LOCALIZED ANNEAL BACKGROUND [0001] The continual scaling of
semiconductor devices in recent years has driven the improvement of large
scale integrated circuit (LSI) performance to a great extent. This is achieved
by increasing the integrated density, that is, by miniaturizing the components
such as transistors that build @ AEEERANNEASr devices. As a result,
source/drain regions comprising shallow junctions with low resistance have
become significant in reducing st UNIftects which are brought about

e minjaturization of the components, [0 02% To form the shallow.junction
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implanted in a Semiconductor substrate and are activated by annealing at a
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[0003] Nevertheless, the rapid decrease in the dimension of the
tra@Ricantduaoldeyicesddsoaeinandadchie iormatiarn efuddtdshadewns comprising
junctions which require better control of diffusion without compromising the
shatiivafiontiate vatlihewngisrithes hRedenthneannmeftawithreemipsiert ¢thermebffects
budgets, such as a flash lamp anneal (FLA) at high temperatures in a
whighatiorpob ghiisatdrdbe havetbeeideoblopeenternsatt the demand. The
flash lamp is a gas discharge light source producing pulsed instantaneous
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are fillef in the bulb. The cap%citor, of the lamp which stores elecérical
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temperature difference in between a top surface and a bottom surface across
[06U3 |argensubisteatss, the rapid decrease in the dimension of the semiconductor devices has
demanded the formation of ultra shallow junctions which require better control of diffusion
without compromising the activation rate of the impurities. Recently, anneals with even lower
thermal budgets, such as a flash lamp anneal (FLA) at high temperatures in a duration of
milliseconds, have been developed to meet the demand. The flash lamp is a gas discharge light
source producing pulsed instantaneous radiation. Typically, one or more noble gases like xenon
(Xe) or krypton (Kr) are filled in the bulb. The capacitor of the lamp which stores electrical
charges can instantaneously discharge to emit a high intensity light within a few hundred ps to a
few hundred ms.
[0004] FLA, however, which utilizes high irradiation energy for uniform activation of

impurities, would result in a sudden temperature increase on the semiconductor substrate. The

temperature difference in between a top surface and a bottom surface across the large substrate



1 area could raise the amount of thermal stress which could result in the
deformation of the substrate like wafer warpage and even wafer breakage.
SUMMARY [0005] A method of forming a device is presented. The method
includes providing a wafer having an active surface and dividing the wafer
AR GA M| HsfitP o porIbplsthylsERs 1hish ertidarr Pt Bssdasragenins dbe
heating. of a first of the plurality of portions. The wafer is then repeatedly
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until all plurality of portions have b jvely processed. [0006] In
another embodiment, a method of fabricating an article is disclosed. The
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is divided into a plurality of portions. The article is selectively processed the
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is then repeatedly selectively processing the article by localized heating of a

sdl@xivelytbpluwaliby afansiensauntiloalh plutalityhoppamions paveedme wafer is then
selectively processed. [0007] In yet another embodiment, a semiconductor

reprocebsiegysiymrigpreddytedalied heystemfinckrdes dhespagelfgrofnurndimguatil
substrate to be processed. It also includes means for dividing the substrate

alimbyralgluphbsr i detisresevieings ely sesetigdly processing the article by
localized processing of a first of the plurality of portions is also included.
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. of a next aof the plurality of portions until all plurality of portions have been
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understood that the features of the various
heating of a next of the plurality of portions until all plurality of portions have been selectively

processed.

[0007] In yet another embodiment, a semiconductor processing system is presented. The
system includes a stage for mounting a substrate to be processed. It also includes means for
dividing the substrate into a plurality of portions. Means for selectively processing the article by
localized processing of a first of the plurality of portions is also included. Means for repeatedly
selectively processing the article by localized heating of a next of the plurality of portions until
all plurality of portions have been selectively processed is also disclosed as well.

[0008] These and other objects, along with advantages and features of the present invention
herein disclosed, will become apparent through reference to the following description and the
accompanying drawings. Furthermore, it is to be understood that the features of the various
embodiments described herein are not mutually exclusive and can exist in various combinations

and permutations.



embodiments described herein are not mutually exclusive and can exist in
various combinations and permutations. 2 BRIEF DESCRIPTION OF THE
DRAWINGS [0009] In the drawings, like reference characters generally refer
to the same parts throughout the different views. Also, the drawings are not
necessarily to scale! ERGRSE AT EHeFally oMy DiSeed upon

illustrating the principles of the invention. In the following description, various
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Hodgming drawings, ipwhich: 00191 Fig.4.sha Y ‘%‘]‘feg QLA 2 ceneratly
shows a portion of a’device forfned on awafser, [(bi eFlg. shows an
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of lamp assemblies; [0014] Fig. 5 shows an embodiment of an excitation

vanasKenlB0dinl-higst BR-HraRAW R EMBH MeMis AblAMRRRIEIRIGS iaRIlROLE]

Fig. 7 shows an embodiment of a flow diagram for processing an article.
diXeh A LERTRSCRIPTION [0017] Embodiments generally relate to

processing or processing systems. Embodiments can be employed, for
[o8taipleritorlferoming wefmiconductor devices or integrated circuits (ICs).

Various types of devices can be formed, for example dynamic or static
[0%kdom Biecdshaowempeidion sigrigvinotassgren argystem-on-chip devices.

The devices can be incorporated into, for example, consumer electronic
[093ddIuctd I8t Aha¥ T B fHRRedEN e PHA BHREESURRISYEFRSBNal digital assistants

As). Embodjments may also be lied to other industries of applications.

[ 8] FIge EhBRYY g%%éﬂﬂ%ﬁ%?&i%&ﬁ .}“ﬁie semiconductor wafer,

[Jﬁ’f4?xa”i9'g?'5 shows an embodiment of an excitation mask;
[0015] Figs. 6a-b show embodiments of lamp assemblies ; and
[0016] Fig. 7 shows an embodiment of a flow diagram for processing an article.

