages. The files or objects need not have a one-to-one correspondence to the modules

or method steps described. Further, the method and system may comprise combinations of
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[0062] Wth reference to FIG 4B, in an exanple, the preheat |aser beam 168
and the anneal |aser beam 268 reside in respective first and second

i ncident planes IN. and I P2 that are perpendicular to each other. In
particular, the first incident plane IP1 is defined by the X-Z plane and

t he second incjdent pla | P2 is defined by the Y:Z plane. The reflected
st | palheBebar vaurer e, BMBgTe 10 49 JanmppsCRECEesoiss 18T ong. a
specul a I i : ed | aser |ight beam
268RS i gmélg&legﬁéégﬁﬁeﬁ%gseexge é%g%gﬁg'b%gétaﬂgq%%a%ggéﬁﬁe system control |l er
300 controls the wafer stage 120 to effectuate X-Y scanning in a defined
ar ea of Impovadtefaciempesatdi ddifdrmity an exanpl e covers an integer nunber of
the 1C chips 15. The detector signals SD1 and SD2 fromthe respective

phot odej@shpr s R8h A ds 359% PeQWBHRHALES AR eRingYPaENSAnd ndihGds(dfsclosedaf er
coordi nates and are provided to the systemcontroller 300. By know ng the
r espect haein intreproved esnderatamel udiforafitytdiehd weafr shiifadet12hehivhiS&chéavddtblge second

| i ght beam 268, and by neasuring the respective reflected intensities 11'
and | 216¥tigakias the afacareeptioned pdygrempatireg dengprefiacts thakarrens etbeethingsd

scattered ] aser .|] m 268RS, ¢t h ef | [ Vi iven. x- ation
on the. arisrs rvink MHerBTRTVEP B uotel yrkEl AEHILSo oy, B EMat gevisBS:
[ 0063] TéUeh as nedfrh& G ichipk tihe daif@ suffa€012 Rl e8mbrigmbfieiak@ngfefuUrdsage 12 as a
function of x-y coordinates to create reflectivity maps R (x,y) and R2(Xx,Y)
of at |imaslving highvreflesiivith at te lord epveléngtbuastadated vith the pnehwad lasereheam

cal i brated fer having a hj reflegtivity for the vel engt hs associ at ed
wi t h thlﬁ%?f\r'dvgpwah@?@gé@wc?t|th§ft]1°rbwa enggls dsspriaigd W\ TBg 253¢ Tatet B9 oa ed
si | i con,m@af ' ' Lyl

di scussze ‘a g\sleedf&thZ’etﬁg%’Feerget% |{ @?%r?&e%%@n%@;ﬁp E% hggévlvg g@%ﬁ‘?? g%rg%gancﬁ be
carri edemployéditcedacd thal opltiSd) abBEY®Ebh BENtBas3 L BEh hshcé ProvidRep@bad énifeeir ol ogy
system such as the neasurenent system 100RM [0064]FIG 6A and FIG 6B are
cont ourtepipsratued distsibutien dyiingthelpanealingmsaeass. refl ectivity maps of an

exanpl e wafer surface 12 as nmeasured at the preheat wavelength Xi (FIG 6A)
and ann@absav €htadinierA of Thle@netbBis offdnBealiy disuibsel GerelBinaluderseletgd | vity
plots as a function of position for the contour plots of FIG 6A and FIG
6B t akentesisiey litand 4 ¢fribe ppehgat lagerdeap ka8 ansithe@nneal {aser kRA®A6%t t he preheat
wavel ength X1 shows,a higher reflectiVvit t,_the anneal vel ength A2,

" catnee kel YAEd o M Rer sFStankes i el eI HENBLS Bfited)
conpensat g h@Hieve vareu%wennhwntth@ahﬁéénﬁgﬁémbmtm oBetheafer finhage 12.
[0065] FIG 8A and IEIG 8B are simlar to FIG 6A and FIG 7A and show t he

r ef | ectexaimpie, tinagelemion ofitritemsitidsdr arwhieis done i 8 menanthat eeeintlly iredhtcebeans 168
and 268 are used. The ratio Rl of the two |aser beamintensities !land 12

i s chod8RPerRtyfa @riaHensipdbe wafer sHifpee Yot sinedhe appsalipg PEOcssl i cation, it is
desirable that the first and second |ight beans 168 and 268 have a simlar
si ze at[0058] wafrean e@nfpe dhd PatioRIEHA: is heedasmagadramgter foreoptingringtish | aser
does not differ si gni ficantl

annealing process to achieve a r)(/ei:luced or minimized temperature variation in the wafer
surface 12 during the annealing process. In an example, intensities |; and |, are varied
during scanning based on first and second reflectivity maps for at least a portion of the
wafer surface 12. In an example, the variation is carried out over a scale that is at least the
size of the anneal line image 268P, since the intensity of the anneal line image does not vary
over its length. Generally, the frequency of any change in intensity I; and/or I, varies slowly

relative to the spatial frequency of the wafer surface reflectivity at the preheat and anneal

wavelengths A, and A,.

