NON- MELT THI N WAFER LASER THERMAL ANNEALI NG METHODS FI ELD [ 0001] The
present disclosure relates generally to | aser annealing of sem conductor
materials when formng integrated circuit structures, and in particular
relates to nethods of performng non-nelt |aser thermal annealing of thin
sem conduct or wafers. BACKGROUND ART [0002] Laser thermal annealing (LTA)
is used in sen cYPBUMEELT THRAWATER LAPER) THERMAL AMNEALINGMEIHPIDSc at i ons,
including for activating dopants in select regions of devices (structures)
formed in a sem conductor wafer mhenljgkging active mcrocircuits such as
transistors and rel ated types of sem®fduct or features. [ 0003] One type of
| aser annealing uses a scanned line imge froma |light beamto heat the

sur f acergplo1f herneafiedent Qisdlob REPEERAL BERerlNR lastRRALAING of SsARbAdHIS ) for a
time |l ong enough to activate the dopants in the sem conductor structures
(e.g., saterids aheh fhraing inegraad pirduit statttures, @nd irgpartioulpr eNaas taesmbitodn of al
dopant diffusion. The tine that the wafer surface is at the annealing

t enper aPeff@Miag per-aia iawd thermahanpraling otibinssanyicductt Wafefs: | mage, as wel |
as by the line-inmage width divided by the velocity at which the lIine inmage
is scanned (the "scan velocity"). The anmount of time the line inmage resides
over a point on the wafer surfacgackGROUNPARThe "dwell tine." [0004] For
sonme sem conductor device applications, there is a need to heat one side of
the wafer while keeping the other side below a certain critical

t enper al09P8] Gerer thermal enriesling pEMLs uskinsemicgindpetoperuBicHsingdpamyariety
activatipon and contact is carried put after, the front, K devi i s fabricated.
Anot her O%Pé’ﬂﬁt@niss'”aué'ﬁs iqrsqgggqt,lrgtdg)pgmsd? S?J%Ttlr,eg'%se?fteqeﬂ'cﬁs ﬁssrdﬁﬁi;e%onduct ive
emtt erfdrﬁe@%gﬁéjmfegn&%org\k?f@l; whbflforhfind %fv@\'ﬁcﬁo@ﬁc&@lshc@ﬁﬂr&ﬁﬁé@&bé’anand

whi ch can be achi eved oping and annealing. Athird exanple is a

back- si datedrages sensniconddtesredeatufasel d- stop | ayer that typically consists of
hi ghly doped and activated |layers is used on the back side to suppress the

dark cujopdsf - oh@RUR oflifseRrbhn@link 1659 R¥ANRY I8 imaBEFRM SlightMREE thWeat her mal
annealing to activate dopants of forma contact on one side of the wafer.

The subitersatfecd bfi tbk nefards aitanperatdredthe Tannedling tempgeatafe” sfovertiate lboga f ew

hundred m croneters (i.e., mcrons or pm, which is significant]ly thinner
than t henqushéR Acb@tethedapanisdathe Sieentaictas SHUSTUr$6 8- wRYEE an éﬂﬁ%ry, 725 pm

to 775 m.. ' Ct i [ [ e AL [ above
about 186G fiShat ER80E Brey e <ABbea R WbR T ANMAIE e ind EEREACLHE 20
ot her sy @Rcefs e SSliR@ienatsturdR detdFhiiget Byptha\taivibr AaNsiysfans iimd
degradation in material integrity and junction dopant profiles associated
t her ewi itrtage, as well as by the line-image width divided by the velocity at which the line image is

scanned (the “scan velocity”). The amount of time the line image resides over a point on

the wafer surface is called the “dwell time.”

[0004] For some semiconductor device applications, there is a need to heat one side of
the wafer while keeping the other side below a certain critical temperature. One example is
a power device, where back-side dopant activation and contact is carried out after the front
device is fabricated. Another example is a thin-substrate solar cell, wherein a highly
conductive emitter is needed on the front side to improve the cell efficiency, and which can
be achieved by doping and annealing. A third example is a back-side image sensor, where a
field-stop layer that typically consists of highly doped and activated layers is used on the

back side to suppress the dark current.

[0005] In all of these examples, there is a need for thermal annealing to activate dopants

or form a contact on one side of the wafer. The substrate thicknesses involved are in the
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[ 0006] For exanple, if netallization is already present on a first side of
the wafer prior to |l aser thernmal annealing, the maxi numtenperature of the
first side needs to be kept below the nelting point of the netal in order
to mai ntain good physical integrity while the opposite (second) side is
anneal ed. [0007] Conventional rapid thernmal anneali n% (RTA), has_an

anneal i fRgeiofeevsraltpe few hepdied nistosrrigrs (Whi WIS AiHM e WRickdy FRUReEY to a

thermal _diffysiop l.ength L-Do ev | .m|lineters, This |l th s

iont 11 eyt e R et FRerBGU B 1 Elnc s TER T bl rnc sl T ok ha
bot h si &S WQhichpYRE StivilidA retfeShihhialiReRm ANERRE b @/l BBNEL @borces during
RTA. Consequently, RTA is not suitable for such thin-wafer applications.

[ 0008] Boweesr theabximasetengrengtale argl tetrhaldsidgetrfos thetoth i sidenaf the substrate
applications involve using a pulsed nelt |laser with a ,Pul se length in the
range ofmuskhglimied imanaidianyorotaaiid degadation ingpatgripliptegritt HdJupdianeiapsntis t o
a therma}ofl isfafsuosci'a(%g t]heergg;twltlhon the order of about 1 pm which is

signifi Banteiy IS ‘Ej an nost wafer thicknesses. An advantage of pul se-nelt
annealir@pi]s that it can locally heat one side of_ a \A@efr to ? very high

t enper at@OP8] ( FRACPEAAIY Tpetpdizatien slreadrPrredntiond firehids aftthe &RT6H RO 49 nost
no heat i t : I Sn+h k£ hLi.con

waf org. R el e e Pl B Bt thl AEERABRLURE beepP bbbl |

frame agroféldhggoimt bhtheuhe@t if®rderabMeahtiatggocdqihgsitalaciegngtiar than be
achieved only in the nelted state. During nelting, dopants can quickly

di f f useoppugite éxticand)isisigtivanneateda nmore box-like profile. Wile this may be
advant ageous for sone applications, it may not be desirable in cases where
pr eci se[0d0p] ngoveditioh el apid@berintal bendming (RIA) @ds an anmpaalib g titleaon theloederadft | ng
of multiple junctions can cause dopants of opposite polarities to intermx
and degyesaeds whichiioailiper ¢asrasaaeds tog therad diffysian lgegtbiochseveeal milligwgensel t
anneal i thad .is_.the depth of heat penetrati.gn. Because of .th ort
Fher e T PREGOHER kAT ePieer Baphe hieliel Wofs? et SR Baftesh ol

eal "junctions
deeper §ifabiOhowarBr wib&simlifte iR bARELIMEREAbeRUrRE BEGAd NEL. YCdhaegudmlyanneal
out inplant defects beyond the nelt depth due to the extrenmely I ow thernal
budget RiEsionpaswthbid fohsurhrtbsewafedaggabdomul ses. [ 0010] Accordingly, there
is a need for annealing thin sem conductor wafers that allows for efficient
non- nel [bodﬂpaﬂén\%“bﬁﬁtlés‘éﬂa%aﬂﬁ%m'ie'tlﬁ’cﬁiscff)r ueR thiafvedfembdlieatioramaty
detrinental heating effects on the other side of the wafer. SUVMARY [0011]
Thi s disiigmspulsed meldiasecwitt atpollsederngshl & thie rangeeefl tengtohunidiredssd¥ni conduct or

waf er ch that high-tenperature anneal i ng can _be rfornmed on one. side of
b s REE R S Br s G TR BB Tt L aih SReth (G caraaroF °'

heat - s P ti f . Vi i

onbeddeus i it Spakafifiib o hshafh BRERSS, Oh OmUES Sfplal, | of

t he wafélt senddnag isthasit 6dH otsIRHeatlopasitle bE8invatdritb divieghigle taiSerdturé Ng t he
anneal i ng process. The nmethods can be applied to activating dopants or
f or m ndinstuding abowe deg slicohgod g mperpce) with eiosting Geskranetiation torthehod of

anneal i ng a.sem,conductor praduct wafer hayjng aback side with an

Anneal IR ol U AR O HElbTry B dS A ON RO B  eat ur s ¢ hat
reside a distance d fromthe back side and that are subject to being
danmaged08R8londowevari injithe nanesgpritdline &rame asypated vy lsicmgiesned®gni ng an

i | . t he back sjid ' [ b
bri mai PP RC AR TP aspieb e SR s TR B0 ook BPRE R8T e
than a gy digoResRt BRI OTntd B Mok IRE BESAE. PRIROUES m¥RAbEhdvahBizedGaNNI NY
has a thermal diffusion |length LD attendant therewith, and the nethod

f ur t herfoi stphaisigdicporfspitmaygadt he desiaatrie imgrages Wheregwnedise daping protites nked ta
thermal diffusion length LD satisfies LD < d and wherein the el gctroni C
devi ce bedBRitabiedsla PARICHIBS the A eidngRl HEPIS IV RGHORS CRR FRHSE SORRRIS PE .

opposite polarities to intermix and degrade junction performance. A second limitation in the

pulsed-melt annealing method is the depth of heat penetration. Because of the short

thermal diffusion length, it is difficult to effectively anneal junctions deeper than 0.5 um.



