DUAL- LOOP CONTROL FOR LASER ANNEALI NG OF SEM CONDUCTOR WAFERS FI ELD [ 0001]
The present disclosure relates generally to | aser annealing of

sem conductors, and in particular relates to dual-loop control for

sem conductor | aser anneali ng. BACKGROUND ART [0002] Laser annealing (also

call ed | asgr i | i rmal C in is used in

sem condu?ﬁ%ﬁf‘m g@ﬂﬁ-ﬁmﬁﬁhﬁghhﬁl\j"@% OQFB%ESF)M@&B%TQ%WM&% for
activating dopants in select regions of devices (structures) fornmed in a
sem conduct or wafer when form ng active mcrocircuits such as transistors.

[0003] One form of |aser annealing ufeElDa scanned | aser beam ("l aser
anneal i ng beant or "annealing | aser beanm') to heat the surface of the

sem conpeoipr THeperssehtdistldsapdRifbisendriliao iaRNeMdaNag bESERESI dUctors, far a
time long enough to activate the dopants in the sem conductor structures

(e.g., isrartielamelatasdpduakelgbpnshtrlifor semicondustarddser enpradivgnt subst anti al
dopant diffusion. The tine that the wafer surface is at the annealing
tenperature is determ ned by the power density of the | aser annealing beam
as well as the exposure tinme, WBAMKGROUNIARTby the width of the |aser
anneal i ng beam al ong the scan direction divided by the velocity at which

t he | as/@002innkEski aghdatiagralss catiediasst spikeainhagimg oredset theymhal prlod@d3thg) y pi cal
sem conduct or processing requirements call for the anneali ng tenperature to
be bet visef imgrmicongustar mamufactuiing fera vaeafyafapoliatigns fivdvding fasfactiyating C. To

achieve ,this .degree of tepperature unifaqrm t t he .| aser anneal i beam
needs (9PRATN SEpel raelon PUHGH G ST eaerse ind suc APBET SR WPt i on,
whi ch yBHRhgEREe HRIGUICLROSIHhER RPSIoPs. | €SS than a +/-5%intensity

vari ation. [0005] However, even when the | aser annealing beamis nade
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t he anne n erature renal RS UNITOrMmtTO W e

Local ewhs&dlnglaseBédn®t)itd RSatOife RBEEET dTaHe YBhRDAI GRS wales €0 8 tdRpRGEALUr €
measur enent error when the system cannot distinguish between a change in

eni ssi dthedi@enedingtempertyef Hous ¢éimehlang enaugh ta dcticatk tioddogpnts m thei ssivity.
For nost | o%i C , )
semiconductor structures (e.g., source and drain regions) but short enough to prevent
substantial dopant diffusion. The time that the wafer surface is at the annealing
temperature is determined by the power density of the laser annealing beam, as well as the
exposure time, which is given by the width of the laser annealing beam along the scan
direction divided by the velocity at which the laser annealing beam is scanned (the “scan

velocity”).

[0004] Typical semiconductor processing requirements call for the annealing temperature
to be between 400 °C and 1,300 °C, with a temperature uniformity of +/- 3 °C. To achieve
this degree of temperature uniformity, the laser annealing beam needs to have a relatively
uniform intensity in the cross-scan direction, which under most conditions represents less

than a +/-5% intensity variation.

[0005] However, even when the laser annealing beam is made spatially very uniform,
feedback to the laser is required to ensure that the annealing temperature remains uniform
to within the stated tolerance. Local emissivity variations on patterned wafers can cause a
temperature measurement error when the system cannot distinguish between a change in

emission due to true temperature change and a local change in emissivity. For most logic



device wafers, the thickness and conposition of the patterned regions is
such that the deviation in pattern emssivity frombulk silicon is
relatively small. [0006] For other types of device wafers, the variations
in emssivity can be substantial. For exanple, nenory wafers have thick
metal |} . 0 j ' ; ' o] Gk erein the
pat  er e FaueRe I an g P P S B Bl a ! el G BT RS Y "
bot h of déviak® i6 pararn drhigsiviay fraini bailk dilicohherai@iveBsngslii on from the em ssivity
variations is |large. Consequently, as the |aser annealing beam scans such
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variation iI's such that the tenperature control system can becone unstabl e.
[ 0007] Re-ekamplrgmich®ry aafets i thickomdtadinesy slse aerair legioaviderts inatudessi on

spi kes woul d cause the | aser power to be nodulated in resloqnse to

eni ssi \igdaser wheeis thepritained fegigns havep eelativahathidsmetahgilicde sy NiSit he
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| aser power density fluctuation and/or variation in the |ocal substrate

t enper dirme-érequiYABjthd hatserinfindured dmisdidrsvdrtationdssurhthadhe tempeaturag
tenperature, The annealing tenperature needs to be kept bel ow t he damage
t hr eshdPAtOEHSEIMERNT Recoma stalieri conduct or wafer. The wider distribution of
anneal tenperatures under open-loop processing requires a reduction in the
mean arl@@@d] tRerpening Uedetmpekaters cohtrobsyistaamts rasponhto emissiah spisepeoaltdur e

t hreshol d. This presents a process conproni se
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anneal imgmarywadfers indpem (bop (SoHstaradasehpdbwer) ppeaditicn adhiat limjts e di es. The
met hod includes scanning a | aser annealing beamfromthe |aser over the
array demgpasurewndioenity padormeanee of e laserannpdlide taide Haconop ansatell edfects

trol t of power in the | real ing b The et hod al
el uacuChRaeTy iy s AR B e B ORGN S aNBUNL "o LT oo G PAgapre.

anneal i ng beamusing a first control |oop that neasures_the anmount of power
and opdPQR8&s T¥s ig tpinylgpits thequadoyR safeannealing temperature. The annealing

temperature needs to be kept below the damage threshold temperature of the
semiconductor wafer. The wider distribution of anneal temperatures under open-loop
processing requires a reduction in the mean anneal temperature to keep the extremes of
the anneal temperature distribution below the damage threshold. This presents a process
compromise when (as is the case in most spike anneal process applications) a higher anneal

temperature (below damage threshold) produces a superior process result

SUMMARY

[0009] An aspect of the disclosure is a method of laser annealing a wafer having a surface
that supports an array of dies. The method includes scanning a laser annealing beam from
the laser over the array of dies, wherein the laser has laser noise and is adjustable to
control an amount of power in the laser annealing beam. The method also includes
measuring and controlling the amount of power in the laser annealing beam using a first

control loop that measures the amount of power and operates at a first frequency f; to



control the laser noise in the laser. The nmethod further includes

controlling the anobunt of power in the |aser annealing beam using a second
control |oop that operates at a second frequencyf2 <fi by neasuring thermal
em ssion radiation fromthe wafer, including averaging the thermal em ssion

radiation,. Oy fe I§£ rreAghn ﬂ{EQagejr?ng%eq%oe{mh%ir ﬂQIJdQ?E@rItF&m%th%%rnﬁoeLﬁR%?di ng
average Measured tenperature, and USI NG the average measured tenperat ure

and an W&ﬁh&ﬁ@l_a&&%ﬂéﬁtr%ﬂﬁaﬁﬁ&sirﬁ%% §dcoh@ caktrd13bog that bpsatestd agesdd! the
anount of power in the | aser annealing beam [0010] Another aspect of the

di scl osfiequeinsy fivef: g inreaduring thesmal dreidsiam cadigtiontfearaitie waterfinelgdingr equencyf /

isinarange froml kHz to 100 kHz and the second frequencyf2 is_in the
range 368 g e her emzss'%deg'f}m\ﬁ&%rr?é58%3@%3@&1%(1%”81'@55 ﬁwﬁfgowsa t he
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measur i fagh gebgup@ddn ineabveren geritiee sapointasadpkt thg I8Raw camltdldes
deflecting a portion of the |aser annealing beamto a photodetector system

[0013] ¥nenrtied pawpeintthefasenenntiaieg beame is the nethod as descri bed above,
wherein deflecting a portion of the | aser annealing beamincl udes

di ff radoongj Anqabértdspactelf thddistlagee isstho @adthod abeestribied sigpve, ghaiteimtheffostmed on
a reflective surface fromwhich the |aser anneali ng beam ot herw se

r ef | ectfseayenons]is infoenes fragplelciz tor100ké!z @nd dhosasead frequercyfeisibtheyange

descri l:*ed ?ﬁ_gz\r/te, 0 rein the wafer has a Brewster's angle, and wherein the
measuriﬁ%[n 8'591 ssion radiation fromthe wafer is perforned at

Br ewst qbof1)30HbRer dsPOk 2 tHBENSJur@ BRAE mdthod hedbicaBd LR, vBeldley, Bt hod as
descri bed above, wherein the wafer is either a logic wafer or a nenory

waf er . dbo0L@OOAHROt her aspect of the disclosure is the method as descri bed
above, wherein the first and second control |oops respectively enploy first

and sedBBRlfinebrrasBeriof the dsreiuie isithanarBod andessribest BbavRaheiel coupl ed to

one an%@a%hring the amount of power in the laser annealing beam includes deflecting a portion
of the laser annealing beam to a photodetector system.
[0013] Another aspect of the disclosure is the method as described above, wherein
deflecting a portion of the laser annealing beam includes diffracting a portion of the laser
annealing beam using a grating formed on a reflective surface from which the laser
annealing beam otherwise reflects.
[0014] Another aspect of the disclosure is the method as described above, wherein the
wafer has a Brewster’s angle, and wherein the measuring thermal emission radiation from
the wafer is performed at Brewster’s angle.
[0015] Another aspect of the disclosure is the method as described above, wherein the
wafer is either a logic wafer or a memory wafer.
[0016] Another aspect of the disclosure is the method as described above, wherein the first
and second control loops respectively employ first and second proportional-integral-
derivative controllers that are coupled to one another.
[0017] Another aspect of the disclosure is the method as described above, wherein the
laser annealing beam creates an annealing temperature at the wafer in the range from 400

°Cto 1350 °C.



