TI TLE OF THE | NVENTI ON: METHOD FOR THE REMOVAL OF SURFACE OXI DES BY
ELECTRON ATTACHMENT BACKGROUND OF THE | NVENTI ON [ 0001] Descri bed herein
are nmethods for renoving netal oxides fromthe surface of a substrate,

i ncluding an insul ated substrate. Al so described herein is an apparatus for
renovi ng netal oxides fromthe surface of a substrate. 5 [0002] Wafer
bunping is a process used to make thick netal bunps on the chip bond pads
for inner |ead bonding. The bunps are commonly made by depositing a sol der
on the pads and then reflowing (referred to herein as a first reflow to
conduct alloying and to change the shape of the solder bunp froma
mushroom shape into a hem spherical -shape. The chip wth the
first-reflowed bunps is "fli EHé&"OEJFkEdE’NEM@HZ to the footprint of the

sol der 10 wettable termnals on the substrate and then subjected to a
second reflow to fJdVRTEODHPR THE REMOVAQE SUBIFAGE CHIES are referred to
herein as inner |ead bonds.BW QN A TAEHMENTEo| ders (e.g., > 300C) are
normal Iy used in the wafer bunping process because it allows for

subsequent assenbly steps_such as outer_ | ead bonding to proceed using

| ower -mel ting point sol dBASKGRQPND Gi3pidi INVENSIHN di sruption of the inner
| ead bonds. 15 [0003] The shape of the sol der bunps after the first reflow
is cridPRA. Deseriksdhasein argmetiiogs foryamgving mpiel axide frepdha sHEReR et t er
bondi ng and hi gher fatigue resistance., Further, the bunps forped shoul d
pref er aHPsiraie iBeiudng AR insulated sbstsate ASOARSGRREANSIRIAS 8 APRRTRINE Mt i al | y

uni form sol der bunps having rel atively |arger bunp heights is believed to
be assé@'ina‘t"ﬁﬁlW‘%‘P‘Px'dﬁﬁf@%tg%ﬂ"ﬁ%“@ H@yosidtPace during the first reflow
Current| there are two maj or 20 approaches to renoving sol der oxi des

dur Png (061121 \Wafer PumpinisA Plasess et MRk mefal pmpee e R AR i s

fluxl ess soldering using pure hydrogen at a ref|low tenperature of 400 to
-1 450@295F inAgr dadiearingn dBe brmpsate spipmealingde IReropiRgasPEehaR Hige of

t he pure hydrogen, . . X ,
pads and then reflowing (referred to herein as a first reflow) to conduct alloying and to

change the shape of the solder bump from a mushroom-shape into a hemispherical-shape.
The chip with the first-reflowed bumps is “flipped” to correspond to the footprint of the solder

10  wettable terminals on the substrate and then subjected to a second reflow to form soider
joints. These sclder joints are referred to herein as inner lead bonds. High-melting point
solders (e.g., > 300°C) are normally used in the wafer bumping process because it allows for
subsequent assembly steps such as outer lead bonding to proceed using lower-melting point
solders (e.g., <230°C) without disruption of the inner lead bonds.

15 [0003] The shape of the solder bumps after the first reflow is critical. For example, a large
bump height is preferable for better bonding and higher fatigue resistance. Further, the
bumps formed should preferably be substantially uniform to ensure planarity. Substantially
uniform solder bumps having relatively larger bump heights is believed to be associated with
an oxide-free bump surface during the first reflow. Currently, there are two major

20  approaches to removing solder oxides during the first reflow of the solder bumped wafer.

One approach is fluxless soldering using pure hydregen at a reflow temperature of 400 to
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which largely limts the application of this approach. The second approach
I's applying organic fluxes over the deposited solder bunps, or within a
sol der paste mi xture that has been printed onto the wafer to formthe
bunps, and reflowi ng the bunps in an inert 5 environnent so that the fluxes
can effectively renove initial oxides on the solder surface. However, this
approach has its drawbacks. Small voids nmay formin the sol der bunps due

to fl uxscRes oTheOsAbi EtallefigesithiGipgranhys the flammapleteguedd thehpure hedrogergal  and
mechani cal properties of the fornmed sol der bonds but al so destroy the

co- pl aparchtiargely likite tisohsitcativmgiesls apprbach. aTitk sdcbad apploacisisapelyingnt chi p
bondi ng process. The deconposed flux volatiles can 10 al so contam nant the

r ef | owofgahRaiees\biathe adpdsited eslder Humgpsrer witlen aroklec padte nlixtuedtatthasn,  f1 ux
residues are oftentines | eft upon the wafer which can corrode netals and

degr adgeéprinte@ bhtorth@nafer & foimehabwapd layd réfdd] thedburgsov entreet f | ux
residues fromthe refl ow processes descri bed above, a post cleaning

pr 0§ es envirntedt 8601t 8@ fluked gare bifeptiodll temoer ihitaisox{des G)tha soldéresuniang agent s.
15 However, post-cleaning adds an additional process step and increases the

manuf a¢lowev&d tHis aneeadhtgastitsirawibatkshSmalltvbiels wsay fofm arhihe sokleciouropsadisons
(CFCs) as cleaning agents is banned due to the potential damage to the

earth' so Mboderohiposition.oTieeseanils. may hdtanydeywads tharlectricakarsl rhestanizakn
devel oped by using a small anmount of activators to reduce residues, there

IS a tpasperifsliof ket foreed sdi@erdminds BoChls®dsstion thdeo-plamarity obfhefdolder berapetlies and
the activity of the 20 fluxes. Therefore, a catalytic nmethod to assi st

gener aijang dnidgiffest the agisedaemiZhipasireigprocsss. Tha decsmpbseidipx vblatileé tact i ve
ranges of hydrogen concentration and processing tenperature for reducing

sun f ac alsedofiemind thedetow Saugts whivh the incrediss thieymalnfoabte Ebsaix Iresddit{or v)
sol dering has been performed in the prior art using several techniques.
One t eglhniatitRick aird ofteaniplesyeft as®r the vafalvtadrecar cdneat nmattlalandxiegiade tre t hei r
25 vaporization tenperatures. Such processes are typically perfornmed under
i nert eerfoesincenftheadss@mplyer es to prevent re-oxidation by the rel eased
contam nants. However, the nelting or -2
[0004] To remove the flux residues from the reflow processes described above, a post
cleaning process may be adopted using chloroflucrcarbons (CFCs) as cleaning agents.
15  However, post-cleaning adds an additional process step and increases the manufacturing
processing time. Further, the use of chloroflucrocarbons (CFCs) as cleaning agents is
banned due to the potential damage to the earth’s protective ozone layer. Although no-clean
fluxes have been developed by using a small amount of activators to reduce residues, there
is a trade-off between the gain and loss in the amount of flux residues and the activity of the
20 fluxes. Therefore, a catalytic method to assist generating highly reactive H; radicals, and
thus reducing the effective ranges of hydrogen concentration and processing temperature for
reducing surface oxides, has been sought by the industry.
[0005] Fluxless (dry) soldering has been performed in the prior art using several
techniques. One technique is to employ lasers to ablate or heat metal oxides to their