[ 0013] Anot her aspect of the disclosure is the nethod discl osed above,
wherein the annealing region is either an ion-inplant |ayer or a contact

| ayer. [0014] Anot her aspect of the disclosure is the nmethod di scl osed
above, wherein the dwell tine is in the range from3 m croseconds to 200
m croseconds. [0015] Anot her aspect of the disclosure is the nethod

di scl os8oathsvesthap sansia be pleativedt yssfite apeeal eut implanidetectsiavond theemslt and

wherein t ritical at n _the anefroma out 60 Cto
Sbout . oBEPE Uit v chY P fouskel frabdielEinro et P e e Bha

di scl osed above, further including formng the sen1conductor roduct wafer
by i nt efa048] n@cgprdwlvwe\mﬁ@rne&ﬁdoaawaPn%ﬁhlwm%@wmﬁe&sﬁ tadowee waf er

i ncl Ude§or ewlaaer{t%%t rn?@t]go nYIag a&n%ﬁtowo%% sndevacfgf}glvaé?g\;leﬁ%ﬁt &%ﬁ%ﬁt of the

disclosure is di'sc anneal'’'fig | aser beam

has a viistripdehtIMeati RNt O6N B2 dthbr Adesk thavelf@ngth with an opti cal
absorption length less than the thin wafer thickness. [0018] Another aspect

of the disclosure is the nethod disclosed above, wherein the electronic
device features include a CMOS devi MRy - [0019] Anot her aspect of the
di sclosure is the nmethod di scl osed above, wherein the el ectronic device
features include a sem conduct or pomer-deV|ce | ayer. [0020] Anot her aspect
of the [ogt] oFhisadisckostias ortdred ta mechaked aabanliag afthintshaicoadogivr siafeg
performng nultiple scans of a sanme portion of the back side, where

t enpor awcg thafj igleamreratiyse amreeagegaara%aerfwqur@ o sidq ofAethimt erval T,

wher el nse]h‘llconc:,uc?oer%\(/)a gr v%ﬁh&t%am]aglnsg%?%r\}gt%eatmg the heat-sensitive features or

devices on the other side of the wafer (or embedded within the wafer). The peak
temperature is below the melt point of the wafer so that no significant dopant re-
distribution occurs during the annealing process. The methods can be applied to activating

dopants or forming ohmic contacts.

[0012] An aspect of the disclosure is a method of annealing a semiconductor product
wafer having a back side with an annealing region, the product wafer having electronic
device features that reside a distance d from the back side and that are subject to being
damaged beyond a critical temperature Tc. The method includes scanning an annealing laser
beam over the back side to anneal the annealing region by bringing the annealing region up
to an anneal temperature Tx that is less than a melt temperature Ty, of the semiconductor
product wafer. The scanning has a thermal diffusion length Lp attendant therewith, and the
method further includes performing the scanning with a dwell time such that a thermal
diffusion length L satisfies Lp < d and wherein the electronic device features are maintained

below the critical temperature Te.

[0013] Another aspect of the disclosure is the method disclosed above, wherein the

annealing region is either an ion-implant layer or a contact layer.

[0014] Another aspect of the disclosure is the method disclosed above, wherein the dwell

time is in the range from 3 microseconds to 200 microseconds.



[ 0021] Anot her aspect of the disclosure is the nethod disclosed above,
wherein the nunber of nmultiple scans is 10 or fewer. [0022] Anot her aspect
of the disclosure is the nethod disclosed above, wherein 5 urn d 150 um

[ 0023] Anot her aspect of the disclosure is the nethod discl osed above,

wherein 10 umd 5 20 um the electrical device features are nade of

al umi nuf§O1ghd Aphwn aspestal theydisdosuge tsiiBe metbpd discionedisoaye vhareipdieconds t o
bout 2 ] CI . t 1 j s th
ot PR IRE Aok SRk MG o PR R B OP hasha T Sclapine |

f eat ur egariedrdmdsoRis0000R8Eho@R@odpel | tinme td is in the range from about
15 m croseconds to about 100 m croseconds. [ 0025] Anot her aspect of the

di scl 05@0‘?18'1 s dﬁ"g?m?&&%; AR 400 R cRE AL S8 Bed 2B, ToAAG DG deS

form ng wa ormng a protective structuré over a tront side

of a defdrafngdkeemidvdigonp btk wafdebpterfadidy LhknESwafePSII\E EATrior Wafdr ONS
and 150 mcrons, wherein the front side includes el ectronic device features

t hat ar whsigh) Hetdaviseveifergndudesgbd eldctriopistdedico égppwigsa critical tenperature
Tc. The nethod includes formng an annealing region in or on the back side

of the [EM7Te Amdliedr.asgée offeiddistictusoisithe hettasl disddsed Agoar) wieneiakheag | aser
beam over the back side to performnon-nelt annealing of the annealing
regi on, anealies [serreagchas vigble svayelensthrasnintrared veRelength wigh egjoptieal def i nes

a thermgl diffusi |l engt h, LD < d and.wherein the el ectronic device
f eat ur ggbsgf%t'%a?%chilﬁéaﬁ%ﬁthﬁ%'é'ﬁ%@?%ﬁ'%eﬁel ow the critical tenperature Tc.
[ 0026] Anot her aspect of the disclosure is the nmethod disclosed above,

wher ei nl00A8] afwesiarngrectgf Bie disclasuraiethamethns disginssAreavaddesin rer for med
in the g?&h@cglvigrfegtuggsni%%?%é xn@%éegﬂ%ﬁg qq_n t he back side. [0027] Another

aspect 0 rsclosure i's _ osed above, further includes
Ferpor alobyoLapsciar asesnet e sIburLB ot BRekd AP ERAGP (PP eIARF aher ei n 1
mllise the disclosure is
t he rret%gﬁqﬂlﬁ%g?@%%%agﬁgﬁggaaﬂéggﬁ%ﬁ%? ﬁ\én&%ﬂﬁ%vé?dﬁ%ﬁdﬂﬁrbl e scans is 10 or

Fever. [0020] Another aspect of the disclosure is the method disclosed above, further

comprising performing multiple scans of a same portion of the back side, where temporally
adjacent scans are separated in time by a time interval T, wherein 1 millisecond <1< 10

seconds.

[0021] Another aspect of the disclosure is the method disclosed above, wherein the

number of multiple scans is 10 or fewer.

[0022] Another aspect of the disclosure is the method disclosed above, wherein 5 um <d

<150 um.

[0023] Another aspect of the disclosure is the method disclosed above, wherein 10 um <
d £ 20 um, the electrical device features are made of aluminum, and a dwell time tq is in the

range from about 3 microseconds to about 20 microseconds.

[0024] Another aspect of the disclosure is the method disclosed above, wherein 5 um < d
< 150 um, the electrical device features are made of copper, and dwell time t4 is in the

range from about 15 microseconds to about 100 microseconds.



[ 0029] Anot her aspect of the disclosure is the nethod discl osed above,
wherein the protective structure includes a carrier wafer. [0030] Another
aspect of the disclosure is the nethod discl osed above, wherein the
protective structure consists of a single protective |layer. [0031] Another
aspect of the disclosure is the nethod disclosed above, wherein the

el ect r of@ Jjev‘ir&;hweaépa?t@é tlehéwg%"ats 3 regthod @ anpsaline reduchuafer. Gvos

I . t I t hod di '
rhove. iengd WA B el O A TR ol Sr IR L e a F Rt S
power - dgyh aBvik@¥8fer hbHRS3badGihS{d @ﬂp&%ssqi bét%eﬁ"ﬁﬁk%g hRd 150 Mi&oREt hod
di scl osed above, wherein the dwell tinme td is in the range from3

m cr osewdrdsn the 20 sidedndsdesoriettronic JdB4atdrestthatrarasplgett tofbetngalathaget osur e
is the nethod discl osed above, further includes selectlng the dwell tinme td

to be | EdeatadhevandagriticaifeioRareture fe themetbed Md&; Qrmw&amwm@ﬂmgmmre
Def f 'Srég;&e.ﬁf r%ﬁtt %Sa%&% B dhbl |Hes¥v%#e§*¥r£lt9e{]m%nmgn .88 annln%\grgBS]

Anot her osur e ose ove erein the

anneal i amwéaaﬁgras&qaéméﬁerahybédkat@ toPeelornGloR-rRélt a.ﬁhéalnﬁg afwé anpEglgngt h
with an optical absorption length |l ess than the thickness of the thin

waf er . te!MG]NhArmm ter scaspieg ts pefformed diithad dwell @mi 44 thhedefitdsadheinsall osed
above, re| e electri, c devi ce features are nade of
al umi nuﬂ‘; using 'W&ﬁgﬁﬂgwmh th?i“‘ié faResss maitaed3b8econds to
about 2 ng’gﬁqgt%ggg Q,sche[cﬁﬂc’%ﬂelﬁg]é}éﬂﬁé@spect of t he disclosure is the

SC 10 pm

nmet hod osed above erein
[0026] Another aspect of the disclosure is the method disclosed above, wherein the

annealing region is either an ion-implanted doped layer formed in the back side or a contact

layer formed on the back side.

[0027] Another aspect of the disclosure is the method disclosed above, further includes
performing multipie scans of a same portion of the back side, wherein temporally adjacent

scans are separated by a time interval T, and wherein 1 millisecond < t < 10 seconds.

[0028] Another aspect of the disclosure is the method disclosed above, wherein the

number of multiple scans is 10 or fewer.

[0029] Another aspect of the disclosure is the method disclosed above, wherein the

protective structure includes a carrier wafer.

[0030] Another aspect of the disclosure is the method disclosed above, wherein the

protective structure consists of a single protective layer.

[0031] Another aspect of the disclosure is the method disclosed above, wherein the

electronic device features include at least one of a metal and a CMOS layer.

[0032] Another aspect of the disclosure is the method disclosed above, wherein the

electronic device features include a semiconductor power-device layer.