[ 0017] Anot her aspect of the disclosure is the nethod as descri bed above,
wherein the | aser annealing beam creates an annealing tenperature at the
wafer in the range from400 Cto 1350 C [ 0018] Anot her aspect of the
disclosure is a | aser annealing systemfor annealing dies supported by a
waf er hawi rface s _di hayv) Latigp.Jn
e o5i vEbyer rhgSiet 36t A ERR s S18R FERANENS R BrafbbAliedies s e
wafer, anpgdoredBYyaARFesh 4 fitacs YRRQUP Sortd\@es Batblnaaing alvaadbtibsinadapt ed to
nove the chuck and wafer. The | aser annealing systemal so has a | aser that
gener at eissinity. nihtei lajer hasealingepstermnccludesta dhask that aelpestsabe evadart pad apower and
1/f noise. The |aser annealing system further includes an optical _.system
conf i gue¥RRi®stage Ehaf sUpRRStS the hugk Andabpt adartando sy AT n ek B e heer
anneal i I?Ee‘?‘%ﬁ@%in%? ﬂbl@lea(fsto P?as%qgge'r%t fen&u%?esl ﬁsiﬁgiaﬁlgglﬁ%e'aﬂxgaﬁeﬁ%m Ei’% a
phot odet ector syste har response generates a detector signal. e

opti cal afy§ufable DuBsutPRURH af® 1]fMdisel The la8LEnRANCRSstgn Rearariitclwrdean
i nci dent upon and scans over the surface of wafer due to the novenent of

t he wafenticabsysteheenrdigutes tnatenive theamtiaklasealbean andifpen dhareomhlasdraser

anneal i ng system al sp includes a t | em ssi.on, detector system arranged
relati @%BHQW%?‘F t'?ed'B‘TCtMPétl’o &?}L%ﬂ yineadng Bea}nég%?\'?éoﬁ‘/ilgf%?r em sgi on
radiati &E‘tﬁma?fl{ r%@adarlt}ggehéraee%e&&&&er Q%réﬁl.h?hé 856¢al §R08RIS HEnREAT AN

average the receive rmal emssion r ation over an area of one or nore
of the tiedser amtbaling beéshdnaedgmidicieat @sorparidseanBbdvee the surfate of graddr.duthlte | aser
anneal i ng systemal so has a first control |oop configured to receive the
det ect dhesayegiensafitheomafenland heatsdbe wafes taap @spealing temppiatuisodbe laser a fir st
frequencyfi,.in the range fromzl k to 100 to reduce the 1/f noise. The
| nsar - eIt e EhREHERE IRt e BabB s PR i ekdir s BiES

recei Ve iige bNRERRhNEBAFRLANY ® 9BaVe ARIMGPEhAbN FitfaticdSPerdforadhdisd the

out put power at a second frequencyf2 in the range from1l Hz to 100 Hz to

reduce geaefaaéd bythe asdrheneaiingdleb mgpridenvpeagattbie eece[ved 19drmiahemimsionaspect of
the disclosure is the | aser anneal ing system as descri bed above, wherein

t he anrf@@Rliag oYY ATeITad af @19 & MAre ofdhe difgeand ipresRensTeensratese teermalo2o]

Anot her__aspect. of the disclaosure i.s t Sef. i descri bed
Above. SSPr Hetile R R i Rl W T PEARRIOH HPLETES

el i m natgeivPineQietedtOOZdal AP EORFol A8ORGEr tdfadjretrl shospdeer 4 atflier | aser
anneal i ng system as descri bed above, wherein the first and second control

| oops rfespeoctyi fv & theiraogamiemf] ki todldd kéleconetluce the 1/f noise. The laser annealing

proportional -integral -derivative controllers that are coupled to one
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1 Hz to 100 Hz to reduce variations in the annealing temperature.

[0019] Another aspect of the disclosure is the laser annealing system as described above,
wherein the annealing temperature is in the range from 400 °C to 1350 °C.

[0020] Another aspect of the disclosure is the laser annealing system as described above,
wherein the thermal emission signal is filtered to reduce or eliminate spikes.

[0021] Another aspect of the disclosure is the laser annealing system as described above,
wherein the first and second control loops respectively include first and second
proportional-integral-derivative controllers that are coupled to one another.

[0022] Another aspect of the disclosure is the laser annealing system as described above,

wherein the wafer is either a logic wafer or a memory wafer.



[ 0023] Anot her aspect of the disclosure is a dual-loop control systemfor a
| aser annealing systemthat uses a | aser annealing beamfroma | aser having
1/f noise and a controllable output power to anneal a wafer having dies
that each have a variation in em ssivity. The dual -1 oop control system has

first cqnd..contro a.The fir I t _flrst
FrequentyZ el ARG aitss: B Rans oL i  4b B0 o SRR IR B i saind
cont r ol sykifn Has BEesoHibRHanR N Heany REHGAaddh Badihf 1)favRde dhdias@ntrbiigpieecond
control |1oop operates at a second frequencyf2 in a range between 1 Hz and

100 Hz amtguhpasertesinhbaramafechddisg dins thadeath lavefarvanetibreinvexhiesivibw ethean ar ea
of one die or greater. The thermal em ssion radiatiqgn is ca]gsed 3% t he

| aser afRYAAIPHONHOARSHREADARE St AR HePRY coFratioRRindar I CPRYPIEPAR BPE3tePhe
second &%Etrf?é% gﬁ&m'ﬁﬁg ol QUL &S § RHISISIE 1% drf?@én’tf[ﬁ%?jed’\ﬁ)fc%ﬁwtrto? erature

fromthe neasu em ssion radiation and generate a neasure

t enper abidreushhRwer 10 FediRashl £ 1dseNPEIEAL THeS eBbiN@Intic Iddpespevesat
conbination with an annealing tenperature set point signal to control the
| aser ogcpnd frpovency f.on@irangd beywean ildiz andsl00ztand rageasoedsithermal gpussigrur e.

[ 0024] Anot her aspect of the di sclfosur is the dlfﬁ| - o%é cont r ol ?@gstem as
descr i HAA1R4BBOM HisevdfrhoYai@nasrvAlPEte PHBTeRHSp | M ETGIERS SISt iRa FAgipTion

em ssi LSSk a es the
her mal - G e B e e B g R g e e

Wi t hi n-gdcendefittl &opnE Sorifzusal 1 dutemniné aoneasdicd vdfegtedgiceaturé l0@BtheAnot her
aspect of the disclosure is the dual-loop control system as described
above, mawsueththermalidmission tdiatisin and@snerie admessaregiempaeteEsignasyeem The

by baner i Enbheens misSphorbaepar o8 UL afbEae ifat 88 o °°

responsgt Bodeligtdi @6 chidhdhe IREF GRBM FOWAG o Phinfhiz& VR onB MV e dnRebifiy | aser
anneal i ng beam’ The first control |oop includes a first

pr opor tteowpataturdt egr al -derivative (PID) controller that receives the
detector signal as well as a second control signal fromthe second control

| oop aqdoiﬂﬁinﬁﬁé}%{sﬁé&%f@héinEékt)suﬁ@ﬂ:tth@'du§IL|88|§lkorﬁtFolrs?ﬁ@@lrh%%lekélﬂfe@ta%o@@,d
sends the first control signal to the |aser. [0026] Another aspect of the

di scl osuhrereinghe kecoddabntrodpog orttudeb ashanaieasssastetédiedsyateov.ghevthensiin t he
second control |oop includes a second proportional -integral -derivatjve
(PID) CHNETY) fRLCIOTRSIBMFATUISS N BIYMG| $1BISSIPR £ IFHRN WHRINADLQ; ere dies

temper o 6o L ARl NG il AANGELL M LRURSLAN U ho B Gfgrslianal and

response gener second control signha eér aspect of the

di scl 0q0085]imnotihe adpadt off aRPdisAsdur@ls tay SLEIMbES catasslisi et BhRvaibedhdbes,n t he
second control loop includes em ssion to tenperature (E/T) logic. The /T

| ogi ¢ odiereindhefirst hentmeldsep mdiudes @ photodptactarsystefrt dhe phetodetestareststeer mal
em ssion radiatiaon. g%gﬁgg Anot her a%%ect oé bt he di scl o_suré i S tﬂ%
dual - | GBFFItESRRABHOR G therlesss apReAling BERMAFRAIET bYADAMAU HRE SEKTE Whnt r ol
L oop | | QURRSRo kb inl AR bR PARSctb} LikSdI rEdreb&tStifd 16y drpasur ed
t enper rab?]ht%%z?cg%aﬁg\;er o?ng? %e ééﬁesf%gesg pri or t% |P n'%ut tr%ls t he ' measur ed
t enper akidudt pb@sAIn the IdsBeamratnglb&rh) Therfirstaddnétol loop includes a first
proportional-integral-derivative (PID) controller that receives the detector signal as well as
a second control signal from the second control loop and that generates a first control
signal in response thereto and sends the first control signal to the laser.
[0026] Another aspect of the disclosure is the dual-loop control system as described above,
wherein the second control loop includes a second proportional-integral-derivative (PID)

controller. The second PID controller receives the measured temperature signal and the

annealing temperature set point signal and in response generates the second control signal.