[0060] In another example, intensities |; and I, are kept constant and represent a best-

choice of intensities for the particular reflectivity maps in terms of reducing or minimizing
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[ 0066] I n an exanpl e enbodi nent, the optimal intensity ratio Rl =11/12 is
determ ned by mnimzing the within-chip tenperature distribution during
annealing. This can be estinated based on the follow ng equation for the
waf er surface tenperature: Is(x,y) = sl.Al(x,y)-11+ s2. A2(x,Y), |2 [ 0067] The
vari abl and.s2 are coefficients that resent. the sens t|v eB£ t he

vaf er t Y@FQF'B?&" 6 e EH96T EFé‘EP‘%rﬂtt”é?lgﬁ“t'” RE8EA 8 & PGect:
det er m Hﬁ?b?&f-cﬁ&@?ﬂle‘tﬁ'&a 19 Pﬁ% e%rnﬁ'g hahﬁ?fb.‘é@fa%%c@s@g? gggy} 0“ ng the

tenperature as a function o sor aser intensity The paraneters
Al and e the aps nd| trlbutl as cal fromthe asur ed
Pt ot ftRe] © b By bE fast brnaRitn e Rofe Sufited 1oy pedmyasifed T oo\,
A2( X, Y) ysindthe &3t 100 asm%ﬁoelalagawuﬁzg HeSprbh&atiRE} egénh Y68 ¥ndBRSarRRal

measured according to the nethods descri bed above. Wen the i ntegrating

sphere RQér besmum Mblecgemeemsly) thd refidctieicy ofvdttigastrapoalommfithe wafle Sutfle 12
scattering contributions. [0069]In the above exanple, the second |ight beam
268, whf¥thbhmeagred pyieg therreflectivity measurement system 1 ORM (or a similarly

configured system) that utilizes the first and second light beam 168 and 268 as either laser
or non-laser (e.g., lamp-generated) beams that have the same wavelengths as the preheat
and anneal wavelengths A; and A,, which are used to anneal the wafer 10. The discussion
below is directed to the measurement of the reflectivity of the wafer surface 12 using the
preheat and anneal laser beams 168 and 268 by way of example. The typical laser power
used for establishing the first and second reflectivity maps over at least a portion of the
wafer surface 12 at the preheat and anneal wavelengths A; and A, need not be as high as the

annealing power, and can be in the milliwatt range.

[0062] With reference to FIG. 4B, in an example, the preheat laser beam 168 and the
anneal laser beam 268 reside in respective first and second incident planes IP1 and IP2 that
are perpendicular to each other. In particular, the first incident plane IP1 is defined by the
X-Z plane and the second incident plane IP2 is defined by the Y-Z plane. The reflected first
light beam 168R is detected by the first photodetector 280 along a specular reflection path.
The reflected and scattered laser light beam 268RS is collected by the second photodetector
290. The system controller 300 controls the wafer stage 120 to effectuate X-Y scanningin a
defined area of the wafer surface 12 that in an example covers an integer number of the IC
chips 15. The detector signals SD1 and SD2 from the respective photodetectors 280 and 290
are generated as a function of the (x,y) wafer coordinates and are provided to the system
controller 300. By knowing the respective intensities I; and I, of the first light beam 168 and
the second light beam 268, and by measuring the respective reflected intensities ;" and I,’of
the reflected first light beam 168R and the reflected and scattered laser light beam 268RS,

the reflectivity at a given x-y location on the wafer surface 12 can be determined, e.g., by

the processor 302.
[0063] Thus, reflectivity data is collected from the wafer surface 12 as a function of x-y

coordinates to create reflectivity maps Ry(x,y) and R(x,y) of at least a portion of the wafer
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wavel ength than the first |ight beam 168, was used to generate an
absorption distribution that partially conpensates for the absorption
variation associated with the first Iight beam Since optical absorption
al so varies with the angle of incidence, polarization and orientation of
the incident plane with res t to the features 16 on the wafer surface 12
(oo " BERe Al B Bt o (el5iud wetsh b 6k B e F st b n DRy oug ERELES et
a) the t if ] ; f
i donis aALAHEE DoPil kol R bEAfs 060 S Seep R o o o A e
wavel engiaferpindsel fohatiblabetheasReqivitdnfdasurenienty i8Riisalissed abowdd) the enpl oyed to
i nprove absorption uniformty and thus anneal tenperature uniformty.