[0033] Another aspect of the disclosure is the method disclosed above, wherein the dwell

time ty is in the range from 3 microseconds to 200 microseconds.



d 20 pm the electrical device features are nmade of copper, and wherein the
dwell tine td is between about 15 m croseconds to about 100 m croseconds.
[0038] Al references cited herein are incorporated by reference herein.
[0039] The clains as set forth below are incorporated into and constitute a
part of the Detailed Description. [0040] In the discussion Eresented

her ei n, [0834] | Anpsher 3spedof Hmdisdpiuge sdhe pstihed dipdesgd @Bove hurtherindkdrsss, * as
t hese t on ts are closely related as wll under st 0 oneskill ed
i the SpAHRIRE AR kit 0 Brtesh FPiaBetfo Moy e L AR By s YOR e

nor e 9?%%&1 lb;ﬁisttm% e@ﬁe%ﬁi@lﬁ@rrﬁalio@ﬁﬁsﬁlﬁty@f%ﬁ@@&ﬁceﬂﬁaf@?asUred fromthe wafer
back side to the electronic device features, which can al so be the sanme as

the vaf giosbfi onges. .. BRLEF PESCRLETL O OF. ks REAVLNGEO[ 0041 FLGS. 1A

t hr ough re variou exanple pro ers can be subj ect

t o | asepnmanf@las&ibdapt A&k 4 NQbleasReled | dnNBfreieatvaivelenpth Wik bRdptiefl t he
present disclosure; [0042] FIG 2A through FIG 2D are side views of four

di f f er eabsosxtiorpleagtpriesd tban theftbicknesndf thedhindeafesspect i ve cl ose- up
cross-sectional views of the exanple product wafers; [0043] FIG 3 is a

schenat [0036] agiraithdHaspert X argdisidsaseis tRRMdI Wscigdra hBbus wherdiahbent or
carryi ng out the annealing nethods disclosed herein; [0044] FIG 4 is a
pl ot of d F@fpen.dhaelecircpl devicefeatViresmre made of alusrintre, gdorkersindihadowd ting  f our

11 et B0ea B FH oo U0b 000 1 SISRY 10 et hods di scl osed

[0037] Another aspect of the disclosure is the method disclosed above, wherein 10 um <
d £ 20 um, the electrical device features are made of copper, and wherein the dwell time t4

is between about 15 microseconds to about 100 microseconds.
[0038] All references cited herein are incorporated by reference herein.

[0039] The claims as set forth below are incorporated into and constitute a part of the

Detailed Description.

[0040] In the discussion presented herein, “d” is used interchangeably for both “distance”
and “thickness,” as these two concepts are closely related as will be understood by one
skilled in the art. In some cases, the distance d is the wafer thickness, while more generally
the distance d is the disfance as measured from the wafer back side to the electronic device

features, which can also be the same as the wafer thickness.

BRIEF DESCRIPTION OF THE DRAWINGS

[0041] FIGS. 1A through 1C are various views of example product wafers that can be
subject to laser annealing using the laser annealing systems and methods of the present

disclosure;

[0042] FIG. 2A through FIG. 2D are side views of four different example product wafers

and include respective close-up cross-sectional views of the example product wafers;

[0043] FIG. 3 is a schematic diagram of an example laser annealing apparatus suitable for

carrying out the annealing methods disclosed herein;
6



[0045] FIG 5 is a plot of Tenperature vs. Depth into a thin silicon wafer
and conpares the depth tenperature profiles across the product wafer for
four different annealing techniques; [0046] FIGS. 6A and 6B are plots of
Boron Concentration (cm3) versus Depth (nm) illustrating how a nelt
anneal i ng process causes substantial dopant diffusion and a substanti al
change e Hephista PetatfiTempertare (6RA)vesss dngHasahavss thedreenss wisndows

anneal i met hads di scl asure herein (Fl 6B): .. [0047], Fl 7,i.s a plot of
Tonper afth GBI BREGS FRicah aeSh meldinghe Pataslp P titdsrdselosdd bbb or ne “on
t he back side of product wafer and at the |ocation of the el ectronic device
f eat ur e£0045p 0 446 %S@pl@ HTstpetatpisarsaPents intg atdinsylicogwefer andgomearesghet wo
pr oduct fers of .thickpess dl .and d where dl <. nd shows how for a

b ven wdrar EheBlart s RE Sl PRiradi WoRkattors BB BR 0T Rai rum dwel
time td@diggesure that TB < Tc; [0049] FIG 9 is a plot of dwell time td
versus wafer thickness d and shows the limts on the dwell tinme for a given

St i SHEE SB35 S ba ORI g SRRl (0050

FIG 10 ureé versus Tine an ies of N

typi cal jIlusi¥peigtdw 8 mdlOdrinle8iing $tocdss 8hsRB st dtitiaPdopgdhe diFRisRIh awgsoci ated with
performng multiple (N scans of the annealing |aser beam [O0051]FIG 11A

i's a pl substentiabetienge ircthedopant prefilet(Figr §ALasicogpaged to)the @pgumselt drenaalinger of

anneal i ng. scan nd illustrat a reduction in | eakage current with the
number B%t'%‘lfgr@,c ‘\ﬁh‘iecr}'?r?'ﬁdf'%agéé i ncreasi ng defect annealing with

mul tipl e/ successive anneal ing scans; and [0052]FIG 11B is a plot of sheet
resi st alf987Rs R®Hnis ¢plot of dempsratunieniersusflinag prdshang exeanie temperatepsefilas es

FOAR IS TNR I IERTHE & R R L

features;

[0048] FIG. 8 plots temperature Tp versus dwell time t4 for two product wafers of
thickness d1 and d2, where d1 < d2 and shows how for a given wafer thickness, the dwell

time ty needs to be below a maximum dwell time ty,, to ensure that Tz < Tg;

[0049] FIG. 9is a plot of dwell time t4 versus wafer thickness d and shows the limits on

the dwell time for a given substrate thickness, as indicated by the shaded area in the plot;

[0050] FIG. 10is a plot of Temperature versus Time and illustrates a series of N typical
temperature profiles for a given point on the wafer associated with performing multiple (N)

scans of the annealing laser beam;

[0051] FIG. 11Ais a plot of leakage current (arbitrary units, a.u.) versus the number of
annealing scans and illustrates a reduction in leakage current with the number of scans,

which indicates increasing defect annealing with multiple/successive annealing scans; and

[0052] FIG. 11B is a plot of sheet resistance Rs (ohm/sq.) versus number of annealing
scans and illustrates how the sheet resistance decreases with an increasing number of

scans, which is indicative of enhanced dopant activation.

DETAILED DESCRIPTION

[0053] Reference is now made in detail to embodiments of the disclosure, examples of

which are illustrated in the accompanying drawings. Whenever possible, the same or like
7



DETAI LED DESCRI PTI ON [ 0053] Reference is now made in detail to enmbodi 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 sane or |ike
parts. [0054] The fabrication of certain types of sem conductor devices,
such as refaerfee sumbersandimbplyiaressasitherugheeisthedrapsingeks refrs todlee gme or

rel ati v%% thin sem conductor wafers. FIG 1A is an exanple side view of a
product "§&aPdF> 10 having a top side 21 that defines a top surface 22 and a
back side 23 that defines a back surface 24. The product wafer 10 of FIG
1A can HBW58bnsihedplricatign 9é cerprin fwed ghvemisprttustarifevicen sud) fdmage senseEs
downward ip. the Figure . [0055] FIG 1B illustrates the formati of , an
exanp! 5 Db {Rrel e g RL ey ch el R S et R s e g
carrier gMakfhpléQRle vidveoeNiotfctVedfer 10 RAINBS tod HidON that BEfideda top sWTh&h

el ectronic device features 34 are forned that is accordingly called the
devi ce 22 ded aPhek daa/ 23 thaivdéfres blmckbwbaderrd! Tegrodultackesitef AlGalA batbe s
opposite to the front side (device side) 12a. The carrier wafer 10b has a
front sFNsidesed torPauRside davbxinge theayep sids” 2L Taces deunwarddn thastigyieng waf er
10, referred to herein as a product wafer, is fornmed by interfacing the
devi ce HI08B] 1FG.GlfB itlestiates thaffermat®@a okian lexamplefproduct siadler 1W02fbrroéd barri er

haf or s TGTACYEF GOeCHEP, LoRATSs CaeT Vet 10 doe D9HCohalesrBp bes AEOR 90b | o
al so Caiiae.g Wihg be 6@§%§i%aﬁ¢eﬁﬂm'f&n¢&%€as%&em%gacanéd H d®RfLef rom a

silicon substrate. resul ting product er I's showmn In FIG
1C. At dilke.Thpdienice wakfe 10aaiseénohfe’ra bhdRksids 1948 cian s appositd toothetfient Biek si de
l4a to reduce the thickness of the device wafer 10a from about 750 pmto a
t hi cknelslevige pide} ha. Thagmepsrier wateaBBRihasa Fant sdeabduen whghemoxigs laysiR is n t he

cl ose-up in of FL.G 1C _The.oxigde layer 15 and carrier wafer 10b define
o b ot oRrT o Teeelitmwaler e yeuhiel S pefdifes 2 2roht F3d Slattehect roni c
devi ce heatdRgnddevitdiigh 184 §f AIWSIHIEALRAN i tHY ot iRIPTBBIChr iR RFerl 0.
[0057]FIG 2Ais simlar to FIG 1C and includes an inset that shows a nore

det ai | elDbcThs exide pyer U5 sersesctsi advmalding layer of atdrondx tnpive WS ey l@ke structure
30 of product wafer device structure 30 is in the form

10. The exanple CMOS [ 0 is
of a CNEECWERIHKS tradophtife d2b absasriervvfendQhisafte calledide bopdingsiie i ch i s

typi cal Ly, sevgial [LGE 985 i) SHRRACHS silig.fevi ce waf er 10a, whi ch

i ncl udes -Sensitirve elfectronic device features 34. Here, the term

“heat - [0056] The resulting product wafer 10 is shown in FIG. 1C. At this point, the device wafer
10a is ground down from the back side 14a to reduce the thickness of the device wafer 10a
from about 750 um to a thickness d in the range from about 5 um to about 150 um, as
shown in the close-up inset of FIG. 1C. The oxide layer 15 and carrier wafer 10b define a

protective structure on top side 21 that serves to protect electronic device features 34,

which are now embedded within the product wafer 10.