[ 0029] Additional features and advantages of the disclosure are set forth
in the detailed description that follows, and in part will be readily
apparent to those skilled in the art fromthat description or recognized by
practicing the disclosure as described herein, including the detailed

descri piy ' | 1.0 . N, I t e i NQS.
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or

di scl osure, and are intended to provide an overview or franewor
under st cahdilatgs theem eastitedewafied terhperatitre froof theheeabusesl theumal exsission raliatioai med.
[ 0031] The cl ai are | corB_orated,i nto and constitute part of t Det ai | ed

Descri pPPgfl Amrner ItRePisrogyre 14 e BRAVPRESOTRISY e e RAstARAVRg
draw NOZh&efn ﬂh@c‘s%%gidno%?roplrogé'ir?c?uoaesfa%\%/-gb%"ss Hl?éir.eﬁ%% I%ij:ﬂ:g fiﬂgr filp&s q}'@Cl osure,
p ed 1 nt a part of thi

and are 1 ncorpora 0 and constitu S specifircatron. The

dr awi ngebdurédtdndi@atiaé kightd fRmDEHH FyEndgc pliottbenslittag esmheasuaed t oget her
with the description serve to explain the principles and operations of the
di scl ostemperatprecsagnahtmthefsecored BiPxantrger. Cart esi an coor di nates are provi ded

ori ent dOPERC CpE0EaT Frier g R EHnesial the ARUGIIR AR set foth e et B,
anneal i fg. ;ytﬁ& fmew'g,'alnla%&)art%utegrrn@ﬁngs@btRi‘thw@f@n@imltﬂé)grtcmmrO'

systemtor the |laser annealing sys n performng [aser annealing of a
sem contutiiakripadresr, reatghiicddB34iraticing theidisclspleans des@iiedfhedgingxaoping waf er
showing the line inmage formed by the | aser anneal i ng beam scanni ng over the
waf er Shefigtailed dasrriptien wdiichgfodews iBetlainaes wrbas therprrafed dmangsy an array
of dies forned on the wafer surface.

[0030] Itis to be understood that both the foregoing general description and the

following Detailed Description present embodiments of the disclosure, and are intended to
provide an overview or framework for understanding the nature and character of the

disclosure as it is claimed.

[0031] The claims are incorporated into and constitute part of the Detailed Description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] 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. In certain of
the drawings, Cartesian coordinates are provided for reference and are not intended to be

limiting as to direction and orientation.

[0033] FIG. 1is a schematic diagram of an example laser annealing system that illustrates
an embodiment of the dual-loop control system for the laser annealing system when

performing laser annealing of a semiconductor wafer; and

[0034] FIG. 2is a plan view of an example wafer showing the line image formed by the
laser annealing beam scanning over the wafer surface, and including an inset that shows

the wafer having an array of dies formed on the wafer surface.



DETAI LED DESCRI PTI ON [ 0035] Reference is now made in detail to enbodi nents
of the disclosure, exanples of which are illustrated in the acconpanying
drawi ngs. \Wenever possible, the sane or |ike reference nunbers and synbol s
are used throughout the drawings to refer to the same or |like parts.

0036] FIG 1 is a schenatic dj |l e | aser anneal i ng system
[10 th!at il ustlrat es an enblodi NQE?A'g&pﬁséeﬂﬁaig-| oop control conf: ggra%/i on
for the | aser neal i, ng system 10. . A Cartesi an cpordinate systemis, shown
for thdlO03Rk BrIereIre ot nage i rtai o sRbodimeis phgediciosie. thmples of

descri - . ) 7, , . .
6, 747, gﬁglfh fg%ﬂlﬁff%@%&tggtagﬁ)ppﬁr@ﬁgfdor%@g\gél %‘%’P ?%%spogl%$§gtg%§? 6‘%8%37'%2 and

2012/ 01@@aé40ce mirhbart andsahbals erd usedtipough@d thy drafiegeioaefdies ehasanfdO37] The
| aser annealing system 10 includes a |laser 20 that emts an initial |aser
beam 22ikgIpdg- an optical axis Al that runs in the X-direction. An exanple

|l aser 20 is a CO2 |aser that emts light at a nom nal annealing wavel ength
4 of 100036¢l. nFIGThé 4 schemalO diagrenabfan e@ngilstasef arowalingdystben ddehadr nor e

di ode | asers. [0038] The | aser anneali ngoP/st em 10 al so includes an optical

syst emibestatesanubadiorgt ahthestuatipop geniolgonigymtiop &t asehanneats 20. The
opt1 cale SYRl Il @ ah S SiOMa GHERELR,T SERONE sdithE Lale dr38RIeRBAM AR ANT T O M
I Beam 24, anple optS e B

s X
theref rém a Taserdannea ng i cal sys can incl ude

| enses, |adBr hhRESting 3PREMYINESre ddsckiBEd foraGhimple, 0. iPeedntENENERLB3TE. J.
vari abl e attenuators, etc.) and conbinations thereof. Exanples of the

opt i cal7,5406men 36) 741, 24 Hiagd IUoS @dtént Agp BatiPatPehticatios N8, 2000/608%748 20d 4, 427,
7,514,305, /7,494,942, 7,399,945 and 6,366, 308, .all of which are

i ncor pozroé?éQ)wQ?“Q'é‘ﬁé’f@’Z‘t‘z‘ e feprporaied byreferenss YRt osed in the

aforenenti oned U S. Patent Publication No. 2012/0100640. [0039] In an

al t er nd0@3HNHDW lasentanoealingsestenmrifdativdes slpserel that emits ar bvldelllasser and a

oo BFRY ChGRF HeORUGLAT BRUTECUPS GER GO0 P eB PN ParGRE® AR ¢ he
.. Dfepreheat _ _ _
o eront St SETERER: FRThR) AR T BUAAST Fhobm InSRRTAOMALTP,

r ef | ectalsoecoatist dferavunakd dnegorwayel diody lasedd. This may be acconplished, for
exanpl e, by nmaking the beamturning el enent 34 out of copper and providing

the surmp@s 3fheassc? aHRESling ystem 10 also includes an optical system 30 arranged along an
optical axis A1 downstream of the laser 20. The optical system 30 is configured to receive
initial laser beam 22 and form therefrom a laser annealing beam 24. Example optical
system 30 can include lenses, mirrors, apertures, filters, active optical elements (e.g.,
variable attenuators, etc.) and combinations thereof. Examples of the optical systems 30
are disclosed in U.S. Patents No. 8,026,519, 8,014,427, 7,514,305, 7,494,942, 7,399,945 and
6,366,308, all of which are incorporated by reference herein, and are also disclosed in the

aforementioned U.S. Patent Publication No. 2012/0100640.

[0039] In an alternate embodiment of laser annealing system 10, a second laser and a
second laser beam (not shown) are used to enhance the annealing process, e.g., by pre-

heating a semiconductor wafer.

[0040] Also arranged along the optical axis A1 downstream of the optical system 30is a
beam-turning element 34, such as a mirror having a surface 36 that is substantially
reflective at the annealing wavelength As. This may be accomplished, for example, by

making the beam-turning element 34 out of copper and providing the surface 36 as a gold

7



coating. In an exanple, the beamturning el ement 3415 part of the optical
system 30, and is shown as being separate by way of exanple and for ease of
illustration and discussion. [0041] The beamturning el ement 34 defines a
second optical axis A2 that is directed toward a sem conductor wafer

"V\ﬂf er" H (" f " i . (0] | N.
The.var Sty MBI 3Re LA Rfiute SERES S rif oSSR B |
turn i sisSHERP&E BQnE’B’%ﬁbréﬂé}bﬁ?@hﬂy&)ﬂé&&ﬂbleﬁﬁg@r St elof Alusirstish Avedislssionst age
driver 54. The second optical axis A2 defines an incident angle 02 on the

f f : ' The ] - i
beam o208 cTAE RS bl ARt 0 e IR el s W R R PR o

42 of vaherd 4demibady@bewafed (‘haserdpa@NaiRd & topduefacé ERPEsRY YABwWItW.a Which in
an exanple is determ ned by the heated chuck 50, and which in an exanple is

at | easwurfgceaoenalthhdhe maben40dsrpamrartieddy 4 doai$0 (eB.anheatadpheck) tvich in
intersection of |a

er anneal.i ng . beam ith the surface 42 o fer 40
dof | neatin BRUBROEE 7 FReahle Mafe e aghab iy Y S SHRE BVETo4 HEC aur f ace
42 of V@Egﬁ%é%cfa-lrgsgs RS AN AANQhci éﬂ%ng@%rzﬁlﬂe sﬁﬁgcéa&fm!ﬂeﬁﬁggel%vmv' ng

t he novea er stage 52 by the opération of stage driver , by

adj ust i sugfatdrroeA M. Thé Risagaralealibeadd 24 eracelsidewh hilke saxpad opticet akis AQ abdam 24
to be scanned, or a conbination of these two actions. [0043] As discussed
above, intgssactd theshifeentheltwatept® dbs syaler 4Qhpsiancrverallavalar temparatuie Tenneal i ng

tenperature. TA to be betyween 400 nd, 1, 300 with.a tenperature

unt For R sy R el hctER) etaran bl 5o Wolhidh LPEiA Bk ¢y,

the | aggsst arned thhg rdaeiferdffds to have a relatively uniformintensity in
the cross-scan direction, which under nost conditions is less than a +/-5%

| 0t ensi yg3(ar o Smel OB hed D ABBHBTEH Gnebf) BN BYMAAFRSLAM £ 56"

| aser annealing 1's at east a tenper ure of

t he matgsfepdo ARG aaiseBbaH link Br IR iGREE” 241 it iGANoPAIRE sGExdetSef t he nelt
tenmperature of silicon is 1413 C so that in an exanple the maxi num

t enper avafeed@ui THe dsanrdbgat line38@g€24L fH0asPmplishelddyoasdngfhegpovaabiameatenr i ched

silicon, the nelt tenperature of the all depends on the percentage of Ge
in t he StAgeq? PYRBE ogpeatien of siage duver §4eﬁiﬁégféts’dﬂgﬁﬁeg’eéﬁb%%”ﬁﬁfeéﬂ‘%ﬁtfégS C, so

that an,g 'lfse%&%ﬂéb@%%%%‘?c&%d! Be£ErARRSA Bnetd fwdscragut 25 C

| ower, or about 1

[0043] As discussed above, typical semiconductor processing requirements call for the
annealing temperature T, to be between 400 °C and 1,300 °C, with a temperature
uniformity of +/- 3 °C. To achieve this degree of temperature uniformity, the laser annealing
beam 24 needs to have a relatively uniform intensity in the cross-scan direction, which

under most conditions is less than a +/-5% intensity variation.