DETAILED DESCRIPTION
[0017] Embodiments generally relate to processing or processing systems. Embodiments
can be employed, for example, for forming semiconductor devices or integrated circuits (ICs).
Various types of devices can be formed, for example dynamic or static 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.
[0018] Fig. 1 shows a semiconductor wafer 101. The semiconductor wafer, for example,
comprises silicon. Other types of wafers are also useful. For example, the wafer may be a p-
type, n-type, silicon-on-insulator or silicon germanium wafer. Depending on the type of device,
the wafer may comprise a non-semiconductor material. The wafer may include a notch 121 to

indicate the crystal orientation of the wafer. Other techniques for indicating the crystal



comprises silicon. Other types of wafers are also useful. For example, the

wafer may be a p- type, n-type, silicon-on-insulator or silicon germanium

wafer. Depending on the type of device, the wafer may comprise a

non-semiconductor material. The wafer may include a notch 121 to indicate
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3 orientation may also be useful. Additional indicators may also be included
RS ildfaté e dopant type of the wafer. [0019] The wafer includes an active

ce 111 on.which devices 115 are farmed. A . plurality of devices may be
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comprise a single device. [0020] The fabrication of devices, such as
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that make up circuit components, such as transistors, resistors and
caiapasitosmgldgdievices are interconnected, enabling the device to perform

the desired functions. Interconnections are formed by forming contacts and
[09aAtuctiVielfinbsdatiandié lesines|ayer assimggrierdexampldianmasbenehe formation of

techniques. Devices may comprise a plurality of interconnect levels. [0021]
fepigres whogwbwrpohennRie vl eirdelicenfpontat. onch gvafersifhes deviders and

comprises an active region in which a transistor 210 is formed. Isolat_in% the
capafiliertedihdruins ttfeinfgRinec tafeRiind Hiselibri toger fromeRkaAssiesd functions.

shallow trench isplation (STI) regions. The transjstor includes a,I%ate, The
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(224, Si e\gall spacers.240 areIBro.vided on sidewalls of tpe gpte.
o§examg 8 amastene technigques. eé%ces ma/ comsperase a ﬁg]lura it 1nterconneapt levels.
ourc rain diffusion regions 2 are dispo INn the active region agjacen
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regions beneath the spacers. [0022] Fig. 3 shows a simplified diagram of an
a®INbRJInEAtAfishRI AeRS IR $YHEBIRQD- Isolating the active region from other regions
are isolation regions 280, for example, shallow trench isolation (STI) regions. The transistor
includes a gate. The gate, for example, includes a gate electrode 222 over a gate dielectric layer
224. Sidewall spacers 240 are provided on sidewalls of the gate. Source/drain diffusion regions
225 are disposed in the active region adjacent to the gate. The source/drain diffusion regions
may include extension regions beneath the spacers.
[0022] Fig. 3 shows a simplified diagram of an embodiment of a processing system 300.
The processing system is an annealing system. In one embodiment, the processing system
comprises a flash lamp annealing (FLA) system. The processing system is particularly useful for
high temperature ultra-short annealing applications. Such processing system may be employed
to, for example, anneal a substrate prepared with doped regions, such as source/drain regions of a

transistor, as depicted in Fig. 2, for dopant activation. The processing system may also be

employed for other purposes.



The processing system is an annealing system. In one embodiment, the
processing system comprises a flash lamp annealing (FLA) system. The
processing system is particularly useful for high temperature ultra-short
annealing applications. Such processing system may be employed to, for
[Oé’%é}npleg%lm’&@dﬁ%@?&%@%?@ﬁﬁ%ﬂ%ﬁﬁ%&ﬁéﬁ%ﬁﬁs?%%@g chamber 310.
source/drain regions of a transistor, as depjcted in Fig. 2, for dopant
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chuck 330 which holds an article 101 to be processed. In one embodiment,
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other types of articles may also be useful. The chuck, for example, holds the
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chucks are also useful. [0024] The stage includes a backside heating source
[828] In dfte emypodkinédsta hrelsatkistden heaticg3d0uice vo engrisisaiahebackside
assembly for heating the backside of the wafer. The lamp assembly, for
hesiampstercesrippises alphupalisgrablafapseaingihedaghgidectt thenpsar Aalgaw
lamps. Other types of backside heating sources, including hotplates, are also
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different types of heating components, such as lamps and hatplates. The,
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and argon (Ar), may be supplied to the chamber during processing of the
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the top of the

[0025] The chamber may also include inlets for supplying gases to the chamber during
processing. For example, inert gases such as nitrogen (N;) and argon (Ar), may be supplied to
the chamber during processing of the wafer.

[0026] In one embodiment, a transparent window 345 is disposed on the top of the
processing chamber. The transparent window comprises, for example, quartz. The transparent
window enables energy from an excitation source 370 disposed outside of the chamber to
process the active or front surface of the wafer. Other types of transparent materials which can
maintain the vacuum of the processing chamber and allow passage of energy from the excitation
source are also useful. For some embodiments, the excitation source may be disposed within the
processing chamber. In such applications, the transparent window may not be needed.

[0027] The excitation source, in one embodiment, comprises a heating source. Various types

of heating sources may be employed. In one embodiment, the heating source comprises a heat



processing chamber. The transparent window comprises, for example,

quartz. The transparent window enables energy from an excitation source

370 disposed outside of the chamber to process the active or front surface of

the wafer. Other types of transparent materials which can maintain the
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excitation source are also useful. For some embodiments, the excitation
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excitation'source, In € empno ent, comprises a neating source. various
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source comprises a heat 5 lamp assembly. Other types of heating sources
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plurality of flash lamps 375. In one embodiment, the flash lamps comprise
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flash lamps generate pulsed light energy with intense heat for short

