LASER ANNEALI NG BACKGROUND 10011l ntearated circuits (iCs) typically

conpri se nunerous circuit conponents interconnected to performthe desired
functions. Such circuit conponents include. for emnple, transistors. A
transi stor may cl dc a gate between source and drain regions. To formthe
source and drain regions dopanis axe inplanted into the substrate. The

i npl ant ed dopants need to be elle8PERCANNEAdINGvat ed. Activation, for
exanpl e, Can be thieved by subjecting the substrate to hi gh tenperatures,
such as anneal ing. [0002] As technBAQRGROONDWUES to scale, for exanple, to
65 nm or bel ow, | aser based anneals, have been devel oped to address needs
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t he devi ce perihunance acr.oss .t he fer, This could have a detrinental
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fabrication is presented. The nethod includes providina a substrate having
first stdcesBEohangesipasdspamhaefinpkntedntoseecoidiratar Taeesplanted slegamented i nt o
a plurality or first and second zones. The -first zones on the first

sur f ac® lardegriotlyssedated diviiduiah) pr axdnilhecas de aniczangssudiecting tieecabahic
surfacprocessed individually. Co: 'sporidinf first and sewn_ zones on the

first adgheasoneiens QeSS @{r@algygachr onously processed, [OOOZII n anot her
enbodi nent, a nethod of fabricatingle is disclosed. The nethod includes
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second sur es are s Into 11rst S€eco ones. I'rst zones
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and s e\(z:vg [Plgves é&rsgoa\'/%r%% tﬁagtefassex%gsgiigrr}ggaslilné cgrg (r)e%ﬁﬁ ?r? gén-uniformity or a wide variation in
resistance within the wafer. Such non-uniformity or variations in resistance is undesirable
because it adversely affects the uniformity of the device performance across the wafer. This
could have a detrimental effect on the product yield.
SUMMARY
[0003] A method of semiconductor fabrication is presented. The method includes providing
a substrate having first and second surfaces. The first and second surfaces are segmented into a
plurality of first and second zones. The first zones on the first surface are processed individually
and the second zones on the second surface are processed individually. Corresponding first and
second zones on the first and second surfaces are synchronously processed.
[0004] In another embodiment, a method of fabricating an article is disclosed. The method
includes providing an article having first and second surfaces. The first and second surfaces are
segmented into first and second zones. The first zones on the first surface are processed

individually and the second zones on the second surface are processed individually.

Corresponding zones on the first and second surfaces are synchronously processed.



[ 0005] I n yet another enbodi nent sem conduct or processing systemis
presented. The processing systemincludes a stage for nounting a substrate
to he processed. The system al so includes an excitation system For
processing first zones on a first surface of the substrate and a heating
source for processecond zones on a second surface of the substrate. The
exci t atl08n] sydhent amtchebembbdignesoursemianduconfriogessiad sygempriopesantédielhe
corrcsporidi ng first and second -2 as on the first and second surfaces
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features of the present invention. herein disclosed, will iecone apparent
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DRAWhI GS 100171The patent or _application file con tans at |least o to
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with color drawing(s) will be provided by the O fice upon request and

pay menthedfrsttang speodssdnges Spechrd@os8lyl n t he drawi ngs, |ike reference
characters generally refer to the sane parts throughout the different
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of a wafer;

embodiments described herein are not mutually exclusive and can exist in various combinations
and permutations.

BRIEF DESCRIPTION OF THE DRAWINGS
[0007] The patent or application file contains at least one drawing executed in color. Copies
of this patent or patent application publication with color drawing(s) will be provided by the
Office upon request and payment of the necessary fee.
[0008] In the drawings, like reference characters generally refer to the same parts throughout
the different views. Also, the drawings are not necessarily to scale, emphasis instead generally
being placed upon illustrating the principles of the invention. In the following description,
various embodiments of the present invention are described with reference to the following
drawings, in which:
[0009] Fig. 1 shows an embodiment of a processing system;
[0010] Fig. 2 shows an embodiment of a wafer;
[0011] Fig. 3 shows a laser annealed wafer with uniform backside heating;