[0044] In an example, the maximum temperature for laser spike annealing is at least
about 25°C below the melt temperature of the material being annealed. In the case of
silicon-based devices, the melt temperature of silicon is 1413 °C so that in an example the

maximum temperature will be about 1388 °C.

[0045] In the case of germanium-enriched silicon, the melt temperature of the alloy
depends on the percentage of Ge in the alloy. For 30% Ge, the melt temperature is
approximately 1225 °C, so that an example maximum temperature for laser annealing will

be about 25 °C lower, or about 1200 °C.



[0046] In the case of GaN on sapphire devices, the nelt tenperature of GaN
is over 2500 C, but the nelt tenperature of the Sapphire substrate is | ower
at 2040 C. Thus, the non-nelt annealing process is limted by the nelt

tenperature of the sapphire substrate, and in an exarrpl e the maxi num anneal

te”perafdM@] Bgs e C%?f&m LQQj? hire 'cﬁgm@s e ﬁ\e Xira?é’é‘écngfﬁ%’N i?é%ﬂ’is%o""af er

40 that 1 nc ose-u t shows wafer 40
support 1cn9uafheaﬁélayer@;‘5erdtlﬁ§ oflﬂqeembms@aﬁfs%wm lwm 2080 P& ghQs) thénodhe dies
44 represent regions where one or nore integrated circuit (I1C chips are

f or med, meltiehneainlg piraeshispingtedpryi the ngalistemnemtdm:ofcthedwnm@scuasmate and in

sem conductor deV| ce structur? (not. shown | p,one exanple, the wafer 40
is a | oYl ampetheadmus A& t%‘@ﬁeéaq”@ El?ﬁ‘észmﬁhgl e in another exanple the
wafer 40 is a nenory wafer used to nmake nmenory | C chips. [0048] As

di scuss[@ﬂ%boﬁl@ 2tieplee vievoricancexempdrewptes 40 it indwdesarddesst wir ingetthate

structures can have featur

o st virpsehé Sifeck 12 A el it 4 PPRG G RS . Al B SORAERIER dy 2 kerf

tenper %ér ‘ﬁ-ﬁ@ﬁwé’&.@k g 15}@5@1@ ?@g%amhae BRED i mye ﬂthér\ﬂé?ﬂcntcglt TR{EHpSatche
anneal i ng t enperatures a given . Fof exanple, as nentioned
above, fnsernéd,yumémhslcuBipaioh;prhm\geemlmoauudftet adevntesraea sedicaduttogdevivaf ers can
include a silicide step wherein the patterned regions have a relatively

thi ck ristugturgs {nogstrawple I one rrample) thpavafenddt iap loginwafes waedria mpkesiogicdt de

h h | h der | 0049 G
D e S ST irERoR e b blf she e S TRty iR Sl makeRembol €, e

surfacepds of wafer 40 to cover adjacent rows of the dies 44. The scanning
is indi cat ed by arrows ARL and AR2, which correspond to adjacent scan paths

SP1 an i§ 4§§d|%gh%s%c| e Xsnﬁ%%e§4ébhd§&%r'?é\ﬂﬁega sg%iéoinﬂﬁgfﬁpgg\ﬁce24L across

t he su e acconpli e noveabl e wafer

st age &&ukw reé€@thinhte Sibsl4acan %Bv@feamfe@wltﬂ@.ﬂwdm erdisSiVidibs GIXRENY cdn 188d tdrage
24L or by scanning the |line inmage 24L across a stationary surface 42 of

waf er 4be byisaakelavion ap priogaiingtemperatinens dyirigthk asheativgipsoeess pheo tryingt he
opti cal stem 30 or the beam turnin | ement g %cyeXt en ion, a
comnbi néPl sye tR8ReING taPprELvRe da %ﬁg'%g'ﬁ% e 4[40 (ﬂxafnr'? QRS exarrpl e, the

sur face, 364 d%ﬁ@ dw{lﬁb&%a%ﬁsrﬁﬂén fhvb $hi l?Hmfe'tag'gﬁgﬁqOAr{Qo ﬁ’%é%&fer el atively

smal | portion |'aser ‘anneal I ng eam opti c Maxi's A3.

In an exaugd £silidité Step whrResiApé b@ﬂﬂ@(ﬂeb)‘eMMﬂb ragelatiwakh.ele:r@tal shiclat | y
scribed) diffraction grating 36G onto the surface 36 of beamturning

el enent(e.84 NisA) Ipyrst ddrielintes and yettalrmilgile vamushdedeneroisgvitine thapttheal axis A3
and is arranged.to receive a portion 24P of the |aser annealing beam 24 and
in resb’é‘ﬁggy'ﬁ%é' e generate a detector signal SD representative of the
measured power. In an exanple, the anmount of power in the portion 24P of

| aser & | |Injl%e?athezimeu§1asﬁﬁgt ig shewn pébe@atscamembédpmvbformpwenéhq aser
anneal i n er de5| an or rati on, the.a of power
"t he “HOPGH B Aeb 16 o ver e PRuCBLE 68 42 Beishtnning B ARITER Y he
laser %%%'ARQQME]W #hich28rieBiEn o RIAREAEBAha s SPAGNRGPY ‘f&r{hg‘ﬂiﬁe of laser
anneal i ng beam 24 provi des a neasure of the anount of optical power in the
| aser a&nagal4ln@chedng @the line image 24L across the surface 42 of wafer 40 may be

accomplished by using the moveable wafer stage 52 to scan the surface 42 of wafer 40

under a stationary line image 24L or by scanning the line image 24L across a stationary

surface 42 of wafer 40 by use of appropriate scanning optical elements as part of the

optical system 30 or the beam-turning element 34. By extension, a combination of these

two approaches may be used.

[0050] [n an example, the surface 36 of beam-turning element 34 is configured to deflect
a relatively small portion 24P of the laser annealing beam 24 along an optical axis A3. In an

example, this is accomplished by providing a weak (e.g., lightly scribed) diffraction grating
9



[ 0051] The photodetector system 60 is selected to detect the portion 24P of
| aser annealing beam 24 at the | aser (annealing) wavel ength XA In the case
where the laser 20 is a CO2 | aser, an exanpl e phot odet ector system 60
includes a cooled HyCdTe detector. In this case, the portion 24P of | aser

anneal | g Bearm. 24, 5. SUOSHARLL Al bk TRACCREOMAI 50, AB ki1, BRY 0det ect or

system cam 1'ne narromf opti cal I'gured to prevent
the det g¢iideq awnglthgbbneé‘l a%k l’t\granwfi’s\/éﬂm% & recEe anrtion2 abekhenidesal fil ter
61 may be cool ed to reduce background thermal em ssion. [0052] The | aser
anneal | aesiisg keanl 04 ahd i ienpdnsdaberata pararate adhtegdosignid SBcepesatstienoB0
that resides along an optical axis A4 that_ defines an angl e 04 on the
sur f acethganegsugaskRaweso It @1 gxamplethe amoust Pt pRwerp thaPoron 24P #h 1asktanpl e, t he

Optl ?alﬂ% éﬁeégﬂ%ﬁ@sm&%?ﬁé\p er%?&ocgﬂhgggwgﬁ tﬁ?'la%eﬁgnr%tallé\ggeeaﬁf&ﬁace 42 of

equal S angle for
t he waf whefer byldesiBh 616y é’éi’llbeatﬁithfé Jrﬁéurﬂldffﬁﬂ/@r insthalpektion’24pP of I84p3] The
thermal em ssion detector system 80 is configured to nmeasure thernal
emi ssi oanneatingléaom 283 adriovirefdadbipntaf theslasdramoedlingdfeamp? b iso 4idatdur i ng t he

e R R s PR T
exanp! & BT ool BRYRRIARE AELPInRiAhEBL AR 248! ONg W Lh et hod of

cal culating a asu tenperature romthe nmeasured thermal emnission

E, f t . te | Publ i cat i

. 20139 5Ho0 R R BBRAROT BT RO Sirrdad I e PR T e udes &

ggnt { ﬁ' dritlealihdiba bﬁh@ﬁ%e@@n%eﬁlﬂ?‘%@@l@nétﬂ )&hﬁn fhas8te &ﬂeretth@ ls3bAf@isdr i ver
e phot odet ector system 60 the thermal em ssion detector system

80. Thea CONMbsen) dreexabiifle hastodetustdraystef 60igtiodenalcandert HeCdTeatpaoents and
can be configured using one or nore field-programmbl e gate arrays (FPGAs)

and ot Héis %f%@h%m@nﬁamlaﬁ@harme@bm%hm% iscjUBERPHACMERIRHGAEAESS X nown t 0
those SEEI %‘ﬁt SF?&erfgctgrr%y’éterq.ﬁécgn in Iru9 %'%%?rf&gﬁ'éédso tﬂsm{é{’ éélryf)kﬁ%urehl éer S

f eedbac con Ier I gure

| NSTr UGHrb @i tRETBOGEESh bNigh® BPSIHRF waeae@%he B GlaroQf baH¥ o RIcalMte squswe
programuabl e conmponents) to carry out the dual-1oop control nethods

descr i beccootrdgionedd@dBskgrohed temmabémissiod00 i ncl udes a first feedback
controller 112-1 shown by way of exanple and referred to hereinafter as a
first goesmrtiKaiateriaRheginglsysiem 1pdlsoiacluBe) tHomal @hlssibn ddhetdr systemPd
controller 112-1 has an input end ("input") 113 and an output end

(" out puhatregidas alwhearphptlcadiexneeﬂcblnatwgpémemrwwglg Béloadhe pwade2cdnvadent4t t o

the input 113, while the 20 is tricall nnect ed othe out put
116, "REbHE e Sebfies Bl R P ERS Eht ABGC A e A JUEGCEhE sabBHot ur o

| ogi ¢ \WRFET AL ah bY X ANPRCIRG R 448 eh 15 :BRhe €M SSi 0N
detecto It'é?/'gatxgjrﬁ%%q%l'ﬁur}%%%glog\Al?acé 120 %‘sa ceo%PgUr egmigo recglhve thee measur ed
el ect r iBg@lsters 35410 Forah@nalferA0. and Beonster's ahdie forsdisan &cthbobersal em ssion E
to a neasured tenperature TM and output a correspondi ng neasured

tenper ghagx smr\ﬂlené? Bmiddih 6@@&'&?ﬂtérﬁ@ﬁ%@Jn'ﬂﬁrgﬁre%l'tgr?ﬁ‘éasﬁ_é‘i‘hré?rﬂélesent5 an
averaged neasured tenperature, as calculated fromthe nmeasured electrical
en ssi emissignaldiabion gPleenitted baglee surfaed? o waferslOdurthgwhd édser anmeatindy t he
bandwi dt h of thernmal em ssion detector system 80 and the_neasured

el ect r iPtedese@Nd SPBFaty riaspoese thereto an electrical emission signal SE representative of

the measured thermal emission E. An example thermal emission detector system 80, along

with method of calculating a measured temperature Ty from the measured thermal
emission E, is described in the aforementioned U.S. Patent Application Publication No.