[ 0070] Bieflealivisrmeanringplthe vrie stefece hécardeecaified eutinanwatual LS&ammaealingl2 has

the 1C chj 15 wh I has .t he feat 16 wit t al [ i
unni nGORHB61 1 SRR MR CUEm ot of Hierir e o PR Gl at 1 ng 11 nes
parallel to the |ight incident plane (assum n(% -pol arization) will have a

hi gher F96fkbct iNGt67 aneiGtGfoare cpatoye ptpteef rafleq Uﬂvﬁ@tir%ﬁa@we@c&ﬁ‘@{ In this

case, the second |ight beam.268 .can have t sa vel engt,h l.e, of
ot dentgPS b el e e AER 1R ARl e e BRReRENE R PR

i nci denjndimedl Whddiergth RJ (FROEBNAIG I 4dPkIGOTB hldGeflddiNity bioBhds PRMBYION of
[ 0071] The respective Intensities !land 12 of the first and second |ight

beans 1p&itiordfoR 68 @atowlpdats bEFIGP6A ANd ELE. 6B taledwdangtthe livelyl-Al.eTipdoatur e
overshoot and therefore inprove the ge, damage threshold. FIG 9 js a bar
chart t¥electidiysgsias at the %wtm@aﬁﬂvé%\eﬁaﬁ@%@ Is¢tivity 2t fisrennedl o
observed..i e. di - ar: _waf er using
onvent  atdledsd £ il B ik shaybinBaR Ot e thoRitelinfihs Tah Bl 1 0

anneal i sgnFarshIfer tedafBliwkshdirefdcasiedoftae @iafer(sbtfackihar s) . The two-beam
anneal i ng systens and net hods provide about a 40 C inprovenent in damage

t hresh np r V. bl 1 z Agn et hod
(0 o el DRl B o A TR, S e R 1R oAb Bl e S R o1

usi ng theap tingd clttiaafamwenl thadirs pat eemndnighiddnadin8 HhidXGRese dsdile ITae matio
preheat the wafer surface 12 is a reduced tenperature rar_Tf'pi ng rate and
r educedRitofhEreriayo lgperdieant intapsitieh l.@af liechesed ta gve trumestynifprigaheqratipdn in

ili trate .10. FI G. ' t of th Lip. th I t
Tohp' (oA apRleSyiany e vkl tb PuluShanl ss Ot B Bendh or udpbd iBR s ©
i ncl udi gildMigeGR ek wHRPSUrfMRENSoNRattheRRALaINBIRle PEATBNRRsENIRYRE. The
| aser anneal i ng experinents were perfornmed on bare silicon wafers inplanted

wi t h bdfiffer {ignifidaatly. dose: 2x1015cal 2; energy: 5keV). The slip threshol ds
were determ ned by optical mcroscope inspection. A significant inprovenent

in sligobéeleshi sh &M anyb8imeniRhi paRSEIhYalit) eAtd) RIA, A 0s HERrmiHeAGy Case
(i.e., prior-art single-beam annealing) for increasing the preheat

t enper abiniraizifigith@wite ml-¢higy tanepdretise fR0TBItIONclerinpeniféaliog. Arisicaekond waf er
surface reflectivity m Ri (X, an X, of the wafer 10 are
ot abl 1B SLA0EL b LB RBINAL A HEN FRit ALl isCHP LGRS | nc ude

anneal ing the wafer using the system 100 by selecting the preheat and

anneal |aser begmynd ihiieslia .12 based on the first and second
reflectivity rrasg@)'so 1?2‘g%¢)tlerrp2erzg)?ﬂr2e non-uniformties of the annealing

process are reduced as conpared to prior art single-beam anneali ng.

[0074] Thus, with ref [ence a’;\gai nto FIG 3 and the ﬁgstem 100 there]j n, in

an exa q)(‘b'i] The variables s; and $; are coefficients that represent the sensitivity of the wafer
temperature to the absorbed intensity. These coefficients can be determined by annealing
un-patterned silicon wafers and monitoring the temperature as a function of absorbed laser

intensity.