[0012] Figs. 4a-c show an embodiment of processing an article; and



100111Fig. 3 shows a |l aser annealed wirer with uniform backsi de heati ng;
[00121[" Ms. 4a-c show an enbodi nent of processing an article; and |anp
arrays. DESCRIPfl ON [00141Enbodi ments generally relate to processing or
processi ng systens. Enbodi nents can be enpl oyed, for exanple, frai thrtning
sem conductor devices orgrated circuits (1Cs). Various types of devices can
be for ¥H3]f orFiexashive ayarehridement of athievingpdortivadedssdatentng e, thsigndl
processors, or systemon-chip devices. The devices can be incorporated into
for examp araysonsuner el ectronic products, such as conputers, cell phones,
and personal digital assistants (pDAs). Enbodi nents may al so be applied to
ot her industries of applications. [0015]1-dg. 1 shows a sinplified diagram
of an enbodi nent of a processing system 100. In one enbodi nent, the

processing systemis an anneabquﬁg)slﬁggaERilﬁmﬁO%neal i ng system can be
stra

enpl oyed to for exanple, anneal a su e prepared wth doped regi (r)]ns,
such s ce/drain regi ons of transi stor, for dopam activation, The
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silieidation. 100161As shown, the processing system conprises an excitation
sour ceaM e employ fararaaipie fr, forpiag sxmicoadicer daines er worgprtedeiscuals (ddi.at i on

source. Various types of radiation sources naybe enpl oyed. In one
enbodi Menbys tyhes ofativats cam lsoforoed, dor exangpdsdmahds ef stsidd random access memories,

signal processors, or system-on-chip devices. The devices can be incorporated into, for example,
consumer electronic products, such as computers, cell phones, and personal digital assistants
(PDAs). Embodiments may also be applied to other industries of applications.

[0015] Fig. 1 shows a simplified diagram of an embodiment of a processing system 100. In
one embodiment, the processing system is an annealing system. The annealing system can be
employed to, for example, anneal a substrate prepared with doped regions, such as source/drain
regions of a transistor, for dopant activation. The processing system may also be employed for
other purposes, such as silicidation.

[0016] As shown, the processing system comprises an excitation source 110. In one
embodiment, the excitation source comprises a radiation source. Various types of radiation
sources maybe employed. In one embodiment, the radiation source comprises a laser source.
The laser source, for example, comprises a CO, laser. Other types of radiation or laser sources
may also be useful. The excitation source, for example, serves as an annealing or heating
source.

[0017] An optical system 115 is provided. Although the optical system is depicted as a
single optical lens for simplification, it is understood that the optical system can include a
plurality of lenses. The optical system receives radiation from the excitation source. It also

projects an image of the radiation onto, for example, a processing surface 152 of an article 150

Ly



The | aser sourc or exanple conprises a CO? |aser. Qther types of radiation
or | ser sources may al so be useful. The excitation sourceaple, serves as
an nnealing or heating source. 100171An optical system 115 is provided.

Al t hough the optical systemis depicted as a single optical lens for
simplification, it is understood that the optical systemcan include a

pl ur al fspossfl operséaws 13Fhd heprtictsal 50 epdeetr ceveplvassanadiaiiicion wafaoniThhe
excitation source. it also projects an inmage of the radiation onto, for
exanpl ssmiaophote seiffrgnduddsatet dhi2eaimdamppadibg elreacdQ0Thdiispasede abr &asipage
130. The article 150 can he, |br exanple, a sem conductor wafer. The sem

CondUCE&ﬁ}fn‘l@fs affrdnnGhrede SnfiHist dands e eeNsd e RS g SHE EaCRS surfhe first
surface, for exan] conprises a front surface on which devices or ICs are
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optim zed to obtain best uniformty performnce across the wafer and

mai nr . Bitedolageae alstebfpeedt Ur enccambdsemenindd boym aaipess tsiongntitee th abein thower .
Q her techniques for adjusting the tenperature may al so he useful. The

exci t ab¢sonnis@urigepeaindnapteiacalss syesvaim amalymbietatrakllceatthivel Tentpefaaurre egh b© as an
excitation system [00181The stage or chuck 130 holds an article 150 to be
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hol ds the wafer in place by vacuum pressure. Processing other types of
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can be achieved by focusing a scanning beamfromt excitation system onto
t he mag%{ surface. In one enbodi ment, the excitation system conprises a
transl atabl'e excitation system For exanple, the excitation systemis

translﬁfigte gﬁﬁthe -y direction |ionned q¥ a plane of the surface 152 of
the ar 0Pk t d5etase SE ebekd 30peidsanmgticlapal focka praprssed: Fechessci seatismdueour ce
110 and the optical system 115 may he translatable nulti-di mensionally.