ard utsiosesu - okrexaninplen Hoerenersgyoldigrisitysbdte dlashe lprmyidedan daadiobdt
15 - 40 J/cm2 with a pulse width at full width at half maximum (FWHM) of the
exsifkieonseettoplodu@chn deOtdaneiss dgndbesitid Palne widibe wWikitlescigraon source
also useful. An excitation source controller (not shown) can be provided to
bl ldieitsabinshateettc HroatreE treldbsited BndryY) demdthismitieconds.
ulse widths. The excitation source carll#)e controlled to heat the wafer to d:jl
and/or at
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Ot?légita}ntiona Souree (f)%rsgtlal ting the wafer to other processing temperatures
and/or at " other ramp rates is also useful. [0028] A lamp of the lamp
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covers a heating zone. The size of the heating zone which a lamp covers
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be circular, oval or tube shaped to produce circular, oval, or elongated
fdneaiinglZzanelshpprsigh. i3 wngdesstdeththphadamlp can be circular, oval or tube shaped
to produce circular, oval, or elongated heating zone shapes. It is understood that a lamp
assembly can comprise lamps of the same shape or different shapes. The lamps of the lamp
assembly are configured to process the whole wafer. In one embodiment, the lamps are
configured such that the respective heating zones of the lamps process the whole surface of the
wafer. Preferably, the lamps are configured such that the respective heating zones of the lamps
properly process the whole surface of the wafer.
[0029] Figs. 4a-b show different embodiments of a lamp assembly 400. Referring to Fig. 4a,
the lamp assembly comprises an assembly base 480 on which a plurality of lamp bulbs 375 are
mounted. In one embodiment, the lamp bulbs comprise tubular shaped bulbs arranged in rows.

The lamp bulbs are configured to process a wafer 101, as indicated by the dotted line. As shown,

the lamp bulbs comprise tubular shaped bulbs of the same length and extend across the width of



assembly can comprise lamps of the same shape or different shapes. The
lamps of the lamp assembly are configured to process the whole wafer. In
one embodiment, the lamps are configured such that the respective heating
zones of the lamps process the whole surface of the wafer. Preferably, the
thesWiHer afs Qadifg e st chfferspiiia shspe sace Y dNRY Fhesist itHe 1aRipe
properly process the whole surface of the wafer. [0029] Figs. 4a-b show
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all%rﬁ)gl?s elmbly comprises an assembly base 480 on which a plurality of lamp
Bbuths'375 are mounted. In one embodiment, the lamp bulbs comprise
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process a wafer 101, as indicated by the dotted liné. As shown, the lamp

mBURSICoMRriss- by Brshaped huls ph g samenlenath A8 RXeNdARI0RS , as

the width of 6 the wafer. Providing bulbs of different lengths in each row may
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for a row. Other configurations of bulbs may also be useful. [0030] In Fig. 4b,
exhepimpedssenebivbe ampribestéoplefratitylof, civeUlad shagedhbshiyse 8 BSlbs. Other
mounted on the assembly base 480. The lamp bulbs are configured to
cqribaestansvaferlboare atsoinstitdted by the dotted line. Alternatively, the bulbs
can comprise different shapes. For example, the bulbs can be a combination
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are also useful. [0031] In one embodiment, the lam assemblﬁ}#)rocesses the
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numbers of exposures.are used to process the active surfac the wafer,
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Keep in mind that the greater the value of N, the longer the processing time.

gRiefarRbiyher RURMBESRELHRGIHEESAL Nme. Preferably, the number of exposures or N

should not adversely affect or significantly affect the throughput of the overall process.

[0032] The wafer, in one embodiment, is sub-divided into n plurality of processing zones.

An exposure selectively processes its respective processing zone. For example, the light energy

from the exposure locally heats a processing zone. In one embodiment, an x™ exposure exposes

a respective x™" processing zone, where x is a whole number from 1 to N. To complete

processing of the wafer, N exposures are employed.

[0033] In one embodiment, a processsing zone comprises an area which is equal to about 1/N

the total area of the wafer. Preferably, a processing zone comprises a group of sub-processing

zones in which the total area of the sub-processing zones are equal to about 1/N the total area of

the wafer. The sub-processing zones preferably are disbursed evenly or substantially evenly

within the active surface of the wafer. For example, the sub-processing zones are disbursed an

equidistance or substantially equidistance apart within the active surface of the wafer. The sub-



should not adversely affect or significantly affect the throughput of the overall
process. [0032] The wafer, in one embodiment, is sub-divided into n plurality
of processing zones. An exposure selectively processes its respective
processing zone. For example, the light energy from the exposure locally
PIReHNE prBeEEInGeAME SHica iR RerRBSaIN SARUSH K SRS GF e ERPGEIE 0y thereof.
respective x th processing zone, where x is a whole number from 1 to N. To
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ﬁy, a processing zone comprises a
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zones are equal to about 1/N the total area of the wafer. The sub-processing
oZRbs kel disbursed evenly or substantially evenly within the

active surface of the wafer. For example, the sub-processing zones are
[0dEhurses afe eguidisianceensubstantapysequidistantranashwoihibndier sub-

active surface of the wafer. The sub- 7 processing zones may be configured
piabipariaty contigued s digtikrcthornsatamiyinatibnwhtreeoliickPnoyidinglothenfer

configurations of processing zones or sub-processing zones is also useful.
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such cases, one or more of the processing zones may have a total area that
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0034] In one embodiment, the number of ex res and configurations of
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processing o the wafer is divided'into N exposures, each exposure
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exposures which process processing zones having a total area other than
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useful.
processing zones. For example, the exposed processing zone can be protected from the light
energy during exposure of other processing zones. Other techniques for selectively exposing a
processing zone on the wafer are also useful.
[0036] Furthermore, by configuring the sub-processing zones of an exposure to heat
localized portions of the substrate, stress build-up which can cause wafer deformation or damage
is reduced or prevented. Preferably, the localized portions are spaced apart sufficiently to reduce
stress build-up which can cause deformation or damage. Note that with smaller zones (e.g., sub-
processing zones), lower amount of stress will build up. Conversely, with larger zones, a higher
amount of stress will build up. However, smaller zones may require more exposures, which will
increase processing time required to process the wafer. Preferably, the zones and number of

exposures are selected to result in processing of the wafer without incurring stress damage, such

as cracking or breakage of the wafer, while avoiding aversely affecting the throughput of the



