1 5SMETHOD AND APPARATUS FOR MATERIAL DEPOSITION BACKGROUND OF THE
INVENTION 1. Field of the Invention 10The present invention relates generally to semiconductor
fabrication. 2. Description of the Related Art In the fabrication of semiconductor devices such as
integrated circuits, memory cells, and the like, a series of manufacturing operations are performed to
define features on semiconductor wafers. The semiconductor wafers include integrated circuit devices
in the form 15 of multi-level structures defined on a silicon substrate. At a substrate level, transistor
devices with diffusion regions are formed. In subsequent levels, interconnect metallization lines are
patterned and electrically connected to the transistor devices to define a desired integrated circuit
device. Also, patterned conductive layers are insulated from other conductive layers by dielectric
materials. 20The series of manufacturing operations for defining features on the semiconductor wafers
can include many processes such as adding, patterning, etching, removing, and polishing, among

others, yarious materialNp¥qFOMEND RLPARAE IOV A iadt PRAeIefN the

semiconductor wafers, it is necessary to perform each process in a precise manner. For example, it is
often desirable to deposit a material on a surface of the wafer such 25 that the material conforms
uniformly to a topography of the surface of the wafer. Figure 1A is an illustration showing a
cross-section view of the wafer surface following a non-uniform material deposition, in accordance with
the prior art. The wafer surface is defiBad ki-RaverbearurBs INMENATONO2 which form a topography
across thelw e gffﬂlcegﬁ)TQ% ti%%ography is characterized by surfaces that are substantially parallel to
the wafer ahd Suffaces 30 that are substantially perpendicular to the wafer. Additionally, some features
(e.g., feature 102)maycbenskeweadsuaiathaptheinByuttacaniasadiethefapdcatiehnor perpendicular to the

wafer. riQr art, methods of material deposition using physical vapor deposition techniques tend to
deposit grérﬁf%‘}%&ﬁ&%ﬂ%ﬁgﬁﬁ%ﬁ% ture surfaces having greater exposure to a

In the fabrication of semiconductor devices such as integrated circuits, memory cells,
and the like, a series of manufacturing operations are performed to define features on
semiconductor wafers. The semiconductor wafers include integrated circuit devices in the form

15 of multi-level structures defined on a silicon substrate. At a substrate level, transistor devices
with diffusion regions are formed. In subsequent levels, interconnect metallization lines are
patterned and electrically connected to the transistor devices to define a desired integrated
circuit device. Also, patterned conductive layers are insulated from other conductive layers by
dielectric materials.

20 The series of manufacturing operations for defining features on the semiconductor
wafers can include many processes such as adding, patterning, etching, removing, and
polishing, among others, various material layers. Due to the intricate nature of the features
defined on the semiconductor wafers, it is necessary to perform each process in a precise
manner. For example, it is often desirable to deposit a material on a surface of the wafer such

25 that the material conforms uniformly to a topography of the surface of the wafer.

Figure 1A is an illustration showing a cross-section view of the wafer surface following
a non-uniform material deposition, in accordance with the prior art. The wafer surface is
defined to have features 101 and 102 which form a topography across the wafer surface. The
topography is characterized by surfaces that are substantially parallel to the wafer and surfaces

30 that are substantially perpendicular to the wafer. Additionally, some features (e.g., feature 102)
may be skewed such that their surfaces are neither parallel nor perpendicular to the wafer.

Prior art methods of material deposition using physical vapor deposition techniques

tend to deposit greater amounts of material on feature surfaces having greater exposure to a



2 material source region 111 from which the material is deposited. In general, the material source
region 111 is represented by the region above the wafer. Therefore, since feature surfaces that are
substantially parallel to the wafer have greater exposure to the material source region 111, these
feature surfaces tend to accumulate greater amountspof deposited material. For example, 5 with
respect to Figure 1A, a thickness 107 of a deposited material 103 is larger than a thickness 105,

wherein thBaisiarhtagss reradd L osarehieh dasamnishisbidredtiitdchsapnarabd Ry metsrHabigBesallel
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material deposition can be significant enough to cause discontinuities in the material being deposited.
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deposited over each feature surface regardless of the feature surface orientation. Also, it is generally
not acceptablersspeavéodizpontimvitedipkasent (H afdegersitegdnaseaisll |40 s Targer Hon-uithickmess

material dggosiign,ayishd ByRIIRLaNS i SUACY AXPRSUIE I8 EIMAIeRal SOUGR RaIOR T Lygan be

problematic. 15 Figures 1B-1 t]hroug 1B-4 are Illustrations showing a material deposition sequence
leading to suistfotiai hitigraraldceondd pepewiitutie peipeatt dbigure the- vsfowa ddiwaier] burfaceonzying
features 104 prior. 9 depositionabie matefial 03 he faaitres, 101 dsfing a tenadraphy ot e waler
surface. In some Ins ances,l%He eatures may represet?t high-aspec ratio leatures wherein the ratio of
the featurelsc@rtioaltdisnenbombteiialldtangl dipreisibrris greatple2@ thewv@iandyd A9 is sHeigurat 2B-2
shows a bgginning stage.of a material deposition process inte to fill a space between.the adjacent
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material dapdsibin imdihads tenddor abidkirdepd shiehimaierladépyeite hawiag saoh-tigitorensurface
thicknesses. Tla thigg ss 107 of the deposited material 103 is 25 larger than the thi%ﬁness 05,
wherein tHEHUIGTESRed o FANPL O 8 GUBOLHARTor 2t e ) G ST el i S oEar bRy
parallel ang perprndtieypresespactvabpdatbieniadeinl layEigUisl Bronshawsm lateesiagrsition
material deposition process intended to fill the space between the adjacent features 101 with the
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substaptially paratigltesthewafpfdnaue130aacsiMiatatd » g@iembisknagsiaf thesmrisiiakdfshtean
the surfaces that are substantially perpendicular to the wafer. Furthermore, as the lateral deposition

continues SAG RS ¥R IfRISIAIRR dindfnerieach PaBShRBIAL A afiElR 1B -Tethauintd WS lower
region and, fyserseduces the slenosiioRrgalish thesmeediansiab 103. FigirehBid shews dbgninal

result of the material deposition process intended to fill the space between the adjacent features 101
with the m@ReERRDBODHE Yo tresSHEACANIToTAIG HielABs te HtssaRr enande seiiteen hIAEBrRIDSA! 62iéh of
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formed between adjacent features. The 5 bridge results in formation of a void, or keyhole, T13 within
the spite thenveenithe ladjacent features 101. Thus, non-uniformities in material deposition can lead to

unsatisfactory maigfial RPOSHIRN R ﬁlni_ng% AL AEAR! 'Qﬁtiﬂﬁ‘tgfé%ég’ R Wniermly to

the topography of the surface of the wafer, it'is alSo desirable to planarize a surface of the wafer in a
precise mapaer botveadetheadincantidtiomsen Hsurdeehopayeaiohy @F.the wefdpuplitidoisupsedivath
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layers having non-uniform tlﬂcl%nefse)s/. The thickne.ss 107 of the deposited material 103 is
25 larger than the thickness 105, wherein the thicknesses 107 and 105 are deposited on feature 101
surfaces that are substantially parallel and perpendicular, respectively, to the wafer.

Figure 1B-3 shows a later stage of the material deposition process intended to fill the
space between the adjacent features 101 with the material 103. Due to the non-uniform material
deposition, the feature 101 surfaces that are substantially parallel to the wafer have

30 accumulated a greater thickness of the material 103 than the surfaces that are substantially
perpendicular to the wafer. Furthermore, as the lateral deposition continues and the lateral

distance diminishes, it becomes more difficult for reactants to reach the lower region and

further reduces the deposition rate in these regions.



A chemical mechanical planarization (CMP) process is one method for performing wafer planarization.
In general, the CMP process involves holding and contacting a rotating 15 wafer against a moving
polishing pad under a controlled pressure. CMP systems typically configure the polishing pad on a
rotary table or a linear belt. Additionally, a slurry is digposed to be present an interface between the
wafer and the polishing pad to facilitate and enhance the CMP process. While the CMP process is

quite capable andg8esliBot phevitiihg HrabresHhatitisimaterpkepeskian ripseyrivericgeQidliche
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of the foregoing, there is a need for an apparatus and a method to planarize a wafer that can be

implementapesitHer.adharfepesitediveatiias ancenspled g tokpantadiicrnaclieprsedsy. surfaces
25SUMMARY QB T HENVENTIQNess 2d%A0% smbasieantagthed, Rndsnasiingameaterialon a

surface of a wafer’is disclosed. The method includes applying an electroless plating solution to the

surfacedoftfidgmarsnlha éentrolesopatatisolukerhidandifainddnaths toanscbatweemthvhidinecplating
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energy that is capable of increasing a temperature of the Surface of the wafer to a state at w ich the
plating reabtioniwdth oesurs.wherein the plating reaction occurs at an interface between the surface of
the wafer and the electroless plating.solution. In. another embodiment, an apparatus for.
deposiing a ma AT o SCr e e e o RO AE e S AR U efics 1y
enclosing vfathandaéehottamalfbaltaitkbk configusedda canfaca afi dlectrdiesmplapirgisolotianeAtso, a
wafer fpjp%ort structure {'s disposed Wyhin he tankhThefWﬁfer SI%gljloo&,% ructture iS co i%ured tto
support a water at a Su lr?wrésrggld 3 B%%l fSn SRR IR Slectsiesd p 'atlnglg Lolutio S 15D 8 EoRtained within
the tank. Taerappanaifs dddiieniiclided iaadehiantyene gy smdsceutispossityabore thi¢fivaliedaspport
structure. The radiant energy. squrce is oriented tq direct radiant energy toward the wafer to be
supported AU SHHENSEY WABRiOH it IRRRE BIREFEESY

5 ing solution. In another embodiment,

another apparatus felicigpesitirghanialeprnar A soufaceoh aptéwialey isndisalosed. (bheappaiaiys
includes a tank defined by an enclosing wall and a bottom. The tank is configured to contain an
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Additionally, a radiant ene.r(_?‘é/ source is disposed above the electroless plating solution to be contained

within the tRAREHths halitiRe ipd BurdeweyiBlrettidd s it raddifiearitYgy thWards tHisROSsEr
upon remeyaeofihenvafemitpmcthsalReHAless Aating %Ré%lﬁ[bhing h@aothsiiembadingnhanather
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apparatus for depositing a material on a surface of a wafer is disclosed. The apparatus includes a tank
defined bﬁMPeH’é%%ﬁﬁg wall and a bottom. The tank is configured to contain an electroless plating

solution. Also, a Wa{RE SHPRMHSIHEIE 1€ Q i dishoRad Mihindhe f@P?rM&WféHBBﬂ%%HSMe is

configured to support a wafer at a submerged position within the electroless plating solution to be
contaied Hetsifs tie CETITHa EisErata s Fo fthies ipvdeisbing radideradoringdstredveispboeaonton the
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surface of the wafer to be supported at the submerged p n within the electroless plating solution.
The method to planarize a wafer that can be implemented either as an alternative or as a

complement to the traditional CMP process.

25 SUMMARY OF THE INVENTION

In one embodiment, a method for depositing a material on a surface of a wafer is
disclosed. The method includes applying an electroless plating solution to the surface of the
wafer. The electroless plating solution is maintained at a temperature at which a plating
reaction will not occur. The method also includes exposing the surface of the wafer to radiant

30 energy that is capable of increasing a temperature of the surface of the wafer to a state at which
the plating reaction will occur, wherein the plating reaction occurs at an interface between the

surface of the wafer and the electroless plating solution.



25 radiant energy is capable of traversing through the wafer to heat a material present on a top
surface of the wafer. In one embodiment, an apparatus for depositing a planarizing layer over a wafer
is disclosed. The apparatus includes a tank defined by a bottom and an enclosing wall. The tank is
configured to contain an electroless plating solution. Fhe apparatus also includes a wafer 30 support

structure disposed within the tank. The wafer support structure is configured to support the wafer at a
submerged positiSrathss tHebekiniesleds MRAFISIRIIGPRS HBEOAAIMNGY MR TRCtpfia Fater is
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support structure. The planar member is movable in directions both toward 5 and away from the wafer

support stegefigarepte poain mbﬁlﬁféﬁq@sal@éat_éaga@létismbé#ﬁ@wéfm@héwmmm&fé wéisparsdwhen
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disposed above the planar member and above the wafer support structure. The radiant energy source
is orientedPrsidieacy ridiaitcediectyscopigh s thrd yilande e asinésingd! wothive hefenkvhre supptesd by
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electroless platininsolutien ntdxpbisedtbetwden tipeapiamafondapositaigdat heatwe férosuafacefaddrefmaethod
further includes exposing the wafer surface to radiant energy by passing the radiant engrgy through
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o th el sy e THE Pl Isscion e . BEPRIE Iy fetpecn e el s o
from the foliowing detaileddesedptioniakenimeonaactionlwith thelagewmgaanyiogrek awiogposed
iIIustratinga%%vaa% eoglgc):(t?gfepslse ;;[lrz]a%rPgr enguQitoirrl“t/g rl;g%rg)htained within the tank. The radiant energy source
15 1is oriented to direct radiant energy toward the wafer upon removal of the wafer from the
electroless plating solution.

In another embodiment, another apparatus for depositing a material on a surface of a
wafer is disclosed. The apparatus includes a tank defined by an enclosing wall and a bottom.
The tank is configured to contain an electroless plating solution. Also, a wafer support structure

20 is disposed within the tank. The wafer support structure is configured to support a wafer at a
submerged position within the electroless plating solution to be contained within the tank. The
apparatus further includes a radiant energy source disposed within the wafer support structure.
The radiant energy source is oriented to direct radiant energy toward a bottom surface of the
wafer to be supported at the submerged position within the electroless plating solution. The

25 radiant energy is capable of traversing through the wafer to heat a material present on a top
surface of the wafer.

In one embodiment, an apparatus for depositing a planarizing layer over a wafer is
disclosed. The apparatus includes a tank defined by a bottom and an enclosing wall. The tank is
configured to contain an electroless plating solution. The apparatus also includes a wafer

30 support structure disposed within the tank. The wafer support structure is configured to support
the wafer at a submerged position within the electroless plating solution to be contained within
the tank. The apparatus further includes a planar member disposed above and substantially

parallel to the wafer support structure. The planar member is movable in directions both toward



20 BRIEF DESCRIPTION OF THE DRAWINGS The invention, together with further advantages
thereof, may best be understood by reference to the following description taken in conjunction with the
accompanying drawings in which: 25Figure IA is an illustration showing a cross-section view of the
wafer surface following a non-uniform material deposgtion, in accordance with the prior art; Figures
1B-1 through 1B-4 are illustrations showing a material deposition sequence leading to void formation,

in accordaHte WEH theopridieattafer suppetesPRciursn TREPAIG SPRINRRE BnadisharrailesdfdRyBSiting a
material opR;iHaspraRitf-AWRIRE WhACGRERRGEPMHBLORE RNDIAIMERL G R PiRSCRUINVBALAN;

Figure 2B is an illustration showing a variation of the apparatus of Figure 2A, in accordance with one

embodimehe @Pﬂaéaﬁr@%@dﬁvéﬁﬂéﬁpt@aergFiw%%mqmaﬂéheﬁm@manémbﬁ}méhe _
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an illustration showing another variation of the apparatus of Figure 2A, in accordance with one
embodimehe planer prewdnt indeiatiba VgD kippoiited atibe whioningrestiagtonof the apparatus

of Figure 4, in acgor, ' bodi . i lon: jgure 6 illystration
showing an appair‘igtﬁg?g(r%d\@e}gggﬁ%%ﬁhﬁe%%%%%@%ﬁ%%g tra}e/a?\}@g%@%/ﬁ? ﬁ{cécj)lllim i?l{g%% t%’e%iwsEl
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material on the surface C‘%
which a plating reaction does not readily occur. The method also includes positioning a planar
10 member over and proximate to a top portion of the wafer surface. The planar member serves to
expel a portion of electroless plating solution interposed between the planar member and the
wafer surface. The method further includes exposing the wafer surface to radiant energy by
passing the radiant energy through the planar member. The radiant energy is capable of
increasing a temperature of the wafer surface to a state at which the plating reaction occurs at
15 an interface between the electroless plating solution and the wafer surface. The plating reaction
forms a planarizing layer between the wafer surface and the planar member.
Other aspects and advantages of the invention will become more apparent from the
following detailed description, taken in conjunction with the accompanying drawings,
illustrating by way of example the present invention.