Si nce WhAlr.sh stegzer dfick.Her ¢xadirde. ihohisithagefcoin peenby vacgemaredshse. snal | er
than the article, providing a translatable excitation system enabl es

di f f er Botepaptshaftyjdefariciclieakoufrgulpr ocessed by the image. In one
enbodi nent, the transl atable excitation system enables the processing
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the translatabl e excitation system enabl es the radi ati'on to annea he
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excitation system ransj at abl e. > i
system comprises g%)énﬁata{ﬂ% excitation system. For example, the excitation system is

translatable in the x-y direction formed by a plane of the surface 152 of the article to be
processed. For other applications, the excitation source 110 and the optical system 115 may be
translatable multi-dimensionally. Since the spot size of the radiation image or beam is generally
smaller than the article, providing a translatable excitation system enables different parts of the
article to be processed by the image. In one embodiment, the translatable excitation system
enables the processing surface of the article to be fully processed by the radiation. For example,
the translatable excitation system enables the radiation to anneal the first or front surface of the

wafer. In alternative embodiments, the stage may be translatable while the excitation system is

fixed or both the stage and excitation system may be translatable.



be a 300 nm wafer on which a plurality of ie are formed in parallel. O her
sized wafers are also us . the fer is diced after processing is conpleted
to produce individual dies. The dies are assenbl ed and packaged into ICs.
100214The wafer includes a notch 156 for orientation purposes. The wafer is
divided into a plurality of zones 170, arranged in a matrixand columms vy.
As sho{i¥20t he WgfZshovs a dehusindattovehfer dbWi Teesdnmitonduotve svadary @ngednpla, @n3x3
matrix. In alternative enbodi nents, the wafer can be divided into other

nunber boh 320ALS walerMatwhixh 8 pALalit} 80diRd bit BNBcEMIRHITRNOthet Boe@hRFs 4r8
attached to the chuck by vacuum pressure. Once the wafer is attached to the

huck, , . . 4 i i S¥st i . - Sition.
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procesg; LB &%mbled and packaged into ICs.

[0021] The wafer includes a notch 156 for orientation purposes. The wafer is divided into a
plurality of zones 170y, arranged in a matrix of rows x and columns y. As shown, the wafer is
illustratively divided into zones arranged in a 3x3 matrix. In alternative embodiments, the wafer
can be divided into other number of zones or matrix size.

[0022] In one embodiment, the wafer is attached to the chuck by vacuum pressure. Once the
wafer is attached to the chuck, the translatable excitation system is set at the home position.
From the home position, the excitation system is translated to process the zones of the wafer. In
one embodiment, the zones are processed one row at a time. In one embodiment, the rows are
processed one row at a time in a snake configuration. Other configurations are also useful. For
example, zones 1701; - 1703 in the first row are processed by translating the excitation system
from the home position in the positive x direction (from column 1 to column 3). After the first
row is finished, the excitation system translates to process the second row of zones by the
radiation image. In one embodiment, the second row is processed by moving the excitation
system in the negative x direction to process zones 170,35 — 170,7. After processing of the second
row 1s finished, the excitation system is positioned to process the third row of zones. For
example, the excitation system is translated in the negative y direction and then in the positive x
direction to process zones 1703 — 170s3. In this manner, all zones of the wafer are processed.
As described, the zones are processed one row at a time in sequence. Alternatively, the zones
can be processed using other sequences or orders.

[0023] The excitation system can be translated in the column direction in a continuous or

scanning motion to process a row of zones. Alternatively, the excitation system can be translated
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s of the wafer. In processed one row at a tinme in a snake configuration.

O her configurations are al so useful. For exanple, zones 1701i - I 7Q in
the first row are processed by translating the excitation systemfromthe
home position in the positive x direction (fromcolum 1 to colum 3).
After the first rowis finished the excitation systemtranslates to process
t he seoothd rowwircgtomes phyceshecoladinatfizomesi Mgecarinmmecensabié nert, fot he second
row i s processed by noving the exckalion systemin the _negative X

di r ect tdinle, ipra@CeReSappaReHahnef OB ddexhApPd thN e oPthe cR&i&HiBE syRém thebsecond
rowis -finished, the excitation systemis p03|t|oned to process the third
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Alternatlvely the zones can be processed usjing other sequences or orders.
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a continuous or scanning notion to process a row of zones. Alternatively,

t he extietvafeont ®yesamniectn check is instkdtiedteniparatime of ebpwlidP@ ot #¥n°G o Homoress a
colum of zones, The scanni ng processes the zones, for exanple, in an