25  vaporization temperatures. Such processes are typically performed under inert or reducing

atmospheres to prevent re-oxidation by the released contaminants. However, the melting or
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boiling points of the oxide and base netal can be simlar and it may not be
desirable to nelt or vaporize the base netal. Therefore, such |aser
processes are difficult to inplenment. Lasers are typically expensive and
inefficient to operate and require a direct line of sight to the oxide

| ayer. These factors |limt the useful ness of |aser techniques for nost
soldering 5 applications. [0006] Surface oxides can be chem cally reduced

(e. 9., tolingipointd dftiee gXide xpd baseemetal carebe similar grabiemay @obbe déipblatto eleltvat ed
tenperatures. A mxture containing 5%or greater reducing gas in an inert

carri efor yspdtize thébase mytal. CEdrsforts edch [@ber precesseoareiffidulciosmplengnt. H2O)  are
then released fromthe surface by desorption at the el evated tenperature
and cangpsed atdtypimally expenbioe aad iddifivient tedsbratEyapi caduingrndiess lineeofstgtar es
exceed 350C. However, this process can be slow and ineffective, even at

el evat gk baoPRIyait UTSe f4d6H8 Timitthe usqieiadssnfdasedh tenbihiquen s snost sélbieringeduct i on
process can be increased using nore active reducing species. Such active

spegi esapphdatioes.pr oduced using conventional plasma techniques. Gas pl asnas
at audio, radio, or mcrowave frequencies can be used to produce 15

react i [00063diSiatage bitles barf Be Ehalticallyi rdaideane.gl,no $LONthpsupbes@esyre b gh
intensity electromagnetic radiation is used to ionize and dissociate H2,

02, SF6eadtive gbbey (e H4)) @beleivated tehhpgaturasorA midure @ohtainig$fe cogreaterds, into
highly reactive radicals. Surface treatnent can be performed at

t enper abdudisy G in\an N earkiavie B IN,) istysicallyruskd. Thé edatiappioducts ¢@gdiHkOpns f or
pl asma formation, such processes are typically perfornmed under vacuum

condi t izp@then\aledset 6m aResutaceny deediptisreatetkip elkvhted tefgpémpteatndoatriedist be
performed as a slow, batch process rather than a faster, continuous
pr ages awailis the gelsERuEeId ! Fydiod) prgbsy tetlipppatiee @xcidd 3808CY Howetdr thid he
process chanber and are difficult to direct at a specific substrate area.

Ther ef @r6cessiche be@im ancinefiativeeveaanoleviied edfperbtrdd y utilized in the
process. Plasmas can al so cause damage to process chanbers through a

sput t erfooer]priveespeed and effadtivenaduf eheareddtionqeocask abn os fressedasingmasrge on
dielectric surfaces, leading to possible mcrocircuit damage. M crowaves
t henselactige ERNCIAY SPetiEt) SBudN atioe bpanidd catamgeducidisiighsinveart®nal plasma
technigues. Gas plasmas at audio, radio, or microwave frequencies can be used to produce
15  reactive radicals for surface de-oxidation. In such processes, high intensity electromagnetic
radiation is used to ionize and dissociate H, O,, SF; or other species, including fluorine-
containing compounds, into highly reactive radicals. Surface treatment can be performed at
temperatures below 300°C. However, in order to obtain optimum conditions for plasma
formation, such processes are typically performed under vacuum conditions. Vacuum
20  operations require expensive equipment and must be performed as a slow, batch process
rather than a faster, continuous process. Also, plasmas are typically dispersed diffusely
within the process chamber and are difficult to direct at a specific substrate area. Therefore,
the reactive species cannot be efficiently utilized in the process. Plasmas can also cause
damage to process chambers through a sputtering process, and can produce an

25  accumulation of space charge on dielectric surfaces, leading to possible microcircuit

damage. Microwaves themselves can also cause microcircuit damage, and substrate
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-3 tenperature may be difficult to control during treatnment. Plasmas can

al so release potentially dangerous ultraviolet light. Such processes al so
require expensive electrical equipnent and consune consi derabl e power,

t hereby reducing their overall cost effectiveness. 5 [0008] U S. Pat. No.
5,409, 543 di scl oses a process for producing a reactive hydrogen species
(i.e., atomc hydrogen) using a hot filanent to thernmally dissociate

mol ecuk@hperiuds a@¢Deidifficulitecuntnl clriog treatment helaemeas garzaldo helelisegen
chem cally reduces the substrate surface. The tenperature of the hot

fi | amepbtemaxly dangerdus ataaBREliit. Z2UeA Prodebsst alscmiqliye ekpensive efpctrital are used
to deflect or capture excess free electrons emtted fromthe hot 10

fi | anerbuipiizat sededrisumespasitesber poredthereby dsdugimg their pvevallesstl f r om ni xt ur es
containing 2% to 100% hydrogen in an inert carrier gas. [0009] U S. Pat.
No. 6, 2&3cthddest. scl oses a process for activating hydrogen using the

di scharge froma therm onic cathode. Electrons emtted fromthe therm onic

cat hodgogusgatle S. Paf o, BIBsS4diduehaega prodeiss forgesuticingesreactvedydpeai es. The
em ssion process is perfornmed 15 in a separate or renote chanber containing

a heat ggedibd g Htomit ®Y&rogen) wirig & Abidilarmenttts tesmally dvgdchitombleeular eat ment
chanber to chemcally reduce the oxidized netal surface. However, such hot

cat hodey@rges 16 sadiefcsraiitionc Theeneryilicd ydmgen chemicalpradetéstht isubstats and
filament |ife. Vacuum operations require expensive equipnment, which nust be

i ncor peuAhes Thetempsedtorerdr i e fileeymt nag|rhngey/fedre B60°Ct foc220D3C.r EBuirically t hei r
overall cost effectiveness. 20 [0010] Potier, et al., "Fluxless Soldering

Under Agdsied riasl ars usesinb defiector duptirernixcedy fesselections Smitterfeorvithehot
| nt ernati onal Conference, 1995, San Jose, CA, and U S. Pat. Nos.