20

BRIEF DESCRIPTION OF THE DRAWINGS

The invention, together with further advantages thereof, may best be understood by
reference to the following description taken in conjunction with the accompanying drawings in
which:

25 Figure 1A is an illustration showing a cross-section view of the wafer surface following
a non-uniform material deposition, in accordance with the prior art;

Figures 1B-1 through 1B-4 are illustrations showing a material deposition sequence
leading to void formation, in accordance with the prior art;

Figure 2A is an illustration showing an apparatus for depositing a material on a surface

30 of a wafer, in accordance with one embodiment of the present invention;
Figure 2B is an illustration showing a variation of the apparatus of Figure 2A, in

accordance with one embodiment of the present invention;



the wafer which combines the collimated radiant energy source of Figure 3 with the vessel of Figure 5,
in accordance with one embodiment of the present invention; Figure 8 is an illustration showing an
apparatus for depositing material on the surface of the wafer, in accordance with one embodiment of
the present invention; 15Figure 9 is an illustration sh@wing an apparatus for depositing material on the
surface of the wafer, in accordance with one embodiment of the present invention; Figure 10A is an

illustration showikEaBovdhatt of Biiiafesd s Hegositiagialiftatehitho fRPatafic O b asHistet Ain in

accordancg vith,are et pb @hibe: RiaRe HridvantioBafdgure 10B is an illustration showing an
expansion of the operation 1001 of Figure 20 10A, in accordance with one embodiment of the present

invention;  Figth&IEOE iis ahil IS TR BRBIR g rathex pansiepnotitee siperaon 208RBFRgurén10A,
in aCCOfda&b%%ﬁﬁ’éﬁbQQ%ﬁ%l&%ﬂ{BS@ﬁRé&b&f%@%‘?&E&Vﬂ{}gﬁﬁén; Figure 10D is an illustration showing

an expansion of the operation 1005 of Figure 10A, in accordance with one embodiment of the present
invention; 25Figuresle i ais ilistidtisragpovwiepangapparaiieforadehssipmpaipramdrifigartayer over a
wafer, n aEeQARRCE M RS AMRAHIMED AR AIRSROLIRYGNKoN: | Figures 124 through 121
represent a sequence o i?lustratlons showing p?anarlzatlon process performed by depositing a
planarizing layer Bagaratnafer lilvsctorahce mgthronanatbe dimésrtositthe présedt invbeatiora@0fligure

15120 gl Shor R e o O R A i el
Figure 4, in accordance with one embodiment of the present invention;

10 Figure 7 is an illustration showing an apparatus for depositing material on the surface of
the wafer which combines the collimated radiant energy source of Figure 3 with the vessel of
Figure 5, in accordance with one embodiment of the present invention;

Figure 8 is an illustration showing an apparatus for depositing material on the surface of
the wafer, in accordance with one embodiment of the present invention;

15 Figure 9 is an illustration showing an apparatus for depositing material on the surface of
the wafer, in accordance with one embodiment of the present invention;

Figure 10A is an illustration showing a flowchart of a method for depositing a material
on a surface of a wafer, in accordance with one embodiment of the present invention;

Figure 10B is an illustration showing an expansion of the operation 1001 of Figure

20 10A, in accordance with one embodiment of the present invention;

Figure 10C 1is an illustration showing an expansion of the operation 1003 of Figure
10A, in accordance with one embodiment of the present invention;

Figure 10D is an illustration showing an expansion of the operation 1005 of Figure
10A, in accordance with one embodiment of the present invention;

25 Figure 11 is an illustration showing an apparatus for depositing a planarizing layer over
a wafer, in accordance with one embodiment of the present invention;

Figures 12A through 12I represent a sequence of illustrations showing a planarization
process performed by depositing a planarizing layer over a wafer, in accordance with one
embodiment of the present invention;

30 Figure 13 is an illustration showing a flowchart of a method for applying a planarizing

layer on a surface of a wafer, in accordance with one embodiment of the present invention; and



7 Figure 14 is an illustration showing a flowchart of another method for applying a planarizing layer
on a surface of a wafer, in accordance with one embodiment of the present invention. SDETAILED
DESCRIPTION Broadly speaking, embodiments of the present invention provide a method and an
apparatus for depositing a material on a semiconductpr wafer (“wafer"). More specifically, the present
invention provides a method and apparatus for selectively heating a material present on a surface of
the wafer exposedg8tanl&ldetrediiprating sBRNi. FHEswRtivel inatbey i e olra s plyiBgHying
radiant engreyto, the waleosulfageactns radiant-eperg¥omigeiingsiooha e yavelanatmapagdhat will
preferentially heat the material present on the wafer surface relative to other surrounding materials.
The radiantediélgf can be adjusted during the material deposition process to optimally follow changing
conditions of materials present on the wafer surface. The selective heating of the wafer surface causes
a temperature increase at an interface 15 between the wafer surface and the electroless plating
solution. The temperature increase at the piarfacep PRYOREATRHS a plating reaction to occur at the
wafer surface. Thus, material is deposited on the wafer surface through an electroless plating reaction

that is initiated aritf @I oRsAKAG Sy SRS Rimple AU RS S i VSR PR S sth s st dBtely

defined ragipatRnerey &Pysan20AsRe@MbadinnenisoafitRe PresRAY IRMEBtoNRsaYigR afegtoghand an
apparatus for planarizing a wafer. More specifically, the present invention provides a method and an

apparatusHPeRiJBERIY A PIRYidRy B e 8 raRerafardOnIRISFEVEIN D FRERRAZ R TG EPTEEFDES O fill
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member is positioned over and proximate to a top surface of the wafer. The 25 positioning of the

planar! fhe FiBEIdsd R dRD A ApdiaBE aeRESs tpIdtihy deTUtiB e thitserdin btagEd Hedshee it wafer
surface such,thal (g fecarRethar satIP ?%Mﬁl@%@&f%ﬁé%ﬁgﬁﬁfsr@&ﬁ wiihleqirelesspiating

solution. Radiant energy is then applied to the wafer surface to selectively heat a material present on
the wafer &tlfface (Thhgetesmvadagtingoiale Weferdantaneiauseshs adipaddianachsaveterialn

interface b&%@ﬁ%m&%@%rtﬁ%ﬁﬁﬁaﬁr}dﬁﬂ%w changing conditions of materials present on the wafer

surface. The selective heating of the wafer surface causes a temperature increase at an interface

15 between the wafer surface and the electroless plating solution. The temperature increase at the
interface in turn causes a plating reaction to occur at the wafer surface. Thus, material is
deposited on the wafer surface through an electroless plating reaction that is initiated and
controlled by varying the temperature of the wafer surface using an appropriately defined
radiant energy source.

20 Also, embodiments of the present invention provide a method and an apparatus for
planarizing a wafer. More specifically, the present invention provides a method and an
apparatus for depositing a planarizing layer over the wafer, wherein the planarizing layer serves
to fill recessed areas present on a surface of the wafer. In accordance with the present
invention, a planar member is positioned over and proximate to a top surface of the wafer. The

25 positioning of the planar member serves to entrap electroless plating solution between the
planar member and the wafer surface such that the recessed areas present on the wafer surface
are filled with electroless plating solution. Radiant energy is then applied to the wafer surface
to selectively heat a material present on the wafer surface. The selective heating of the wafer
surface causes a temperature increase at an interface between the wafer surface and the

30 electroless plating solution. The temperature increase in turn causes plating reactions to occur
at the wafer surface. Reactants present within the electroless plating solution between the
planar member and the wafer surface are consumed through continued application of the

radiant energy. The planar member is then moved away from the wafer to allow fresh



30 electroless plating solution. The temperature increase in turn causes plating reactions to occur at
the wafer surface. Reactants present within the electroless plating solution between the planar
member and the wafer surface are consumed through continued application of the radiant energy. The
planar member is then moved away from the wafer t@allow fresh 8 electroless plating solution to be
interspersed between the planar member and the wafer. Then, the planar member is repositioned and

the radiantERERIEA IsHaapB el tEpdRthaptaraciatePrINGap SRS JuE M bRE MAthe Yeikitidhsorms
a planarizing |ygs that o QM digRaNanie! the RleBasBer ke nladhe fllawingeseription.

numerous specific details are set forth in order to provide a thorough understanding of the present
invention. fepanitsd dypHearhnpiienereastiome Kximschinlanarrinh ke dhatcsatoimsdatioplanaytpet
practiced Mg}ggﬁﬁq%%gll of these specific details. In other instances, well known process
operations have not been described in detail in order not to unnecessarily obscure the present
invention. 10Figukiethafillamwingsteacioptichonintpran agnsarfitudefor slafsositifgth Inarddalopravidgface of

a wafer, inagearaance Wit ans sMRoFINER Aie: BieseRhivE RN NG RAPRARIS ClfRg g ank
201 defineﬁ}%y n enc os{lng ngl andg g lgc%ttorﬁ.VT e1 ta’nﬁ 201r]|¥§ c%ﬁ#gur’e%oto con’tak%noan 5ectr(?féss
plating soltditont208t Theopresemvinvemiomyde psaitgsidwehted smingosuthbldhene ominoddyails.
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invention. 16 isnprefasabile, dbovvey dig thattheisleatiotess plating solution 203 be defined to react at

moderﬁte to hlghlglr te:rrg]Qgratureﬁl E{g())(graple, in one emb d”{})e%té the electroless%Iatlng solution

F
203 will'not react a%ltlemperlesltﬂ?eslbse]iow 2500 4t &1 2BREHE SPhb6BimEn Al N %Srl)lrroz\l/(fgled for

supplying tfeacleatenleiss pladitgirelutiah 203 tenthediandn? O, twedpresonttl@ivehsda . pihdadgshivatus
removing the electroless plating. solution 203 from the tank 201. Thus, the inlet 213 and the outlet 215
cai ber s R IO RAST U ST 8 OSSR LAt 2Btk SO o
embodimesdatthg an electroless plating solution 203. The present invention can be implemented using
suitable and commonly available electroless plating solutions, such as Cuposit250,
15 manufactured by Shipley Company. Alternatively, a customized electroless plating solution can
be developed for use with the present invention. It is preferable, however, that the electroless
plating solution 203 be defined to react at moderate to higher temperatures. For example, in one
embodiment, the electroless plating solution 203 will not react at temperatures below about 40°
C.
20 In one embodiment, an inlet 213 is provided for supplying the electroless plating
solution 203 to the tank 201, and an outlet 215 is provided for removing the electroless plating
solution 203 from the tank 201. Thus, the inlet 213 and the outlet 215 can be used to control a
flow of the electroless plating solution 203 through the tank 201. In one embodiment, the
electroless plating solution 203 can be periodically replenished. In another embodiment, a
25 continuous flow of the electroless plating solution 203 through the tank 201 can be provided. It
should also be appreciated that baffles and other flow diverting mechanisms can be disposed
within the tank 201 to provide a desired directionality and uniformity to the flow of electroless
plating solution 203 through the tank 201. Furthermore, in one embodiment, a heat exchanger
221 can be implemented within the tank 201 to maintain a temperature of the electroless
30 plating solution 203 within the tank 201. In another embodiment, the heat exchanger 221 can
be implemented outside of the tank 201 to maintain the temperature of the electroless plating
solution 203 entering the tank 201. In one embodiment, the heat exchanger 221 is represented

as a coil over which the electroless plating solution 203 is flowed. However, it should be



electroless plating solution 203 can be periodically replenished. In another embodiment, a 25
continuous flow of the electroless plating solution 203 through the tank 201 can be provided. It should
also be appreciated that baffles and other flow diverting mechanisms can be disposed within the tank
201 to provide a desired directionality and uniformity ¢o the flow of electroless plating solution 203
through the tank 201. Furthermore, in one embodiment, a heat exchanger 221 can be implemented

within the tRRkESOEHhaaHRINREIMSPhRFY sxthangricrdlssdatsigtint edingshe ompatait ¢ tank
201. In angiberemiedi 'Bﬁﬂh%@%lﬁﬁ‘éﬁ oxahanasr 24l Gamie implemepied auisideRhthedankgPl to

maintain the temperature of the electroless plating solution 203 entering the tank 201. In one
embodimehe glecHelassxelatingesodotion Rhydsemraataged call ovebaihitiaiyelare cieBlpe iyrstirpr

solution 2Q3 s, fawe(. HoweyalodifauidRe 2aRRIRSIIGHHIR! WNAIAEHYPS Of gt axchanaer 221

suitable for affecting the temperature of the electroless plating solution 203 can be implemented with

the pre8ericinpermation. teleferdiolt, heé eleehokissaplaiagbsoindion te3:lsotelietnpledngt whtlostahtally

low tempe{%gagl%é %ﬁmlgég,big; ane.8 odiment, the electroless plating solution 203 is maintained
at a 5 temperature below about’15 C, wherein a lower bound of the electroless plating solution 203

temperature is liflibedubyassiusbilitligure Thealgopacdndssof Figare hraissringluded) 2 digfesesyppbim

structure 205 di d within the tank 20 support a wafer 207.at a sypmer ee;i osjtion within the
ppivetie s e R R Tt L Rl R R R
provide 1Gslltstariizly loompletenboditachiyithea Woftonsgypdacstofdinecwier i2 0de fibod/avepravidther

embodiments, the wafer support structure 205 can be defined to provid ial contact with the
b (et R e S R T e St s S T
can includengbodimbertspfiaiseft ayegsoeonfiguies 205centbetdéenbotio prafitdegurate catidchamnthmber
of raised agreas can Ee dis{ﬁgsed ovgé%h wafer support struct%[)e 205 to Efa}l‘l%ow {ﬁc[)ar 15 traversal of a
wafer tran3BBATHEFEEH ALY HE pBttoh? o HRERIGHL 987 SRPHEE8h BrtathlPRoR SEH L Scture
205. In anpt3es £XBIIPEY Y eIMDBEINE ML Jhe wafe cshif paiddtolcttac? OhcOauttnalwieha Mumpexnaf lifting
pins configéjbr\;ad to contact the bottom of the wafer 207. The number of lifting pins can be actuated to