2012/0100640.

[0054] The laser annealing system 10 also includes a controller 100 that is operably
connected to the laser 20, the stage driver 54, the photodetector system 60 and the

thermal emission detector system 80. The controller 100 has a number of logic and control
10



[0057] The neasured electrical em ssion signal SE generally includes spikes
due to die emssivity variations. These spikes will show up in the neasured
tenperature signal STmif they not suppressed. Consequently, in an exanple
enbodi ment, the E/T logic 120 is electrically connected to a | ow pass
filter 0 0 fi r U LEARS r Lgnal STm
to forné&aﬁ*:%rﬁ%g%%@q%}nlt{eeﬁpg?rig iulsﬂ[ng?)g '%Wﬁgggﬁﬁdgg@meraég%% aglr nal STnF.
I'n an eppgpbRandidiReldgtogibdtmalsie hRd ﬁeﬁtlghscgamauegaa&trcnﬁ@@@ﬁmm@mvﬂetosuch
as a field-programmabl e gate array (FPGA) that performs a running average
or a spihose skilhgst iesbe art, alch@s ptdvesson uadsiinéroorytumitsilfers, feerdpacloveniagers,
filtering._[0058] The controll ec{ 100 al so includes a second feedb@aﬁ{(

cont r ol $%r Thereensrolles PG g reifiedted (& refixingpetians £nhadieddn comBUETBeRR® ol | er
by way gof ' ' to _the.i 113
of soncha BB eRe Sy miF o e oG ahitn IEELRL G L RERFEL e B o BRUBL
enbodi efletHbdadeiibedlhefgn.t enperature set-point signal STSET is al so
inputted to the input 113 of second PID controller 112-2. The set-point
def i nes t TR Peah | t RS Ahfder 11121 3R0RAb] My REOCESS.

[ 0059] Lloggﬂgut p%%%%ﬁgecgéné‘@%ld%?ggﬁs{ ?%ﬁ e? 112-2 |rs eﬁectr?cgl I;¥ connect ed

to the éxapiple ddBredérrédt hdrembftEt &3 £HRt palpoetionkl-thtdgralfdeivaeco (RIDPI D
controller 112-2 outputs a second control signal SC2 that corresponds to a
r equest@itrpfpuiihe §rst PR eantpdige112- hagpminpub ead §imyt antiBandpnimitperanc he

Lif TA ,i.e. . - POj . i
ey S LETRI L Seb e or BaEbAR AT P <SP QoA e cct o
si gnal \giid 1heMdeP 8o RN QREENIT eh M e BIFlAMe Rt unput ted into the first PID
controller 112-1. The first PID controller 112-1 processes the second
Y i gnal : [ I
ci gnal 1600 ooty Ay LG SR ERLRE o bR opifE BSePHUB B ol 2T L) oc

anount 0l dBEally @bnitéfictht thérnddidlonibtécts€dyeteim BODWMRLE/$ Rgidelo ik aser
anneal i ng beam 24 has the select anount of power. [0060] The configuration

of | asaontiguredltd neredyedhe mebburddfelauirical emission plgedl Eomdraohvérd dhpssmeasured
schematically indicated in FIG 1 as L1 _and [ 2. The first control |oop L1

oper at daenpalentissint E g %Ei’l?éﬁﬁ?? terperafwe duf QUYL f AYTESPOR ingnegsyged
hot od 0 i I =1, d
onot OSSR £0 HOTh0BIESh DU O ity iR gICONd |

t her malmedsupsd e péeitard, QE cayRARM &M thd@eured 0Rteicaliisiit® sikitkt SE3Ghand t he
second PID controller 112-2. The two control |loops L1 and L2 are coupl ed at

t he fi rayeraRe B @eneitioid windoddeternjioed by thithkanglwidid of dhenml egdasianedetedtonoi se
in the | aser_annealing system 10 that nust controlled to maintain a
constaﬁVStEWrﬁQ‘Meﬁ%’éﬁ%’qd ectt@??ﬂ)él’”éislﬂ”es'gﬁﬂi) fne noise source is the

i nherent noise in the output of |aser 20, which has a characteristic 1/f
di st ri H0@37dn. Tharpesreredselaeteical amissan sigmahSE genasatiyt ineludes wikes duetaidie t he

| aser anneal.ing system 10 itself. One exanple of this type of ngise.is the
var at FONCOPYCHESHILT dFos e WA 4ol Berne et SmRse R Tehetds i n
the he%@,ﬁn&ﬂus‘sne‘é&d. AL Efilen®Y ARRh @xhBpleddrh B4 difRnt, thd BEr B8R0 fensity of
the | aser anneal i ng beam 24 due to out-of-plane notion of The wafer 40

rel at i \e&ectricatipeorraestad taraiealpasgfiheailP24,30dhat lbw-paspéitémsehe oraswedset up
tolerances in the noveabl e wafer stage 52, which causes the power density
i n t he tempgratyrggignaliTvte foum § lawnppsidfiltared §Eilared’ bmeagurathtrmeeratisg sigaalof

nor se IS?MEm asr1SIe>yalr'rJ%;}1e, tpnglLEl?B(?lIs (ULRY rg)rqn%rrs]igtng?plro%%?sringaé]env?c%l Julf as a field-
programmable gate array (FPGA) that performs a running average or a spike suppression

algorithm in addition to performing low-pass filtering.

[0058] The controller 100 also includes a second feedback controller 112-2 also referred
to hereinafter as the second PID controller by way of example. The LPF 130 is electrically
connected to the input 113 of second PID controller 112-2. An annealing temperature set-

point that is embodied in an annealing temperature set-point signal STser is also inputted to
11



beam 24 passing over regions within a given die 44 that have varyi ng val ues
of emssivity. This type of noise is unconpensated in an em ssion feedback
system since there is no real-time, |ocalized neasurenent of em ssivity
avail abl e to correct the conversation of electrical em ssion signal SE to

t he meagur.ed .t ratur ignal, S This_enm ssiyity "noise” )

char act i'gqlftclmgaﬁcgﬂtd@@ﬁgqqr Igergg]f@r ﬁhﬁéﬁt-%%ﬁﬁ%eéﬁr%ﬁgg?%éﬁ%nts%gn&aﬁag of the
St uCt UfeBshel Stube Tas IELRE ahh&8BgProdeagls) within die 44, and the speed of
noveabl e waf er stage 52. This constitutes "noise"” in the sense that it

ari ses a-ch e th sure i I i ; sur ed
Chnd ¢ HBe STROANSS: 8 sedfs FRAGHIAfeP1 B2 &l D40l ARRD 1 oF
sur f ace;1d BQRSkirst PID bshtAMRENER 10Fhe¥&$d MIDtdbn¥dNlérdL 1208 utpatssd §idbRd cont r ol
| oop based on em ssion feedback fromthe | ocal annealing |ine inmage 24L can

manage ¢anérotsignal SC2 thatlvotrhspdmes kas eequGtegirminayd tof laaei powerdpeesintafn &rror to
mai ntain a substantially constant annealing tenperature TA. Such a system

can nai YPaieRtipintogmithe anperlios teapeatyrede @S kigse to M seb@indPaeeling ¢ he
i . f i ) |
ie{ ;2[ f _bt%*r[b%(,%ﬁ{@ﬁgmﬁ? @‘gsgtb’@mr@ﬁer%eﬁ‘gﬁ‘% éegnpnq'(raql té' ﬁ?'e@rre%gg ﬁﬁ%aneétﬁt%???éﬁ?”?fﬁéﬁ‘em

err oneas phetatiese e sybReab0 ZRAn sitedWiAto tHe favl mBicshtrgllersiachl. ahk Gieg P | |
drive the systemto an incorrect annealing tenperature TA due to the change

i n eni swinbelled HiRal pfasesses thesacpivdicandrdl pisnhlS2lradghe detestrrsignel $B/anq 0065]
The | aser anneal i ng syst t .dual -1 | i t h

1% ot iS00 BHnel Sk SEDes elagh2p Nt Bt Ricte S@Masel 3D S ettt A% kE® mi
Doy o uurtdf BBwek BSOS SUTb Y SIIEK: AICRAE LY B RE Mpcblifibeom |

| oop LI24dpRithé sededt@ntoumt bbOpowde anount of power in the |aser annealing beam
24 by detecting the portion 24P of |aser annealing beam 24 with the

phot odqbééd10rnﬁay<§otn%ghr%o%¢lla@épaﬂn%m% d/5Rnt 96 bepnandbngugRli’ehb! I8bNal  SD
to the input 113 of first PID controller 112-1. The first PID controller

112-1 aklsemattady inelcatdibind¢@.dnab LlAamidrial The dinallcoBE2! 1bophi bperats@bdadirgont r ol
| oop L2. The first control Ioog L1 oFerat es at higher frequenCﬁfi t han the

second freasguent ¢ng isgiefingd by shelgercitheorhatadprectar sysiem©028d tRHEStBID | oop Li

t t ot first f f, £fici 11 Lse, which
cre S P A B LT PR S BT £
first fdeaAt®BgHelthePmbienibdord ag@etor sptemBoutheldiitodio1 A end LAEOISHA the

second PID controller 112-2. The two control loops L1 and L2 are coupled at the first PID

controller 112-1.