[0035] A processing zone, in accordance with one embodiment, is exposed
once by the excitation source. The exposed processing zone remains
unexposed during exposures of other processing zones. For example, the
exposed processing zone can be protected from the light energy during
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exposing a processing zone on the wafer are also useful. [0036]
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lized portions of.the substrate, stres ild-up. which.can.cause wafer ., .
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cause detormation or damage. Note that with smaller zones (e.g., sub-
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larger zones, a higher amount of stress will build up. However, smaller zones
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process the wafer. Preferably, the zones and number of exposures are
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such as cracking or breakage of the wafer, while avoiding aversely affecting
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be about 3. Providing other values which are larger or less is also useful,

the REORSESHESHERESN applications. [0037] In one embodiment, an excitation

k 360 as illustrated in Fig. 5 js provided in the processing system to .
e RIS BE L 5 b SRR P Fed e RETAGR cgein he

ogizhosed hetween | qt())ecié(iir%aﬁtsiori] Si0n %Cﬁjl% .the water which 15, disResed Oftie the
the _chL_igcﬁ. [ ore embodiment, the excitation rASK IS isposed between the
trﬁ%&ﬁ&?éff??e%%‘ﬁ@?r G QIBAIRARES Ao YRACWAIR RIPCESIING SOATRRHitted,

Disposing the excitation mask at other’locations between the excitation

HSRWESRBEWIATRILIS BlaP MeRfk JiRhexamRIer the WiasksrYpBadisnesed

within the processing chamber.
transparent regions on the mask.
[0039] In one embodiment, the mask comprises alternating opaque and transparent portions.
The transparent portion or portions, for example, can be referred to as mask processing regions
while the opaque portion or portions can be referred to as mask non-processing portions. The
mask processing portion corresponds to the processing zone on the wafer for processing; the
mask non-processing portion corresponds to the non-processing zone on the wafer. In one
embodiment, the transparent portions correspond to sub-processing zones of a processing zone
on the wafer for processing. The area of the mask processing portion is, for example, equal to
about 1/N the area of the wafer, where N is the number of exposures to complete processing of
the wafer. The remaining portion of the mask (e.g., total area of the remaining portion of the

mask is about 1-1/N total area of the wafer) comprises opaque portions or mask non-processing

portions.



[0038] In one embodiment, the mask comprises opaque and transparent
regions, wherein the opaque region or regions block transmission of light
energy from the excitation source while the transparent region or regions
allow light energy from the excitation source to be transmitted, thereby
[@é@cuvewep%e&%@rélgréﬁeseﬂ@%ﬁéow%éétbr m@%&r@weéwé@ﬁdﬁamg%er by

the transparent regions on the mask. [0039] In one embaodiment, the mask

re@Bﬁfﬂﬂ’é‘e‘% Tt&?‘??atmﬁ%?f&%ﬁf@ga%‘i’rgh’?ﬁ%‘? ﬂbert‘f‘&ﬁ%r ?‘ﬁ‘eofrﬂﬂ%‘ﬁér‘efﬁ{w mask
Rorion ot portions, for, exgmele, can be felerred o a5 mask proceesing.y
pIRCESne Tetin, e b ieved by IRaT i the i g

region € opaque port On Or portions cah be referred 1o as mas

SIOBRIRGESISIBE PRI AR m bR I ARRIACESHBHRATRD COIARPMGR FOrthlfe, the

processing zone on the wafer for processing; the mask non-processing

wRRHIOR OHBIRRAG M&%ﬁ&%ﬁ&@&sasUlﬂn%ﬁﬁﬁ&{bmtwa@hem&ﬁﬁrques for
embodiment, the transparent portions correspond to sub-processing zones of

repRIOCASEINEG pRessai} thasabendonpmcessing. The area of the mask
processing portion is, for example, equal to about 1/N the area of the wafer,

[0fdhiHre Nlisotiveembmiberof epposandsstof cormpletepresessipgytoin thzhwedgict to the
The remaining portion of the mask (e.g., total area of the remaining portion of

witier gk dshabysdiad 2 sipneddhareenofQnhe evafer) eothpivssabipemuropditiossh as
or mask non-processing portions. 9 [0040] The excitation mask is designed

tht‘o’?ﬁ%izé%%%%ﬁﬂrﬁ%‘l@’a@ﬁ'\?é dGFreber it BSEAATEIBY PRBIIGBHTNBOMHES ipdésht

rocessin glon with respect to the wafer Re osrtrog}fgg}%pe mask

CISTSE KNG UGS, S ESie SHIBSRMAER PUAS S HBATEY AfifigRanent or

ask, the chuck |nat| n_of both. Tar example th ask can
oo SR TR D RN TR PETR I RE AR

e;[ 5@3?@&%9@{5%8ruﬂtﬁ%%@é@ﬁﬂg%ﬂB@%eQEQ%HB%G‘ques for repositioning

e processing zone are also useful. [0041] In one embodiment, repositioning
[(mtlme MasloRIAEE SRS ROHBRIN H{i‘er@%ﬁmﬁhﬁ@@nlsahgnment to increase the
processing window, the area of the mask processing region can be selected to be slightly greater
than 1/N total area of the wafer. Where sub-processing portions of the mask are employed, they
can be designed and provided with a slightly greater size to increase the processing window.
[0043] Alternatively, the repositioning of the mask processing portion with respect to the
wafer can be achieved as a continuous function. In the case of a continuous function, one or
more of the rotatable components, such as the mask, chuck or a combination thereof, can be
continuously rotated during exposure to light energy from the excitation source. The speed of
the continuous rotation is selected to ensure the processing zones are exposed to a sufficient
amount of energy from the excitation source for processing. Where both the mask and chuck are
rotated, they are rotated in opposite directions.