[0057] FIG. 2Ais similar to FIG. 1C and includes an inset that shows a more detailed close-
up cross-sectional view of an example CMOS device structure 30 of product wafer 10. The
example CMOS device structure 30 is in the form of a CMOS sensor. The carrier wafer 10b
with the oxide layer 15 (which is typically several microns thick) supports the device wafer
10a, which includes heat-sensitive electronic device features 34. Here, the term “heat-
sensitive” means that electronic device features 34 can be damaged if they are heated to

beyond a critical temperature Te.



sensitive" means that electronic device features 34 can be damaged if they
are heated to beyond a critical tenperature Tc. [ 0058] An exanpl e of

heat - sensitive el ectronic device features 34 includes netallization

el enents, which are shown in FIG 2A as being in contact with an adjacent
CMOS devi ce | ayer 40. The CMOS device layer 40 is in turn supported by the
t hi nned [QA58] cexwa@w'qeabeam%%t'%eqrqmﬁ daviredeatyres4indudesiyetaflizaiiemabout 5

50 | h f_a. po ice, thick is inth
Fange 1 PSshAr TG BShed A2 s M0k Wi an ek atok defien” "¢
ion-i rrpiageﬁ 40.3%81CMds ddade 1BRAUB id A thiG JupBEite@BPER @fhrled deOic@RAfdrObNe

t hi nned device wafer 10a adjacent its back side 14a, which defines surface
24. Thewhoh-Hagplthickndsay én thedangefradebodbp ant t® S0ged. Ihanbdremekamgleiobas, to
reduce | eakage current or to | ower contact resistance. Exanple dopants for
si | i conPayer dsvienthickngsrabisiibEnesangptrem, abeHEB A HM tastPHOIRP Bt c.  Ther mal
annealing is needed to repair inplant damage and to activate the dopants.
Thi s pr (1959% ils ao@kdreplebattin gindierglantdayieoA4 duatineedd torhe IpEO@OhedtedEs 2B i s
simlar_to FIG, 2A and jncludes a caontact |ayer 54 ataop ,ion-inplant |ayer
44, Thef4R1EEdN rh?gthawegéﬁv'a%wa o4yHdp agipceridis bask fife i Mﬁ%@ﬁ'fmﬁs S¥rTagecs

cont act yer. A sSif i n . an 1 IS
ot err o ¢ SRkl B0 RELUEOR SRR e LRER A RO G R SRRl Ty
consi st &r @floWwbi corftadtMediRbidde. BXareiE dofXANTIrSiliaBh ateSarssife) phosgharims, bBeongont act
| ayer 54 include Ti, Ni, Co, W A, Cu, Au, Pt, etc. Laser annealing of the
cont act indiysrangmoparetbel hgsedl anseplongis aeedaddp repail immdantalamage andier t he
contact _resjstance of the contact |ayer, 54.. [0061]. The anneal i ng of

Cont act 29tatshe AORafts ANPrRErs s 1 6L Pruic e HORRer Pt ant | ayer 44
underneat h the contact |ayer 54. However, the maxi num annealing tenperature
in thisl0088k A&y 2Bés simiantadi®y2Aang igglpdesqecandrsit fayat PHAtapriovHimalgat leyer he

nmet al - f ) tack.,. and therefore, the, dopant .activation not . pe..as

opt 1 24k THE AR B conth et B4l BPBR kPRl nERY PR s8R,

al t er nagilicsd substkfte 8P RIrdh drPSIRNHicRBAGRRL Artdis FTeAed tH8S PAR-AIcontd@hnflihag] ti on
of the contact |layer 54) to separately optim ze the dopant activation and

cont act THeorombect ayer pOGHRRIIFEdBsisBDfitbinsfilm ratal stocks| Bxanfde mexae psed tioat
product_wafer 10 is not for rredﬁ%{_ interfacing device wafer 10a with carrier
waf er 119FT thaeepipct laves SGdvalude Tidtieko. Ml SUdito Tt G Later ANBePINBOEERS ve | ayer

19 th i i : ' ) 12
of tho SOTE EvaErEEar LIRS HIHSIR S0 RSB o fehiBBheSb T, 57
2D i s tihe cemimet lAgerd4G. 2C, except that it includes the contact |ayer 54

simlar to that shown in FIG 2B. The protective layer 19 is used, for
exanpl §oogf) ¥ Qnr%% LIDntRE I5EESE LIS BGY +& SerlVERl 4 '§4—'ng |
supporﬁi ngﬂt he pro ugfé;mﬁlak%gr i(ﬁus?ng a éA(?hucg 1%0 \f?see p(liglﬁéné ) %g}lr%l es of
t he pr otdanidevieedtiaytey ®nisttidyet suleiavdviet @Re fHaixh e aAnehling témperatdrBusthis N an
exanple, a protective structure 17 consists of the protective |ayer 19.

case may be limited by the silicide degradation or damage to the metal-film stack, and

therefore the dopant activation may not be as optimized as in the configuration of product

wafer 10 of FIG. 2A. An alternative is to apply laser annealing twice (before and after

deposition of the contact layer 54) to separately optimize the dopant activation and contact

formation.

[0062] FIG. 2C s similar to FIG. 2A, except that product wafer 10 is not formed by
interfacing device wafer 10a with carrier wafer 10b. Rather, the device wafer 10a is
provided with a protective layer 19 that covers electronic device structures 34 adjacent the
front side 12a of the device wafer 10a to form the top side 21 of product wafer 10. FIG. 2D is

the same as FIG. 2C, except that it includes the contact layer 54 similar to that shown in FIG.



[0063] In the exanpl e CMOS device structure 30, electronic device features
34 of device wafer 10a reside fromabout 5 pmto about 150 pm away fromthe
back side 14a of device wafer 10a, which is usually not patterned. Thus, in
an exanpl e, the back side 14a of device wafer 10a defines a flat and
unpatterned back surface 24 of the product wafer 10 that nmakes for a good

anneal i B§- Heraratastive Bgesl9 iFped, fargxpmpla,thavers dppgisshit\e elerteniiedevicey | aser

b 80.bei d he b i.d 3.0f th f 10, i
carryi nir USRS RE R s LS SRR FaiF i 2 MRk UG e R0 b

di scl 0sgf fhe ptBRRACKYSS A9 imchidfsilcBR dRIXRRUMY nRfier TR, ihnkldidiepiean anneal ing
regi on, such as ion-inplant |ayer 44 or contact |ayer 54, while

heat - sepgitective seiueinire dhrensibevofdtbe peatbctiveday 18esi de a di stance d away from
t he back side 14a of the device wafer 10a. The annealing regi on needs be
anneal egboeB] a INBHREGmMpat MO RIevibbtra@iRmD, BRRtrosigae|its AR E8L bpRéKcLevi ce
features 34 that reside a distance d away, wherein, in an exanple, d is

bet weenwafey. 10s agsitlelfs@mabnut 5 LAA6Spo@ 150 Bniaklay $tomathedaak side ddpbéddbser
anneal i ng_system 100 that can be used to performthe nonp-nelt |aser

anneal | ngeﬁﬁpﬁd%mcl*m%v Y&t Ratteingd- Hivs, B eaRspraPleatisrbagk siggIAA QT 49\tens 100

t hat - - ' t hod
i 2ol oahaparaRenie Sl ko SHbaftciRedSde risce 2P B v MEBIEL vARIR D, OO0

Seri al MNakesbr 8280 8fneaing turfxed. "Laser anneal ing systens and nethods with
ultra-short dwell tinmes.” Wth reference to FIG 3, the |aser annealing
system i n d i

SUppor { SOPAL"FICER 1R GBBTR0 £t SCH SURLRR A RAM B IHESMNRRT A i so
in an ebahpide,23tdfehe prockictlddfer $0 Msalying, out BGHPn-iedt IsamrAg| h@salingyst em
150 includes a | aser 151 that generates an initial |aser beam 80" along a
first a8Gcardips todhadisciasweaHit brgksider2grof tiapproduet wafepp@inglydes epanrealiesl to a

mrror driver 164. The scanni | aser St 1 i ncl udes a fqcusing | ens
Too. o i SRLc R RN o RSRerai R ST Rl A BT s e R Eng) o 1o
the firgdvifestufs34180ds §eRRsh@X swa)drdMiRd BEKIRI TR JrikkSlevicd wafdl 18] the
scanning mrror 162 and also intersects the back side 23 of the product
waf er Itheznnsalbwtragioh alkekys kze anrglateddamgineannthehat doesnatgladneage hk66sdmaiiva
nunmerical aperture NA. In an exanple, the |aser 151 generates infrared

i ght seqtrRRic daviredratyges 3ciopt Ieaidmagiistange d aay, ahereinia PB @@ el difgt h.