over | appihage daonered tharbyeixatipg eie Hable seffeedraie WhRer exicirhay Lo Sieshasm,can be
adjusted as desired to provide the desired processing tine for the zones.
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i s also useful For processing the wafer. [0 ] n conventional | aser
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vari es across the waf er. For exanple, the first zone that is processed
first @ppanthabiehcreingrease wsbtagest Thisaatdmmmsst-b§agbernwhbudect Ivads tastifforsnie
processed will have the | east posh :SA thernmal budget. Post-LSA heating
causesddeactifatdtontion actopatht svaldnj xelquldagl in hcreeasiatioessifstanaec attussthe

vari ation post-LSA thernmal budget |eads to different degrees of

deacti watdron across the wafer, resulting in |large variations of resistance
across the wafer. 100251Fig. 3 shows a 300 m n wafer 900 processed by |aser
anneal t t ut 300 to
450 C[(WTEE f.“? gl 0 R Yod FiRbesed Py £ Eﬂm%@gﬁ{@%%ﬁﬁﬂm
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was pe n the wafer. The | aser anneal scanned across the first
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the notch) to the bottom portion of the wafer (portlon wi th the notch). For
exanpl keV P 4 ¢ansentrasigniod abedrkdd 1o hEL hatogasdin’ edwporinnéd Waswedoyed on the
subsequent rows (in the y-direction) until the wafer is conpletely
processettr. Thelaveimge sspeaed atoks thedirsicaniatag ofovt herdvasefinafivgatheitsy f or
exanpl e, about 180 ininis. Resistance at different parts of the wafer was
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the resistance in zones at the bottom (notch) portion of the wafer which
notch). For example, the first row is scanned in the x-direction, followed by subsequent rows (in
the y-direction) until the wafer is completely processed. The average speed for the scanning of
the laser anneal is, for example, about 180 mm/s. Resistance at different parts of the wafer was
measured via the use of a 4-point probe measurement tool.

[0026] As shown, the resistance in zones at the bottom (notch) portion of the wafer which

receives the lowest post-LSA thermal budget is the lowest while the resistance in zones at the top
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receives the | owest post-USA thermal budget is the | owest while the
resistance in zones at the top site to notch) portion which receives
t he hi ghest post-LSA thermal budget is the highes For exanple, the
resistance in the top portion has a resistance at greater than ahoi.tt 280
ohnm' sg while the bottom1,tiortion has a resistance oftthan about 2.55
ohm sq(opassigviodetde dothpn Filgeh B¢cizemthe highostalostSAS prtioatuakbbudecvarthaligbest.i n
rest nee across the wafer which is at |east greater than about | 0.4. Such
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uniformty of the device performance across the wafer. This could have a
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i ncl udes a backsi de heati ng source 160. e heating source serves to héat a

RS S T
enbodi nent, th acksi de heat.ing source heats the back surface ol the water
inan n&hwtol%%)- nélﬂq?wel@r.gewapa@fdﬁﬁseﬁtartcr%@crr%ﬁthaﬂfarffefr%V%glmaﬁf@c@élefr ce heats
a portion or portions w thout heating back surface of the wafer. 100281in
one enbodmentol thhéeviesaner gmemgrasese dreprifse dhes @yhcimvoni destnbadiesiedeon
heating source. The syu.chroni zeci backsi de heating source processes or
heat s theeradnreyweid.zones of the backsi de surface of the wafer correspondi ng
or substantially corresponding to the zone or zones of the frot s rface

that i poRe ng pereeRs IRtk RYFibhe texahdahiRAed ABIRLIIOAeal Rkt 60N G he
enbodi nent, the backside h Ing source conprises a |anp array. The |anp
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| anps for exanple, may conprise heat |anps, such as tungsten hal ogen | anps.
Ot her thppesksfe bgsHaapiwer bathaabpegsuraaps! G evaairsp agafumliform manner. For

example, the non-uniform heating source heats a portion or portions without heating the whole

back surface of the wafer.

[0028] In one embodiment, the heating source comprises a synchronized backside heating

source. The synchronized backside heating source processes or heats the zone or zones of the

backside surface of the wafer corresponding or substantially corresponding to the zone or zones

of the front surface that is being processed by the excitation radiation.

[0029] In one embodiment, the backside heating source comprises a lamp array. The lamp

array may include a plurality of lamps arranged in rows and/or columns. For example, the

lamps may be arranged or aligned in rows for processing a row of zones. Aligning the lamps in

columns for processing a column of zones may also be useful. Other configurations of lamps

may also be useful. The lamps for example, may comprise heat lamps, such as tungsten halogen

lamps. Other types of annealing or heating lamps are also useful.