[

raise and IDWTURRGHAEFHEE Riths &b B dRAB AL TS pEH LU ERE SBECUHESRCIRALAY ddhsport
of the yyaf@f2egd0and irge theypdieldevice between the bottom of the wafer 207 and the top of the

wafer support structure 205. In another exemplary embodiment, the wafer support structure 205
can include a number of lifting pins configured to contact the bottom of the wafer 207. The
number of lifting pins can be actuated to raise and lower the wafer 207 with respect to the
wafer support structure 205, thus facilitating transport of the wafer 207 to and from the wafer
20 support structure 205. In other embodiments, the wafer support structure 205 can include
rollers or finger-like structures. Regardless of the specific wafer support structure 205
embodiment, the wafer support structure 205 is configured to securely hold the wafer 207
during a material deposition process. In one embodiment, the wafer support structure 205 is
configured to oscillate during the material deposition process to enhance exposure of a top
25 surface of the wafer 207 to the electroless plating solution 203. In this embodiment, the wafer
support structure 205 can be configured to oscillate in a horizontal direction 219, a vertical
direction 217, a rotational direction, or any combination of the above directions. Preferably, the
wafer support structure 205 is configured to support the wafer 207 in an orientation that
minimizes a potential for entrapment of gas bubbles that may evolve from the electroless

30 plating reactions.
The apparatus of Figure 2A further includes a radiant energy source 209 disposed above
the wafer support structure 205. The radiant energy source 209 is oriented to direct radiant

energy 211 toward the wafer 207 supported by the wafer support structure 205 at the



20 support structure 205. In other embodiments, the wafer support structure 205 can include rollers or
finger-like structures. Regardless of the specific wafer support structure 205 embodiment, the wafer
support structure 205 is configured to securely hold the wafer 207 during a material deposition
process. In one embodiment, the wafer support structare 205 is configured to oscillate during the
material deposition process to enhance exposure of a top 25 surface of the wafer 207 to the

electroles$\frasEgcddatitieRadthin e esnsolrmaiatng WhidPdHfok S isdians dmseyatrpeedhfigured
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combination of the above directions. Preferably, the wafer support structure 205 is configured to
support theclpafieebolcriiag aridatatidhnraerhifinizes B FstahtiRcfor deitraPme st of Jaaidimbresthat
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radiant energy source 209 disposed above the wafer support structure 205. The radiant energy Source
209 is driehkédstehdirenteriacidhin enargyt 2Mavebsnara tHeweatsr RoTaUd bertaddstoed thafehsuphont

structure 208t ey 10, SUPTETAsLARSoR LIS ElRSUoleRs RIaling olutan 203, The (agian!

energy source 209 Is configured to generate radiant energy 211 having a wavelength range that is
capable obfelectvaly Rédtingdrimatehzl preseniabt'the shefasbaot thecvgafed 207 (eéined haterial apon

which the radiant energy 2 ill Be incident). For purposes of discussion, the radiapt energy 5 211 is
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defined by a material "X", the radiant egergy.,211 is defined to.have a wavelength range that wij|l be
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and increased te rature of the material "X". Preferably, the wavelength range of radiant energy 211
ocessan 10 EXte oS ARSI B0 o I R SC il AT RS I e ASERARBIEEH e

atoms/molgetdesdmguirasngingonateiialacHarvlg isomadiaiely mutsadnrdingunateifalechiderdiigrent
wafer 207 materials that are underlying or adjacent to material "X" and a bulk volume of the electroless

15 plating SBIGHAlS 58 arhiadasy n ARy o Tkt rate d i) IR s didmsnetdhestiartelssy is

configusedpigrispigetively heat phepegiticinaieiabpiesentendhe-swyare alithe waley28drdegeodiess of
an orientation of the specific material present on the surface of the wafer 207. For example, to

selectively*ABAEEEpFR SRS the e acansrtfie materdonretsatr aiidhe svERRF Ahyhse Wthedto have
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maintained at a sufficiently low temperature at which an electroless plating reaction will not occur.

Thus, imnféditof e ganey drahfotRecHBeapsS MRS PO 20D is Hstradifvichetscadse
material dgPOSHiRM 1R AGEH LM MENAIES RO RFRYRURAsthe electroless plating reaction.

However, selective heating of a particular material present on the wafer 207 surface through

applic®ion of thel2®radiavtodpegy il alvitiptasaeiating seipenatlreipitam it as mdfeientdy a
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wafer 207 into the electroless plating solution 203 is not sufficient to cause material deposition
to occur on the wafer 207 surface through the electroless plating reaction. However, selective
heating of a particular material present on the wafer 207 surface through application of the
25 radiant energy 211 will increase the temperature of the particular material to a point at which
the electroless plating reaction will occur. Since the particular material is selectively heated by
the radiant energy 211, the electroless plating reaction will occur at the interface between the
particular material and the electroless plating solution 203. In one embodiment, the radiant
energy source 209 is capable of generating the radiant energy 211 in a pulsed manner.
30 Application of the radiant energy 211 in the pulsed manner to the particular material on the
wafer 207 surface can be used to heat and quench the particular material in a cyclic manner. In
following, through pulsing of the radiant energy 211, electroless plating reactions at the

interface between the particular material and the electroless plating solution 203 can be



the radiant energy 211, the electroless plating reaction will occur at the interface between the
particular material and the electroless plating solution 203. In one embodiment, the radiant energy
source 209 is capable of generating the radiant energy 211 in a pulsed manner. 30 Application of the
radiant energy 211 in the pulsed manner to the partiqular material on the wafer 207 surface can be
used to heat and quench the particular material in a cyclic manner, In following, through pulsing of the
radiant en&Pgifdierl dtettforysdipibitihg Prketdriaangicthafe iU HENydRGTaME DAATEIA O Ataiear%And
the electrolesssRiatingrsQiamB03ifRAe Hhcrrroledipthadyrlic by Rlred)lmanngr shatglows

for increased control of material deposition. In one embodiment, a duration of each radiant energy

pulse is Wﬁﬁiﬁnéi%_&éléﬁbﬁ’éﬂdgﬁ?%e&%ét@ ﬁhﬂ}ﬁ&%@wiammsob_ AfIdcdpRIdelepRmGidtatso be
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particular material excited by the radiant €nergy, with a corresponding increase in electroless plating
reactiod ratertithlas, mithrtilecapivednidhst Fidiane ouergyateiihle cardseadpsitedtasnctiie dledeplRey
surface th : lating reacti it d varving.:
remporatth e B S N, 2 Rl L MBS on e
controlled vadéariBhevngip thro0grefmehis sthelradiantarianyy sauroe 200iedonriid wedrndlepdly a

substantially yioum amountof radiant eneray, 244840 R SurfRes of WGMRIGH 07, I e el
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during thedvidtedahdepositbedproiagseddpyevdr, the stationary radiant energy source 209 is capable

of uniformly applyjn rag'an ener. 11 over the t urface.of the wafer 207. It should be 1
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top surface of the wafer 207. Also, in an alternatiye empodiment, .an array of radiant. energy sources
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process to collect data associated with a surface condition of the wafer can be implemented with the
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of Figure 2A, in accordance with one embodiment of the present invention. As with Fi?ure 2A, Figure
2B with the stationary radiant energy source 209 to achieve uniform application of the radiant
energy 211 to the top surface of the wafer 207. Also, in an alternative embodiment, an array of
radiant energy sources can be implemented to uniformly apply the radiant energy 211 over the
top surface of the wafer 207. Furthermore, various types of monitoring equipment commonly
20 used in the wafer fabrication process to collect data associated with a surface condition of the
wafer can be implemented with the apparatus of Figure 2A. Data obtained from the monitoring
equipment can be used as feedback to control the radiant energy source 209.
Figure 2B is an illustration showing a variation of the apparatus of Figure 2A, in
accordance with one embodiment of the present invention. As with Figure 2A, Figure 2B
25 includes the tank 201 having the inlet 213 and the outlet 215, the electroless plating solution
203, and the heat exchanger 221. However, with respect to Figure 2B, the radiant energy source
209 is disposed below a bottom surface of the wafer 207. Also, the wafer support structure 205
is modified to support the wafer 207 around its periphery. In the embodiment of Figure 2B, the
radiant energy 211 is directed from the radiant energy source 209 toward the bottom the wafer
30 207. The radiant energy 211 traverses through the wafer 207 to a top surface of the wafer 207.
It should be appreciated that top surface of the wafer 207 may be defined by a topography
having a number of peaks and valleys separated by slopes of varying angle. The radiant energy

207 1s defined to have a wavelength range that will allow for minimal interaction with the



25 includes the tank 201 having the inlet 213 and the outlet 215, the electroless plating solution 203,
and the heat exchanger 221. However, with respect to Figure 2B, the radiant energy source 209 is
disposed below a bottom surface of the wafer 207. Also, the wafer support structure 205 is modified to
support the wafer 207 around its periphery. In the embodiment of Figure 2B, the radiant energy 211 is
directed from the radiant energy source 209 toward the bottom the wafer 30 207. The radiant energy

211 traver¥@&intBiighiiie Warsrsabthigughols b0 tHdawasr 2emonrepting Beeaiopreditiedchat
top surfacg,pfihg Waer R0 famay: ReLiefingd %@F&Pﬁﬂ&%ﬂz%é/ iDRRGa RHBRer AlipeRks ARdvalleys

separated by slopes of varying angle. The radiant energy 207 is defined to have a wavelength range
that will allRf#sest AiritradPtarasfoni it Wéel 2Wafbiipo adwithgrigave rdal theomruttaspiféieoy .
However, 4popEeaRANG NG dep suiass Ao HAR" AN TadipRtenagyAlengihdapoe is
defined to selectively heat a material present on the top surface of the wafer 207. Thus, as with Figure
2A, thedapisacsinns ovhigeie 2B grstidiessiotatiageitar depositionioated canhfonoies basenhinguidi
electroless plaling prepationsherel e SlRaiolesspiating reastions.are iiates and sonitpled by
varying the te%npelrla%ure oé)t%% warfer 207 sﬁr‘;]aceé ugﬁng%pprcgﬁﬁg%y d%@neo(ﬂl\tnc! contr%\%(ﬁa bZnt
energy 21211. Figure 3 is an illustration showing a variation of the apparatus of Figure 2A, in
accordance with Oen%r% ?sdi%e' ggt}gt(ia Sﬁre %wirilnv%nggrqatRatho%r %lg;atausigllgtar%eosftalgilongery %0 rl%diant
energy source 2097as shown in Figure ,Thé ap%aratus oﬁylgure inﬁﬁements a collimated radiant
energy souaccerd@iceTwélcaltimatebbrhdientt ehédrg\psoantaB@hti®coRfitherethio oelligndte tueiradignt
energy 211 within a limited soli le. In one.embodi t, the collimated.radiant gnergy source 301
o oro el R e TG a4 R e 5 68 Sy <
perpendiculdliieagedaideant triargshichiide 30aferheo miesd Takanolineaiedsadiaseriergntiguree 301

is further configured to pe scanned over the surface of the wafer 207 surface as indicated by arrows
305 Howd0er TSRt P Ehery B SOETE DA GRS ol CoBmRt T the

directions dodieaied bydhatasheyys 308:d Soould heearareciitenathalkthienaetinaiachnatiastt gy
source 301 can be configured to be scanned in any direction over the surface of the wafer 207.
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which the wafer 207 lies. Regardless of the specific scanning motion utilized, the collimated radiant

energy sodtERS0T i heokfGHrEY 18U a36R 3 SbsesrdiamAHMEsPAnToumE Wirdbfar IERRGY 204 the

top surfaceRELN& WafERBP{s not limited to being scanned in the directions indicated by the arrows 303.
It should be appreciated that the collimated radiant energy source 301 can be configured to be
scanned in any direction over the surface of the wafer 207. Additionally, the collimated radiant

20 energy source 301 can be configured to rotate in a conical manner about an axis that extends
from a point of rotation perpendicularly through the plane within which the wafer 207 lies.
Regardless of the specific scanning motion utilized, the collimated radiant energy source 301 is
configured to apply a substantially uniform amount of radiant energy 211 to the top surface of
the wafer 207.

25 Figure 4 is an illustration showing another variation of the apparatus of Figure 2A, in
accordance with one embodiment of the present invention. Rather than using the tank 201, as
shown in Figure 2A, the apparatus for depositing material on the surface of the wafer 207 as
shown in Figure 3 uses a vessel 401. The vessel is defined by a top 403, a bottom, and an
enclosing wall. As with the tank 201, the vessel 401 is also configured to contain the electroless

30 plating solution 203. Additionally, the vessel 401 can incorporate the inlet 213 for supplying
the electroless plating solution 203 to the vessel 401, and the outlet 215 for removing the
electroless plating solution 203 from the vessel 401. With respect to Figure 4, the wafer support

structure 205, the heat exchanger 221, the radiant energy source 209, and the radiant energy



25Figure 4 is an illustration showing another variation of the apparatus of Figure 2A, in accordance
with one embodiment of the present invention. Rather than using the tank 201, as shown in Figure 2A,
the apparatus for depositing material on the surface of the wafer 207 as shown in Figure 3 uses a
vessel 401. The vessel is defined by a top 403, a bottem, and an enclosing wall. As with the tank 201,
the vessel 401 is also configured to contain the electroless 30 plating solution 203. Additionally, the

vessel 402 LhritincsipsaBitHR thnee Zesadbeshipiingsassteieditsiiss2ptatiilssrsnett 203 t8Wsedvessel
401, and thg.putlet @15 falrrreuing ihe RleCHAIeRE latng-RolMtian 2053 fremhihg. vessel 1401 Uith

respect to Figure 4, the wafer support structure 205, the heat exchanger 221, the radiant energy
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vessel 401 to reachthe wafer 207. Correspondingly, the top 403 of the vessel 401 is composed of a
material ("veg| soprecatOhalo) anpaiibieonfor ghenvitsied (400 rdalizintevre rygmplpynsmbddromihethadiant
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top material can b efther quartz, glass, or polyrmer, among othérs. In one embodiment, the top
material isthortigureditodtanseintieirediant emegit 2be widiout subsganBally witdifyirsgbientially

wavelength range and direction of the radiant energy 211. | other.embodiment, .the vessel to
material 5 1S M et Rl T S e IR
range neceséaxinese|dotivelystleaitheadesulet matéigalqlesentadinfyhehtop surfacglofriheenafeh207,
witho tmod't;t/ii g a direcign of the radiant energy 211. In another embodiment, the vessel t aterial
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top surfaceaefatitecyeatsr 207 td-be purfesas ofsdistiesioveralsiteoprsthwaierOw sierfaoe, avittieh an
electroless plating reaction occurs (i.e., material deposition occurs) is referred to as a nucleation site.

A modifying a wavelength range of the radiant energy 211. In yét another embodiment, the vesse

15 top material is configured to modify both the wavelength range and the direction of the radiant

energy 211 to achieve uniform distribution of radiant energy 211 over the top surface of the

wafer 207.