[0068] The parameters A; and A, are the absorption distributions as calculated from the

measured reflectivity maps R; and R, via the relationships:

A1{x,y) =1 =Ry(x,y)
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system control |l er 300 sends a first control signal Si to the preheat |aser
160, which in response thereto generates initial preheat |aser beam 162.
This initial preheat |aser beam 162 is received by the preheat optical
system 166, which forns therefromthe preheat |aser beam 168 of intensity
11. The preheat Ia Qr b§?n1 68 travels generally along first optical axis
Al and forms tHE Sheat 2 he image 170 at the wafer surface 12. [0075] The

systen1contro||er 300 al so sends a second control signal 52 to the anneal
| aser 2®thera i fmd Rxpre e erilestivibemapvaggaaesuaedaccording i thenmetiods dsearibpdam

Syst om Sy P eenBREinRiRl o Bohind SREHRRA TR AN Prag 80
intenSih¥m33sﬂlhﬁaéﬁﬁﬁgﬂonhﬁﬁﬁhn?ea”‘268 forns the anneal |ine inmge 270

relative to the pr line image 170 so that the aforenentioned | ocal
waf er surface annealing occurs. [0076] The systemcontroller 300 al so sends

a third[opep} r olin sheddlitve SRarhplel the set@RighOBE4ARESIWHi¢hiLa diréeentscan) the
wafer 10 relative to the preheat and anneal |ine inages 170 and 270. In an

exanpl ewarelersth eanctha dikst 1igot hreov Lok svasabed togankesie angbsarhtios distribmtion

control J,er 3 nd,a fourth control nal sS4 to_.the chuck

cont r of 1% PRI B ARrRiESEon e e BropF SRR aHP gLt the fist Syliheam

control §gte apzmsbppﬂ%ln so%'?ig§ hft @Enhg ﬁBP@EQEn&J gaﬁhzﬁén a?}dtﬂf%n?éuo'r\s'[ abl e
aperture 267 to optionally set t and w d of the anneal

line i nﬁgeemdmenﬁslademumembcahnm featoreyis @xtheWater dubfacpL2eg) thand anneal
|ntenS|t|esI| and 12 remain constant as the wafer surface 12 i s anneal ed.

| n anot Hup Cissuitpyaut), the sesard lighideam Ww%@'th%@éﬂﬁ%amquraﬁhm at

t ty .12 d |1
boars 185°ta et aLed Moty HARE helnal e PR (0% Ene R (xy)
and R2(righkatish éitgra%dffér@ni WOV YR Th & ek drahé 84m8BPdiffePerARridNERBh Seantte
modul ati on of at I'east one of preheat intensity |i and anneal intensity 12

i s basegmployethtcaivgrageabsbrition ungbtreity avd thus eeasal temperbiure nndahityof t he
reflectivity maps Ri(x,y) and R2(x,Y). [0077] The dwell tine tD of the

preheat[obvole | BRYRY L xdrfpld] d6ARIdBYtHeNBsd Whbf tAk walféteutfaBde2 WaLthR I¥hipo
scanning velocity V. In an exanple, the dwell tinme tDis in the range of

100 mi &mb@@d@\@u@pssthedgamﬂesrﬁa Witls eetal @grating)lines 00N8igin botrex axby e

di scuss the first | aser beam 168 as a |l el en oriented
SUbst arfACHHPYS. el FlUEss AR har AR g & gl h GPaLAGe Nt SIS PRSSa. pr cheat
beam ml ar
el ongrErtiie REEPRiC W nRARiAS Bnecly PanRUE SRBbilicdl B b, 2]

beam Ghdigéentedediimredis casef theRecahdiighOBedre 268 carklaelthe Bgné havélengthyavel engt h
| aser beam as the anneal |aser beam and the short-wavel ength | aser beam as
t he pr emglerofiiecidnnce @0d gplarizatian astibe fpsp lishieanblashbyewikian fnsitent ptane ar t

that v |ous d|f| a arjations can be made to the present

di scl ogh %‘lﬁa'ﬁ"a}%’gf?ﬁﬁ'ﬁq ?t\cll'ﬁH ﬁ"ea”%pl rit and scope of the disclosure.