[0030] A lamp can be configured to cover a zone on the backside corresponding to a zone on

the frontside of the wafer. In other embodiments, a lamp is configured to cover a smaller zone



[ 11, 030] A I anp can be configured to cover a zone on the backside
corresponding to a zone on the frontside of the wafer. In other

enbodi ments, a lanp is configured to cover a smaller zone on the backside
than the frontside zone. For exanple, nore than one | anp can cover a zone
on the frontside of the wafer. Lanps can al so be configured to be

over | appihedpackode drathsl fegntsid§ agentl ol axqspleanomedharoredamp raporier aronf ot he
same zone or zones as well as noneoni non portions of adjacent zones. O her
conf i gthedtdndide @fftBe alage. Uaklphkan Ss@bd edn(ZOARRISIo Ga Dy MY Edﬂéﬁzﬁlﬁ%l@j city of
froritside and backsi de he [0031] The | anps of the |anp arny can be
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the wafer corresponding or substantially cotrespondina to the zone or zones

of the fr.on urf ace thatj,s_ bei rocessed b he excitation .radiation.
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heat a rog%)ot c%lunn) of ﬁfnes in sequence in the back surface, which

cor r esPERALHAY LT FOREFEranddagksige RtiB8nes which are sequential |y processed
on the front surface by the excitation radiation. In other enbodinents, a
row of [A03kps iThetlvaps af\;fbe dmpyrriscangicastacedly sadehiodamndd htd theatnezrzones( ) | |
zones in the back surface which corresponds to the row if zones processed
on di eofi rlertack surfacef tHat hefer cardkspaudiag oondstafitiaAigtdoviatpondinghe theaumpear r ay-
are al so useful, [0032]in ahernaive enbodi nents, the backside heating

sour ce;GRERF tiegfondBu@xeithatd pé_hé@@wce_@ed Phenchacksifhaagxabl afid R source, for
exanpl e, can be simlarfroniside excitation source In one enbodi nent, the
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backsi excitation source conprises a
source can be configured wth bacgf'de optical systemto forma backside
exci t af! Btes Aot i ubied, WAk e OB BeTORHAr b VeyLo L REP R so
be useful. The racnation inaggs of the froth:side and backsi de can be
al i gned® SEQENERANPICECSSEGO HISCEYK seidriedy bherpglion mdsitien. thethef ont and hack
surfaces of the wafer. 10033j1n one enbodi ment, backsi de heating source,
such asmbbdmecatypa anrw aylanips idihepaspdrray is selectively activated to heat a row of zones in

the back surface which corresponds to the row of zones processed on the front surface. Other

configurations of activating the lamp array are also useful.

[0032] In alternative embodiments, the backside heating source comprises an excitation

source. The backside excitation source, for example, can be similar to the frontside excitation

source. In one embodiment, the backside excitation source comprises a laser source. For

example, the backside excitation source comprises a CO; laser. The backside excitation source

can be configured with a backside optical system to form a backside excitation system. Other

types of radiation sources and/or systems may also be useful. The radiation images of the

frontside and backside can be aligned, for example, to process corresponding zones of the front

and back surfaces of the wafer.

[0033] In one embodiment, the backside heating source, such as the lamp array, is disposed

in a cavity 135 of the chuck. A guard ring 138 is provided on the chuck. The guard ring



in a cavity 135 of the chuck. A guard ring 138 is provided on the chuck The
guard ring provides a nounting surface fm the edge of the wafer, allow ng
t he backsi de heating source to heat the exposed backsi de of the wafer.
100341Fi gs. 4a-c show an enbodi mrent of a process |li,tr processing an
article 150. The article conprises at. least first and second ngjor

sur f acpevids? aandintibd surTdve foratho ed susfftae eafanpatlobénoip daclsidesienfigcesrcd th one
enbodi ment, the article conprises a senm conductor wafer w th opposing
first padisespbsdmieidssmthacas: The first major surface. for ex,. nle" is
the rout surface on which devices or |1Cs are funned while the second mgj or
surfacgyghkg t he:; . i i i 0 i -ovi ded
or prOSaiking Fharfrist oreduhaRar IbReRibt bl aheaR T 16 L RO
provi ded for proc i,ng,the back surfac f th er..in ane enbodi nment,
zones 8FnVﬁ§S§B?§§%%?§g%P%@8 SEH oM a%Fﬁégﬁﬁaligm?LTH§F¥§P€ﬂ?SPﬁ@??irst r ow
of zones 170 17013 of the wafer is processed. 100351Referring to Fig. 4a,
the froRROSIGSUERSt dt Pnerslslipenpsceiade sompiase psemicpgAectpr v@eppithhe 11At
the SalllC time, the backside excitation source is heating at |east the
zone ooprvack fgerdhdcecondmasponticery e firtkiembjor strfazerfer efantiie if ihedtont ow. As
the excitation systemis translated, the second zone 170i7 in the first row
on t hesrfaeabn suhidhadides oPIOCES S@ehedywHikaht 5@bhs hiakdr seXBdd iaticanch ourae, as
shown in Fig. |b. Likew se, the backside heating source is synchronized to