For purposes of discussion, a site on the wafer 207 surface at which an electroless

plating reaction occurs (i.e., material deposition occurs) is referred to as a nucleation site. A

20 number of nucleation sites per unit area of wafer 207 surface is referred to as a nucleation

density. In some material deposition applications, it may be desirable to increase the nucleation

density. One way to increase the nucleation density is to increase the pressure of the electroless

plating solution. The vessel 401 can be configured to contain the electroless plating solution

203 at an elevated pressure, i.e., a pressure above atmospheric pressure. At the elevated

25 pressure, the nucleation density on the wafer 207 surface during the material deposition process

will be increased. Also, at elevated pressures, bubble formation on the wafer surface resulting

from the electroless plating reactions can be suppressed. In one embodiment, flow of the

electroless plating solution 203 through the inlet 213 and the outlet 215 can be throttled to act

as a pressure control capable of controlling a pressure of the electroless plating solution 203

30 within the vessel 401. In another embodiment, a pressurizer can be implemented as a pressure

control within an electroless plating solution circulation system to control the pressure of the

electroless plating solution 203 within the vessel 401. The heat exchanger 221, as previously

described with respect to Figure 2A, is used to control the temperature of the electroless plating



20 number of nucleation sites per unit area of wafer 207 surface is referred to as a nucleation density.
In some material deposition applications, it may be desirable to increase the nucleation density. One
way to increase the nucleation density is to increase the pressure of the electroless plating solution.
The vessel 401 can be configured to contain the elegt4oless plating solution 203 at an elevated
pressure, i.e., a pressure above atmospheric pressure. At the elevated 25 pressure, the nucleation

density onstietiRBréP2a slevad deismy ineithiiarihe depsdlittih plbcdsstidilPpeniersided. thasdheat
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reactions can be suppressed. In one embodiment, flow of the electroless plating solution 203 through
the inlet 218 ap@RABN Wit 1 Shean ey tHeatierMeNsTt s Bprelstiklcssntigtiagpaplatonc Vot a
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pressurizer can be implemented as a pressure control within an electroless plating solution circulation
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of the electroless platin
the interface between the selectively heated wafer 207 surface material and the electroless

plating solution 203. Also, the cooler bulk electroless plating solution 203 will serve to quench
the selectively heating wafer 207 surface material when applying the radiant energy 211 in the
10 pulsed manner.

Figure 5 is an illustration showing a variation of the apparatus of Figure 4, in
accordance with one embodiment of the present invention. As with Figure 4, the apparatus for
depositing material on the surface of the wafer 207 as shown in Figure 5 also uses a vessel 501.
However, in contrast to Figure 4, the radiant energy source 209 shown in Figure 5 is disposed

15 within the vessel 501. Thus, the radiant energy source 209 is disposed within the electroless
plating solution 203 above the wafer 207. Therefore, a top 503 of the vessel 501 is not required
to transmit the radiant energy 211 emitted by the radiant energy source 209. In some situations
it may not be appropriate to use of the vessel top material to assist in conditioning the radiant
energy 211 in terms of wavelength range and direction. Also, in some situations it may be

20 desirable to maintain the electroless plating solution at an elevated pressure that is not easily
withstood by vessel top materials that are sufficient for transmitting the radiant energy 211. By
disposing the radiant energy source 209 within the vessel 501, considerations of vessel top
material strength and how the vessel top material will affect the wavelength range and direction
of the radiant energy 211 can be avoided, while maintaining the ability to control the pressure

25 of the electroless plating solution 203.

In the embodiments of Figures 4 and 5, the radiant energy source 209 is configured to
maintain a stationary position during the material deposition process. However, the stationary
radiant energy source 209 is capable of uniformly applying radiant energy 211 over the top
surface of the wafer 207. It should be appreciated that a variety of radiant energy 211 reflecting

30 surfaces can be used in conjunction with the stationary radiant energy source 209, to achieve
uniform application of the radiant energy 211 to the top surface of the wafer 207. With respect

to Figure 4, the radiant energy 211 reflecting surfaces can be positioned interior to and/or



solution 203 at elevated pressure within the vessel 401. It should be appreciated that the electroless
plating solution 203 can be maintained at any suitable pressure and temperature that is compatible
with chemistry requirements of the electroless plating solution 203 and mechanical requirements of the
vessel 401. Preferably, however, the temperature of t5e bulk 5 electroless plating solution 203 within
the vessel is maintained below the temperature at which the electroless plating reaction occurs. Thus,

the electri8&gipTdnGsesstRdt it ViR sescatatdgnie datie sadinet srpesalbiicvass Hkwairsser

207 surfacematedsRRddha&isriolass flating golution 203. Also, the cooler bulk electroless plating
solution 203 will serve to quench the selectively heating wafer 207 surface material when applying the

radiant energy_zﬂgw%iaemmgmﬁmﬁwing Figaram e Apriflarastiag Wg)a tlﬁﬁrwﬂ@ﬁe_dfﬁhe
apparatus,f Kigrie Ay ARG IIANGEY e O SMRROITE R Al LB TR 3’0‘165‘1_1'13%11%@ Withdigure 4,

the apparatus for depositing material on the surface of the wafer 207 as shown in Figure 5 also uses a
vessel 50 VekehVbpfifigonrasttarigidande wishaoiaamdndigpgriovirdec 209sshbinrcint By Ure @hier
disposed Jv%}l}ﬁ'é!"Hléh%ﬁ%?sﬁﬁhél?tloﬁbi%u@eé %@@E&{Er ?SQME%%%&{S&*SP%%?Q W QiH%e the
electroless plating solution 203 above the water 207. Therefore, a top 503 of theé vessel 5017s not
required totuaosmit thbasdiantenergye 20% mijitectdywite tadianitisnedysbarce?dgy kowomaol.
situations iymay foLbe appropriate o Useof e vessel op material asaistin condiiening (e
radiant energy In terms of wavelength range ¢ direction. AISO, in Some Situations it ay be 20
desirable t6ignainfaiegihdlglappless platicwg]sotutid nratian elevatedpuess 3@l thatplemohedsily the

Withst%)d b Ye 1see! tpgflﬁf\tuergaés that are sufficient for transmitting the radiant energy 211. By
disposing the Padian ener&y source 209 within the vessel 501, considerations of vessel top material

strength and howFibervgsseldobunaiesiakiill affeat tppanavelengipoange andediibotioReofuiisccasiant
energy 211 can he ided, while maintaining the ability to control the pregsure 25 of the electroless
oty solol 46521 BN D T ek N THE AT EE 0 SRS S0B1G the
configured,t@saantiabt Figiatiofary poesidance g the ssedinhelanstsitioPrereaeasdlawevarother
stationary radiant energy source 209 is capable of uniformly applying radiant energy 211 over the top

surface of ¥Edvafdr 2P AdinstidBe B clatslTaRY VReHPEPILaRN ehdig/ 512 Radesnd'30

surfaces cantR#$addmeOBHRSHABUNIENIDE SiatienaryifRAIRNE ANGIEK SOMEM 2O Y ashievesyniform
application of the radiant energy 211 to the top surface of the wafer 207. With respect to Figure 4, the

radiant endR§yfeattrrsrrictisgesliitaried adiand PRy ShteRbPls Apibr dissussed with respect to

Figure 3 equally apply to the collimated radiant energy source 301 implemented in the
embodiment of Figure 7.
Figure 8 is an illustration showing an apparatus for depositing material on the surface of
20 the wafer 207, in accordance with one embodiment of the present invention. The apparatus
includes a tank 801 defined by an enclosing wall and a bottom. The tank 801 is configured to
contain the electroless plating solution 203. In one embodiment, the tank 801 is configured to
have an inlet 807 and an outlet 809 for supplying and removing, respectively, the electroless
plating solution 203. Thus, similar to the inlet 213 and the outlet 215 of Figure 2A, the inlet
25 807 and the outlet 809 of Figure 8 can be used to control a flow of the electroless plating
solution 203 through the tank 801. Also, analogous to Figure 2A, the heat exchanger 221 can
be implemented within the tank 801 to maintain a temperature of the electroless plating
solution 203 within the tank 801. Alternatively, the heat exchanger 221 can be implemented
outside of the tank 801 to maintain the temperature of the electroless plating solution 203
30 entering the tank 801.
The apparatus of Figure 8 also includes a wafer holder (not shown) configured to dip
the wafer 207 into the electroless plating solution 203 contained within the tank 801. The wafer

holder is also configured to remove the wafer 207 from the electroless plating solution 203.



exterior to the vessel 401. With respect to Figure 5, the radiant energy 211 reflecting surfaces can be
positioned interior to the vessel 501. Figure 6 is an illustration showing an apparatus for depositing
material on the surface of the wafer 207 which combines the collimated radiant energy source 301 of
Figure 3 with the 5 vessel 401 of Figure 4, in accordagce with one embodiment of the present
invention. In other words, the embodiment of Figure 6 represents the embodiment of Figure 4 having

the stationbi§ FaiRirtddersysudabbe 20digama e SRrBarBLfHske At Pefard) stute 8UEr The
features obthe;catlipaiedisadiant BROMAYRAHTER JRL PERUOPRIM HSTHSSSH YihWaaRealdRAIg¥R 3

equally apply to the collimated radiant energy source 301 implemented in the 10 embodiment of Figure
6.  Figuisy. ideiafashaldsnhisianihly ah appaathe YoHeleyosrad olatbre oritiie savkicentnthe
wafer 207 égﬁggglpc?mpéqﬁ%}%ﬁ%@ated radiant energy source 301 of Figure 3 with the vessel 501 of
Figure 5, in accordance with one embodiment of the present invention. In other words, the
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collimated radiant energy source 301 sly discussed with respect to Figure 3 equally apply to
the collimasedicatid i emery yheouarcan8odengyplarh éoveddi ththe aen26di nyemt refrfeigal ref Thé-galee B0is an

illustration . showing a aratus for de itin terjal on the, surface 0.the wafer 207, i
ocordame e B e S e o SRAEE o SRR o gt o
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solution 203. In one.embodiment, the t 801 is configured to have an inlet 807 and an outlet 809 for
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and the ouwt(et gpdSnofvhighren@Agdhmtirdeti2y 80T anchthdeoutlet 80O ohfdgay Sscasmoe aiséiio gentrol

a flow of the electroless.plating solution 203 through the tank 801. Also, analogous to Figure 2A, the
eat exchaSUPE5R LA e M Oe WA AR oA TS AN S CErAHser RSt ion
electroless platioges@ubothe Ganithinthedawk8O RoAltannalivaly , stiechieat ixeinange tiz2 baaoude
implemented outside of the tank 801 tg maintain the temperature of the electroless plating solution 203
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configusedsigdipnhe atea 2 ninterihe:RlecEaiRss: pIatIG Relusien 2diseniaingsh within the tank 801.

The wafer holder is also configured to remove the wafer 207 from the electroless plating solution 203.

16 The wafer holtePi€ sibasieahfige Rl B dsg dadian ey RO P GRIFERYE? apimaifer 207
is dipped ifo @akiemRYSA AN erelesHalassaHatingisotHtian 2ebuithisnthentank 8RAA sRiithe

wafer holder is capable of moving the wafer at a controlled rate within a substantially constant plane of
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oriented to direct the radiant energy 211 toward the wafer 207 upon removal of the wafer 207 from the

electrélesd braem&@@teﬁdﬁdmg.enhgmﬁmé%@@m%@tgﬁ@léﬁm mﬂevmély: digdeessell with
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selectively heating a particular material present at a surface of the wafer 207 upon which the r
energy 21%oigrdncifémamnkethenfigfee @0y searemengdlfrestiaheede thotestptating solafio 2P0 3dthin the
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reactions npmiwhnm?nttee ia’mkgrfan:eaxis that extend{ from a point of régtion perpendicularly througrl)l the °
25 plane of orientation within which the wafer 207 moves. However, regardless of the specific
scanning or rotational motion utilized, the collimated radiant energy source 301 of this
embodiment is configured to apply a substantially uniform amount of radiant energy 211 to the
surface of the wafer 207 as the wafer 207 is removed from the electroless plating solution 203.
In another embodiment, the collimated radiant energy source 301 is configured to emit the
30 radiant energy within a narrow solid angle that subtends a diameter of the wafer. In this
embodiment, the collimated radiant energy source 301 can be maintained in a stationary

position with respect to the tank 801 while applying a substantially uniform amount of radiant

energy 211 to the surface of the wafer 207 as the wafer 207 is removed from the electroless



15 between the particular material and the meniscus of electroless plating solution 811. In one
embodiment, the collimated radiant energy source 301 is configured to collimate the radiant energy
211 within a limited solid angle. In this embodiment, the collimated radiant energy source 301 is
oriented such that the limited solid angle of radiant engrgy 211 is directed to be substantially
perpendicular to the plane of orientation within which the wafer 207 moves. 20 The collimated radiant

energy sole1SCPItigR 3’ rifgyRietnfise sebadiseralenrE uracd ngtedirdend orengspotittbe
appr?C'ateﬁ)lh%E&PEQ'%@%HRRQH“&P%&BI?Ci%lh'ﬁlﬁt%% 29} ERSIEN SAHES S0 EaNRE&ONFauLed to
scan in any direction over the surface of the wafer 207. Also, in this embodiment, the collimated
radiant engtbstasiyde Bolosanvardighieen atsr dtdsneaespicarmdhneleabslesanlasithbétends
from a poipggf rotation perpendicularly through the 25 plane of orientation within which the wafer 207
moves. However, regardless of the specific scanning or rotational motion utilized, the collimated
radiant®energy sodfigai3(R AsahidusitsdinieaiarceoriioRaed 20 pplica dutbstappiinuanifoanstaimunt of
radiant engrgy 24.1 i@iﬁ?ﬁéﬁ@oﬁ%&’% ‘%é’%ﬁ%eéﬁ&% %?a‘(éﬁg%éoﬁﬁ?oM@ﬂ%\ﬁ‘%ﬂ&éﬁ%ﬂﬂfnﬁ%ﬂﬁﬁl‘?SS
plating solution 203. In another embodiment, the collimated radiant energy source 301 Is configured to
emit the 38(Ghdianheretgyl withinod inzataivablidtanglethatisihinds maitimeetor oftite YJvaberwafehis
embodim the collimated radiant energy squrce 301 can aintained in.a stationary psition with
respect to the tan l%%ﬁg% %’p‘i‘pf?}t."‘r?g{} %f%fébg gﬁ?r%lﬁloturﬁ%rr%%é?n%odl}ﬁ%? ra ilaﬁlrll n:}%rg%'ﬁﬁg %t e
surface ofitiiBoatatebR@id asdiveSAfén B7siateendwe doliom tivk retbettotesszylsoptating balutiecti203. In
yet anpther embodiment, an grra collimated radiant ene ources 301 can he posijtione apply
radianféer?{arnrg%/ gf%%’t%%esy%ée&g thé \é@?’ers%%??gg S&th%%tla?lyel.leﬁltfg?ﬁ%s a{%trlwn aslgiﬂglén\}va er 207
is removeddnaiinédevelddirales saplatdod .sbiuthens?2As. HFig e Bialsedl ustiatereseguemee G301 is
operational states gf the afpp%ra;lus. . a staﬂte . the wafer 207 is positioned aboa/e the e ecg ess
plating sol5HS038rAf et WithTe THRASHICEHANY FHHREERETC el et fathart A §y ddurce

301 is inagtin@ vk arstatte clbarvlate pPRihissdipnesl 2 dhaslraioliess platak SoluiomdQ3eampined
within the tank 801 as indicated by an arrow 803. In the state 2, the collimated radiant ene% source
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203 caontainegiwithivfthectaid0 biintbesslaiR s, she aalinates radiantaretgyroulaes0bTs ngctive.
In a state 4, the collimated radiant energy source is activated, and the wafer 207 is removed from the
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wafer 207 dg.reaievedframdhe sleetreless piakin WHORAA3uthenkeMANRGUAQS LIREHRIRSS BAtING
solution 811 adheres to the surface of the wafer 207. The radiant energy 211 incident upon the wafer