6, 146, Fimnert. TR rebtlive Spdiith, B4omib hYroged s progtet, froABmixXiures 8odiaRingrtdo
5,722,581 descri be processes for producing activated H2 (or other reducing

gases, t6400%afydfdgénat amiridjt cagiengasel ectrical di scharge. The reducing gas is
generally present at "percent levels” in an inert 25 carrier gas (N2). The
di scharjgens]s (nBoHuC Rd. 6208632 diselbbey a1 ptdcags oo htthgeing bydrogerodsitigteer al
discharge from a thermionic cathode. Electrons emitted from the thermionic cathode create
a gas phase discharge, which generates active species. The emission process is performed
15  in a separate or remote chamber containing a heated filament. lons and activated neutrals
flow into the treatment chamber to chemically reduce the oxidized metal surface. However,
such hot cathode processes require vacuum conditions for optimum effectiveness and
filament life. Vacuum operations require expensive equipment, which must be incorporated
into soldering conveyor belt systems, thereby reducing their overall cost effectiveness.
20 [0010] Potier, et al., “Fluxiess Soldering Under Activated Atmosphere at Ambient
Pressure’, Surface Mount International Conference, 1995, San Jose, CA, and U.S. Pat. Nos.
6,146,503, 6,089,445, 6,021,940, 6,007,637, 5,941,448, 5,858,312 and 5,722,581 describe
processes for producing activated H, (or other reducing gases, such as CH4 or NH;) using
electrical discharge. The reducing gas is generally present at “percent levels” in an inert

25  carrier gas (N,). The discharge is produced using an alternating voltage source of “several

kilovolts™. Electrons emitted from electrodes in a remote chamber produce exited or
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kil ovolts". Electrons emtted fromelectrodes in a renote chanber produce
exited or -4 unstable species that are substantially free of electrically
charged species, which are then flowed to the substrate. The resulting
processes reduce oxides on the base netal to be soldered at tenperatures
near 150C. However, such renote di scharge chanbers require significant
equi pnent costs and are not easily retrofitted to existing soldering
convey ghsthbletspbcisy tHae B substaatialiytiieerof ctdirizalperargsbaecms whiyp acathery

enpl oyed for pre-treating the netal surface before soldering rather than
renovi figwsdtaite sonsteigs. ThORSlkingpfHceBads. retiice dxidE3HN3RE bdesoetdbesbar sur f ace
treatnment process using electrical discharge or plasnma at atnospheric

pr essuieldéredrat derhperbtuved ieag @ 50°C. Koweveb GukVyembte clisthdge chdinbemlregtireode i s
placed in the proximty of the substrate rather than in a renote chanber.

10 The sighHieat Riphwms cests hind dref nod Busilyaebfitizito dristing sukieriag rceavdyiov belhy dr ogen
radicals --a plasnma containing atom ¢ hydrogen-- which then pass through
opeRi nggstemsa lIrdadlitts, tHese phicebsks @1k agichlipempldybe fanpreltreatihgthb statalt e.  The
dielectric shield concentrates the active hydrogen onto those specific

sur f ac guifasatbdioasoldeeing Fathgr than exialiig suiderldeides.er, such diel ectric shields
can accunul ate surface charge that may alter the electric field and inhibit

preci seo@Epceks. Rat. Nors, 438 820Thescrlbeca stréabetremtrasist precesn luging eettrical f | ux base
nmetal surfaces. [0012] Accordingly, there is a need in the art to provide
an ecol@ghargk onpliseiafdt atrecdphet pesswre fiam & highlvelksge @fk\oly 50fk\d @letroddunped
waf er under relatively | ow tenperatures to reduce thermal energy. There is
a furt mae eeeddeé B pldeeddn thd progimity iofl theasupstoate ssthemitian appaenadte shéraberf | ux| ess
sol der refl ow under near anbient or atnospheric pressure conditions 20 to

avepd tThe fiespsstsens bmitetdions theglesiddes pridate reagtiveloydiogencadipaienrta. There i s
an additional need in the art to provide a fluxless solder refl ow process
usi ng lazatr ddntdiming bomig Agdreget-r whiok tiien gass tifreugh bbeniregsiis aalielesdc shielthe art
to renove netal oxides fromthe surface of substrates, such as, for
exanpl @lacet @eérthe akidizet sabdtete dTiseibislechicahiclxamphieastes theadatiee hydregery
i nsul at ed substrates include, but are not limted to, rigid epoxy gl ass
| am natogto those specific surface locations requiring de-oxidation. However, such dielectric shields
can accumulate surface charge that may alter the electric field and inhibit precise process
15  control. The described process is only used to flux base metal surfaces.
[0012] Accordingly, there is a need in the art to provide an economical and efficient
process for fluxless reflow of solder bumped wafer under relatively low temperatures to
reduce thermal energy. There is a further need in the art to provide a process and
apparatus for fluxless solder reflow under near ambient or atmospheric pressure conditions
20  to avoid the expense of purchasing and maintaining vacuum equipment. There is an
additional need in the art to provide a fluxless solder reflow process using a non-flammable
gas environment. Further, there is a need in the art to remove metal oxides from the surface
of substrates, such as, for example, electrically insulated substrates. Examples of

electrically insulated substrates include, but are not limited to, rigid epoxy glass laminate

25 substrates; flexible polymeric films (e.g., polyimide); insulated substrates used in integrated



25 substrates; flexible polynmeric filnms (e.g., polyimde); insulated
substrates used in integrated -5 circuit (1C interconnection schenes;

i nsul ated substrates used in three-di nmensional or stacked |IC packagi ng

t echnol ogi es; and conbi nati ons thereof. BRI EF SUMVMARY OF THE | NVENTI ON 5