heat af f&RsEe LG ZANE PR HiES ggvﬁilfd[e%l%lf ?ﬁ%@%sgf‘ngtotﬂfﬁmfs%%g@z%r{]d?a?l%gﬁgh@g to

t he second zone of the first r 0036 ows t zone of the

first ro f the er _i.n e frant d.back surfaces hei rocessed py
the -t r R b S 1] BFoiBud 7 phiRTingdRR oBR s PUL PRI A8. TR PESERREE s
system conti.nues to he transl ated.  The process continues to, for exanple,
p?oces@”FﬁB%ﬂ?dﬁ#aéﬁﬂpﬁﬁ8¥eiBP?Q%@@n6fA§H§BWéﬁértEé?ﬁé@ﬁdﬁé@ﬁ@lggﬂﬂﬂgmother
zones of the wafer. For exanple, the other rows of zones are sequentially
heat edoliiht Walgsnopiesessel-of the wafer is conpleted. 1003715 shows an
akernative enbodi nent of processing an article 150, such as a

[0035] Referring to Fig. 4a, the frontside excitation source processes the first zone 170, of

the first row. At the same time, the backside excitation source is heating at least the zone on the
back surface corresponding to the first zone of the first row. As the excitation system is
translated, the second zone 170, in the first row on the front surface is processed by the
frontside excitation source, as shown in Fig. 4b. Likewise, the backside heating source is
synchronized to heat at least the zone on the back surface of the wafer corresponding to the
second zone of the first row.

[0036] Fig. 4c shows the third zone of the first row of the wafer in the front and back
surfaces being processed by the frontside excitation and backside heating sources as the
excitation system continues to be translated. The process continues to, for example, process the
front and back surfaces of the wafer corresponding to the other zones of the wafer. For example,
the other rows of zones are sequentially heated until processing of the wafer is completed.
[0037] Fig. 5 shows an alternative embodiment of processing an articte 150, such as a

semiconductor wafer. As shown, the wafer comprises a 300 mm wafer. Processing other types

9



of articles or wafers is also useful, The wafer is separated into n rows of
tones. Illustratively, the wafer is separated into six rows of zones 17014;
(e.g., n 6). Separating the wafer into other nunber of rows of zones is

al so useful. For exanple, he nt.rniber of rows nay correspond to the nunber
)f rows which a &outside excitation source scans to process the front

sur f acef oficleher wafeeris alsb ieefult oiifd waleatsisopsatod irl8y nabweoni zeds. Bhutrstidéy, and
backsi de beating may al so be useful. For exanple, the 11 unber of different
zones {MYwL0r ik espene i@ sikeowysbameo17@if(E.er ant 68.3 @%&raﬁﬁét&ﬁv@ﬁ@ﬂn‘?&ﬁﬁé
acthe wafer, such as that neasured in Fig. 3. 100381A backsi de heati ng
source i i C f i enpgdj rent,
t he bagéggaé§ﬁ£%$¥%%9§%%f@gﬂ%%ﬁ%rnggﬁg$%g¥%Iérra§g?%ﬁ%“Pgﬂ%9§%Pay |gh@E
sel ected Eo eat tge back erface.of the wafer in se&pgnt§ or. rows. In one
embodi MERPST CLERES PRI S YUY h & €U B R A —UP A SH P I RT Rfast Oof ficp
segnents OT rows. | n one enbodi nent, the nunber of segnents is equal to the
number Waferr Ber 6pnizBpaions pt synehrongredfonssadst ngurasksidnieapng retal st wefuhack
surface of the wafer are also useful such as in the case where b n. iii one
enbodi hentxampé, threoninshed ef éXicrdanatomm nspurccespmdde $sesinltive of difeserafhdeche wat er
one row at a tine. The frontside excitation source, for exanple. scans or
st eps RGisf@8Széhek Qciobs thbevazanaghof tdercnafref inaripov at a dine. The
&outsideltation source, in one enbodi ment, processes the rows sequentially