207 surfacdatis63uassattictipetiniate iAninesEacontite OFatEr 20 sitpaRSePBEVREREY. PAEUEIHAT of the
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an interface between the particular material and the meniscus of electroless plating solution 811. As

the waler poRasedofiiietdly dociephsidel fiom thblenacidlesensinig wilitoh 0B koHthirbe within the

tank 801, (g entigaler SHITBRR LOJIRRYHROBEAIR s adians eaeiay FLEhus diatial i

uniformly deposited over the wafer 207 surface through uniformly distributed electroless plating
reactions. depboitdd ey eppheciatder il drirfgasp dretitgh of thikomplyadinig ot ¢l g alec8oters fiplatiagd
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y described with respectto Figure 2A. Figure 9 is an illustration showing &n apparatus for
depositingambtematorutiee § thtade cvfollees whfen 2 00 pimacibrdative thithaokes@mbodimenttofltbe present
invent'&%n. I;I}Q\e/iggﬁ}g ' é[s%?ibed with respect to Figure 2A.
Figure 9 is an illustration showing an apparatus for depositing material on the surface of
the wafer 207, in accordance with one embodiment of the present invention. The apparatus
includes a tank 901 defined by an enclosing wall and a bottom. The tank 901 is configured to
contain the electroless plating solution 203. In one embodiment, the tank 901 is configured to
30 have an inlet 911 and an outlet 913 for supplying and removing, respectively, the electroless
plating solution 203. Thus, similar to the inlet 213 and the outlet 215 of Figure 2A, the inlet

911 and the outlet 913 of Figure 9 can be used to control a flow of the electroless plating

solution 203 through the tank 901. Also, analogous to Figure 2A, the heat exchanger 221 can



includes a tank 901 defined by an enclosing wall and a bottom. The tank 901 is configured to contain
the electroless plating solution 203. In one embodiment, the tank 901 is configured to 30 have an inlet
911 and an outlet 913 for supplying and removing, respectively, the electroless plating solution 203.
Thus, similar to the inlet 213 and the outlet 215 of Figgre 2A, the inlet 911 and the outlet 913 of Figure
9 can be used to control a flow of the electroless plating solution 203 through the tank 901. Also,

analogousPfo iflFaeednyifuat BeckakigdP 2P daAINGIBe fsRFaRtEd Qlithin flectepirssoaladng
maintain atenmBaraby eahihairlagiieless. Hatg.s0lome A avitRimingtank 90, Alierativelyw.the

heat exchanger 221 can be implemented outside of the tank 901 to maintain the temperature of the
electroles®iEfAPEShaice W) brite mriaintdbk SOINBItHES APplraelscootgef i i ngs solEIor )3
wafer supgg{éﬁ@tﬁgtpdt}l%mechanism 907. The wafer support and rotation mechanism 907 is
configured to support the wafer 207 at a position in which a lower portion of the wafer is submerged
within the electroléus aripainatrssififiagnx08. dhomekgisoulivider stiwovhfadsigigorn anerhotasion’07.
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number of rollers 10 are defined to support and rotate the warerin a cont manner within a
substantialigstoerstentybimheaofoyvienpatiom ad ithdicasdet by swhoves@dowithonéhemlsotivhentpthiengafer

holder 907 is also figured to lower th fer 207 about halfway into the electrol plating solution
203 and 1e LS e ey B0 o e e e SR R, B S s
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source 903 di sed above the electroless plating.solution 203. ‘%h collimated radiant energy source
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out of the etestralesiandatingisnlation 20 di¢eethbianiened)p 2hloscequibodieniio thatareyiaudly
discussed with respect to Figyre 2A. Thus, the radiant energy 211 has a wavelength 20 range that is
capailo of CABLEOR RS 4 pSPVEL A Bl AR e M i TP AP B
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203 within the tank 901, a meniscus of electroless plating solution 915 adheres to the surface of the
wafer 207 AT HEPSSIEABPEISESTing of the particular material by the radiant energy 211 causes

electrqless platingHeaginraie ecqukathe fotaiéacadbdestwesnitisnarticuar Mmaieyalanddhm3

meniscus of electroless platinggsolution 915. Additionz%lg the collimated radiant energy source 903 is

further cortigRitesd fPeranhsc st AR Rl B9 el MrRAERERA AAUNY 905 S8 caHIfRJYE the

collimated;gagiapi-ans@ycePHic 8803 i £epirolied e fasHEa iRl a@uhstantialodnifaly wargquigof the
radiant energy 211 is applied over the surface of the wafer 207 as the wafer 207 is rotated out of the
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energy 211. In following, material is uniformly deposited over the wafer 207 surface through uniformly
distrib2Redraee etk tscprame resdtieneely heating a particular material present at a surface of the wafer

207 upon which the radiant energy 211 is incident. As the wafer 207 is rotated out of the
electroless plating solution 203 within the tank 901, a meniscus of electroless plating solution
915 adheres to the surface of the wafer 207. Thus, the selective heating of the particular
material by the radiant energy 211 causes electroless plating reactions to occur at the interface
25 between the particular material and the meniscus of electroless plating solution 915.
Additionally, the collimated radiant energy source 903 is further configured to scan across the
wafer 207 surface, as indicated by arrows 905. Scanning of the collimated radiant energy
source 903 is controlled to ensure that a substantially uniform amount of the radiant energy 211
is applied over the surface of the wafer 207 as the wafer 207 is rotated out of the electroless
30 plating solution 203. Thus, upon completion of each revolution of the wafer 207 out of the
electroless plating solution 203, the entire wafer 207 surface is uniformly exposed to the radiant
energy 211. In following, material is uniformly deposited over the wafer 207 surface through

uniformly distributed electroless plating reactions.



19 In one embodiment, the collimated radiant energy source 903 is configured to collimate the
radiant energy 211 within a limited solid angle. In this embodiment, the collimated radiant energy
source 903 is oriented such that the limited solid angle of radiant energy 211 is directed to be
substantially perpendicular to the plane of orientation vithin which the wafer 207 rotates. 5 The
collimated radiant energy source 903 can be further configured to rotate in a conical manner about an

axis that extendsIf6Rf & FbredEnee pomeiarted wline canrmatenraHaAi erritlgust ioecobianate
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embodiment, an array of collimated radiant energy sources 903 can be positioned to apply radiant
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method for depositing a material on a surface of a wafer, in accordance with one embodiment of the
presenbinldstiorlliMiéethetdominuiadss wniopetaiorn o1 frriwictoefaatrede s pittingsolutionc
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surface is 15 maintaine w a temperature at which an electroless plating reaction will occur. In one
embodimemigigestameciatuperpé itz Wketyrtiasgbltting @l wiionia ataintainkon subshathiaiytbe W the

temperatufe sLwhieh i electiglens plating teacsion wikioseus The methor aisancludes an ogeration

1003 in which the Waler sUrface Is exposed to radiant energy. he radiant € ergy is used to selectively
heat a parficsilasmadterigppy esdiah oentirewizd e restid aoef4oean$ thtevat 2020 ichaeldotralasH ylatifugm

reactiqns wil sceut gt AN ptesare between ihe paripulan matral on e wafgg surface and the
electroless 6‘% Ing solation.”In"one em odlmen%,%he warer surface exposedﬁfg’o the radiant energy in
a substantially urtitgure Meneato lbasei thesktediigleSboplaiiig of a method for depositing a material
on a surface of a wafer, in accordance with one embodiment of the present invention. The
method includes an operation 1001 in which electroless plating solution is applied to a surface
of a wafer. A temperature of the electroless plating solution applied to the wafer surface is
15 maintained below a temperature at which an electroless plating reaction will occur. In one
embodiment, the temperature of the electroless plating solution is maintained substantially
below the temperature at which the electroless plating reaction will occur. The method also
includes an operation 1003 in which the wafer surface is exposed to radiant energy. The radiant
energy is used to selectively heat a particular material present on the wafer surface to a state at
20 which electroless plating reactions will occur at an interface between the particular material on
the wafer surface and the electroless plating solution. In one embodiment, the wafer surface is
exposed to the radiant energy in a substantially uniform manner to cause the electroless plating
reactions to occur in a substantially uniform amount over the wafer surface. Consequently,
uniformity in electroless plating reactions over the wafer surface will result in material
25 deposition uniformity over the wafer surface. The method further includes an operation 1005 in
which the radiant energy is controlled to maintain selective heating of the particular material
present on the wafer surface. In one embodiment, the wavelength range of the radiant energy is
controlled to cause preferential excitation of the atoms/molecules of the particular material
without exciting the atoms/molecules of different surrounding materials. It should be
30 understood that controlling a frequency of the radiant energy is equivalent to controlling the
wavelength range of the radiant energy. Preferential excitation of the atoms/molecules of the
particular material will cause the particular material to increase in temperature. In various

exemplary embodiments, the particular material can be defined as either a barrier layer or a



reactions to occur in a substantially uniform amount over the wafer surface. Consequently, uniformity
in electroless plating reactions over the wafer surface will result in material 25 deposition uniformity

over the wafer surface. The method further includes an operation 1005 in which the radiant energy is
controlled to maintain selective heating of the particutar material present on the wafer surface. In one
embodiment, the wavelengith range of the radiant energy is controlled to cause preferential excitation

of the atorfrgthigrsEulbshoptddparieeaintsabemeVithonit B sndirptirecatriambe eefies s d et
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equivalent to controlling the wavelength range of the radiant energy. Preferential excitation of the
atoms/molselfiesusigse particular material will cause the particular material to increase in temperature.
In various exempjagy,empBadinents; ie.A8HICHIRNMARN ek ARG defiRed ps-gilienadapiesiayer or a
20 seed layer. It should be appreciated, however, that the radiant energy can be configured to allow
the methodiz.thie prewdanasveriiiopnto bebedphietttofedseprisiintany anaearidh presembmdimeniafes
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wafer surface. Option 1 includes an.operation. 1007 in which the wafer is subhmerged in a bath of
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within the
embodiment, the wafer is caused to oscillate while submerged. Option 1B includes an
operation 1011 in which the wafer is removed from the submerged position within the
15 electroless plating solution. When removed from the submerged position in the operation 1011,
a meniscus of the electroless plating solution adheres to the wafer surface. Thus, the electroless
plating solution remains applied to the wafer surface even though the wafer is removed from
the submerged position. In one embodiment, a sequence of submerging and removing the wafer
from the bath of the electroless plating solution is performed repeatedly as the wafer surface
20 being removed from the bath is exposed to the radiant energy according to the operation 1003.
In this embodiment, the sequence of submerging and removing continues until a desired
amount of material is deposited on the surface of the wafer through electroless plating
reactions. In one embodiment, the sequence of submerging and removing the wafer from the
bath of electroless plating solution is performed by dipping the wafer into the bath of
25 electroless plating solution. In an alternative embodiment, the sequence of submerging and
removing the wafer from the bath of electroless plating solution is performed by rotating a
portion of the wafer through the bath of electroless plating solution.
Option 2 is provided as an alternative to Option 1 for applying the electroless plating
solution to the wafer surface. Option 2 includes an operation 1013 in which the wafer is
30 enclosed within a vessel containing the electroless plating solution. In one embodiment, the
vessel is completely filled with the electroless plating solution. In another embodiment, the

vessel is partially filled with the electroless plating solution, wherein the wafer is submerged

within the electroless plating solution. Enclosure of the wafer within the vessel allows for an



15 electroless plating solution. When removed from the submerged position in the operation 1011, a
meniscus of the electroless plating solution adheres to the wafer surface. Thus, the electroless plating
solution remains applied to the wafer surface even though the wafer is removed from the submerged
position. In one embodiment, a sequence of submerging and removing the wafer from the bath of the
electroless plating solution is performed repeatedl¥ as the wafer surface 20 beirr;r? removed from the

bath is expEEa oI B¢ RIS fieleeiialsss tbl iha o prlkishapobisd it the waipbdiratitgdhe
sequence Gt SURMGFYIRC: AR SR, sQBtNkSS Ktk aidesirad emayat Afipaienialis dsperiiedon

the surface of the wafer through electroless plating reactions. In one embodiment, the sequence of
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sequence of submerging and removing the wafer from the bath of electroless plating solution is
performeceli9lrstémg deptiriess ofategwedetiahfough the bath of electroless plating solution. Option 2 is

provided as an a%?aér??e“‘f@é‘?i% i%ﬂ&ﬁ%fﬁfg%@g%g%ﬁ!%%ﬁ%&%ﬁ] R} 9.%&‘1’5@%%@ WalgLsurface.

Option 2 includes an operation 1013 In w s 30 enclosed within a vessel contairiing the
electrolesd Phating achiiencd motie @m sodibnts the b dss giris o mplensignfi [Eae witle e r 4 6£10 | s

plating solution. In anpther embodiment,.the vessel is partially filled with the electroless platin
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bubbles th evolve from electroless plating reactions. Figure 10C is an illustration showing.an
expansion DG BERFATEH ToUS B1 RIS FE TR HPERbHBAHE S A SIE e BB B0 HE Hebo
invention. ihn®pepatiopeliONB ivssingithehsashaine resgydlessepeaiive ko herina Pakticodsnbatetial
present on the wafer surface to initjate electroless platingﬁ%eactions is described in a context of the

options foORH9YihG - thePrevigEstYsticesrdindrasranest 18 HaWratdPsarareration Hhtbols RATHRSGN 18,
and OpfiomA)hiRRGRORABREIGE ¥ipd P9 hd fdsnPravieyshheisenssad Withraspeeiterkiauseska, an

operation 1015 is performed in which the wafer is exposed to the radiant energy while being

maintainedifNtAdhsUbier§ sl et PlRiRm BB rafceRBRUB B O QRIRHRIh | tH AdBsruafite with
Option 1By @$REaNieushdiscuRseadmith desRe GhimEdaiEs, 1B 2nRRaNation HRLlFai5 BeHeEnsdss

plating solution. In accordance with Option 2, as previously discussed with respect to Figure

10B, an operation 1019 is performed in which the wafer is exposed to the radiant energy while

20 enclosed within the vessel containing the electroless plating solution. In one embodiment, a

source of the radiant energy is disposed within the vessel. In another embodiment, the radiant
energy is transmitted through a wall of the vessel to reach the wafer surface.