[0061] There are several sources of noise in the laser annealing system 10 that must be
controlled to maintain a constant (uniform) annealing temperature Ta. One noise source is
the inherent noise in the output of laser 20, which has a characteristic 1/f distribution.
Another source arises from systematic effects within the laser annealing system 10 itself.
One example of this type of noise is the variation of the overall wafer temperature Ty due
to non-uniformities in the heated chuck 50. Another example is variation in the power
density of the laser annealing beam 24 due to out-of-plane motion of the wafer 40 relative
to the laser annealing beam 24, due to imperfections or setup tolerances in the moveable
wafer stage 52, which causes the power density in the line image 24L to vary during the

scan.

[0062] Another source of noise is emissivity “noise” stemming from the laser annealing

beam 24 passing over regions within a given die 44 that have varying values of emissivity.
12



[ 0067] The second control |oop L2 operates at the second frequency/2 < f1l
and | ooks at the em ssion fromwafer 40. The |ow pass filtering of nmeasured
tenperature signal STm generates the filtered nmeasured tenperature signa
STnF. This filtered neasured tenperature signal STnF is an average

em ssi op/.t erature with a tinme. aver r ongli t] ver age
(that. obrs SERTEARNE S Llcbmmntt P iR el R REACPLSY shia BT Aol ool
di mensi GRg, 18RaIed fleadflemBEREoPMAL RGNS NI SEIHEE EorPEct @hé FAMRFRB0h BEcRENRESE
effects of signal spikes due to em ssivity variations. Thus, the

t enper a¢raissioc aigoallS&tto dime meabase teroperaturavignaldd vefhissinissivigy “ndige”ehas lae
"average" is taken over a relatively |arge distance (i..e., die scale). The
Logi ¢ i Mafaséeristie flegyprcythat ingdgtesmesddy e ohviien! praciNG Afabe stsuripresdeBon of

em ssi Vx%%.\ya? ﬁr?%s%r%tgdy)av(/ihﬁﬁld%nf 'an? &#eesq%leg%ﬁ‘mo%@l) Iﬁ Wabet's %'e.%' g?ﬁig SE_’ by
nunerica Itering,” spi ke detection'logic or other algotrithns designed to
m ti gat@nkhRitédMrlowenatihelfsefi st ¥iatives'fRdrAbefaN@ dfahé aiSsiradisikpael ectri cal
em ssion signal SE on the filtered nmeasured tenperature signal STnF [0068]
The secendticgfromodn lgogasufed fasd tiiesmincohpeasaded)ahysical attripute ewissivtyliehcy
(relatiye to the first frequencyh) error conponents, which mainly conme from
t he afd%@ﬁﬁﬂ“”@ﬁ@ asystematic errors. These systematic errors have a
spatial period larger than die scale and so manifest thenselves (in the
time ddA@e3) hitheensdnce gfiemisyivitugaritionsm yiegle byntroldoachased peem)issiathe second

trol, | 2 dat the first, trol | ' i | int at
Che 11 rieediRtrieahiedprapnageang ing i 4l saprenapndicabrio el nbire of
second m&gte%‘ﬁ@_sér@rcie?%ﬁ &Hde ARG 4 ELSHHalntHﬂ\{ Eéhs1 abRealin8069] Conpar ed

to the 1/t noise, the signal content resulting fromemsSsivity

vari at itemperauieyfl cath y syppera chanmiitain tha requécdrmiwet odehsttathbe aade 40he
surface structures creating the signal variations are thensel ves structured
wi t h noesardless ke quspn beieg corapensaiad; far anesifions thefpses 200 filorsthesystepbr e or

| ess we] | . defined tine-domain frequency response determ ned by the stage
speed and physi cal spacing of the structures. [0070] Thus, the second

control logp L2 neasures the neasured thermal em _ssion E fromthe _surface
42 of 894l sdowevernuhernsthsitempergisreamenuremart itsedeersaneous beeauss o canned.

In an . .mal.. em ssi b Qk . i f view
that 1 CaTPrEheheEy b iR U3 G AR FRl e SIRLEThER st hfisfig
Cr 0SS- $6@PefHthiRCl,idoR)to AcHdhat it Smatioheanbl 1agkel tbsteibated higthkichgndeage 24L in
the X-direction (i.e., the scan direction). In another exanple, the field
of vi ewnrgsidtynot cover the size of die 44 in the Y-direction, e.g., it can
be several mllineters in the Y-direction while the die 44 can have a

Y- di menjeeey) OfhellaseMafhedidg syRe@LOBKPIMGloyE Healtibes baitreiNisipgithafiebedt or
system 80 includes a linear array of optical fibers (not shown). [0071] The
spat i alseeprsrcaginelloeps thend Kethahroentratsitemanage tremaim sousied ohepise t he

CCanni WPSINE BERPoHREOET Rt BRUANEAh SoBMeHa o dis e L Gae s, the

measur eggRt »of the neasured thermal emssion Eis used to neasure the
anneal i ng tenperature averaged over a select area, which is translated into

a sanpl j based o e speed of line i e 24L ich in, an exanple is
the spadipesy T dEaretielPep TEBRGER e e ahPEanat M PRES War RS os on
det ect ghnSHREBRLAL RS Aebifig 1B PoFde24H oY LN 8E:IKEB MM With $Hen averaged
by 4X to reduce the effective refresh rate to about 20 kHz. [0072] In an
exanpl ehotdietstdresystear @hamy providingthetcheregparslingddteanpsgadl SPdoitke anpet aged i s
the size of a die 44 or larger so that the second control | oop L2 responds
to | ar dé? of fish P eongredagd2-LnThedipidtiRiearrollesidid-1 dppeacaivas thecieaptfbs can
arise, for ex e L r vari gt i erheat | t he chuck
50, “vart So GRS bRy YEEhE caRER| O L2, Bheld B oriTREE

nechanigikr fehlidnty f] RSRthEEdcoRl BRGUERYWR BT Bhel sbtonBdthtiodlRopARE I FHerfREUENCY
1/f l|aser power variations. The second control |oop L2 operates at

subst anontadlllgopsLowmarates et trefirngf Redpaancy fissufficiatt th netjgaadaskr poiseyovhi€h > 512,
with an exenplary second frequency h being about 10 . .I'n one
exanpl g;qepdgrrgqt_to{sfw)al_ tundred ﬂz ?witﬁ/a 1/f roll-ogf). In an exangz, ther}irst frequency f;
is in the range from about 1KHz to about 100KHz.
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[0073] In an exanple, the second control loop L2 is intended to provide
feedback for relatively | ow frequency changes in the em ssion/tenperature
resulting fromnore or |less die-sized and up to wafer-di aneter-size changes
in substrate tenperature and/ or power density. If the second frequencyf2 is

set too e.fo the first fre i,..the s r.0 Il try
to adj u@k?ﬁ Tg%ﬁfﬁpdggntﬁgu/g?p% ?{éiﬁsﬁ e A ﬁ@‘gﬂgﬂ&é}%&% fgg &éa\émn smal |
changesinebraEiseirom Witer 16 TIeRl- ﬁd@@ﬂﬂ@ﬁf&rﬁ@és%%d’ﬂe%erﬁu% sighd18Ty,

em ssivity changes within a single die 4 has been found that the

anneal i genepates tesfilised measwed tehperasuresigaeki Ty TS Bltenedsseasiteg changes are
ignored and the anount of power in the | aser anneal| beam 24 is adjusted
based OW”H@V%FWQ/%E'WISEMFgéa&Pé%fa&‘%/%még'énétﬁf"é@f%“f%/‘N'(“éag'me HeHEE- si ze area, a

rrultlple dlesze ar 7 r system
80 can THCIPHAEE %ang&rtr@f‘l’evedrge%e égagrcélrg{&%dtﬁgggghaﬁ ﬁ%ﬁ? fngt{ﬂgqgérﬁﬁigtoors

oper at i figgdthafbhhPHi-saY Al REBIdHS ohQuafBtAd. The Al &hgipY FHEdREE ¥r elifhinatReher
nore detectors 81 preferably have sufficient detectivity (D*) to yield a

r eas onadulversei effeats-af signali spikes duie to ¢8Rty mrlatthves pﬁmsothefﬂempeaaigrﬁ:l ated with

the thermal em ssion radiation 82 at th -poi nt gnneal in era ure
TAs andcAfationds Bsee RN AVerags e iy srﬂ BoRVR'PEE InfRkER ] |ae e

em ssi .8y range
For - ani el end (€Y SESRITE THOBEAL RAnBKPT L GCRRa) 60 gé?%ﬁ*?é‘?%a?eto
changessupprdssiBROF aisskitahalutedagiatiehs iR @hatledttitglednisgor sipme 5B} by eunéscal

[ 0075] For exanple, in the case of |aser annealing junctions, the annealing

t enper afnltﬂrmgTstpnkesdetacttdmelogiangetf@:[@tgocthros desimed to antjgatﬁéhwﬁuemﬁ te

wavel engt h ran r _thermal S r adi at i. on 900 nm At

t hese &tehg e ﬁﬁf‘f&tl?nﬁlﬂ mepql?%?cat SB‘éSS'Oé‘rS'gﬁal%él%%g'epﬂggtr%%fr@a@%reg]an be
used a contact annealing, the annealing tenperatures TA are
| ower, Ste %?ﬁhwé%ealfsgnge 800 Cto 1000 C, and a | onger wavel engt h det ect or

e
det ect 3?‘86%100%5 S dopfie oPp Lt SRRol iR RN r Bt RS P ekl %, <
physi cabliye ﬁ%‘t‘Weﬁ%ﬁdﬂ?ﬂ%‘?fo\f%o%oﬁgﬂiﬂéS\R/hlEIh%ﬁniﬁ%m@‘ﬁ‘w thetdt6reri tRABAL | Oned
difference in the con | oop frequencies flandf2serve to functionally

decouplsgstematit eroenntThede dysiepsaticraondhav2 as:qnat:Iamerfe»&idéurgeathao|c;tkiaar stiabe amil

mdependentlgetsand in a stable manner, so that one control op does not
i nt r odFEENIM famemS@lveg(m Hatimgdogaiiat Iqwireayeneyd a%ﬁf‘éﬁml"a%% by &t s80