fromt hﬁ?»f}] rsta 6aWsiiéhedh s%ﬁ_réeal%b_ﬁ BI\NV;Id%QQO hElh 95&(?%}6%8% bP@e w00t Sh gﬁe in

ot her sequences or configurations is also useful. As the ft- ritside
row ot zones.on surface

excitatipn,.source processes a t he fron t he

backs: deoRUEETh ReBPEETRERE LR L forndBRRR R rdf b il S edie 1
one enpodinent, the backside heating source heats the whol e correspaondi ng
nni ni {Tgff?é&t? agk S‘F—Tg‘i‘ceé’gélﬁp‘f"%f,er WS BMERS O&BQ}Y%iIBé)néﬁﬁitbpglﬁl?e@ﬁ o HATFEGICAS t o
scan or steps across the first row on the front surface, the backside

heat i ngiededl swtdseat hetwderinbsegmensonrawe Inack esbefigesat, thaohisbgodt i nues for
subsequent rows until the last row has been processed. In other

enbodi sentesis iacqpail ta hia nofmbehef wosroéspandb rg)r atha@rohhiguhaak dlefitaeehean be
heated for exanple, half of the corresponding rowis heated foll owed by

the ot peik shahée thetvatonfd gl alehQNsichis syiheRERNIIZeE bRAc ks de anddfkant si de
processing may al so he useful. 100401By sel ectively heating the back surf

ee of - : i c i . i
e eon ol IR LG GPRORY D AR e OO} BB L Sl i
turn, redu&gg t he ?opant eactivation differ&gg s across.the wafer.

exc Tee € T StQPS-Acro 0 € Zone A TQW it
resul t NBPE U ol th PEIPET Nt 8" dEF o8 T ie T8RRI e O T THE N Hident i on
may be enbodied in other specific forns wi thout departing fromthe

time. The frontside excitation source, in one embodiment, processes the rows sequentially from

the first row 171, to the last row 1704. Processing the frontside in other sequences or

configurations is also useful.

[0039] As the frontside excitation source processes a row of zones on the front surface, the

backside heating source heats a corresponding row on the back surface. In one embodiment, the

backside heating source heats the whole corresponding row of zones simultancously. For

example, when the frontside excitation source begins to scan or steps across the first row on the

front surface, the backside heating source heats the first row on the back surface. This continues

for subsequent rows until the last row has been processed. In other embodiments, a portion of

the corresponding row on the back surface can be heated. For example, half of the



spirit or essential characteristics thereof. The foregoi ng cmhodi mmeni s,
therefore, are to be considered in ail respects illustrative rather than
limting the invention described herein. Scope of the invention is thus

i ndi cated by the appended cl ains, rather than by the Ibregol description,
and all changes that conme vithin the nmeaning and range of equival ency of
th. e craireppmtiepdedistieated felibvacedtht héreehall. OWeatonfsgwchtainged syrehroBiAHMS A
met hod of serniconductmtahreaton conprising: provi ding a substrate
havi ngbidkeslt aad trogstRIEo@PHNS Y aSbrdecages]. wherein the first and second
surfaces are segnented into a plurality offirst and second zones:

procesgjag) t hesf idi&liva9nes it IBﬁclI LrBke gi"{hfe h{a?elj &H@gﬂo\(ﬁdg” L%Iat%{ it}ileaf?&lt

processi ng t he 'second zones on the second surface I ndi

wh [ ing.fi .the fi d.
A e AT s 2

t he zo&ﬁs on the fi rsé aurface conpri ses scanning the first surface with an
exci t at LYy EIceiHBs eoRipF deastsaongiHeignep ackiethe vaaferrhhs #rgssWodn@E ¢l ai m

2 wherein the excitation system conprises a |aser excitation source.
uniform performance across the wafer is achieved.

[0041] The invention may be embodied in other specific forms without departing from the
spirit or essential characteristics thereof. The foregoing embodiments, therefore, are to be
considered in all respects illustrative rather than limiting the invention described herein. Scope
of the invention is thus indicated by the appended claims, rather than by the foregoing
description, and all changes that come within the meaning and range of equivalency of the

claims are intended to be embraced therein.
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What is claimed is:

CLAIMS

1. A method of semiconductor fabrication which reduces large variations of resistance
across a semiconductor wafer comprising:

providing the semiconductor wafer having first and second opposing surfaces, the
first surface is segmented into a plurality of first zones and the second surface is segmented
into a plurality of second zones, wherein the first zones on the first surface have at least
substantially corresponding second zones on the second surface;

processing the first zones on the first surface in a first ordered sequence to activate
dopants in the semiconductor wafer; and

processing the corresponding second zones on the second surface in a second ordered
sequence,

wherein processing the first and corresponding second zones in the first and second
ordered sequences simultaneously and synchronously reduces the problem of large variations

of resistance across the semiconductor wafer.