[ 0013] The net hod and apparatus described herein satisfies sonme, if not
all, of the needs of the art by providing an apparatus and net hod for
renovi ageueiGY interdofiasction @ohérhes; Snsulatebsubstras sisbd ir thtee-dimehsional bhe use of a
flux. In one aspect, there is provided, a nethod of renoving a netal oxide

f r om astacked I0gackatihg teshablogies et donildnatiohe theeddiod conprising: providing a
substrate which is proximal to a base el ectrode having a grounded

el ectrical 10 potential, the substrate conprising a treating surface
conprising the netal oxide; providing an energizing electrode that is
proxi mal to the base el eBRIBRISURMARMOFSTHE INVENTIOMerein at |east a
portion of the treating surface is exposed to the energi zing el ectrode and

whes ei [0g13¢ Thasestedbeaid astaratns dédusibed regirsatigiies smbe, dfdet al df tHeeneedbst r at e
reside within a target area. [0014] In another aspect, the energizing

el ect r eeighei it Slepronigiigy sppasit@cind maihby formembeing thetd opidat &oocthpsusacey an
array of protruding conductive tips, wherein the conductive tips are

el ect r ot alsliystemawiRiosur thedysesofeofistl ¢ bive agpece therh és grionidedhen methayl 0bf
protruding tips is separated into a first electrically connected group and

a secongmeling b el dxidedianm a dleatingsofage whe sabstratenike nktiddeofrprisingor second
electrically connected group is connected to a DC voltage source that is

posi ti yedvwidify asebstatsiwhiak ioprogimadfo 4 basd électtoderhasimgangtoendecitaléatridal y
connected group is 20 connected to a DC voltage source that is negatively
bi aged potndalyirerseibstrits eomcrising hagatingurface comptising theosetal wéde; poovédiegl and
the DC voltage source that is negatively biased are electrically connected

to a funcheayidhg eletidds theris phaimalso tapsdsbelatrodt tind fret subgtrate swipgrein abf
energy between the DC voltage source that is negatively biased and the DC

vol t agee30H poriontdf e treating Suifaceds gxposas éol theparesgirigg alegiisdevand whereindher i si ng
a reducing gas through the target 25 area; energizing the rows of
conductbia¥€ elekpsddandititievatgiziy ¢lbetrddd anal thagebsiate esidelvdthin gtarget area.
[0014] in another aspect, the energizing electrode is defined by an electrically insulated
15  plate comprising an amray of protruding conductive tips, wherein the conductive tips are
| electrically connected by a conductive wire, wherein the array of protruding tips is separated
into a first electrically connected group and a second electrically connected group wherein
one of the first or second electrically connected group is connected to a DC voltage source
that is positively biased and the other of the first or second electrically connected group is
20 connected to a DC voltage source that is negatively biased, and wherein the DC voltage
source that is positively biased and the DC voltage source that is negatively biased are
electrically connected to a functional controller that is capable of alternating a supply of
energy between the DC voltage source that is negatively biased and the DC voltage source
that is positively biased; passing a gas mixture comprising a reducing gas through the target

25  area; energizing the rows of conductive tips by activating the DC voltage source that is

negatively biased o generate electrons within the target area, wherein at least a portion of
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negatively biased to generate electrons within the target area, wherein at
| east a portion of -6 the electrons attach to at |east a portion of the
reduci ng gas thereby formng a negatively charged reducing gas; contacting
the treating surface with the negatively charged reducing gas to reduce
the metal oxides on the treating surface of the substrate; and energizing
the rows of conductive tips by activating the DC voltage source that is
posi ti ¢el letticsattatiotdbatiedst bodioaxt drsredliched gamthefaby fortrieg & negdtivaly sur f ace,
wherein the rows of conductive tips electrically connected to the DC

vol t agehamud esiucimgtgass costgelirigund yreblirgseafaaa dith fttes nepativel§ chargediteclucing ti ps
electrically connected to the DC vol tage source that is positively biased

are nghs enNetigte e nétal dxidesamethe treating 0fh6¢ of thefsubstiute; aasiEpetgizitdgie

energi zing el ectrode is defined by a chanber having an 10 internal vol une,
a gas irsWwebf contddctie tigs ¢ ativatihg thel DG vbitdgedsdoeeethatiapositivelyabiasedbo array of
downwar d protruded conductive tips, wherein the conductive tips are made of

hy pedefgtrieve @aest egctrorsarom thecteazitind ¥ rdakey whereiretbdIrewd alcondbittivedips

comuni cation with the internal volunme of the gas chanber, so that a gas
m xt ur elechizally Sinngcted tetheddO ok doumsl that is negativblg biased mnd thecwsloé | nj ect ed
out from each hypoderm c needl e, wherein the hypoderm c needles 15 are all
el ect r icondidctive thoselettacally agahduted fotha DOovultage sowcatihat isqpuditivhig biasedmert ed to
a negatively biased DC voltage source, so that electrons can be generated

f r om eaohendtyipodlartht cameailec ti p, wherein at |east a portion of the
el ectrons attach to at |least a portion of the reducing gas that foll ow ng
out fr goOSIC in fuythedaspect; theeadrgizing ldchrade Bydefinedibyng chambedavingedry char ged
reduci ng gas; contacting the treating surface with the negatively charged
2010 edustemg! @hemé,a gadniet dnt anraidaicatix indelatedirbdshe¢hat centainsgnsardyate of t he
substrate; wherein the substrate is electrically conductive and grounded,
so t hatdotwagatd pretrydesheongactiveltipe t witsrsincha cordiuative igsare nieelesti hgpadetraict o t he
ground. [0016] In yet another aspect, the energizing electrode is defined
by a chestles, wisreingaam hypotkeanicaleeule/hasw, fluid asmunication vaitidthaimtednekct ri cal |y
I nsul at ed base that contains an array of
volume of the gas chamber, so that a gas mixture comprising a reducing gas flowing into the
chamber can be injected out from each hypcdermic needle, wherein the hypodermic needles
15  are all electrically connected together by a conductive wire and then connected to a
negatively biased DC voltage source, so that electrons can be generated from each
hypodermic needle tip, wherein at least a portion of the electrons attach to at least a portion
of the reducing gas that following out from each hypodermic needle tip thereby forming a
negatively charged reducing gas, contacting the treating surface with the negatively charged
20 reducing gas to reduce the metal oxides on the treating surface of the substrate; wherein the
substrate is electrically conductive and grounded, so that negatively charged electrons can
drain from the subsirate to the ground.
[0016] In yet ancther aspect, the energizing electrode is defined by a chamber having an
internal volume, a gas inlet, and an electrically insulated base that contains an array of