ZBB: gggﬁ %@Selgesseerﬁoag?e élrllgovga f&dﬁ%@?{rglcgnﬁgﬁomﬁ g@:sa't%figles% &?WQ{' d
appr 0aGhesirst PIScSREARA 162! 1Whn E%ﬁ’plb&h@@@éﬁr@ﬂ‘ﬁe%@wﬁ}fzMsé&ﬂdl@aﬁ{?m but
operates at a relatively "slow' frequencyf2 so t i s averagi ng

em ssi dooplzis intte rengerom Het X0 Hawhil e the first control loop LI. is
"fast" to conpensate for corresponding 1/f noise in the |aser 20 that

contri ooes tCoripareateehiayerl/f haisd, Wné signd cam@nt Pasalting\iRom eshiivitgal i ng
tenperature variations. [0078] It wll be apparent to those skilled in the

art t haerigtiensoutypinatly mocaharomeniaindpeeiralgpntant beeavsetharautace étrtlﬁe'reﬁr esent

di scl osure. wi t hout de artln from he spirit, and scope, of | osure.
Thue, | Eraingheseel VeRatonsige Hiamehes ot B b PR Ry B IRs weldieRn &gt Mons and

vari at iy g gtenggg Syl égul%siHraemgfe%'IQS%QV&II%YIh@Q%é’W&MblH frdiReREPREpSset he

appende I'ns and their equival ents.
determined by the stage speed and physical spacing of the structures.

[0070] Thus, the second control loop L2 measures the measured thermal emission E from
the surface 42 of wafer 40 at the location where the line image 24L is being scanned. In an
example, the thermal emission detector system 80 has a field of view that is at least the size
of die 44 in the Y-direction (i.e., the cross-scan direction) and that is at least as wide as the
line image 24L in the X-direction (i.e., the scan direction). In another example, the field of
view need not cover the size of die 44 in the Y-direction, e.g., it can be several millimeters in
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What is clainmed is: 1. A nmethod of annealing with a |aser a wafer having a
surface that supports an array of dies, conprising: scanni ng a | aser
anneal ing beamfromthe | aser over the array of dies, wherein the |aser has
| aser noise and is adjustable to control an anount of power in the |aser
and trol t he ano n the

! _
Fhoon Lt R on e tBF Al e R BPE aSalisRtiph B8P R Yo tlin BeriiE s int o
power amérmaaeerrﬁg&én aéte@tofrlspﬁémfsroﬁﬁa@a&yafnnetapaﬁan&irdyt.cgrmoéram shalse in the

| aser; controlling the amount of power in the |aser annealing

beam us ond. control hat o erate S n ncyf2 <fi
by neast???ﬁg ?ﬁ W?g\aF%vrﬁr%%n%% tﬁ%géf‘ ron rﬁ%aShr en‘ﬁg’?ogré %ﬁﬁg averag| ng
the thegimbiiggHersdPatur&MeluremeAMed oaa.nbe%%ttmoéméﬂagn@edr SR SE At
therefroma correspondi ng average neasured tenperature, and using t

aver agelasasuedohgtbeape2dadver enaiod mame diendal i Thq;s,tfmnmeasaxramenseftthpm nt to

adj ust the laser to control the anmount of power in the |aser anneal I ng

beam easpred thermaterpesien finysed taimaasyie tRANPFIISE PREIEHE AP IBE] PHETa
fange fégeg%&ﬁlgéézwth?chwﬂamteaf}ﬂo NEnHREANE LS EANE ISRl Bf lifle llze2209e Trom

which in an example is the speed of moveable wafer stage 52. In an example, the thermal
emission detector system 80 has a refresh rate of about 80 KHz that is then averaged by 4X

to reduce the effective refresh rate to about 20 kHz.

[0072] In an example, the select area over which the emission/temperature is averaged is
the size of a die 44 or larger so that the second control loop L2 responds to larger-than-die
changes in temperature. Such temperature changes can arise, for example, from variations
in the heating from the heated chuck 50, variations in laser power density as might be
caused by various mechanical drifts, laser efficiency/power drift, and the lower-frequency
1/f laser power variations. The second control loop L2 operates at substantially slower
frequency f, than the first frequency fi, such f; > 5-f,, with an exemplary second frequency

f>being about 10 Hz. In one example, f; = (100)- f>.

[0073] In an example, the second control loop L2 is intended to provide feedback for
relatively low-frequency changes in the emission/temperature resulting from more or less
die-sized and up to wafer-diameter-size changes in substrate temperature and/or power
density. If the second frequency f; is set too close to the first frequency f; the second
control loop L2 will try to adjust the amount of power in the laser annealing beam 24 based
on small changes in emission due to local changes in emissivity, e.g., the emissivity changes
within a single die 44. It has been found that the annealing process is improved when such
small-scale emissivity changes are ignored and the amount of power in the laser annealing
beam 24 is adjusted based on relatively large-area average emissivity (e.g., a die-size area, a

multiple-die size area, etc.).

[0074] The thermal emission detector system 80 can include one or more detectors 81,
including multiple detectors operating at multiple wavelengths for multi-color pyrometry.

The one or more detectors 81 preferably have sufficient detectivity (D*) to yield a
15



3. The method of claiml1l or 2, wherein fi is about (100)/2. 4. The nethod
of any of clains 1 through 3, wherein neasuring the anount of power in the
| aser anneal i ng beam i ncl udes deflecting a portion of the |aser annealing

beam to a phot odet ect or systen1 5. The nethod of claim4, wherein

defl ect | n?or}a'trgort | EEO gfﬂlﬁégér f° @ﬁggfoﬂt‘ne étgg fI c%?éfa‘\ﬁ?ﬁdﬁ’é Jhel}r%gf I ng a

: re
portion 8 or e reflective

sur f aceghisQ8h YN %nt $eat tﬂé@ét eaﬁfeameragnéjﬁafmé?sﬁa% Y\As%ﬁd wtlh@cgmn laer The

met hod of any of clains 1 through 5, wherein the wafer has a Brewster's
angl e, améauwgahs@mngéd‘raemasm exarrgple Iulearrrraall emissipaideteatardiysiteimro80 bpeaatdstowemnaf er
Is perforned at Brewster' he net hod of any of cl ai ms 1 t hrough
6, wher@beﬂckh@'%wevelpggté.r@m&erfoavwhtygutbe\h/a%rnte#ra%?dﬁ@ﬁﬂw efRifsin has good

sensitivity to changes in temperature about the set-point annealing temperature Tas.

[0075] For example, in the case of laser annealing junctions, the annealing temperature
Tais in the range 1100 °C to 1250 °C, and the appropriate wavelength range for thermal
emission radiation is 500 nm to 900 nm. At these wavelengths, photo-multiplier tubes or
Si-based photodiodes can be used as detectors. For contact annealing, the annealing
temperatures Tx are lower, e.g., in the range 800 °C to 1000 °C, and a longer wavelength

detector sensitive in the 1 um to 2 um region is appropriate, such as an InGaAs detector.

[0076] While the first and second control loops L1 and L2 are physically coupled and serve
to adjust the laser power, the aforementioned difference in the control loop frequencies
fiand f; serve to functionally decouple the two control loops L1 and L2 so that each can
operate in independently and in a stable manner, so that one control loop does not

introduce instabilities into the other.

[0077] The dual-loop control approach to laser annealing disclosed herein can be
considered a hybrid approach based on wafer-to-wafer (WTW) and wafer-within-wafer
(WIW) approaches. The second control loop L2 provides WIW-like feedback, but operates
at a relatively “slow” frequency f, so that it is averaging emission over one or more dies 44,
while the first control loop L1 is “fast” to compensate for corresponding 1/f noise in the

laser 20 that contributes to unwanted power fluctuations and thus unwanted annealing

temperature variations.

[0078] 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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8. The method of any of clainms 1 through 7, wherein the first and second
control | oops respectively enploy first and second

proportional -integral -derivative controllers that are coupled to one
another. 9. The nethod of any of clainms 1 through 8, wherein the |aser
anneal i ng _beam creates an annealing tenperature at the wafer in the range
fron14dW%éPF53f§ %5C. 10. A Iasergannggling system for annealing dies °
supported by a wafer having a surface that supports dies each having a
variation in em ssivity, conprising: a chuck that supports the wafer,

and a npvabf g 51 304G Hnak %%995{%eH‘%aFe*PHS‘SngQ?uFfL‘@etthw Lﬁﬁ%%ﬂ%%ﬂ afyFpve the
chuck ard wafer, 4 Fader @ (Rat generaYe an rnitra aser beam and
that hageaRom@ritiegabl e out put power and 1/f noi se; an optical system
configured to receive the initial |aser beamand formtherefroman | aser
anneal i ng beamizgallaser atineeling eapofromatheddset heerlthg erraypnhdias,iwhgréiodhet o a
phot odet ect or  systemthat in response generates detector signal, .the

opti cal 'ageyi%wﬁ%ref?%e aa}dr'aﬁ@@atagf? toraptrEtan RSP of AT Mg edesshAnecaige

i nci denf, pon and scans over the surface of wafer due to the novenment of
the wafer, 'and heats the wafer to an annealing tenperature; a thermal

em ssi on deh&stifng Sydtattalidgthg@chdudt af poieertin thdRsednhaakngieanaligng and
configured to receive thermal em ssion radiation therefromthat is

gener atfisst ¢optrohlpopdber magavees thagnseahrbpeivenandaperataeat @ ist reduentynis

em ssi on ragiation over @F area of one or nore of the dies, and in response

gener at@88" thedpsps PoisRisEiedaceli Yidhl -

controlling the amount of power in the laser annealing beam using a second control
loop that operates at a second frequency f; < f; by measuring thermal emission radiation
from the wafer, including averaging the thermal emission radiation over at least one die
and determining therefrom a corresponding average measured temperature, and using the
average measured temperature and an annealing temperature set point to adjust the laser

to control the amount of power in the laser annealing beam.