In addition to the options for applying the electroless plating solution to the wafer and

exposing the wafer to the radiant energy (i.e., Option 1A, Option 1B, and Option 2), there are

25 also options for how the radiant energy is applied to the wafer surface. In an operation 1021,

the radiant energy is applied the wafer surface in steady manner. In other words, the radiant

energy is constantly applied to the wafer surface for the duration of the material deposition

process. Alternatively, in an operation 1023, the radiant energy is applied to the wafer surface

in a pulsed manner during the material deposition process. In one embodiment, a pulse of the

30 radiant energy is defined to have a duration within a range extending from about 1 millisecond

to about 500 milliseconds. Also, in one embodiment, a sufficient amount of time is provided

between pulses of the radiant energy to allow the electroless plating solution to quench the



15 in which the wafer is exposed to the radiant energy when removed from the submerged position
within the bath of electroless plating solution. In one embodiment of operation 1017, the wafer surface
is exposed to the radiant energy immediately upon removal from the bath of electroless plating
solution. In accordance with Option 2, as previously discussed with respect to Figure 10B, an
operation 1019 is performed in which the wafer is exposed to the radiant energy while 20 enclosed

within the Ve&epedntsininghmdde R tomeraeskifisBribdhe IrvneEnBe dif it sabalicatofreey
radiant engrgy is AisPeSeINItRINVAG ¥EvSeloltiapother @nbagiment, the radiant energy is transmitted

through a wall of the vessel to reach the wafer surface. In addition to the options for applying the
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surface. In an operation 1021, the radiant energy is applied the wafer surface in steady manner. In
other wordsafigrestudiont bnanggrsraoeistabrfy: dpplieditotitacrgifas sioaoetior thd deqatich ofdhéhe

material deposItioRFRY %ﬁgﬁéeﬁttesﬂb%tfﬁed&Agp?&%édqgg{‘eﬁ%%?b RRASHANENRIY [DAPRIGY R she

wafer surface In a pulsed manner during the material deposition process. In one embodiment, a pulse
of the 30 readidrt es@tgyiib definéaktodnatzetaaddrdiio puAdedinaalivan gaagie apihig dtoms abboeptetations

millisecon about illiseconds. Also, in gen embo?imen a,sufficient amount.of time is provided
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Figure 10D is an illustration showing an expansion of the operation 1005 of Figure
10A, in accordance with one embodiment of the present invention. In one embodiment, the
operation 1005 for controlling the radiant energy to maintain selective heating of the particular
material present on the wafer surface includes an operation 1029 for monitoring a surface
15 condition of the wafer. The monitoring of operation 1029 provides feedback to ensure that the
wavelength range of the radiant energy is established to selectively heat the desired material
present at the surface of the wafer. Surface condition parameters monitored in the operation
1029 can include a surface material type, a surface material thickness, and a surface material
temperature. It should be appreciated, however, that any other surface condition parameter
20 commonly monitored during wafer fabrication processes can also be monitored during the
operation 1029. In one embodiment, the operation 1005 can also include an operation 1031 in
which the radiant energy is adjusted according to the monitored surface conditions obtained in

the operation 1029.
As described above, the present invention provides a method and apparatus for
25 selectively heating a surface of the wafer exposed to an electroless plating solution. The
selective heating is provided by applying radiant energy to the wafer surface. The radiant
energy is defined to have a wavelength range that will preferentially heat a material present on
the wafer surface relative to other surrounding materials. The radiant energy can be adjusted
during the plating process to optimally follow changing conditions of the material present on
30 the wafer surface. The selective heating of the wafer surface causes a temperature increase at an
interface between the wafer surface and the electroless plating solution. The temperature
increase at the interface in turn causes a plating reaction to occur at the wafer surface. Thus,

material is deposited on the wafer surface through an electroless plating reaction that is



Options also exist for achieving uniform application of the radiant energy over the wafer surface. In an
operation 1025, the radiant energy is simultaneously applied over the entire 5 wafer surface. In an
operation 1027, the radiant energy is collimated and scanned over the entire wafer surface. It should
be appreciated that either option of operations 1025 z;d 1027 can be used with both the constant and
the pulsed radiant energy applications of operations 1021 and 1023. However, regardless of the
specific mEtHsEEBIhfaR ot draneshaeghsdupprairts tehfarafesiase tanaammrRIARFHYEY
applied in g.gWpgtantialbeHaiigroa ranner 10 over the entire wafer surface. Figure 10D is an
illustration showing an expansion of the operation 1005 of Figure 10A, in accordance with one
embodiment of thHEprsientaaceptionded bhéhemtssennanentiencpe parewn s s cEanmplilingtthie
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condition parameters monitored in the operation 1029 can include a surface material type, a sur?ace
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surface through an electroless plating reaction that is ) )

use with the present invention. It is preferable, however, that the electroless plating solution
1103 be defined to react at moderate to higher temperatures. For example, in one embodiment,

the electroless plating solution 1103 will not react at temperatures below about 40° C.
In one embodiment, an inlet 1113 is provided for supplying the electroless plating
20 solution 1103 to the tank 1101, and an outlet 1115 is provided for removing the electroless
plating solution 1103 from the tank 1101. Thus, the inlet 1113 and the outlet 1115 can be used
to control a flow of the electroless plating solution 1103 through the tank 1101. In one
embodiment, the electroless plating solution 1103 can be periodically replenished. In another
embodiment, a continuous flow of the electroless plating solution 1103 through the tank 1101
25 can be provided. It should also be appreciated that baffles and other flow diverting mechanisms
can be disposed within the tank 1101 to provide a desired directionality and uniformity to the
flow of electroless plating solution 1103 through the tank 1101. Furthermore, in one
embodiment, a heat exchanger 1117 can be implemented within the tank 1101 to maintain a
temperature of the electroless plating solution 1103 within the tank 1101. In another
30 embodiment, the heat exchanger 1117 can be implemented outside of the tank 1101 to maintain
the temperature of the electroless plating solution 1103 entering the tank 1101. In one
embodiment, the heat exchanger 1117 is represented as a coil over which the electroless plating

solution 1103 is flowed. However, it should be appreciated that any other type of heat



23 initiated and controlled by varying the temperature of the wafer surface using an appropriately
defined radiant energy source. The advantages provided by the present invention are numerous.
For example, with the present invention, materials can be deposited on the wafer surface to conform to
a topography 5 of the wafer surface. Also, the presentiinvention allows for denser material deposition,
smaller grain sizes, and improved adhesion of deposited materials. Furthermore, the present invention

provides f6XihiResTell hateHabeissitisatg Wisrésraneratus RhiSEisHENE hikHSYBbMReti8s. For
example, the B b IVRREQR GARDE- 38 it Lo e fill pagrame gwmgws%@%ﬁﬁ%qf@io
or

features on the wafer surface. 10Figure 11 is an illustration showing an apparatus for depositing a
planarizingslayemsviaed WatersUhsirsiiales wWithBefaterab deimeHePthel présene mRRH WL T Hie
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configured to contain an €lectroless plating solution 1103. The present invention can be implemented
using sbitabrecahduedrmiribakiesizsilass @lelatgrenbsoplaiing tsolpemtaess dhnas CopesitRE 0y .
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Furthermore, in one embodiment, a heat exchanger 1117 can be implemented within the tank 1101 to
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embodinent ba keatexehaogerdédddieandraennpjrumantederisigpoef thadank 1164 dmpoaintai, the
temperature of the electroless plating solution 1103 entering the tank 1101. In one embodiment, the
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affecting the temperature of the electroless plating solution 1103 can be implemented with the present
invention. PigTeradly, tdc|dd0de8 2Pl Aisg abRRiGhAL 1O RsirtRAEH dal af QuiIsatEaRrBaAYL G gas

temperatuggynbRE BXRAMRe 1319066/ RAAiNEES HigiglertielRsR plating solution 1103 is maintained at a

temperature below about 15 C, wherein a 5 lower bound of the electroless plating solution 1103
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the electroless plating Solution 1103. In one embodiment, the wafer support structure 1105 Is defined
to provide mabdmtsaikcem et tmathconiticl sonpent sucfabersflthel wiker suppdrtHowevas, I bther

10 embodiments, the wafer s rt ure,11 . fined.1a provide parti ith,the
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indicated by arrows 1123. Though vertically oriented support members 1121 have been used to
facilitate description of the present invention, it should be appreciated that many other support
member configurations and orientations can be implemented to provide the necessary support
and orientation control to the planar member 1119. For example, in one embodiment, the

30 planar member 1119 can be secured to a horizontal support ring having linkage to a vertical
translation device. Regardless of the specific embodiment, the support members 1121 should

be capable of moving the planar member 1119 vertically and maintaining the planar member

1119 in the orientation substantially parallel to the wafer support structure 1105.



15 support structure 1105. Regardless of the specific wafer support structure 1105 embodiment, the
wafer support structure 1105 is configured to securely hold the wafer 1107 during a wafer planarization
process. Additionally, the wafer support structure 1105 is preferably configured to support the wafer
1107 in an orientation that minimizes a potential for @strapment of gas bubbles that may evolve from
electroless plating reactions. 20The apparatus of Figure 11 also includes a planar member 1119
disposed above aftPsithseanpisikiddhasties ﬂﬂéﬂ%?épgﬁWﬁ%??ssstfacgﬂéﬁ%cfl@%hﬁw%#@elfﬁ%éﬁéﬁt, the
planar rnempwﬁﬁ%\ém}ol\ﬁmeﬁlhyw@n}efgpagmm% MERDETsy L1 3dmbbe SuppoIt tembessdd 21
maintain the planar member 1119 in the orientation substantially parallel to the wafer support structure
1105. Thesshpiged Melapersurface arsaspFovids @ shioshanReberothadAPRy thalpranarcas Jreipisaicd 119
in directions fowgrd. and ARy oD NRMRIEESUPRRITSIHENE AL0RneRI0dIPRICL R ARV hins:
Though vertically oriented support members 1121 have been used to facilitate description of the
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1105. In ongpEsrodinTant Rasitaninadpmpiaizadmember 1119 proximate to the wafer 1107
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facing the planar member 1119. Values greater than 0 are encountered due to total thickness variation
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15 the wafer 1107. A surface of the planar member 1119 facing the wafer 1107 ("planarizing surface")

will define WiéeplaharitymcieaBRo NG tHe bRaFiZagBwrddd dsisTRoEpase b iinarimirgrstribet is
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embodiment, the planar member is composed of a material that provides for local area rigidity

and brSad 4k dfetisinytidénva wobsedve sl ArenibeA0rEId.odsehien awiBTRRRYY IbiBidly
flexble and JAcally a1, (IS0 M AORMISUSLIYIN s, PRRRRIT AL REcKNG MEMPRLAARDE 1o,

disposed against a backside of the planar member 1119, wherein the backside Is opposite the
planarizingvbarat gheThas kadkingopremisethis fenditu redstafeontildicabpldmagitpanhbiee ipleerdiizingl sarface
by applyin ifferential pre istributi r ril laparizin
curtace I L D B R S e PiRalie ey
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distribytion. Furthermore, in another embodi the planarizing surface is rigid.throughout. In various
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1109 towapthilae watabsuapost strueitmed. ¥om either quartz, sapphire, or polymer. It should be
appreciated, however, that the planar member 1119 can also be formed from a variety of other
30 materials that offer acceptable planarity and rigidity properties. Additionally, the planar
member 1119 material should be capable of transmitting radiant energy 1111 emitted from a

radiant energy source 1109 toward the wafer support structure 1105.



26 As indicated above, the apparatus of Figure 11 further includes the radiant energy source 1109
disposed above both the planar member 1119 and the wafer support structure 1105. The radiant
energy source 1109 is oriented to direct radiant energy 1111 through the planar member 1119 and to
the wafer 1107 supported by the wafer support structgre 1105 at the 5 submerged position within the
electroless platin%solution 1103. The radiant energy source 1109 is configured to generate radiant

energy 1111 havitty Bdisdietbagiy attie RaRiteapAbTafSdbctiahieliviss hateidianreaerdyat the
surface of {hgwafend 1L iRenAsbePlRrmemaeh Ihddute 1 A akaraluparwhiichdhesadiang

energy 1111 will be incident). For purposes of discussion, the radiant energy 1111 is characterized in
terms of whl\&leddth radiabgnasey, sogksuld 82 sneldesteddariralerpdinaheaeiayy bl thearglpdhe

equivalently charactasized i terms afdteaueneys SepsRame it hersriase otihe wafen 4397 s

defined by a material "X", the radiant energy 1111 is defined'to have a wavelength range that will be
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plating solution 11Q3 is,maintained at a sufficiently 25 Jow temperature at which an electroless plating
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plating reactions. However, selective heatjn% of a particular material present on the wafer 1107 surface

through agPIlRaKRIofthe T uiRrease §eARH Al e ALRY Pl saristbip e tkng paHder iherial

to a paint atathwhish pleckiQlessnirtingiieagtinasmlbQsCUK SipegdhsIpatieulanaatetiakinselectively
heated by the radiant ener%r 1111, the electroless plating reactions will occur at the interface between

the particURHARa&IEEAd theefseirsielss Pisin dheomaisH 105, SamstalseHtst WhassreL1aie or
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materials include different wafer 1107 materials that are underlying or adjacent to material "X"

and a bulk volume of the electroless plating solution 1103. Thus, the radiant energy 1111

20 generated by the radiant energy source 1109 is configured to selectively heat a specific material

present at the surface of the wafer 1107. For example, to selectively heat Cu present on the

surface of the wafer 1107, the radiant energy may be defined to have a wavelength of about 250
nanometers.

In one embodiment, the electroless plating solution 1103 is maintained at a sufficiently

25 low temperature at which an electroless plating reaction will not occur. Thus, immersion of the

wafer 1107 into the electroless plating solution 1103 is not sufficient to cause material

deposition to occur on the wafer 1107 surface through electroless plating reactions. However,

selective heating of a particular material present on the wafer 1107 surface through application

of the radiant energy 1111 will increase the temperature of the particular material to a point at

30 which electroless plating reactions will occur. Since the particular material is selectively heated

by the radiant energy 1111, the electroless plating reactions will occur at the interface between

the particular material and the electroless plating solution 1103. With the planar member 1119

positioned proximate to the wafer 1107, the planarizing surface of the planar member 1119 will



27 serve as an upper confinement boundary for material deposited through electroless plating
reactions on the wafer 1107. Thus, the material deposited through electroless plating reactions on the
wafer 1107 will define the planarizing layer over the wafer 1107, with the planarity of the planarizing
layer being defined by the planarity of the planarizingsurface. 51t should also be appreciated that an
increase in radiant energy 1111 intensity will result in an increased temperature of the particular

material exeft€day¥haIPRETaFRIEHISS M WRALAESN d8p dneiRTinindrragiéeth romeBsiecHrRlfmy PESEEon
rate. Thus,Jyiththe.arRarqtis-af g ureukl uf Rigaatigia %d%?o’ﬂ%}ﬂ&@@é@ﬂ%@s%%ﬁﬁg%ﬁéiﬁfn%107

through electroless plating reactions that are initiated and controlled by varying the temperature of the

particular fiatbeiayaterdl %ewﬂéf@@fhr_@oth%@&méingmbawmwri&wﬁéﬁrhé@hhﬂ@dhﬁ@llww ight
energy 1141 o SIS AR HG PHIRNEE RS G ﬁ%%}&?&éspmfﬂ%g@&ﬁa%gp'y a substantially

uniform amount of radiant'energy 1111 over the surfacé of the wafer 1107. In one embodiment, the
radiant®energy sdusbeuld @b isheorfigeewdetbthasimtanemasatioraipiesitiey dutihonteesisiawahizesidn

process. HEWEVEL. e 3UaRaY R i@f‘h%”ﬁﬁ%’cﬁ??‘frﬁ?age}ﬁ? é%}&?é%?%&ﬁ @k %%&Qﬁ@é%%‘g?p%’&?%

radiant energy 1111 over thetop surface of the wafer 1107. It should be appreciated a variety of
radiant eneogyspohdingflecticays infabes crns i@ aisedréactomunatstidrhwathville $katppaauadiahigenergy

source 1109 tg aghieve.uniform application of the radiant ener oyer the surface of the wafer
1207 Alsc T e A e e ot RO e
uniformly ayeiycinethadiantisnetgy ddd tomve b ROviopisp riiaceoiphretwrafef htQYarfartenmendgl
various, types of manitoring equipment commonly used.in the wafer fabrication process ollect data
a0 od IR SO R R Pt TR RS LB e B AL o Figure 11
Data obtained frarrefbebipniiofint g uipnenvasse be0sBdasiaaddackpplgantibk theistigianifenergy

source 1109. Figures 12A through represent a sequence of illustrations showing a planarization
25 procesgr}}%‘r’fﬂr e Jﬁﬁrﬁeeﬁg Ynggj]pﬁie r %ﬁqﬁ%é% 8\%&’% W#ﬂr,{iiégcf%r%%gggﬁﬂﬂﬁ%ﬂg’ the
embodimentiphtherfdiggesbinventing® EactoefiFigedesol 2Aitieanahn LRt 6apeSeod aoer 0SS sectien
view of a portion of the wafer 1107 and a corresponding partion of the planar member 1119 during

various stRYEEEFIHELIRISATSE BrseEsdsnitAtiasy cradi#ng i ASHE hIdn 25t SAPRIE s
beging by pasiismngpheiRana e steesyl 110 away fienvphsunalercklfid 3Afa allow theelardreless

plating solution 1103 to be interspersed between the planar member ) S
appreciated that a variety of radiant energy 1111 reflecting surfaces can be used in conjunction

with the stationary radiant energy source 1109 to achieve uniform application of the radiant

energy 1111 over the surface of the wafer 1107. Also, in an alternative embodiment, an array of

radiant energy sources can be implemented to uniformly apply the radiant energy 1111 over the

20 top surface of the wafer 1107. Furthermore, various types of monitoring equipment commonly

used in the wafer fabrication process to collect data associated with a surface condition of the

wafer can be implemented with the apparatus of Figure 11. Data obtained from the monitoring
equipment can be used as feedback to control the radiant energy source 1109.