25 downward protruded conductive tips, wherein the conductive tips are separated into a first

electrically connected group and a second electrically connected group, wherein at least one
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25 downward protruded conductive tips, wherein the conductive tips are
separated into a first electrically connected group and a second

el ectrically connected group, wherein at |least one -7 of the first or
second el ectrically connected group of the conductive tips conprises has a
fluid comunication with the internal volune of the gas chanber, so that a
gas m xture conprising a reducing gas flowng into the chanber can be

i nj ect efithedirstfor esaondadiectrivapp damectzdneed of thevbendeictive fips @imdrieasthasme gr oup
of the hypoderm c needles is connected 5 to a DC voltage source that is
negat i fieid\cohinasehtiam dith ke intdneal voluntehof the gat chambeecorttat segachixdwal | y
connected group is connected to a DC voltage source that is positively

bi asedcomprsingh esdicingtdas flo@ingdhtodbe chabareah ibatinjested egefrorn ebgh bi ased and
the DC voltage source that is positively biased are electrically connected
to a f HpsddepnR! neediet whilet the tileabisorzegraln of thé hypddeemitatdenips ds sanmpttgd of
energy between the DC voltage source that is negatively biased and 10 the
DC 5ol tagoCwiltage sblraé that isdagjativalebipsédd askeithe dtherwif the fastgmsecond ur e
conprising a reducing gas through the gas chanber and through each

hy podeeREctricaecinhected graipds pbonridetedad d Ba@sbitagerspugredhat o positivehhyipseier mi ¢
needl es by activating the DC voltage source that is negatively biased, so
t hat elaadiwhensn therDO eolgeasoatsedhitrio negsivhly ihjgsed enditie DEadltagd squrcenhat ei n at
| east a portion of the electrons attach to at |east a portion of the

reduci igpapitrelylidsetiairé ecinigallcopniécted tora mchiortsy podeller thatisedpable op t her eby
formng a negatively charged reducing gas; contacting the treating surface
Wit h t hRerna@ag & vepply ohaveapdbetedec thedD @ aslidge soacbedpattih negativelly biasedded on t he
treating surface of the substrate; and energi zing the other group of
congluc the/BC voitpge fuurécihiat/ia posivéin biabel; fiovirgoegssomixbee thaprisisg posducingel y
bi ased to retrieve excess electrons fromthe treating surface, wherein the
at | eaghs ¢iroug ibegas thhyibaderdthougk edtiebyeldenhicineadieyene?fiziog theeaitleabtt o t he
DC vol tage source that is negatively biased and the other group of
conducioh¥ grdupns tied Bygiotesat Ingedien by atteatingtheHRC Bltagel soatpe tbatlis negatibely i s
positively biased are not energized at the sane tinme. [0017] Ina further
aspect pidsber= that glecirnand edn e gehérateddforh each hgpodesoik deedlp dipnvhérainzat
least a portion of the electrons attach to at least a portion of the reducing gas that following
15 out from each hypodermic needle tip thereby forming a negatively charged reducing gas,
contacting the treating surface with the negatively charged reducing gas to reduce the metal
oxides on the treating surface of the substrate; and energizing the other group of conductive
tips by activating the DC voltage source that is positively biased to retrieve excess electrons
from the treating surface, wherein the at least one group of hypodermic needles electrically
20 connected to the DC voltage source that is negatively biased and the other group of
conductive tips electrically connected o the DC voltage source that is positively biased are
not energized at the same time.
[0017] In afurther aspect, there is provided a method of forming a solder joint in a
substrate comprising a layer wherein the layer comprises a plurality of solder bumps
25  comprising: providing a substrate which is proximal to a base electrode having a grounded

electrical potential, the substrate comprising the layer wherein the layer comprises the

-8-



substrate conprising a | ayer wherein the |ayer conprises a plurality of
sol der bunps 25 conprising: providing a substrate which is proximal to a
base el ectrode having a grounded electrical potential, the substrate
conprising the layer wherein the |ayer conprises the -8 plurality of sol der
bunps; providing an energizing electrode that is proximl to the base
el ectrode and the substrate, wherein at |east a portion of the |ayer and
sol der phuraieg of solde? bpomedorbuding ananergitiag elgcteddecthatis praximialwhthediaset he base
el ectrode and the energizing electrode and the substrate reside within a
t ar get eiycarade whe thei subsirgte pniesrginzit gasth pottion déthedayer ded salder ympmisi nsul at ed
pl ate conprising an array of protruding conductive tips, wherein the
conduc telkp@seditp Sheaereergikiag efdctradid yncwheredt thd baye alecooituartd the enemgigingpassi ng a
gas mxture conprising a reducing gas through the target area; energizing
t he rowkcibde and thetdubetraie pesidiy witlsin bituaet agal WeerBiG the Ehagzingaled®delmt i s
negatively biased to generate electrons within the target area, wherein at
| east @ehted byan Pbulatee ptdte cbmprsingbh anhy bbpratrudieg sonductivs tipsowhefeirt the 10
reduci ng gas thereby form ng a negatively charged reduci ng gas; and
cont actcongudtine tips et dlegrically cohaeetad dyha tdrelunthgarire; paysindagge thixteduci ng gas
refl ow the sol der bunps thereby formng the solder joint. BRIEF
DESCRI Rbiriphsitly aSeMidity gad thibhighihelidigdbared, bitSgiking]toe idys ¢fiapndedivé sipaby 1b
illustrate a voltage pul se on an em ssion and a base el ectrode,
r espectactiedting thédDCAlbltbgesource Pat ik megatijelhiased ta genbrarem¢lectransivithirthei on of
various el ectrode geonetries suitable for em ssion and/or retrieval of
el ect r aaget 40820 erkingll leasBa porivh detheareatroaspttachotb ab easearpordipmefitheof t he
el ectrode suitable for 20 em ssion and/or retrieval of electrons enploying
a pbur abdigngdad thexeby [ a régaiively 4hamged irelk eingrpasxamptantadting thee teedtiodi nent
of the electrode suitable for em ssion and/or retrieval of electrons
havi ng sarfacgwen trecthaaztiwipthargéd@REing iggs reflow the eviddelsuraps brebp famaig one
enbodi nent of the nethod described herein

the solder joint.