[0044] The rotatable component or components are rotated by a sufficient amount to

completely process the substrate. For example, the amount of rotation is about 360° for a single
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wafer can be achieved as a stepped function. One or more of the rotatable
components, such as the mask, chuck or a combination thereof, can be
rotated into position for exposure to light energy from excitation source. After
exposure pulse terminates, the rotatable component or components are

ry @bl remPaTIH ts Ak R0 IRy TR SRIBRRAG BT tREWEIA PisTRBAISHLS by
exposure are repeated until processing of the wafer is completed. [0042] To

S RN B ko S BTG RO A S SAMRRAEHS 8nRersktedga multiple
oEJREEEERG Do e rea o e mask processi relon con o selriad.

e Slightly greatert than otal area ére sub-processi

dRAFANGOHNE MASK ARG POPIRYEH: MYy GRS ‘?ﬁitﬂﬂle&[% %%1%8}’ e dWithion

a slightly greater size to increase the processing window.

schlternativelyadhe Kerosiioning ot the mask Rracessiog pestiom it gﬁﬁ@%@ﬁgw the
a

the wafer can be achieved as a continuous function. In the case o

wealinu eotatfomnctiaR, @ne efeimateRiihenratapablecamparentssushsasith e next

mask, chuck or a combination thereof, can be continuously rotated during
p@xposure to light energy from the excitation source. The speed of the

continuous rotation is selected to ensure the processing zones are exposed
[0QAA] suffidigrit shems anteothedangytipban ticiexkonatiow s60rdfangskocuBRiigs

Where both the mask and chuck are rotated, they are rotated in opposite
UrRfrEREEhBOTOSA P Ed SPIEISI BEBMP SARNT B BBMkpEtisnt&ale rtk pfed ona

sufficient amount to completely process the substrate. For example, the
TOStHBRR aﬁPFB&&fiB?P%“&t?&ﬁt fggrf%}lge ngI SURPPBEALYS RORFSoHAI ARt @ble

s@%‘&'{t ][%9 for §V‘é?e£?%%§gr% s W%r}ﬁgsﬁoéc?t%g %%]g)o% hinich %ﬁats)g.e RHGE

ounts Is alsO use or exampie, r mponents can

efRRERY Adanlie @%&ﬁ@&ﬁé&%&ﬁﬁ%@gq 8@1&%%9&5%{'&%?&{8 sREpsNging

on the speed of rotation and pulse duration, the wafer may or may not be
sanmpletalvppriessed YRR, Rlse ofitheeaxtistiar maursRctsthe case

where more than one energy pulse is employed to complete processing of
pdh®ns. As shown, the mask comprises three mask processing sub-portions 540, 3 (e.g., T = 3).
Providing masks with other numbers of mask processing sub-portions is also useful.
[0046] The mask sub-portions, for example, extend from the center of the mask to the
circumference. For example, the sides of the mask sub-portions form radii 590 of the mask. In
one embodiment, the mask processing sub-portions comprise an angle 8. The magnitude of 0, in
one embodiment, is greater than 0° and less than 180°. Preferably, the magnitude of 0 is divisible
into 360°. Preferably, each mask processing sub-portion comprises the same angle 6. Other
configurations of processing sub-portions are also useful. For example, mask processing sub-
portions of different angles may also be employed.
[0047] In one embodiment, n, the number of mask non-processing sub-portions separating

the mask processing sub-portions is equal to T, wherein n = T. Preferably, the value T is

divisible into 360°. As shown, three mask non-processing sub-portions (e.g., n =T = 3) are
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wafer, the rotation of the components stops when the pulse terminates and

resumes with the next pulse. [0045] Fig. 5 shows an embodiment of an

excitation mask 360. The mask comprises transparent portions 540 and

opaque portions 550. The mask, for example, may be mounted on a rotating
pPigdtiestm B¢ stisharnsTocsatiBE VN tREcetpbe Ahaelda Hietsieply. the angle 6,

non-rotatable support. The transparent portions represent a mask

o a P IH RIS S 1R SIHRLKIGR 'S ¥MBodiment, the mask processing

(RE{on Gamprisesaplureliy. of trarisparent sub-porions, JAOLT, O MARK seyigned
processing sub-portions,’where T IS hefumber of mask processing Sub-

a&g{;gglg%%m?mné%w comprise; three mask processing sub-portions
5401.3 (e.g., T = 3).”Providing masks with other numbers of mask
processing sub-portions is alsggsseful. [0046] The mask sub-portions, for
example, extend from the’tﬁmﬁr e maskKeguHenclicumference. For
example, the sides of the mask sub-portions form radii 590 of the mask. In

wh&g embodiment, the mask processing sub-portions comprise an angle 0.
The magnitude of 0, in one embodiment, is greater than 0 and less than 180.
Preferablys Hgpeagnifude0hOhip@issibie oivpgdsuBrpbaiakly, each mask
processing sub-portion comprises the same angle 0. Other configurations of
processing subrponitngaealsocusglate porexaraplahenasipradessing sub-
portions of different angles may also be employed. [0047] In one
embdditiermngle wigheumrisersofanasknbprprocessing sub-portions separating
the mask processing sub-portions is equal to T, wherein n = T. Preferably,

Bihwlggling 9 IQRAGIBIE it 1360/ AP dIVeUHieR ImBs khidrrrbe degined. For
sub-portions é@.g. n =T = 3) are 11 provided. The mask non-processing

R HibALLoMPRSE arfsfgle On. Preferably, the angle On of each mask
non-processing sub-portion is the éggne. 1[0048] In one embodiment, the

internal sub-portions of the exai 9 mggd< &an be designed

As such, the number of internal non-processing or opaque sub-portions equals 3. In one
embodiment, the angle 6, of each non-processing sub-portion is equal to:

_360°

On
N

0 (equation 2)

This would result in 0, being equal to 60°. In another example, if n = 3 and N = 3, then 6 would
equal to 40° (from equation 1) and 6, would equal to 80° (from equation 2).