Figures 12A through 12I represent a sequence of illustrations showing a planarization

25 process performed by depositing a planarizing layer over a wafer, in accordance with one

embodiment of the present invention. Each of Figures 12A through 12I represent a cross-

section view of a portion of the wafer 1107 and a corresponding portion of the planar member

1119 during various stages of the planarization process. With respect to Figure 12A, the

planarization process begins by positioning the planar member 1119 away from the wafer 1107

30 to allow the electroless plating solution 1103 to be interspersed between the planar member

1119 and the wafer 1107. The electroless plating solution 1103 is maintained at a sufficiently

low temperature at which electroless plating reactions will not readily occur. In one

embodiment, as previously discussed with respect to Figure 11, the wafer 1107 is disposed on a



1119 and the wafer 1107. The electroless plating solution 1103 is maintained at a sufficiently low
temperature at which electroless plating reactions will not readily occur. In one embodiment, as
previously discussed with respect to Figure 11, the wafer 1107 is disposed on a 28 wafer support
structure at a submerged position within a bath of elegtroless plating solution 1103. Also, as shown in
Figure 12A, prior to performing the planarization process, the wafer 1107 has a surface topography

defined by 458 HHAET PEHETE I RNl BeiseHaRO1B198. Withrashaid: 06 Arpirelaslatepratgtion
member 1iil@z,is,aagé,itm%\pﬁomrﬁfﬂéﬁr&oltm,teﬁé avirfeasafite: nhd@ 4 ¥hpreiRneHoR skuface

of the wafer 1107 is defined by the highest peak present on the surface of the wafer 1107. The planar

member 1_ﬂ@7iﬁ%lgé@fﬁé?tﬁtélp@@ﬂ%@}ﬂﬁﬁaﬁ@ibﬂlfﬂwahér & takpd A 3supbensherctdld upon which the
wafer is disposedyfif 106, PR HPERROB IR MPKR W] dg %ﬁ%ﬁé@&&éﬁﬁ&f@'ﬁ?ﬁqg'a}wg

solution interposed between the planar member 1119 and the wafer'1107 is expelled, leaving
electrolessplatingilheotation WithiwhsectretheHep oftfacandiérc1veiesliHites dbocdingshihbiphentar
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solution m present between the planar member 111 e wafer 1107. In
one emboslitretatfitthly plenablelntethioew dftl Supppositiontd aspiose o lhd¢opaen faod pitied . wWefehel 107

as possible, without causi amage to the watf
transmitteglﬁ%lracguraﬁni]hgrprzgl\grl?n%% egr%ﬂlfg%tlt

r 1107, Figure 12C. the radiant energy 1111 is
g e ot A SO TR R ed S
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causing the fem erature of the materiagl.to incre 170a§tate which el ctrqless Rllati ri—:ﬁc ions
% soluftl within the trenches of the wa ef Sll]": ace. S(b since the %a{lilr EeMDET, 1?
occur. [n one’embodiment, the radiant energy 1111 continués to Be applied untl essentially alf or the

20 availabjeadactanis thethe slacikel @sshel atifgrsal0Tion pieseniheiwestibaplanap mamberulidbad and

th fer 1107 d. | bod t, atl ired t th ilab tant
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of the planarnsoeinkear, 1hd Hrearesastyn uppeicooinpmenhbeundary fier mpteiidhaeppsiedtrepugh
electroless plating reactions. 25Figure 12D represents a st?%e of the planarization process following

consumptibH dRE S9sHRLTY LBt 08 e se e thn ¥ afFiHd Yectroless plating solution present
betwees the planarmamberd 149 antkihenaigr 1107 GarasneadingyeRarlisatian ekihscradiagt

energy 1111 is discontinued. At this stage, a portion of the planarizing layer 1201 has been deposited

over the wiardher P HW v heatrdianficheigsnsl bh i detindobhbaKer atBaLalsmsth asobr tibiess

plating SO'&Ei@&i\?elzf}Q@ anRlieation Rt Eadianhenerax L 4 hangyiBpt soflicieninio dwlverlppaiize tie
wafer 1107. In ?R‘ure 12E, the planar member 1119 is moved away from the wafer 1107 to allow

fresh electfle 8y {siadindosdNstivtte 103oskicimerspesbesletaleen PEIpEISRGHaRbesc 199

embodiment, the radiant energy 1111 continues to be applied until essentially all of the

20 available reactants in the electroless plating solution present between the planar member 1119
and the wafer 1107 are consumed. In one embodiment, a time required to consume the
available reactants is within a range extending from about 0.01 second to about 10 seconds.
Also, the planarizing surface of the planar member 1119 serves as an upper confinement
boundary for material deposited through electroless plating reactions.

25 Figure 12D represents a stage of the planarization process following consumption of
essentially all of the available reactants in the electroless plating solution present between the
planar member 1119 and the wafer 1107. Correspondingly, application of the radiant energy
1111 is discontinued. At this stage, a portion of the planarizing layer 1201 has been deposited
over the wafer 1107. However, due to limitations on reactant concentrations within the

30 electroless plating solution, a single application of radiant energy 1111 may not sufficient to
fully planarize the wafer 1107.

In Figure 12E, the planar member 1119 is moved away from the wafer 1107 to allow

fresh electroless plating solution 1103 to be interspersed between the planar member 1119 and



the wafer 1107. In following, Figure 12F represents another iteration of the planarization process in
which the planar member 1119 is again positioned proximate to the top surface of the wafer 1107.
With respect to Figure 12F, the top surface of the wafer 1107 is now defined by the portion of
planarizing layer formed during the previous applicatpon of radiant energy 1111. 5 The sequence of
moving the planar member 1119 away from the wafer 1107 followed by repositioning the planar

member 1€ Ekinh At tdthollardigs Faeafred b 48PrsffadhinROiebAST@HModintBAt PIARYERESRING is

performe%p%ae&yiﬁpvmieimi@;ﬁ&amﬁ%ef maierial saoﬁ%@ﬁrbﬁaatﬁ%%ﬁwméhsﬂ%ﬁﬁ%&r& In
Figure 120, the radiant energy 1111 is again transmitted through the planar member 10 1119 to the

wafer 110¢1€rfviéf¢aéi M é?mbgfywﬂtlmgégsrm_&ﬁwét@rrapm@m@th%@fﬁrfab%fim@wdﬁi@m to a
temperatuge. g niigh BIGHA S TE AN SERCIANT QL ik -pTé\ﬁJL?s%ﬁlah‘é&%%flﬂa]dla&ﬁ aRaisd; o pllow

essentially all'of the available reactants in the electroless plating solution present between'the planar
membeY 1The sasiiehecwrifenaviog tbebelaorsurmabicrFibure agpyréjorasthetsvedenplébiorfdiaridaby
iteration of {6, RIANAARUINRIAGRSTHAS T SPOWAFigUre Fak e majena) deparitad oy
electroless [EIaStﬁ]g regi%oﬂaﬁas%ﬁﬁegﬁ%ﬁe trgsrpcﬁes present on tﬁeer Wé er 1107 surféa}ce an 'has&%rmed
a planariziegegenaftntbterbkoveg thepovbdfendd QUicBin¢e nihaplanan zimpwurfd geatdrinkbdelzraion
member 1&1190%%rvg as.an ueol%«frr ts:l%rrllfinement boundary for material deposited through electroless
plating reactions, ht of the pl%inarizing layer deposited over the wafer is defined by the
planarizing surfade F28uFeui2@rmhoredionnatiopyof thé plagainzingdayaeddaotiyh wafprabdOmhesnber
self-limjtin e tg,minimizati electroless plati lution between the planar member 1 and
the walbr 1100 G e A I Ch LD ORTRS Mo Pe PG S et e
Figure 13 igafer illueTratian tshpeingi@ Howdheitcdéarniethpthforeagpaltiogsacptamnaiiangaliiyer ereazy
surface of afer, in accordapce with one emhodiment of the present invention. The 25 method
nciudes o dSelnABREAS T S LSk EHeSb PRGBGSR 25 S AT SR Er e
electrolesslatisigpsedutioneis, Raitiaifadahateveperansa dinyiakea Inlating seastiamdes not readily
occur. In one embodiment, the electroless plating solution is applied to the wafer surface by

submerging the WAF8FSn! %\Pbé?ﬁrSf@@cﬁ(Hfggg%ﬁtﬂfgas%ﬂﬂidWT 0 A P LY HRIAR L %S pération
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surface. In one embodiment, the planar member is positioned within a range extending from about O

micrometef§ReNahBIRSSnREY SRR eYefsTrid il thaiRss pBridRT dptmedmpdrstirie lavesrioRHE e BRinar

_member Prximate 1a dhe syafer sluriacRSeveSiRrexpPef %@%f&ﬁ@&%@lﬁﬁ_&&oﬁﬁ B@(}EQ a_%oéﬂti%ber
interposed between the planar member 30 and the wafer surface. Additionally, positioning the planar

member prORifAgtecH Reendarsdeuratsialslsremrd s aiehaeatoetiv Al o ndaiersidhs platmyy
solution withipytecessed areas et thepyaten swiaceer e methogfitheninaiider.anoRgraligds0s in

which the wafer surface is exposed to 5 radiant energy to increase a temperature of the wafer surface

to a stite BUTEMPTRGRYTEEtons bechimEFeackiRe WateHsurabe, e ddiari( Sheiiepissée
through the, planor merbeiRasiiansd.arer e BicImAE bRl RMAse) RyeiR i egpse I

temperature at the wafer surface, plating reactions occur at an interface between the electroless

plating solUtidhasribicthbvaifang srffees a‘rhbtbﬂaﬁn@wéé@ﬁ6n§ae<saﬂﬁmf©hﬂatniﬁ11@fié}/pIanarizing layer
10 between the wa %?es?§f"f‘s°§naﬁfﬁ§H§ti‘§§@ﬁ5x@lﬁ£‘?‘?{o\!&hﬁ}?o‘%m% Sn re@%‘?ﬁ fea°é1%ﬁ&?§f .
the electro ution

surface to the radiant energy continues until reactants contamned within s plating's
adjacent ttatlve evafeusiaca o€ avertonsumedtdaise  with necerntbodiment ofhdeafee suniscatisne dpesed to

the ragiant, o Hodnd duss’ ggt%g}aglxnu ?%?6@;‘11 ik 'éf‘e%tQS SR PTA( TS %l:%}f%tg applitd o the fadiant
energy can pe controliea 1o seiec |ver eat a particular malterial present a ewarler surface.
Conditionsafibe Wate ckurtfats capiatiegrohitdse ditonerisuiadhatt thetvvapatengtaranbelofathgatadiant
nergy i lish lectiyely heat the particular material gr wafer surface. ..
energy 1s ?gggt?og d%%st%gte rggcﬁll\f}? ch{:i‘ra.1 tI% glpeae}n(i)l'(l)gllrmeleljltt,(3 theel ﬁe%tsr% etsgtp agngaso ufcil(J)n Elis? %pphed
to the wafer surface by submerging the wafer in a bath of electroless plating solution. The
method also includes an operation 1303 in which a planar member is positioned over and
30 proximate to a top portion of the wafer surface. In one embodiment, the planar member is
positioned within a range extending from about 0 micrometers to about 3 micrometers from the

top portion of the wafer surface. Positioning the planar member proximate to the wafer surface

serves to expel a portion of electroless plating solution interposed between the planar member



In some instances, full consumption of reactants contained within the electroless plating solution
adjacent to the wafer surface is not sufficient to completely planarize the wafer 20 surface. In these
instances, operations 1301 through 1305 can be iteratively performed until a desired planarization of
the wafer surface is achieved. For example, in one epgbodiment, exposure of the wafer surface to the
radiant energy in operation 1305 is ceased when a reactant concentration within the electroless
solution adftdht tyafte WafersufrddiiraalheBosisivatigethfoNlIBYRIITHERT PROBAKY INdhshErfsT
removed ftapp,the, RESIARPIPHMAIS 1P theMPR PRItioR AR RE A MAlE L AUHar S ieMvalQfithe flanar
member allows fresh electroless plating solution to flow over the wafer surface. The fresh electroless
plating solfits sevigasugasgench the wafer surface and replenish reactants present in a vicinity of the
wafer surface. Thaq, heiRpeiations At tieupBdanp s eReaadaRiguie Ad iR an lILsiRtan,
showing a flowchart of another method for applying a 30 planarizing layer on a surface of a wafer, in
accordandediitt energmbodivreasofttientpeséincimie Avom dftre swidtio donel stk ah wheiatidatingo1 for
appYing 3, LIgGHOIGSS,PIaING. SRIIRR (0.1 AlRFSUITARE TGP BRLALeSR RAASOMIAR. Bianar
maintained at a temperature at which a plating reaction does not readily occur. In one embodiment,
applying tmecelbetpdesmpiationgr 3ndphationade thehwafefessifedeecidprrfortine thby sehmemrgathecwafer
in a bath of thﬁa electroles Iatiq solution. The method also includes an o e[Lati Jt4 3 for rqoving a
at the ‘walter SHI‘ ace,. 1n%0re ctions ?.CCLII‘ an 1terrace ove weﬂ? € cle 1‘? SS }a 11n
planar member over and proximate to'a top portion of the wafer surface. Movement of the Bana
member seslgtoaaxpbianpdetionrticel ebiirotdssiglatingisotutesnl intefposedobeifve phatlhe plenkiyer
membey and the 5 waler surtace: Addtipnali, movement of dhe planar member senes 9. entran.a
portion of the SiEtirbieds p]iatlng Softtion I TECESSE] areds of theWarer sUMaee “An operaauon
1405 is alsarfiucyidedhdatdipptyéngrigdiantiener gy dihredgiarikecptamniae ineitiertbnditetiokwaieitiagrface.
The radiant&fner yi caEabIe f incrfasin a tem%)erature of the wafer surfac%%a state at W%Ch
plating reaHBRSIWATBERT I A intaHACHTAMTEEN tRBMRE oSO pIRIRE s STIRRH BRA -1 Hith ¥ Hefer

surface. Inafaepakatiopoi) fo ahyavalengdnéangamodf hissadiantyenargy:is sontielleruitheatse:the
radiant energy to selectively heat a material present at the wafer surface, Furthermore, in an operation