BRIEF DESCRIPTION OF SEVERAL VIEWS OF THE DRAWINGS
15 [0018}] Figures 1a and 1b illustrate a voltage pulse on an emission and a base electrode,
respectively;
[0019] Figures 2a through 2i is a schematic illustration of various electrode geometries
suitable for emission and/or retrieval of electrons;
[0020] Figure 3 provides an example of one embodiment of the electrode suitable for
20  emission and/or retrieval of electrons employing a plurality of tips,;
[0021] Figure 4 provides an example of one embodiment of the electrode suitable for
emission and/for retrieval of electrons having a segmented assembly;
[0022] Figure 5 provides an example of one embodiment of the method described herein

illustrating removal of surface metal oxides in a wafer bumping application;



illustrating renoval of surface netal oxides in a wafer bunping
application; -9 [0023] Figure 6 illustrates a particul ar enbodi nent of the
nmet hod descri bed herein for renoving negatively charged ions on the
substrate surface by changing the electrode polarity during the reflow of
waf er bunps; [0024] Figures 7a and 7b illustrates the transportation of the
charged species between two 5 el ectrodes when the polarity of the two

el ectr s3] i Figuhe'6 UiRetratbd Aattichiag emdoinnoui ttle satitod ddsusheditdrein faf  a
particul ar enmbodi mrent of the nmethod described herein for renoving

el ect r estfowiy hégatissty thgigedions ohuhe bulsstatdyurtaep lbg ehagpirmnthaddidtiodaal
el ectrode with a positive bias relative to the base el ectrode; [0026]

Fi gur epoRdtytdiring e REcRPWafle bugbsous il lustrations of particul ar
enbodi nents of the 10 nmethod and apparatus descri bed herein enpl oyi ng

novenep§oaf Figur&ard afheb Bugeiteome thainkportaties péthe chardeliepscies betaken tf®027]
Figures 10a and 10b provide an illustration of a unidirectional voltage

pul se ap@tradeddivheh theGoizpineds thdigectrutes és chiapgpect i vel y; [0028] Figure 11
is an illustration of an el ectrode assenbly enbodi nent of the present 15

i nvent i[mslj [ GRAMS 8 pranidedsanlififsiation of 4 Baripular embddinsitrafiticomsthofl desaribatin
features of the enbodinment of Figure 11; [0030] Figure 13 is an

i 1] ust matdimfor mévis@aiduiedrisven the Budagel afeeslibstnatey eenimdigramaddiorisl gure  11;
and 20 [0031] Figure 14 is a diagramof the electrical arrangenment of the

conduciglecgodié Rfth agsBRItioy Bidsirdlaikaoeinbbaliealadtroale; Fi gure 11. [0032] Figure 15
is an illustration of an enbodi nent of the energizing el ectrode assenbly

descr i hesbe)e rriures 69 HISIghFeapronidd Garicusalusiratiorst of partiznlao Embodieehtstf ient  of
t he conductive tip having an internal
10  method and apparatus described herein employing movement of at least one electrode with
respect to the substrate;
[0027] Figures 10a and 10b provide an illustration of a unidirectional voltage pulse and a
bi-directional voltage puise, respectively;
[0028] Figure 11 is an illustration of an electrode assembly embodiment of the present
15  invention;
[0029] Figures 12(a) and 12(b) are illustrations of certain features of the embodiment of
Figure 11;
[0030] Figure 13 is an illustration of a conductive tip employed in the embodiment of Figure
11; and
20 [0031] Figure 14 is a diagram of the electrical arrangement of the conductive tips
employed in the embodiment of Figure 11.
[0032] Figure 15 is an illustration of an embodiment of the energizing electrode assembly
described herein.

[0033] Figure 16 is an illustration of an embodiment of the conductive tip having an internal

25  passageway therethrough, an angled tip, and a flanged end.
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25 passageway therethrough, an angled tip, and a flanged end. -10 [0034]
Figure 17 provides an isonetric view of another enbodi nent of the el ectrode
assenbly described herein. [0035] Figures 18(a) and 18(b) provide a side
view and top view, respectively, of certain features of the electrode
assenbly of Figure 17. 5 [0036] Figures 19(a) and 19(b) provide a side view
and top view, respectively, of certain features of the electrode assenbly

of Fi gpe0s4] 7 Fidub® 37 brovidgs raadsa2iktag viawaf 20¢thgr gmibadientcof thepelecteadeand a si de
view, respectively of a particular enbodi ment of an el ectrode assenbly

t hat i assamblpbbscribkOheianple, in die-to-die joining. 10 [0038] Figure 21
provi des an exanple of an additional enbodi nent of the electrode assenbly
of Fi gpoos5]5 Fidies<eisia) oivt t&bsovige gakld viewnad tupatied, respeticdipdieertgni or to
introducing into the target area. [0039] Figure 22 provides a side view of

one enpagdirae ot ihefelddrede aesdnisigef Biggrentsly  descri bed herein wherein the
el ectrode assenbly further conprises an additional cathode. 15 -11

DETA LI SERJurdd ©andltib) pietdiE bQMd WéWahd Besdew respdutively,rof icsrtain met hod
and apparatus for the renoval of netal oxides froma substrate surface by

expos urgatiires Regrtdistblode absarasiy of Bigare ffhe negatively charged ions react and
reduce the surface netal oxides. In one aspect, the nethod, apparatus, or

bot h 5 [egaT] bFigumed 20(apaimy20(pribroyide a top aidivtandreside eblvomspectivelylofier i ng
equi pnments such as, for exanple, the reflow nmachine used for refl ow of

sol der parignrdemdbaiment of drélsctardecisbanbly tispécsdtablehfor erarhpld, inaife-w-die be
applied to other processes wherein the renoval of the surface netal oxides
from ajsisiagt rate is desired such as, but not limted to, nmetal plating

10 [0038] Figure 21 provides an example of an additional embodiment of the electrode
assembly of Figure 15 wherein the reducing gas is pre-heated in a chamber prior to

introducing into the target area.
[0039] Figure 22 provides a side view of one embodiment of the electrode assembly

described herein wherein the electrode assembly further comprises an additional cathode.