[ 0067] | e, the | aser 151 generates visible |ight 80" so
t hat aﬁ%@g gﬁéﬁﬁggﬁ?ﬁﬁﬂgﬁago i ncl udes a visible wavel ength. A visible

! for Iight 80 i ferred for thi bst r at .g., d
Souny - BbIccPist fleeries b aedrople s =aps@Uppeietam dOBA Eoh oBusRI 8 i 1 i's

desira I i t] : I he thin
et er - tleriopent 16p ARl G, AREARIH Aol Biclodd RbeiTe Samleiecr® [0 Taser
151 andinheslfigsgsteARA00 GhdticaRbesised ¥eta@8but tied B6n-hicl1aseBOheriiadanidating aser

151. The collimated |laser light 80" is reflected by the scanning mrror 162
t o t he Mefbods disclpeidergs arawisdosedde Yse Sravigonsd Patenbfpelidatiee feid e 80' to
formf neal i | aser heam 80. The fqgused. anpeal,ing,| aser bgam 80
ot ur SR e Y s R honl Yatgms a0d st BT B PR oR e o1 0.
The MOYGAR Rdfeincs ERABI @,qhmarsepgm{le%ﬁn%ag@e@ﬁ 160 fhcRRRE LA &y sheam 80 and
line inmage 82 to nove rapidly over the back side 23 of product wafer 10, as
i ndi catléd abg aahuckd WRBat supparts exaproldaect wafee 20.ilngn leaseplepharch86k 11cik udes a
vi si bl e wavel ength. [0069] The di stance fromthe back side 23 of product
waf er £0°led: AlpRintaicaisMpde, tegghuckd 19 & mpyabléy exanpl e di stance DWis about 1
neter and an exanple NA is about 0.15. The mrror driver 164 serves to
drive {0R663c dlineisngnning laeer sy82m E0gncludes a lapirdlSy thattgeneratéearsioitiahlaser mirror

162 through a sel e¢ct angul ar range so that the annealing |aser beam 80 and
line ir'?ﬁ@’g 89>along adiEt X drtowakht FREpHsANIHGT 467 t'm?gfdv conesEeddertot ed i n
FIG 3 N | [ S t h

i e + e el 189, BB Ang 06 S08H Mo RBIEE: PricigREldns 188 ohlutadlonk™T,

from oageest@enxafa that Rigederally ¥ed ghtldhgleaotthe fieRRRIS WL eTiRA@eomd atiig2 Wi dest
part of the product wafer 10.
intersects the first axis Al at the scanning mirror 162 and also intersects the back side 23 of

10



[0070] In an exanple, annealing |aser beam 80 sinply sweeps fromside to
side whil e between scans product wafer 10 is translated in the cross-scan
direction (e.g., by noving the chuck 110, as indicated by dashed arrow AR3)
so that line inmage 82 exposes (irradiates) different portions of the back
side 23 of product wafer 10 on each scan or at |east covers sone new

por t i onths prodectyyaledq atsabeantidlyarigdjpaglentheseesing Ipnel 66 hasernunessitabe sone

R R s g T T Gl e R L L

exanpl ebeﬁﬁ@gq,l,dhmsaﬁsﬁparggmgg gthans at least a portion of the back side
23 of product wafer . 0071] The anneal i ng terrperature is control I ed by

t he | th Th efined b

duel | ¢ TORE7T i %oqﬁef PREHE IR i T abpe i eld oG pRireint 467
scanni NPeAR8OGhclfN s ¥RishAb vdaageﬁ%themw@mw@@%ﬁwfngm(ﬁesvp%fﬂrréalfer@m to a
few hundred m croneters, ypi cal scanning speed ranges fromO0.1 to 5

m sec. {HOQI&]strates e,lgndad 30ugn )deaaliseiod ise diorfer odtictl abafrptioril@ehelngeoarat, hat
the device side 12a of product wafer 10 nmust remain at relatively |ow

t enper att iy ¢asirablg f?rrrhsgio? it @bsarrtiet dopthie be smaflerdhap Qiﬁpté‘#fhWéfeTéh'CW?F%h is
associated with the electronic device features 34. The critical tenperature
lc is t0968] eApetimaling &reylbBds skivvatadjdrentthedesenAbt ade dceives aed colbmat®4 wi | |
be damaged. Thus neall methad is carried qu ch that tron| C
Govi co fsisarUsSss R sl Pampie Rl REL dleicPugroee Rt B e eateg Budhe

protect sctanﬁ“nglrﬁlgrggi?zs{o:}m%&@ﬁm Iér% 186, WARh FGs heEBFﬁn{E@é‘d ALEP PSS % “r €

at device si term ne the particular electronic device

f eat ur eforddocuset aARéaling ldi8ebledn®BO eﬂh@&bmau anfleling Gaskelpdant 88 irdthirs srhsas
interconnects, the critical tenperature Tc is about 900C for copper and
600C f olinedmage §den the packesidecdsso dbﬁpmdﬂchyaﬁqr 1P cThgemoyeareentdf s¢anaing

t t b h bili f th I d
R L R e R A A
at devige3idde3iAdraRREWhRr ONR lﬂd@ﬁleg\ﬂy%rr%w AR?% ah @)(’Q?t%l@tawn%aﬂ-rfg 19éeres

rise to the requirement that the laser thernmal anneal tinme be short enough

t o pr evieram 8hinchleles e eisibly vawvderfgtiom becom ng too hot. This inplies that the
thermal anneal tine (dwell tine) nust be such that the correspondi ng

t her mal [odsé]f U$h@aisdaﬁaafrmetE?e ibScl 88623 BAProbib& Wit kmesthedoQfsirdauhCronaf er
10a (i.e., <d). [0074] FIG 4 is a plot of Tenperature ( versus Tinme
and il Ilm\ﬁ/tAate&a;nplleeilsttmmeD\HUMM il meetpr avckasexanmueNA i§ aboudiof ¥seTeamirror
anneal ing techniques. FIG 4 includes four differepnt windows denoted A

t hr ougHTB¥er ExheRsKes tGrkiive thps@nPIRE LT bo% CelstorngPidnrpiate the XAPRISE RIEET by

w ndow er f at
terper i Beo B S8l E sty s B R A e AL g 2T B A g e Ty S £
anneal idag se@t dmda c@f@sﬂ@ar@&@mce%@war%.ﬁg&wrﬁt@wm A@\Eas2d) e ah exdnbleTES
rangi ng from hundreds of m croseconds to tens of mlliseconds and

t enper athaaesulpnf@ng@ﬂmaelaﬁtedmhgt thiedior imvege 8hedmie sshnmd acrassahe Gackyide

Scal oo 40 0 bty 3o BB SRR el b IV ERR T i el
t enper %Hé\ﬁ p-gMoftLQB'YCQLC# \Bai@@o , Window C is associated with the
d

short - time, sub- | aser thermal annealing nethods discl osed

her ei n, ch, operate, at an from everal .to a few
nundr edQU 1 TR eI en S FRI A ED Py S PR he B 3 5B Hies bel ow
the si 'He%)é‘ed"&'ah!; B&dh@ﬁW%ﬁi@'fﬁraﬂé‘latedﬂﬂL{ﬁe cr%'sg':'scaﬁln dnlécHéﬁ (@%%y heWnghe
short-dwel | -tine, sub-nelt |aser thermal annealing w ndow C of thethermal
anneal ithgchuehkpidOadsundicatedby plasteeissrapaBe) sosthdt ltd inGige B2 erpddes (ipadatss

wi ndows _of the other types of conventional annealing. An exanple range of

anneal iGifEererhRartions ofhadack ¢ds 23 of prodreiuueish 4 or BaBLTaRPE FlsaL SAYR'S

some new portion of the product wafer 10 on adjacent scans (i.e., there can be some

overlap of adjacent scans). Generally, the chuck 110 is movable in three dimensions and is

1"



[0076] FIG 5 is a plot of Tenperature versus Depth into a thin silicon

waf er and conpares the depth tenperature profiles across a thin silicon

waf er for the above four different annealing techniques. The wafer
thickness d is in the range of 5 iimto 200 pm For RTA (curve A), the
tenperature stays flat through the entire substrate due to the |large

t her mal at;prqmaéatxbwn|a@mghrncmqp asBerdedt WRn@xempieennentigs lspekeam Besengate. | LD

>> d) 0077] . For eco l.ase I h-1 anmp anneal i ng net hods (curve
B), the'et["étrﬁ)g%r ip( oL etbaégé'd r}gﬁ)ff’ uﬂgfﬁ"{‘f 81 nto the wafer. But the rate of
decrease is too slow, and, as a result, the tenperature at the other side

of the @78} Jaﬁagﬂeqhngé%e%ratttrﬁé@a#ﬂ&ed bwf@émﬂreovvéﬁﬁr&meﬂdlmﬁ e., LD

d
I o P O g D e AL N T
penet r afyiff té E’catnhi%g%b@&f Shtcaphsdrimanal RiEn ra'ﬁ%&‘@ﬁ@hse%lﬁl rhﬁ%ns&@rb%ﬁ/at Ion

is too shallow to anneal junctions deeper than half a mcroneter (i.e., LD
<< d). hoddred nﬁcmnﬂalnmstmdlvaeﬂybrcahsnmrsng)snaeutramm&onaﬂﬂealﬂm,geas di scl osed
herein (curve C), the tenperature drop is fast enough to keep the unexposed
si de of [dofe] WeftRranaeflingWahbigioh§8f freatictp@dfet {PdreQlcH thabthd devicdlsgR ER@FGh to
anneal deep junctions (i.e., LD < d). [0080] FIGS. 6A and 6B are plots of
bor on cprrdet wafier b@m(usmeiﬂjawevl@iasrvaemw tt{mn?ratu’res)araad iwidardewanketay thboped
with borgon. FIG 6A_incl es tvvo curve ]yvs theg\iﬂo ant