Thus it is |ntended t hat the Present di scl osure cover the nodifications and
g

vari at i[B¥&of The tesapdive ddardtiprlosndieaf thedysicandsegpndiisht brams d6pandf t he
append%%s%la LB bg%%tl%bz%'drto re uce%l\e ettige temperature overshoot and therefore

improve the edge damage threshold. FIG. 9 is a bar chart that compares the edge damage
threshold temperatures Tpr (in °C) observed in three different layout areas A, Band Cof a
test wafer using conventional single-beam annealing (white bars) and using the two-beam
annealing systems and methods disclosed herein {black bars). The two-beam annealing
systems and methods provide about a 40 °C improvement in damage threshold temperature
Tor over the prior art single-beam annealing method (i.e., ATpr = 40 °C as shown in the

chart).
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What is clainmed is: 1. A nmethod of annealing a sem conductor substrate
havi ng a patterned surface and a nelt tenperature, conprising:

measuring, for a portion of the patterned wafer surface, first and second
reflectivity maps at respective first and second wavel engt hs;

[ t | rst fl I Vit efini first d
"ot onsi 9022 of ‘A KtedERge Bt Grtneias o Beamenhed PRgeds pid B Second
vavel engichSeed BSPRGH 'RYﬂjne\ét tﬁeh/@ﬁf?}"@u'r#acé‘?t %Caereﬁﬂc&{@;}ger {irSMh{R%Erate and

tenperature variatio en the first and second | a eans irradi ate the

por t i onrefucédehepdmbl gadient, suhidhama bduised e waneatlipngneofatiohén sikdancsubstugtieor
substrate as conpared to anneal i n%tthe portion of the patterned wafer
sur f acel@sFlRglisiaplenaf the slipHardshplsitempgraiuiecha (1Chye thareedatiye temgerature

[ di [ th t f t pat t. d A t |, t

A Al R R 3 St Y AT
second bv%?@n"npr‘%@&TFTW@I\éké’r%nh@élinfg'e&?érinﬁ@&s%Pe‘?@BQrfér’?ﬁé‘ofﬁi bdreSilicbeRaRes 1 vely.
2. The nethod according to claim1l, further conpri sing: configuring

t he firstplamdd sethddoh éiswplanbeases 2k10 ton f;eppmydshey) f Thestlipahcbsbeldonere nci dent

pl anes, respecti vel ¥ 3. The method according to claim2, further

conpr i sAe§raRsH ky vgtic anieropeapedmpestieib riisigrifieant inearpyemenkinisiie thrgshald
portion t he patterned s c » JELh rding t aim 3,
Por t her tBupivief T SORRNHEIRE o fhe PoRaTERERS T RE! 4 Befion "t o

pr eheat agd QIR Féd iRBreBding iR frahdéRte@gdemiem,gurface to a preheat tenperature
that is belowthe nelt tenperature and | ess than an anneal tenperature that

is below the nelt tenperature; and
Annealing methods
[0073] Once the first and second wafer surface reflectivity maps Ri(x,y) and Ra(x,y) of
the wafer 10 are established as described above, the methods disclosed herein include
annealing the wafer using the system 100 by selecting the preheat and anneal laser beam
intensities 1; and |, based on the first and second reflectivity maps so that temperature non-
uniformities of the annealing process are reduced as compared to prior art single-beam

annealing.

[0074] Thus, with reference again to FIG. 3 and the system 100 therein, in an example
system controller 300 sends a first control signal S1 to the preheat laser 160, which in
response thereto generates initial preheat laser beam 162. This initial preheat laser beam
162 is received by the preheat optical system 166, which forms therefrom the preheat laser
beam 168 of intensity I;. The preheat laser beam 168 travels generally along first optical

axis Al and forms the preheat line image 170 at the wafer surface 12.

[0075] The system controller 300 also sends a second control signal S2 to the anneal
laser 260, which in response thereto generates initial anneal laser beam 262. This initial
anneal laser beam 262 is received by the anneal optical system 266, which forms therefrom
the anneal laser beam 268 having intensity |,. The anneal laser beam 268 forms the anneal
line image 270 relative to the preheat line image 170 so that the aforementioned local

wafer surface annealing occurs.
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the second intensity being sufficient to heat the patterned surface from
the preheat tenperature up to the anneal tenperature. 5. The nethod
according to claiml1l, wherein the first wavelength is infrared and the
second wavel ength is different fromthe first wavel ength. 6. The net hod

o eheat MO7RL | sl dpotiples £ Sar st ool deedt 3% o B Heam et ni ng
an anne@{)ntlrélfé? 1h Fr'\o% stcgkﬂ tﬂﬁWa?&rr qel%HFé %e&?ﬂ%a\f"ﬁﬁd Shdbal I h‘?eh gal line

i mage falls entl e pre eat line i The accord| ng
to cl ai nv®and 270. hﬁran@aﬂmplesmmem@mmk N80 priwidet walfer ppeledueiak, thergstemage and
the at | east one anneal line inmage to have a length that corresponds to a

si ze of centrallgr 300 oy ke spad e &qurtiticantiof sigeal 54 to Tlfmsc'Wé'E erydralles dpHtmigitiage cl ai m
1, further I sing varying.at |east