15
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(i.e., the solder plating of portions of printed circuit boards or netal
surfaces to make them 10 nore anenabl e to subsequent sol dering), reflow and
wave sol dering for outer |ead bonding, surface cleaning, brazing, welding,
and renovi ng surface oxides of metals, such as copper oxide, fornmed during
silicon wafer processing. The renoval of netal oxides using the nethod and
appar atus descri bed herein is equally applicable to the aforenenti oned
processes or any ot heDEPAREESBESERIPTION OF THENDNWENTIONI des wi t hout t he need
for organic 15 fluxes. [0041] The term "substrate"” as used herein

gener afdos0] e Dat&rhetheteimii@metlodsmdzpparatisl focihie remeval iof metat ozitiesifromtsh
silicon dioxide, alum numalum num oxide, gallium arsenide, ceramc,

quart z sulSsdRpesuriage &9 BxpE&UeX 16 nejativaly chgrted ioak. The hagdtelyaharged ioast hi n an

el ectronic device. In certain enbodi ments, the substrate is an

el ect r it hiyd igdinoe Beadirfate Aetdl ogidaslulit oneeaspatistheaneth@d) dpparahg, sobater

di sposed t hereupon. Exenplary sol der conpositions include, but are not

|i % t edaf Be empldysd bgseodifying Sratifienal reflow and solderingreqsipments suchpsrfora 1 uxl ess
tin-lead, or a fluxless tin- copper. In one enbodi nent, the substrate is an
el ect r eg@hplg, thesefoa mecisind asediorrefibwasisbldsr mimpe wafer.i lnahis pr bieol at ed
substrates include but are not [imted to the followng: rigid epoxy gl ass
(e.g., abpcts, tiyp@pthodtan alse udpplisditcesthergerdedsses pherireitie cémoval of thear d:
flexible 25 polyneric filns (e.g., polyimde) substrates used for flexible
Ci I CUi burfadesubial @ddex fhah aaubstrals &kesirad sudregs, aueabtdimited itd, metalgiatingnect i on
schenes, high density interconnects such as polyneric -12 based B&A s,

hi gh dens|thy sblabepistrysf@ostionsaélptifted kirduit boardsudranetdl sufasés treakettberd i n 3- D
or stacked integrated circuit or 3-D or stacked packagi ng technol ogi es;
anglo comtyre akicaable 16 Besseqlientldoldering), reflow antwave sakieriag forvaten eaddmadinged
herein is suitable for a variety of different substrates and sol der

conposistifadiscledringy beirigaivelding had retowmbauiare nikidet bembtads)lsath at eofiper a
silicon wafer having a plurality of solder bunps di sposed thereupon. In the
| at er eridedioread durirussillplon wadfértproadssing) dae rénoys ofmptal esideleusng thel east one
| ayer within the substrate such as in a stacked package.
method and apparatus described herein is equally applicable to the aforementioned
processes or any other process desirous of removing oxides without the need for organic
15 fluxes.
[0041] The term “substrate” as used herein generally relates to a material such as silicon,
silicon coated with silicon dioxide, aluminum-aluminum oxide, gallium arsenide, ceramic,
quartz, copper, glass, epoxy, or any material suitable for use within an electronic device. In
certain embodiments, the substrate is an electrically insulated or semi-conductive substrate
20  having solder disposed thereupon. Exemplary solder compositions include, but are not
limited to, a fluxless tin-silver, a fluxless tin-silver-copper, a fluxless tin-lead, or a fluxless tin-
copper. In one embodiment, the substrate is an electrically insulated substrate. Examples of
electrically insulated substrates include but are not limited to the following:
rigid epoxy glass (e.g., FR-4 type) laminate substrates used for printed circuit board: flexible

25  polymeric films (e.g., polyimide) substrates used for flexible circuit; insulated substrates used

in integrated circuit interconnection schemes, high density interconnects such as polymeric
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[0042] While not wishing to be bound by theory, it is believed that when an
energy source such as a direct current voltage source is applied between
at |east two el ectrodes, electrons 10 are generated fromone of the two

el ectrodes having a negative electrical bias relative to the other

el ectrode (referred to herein as an "em ssion el ectrode") and/or the gas
phase between the two el ectrodes. The generated electrons drift toward the
ot her ehesd BGAB, highidehsityIntegiobnasis canarthd lse; insplasad substrates ased imed-Divr as
(referred to herein as a "base electrode”), along the electric field. The

subst r afsekddintargatad pircuitadrity opftaskddieackbging sechpolngies;sarsiwofriiretioss pl aced 15
within the area defined by the base and the em ssion el ectrodes (referred

t 0 her gigreds However, ti igetho@aBa appavatus deberital hdesin usyitebledor 4 earietyosf treati ng
area exposed to the emssion electrode. In certain enbodi nents, the

subst r gifReréM tubrasy dRicdciibr cOmbbsitihas an al ceahinqueferréd embbdingent, g et
assenbly. A gas m xture conprising a reducing gas and optionally a carrier

gassi s sppsrfs st inoalwdiden=eirgcd pluealifyl flsdidgemenigs didpdnedtthaeapect hates.
During the electron 20 drift, part of the reducing gas forns negative ions

by el egdtsasmipddiraehieatplovaiitg bf dieer i dstmapresideentlegstionadayamilitiin thee. , t he
base el ectrode and substrate surface. On the substrate surface, negatively

char gedubdirfie Sath 4d1HS stasked Patkeyeexi sting netal oxides w thout the need
for traditional fluxes. Further, the adsorption of the active species on

the supdeug toniRenot Wishitigae bediouhe bp tieusey, éids Belizvee thdt evhen iahtenagyabutcee
negatively charged ions along the electric 25 field. -13 [0043] In

enbodi ZaEH 8s whieet cirrehevoltagel sburge Badpplledrbetivees ahigdstidgorlectibdess eleetroms ed
that the nethod of the present invention occurs as follows: Dissociative

At 4 gchiaherdratva lfioatbry of ths tWwilelecttddehavingl a(regative elettrical bistralativeetotth@n
Hydrogen Atom e + HH (Il1) 5 The conmbination of (I) and (I11): 2e' + H2