1409, reactAN PR HNFF 2fe SIARTPAMIRTHE B CIR RFo U rSilsth d S SRIBTH fite 535 et BEHEEER the

planarmemperiangrthenvatemsuniage areralovEshiacanshngdiit Rlating reaciensohhersaetbod
also includes an operation 1411 for discontinuing 15 application of the radiant energy to the wafer

surface. FERSWinG théhsparysbmahirengs shehatdfiai R peHornalithsh d0es e prshamefser

away fromytheeRMAstigmPhibe walerswiagauMavement of the planar member away from the top
portion of the wafer surface allows fresh electroless plating solution to be introduced between the

planar member alicbtHeciRTERERifALS CTRRIPHRB @ FupAsEHTHINBBENSA BHBHAtBA cleet|psiRietng
operations, Jd@3,tiaHabnt 443R0 WELPREARY IR a6y JigRpnpan sush shatihe wilar SUHaGRater

approaches a planar condition. In one embodiment, a reactant concentration present in the fresh

e|ectr@!és@pfaﬂﬁgladhﬁsérinstaﬁé_ﬁéagp@rfgﬁmmglé@bﬁ@ya@té&%ﬁp@rbs;ai@lm'rvglbeﬁ@ré@msedlwmé  be
occupied by fhe elaeaiessdalipaRoWIRD Remeenthe WATET SHEAcs ARtENePIRANAL MESRRE:,

positioned proximate to the wafer surface. 25While this invention has been described in terms of
several embpelimewisthie widiferesurface to the radiant energy in operation 1305 is ceased when a reactant

concentration within the electroless solution adjacent to the wafer surface reaches a specified

low level. Then, the planar member is removed from the position proximate to the top portion

25 of the wafer surface. Removal of the planar member allows fresh electroless plating solution to

flow over the wafer surface. The fresh electroless plating solution serves to quench the wafer

surface and replenish reactants present in a vicinity of the wafer surface. Then, the operations
1301 through 1305 are repeated.

Figure 14 is an illustration showing a flowchart of another method for applying a

30 planarizing layer on a surface of a wafer, in accordance with one embodiment of the present

invention. The method includes an operation 1401 for applying an electroless plating solution

to a wafer surface. The electroless plating solution is maintained at a temperature at which a

plating reaction does not readily occur. In one embodiment, applying the electroless plating



appreciated that those skilled in the art upon reading the preceding specifications and studying the
drawings will realize various alterations, additions, permutations and equivalents thereof. It is therefore
intended that the present invention includes all such alterations, additions, permutations, and
equivalents as fall within the true spirit and scope of g1e invention. 30 32 CLAIMS 1. A method
for applying a planarizing layer on a surface of a wafer, comprising: applying an electroless

plating solfRISHAB 10 ihsravadeimtticthis drétransdy sty epitsnsdsidhidmathinbhack teriptrature
at which aplatingseamiPrHO G NI SRAIN @GN an opRPRIEANAGFHIANA MEMMETL YL AR BiRximate

to a top portion of the wafer surface, the planar member serving to expel a portion of electroless

plating solmrbﬁr@ﬁérm@%éd%@mﬁqn@braﬁavqﬁ%m@canmﬂyéwfsﬁﬁa&@}%@mrsmm ther
serving as.apiRREScaRfinemetRaunsans folomats ialdapasiad AR thamairiihr arahbelestiolsss
plating reactions; and 10exposing the wafer surface to radiant energy, the radiant energy passing
through? th@ﬁmwm&émﬁgﬁéﬁimm@fy@émgpwmb@mbmmgm@ Fnppe mﬂi@m@ﬁh@e\{vafer
surface toeﬁ‘cf%l%?e?s‘ i’)‘{*&iﬁ%tﬁ‘&lﬂﬁﬂn&ﬁﬁﬂw&&s%‘é&u%%z?st. 8P RIeAcs b &e‘?%é‘%@é&%%?;‘fﬁﬁ)?'?s“”g
solution and the wafer surface, the plating reaction forming a planarizing layer between the wafer
surface ardstherpladed menppéyinkSradia®, ¢uensthiboigh dpplyimmpaptantzizing taybe snfarsunfice. of a

wafer as regiled i glaim. 1 herginposiioning e planarmember serves o lirap.a porign.of the
electroless pfa{lng SO|U%OI%§</VI§hInFI)’eCGSSG areas gf the V\}%ﬁrer surf%ce. 26@5\ method for appfying a

planarizingvlaykrpbatiag wrfatersf willatenasracitactifactairt d efurthe e kemprsingating sohtriokiragd

Wavel?pgtt range of tl}e eqillant energy to %zwse the r?dlaht energalftt%lesel ctively heat a mateﬂgé

c W I suria n 3%4)%61’ (%H 1 a Wi?Vﬂ en range radiant ener 1S_COoptro
presen e wafer surface. A'method for applying a planarizing layer on a sufface of a wafer as

recited in to cause the radiant energy to selectively heat a material present at the wafer surface.
Furthermore, in an operation 1409, reactants present in a remaining amount of electroless
plating solution interposed between the planar member and the wafer surface are allowed to be
consumed in plating reactions. The method also includes an operation 1411 for discontinuing

15 application of the radiant energy to the wafer surface. Following the operation 1411, an
operation 1413 is performed to move the planar member away from the top portion of the wafer
surface. Movement of the planar member away from the top portion of the wafer surface allows
fresh electroless plating solution to be introduced between the planar member and the wafer
surface. The method further includes an operation 1415 in which operations 1403 through 1413

20 are repeated in a cyclic manner such that the wafer surface approaches a planar condition. In
one embodiment, a reactant concentration present in the fresh electroless plating solution is
increased during each cycle to compensate for a reduced volume to be occupied by the
electroless plating solution between the wafer surface and the planar member positioned
proximate to the wafer surface.

25 While this invention has been described in terms of several embodiments, it will be
appreciated that those skilled in the art upon reading the preceding specifications and studying
the drawings will realize various alterations, additions, permutations and equivalents thereof. It
is therefore intended that the present invention includes all such alterations, additions,
permutations, and equivalents as fall within the true spirit and scope of the invention.

30



claim 3, further comprising: 33 5.A method for applying a planarizing layer on a surface of a wafer as
recited in claim 1, wherein the electroless plating solution is applied to the wafer surface by
submerging the wafer in a bath of the electroless plating solution. 56.A method for applying a
planarizing layer on a surface of a wafer as recited irgzlaim 1, wherein exposing the wafer surface to
radiant energy continues until reactants contained within the electroless plating solution adjacent to the
wafer surface are consumed. 7. A method €raapslying a planarizing layer on a surface of a wafer
as recited in 10 claim 1, further comprising: ceasing exposing the wafer surface to radiant energy;
removing the planar member from the position proximate to the top portion of the wafer surface,

wherein removinq the pl r}gétm%nt](t))reg alfoivI\l/s g‘lrelsakrll aerielcrgrollaesesr glaﬁiggrfoléjg n \g&)a éow gr\r/legitSQe wafer
surface, the fresh electroless p(fatlng $Bution s@rvmgzto%u HER e Water Sufradesrs ang reﬁll%nish

reactants present i3 vieiny QL e waler surfaceiand | (ebeating the opsyations of pesitigning the
planar member oVer and proximate to opTportion of the wafer surface and exposing the wafér

surfacesto sadiant Briepgyaintain8d At metipdrfourapp yingraaplanaxizieg tayed@s aosuefady otawafer as
recited in 20 claim 1, wherein the wafer surface is exposed to the radiant energy in a substantially
uniform manner. positicink method focapptyivgraapiapanzingdayer ap pouirdace ofiawddesuwtmprising:

€) applylréﬂean1 aelectrole s platin stolutlo to awafertsarf c thelelt?ctrol?s%ﬁlat{g%%ZS g%lé{t\;v%rénbemg

. . ar member SErvimng. to €x ri ortion 0 ctroless,pla solut 1n S€
maintaine atpa Pempera ure at w IC% a%?afrlerg reaction Soes notpreaaﬁy occur, 3 moving a planar

member oiter glachpiaxinteteatel ahiop plertianfaidhthsvpliarasurkaabetRerplagas menpper senfinghienexpel
a portion cg ele trolfss Iatingc?olution inte osefj b%tweel? tlhe Plf\nar ember and the wafer surface;
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10 exposing the wafer surface to radiant energy, the radiant energy passing through the
planar member, the radiant energy being capable of increasing a temperature of the wafer
surface to a state at which the plating reaction occurs at an interface between the electroless
plating solution and the wafer surface, the plating reaction forming a planarizing layer between

the wafer surface and the planar member.
15

2. A method for applying a planarizing layer on a surface of a wafer as recited in
claim 1, wherein positioning the planar member serves to entrap a portion of the electroless

plating solution within recessed areas of the wafer surface.

20 3. A method for applying a planarizing layer on a surface of a wafer as recited in

claim 1, further comprising:

controlling a wavelength range of the radiant energy to cause the radiant energy to

selectively heat a material present at the wafer surface.

25 4. A method for applying a planarizing layer on a surface of a wafer as recited in

claim 3, further comprising:

monitoring conditions at the wafer surface to ensure that the wavelength range of the

radiant energy is established to selectively heat the material present at the wafer surface.



34 (c) applying radiant energy through the planar member and to the wafer surface, the radiant
energy being capable of increasing a temperature of the wafer surface to a state at which the plating
reaction occurs at an interface between the electroless plating solution and the wafer surface; 5(d)
controlling a wavelength range of the radiant energy 3@ cause the radiant energy to selectively heat a
material present at the wafer surface; (e) allowing reactants present in a remaining amount of
electroless plating- solutidrMAtRPEJEARRANNEH R ML BB Randtace KateVGHacdedipe in

consum,edclaiﬂiqt,'%@aﬁt'@ﬁ%ﬁ&@léﬁwmﬁym%alwg@m f@qmm%r&xf&éhfyw%ﬁ{e%m ce;
(g) moving the planar member away from the top portion of the wafer surface to allow fresh electroless
plating solthgofidsa mbashgtéeetsdegiedpsthid inaapkiérmber and the wafer surface; and  (h)
repeating elements (b) through (g) to approach planarity of the wafer surface. 15 10.A method for
applying a planarizing layer on a surface of a wafer as recited in claim 9, wherein applying the
electroless plating solution to the wafer surface is performed by submerging the wafer in a bath of the
electrofess plating'squti%rfP?@Pﬂ!.ﬁ?h?é’dﬂd@&ﬁ BEPWiANS HEpiarRingUuEyer 6h 2 ¥atsace Blsdder as

recited in ¢laim %’,flwﬁ%%iﬁogk?yﬁgﬂgi the GRRIFOLRG& My Qhitha elRerlesshalaingarlvtieRthRaugh
the bath so as to maintain replenished electroless plating solution within the bath. 2512.A method for
applying acpranmadingthaydhcoplessplacplging welteionsirtiane A the wafer surface are consumed.

7. A method for applying a planarizing layer on a surface of a wafer as recited in

10 claim 1, further comprising:
ceasing exposing the wafer surface to radiant energy;

removing the planar member from the position proximate to the top portion of the wafer
surface, wherein removing the planar member allows fresh electroless plating solution to flow
over the wafer surface, the fresh electroless plating solution serving to quench the wafer surface

15 and replenish reactants present in a vicinity of the wafer surface; and

repeating the operations of positioning the planar member over and proximate to the top

portion of the wafer surface and exposing the wafer surface to radiant energy.

8. A method for applying a planarizing layer on a surface of a wafer as recited in
20 claim 1, wherein the wafer surface is exposed to the radiant energy in a substantially uniform

manner.

9. A method for applying a planarizing layer on a surface of a wafer, comprising:

(a) applying an electroless plating solution to a wafer surface, the electroless plating

25 solution being maintained at a temperature at which a plating reaction does not readily occur;

(b) moving a planar member over and proximate to a top portion of the wafer surface,
the planar member serving to expel a portion of electroless plating solution interposed between

the planar member and the wafer surface;



claim 9, further comprising: 35 13. A method for applying a planarizing layer on a surface of a
wafer as recited in claim 9, wherein moving the planar member over and proximate to the top portion
of the wafer surface serves to entrap a portion of the electroless plating solution within recessed areas
of the wafer surface. S 14. A method for applyingga planarizing layer on a surface of a wafer as
recited in claim 9, wherein the planar member serves as an upper confinement boundary for material

deposited on the Waf@PthistiGEIBCARTESS PEatel (BadiBRI TERMmbAr medhisyths WS it Tacsiaiarizing

layer on a,gurfaeeft&, wales éﬁpﬁ%‘f‘ét%ﬁiﬁbfééémgé‘téﬂﬁﬁiﬁlﬁr@&@@Wf@%ﬁl@e&feiﬁ)dﬁﬁ%da{%ﬁfch
broadly flexible and locally rigid.
the plating reaction occurs at an interface between the electroless plating solution and the wafer

surface;

5 (d) controlling a wavelength range of the radiant energy to cause the radiant energy to

selectively heat a material present at the wafer surface;

(e) allowing reactants present in a remaining amount of electroless plating solution
interposed between the planar member and the wafer surface to be consumed in plating

reactions;
10 (f) discontinuing application of radiant energy to the wafer surface;

(g) moving the planar member away from the top portion of the wafer surface to allow
fresh electroless plating solution to be introduced between the planar member and the wafer

surface; and
(h) repeating elements (b) through (g) to approach planarity of the wafer surface.
15

10. A method for applying a planarizing layer on a surface of a wafer as recited in
claim 9, wherein applying the electroless plating solution to the wafer surface is performed by

submerging the wafer in a bath of the electroless plating solution.

20 11. A method for applying a planarizing layer on a surface of a wafer as recited in

claim 9, further comprising:

controlling a flow of the electroless plating solution through the bath so as to maintain

replenished electroless plating solution within the bath.

25 12. A method for applying a planarizing layer on a surface of a wafer as recited in

claim 9, further comprising:

maintaining the electroless plating solution within the bath at a temperature at which a

plating reaction does not readily occur.
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35
13. A method for applying a planarizing layer on a surface of a wafer as recited in
claim 9, wherein moving the planar member over and proximate to the top portion of the wafer
surface serves to entrap a portion of the electroless plating solution within recessed areas of the

wafer surface.

14. A method for applying a planarizing layer on a surface of a wafer as recited in
claim 9, wherein the planar member serves as an upper confinement boundary for material

deposited on the wafer through electroless plating reactions.

15. A method for applying a planarizing layer on a surface of a wafer as recited in

claim 14, wherein the planar member is defined to be broadly flexible and locally rigid.