"t ensi HHeaSTPiehge Dk Br e T 50T CariBshrod St ter B 2 PR L ur  ace.
9. The gpihag té‘ﬂﬂ-‘epefdi*us@goléQp&lté’r'erﬁs%to%ﬁéﬁdll? s R fgftlh PRad widig WPRb{ @ened
surface rncludes a wafer feature, and wherein the rst and second

I nt ensi dnresal Brieeinfage Aer Asdfscuseed dlmve) iniamezeamplel Haegirelest aatl anheddge danmage
associated with the wafer feature and ii) wafer slip. 10. The nethod

accor di H’éeﬂsﬁ'%llmﬂﬁ I3 remie eRpstantiAs thewated swé@c@rlzbéamﬁqamﬁ dageathehe waf er

surface _te r eal of wafer
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scanning of the preheat and anneal laser beams 168 and 268 based on the first and second
reflectivity maps Ri(x,y) and Ry(x,y) as stored in the system controller 300. In an example,

the modulation of at least one of preheat intensity I; and anneal intensity | is based on an

average of the reflectivity measurements in each of the reflectivity maps R;(x,y) and Ry(x,y).

[0077] The dwell time tp of the preheat line image 170 is given by the ratio of line-image
width W1 to scanning velocity Vs. In an example, the dwell time tp is in the range of 100

microseconds (ps) < tp £ 20 millisecond (ms).

[0078] In the above discussion, the first laser beam 168 has a long wavelength, is
oriented substantially at the Brewster angle of incidence and is used as a preheat beam
while the second laser beam has a shorter wavelength, or a similar wavelength but different
configuration, and is used as the anneal laser beam. Other embodiments of the disclosure
include using the long-wavelength laser beam as the anneal laser beam and the short-

wavelength laser beam as the preheat beam.

[0079] It will be apparent to those skilled in the art that various modifications and
variations can be made to the present disclosure without departing from the spirit and
scope of the disclosure. Thus it is intended that the present disclosure cover the
modifications and variations of this disclosure provided they come within the scope of the

appended claims and their equivalents.
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11. The met hod according to claim 10, wherein the anneal tenperature is
about 1,300 C. 12. The nethod according to claim1l, wherein the first |aser
beam rai ses the surface tenperature to be in the range fromabout 500 Cto
about 1,100 C. 13. A nmethod of non-nelt annealing a sem conductor

substrat,e havi n'g@é%atter ned surface and a nelt tenperature, conprising:
scanni n 15 e first laser beam over the patterned surface, the at

| east one first |aser beam being configured in a first incidence plane and
having a first wavelength and a first intensity that heats the patterned
surface jo a pyeheat, tenperature that, i.s below the. nelt te rature gnd
Tess thah an dnREN Y AIBr AL Ae ot Ut R Ay cis P PSRl e rador
beam over {hgeiPaihigdritere, smbasiRgand relative to the first |aser beam the
at | east one second | aser beam %ei ng configured in a second incidence plane
and havi ng a seexsndngydwed pogioh ofitite gattecehdafenseniadet first had sdveatls t he

patterned surface fromthe preheat tenperature up to the anneal
t enper at ur @flegliyity maps ag gespeetivedirstandrsereid Wanelenstvnd i ntensities to achi eve

h | . i | L, Ni.4Y Zi | eas: . d
I o oonar at - ORFEThY N MR Lo PURCEL B abe TR 0 o0 oR0R OGS 7,
wavel engishah®sdcBhél fisetbainth KV gIRE ARE aHBY&IoRD Helehigths f lee@Bilell ram wite

first wavel engt h.
reduce an amount of surface temperature variation when the first and second laser beams
irradiate the portion of the patterned surface during annealing of the semiconductor
substrate as compared to annealing the portion of the patterned wafer surface using only
one of the first and second laser beams; and
irradiating the portion of the patterned surface to anneal the semiconductor

substrate without melting the substrate using the first and second laser beams having the

first and second intensities, respectively.

2. The method according to claim 1, further comprising:
configuring the first and second laser beams in corresponding first and second

incident planes, respectively.

3. The method according to claim 2, further comprising scanning the first and second

faser beams relative to the portion of the patterned surface.