2.  The method of claim 1, wherein the first frequency f; is in a range from 1 kHz to 100

kHz and the second frequency f; is in the range from 1 Hz to 100 Hz.
3. The method of claim 1 or 2, wherein f; is about (100)-f,.

4.  The method of any of claims 1 through 3, wherein measuring the amount of power in
the laser annealing beam includes deflecting a portion of the laser annealing beam to a

photodetector system.
5. The method of claim 4, wherein deflecting a portion of the laser annealing beam

includes diffracting a portion of the laser annealing beam using a grating formed on a

reflective surface from which the laser annealing beam otherwise reflects.
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a first control loop configured to receive the detector signal and contro
the laser to adjust the output power at a first frequencyfi in the range
froml kHz to 100 kHz to reduce the 1/f noise; and a second control
| oop configured to receive the thermal em ssion signal and control the

| aser to adjust th ut ower,, at second fre ncyf2.in the rapge from
1 He tog1oglhﬁin“t‘th°$Qgﬁ%\ggft\féﬂﬁ'i“\gﬁi%%‘gﬁﬁ' YRS eea‘?%'#ﬁbﬁ hBEW el gndlds i
| aser aamghérlag\ U E g HeRh B kfissidh BIRd i nt s AN GAtr MpdreRRIGakUr e is in
the range from400 Cto f§50 C. 12. The |l aser annealing system of claim 10
or 11, Bvaeseirk ahple. thernmal emi ssion signal is filtered to reduce or
elimnate spikes. 13. The |l aser annealing systemof any of clains 10
through 12, wherein the first and second control |oops respectively include

fi d ' | - i |- der | ' .
coupl ed o RGvInGR AL o2 dh e, ARRISTIEIFEE Rl Bet Fleie Je EF . 1

t hr oughnd@ory\isfegi N the wafer is either a logic wafer or a menory wafer.
15. A dual -l oop control systemfor a |aser annealing systemthat uses a
| aser annealing beamfroma | aser having 1/f noise and a controllable
out put power to anneal a wafer having_dies that each have variation in
em ssi -t y, The mgshed phepy Ofda'msét\‘"iqugg TcWheTEH! '31‘355& W&?W‘ﬂ@o"&fo' q9Pst

fr eque%%&ti%&n?m&@&ﬁﬁsfﬁ%ﬁ&J‘p{%ﬁértﬁ]ﬁI-fngg%rgmer%qvé; g%mw;sﬁ\a& Qrecont rol

the | aser” outp 0 reduce Ser noi se;
coupled to one another.

9. The method of any of claims 1 through 8, wherein the laser annealing beam creates

an annealing temperature at the wafer in the range from 400 °C to 1350 °C.

10. A laser annealing system for annealing dies supported by a wafer having a surface that
supports dies each having a variation in emissivity, comprising:

a chuck that supports the wafer, and a movable stage that supports the chuck and
that is adapted to move the chuck and wafer;

a laser that generates an initial laser beam and that has an adjustable output power
and 1/f noise;

an optical system configured to receive the initial laser beam and form therefrom an
laser annealing beam and to direct a portion of the laser annealing beam to a
photodetector system that in response generates a detector signal, the optical system
being arranged so that the laser annealing beam is made incident upon and scans over the
surface of wafer due to the movement of the wafer, and heats the wafer to an annealing
temperature;

a thermal emission detector system arranged relative to the surface of wafer and
configured to receive thermal emission radiation therefrom that is generated by the laser
annealing beam and average the received thermal emission radiation over an area of one or

more of the dies, and in response generates a thermal emission signal;
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a second control |oop operating at a second frequency f2 in a range between
1 Hz and 100 Hz and that neasures thermal em ssion radiation fromthe wafer
over an area of one die or greater, the thermal emni ssion radiation being
caused by the | aser annealing beam heating the wafer to an annealing
tenperature, the second coptrol | oop. bejng configured to determne. a
measur ed we¥¥st ‘ioé‘ﬁ’ﬁ’iﬁ’é’ﬁff’@ﬁ&fr&%t? FFéeWEéé%E%WCE%é%HﬁlIa”grﬁoggrptﬁ‘ep%?&i"é?i on and
gener at e,. r ad [ vin WY b $roHs QH.fbf(ﬁf’m Natrb@ieeM t h
an anneagqj?Sr%gﬁé?ébln%g?g%ﬁfg}e)&sﬁ&%ﬁ?ﬁ&gﬁéﬁgw %mgonrtor OF t%e aserZ ourt leIJte power
t o m nitKe2¢f ¥Gikd;ahdons in the annealing tenperature. 16. The dual -1 oop
control system of claim15, wherein the second control |oop includes a

t her mal eniaswecord cutend fanp copligened to seceivedbe thaymahemishiep signakarndssingie!
radiation within one or nore dies and then averages,the w.thin-die

measur etg’ﬁrlf’lsgr _f‘ba‘gﬁgitdh%%ﬁ’“&POWﬁ_Eataq %eCB'PC_I F@ﬁ‘f'?acty?z '”?d?? r%_fﬁqﬁ%ﬁ-l'ﬁ%&()gont rol
syst em ¢f;.Ghglén \;a5ia95n%iﬁ’th¥‘/9ﬁﬁ@dliﬂgttQﬁpér'aﬁﬁE. control loop includes a

phot odet ector systemthat receives a portion of the |aser annealing beam
created by a beamturning el enent, the photodetector system generating in

response a detector signal representative of an anpunt power in the |aser
anneal i Hg Jbamsenarnaafieg sisterp kEclpin &9, whaseinghe paegpling temagatyrefs indpe

proportional -integral - pvative (PID) controller that receives the
det ect orran%‘?tjﬂ'é’li@scigllggésda second control signal fromthe second control

| oop and that generates a first control signal in response thereto and
sends the first control signal to the laser. 18. The dual -1oop control
systemi¥ dhailaveddnneaatieg sistert béclsietdddr thwhepkinltbe pharmal emission sigosldnd
proportional -integral -derivative (PID) controller that receives the

measur dHteredirieduts e &ingAate seiEst he anneal i ng tenperature set point signal
and in response generates the second control signal. 19. The dual -1l oop
control system of any of clains 15 through 17, wherein the second control

| oop i NGl USRS IRBT ST ANng §stINBLERL SFRiIMEADXhloagh 62 Wirérerdhe irataad t he
measured wafer tenperature fromthe neasured thermal em ssion radiation.

20. Theedual cdnbvmploopntespectisebtiacudé fict andrsa®ndwnepastianaliietegeat-dedvativet r ol
| oop includes em ssion to tenperature (E/T) logic that cal cul ates the

measur S@"HANYF thatAse FAURIRLLS PNt R feasur ed thermal eni ssion radi ati on.

14. The laser annealing system of any of claims 10 through 13, wherein the wafer is either

a logic wafer or a memory wafer.

15. A dual-loop control system for a laser annealing system that uses a laser annealing
beam from a laser having 1/f noise and a controllable output power to anneal a wafer
having dies that each have a variation in emissivity, comprising:

a first control loop operating at first frequency f; in a range between 1 kHz and 100
kHz and configured to control the laser output power to reduce the 1/f laser noise; and

a second control loop operating at a second frequency f; in a range between 1 Hz and
100 Hz and that measures thermal emission radiation from the wafer over an area of one
die or greater, the thermal emission radiation being caused by the laser annealing beam
heating the wafer to an annealing temperature, the second control loop being configured
to determine a measured wafer temperature from the measured thermal emission

radiation and generate a measured temperature signal, which is used in combination with
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21. The dual -1 oop control system of claim 20, wherein the second control
| oop includes a lowpass filter that filters the neasured tenperature

si gnal
si gnal

fromthe E/T logic prior to inputting the nmeasured tenperature
to the second PID controller.

an annealing temperature set point signal to control the laser output power to minimize

variations in the annealing temperature.

16. The dual-loop control system of claim 15, wherein the second control loop includes a
thermal emission detector system that measures the thermal emission radiation within one

or more dies and then averages the within-die measurements to said area of one die or

greater.

17. The dual-loop control system of claim 15 or 16, wherein the first control loop includes
a photodetector system that receives a portion of the laser annealing beam created by a
beam-turning element, the photodetector system generating in response a detector signal
representative of an amount power in the laser annealing beam, and wherein the first
control loop includes a first proportional-integral-derivative (PID) controller that receives
the detector signal as well as a second control signal from the second control loop and that

generates a first control signal in response thereto and sends the first control signal to the

laser.

18. The dual-loop control system of claim 17, wherein the second control loop includes a
second proportional-integral-derivative (PID) controller that receives the measured
temperature signal and the annealing temperature set point signal and in response

generates the second control signal.

19. The dual-loop control system of any of claims 15 through 17, wherein the second
control loop includes emission to temperature (E/T) logic that calculates the measured

wafer temperature from the measured thermal emission radiation.

20. The dual-loop control system of claim 18, wherein the second control loop includes
emission to temperature (E/T) logic that calculates the measured wafer temperature from

the measured thermal emission radiation.
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21. The dual-loop control system of claim 20, wherein the second control loop includes a
low-pass filter that filters the measured temperature signal from the E/T logic prior to

inputting the measured temperature signal to the second PID controller.
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