Fedi st rFHFe] SR TrdVHAMBAFSQCIat W'tErtBe s'ﬁﬁté%ms afice EarEs H Uisiiticehe
dopant r S
CoPant Bl K90k 3By I LnRASRC et I WG BBE ST Ul =,
dopant da&tagddr iThus, ith@amicaling metht®l is Qartried ouasichdthpteditctebrid diicfebtuags cCur s
when the silicon is in the liquid state. The diffusion stops at the

li qui d- @malmbﬁ@w@aﬁytlca@tmwawrg& mrﬂﬁretoawptpﬁt thsdsltmnat@efunmﬁnalhe ofAhe

advantage.of _thi s ach is t reater unt dopant
e vt Titate asBRL e piur O Sl e £ Raferb el IREPaeh e i s
that i teIG&\a@ﬁéd@lﬁémsﬁués%zr 20 SkldIPied o dIBétForligevid] feadPa3 AiRnbBer ef ore
cannot be applied to cases where precise dopant profiles need to be

mai nt ai intdtc@inet, thel dritipdleeimpactirens isdboue 900fCdontopprgand 6@°Cffer ent dopant s
IS undeswable Further, the activation of dopants is limted to the nelt
regi on,@ ﬁfﬁd‘%e’f%fdﬁﬂ'éeij@é‘éﬁt‘%‘géUF'gﬁdfé‘etCHEC%¢mp?"@§‘ir8rT cHy2¥ afsgtbedimitrct bwel y
actlvat e héo E}l{ llllt tﬁBsn cu%ll des .gurve CO as well as a curve CS

associ at'&d" W th°F dvve I a[ non-nelt | aser anneal i ng perforned
according_to the present di closure It is observed from FI 6B that there
is no sleﬁg%lanfheawr%a@ﬁf qtéiqcypmcw@mcsﬁeadufeesé&??medsmeeﬂca ey 12p negd to

non- r’rel n{aﬂ‘?@ loR'Y %lcélr}?mglré't&re ﬁ%&ﬁ?@%{h%ereg PaRd tgétftiwg$a%e hefm

sl ower ra ent e si on waf remaliNs I n solid state. nadltlon
deep | Uihdkhlitie 6aBhdH S8R0l taGlrbvRt Btk HAGRIHEfa0E frbhﬁbdcbﬁf@’ﬂﬁ)@d\o& hiwigTal

di ffusion |length 0082] FIG 7 is a plot of Tenperature versus Tinme and
shows dmplips dat theeugvpundlanneam@netdweél tppelfrhiss basudrihat Hie hreagponding

short - d | 1-1t] ase l|n r. dopan tlvatlonln

a1 cortheril AP BB AR idahet TS Diakpess 0 s VER MR e S-Sk hce 22 of
t he product wafer 10 ranges from 950C to 1,350C, as shown in a curve CA
The dwdPP74li neGi & issenletelfelemrsraineat’e) Yarss ime apal|usiraies she tRmResAWESat ure TB

at the | ocation o el ec i s t bel ow t he
amage U Brenpbus o Eer e B b RYiniEs. FER ST fol PariERy O0 O
For rfetvahd&m H@rﬂd?!@dﬁQHFo%%B Daash\»éh%hgl gud%hé%br&éﬂﬁﬁé(m) keanetaitbge TA
may be used, e.g. Cto 1,000 00 FIG 8 plots the bottom

t enper aiytwmdd'\BAvmdsnmraimhﬂ time mles}aﬁgngtfmm yabadstoohinubescit hespestutes and

d2, where dl < d2. For a given wafer thickness, the dwell tine td needs to
be bel &fua teAiZ00aThemilisscontdrasenand flashampannealingTaeineds A rerissented. The

maxi mu %hew%'am% t}agenamealmg?pn queé?né {l‘gmvmjn@:ec}sﬁﬁ%a%§§congp?o Ee}ﬂ's aper the

waf er, he snaller curve associated with

waf er tnhm@&m§ ald terapérawrgymtdémlrd oftth&BilitsHineit poiir@nm, =aneh Forthehe curve
associ ated with wafer thickness d2, a maxi numdwell tine tdn2 is shown.

12



[0084] FIG 9 plots the dwell tinme versus wafer thickness d based on

sinmul ations. The relationship roughly follows a square |aw, which is
consistent with the fact that thermal diffusion length scales as the square
root of time. The shaded area of the plot corresponds to the region of the
td-d process wi ndow where devi ce damage woul d occur. Sinulations show that
for a wakleed tapgraRrelegrocess igrepra@ning byawigew D andeparates pt timescalpael Howsut 70

is is needed, .assum the critical, tepperatyure Tc is limted by damage to
the al ufd Al HET 2PFIRErIPSTRLES ABAF 2he SR el e % ftess of d = 20 prn,
the dwel|l time td needs to be |ess than about 20 us. [0085] |In an exanple
wher e dlQ0ZRhedn Fibofn WindpmG is agsgcigtad witihthesheaprdveldme, subneelt Hseathemaum

el ectr OB g 6y e d BN LES Aol Wi d18 12005, (LA BRAUE,.E T Lipsgeonds Lo
about 20" M CroYectitas) Cé)ﬁ?id or'ed bcgr P&l L aME devince I?eé?&res B4 from
about 1%&t 4198 eSPRMSIrds 8RR ostBEhd¥ STPSLEANon dIPHEL atlRnigtRatupvest or der
of approximation, the maximumdwell tinme tdm can be estimted by tdmz

g- c12/ Deélbwwthesiicah msltingeéempémture MivcknesBG. Défubtrates hhe tbé Sleatidwelittmee, mal

diffusivity of the substrate filmstack, and g is a _function of damage
t enper atr@elfaser thefmakanngaling wigow (Riithe thermal annegling temnesatyrtstimienent
wh g > . : . L L . .
el | 1 11o0e5e st HENRRIFL orgt @' iBocds §1 e Ml of P Bhuobd®, ™ ™™

sel ect eghrdealife AhesSmpRaangdbBarmRpliE4imes R r diddw Cisemidrdsecasd®owoer e damage
to copper netallizationis the limting factor, the maxi mumdwell tine tdm

can be miscosecendsxed, typically by a factor of 5. [0087] One of the key
requi renents for junction annealing is damage renoval capability, which is

rel at ed[oowe} helG 6tisd plohef Temhpdrutigetemilis béghantoacthingicon eedssand donganey al |
the larger the thermal budget, the better the damage renpval capability.
Howev ertheweptheteneraties profieasiacrossa thinsilipen wafeséerrthanhevd forgdiffiesentosed

herein can_avoi d aver heatin l.ectroni c_device feature 4. the duced
vl | TR B¢ w3t Br Ees R inalfe g oS Mk B0 i KB AR om <
def ect (@G@%@J),'tﬂgterhg%?l]reﬂb%fla?ﬂﬁr@d@ﬁ%%nﬁmkﬂrﬁl@ diRtH ekl faRsd thdRsalel t her
scanni ng the sane area of back side 23 of product wafer 10 nultiple tines
or i ncraiffssionglenpth (p\eesdcigredivithithe langegeed 2imdsdi avelyr>al)j acent scans so t hat
each point on the back side 23 of product wafer 10 is scanned nmultiple

times. [0077] For millisecond-laser or flash-lamp annealing methods (curve B), the temperature
decays with the depth d into the wafer. But the rate of decrease is too slow, and, as a result,
the temperature at the other side of the wafer can still exceed the damage threshold

temperature T¢ (i.e., Lp > d).

[0078] For nanosecond pulsed melt laser annealing (curve D), the temperature drops
quickly near the exposed surface, and there is no heat penetration to the other side of the
wafer. However, the heat penetration is too shallow to anneal junctions deeper than half a

micrometer (i.e., Lp << d).

[0079] For short-dwell-time sub-melt laser annealing as disclosed herein (curve C), the
temperature drop is fast enough to keep the unexposed side of the wafer cool while the

heat penetration is still large enough to anneal deep junctions (i.e., Lp < d).

[0080] FIGS. 6A and 6B are plots of boron concentration (cm™) versus Depth (nm) into a
silicon wafer doped with boron. FIG. 6A includes two curves: curve CO shows the dopant
redistribution with no anneal (i.e., pre-anneal) and curve CM shows the dopant distribution

after a laser melt anneal. The junction profile is determined by the melt depth. The melt
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[0089] FIG 10 is a plot of Tenperature versus Tinme and shows the typical
tenperature profile that a given point on the back side 23 of product wafer
10 will experience during nultiple (N} scans of annealing |aser beam 80.
The time interval T between two successive scans should be | ong enough for

the residual heat fromthe first scan to fully dissipate before the second
scan st aPpeal cupye SR sV & igiglkerdanapiredistiiitiopprofga due ke the fast dopant | i second