[0049] In one embodiment, the processing sub-portions of the mask each comprises multiple
sections. For example, as shown, the processing sub-portions comprise first (inner) and second
(outer) sections. Providing processing sub-portions having more than two sections is also useful.
As shown, the edges of the sections comprise arcs. For example, the edge of the inner section

and edge of the outer section comprise complementary arcs. The edges of the sections, in one
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according to the following equation: n _ 360 x 1 (equation 1) N B where, n =
the number of internal non-processing or opaque sub-portions; N = the
number of exposures to complete processing of the wafer; and 0 = the angle
of the processing sub-portions. By selecting or knowing two of the 3 variables
eipedjmetbr eritie tRitoranipRitrets fhifdersmbiheseatiple camEasEo etepte 2,
then: n_3600 x | 4n=3 2 60 As such, the number of internal non-processing

PIYFSERGE BE8BSHYHE%Squals 3. In one embodiment, the angle On of each

(RPOcEsSing sub-portion i epual or.0n . 360, 0 (eauation 2) NS
would result'in On being equal to 60. In another example, ifn =3 and N = 3,

rdliER O wenldyeauah QARG GAVAHRMLLARG BRAHIY LA IHEQUMIOM he

equation 2). [0049] In one embodiment, the processing sub-portions of the

sdRRRl AR CNRESES EuiRIEn SRAHORR ORI AR.BNOPEIIIE of the wafer
processing sub-portions comprise first (inner) and second (outer) sections.

alP 9N G Pr Peesding SHbspavtioRs hayingemakothanédd 6eebiaosfismlselit may
useful. As shown, the edges of the sections comprise arcs. For example, the

aledbewtihie (Dher sedimmtand d@dge-pditieoutealsectdnlcomprise
complementary arcs. The edges of the sections, in one 12 embodiment,

[099&Hap. Fige @vbrbppicgbotiimenstigclsop tiecsdtivo 18t amdasiarehaiorhbleteda-b.

Fig. 6a shows a lamp assembly with tubular shaped bulbs 375 while Fig. 6b shows a lamp
assembly with circular shaped bulbs 375. Lamp assemblies with other shaped bulbs or a
combination of different shaped or sized bulbs may also be useful. The operation of the bulbs is
controlled by, for example, a lamp controller which is part of the processing system. In one
embodiment, the lamp assembly is controlled to process the active surface of the wafer using N
exposures, wherein an exposure selectively processes localized regions on the wafer.

[0052] The bulbs of the lamp assembly are divided into a plurality of groups. In one
embodiment, the number of groups is equal to N exposures to process the wafer. As shown, the
bulbs of the lamp assembly are divided into first and second groups 378a-b (e.g., N =2).
Dividing the bulbs into other numbers of groups is also useful.

[0053] In one embodiment, the bulbs within a group process a processing zone on the wafer.
A processing zone, for example, is about 1/N the total area of the wafer. Having processing
zones of other sizes is also useful. Furthermore, the processing zones of the N exposures need
not be of the same size. For example, a processing zone may cover a total area other than 1/N or
a combination of a total area other than 1/N and equal to 1/N.

[0054] Preferably, a processing zone comprises a plurality of sub-processing zones. The

sub-processing zones are distributed across the wafer surface. Preferably, the sub-processing
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processing of the wafer surface. [0050] Furthermore, in one embodiment, the

inner and outer sections are shifted with respect to each other. The shifting

of the sections should preferably result in the sides of the sections being

misaligned, resulting in a slit spacing 595 to ensure that no portions of the
zepafere srenindisiduser migvidhsgratriadionsraras-ths Mhdrease Bgierse ctiopavally

do not form a slit may also be useful. Other configurations of sub-portions

O et R0 g8 Bl SHURESHIBRRR SIS Bty SR asmgligdually or
oSS oF IR o e SR.shows lamp gssembly it bplr

(5]
ape S i oWS alanip assemply with circular shaped

pRHQB&%@m@H}&%581%@%%%%%%%%%éﬂ?e@?ﬁlu%‘dl'-gﬁ %ﬂe&%@?&%ﬁi&}]&% stress

different shaped or sized bulbs may also be useful. The operation of the

dbHiRs isicRoRtRlsELbY: fRELXaMPple, a lamp controller which is part of the
processing system. In one embodiment, the lamp assembly is controlled to

[ops3gess the activelistfacexahple WafeplisingdNoQXPARLIRS fiher&ip afbulbs during
exposure selectively processes localized regions on the wafer. [0052] The
thbulbs ofpthertamibassendaiyoapertibvilibe ds imtovatpluralityiof grosgeendregprasure when
embodiment, the number of groups is equal to N exposures to process the
the/Efst exposhoierntmichufios wtembliamphddembpy. dhe dividddineatfivkt thad
second groups 378a-b (e.g., N = 2). Dividing the bulbs into other numbers of
agheiies & 9}%@5 GRerafursads SyrasHFRe ErrpBalpferiotrsipafi<iFithfa group

rocess a processing.zone on the wafer. A processing zone, for example, is |
[@8 tl/ﬁ%phg%‘igfé‘rgz ¥o) ‘?r?éa\‘)%}gﬂ%ﬁ). ﬂ&(ﬁﬁ?ﬁsﬁv&%‘é@fﬁ ez@ﬁé&%%ﬁw% Yyglg is
is al ul. Furthermore tkrl%fprocessin

. 0 usef zones of the N exposures need
1nse i?lnlf?%glgg(ﬁ%%sg%ggﬁn’be I%]F))]iOCCSSI S &em. I[‘PlerPI‘OCGSSQ%WS%emef%I‘

not be o or example, a processing zorie may cover a total

eﬂﬁla&%}ﬁﬁéhée!& YR geembipiemptaciriatiprar QiRathanL AN et egual of
to 1I/N. [00

4] Preferably, a processing zone comprises a plurality of
PRI RARGESRINGIAINES ENRAHDIRINRES NI ZRAE SRS EIRIUBMIR ARG Q3%etN8uch as

wafer surface. Preferably, the sub-processing
that described in Fig. 1. The wafer, in one embodiment, is at the stage of processing in which
dopants are activated through annealing. The wafer may also be at other stages of processing. A
chuck is employed to hold the wafer in the processing chamber. Holding the wafer in place may
be achieved using vacuum pressure. Other techniques for holding the wafer in place may also be
useful.
[0057] The wafer is prepared for processing at step 720. In one embodiment, the wafer is
prepared by pre-heating the wafer with the backside heating source. The wafer, for example, can
be pre-heated to an intermediate temperature of about, for example, 300 — 600 °C. Other
intermediate temperatures may also be useful. For example, the wafer can be pre-heated to a
temperature of about 300 — 900 °C. In one embodiment, the wafer is pre-heated to a temperature

of about 500 °C. Pre-heating of the wafer helps to minimize the temperature difference

between the surface and base of the wafer, reducing the risk of wafer warpage.
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13 zones are evenly distributed across the wafer. For example, the
sub-processing zones are equally or substantially equally spaced apart.
Providing sub-processing zones which are not equally or not substantially
equally spaced apart may also be useful. Heating the wafer at localized '
(0978 e ssitigP 2o ABEUHBER- She cedsiny Pereddv oridetras®is i dugp aaridp or Ar. This
_reduces. or prevents stress damage, such as warpage or breakage. [0055]
s8N RA AR S8 8T SR THRSHRG S BHR A YA TR BF Ui S BRff L e
during the first exposure. The second group of bulbs is activated to initiate
P& Second exposure when the first exposure terminates. For assemblies