2. The method of claim 1 wherein processing the first zones on the first surface

comprises scanning the first surface with an excitation system, wherein scanning processes a

row of zones.

3. The method of claim 2 wherein the excitation system comprises a laser excitation

source.

12



4. The method of claim 2 wherein the excitation system comprises a laser excitation
source and an optical system for focusing an excitation image from the excitation source

onto the first surface of the semiconductor wafer.

5. The method of claim 4 wherein the excitation system is translated to process the

zones on the first surface.

6. The method of claim 1 wherein processing the zones on the first surface comprises
repeatedly scanning the first surface with an excitation system to repeatedly process rows of

zones, in the first ordered sequence, until all zones are processed.

7. The method of claim 6 wherein the excitation system comprises a laser excitation
source.
8. The method of claim 6 wherein the excitation system comprises a laser excitation

source and an optical system for focusing an excitation image from the excitation source

onto the first surface of the semiconductor wafer.

9. The method of claim 8 wherein the excitation system is translated to process the

zones on the first surface.

10.  The method of claim 1 wherein processing the zones on the first and second surfaces

comprises heating the zones on the first and second surfaces.
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11. The method of claim 1 wherein the first zones on the first surface is processed by a
first heating source and the corresponding second zones on the second surface is processed
by a second heating source, and wherein the first and second heating sources are different

types of heating sources.

12.  The method of claim 1 wherein the first zones of the first surface is processed in the
first ordered sequence in a first direction and the corresponding second zones of the second

surface is processed in the second ordered sequence in the same first direction.

13. The method of claim 12 wherein the first direction is parallel to the first surface of

the semiconductor wafer.

14.  The method of claim 1 wherein processing the corresponding second zones on the

second surface comprises heating the second surface with a second surface heating source.

15.  The method of claim 14 wherein the second surface heating source comprises a lamp

array.

16. A method of fabricating a semiconductor device comprising:

providing a semiconductor wafer having first and second opposing surfaces, the first
surface is segmented into a plurality of first zones and the second surface is segmented into a
plurality of second zones, wherein the first zones on the first surface have at least
substantially corresponding second zones on the second surface;

processing the first zones on the first surface in a first ordered sequence to activate

dopants in the semiconductor wafer; and
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processing the corresponding second zones on the second surface in a second ordered
sequence,

wherein processing the first and corresponding second zones in the first and second
ordered sequences reduce the problem of large variations of resistance across the

semiconductor wafer.

17.  The method of claim 16 wherein the first zones of the first surface is processed in the
first ordered sequence in a first direction which is parallel to the first surface and the
corresponding second zones of the second surface is processed in the second ordered

sequence in the same first direction.

18.  The method of claim 16 wherein processing the zones on the first surface comprises
scanning the first surface of the article with an excitation system, wherein scanning

processes a row of zones.

19.  The method of claim 18 wherein the excitation system comprises a laser excitation

source.

20. A method of semiconductor fabrication comprising:

providing a semiconductor wafer having first and second opposing surfaces, the first
surface is segmented into a plurality of first zones and the second surface is segmented into a
plurality of second zones, wherein the first zones on the first surface have at least

substantially corresponding second zones on the second surface
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processing the first zones on the first surface in a first ordered sequence in a first
direction to activate dopants in the semiconductor wafer;

processing the corresponding second zones on the second surface in a second ordered
sequence in the same first direction,

wherein processing the first and corresponding second zones in the first and second
ordered sequences simultaneously reduce the problem of large variations of resistance across

the semiconductor wafer.

21.  The method of claim 20 wherein the first zones on the first surface is processed by a
first heating source and the corresponding second zones on the second surface is processed
by a second heating source, and wherein the first and second heating sources are different

types of heating sources.

22.  The method of claim 20 wherein the first direction is parallel to the first surface of

the semiconductor wafer.

23.  The method of claim 16 wherein:
the first zones on the first surface is processed by a first heating source and the
corresponding second zones on the second surface is processed by a second heating source,

and wherein the first and second heating sources are different types of heating sources.
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