.. T 10 i i [ i .t lg T, from,sever al

i 111 secHEEM e Rt udh e gRedy iMoo AR, FrdubPORss RTEIE ¢ e
neasur edolidwiindar,, ERMEIBE t6 the Hrtipl FYxhike pRbMMe UH ddvantagt of tHMEESHSadHe Nnumber
of scans of annealing | aser beam 80. The | eakage is a neasure of the defect

| evel i bhathpeoyidesat greatedemloati afidapeyt amivatien aritblowenalenuichlegesistacceases, the
junction | eaka eedg%g{;/eases, End,i cati ng an i npr ﬁ%e_msnt i n defect annealing.
[0091] ARWSdEle PRtage is {BRL{ECIHIPT Pnaptsiogedisirnoutwithindhg meelt 20ng#hdnced
dopant L i . Thi fir Fl.G. e t he
roncur o e Rior; et BY Shplelitb T AR ke BRERe dbBMncbiiceithe Wb R
anneal i Bgtd MERIpIIAACIHI whRré RALIAIKIAE of fiffeldt dbparitk isshaetirdbs IFSHABE €hd S
observed when the scan nunber increases, indicating enhanced dopant

act i vat pgivatipoobdgpants is §mited o thehaelt segiomaghd thérefage dapints putsisle thalmaiel t
anneal can al so prvi deI %ood activation and has inproved defect renoving
capabi | [T5P" %\7\3888 eCtVRY CBYA®Y her mal diffusion length LD can lead to
damage of el ectronic device features 34. Using nultiple shortdwell-tine

scans of0081k A&lF- BRdM@as utvediOnas wall i geauresCasspated With theshargidwelldime

approach, whi.l,e maintaining a thermal. diffusion |ength LE). that is _snaller
than ¢ haondnSoehBbRiEg pafofred iRl Prifat fRbsler at sRBRv e ERMT L | e
scan apncoa@hqat&merms&fm@p@ogﬁnt FedlLrititidnetRIto thOO3t dhvBl BiRid¥dR! €. one
can al so enpl oy nanosecond pul sed | aser annealing in a sub-nelt regi ne and
use mnul mepllasepatrsmsing.dhisipbenaesd the dbpparstdifacseiat atmwoh. slddosveraer whdedeuse of

t he ext r__enel\zqfshort .anneal duration associated with each | aser pul se, a

| ar ge nUtASEMSET sl fRgutlidistatadagddition, deep iupgtinps RamplsRibe aeidvaiefi 1, 000
pul ses- 4,5 AARE ARFILLS il kiveliy flrayh whi ch makes it probl ematic to
i npl enent” I'n a mass-production environment. In addition, the heat

t [ depth.of th d | sed | 1N [ till Iimted
Fo. abodP08shFad iruplof i FEEP5 L Ee S oSBT S SRR r egar d 655
£ th . . e . .
A e R A T S G M U s T T

t enper adctivatiaf inalliesh, thatypicheyéskeannealing mpdfatuncT Ul ehd b Juefipepabfifie of
chuck 110 and wafer-to-chuck thermal contact resistance. In general, the
| over tATedededfer Ehigasges foere 950°G tock 320 Coasrshawn in asiedAc Ehe divell fimgds t he

t enper at yr f electronic device features 34, and nce the nger, t he
e 1 celpeeslo, RS ARnE i G e EetRnstrrund Ty eniBersreiPE £ BTEE ' ['Goos)
That saiightrdnfc ddWceGEMEKes!RTPREA D the ddPPadeWMbeshbial.d NGTERI) té%@,%ﬁggay
result due to the |arge tenperature difference between the top and back

si des 2%, @stio8 inh cprvedlBe Forvwabeal silidide ddritsctsipplictioas) d lswaenalesdatiapl e because
it can cause slip generation and wafer warpage or even wafer breakage. An
exanpl éePREEAEUrETIR My Reowsed gtrBe BORCHR 1R0RC-heat i ng and cool ing functionality
so that the chuck tenperature can be optim zed to bal ance the need of

el ect r d0083] d el c plotsithebestoBritehuyerbtove §i varsis dwelltimbie foetwanefers npked f or

| ow t enperature, To re effectively clanp the wafer front-side
t enper gﬁ'ﬁhe,ssegscfﬂdaft ﬁ@lef%%f&& F%é‘t&)\)@‘é‘ﬁ”?fﬁbﬁlﬁ‘é‘f‘em#&dﬂﬁ' YRE tetRRR 110 i s
desira i : i US| r_el i ans.
701 b Be bEftvPs ENEaPS: AEANRKE SR ol Ak FeaBRHAR B ¢ B PRE FERKRIh Gt
conducttinvd tyy wikiaBle g dusieth e fviifert theckAE4C KN elthbhnebxtpRbfer tRE €miaRérxhkOr t he chuck
110 are al um num and Si C.

necessary dwell time. For the curve associated with wafer thickness d1, a maximum dwell

time tym1 is shown, and for the curve associated with wafer thickness d2, a maximum dwell

time tym2 is shown.
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[ 0096] Al though the short-dwell-tinme, non-nelt annealing nethods disclosed
herein are emnently suited for annealing thin wafers, the nethods can be
used with structures where surface annealing is needed and where
heat - sensitive el ectronic device features 34 are enbedded (buried) a
distance d fromthe back side 23, i.e., the side of product wafer 10 on
whi ch t HO84hn&iF-iGrjotsdBe Awpl e versus evafieihickngss ébapgsl e siprulatipasaihgeal i ng
met hod, Ltiple sub-pelt | aser scans,.can be .used enhance. dopan

ot vat [SHassRieop et Filehs ariveda Ry i R Rt EREME M PREGE: HRRERL .

el ect r ojffusid@Veérzeh §@AsWs8Be Sftrard RIXR 6 tileWrid sHaBe@RRA e %Igt Ehpsponld | | ed
in the art that various nodiftications and variations can be nade to the
pr esent talireckgisnoétha ttqubcade pandovwngh éreatevich elasyage ioubinatcsic Speulafiorishe

di sclosure. Thus it is intended that the present disclosure cover the

modi f i cEaHEt iid Waler Brickorss fd 1 #9 kmap dwel imeds oplesyigadbeuell voife wi t gi n
h f i ir i What | | ai
}s? i?oﬁgeﬁ%éjh%%s%wfrpggtﬂggﬁﬂcaqIte%ggraﬁngT%Eﬁ@{lt&%%u;d\égla%?tt(\?\a?e aluﬁundrr? clalne

nnealing a sem co u er having a back

si de W it aBBnaMawie, FRG Wiker tH&nRESFUCE 20\@ethetAVdiNgmet 9f e fIRYI Ce
features that reside a distance d fromthe back side and that are subj ect

t o bei nthadataged beyond a critical tenperature Tc, the nethod conpri sing:
scanni ng an anneal ing | aser beam over the back side to anneal the annealing

regi on [@e8s} i Nngamékaitige ARBRAA Fah@ed REMAID U td 20 A, anRR&hpleaiatinabeife® TA t hat
is less than a nelt tenperature TM of the sem conductor product wafer; and
wher ei naluménuse glesiragic davcafaaheesdd isdi tHeurenea froevahoyt B Mnigtosespadato altmttewi t h,

2" her ] PTG o TGRS SN IUeP BrEUs AP B 3 BB S Pon .
devi ce feoUt €80 AiGodRbMal ned bel ow the critical tenperature T.

[0086] To the lowest order of approximation, the maximum dwell time t,,, can be

estimated by

tam = N-d”/Desr

where d is the wafer thickness, D is the effective thermal diffusivity of the substrate film

stack, and n is a function of damage temperature and is usually on the order of 1. In an

example embodiment where damage to aluminum metallization is the limiting factor, the

maximum dwell time is approximated by ty, = d?/Duss and the dwell time t4 is selected to be

less than this approximate dwell time. In cases where damage to copper metallization is the

limiting factor, the maximum dwell time ty4m can be much relaxed, typically by a factor of 5.

[0087] One of the key requirements for junction annealing is damage removal capability,
which is related to the total thermal budget of the annealing process. In general, the larger
the thermal budget, the better the damage removal capability. However, while the short-
dwell-time sub-melt laser annealing disclosed herein can avoid overheating electronic
device features 34, the reduced dwell time also leads to a smaller thermal budget, which

can compromise defect annealing.

[0088] Thus, an example annealing method includes either scanning the same area of

back side 23 of product wafer 10 multiple times or increasing the overlap of line image 82
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2. The nethod according to claim1l, wherein the annealing region is either
an ion- inplant layer or a contact layer. 3. The nethod according to claim
1, wherein the dwell tinme is in the range from 3 m croseconds to 200

m croseconds. 4. The nethod according to claim1l, wherein the electronic
device features include netal and wherein the critical tenperature Tc is in
t he r ang§8tWeearadiasent scenDw that eashurcirgemche back siga2hefmredudcededitiy to clai m

1, further ¢ rd Sl form ng the sem conductor product wafer by
interfaé?WBegﬁggyﬁﬁgﬁﬁﬁfer and a carrier wafer, wherein the device wafer

I ncludes_the el ectronic device features._ 6. The nethod according to claim
1, wher 89891 hé'@ARdat pieg of taraperREAVAsEs HMa adishawsshastveicgt temperdikre nf r ar ed

wavel en F&ilé/\{htapa%ReRB%inQ%h tﬁgﬁé)(.rk%c'e% clf%rpgé&t bv%?esr ltOhv%rI| e&geerietnrc](ia fJWr?gf er

t hi ckness.
multiple (N) scans of annealing laser beam 80. The time interval T between two successive

scans should be long enough for the residual heat from the first scan to fully dissipate
before the second scan starts. An example range for heat dissipation time Tt is 1 millisecond
< 1< 10 seconds, while in a more limited example 1 ranges from several milliseconds to a

few hundreds of milliseconds.

[0090] FIG. 11A plots the measured junction leakage current (arbitrary units, a.u.) versus
the number of scans of annealing laser beam 80. The leakage is a measure of the defect
level in the junction depletion region. As the scan number increases, the junction leakage

decreases, indicating an improvement in defect annealing.

[0091] An added benefit of using multiple sub-melt laser scans is enhanced dopant
activation level. This can be seen from FIG. 11B, which plots the measured sheet resistance
Rs (ohm/sq.) versus the number of scans of annealing laser beam 80. A reduction in

electrical sheet resistance is observed when the scan number increases, indicating enhanced

dopant activation.

[0092] itis noted that a single, long-dwell-time, sub-melt anneal can also provide good
activation and has improved defect removing capability. However, the long thermal
diffusion length Lp can lead to damage of electronic device features 34. Using multiple short-
dwell-time scans offers an increased thermal budget as compared to a single can approach,
while maintaining a thermal diffusion length Lp that is smaller than the wafer thickness d. In
an example of the multiple short-dwell-time scan approach, the number of scans is 10 or

fewer.