4, The method according to claim 3, further comprising:
the first intensity being sufficient to preheat the portion of the patterned wafer
surface to a preheat temperature that is below the melt temperature and less than an
anneal temperature that is below the melt temperature; and
the second intensity being sufficient to heat the patterned surface from the

preheat temperature up to the anneal temperature.
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15. The method according to claim 13, further conprising: the first |aser
beam defining a preheat line image at the patterned surface; the second

| aser beam defining an anneal line imge at the patterned surface; and
wherein the anneal line inmage falls entirely within the preheat |ine inmage.
16. The method according to claim15, further conprising providing one of
the preheat line imge and the at | east one anneal line imge to have a

ength 19at CORfeSRRNBY Sclddife ¥ AGinP L Bl RD iRt w0IRAREMRak LIt dge. 17

The met hod according to her conprising varying at |east one

of the fir séconddvserapth is ﬂtfﬁn@rittficﬁﬁtrm‘fn*sMa\felé@th and second | aser beans
during the scanning of the first and second | aser beans. 18. The net hod

according to claim 13, wherein the second | aser beam i ncreases the
eal te erature, wherein the anount

tt f t to t
8? pg{ tnggnzgr ﬁ\ff"é%tﬁnﬁgﬁ%é&égu‘?@a'i”hir@gs@mfﬁ e range of between 200 C
and 800 C. 19.;,llg+ %Erhﬁ)éjan‘ﬂ?‘egﬂﬂﬁié R9rdtRafhift iMa8 at WA RicPndd\QiriRpeal

terrper ature i s about 1,
the second Iaser beam defining an anneal line image at the patterned surface; and

wherein the anneal line image falls entirely within the preheat line image.

7. The method according to claim 6, further comprising providing one of the preheat
line image and the at least one anneal line image to have a length that corresponds to a

size of a region of the patterned surface.

8. The method according to claim 1, further comprising varying at least one of the first

and second intensities during the irradiating of the portion of the patterned surface.

9. The method according to claim 1, wherein the portion of the patterned surface
includes a wafer feature, and wherein the first and second intensities are further
defined to minimize at least one of i) edge damage associated with the wafer feature

and ii} wafer slip.

10. The method according to claim 1, wherein the second laser beam increases the
wafer surface temperature to an anneal temperature, wherein the amount of wafer

surface temperature increase is in the range of between 200 °C and 800 °C.

11. The method according to claim 10, wherein the anneal temperature is about 1,300

°C.

12. The method according to claim 1, wherein the first laser beam raises the surface

temperature to be in the range from about 500 °C to about 1,100 °C.
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C. 20. The nethod according to claim 13, wherein the first |aser beam

rai ses the patterned surface tenperature to be in the range from about 500
Cto about 1,100 C. 21. A nmethod of annealing a sem conductor substrate
having a patterned surface and a nelt tenperature, conprising:

measuring, for a portion of the patterned wafer surface, first and second
reflectivity maps at respective first and second wavel engt hs;

using theggfirs f Il 2t & TSI [TeY i ond
i nt ensi tifges of hf@gﬂ?égﬁg&ggﬁgnalgﬁlgg!sn\eéra sylgleams Hg\%%\%&lttﬁge i;‘é.‘{"ga gér}geréggond

wavel engt hsurfaeesqped meie kempdratiire doniprisings an anount of surface tenperature
variation; and ) irradiating the portion of the patterned surface to
anneal the serficedHegietleastonpdirstdaser hparmever the pettaed serfacshthe atleastienag t he

first and gecpnd | aser .beans. havi.ng . the first and second intensitjes
respect 1 vellyt P59 BT ESRRE TP 08 d R 5P B 8 Re ot el v ng
a_pat t er neghfafifstiReit) hdtineats tAB Paft8meBdufedd Gl dréhdat tBRpPeradiretRAECT i Ve
first and second wavel engths and an anneal tenperature that is below a nelt
t enper at urleelofv thémeltdbmperatoremnidsesaghan an anneabtempesitutgsed syst em

configured to generate a first |aser beam having the first wavel ength and a
first intensi t5GaMHHee Adegt PR seGopdiasenieam periithe Pattetnsd spepeecieglasiyie tace in

a first i nt(ﬁi_eqﬁ&tlas%l' Bgﬁn:[t%eg??e%stt&ee s'%@(r)r]iaelrag'eerq)éWge%:gecc}n%gare@riﬁQes\géond

t enper at ur e;
incidence plane and having a second wavelength and a second intensity that heats the

patterned surface from the preheat temperature up to the anneal temperature; and
selecting the first and second intensities to achieve the anneal temperature while

minimizing at least one of edge damage and slip generation.