(0036 N 9roxps, feconiolier Gantrals JH%@Q&W%E[O& H{Se]tl%?& 10 odNe %Irvscessed

exposures to complete processing of the wafer. [0056] Fig. 7 shows a1l

adiRgraIm 1900t RIRReSSINGIANAHIGR. Ab&IEmMZ LOmBR LISl SninaetRdinte

the processing chamber of a processing system. The processing system, for
re@¥aoplegiean ise svafeRuffRE0ORE SINEXSHSIRMs lled) ahdhatiaarcrdoactinfor

Fig. 3. Other types of processing system may also be useful. In one
exambledimeptistiél attitlmeonipcispoduveafehosudinapulth alf desoséiedhin Fig piacess

The wafer, in one embodiment, is at the stage of processing in which
tegimoEatisca saphaceh gh e aling) Thevihafenthisgcansls. bEhawathal pressures

stages of processing. A chuck is employed to hold the wafer in the
mﬁydeég%ﬁﬁ%h‘a%%%%?ai bRy el K pIdcs hayrlsethc BeVELPIRsHiges can be

vacuum pressure. Other techniques for holding the wafer in place may also
about {dr If‘?@o%&%ﬁ’@%’%B?é%a%eﬁsfgf”ﬁptgc‘?é%%ﬁ{éhﬁtoélfg ' 726 e

odi t. the wafer.is pr by pre-heating the wafer.wijth the .
[Q@g@( rgelréc‘t%.ve rocessmg#] %%agseg C?¥l Be achlevela%smg gn exm_’ﬁlon orannealing

. S
side heating source’The r, for example, can~ be pre-heated to an

niieTmadiate de mResasur IRk ARRKEy FUEXANPIG 3R ARPHE 2 SRIBRK by activating a

intermediate temperatures may also be useful. For example, the wafer can

sipeoRsEpheatasstonantampeieIof ARRUEARA 1mIQ0s Gl comamRaifE N tor

the wafer is pre-heated to a temperature
selective processing may also be useful.

[0061] In one embodiment, the wafer is selectively processed by N exposures of light energy
from the FLA processing system to completely process the whole wafer. In one embodiment, N
exposures process N plurality of regions on the wafer, with one exposure processing one
respective region on the wafer. A region may include a plurality of sub-regions.

After a first of the plurality of regions are processed by the first exposure (x = 1), the system
determines if there are more regions to be selectively processed at step 740. If it is determined
that there are additional regions to be selectively processed, the process returns to step 730 for
the next exposure (x = x + 1). This continues until all regions have been selectively processed (x
= N). The process terminates at step 750 when all regions have been processed.

[0062] 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
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of about 500 C. Pre-heating of the wafer helps to minimize the temperature
difference between the surface and base of the wafer, reducing the risk of
wafer warpage. 14 [0058] In one embodiment, the wafer is prepared in an
inert ambient, such as N2 or Ar. This is to avoid incorporation of any foreign

C@ﬁisd%fﬁé%é%&@%&%%&%ﬁ@em@wgﬁ%&fb%i&‘fﬁ?@'obﬁ%@%’@c{g@@@]- Scope
After the wafer is prepared, the active surface of the wafer is selectively

o5 RRULP I S AT BN dhe RS BTR L e aliRicioR Proks sy iie

aS3mprises posing, (ng localized pegien or tegions on e wafer surface wih
an excitation source. The excitation source, for example, comprises flash

Jamesvhichpioduee ashi-time pulse of intense light. The process
temperature can reach a range of about 900 - 1500 C within milliseconds.
The gas fill pressures may range from about a few kPa to hundreds of kPa.
For example, the gas fill pressures can be about 0.01-4 atm. Generally, the
higher the pressure, the greater the output efficiency. [0060] Selective
processing at step 730 can be achieved using an excitation or annealing
mask, as described in Fig. 5. Alternatively, selective processing may be
achieved by activating a sub-group of bulbs on the lamp assembly, as
described in Figs. 6a-b. Other techniques for selective processing may also
be useful. [0061] In one embodiment, the wafer is selectively processed by N
exposures of light energy from the FLA processing system to completely
process the whole wafer. In one embodiment, N exposures process N
plurality of regions on the wafer, with one exposure processing one
respective region on the wafer. A region may include a plurality of
sub-regions. After a first of the plurality of regions are processed by the first
exposure (x = 1), the system determines if there are more regions to be
selectively processed at step 740. If it is determined that there are additional
regions to be selectively processed, the process returns to step 730 for
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the next exposure (x = x + 1). This continues until all regions have been
selectively processed (x = N). The process terminates at step 750 when all
regions have been processed. [0062] The invention may be embodied in
other specific forms without departing from the spirit or essential

Wi inetermsdds thereof. The foregoing embodiments, therefore, are to be 15
considered in all respects illustrative rather than limiting the invention
described herein. Scope of the inveflioithus 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

1.emt_’@%ﬁ&ﬁ@&%?ifbrﬂl%\évah@et\ﬁ%e%% ggﬂ%:CLAIMS 1. A method of forming a

device comprising: providing a wafer having an active surface; dividing the

wafeb;e;@dglggj{;@gfy Rfrgrtiansiiselgstively processing the wafer by localized
heating of a first of the plurality of portions; and repeatedly selectively

processitigdhie wafer iy lopalized bepsingef a next of the plurality of portions
until all plurality of portions have been selectively processed. 2. The method
of claierediivdie reigssocedsingthdwatel comhprisesoéxposiog tteeplvaldy tof anrtions;
excitation source N times, wherein each exposure processes substantially

andN the total area of the wafer. 3. The method of claim 2 wherein the portions
of the wafer is further divided into sub- portions, wherein the sub-portions are

disburdsaiedip SeTtiamy Svesas e iR YéeabrvecdliFeddisasing of a next of the plurality

of portions until all plurality of portions have been selectively processed.