[0093] In principle, one can also employ nanosecond pulsed laser annealing in a sub-melt
regime and use multiple pulses to improve the dopant activation. However, because of the
extremely short anneal duration associated with each laser pulse, a large number of pulses
would be needed, i.e., between about 100 and 1,000 pulses. This approach is relatively slow,

which makes it problematic to implement in a mass-production environment. In addition,
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7. The method according to claim 1, wherein the electronic device features
I ncl ude a CMOS device layer. 8. The nethod according to claim1l, wherein
the el ectronic device features include a sem conductor power-device |ayer.
9. The nmethod according to claim1, further conprising performng nmultiple
scans of a sanme portion of the back side, wherein tenporally adjacent scans
are sepahabesd penetratian dgpth of themanasesppdpulved laser apnenliniards stilkimite mt 5T

10 d 10, Th hod di t | 9 Wh
i CF ot & VG e Mg T e a5 P duPaslnB e Rante S T HE R AhABEE v e 1
pm 5 ds&t, 1othRThe Q-[?proa-é?ﬁs mzetﬁiaet%eqﬁ%@trn%‘tlﬂgdte@pﬁ:ln@ﬁ@ﬂsl wherein 10 pm5. d

0 pm the electrical device features are de of alum num and wherein
e o T AT M AR ARl aspconce
el ectri gRludde@Né Ednperature of chuck 110 and wafer-to-chuck thermal contact resistance. In
general, the lower the chuck temperature or thermal contact resistance, the lower the
temperature of electronic device features 34, and hence the longer the dwell time or the

higher the top-side annealing temperature can be.

[0095] That said, if the chuck temperature is too low, high thermal stress may result due
to the large temperature difference between the top and back sides 21 and 23 of product
wafer 10. This situation is undesirable because it can cause slip generation and wafer
warpage or even wafer breakage. An example chuck 110 is configured with both heating
and cooling functionality so that the chuck temperature can be optimized to balance the
need of electronic device features 34 for low stress with the features’ need for low
temperature. To more effectively clamp the wafer front-side temperature, good thermal
contact between product wafer 10 and chuck 110 is desirable. This can be achieved by using
a vacuum or electrostatic means. To improve the heat-sink capability, materials with high

thermal conductivity can be used for the chuck 110. Example materials for the chuck 110 are

aluminum and SiC.

[0096] Although the short-dwell-time, non-melt annealing methods disclosed herein are
eminently suited for annealing thin wafers, the methods can be used with structures where
surface annealing is needed and where heat-sensitive electronic device features 34 are
embedded (buried) a distance d from the back side 23, i.e., the side of product wafer 10 on
which the annealing laser beam is incident. In examples of the annealing method, multiple
sub-melt laser scans can be used to enhance dopant activation or improve defect annealing

without damaging heat-sensitive electronic device features 34.

[0097] 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
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features are made of copper, and wherein the dwell tine td is between about
15 m croseconds to about 100 m croseconds. 14. A nethod of annealing a
product wafer, conprising: form ng a product wafer by formng a
protective structure over a front side of a device wafer having a back side
and a thlckness d between 5 mcrons and 150 m crons, wherein the front side
i ncl ude§dlificatipanind weiatiees efdhisdissosuteaproyideddhey e whBehageararriges i f
heat ed ure Tc; formng an annealing region in or
on the gg%ﬁﬂ%dgkﬁ$ Sh%ﬁhﬂégﬁgéhﬁg er; and scanni ng an anneal ing | aser beam
over the back side to performnon-nelt annealing of the annealing region,
wherein the scanning is perforned with a dwell tinme that defines a thernal
diffusion length LD < d and wherein the el ectronic device features are

mai ntai ned at a tenperature below the critical tenperature Tc. 15. The

met hod according to claim 14, wherein the annealing region is either an
ion- inplanted doped | ayer formed within the back side or a contact |ayer
fornmed on the back side.
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16. The method according to claim 14, further conprising performng

mul tiple scans of a sanme portion of the back side, wherein tenporally

adj acent scans are separated by a tine interval T, and wherein 1
mllisecond 5_ r 5 10 seconds. 17. The nethod according to claim 16,
wherein the nunber of nultiple scans is 10 or fewer. 18. The nethod

accor di Wjhatés €pmehi$4, wherein the protective structure includes a carrier
wafer. 19. The nmethod according to claim 14, wherein the protective
structure consists of a single protective layer. 20. The nethod according

to claim 14, Wopethdl sfMnehifild RMiCordRVic? BrdRRt WaRS hbiRk HBGcldidé RRRtanone of
a netal and a CMOS | ayer.

annealing region, the product wafer having electronic device features that reside a distance

d from the back side and that are subject to being damaged beyond a critical temperature

Tc, the method comprising:

scanning an annealing laser beam over the back side to anneal the annealing
region by bringing the annealing region up to an anneal temperature T, that is less than a
melt temperature Ty, of the semiconductor product wafer; and

wherein the scanning has a thermal diffusion length Lp attendant therewith, and
further including performing said scanning with a dwell time such that a thermal diffusion

length L satisfies Lp < d and wherein the electronic device features are maintained below

the critical temperature Te.

2. The method according to claim 1, wherein the annealing region is either an ion-

implant layer or a contact layer.

3. The method according to claim 1, wherein the dwell time is in the range from

3 microseconds to 200 microseconds.

4, The method according to claim 1, wherein the electronic device features include

metal and wherein the critical temperature T¢ is in the range from about 600°C to about

900°C.

5. The method according to claim 1, further comprising forming the semiconductor
product wafer by interfacing a device wafer and a carrier wafer, wherein the device wafer

includes the electronic device features.

6. The method according to claim 1, wherein the annealing laser beam has a visible
wavelength or an infrared wavelength with an optical absorption length less than the thin-

wafer thickness.
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21. The nmethod according to claim214, wherein the electronic device
features include a sem conductor power-device |layer. 22. The nethod
according to claim 14, wherein the dwell tine is in the range from3
m croseconds to 200 m croseconds. 23. The net hod according to claim 14,
I ncl udi ng sel ect| ng the dwell time to be |l ess than a maxinumdwell tinme tdm
defi ned7by t dnm'Be @ggthaskaccorgingte chmfl, whetgiptherqletignicedqvirerfpaimrasiingluds 3 t y
of the f 24. The nmethod according to claim 14, wherein the
anneal i gg/}/qsg(gee\'\r(@ Iagyam has a visible wavel ength or an infrared wavel ength
with an optical absorption length I ess than the thin-wafer thickness. 25.
The nmethod according to claim 14, wherein 10 pm5_ d 20 pm the el ectrical
devi ce Beat ur eShamethwacecotirg tarlamarh whackimtheredeairanimed edhivelfeatuiresendlade s
bet ween about ;3 m croseconds to about 20 m croseconds. 26. The net hod
accor di PRIMCBNCERROWEr-dRMER VAT 10 p. md 20 pm the el ectrical device
features are nmade of copper, and wherein the dwell tine td is between about
15 m croseconds to about 100 m croseconds.

9. The method according to claim 1, further comprising performing multiple scans of

a same portion of the back side, wherein temporally adjacent scans are separated in time by

a time interval t, and wherein 1 millisecond < t £ 10 seconds.

10. The method according to claim 9, wherein the number of multiple scans is 10 or
fewer.

11. The method according to claim 1, wherein 5 um < d < 150 um.

12. The method according to claim 1, wherein 10 pum < d £ 20 um, the electrical device

features are made of aluminum, and wherein the dwell time tq is between about 3

microseconds to about 20 microseconds.

13. The method according to claim 1, wherein 10 um < d < 20 um, the electrical device
features are made of copper, and wherein the dwell time t4 is between about 15

microseconds to about 100 microseconds.

14. A method of annealing a product wafer, comprising:

forming a product wafer by forming a protective structure over a front side of a
device wafer having a back side and a thickness d between 5 microns and 150 microns,
wherein the front side includes electronic device features that are subject to being damaged
if heated beyond a critical temperature T;

forming an annealing region in or on the back side of the device wafer; and

scanning an annealing laser heam over the back side to perform non-melt

annealing of the annealing region, wherein the scanning is performed with a dwell time that
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defines a thermal diffusion length Ly < d and wherein the electronic device features are

maintained at a temperature below the critical temperature Te.

15. The method according to claim 14, wherein the annealing region is either an ion-

implanted doped layer formed within the back side or a contact layer formed on the back

side.

16. The method according to claim 14, further comprising performing multiple scans
of a same portion of the back side, wherein temporally adjacent scans are separated by a

time interval T, and wherein 1 millisecond < t < 10 seconds.

17. The method according to claim 16, wherein the number of multiple scans is 10 or
fewer.
18. The method according to claim 14, wherein the protective structure includes a

carrier wafer.

19. The method according to claim 14, wherein the protective structure consists of a

single protective layer.

20. The method according to claim 14, wherein the electronic device features include

at least one of a metal and a CMOS layer.

21. The method according to claim 14, wherein the electronic device features include

a semiconductor power-device layer.

22. The method according to claim 14, wherein the dwell time is in the range from 3

microseconds to 200 microseconds.

23. The method according to claim 14, including selecting the dwell time to be less than
a maximum dwell time ty,, defined by t4m = d?/Der, where Degsis the effective thermal

diffusivity of the device wafer.
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24. The method according to claim 14, wherein the annealing laser beam has a visible
wavelength or an infrared wavelength with an optical absorption length less than the thin-

wafer thickness.

25. The method according to claim 14, wherein 10 um < d < 20 um, the electrical

device features are made of aluminum, and wherein the dwell time tq4 is between about

3 microseconds to about 20 microseconds.

26. The method according to claim 14, wherein 10 um < d £ 20 um, the electrical
device features are made of copper, and wherein the dwell time t4 is between about 15

microseconds to about 100 microseconds.
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