14. The method according to claim 13, wherein the first wavelength is infrared and the

second wavelength is different from the first wavelength.

15. The method according to claim 13, further comprising:
the first laser beam defining a preheat line image at the patterned surface;
the second laser beam defining an anneal line image at the patterned surface; and

wherein the anneal line image falls entirely within the preheat line image.

16. The method according to claim 15, further comprising providing one of the preheat
line image and the at least one anneal line image to have a length that corresponds to a

size of a region of the patterned surface.
17. The method according to claim 13, further comprising varying at least one of the

first and second intensities of the first and second laser beams during the scanning of

the first and second laser beams.
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a second | aser systemconfigured to generate a second | aser beam having the
second wavel ength and a second intensity and scan the second | aser beam
over the patterned surface in a second incident plane relative to the first
i ncident plane of the first |aser beam the second | aser beam bei ng

confi gur to _heat th atterned surface fr t he preheat tenperature to
Che amncl t erihe aptpe aBiihe & Sai i3 Giferein 1Rt pespfSer G BlfEGH e

| ntensit i epadbfhed SLASALIRPAL-NS thOSnidd Mm@l MM haht Srblit by maps to
reduce an anount of surface tenperature variation during the scanning of
the first padesedandadeteaipebrarsinasasopathedatge abreademnZpd danddoorcsur f ace
with only the second | aser beam 23. The system according to claim 22,
further conprising: the first |aser beam defining a preheat |ine imge at

h d f . _the . d | b def i ni | i i
e Bt L AR ARG e PSSR REEEI P L0 Shel B ™"
configuredeso that the anneal line inmage resides entirely within the

preheat line imge. 24. The system according to claim22, further
conprising a controller operably arranged to vary at | east one of the first

and secaud i nt@ahdthes a¥doeding beclhind 53, vaiddein eROfiEt laddEieahtites 8iee scanned.
25. The system according to claim 22, wherein the first wavelength is an

i nfrared wastdtrondsirfaoedemperatersdadeimttd range fromsakgiut @Y &hito aboginl 1A °¢.i r st
wavel ength. 26. The system according to claim 22, further conprising the
second intensity being sufficient to increase the patterned surface

t enper atddr e up MethodeT anpealing psapiceatustar suiskipts hpvinge ratisiined srfasappdr ned

surface tegr%eeqtatte%rp%rétﬂrcer’ggrggrigiggzl n the range of between 200 C and 800 C.

measuring, for a portion of the patterned wafer surface, first and second
reflectivity maps at respective first and second wavelengths;
using the first and second reflectivity maps, defining first and second intensities of
first and second laser beams having the first and second wavelengths, respectively, that
minimizes an amount of surface temperature variation; and
irradiating the portion of the patterned surface to anneal the semiconductor
substrate without melting the substrate using the first and second laser beams having the

first and second intensities, respectively.

22. A system for laser annealing a semiconductor wafer having a patterned surface
with first and second reflectivity maps at respective first and second wavelengths and
an anneal temperature that is below a melt temperature of the wafer, comprising:

a first laser system configured to generate a first laser beam having the first
wavelength and a first intensity and scan the first laser beam over the patterned surface in a
first incident plane to heat the patterned surface to a preheat temperature;

a second laser system configured to generate a second laser beam having the second
wavelength and a second intensity and scan the second laser beam over the patterned
surface in a second incident plane relative to the first incident plane of the first laser beam,
the second laser beam being configured to heat the patterned surface from the preheat

temperature to the anneal temperature; and
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wherein the first and second intensities are selected based on the first and second
reflectivity maps to reduce an amount of surface temperature variation during the scanning
of the first and second laser beams as compared to annealing the wafer surface with only

the second laser beam.

23. The system according to claim 22, further comprising:
the first laser beam defining a preheat line image at the patterned surface;
the second laser beam defining an anneal line image at the patterned surface; and

the first and second laser systems being configured so that the anneal line image

resides entirely within the preheat line image.

24, The system according to claim 22, further comprising a controller operably

arranged to vary at least one of the first and second intensities when the first and second

laser beams are scanned.

25. The system according to claim 22, wherein the first wavelength is an infrared

wavelength and the second wavelength is different from the first wavelength.

26. The system according to claim 22, further comprising the second intensity being
sufficient to increase the patterned surface temperature up to the anneal temperature,

wherein the amount of patterned surface temperature increase is in the range of between

200 °C and 800 °C.
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