2. The method of claim 1 wherein processing the wafer comprises exposing the wafer to an
excitation source N times, wherein each exposure processes substantially 1/N the total area of the

wafer.

3. The method of claim 2 wherein the portions of the wafer is further divided into sub-
portions, wherein the sub-portions are disbursed substantially evenly within the active surface of

the wafer.

4. The method of claim 3 further comprises providing a mask between the excitation source

and the wafer, wherein the mask facilitates the localized heating of portions of the wafer.

5. The method of claim 4 wherein the mask comprises opaque and transparent regions,
wherein the opaque region(s) block transmission of light energy from the excitation source while

the transparent region(s) allow light energy from the excitation source to be transmitted.
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the wafer. 4. The method of claim 3 further comprises providing a mask

between the excitation source and the wafer, wherein the mask facilitates

the localized heating of portions of the wafer. 5. The method of claim 4

wherein the mask comprises opaque and transparent regions, wherein the

opaque region(s) block transmission of light energy from the excitation

source while the transparent region(s) allow light energy from the excitation
6-sourc§@?o“5’éhﬂ%ﬂfsﬂﬁ{f’éc§.“ihfr§}“?ﬁ8 Bsthour BT A A S 8RR HhigRnsparent
1recoorlrlls)ris.es alternating opaque and transparent regions. 7. The method of

&laimi 5 further comprises repositioning the mask with respect to the wafer to

process different portions of the wafer after the exposure of each portion to

the excitation source. 8. The method of claim 7 wherein the repositioning of
7the magkwithhdesRestis fﬂ@h\é{f’é‘&hd;ﬁggg QEﬁ%ﬁi@ﬁﬂQQﬁk%éB@m&%&ﬁé&h@ the wafer

chuck, or rotations of the mask and chuck in opposite directions. 9. The
topribwd affelalipSrdis e thiheaepaadethe gigie) Ot Mask GO pésesindidn

processing sub-portions and the transparent region(s) of the mask comprise
squoeessing sub- portions, wherein the sub-portions extend from the center of

the mask to the circumference. 10. The method of claim 9 wherein the

number of the mask non-processing sub-portions, n is obtained by n = 3600

x 1, wherein O is the angle of the mask process sub-portions. N B 11. The

r

8 methbbedreRamel oldiReraiictrd disgreror thainglikhidnapkorissEspRy et to the wafer
sub-portions, O"g’s 360 obtaineqlEéLO" =-0

comprises rotation of the mask or the ¢ , or rotations of the mask and chuck in opposite

directions.

9. The method of claim 8 wherein the opaque region(s) of the mask comprises non-
processing sub-portions and the transparent region(s) of the mask comprise processing sub-

portions, wherein the sub-portions extend from the center of the mask to the circumference.

10. The method of claim 9 wherein the number of the mask non-processing sub-portions, n is

360°

obtained by n = x% , wherein 0 is the angle of the mask process sub-portions.

11. The method of claim 10 wherein the angle of the mask non-processing sub-portions, 6, is
obtained by 0, = 360 - 0.
12. The method of claim 9 wherein the mask processing sub-portion comprises a plurality of

sections, wherein the sections overlap to ensure complete processing of the wafer.
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N 12. The method of claim 9 wherein the mask processing sub-portion
comprises a plurality of sections, wherein the sections overlap to ensure
complete processing of the wafer. 18 13. The method of claim 12 wherein the
sections of the mask processing sub-portions rotate in opposite directions
after each exposure to the excitation source to form the overlap. 14. The
method of claim 2 wherein the excitation source comprises a plurality of flash

IampdrerBepnd oh e o A S A EtR e st B Sot e SeBHpTgag ;g ate
plurallt u mps wherein the number of the gro is equal to N
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lamps in each group are substantially unlformly distributed over the area
corresponding to the surface of the wafer. 17. The method of claim 1 further
1£0MPFiRes LB Neating %@&Mﬁé@x@ﬂaﬁ&ﬁs@ﬁé%nﬁ%ﬁ%g Pl ﬁf?r K1l Eimps.
method of claim 17 wherein the processing of the wafer comprises flash lamp
annealing. 19. A method of fabricating an article comprising: providing an
article having an active surface; dividing the article into a plurality of portions;
15eleclivelyqirod e singnth evbetisletlnycosalivad @nocessingsof a flrsblady thiegroups of
plurality of portions; and repeatedly selectively processing the article by
lapppalivberdie diingp obar vé ot piucatia) toNporivAs uistiratgstihglitpisf-
portions have been selectively processed. 19 20. A semiconductor
processing system comprising:

16. The method of claim 15 wherein the lamps in each group are substantially uniformly

distributed over the area corresponding to the surface of the wafer.

17. The method of claim 1 further comprises a pre-heating of the wafer by a back-side

heating source.

18. The method of claim 17 wherein the processing of the wafer comprises flash lamp
annealing.
19. A method of fabricating an article comprising:

providing an article having an active surface;

dividing the article into a plurality of portions;

selectively processing the article by localized processing of a first of the plurality of
portions; and

repeatedly selectively processing the article by localized heating of a next of the plurality

of portions until all plurality of portions have been selectively processed.
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a stage for mounting a substrate to be processed; means for dividing the
substrate into a plurality of portions; means for selectively processing the
article by localized processing of a first of the plurality of portions; and
means for repeatedly selectively processing the article by localized heating of
a next of the plurality of portions until all plurality of portions have been

selectively processed. 20
0. A serniconductor processing system comprising:

a stage for mounting a substrate to be processed;

means for dividing the substrate into a plurality of portions;

means for selectively processing the article by localized processing of a first of the
plurality of portions; and

means for repeatedly selectively processing the article by localized heating of a next of

the plurality of portions until all plurality of portions have been selectively processed.
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