' 2H  (ltdr eldlrbde ((BREeatd Rereinkdd an- M dibnrelbRfdde”)2mid/dr thegsopltee Hebesnmet al )
(I'V) [0044] In these enbodi nents, the activation energy of netal oxide
r educt itgtvweséleg@rdde€. The generated electrons drift toward the other electrode, which is
grounded or has a positive electrical bias (referred to herein as a "base electrode”), along
the electric field. The substrate having a plurality of solder bumps upon its surface is placed
15  within the area defined by the base and the emission electrodes (referred to herein as the
“target area”) with the solder-bumped surface or treating area exposed to the emission
electrode. In certain embodiments, the substrate may be connected to the base electrode
forming a target assembly. A gas mixture comprising a reducing gas and optionally a carrier
gas is passed through the electric field generated by the electrodes. During the electron
20  drift, part of the reducing gas forms negative ions by electron attachment which then drift to
the target assembly, i.e., the base electrode and substrate surface. On the substrate
surface, negatively charged ions can thus reduce the existing metal oxides without the need
for traditiona! fluxes. Further, the adsorption of the active species on the surface to be

treated can be promoted due to the drifting of the negatively charged ions along the electric

25 field.
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el ectron attachnment nmethod of the present invention is |ower than nethods
that use nol ecul ar hydrogen because the fornmation of atom c hydrogen ions
with electron attachnent 10 elim nates the energy associated with bond
breaki ng of nol ecul ar hydrogen. [0045] In certain enbodi nents, energy is
supplied to at | east one of the electrodes, preferably the em ssion

el ectrode, sufficient to cause the em ssion electrode to generate

el ect r patat3] Tee@bEdig¥nSOMitEinitise Ridatiag abs yoraprisisdytiragen cihisrglieved thatl t age
source, such as an AC or DC source. Ot her energy sources, such as an

el ect r giE@ BBl ©f HReJresent Aivestton doclfls 4steNowd: ener gy source, or a photo
energy source may al so be used alone, or in conbinations with any of the

af or ement i ONgRLRBRIEYASRIRS of MBle6@AE BN Hprbodirentls of the present
invention, the em ssion electrode is connected to a first voltage | evel and

the base el giéﬁ%q%t%éh’ﬁ%w%q%& Aocffcend yyal trage I evel . The difference

in the volta eve creates a Dias 1n electrical potential. One of the

fi r§t or theﬁ%&gﬁ‘%@\éﬁ!’@g@r;”ﬁi\é‘ﬁg may be 2%0+;pr:93i_|ndi cating that j”? her of

the*two el ec 0 [ 0046] "To produce negatively chafged

i b | ect t h t, . ity,Qf ds tQ.b
ons by elecigon gLisahienty o, | se\ AU ok - SlEohapeiece Robe,
EIC N LT TG MR RPN SR i S S

| ecti f th t hod d ds 25 inl. th ffici dth
Sel el oL A, oo SPRSR 22 L bt S i eRatad, e erer oy

A TN A R R T I S R
D e e e G o B B BB Sy 02, The,
Cho. el G004%n 18 UL STaPaginis S0P RY 1 FPHIEDG PRt SBnal DB aRGuen | ons. by
O et e N Og8R 23385, h U helch ik bt
electrons. The energy source is preferably an electric energy or voltage source, such as an
AC or DC source. Other energy sources, such as an electromagnetic energy source, a
15  thermal energy source, or a photo energy source may also be used alone, or in
combinations with any of the aforementioned energy sources. In certain embodiments of the
present invention, the emission electrode is connected to a first voltage level and the base
electrode is connected to a second voltage level. The difference in the voltage levels
creates a bias in electrical potential. One of the first or the second voltage levels may be
20  zero indicating that either of the two electrodes can be grounded.
[0046] To produce negatively charged ions by electron attachment, a large quantity of
electrons needs to be generated. In this connection, the electrons can be generated by a
variety of ways such as, but not limited to, cathode emission, gas discharge, or combinations

thereof. Among these electron generation methods, the selection of the method depends

25  mainly on the efficiency and the energy level of the electrons generated. For embodiments
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[ 0047] For enbodi ments involving electron generation through cat hode

em ssion, these enbodinents may include: field emssion (referred to
herein as cold em ssion), thermal 10 emi ssion (referred to herein as hot
em ssion), thermal-field em ssion, photoem ssion, and electron or ion beam
em ssion. [0048] Field em ssion involves applying an electric field with a
negative bias on the emssion electrode relative to the base el ectrode

t hat i svherdih thel redtiding agib hydrogem axiedtiops having aa coeryy level epproaghirzes eVés f or

el ectrons to be generated fromthe surface of the em ssion 15 el ectrode. In

cert ai prefeédr Indbesydrosbdiraits, suah I endropdvel alectppisiasel plefdrakle gehératedno
el ectrodes that ranges fromO0.1 to 50kV, preferably ranging from2 to 30kV.

I n t heg catislie @niisyidrsrattch thatt s aichalyet Whegehbate] eedtrond @sayrthyn daftfiemf r om
0.1 to 30 cm preferably fromO0.5 to 5 cm [0049] Thermal em ssion, on the

ot her hgnemiskiov@lecasde Hwigd thelbagh dezipas ahicheréaieeaepgiczshar) Hlecspacens i n
the em ssion el ectrode and separate the electrons fromthe netallic bond in

t hes nmehefgedrovdes the ekiires sourcef® genedting the regativiychargddiydechepritasdbyrent s,
the tenperature of the em ssion electrode nmay range from 800 to 3500C,

pr ef er adciroh aaacHEt ivbhied PYOCged passeethdagio theadt dxdst trabeelaatsodes obwithigltite t 0
and/or maintained at a high tenperature by a variety of nethods such as,
but notafgetaregd to, directly heating by passing AC or DC through the 25

el ectrode; indirect heating such as contacting the cathode surface with an

el ect rijogd7]y For efmbbdihrmtdiatoldbg Eretomgataatidnthrough abinoge emiysiont theb®
radi ati on, or conbinations thereof. -15 [0050] Thermal -field em ssion is a

hybri d eafbodingérils aizy ssdiwie: fsld ehtissiorafrefentd &i lnsteinaisttoliisemitsion)ethrechalon
generation in which both an electric field and a high tenperature are

appbi e@missihre(refefred to hdreinnml hot emlissioniy] tasinet-fisklyenission, phoemissioer, ard ectri c
field and a | ower electrode tenperature for generating the sane quantity

of el ecligcda cronaapas@dsivht h pure field 5 emission and pure thernal
em ssion. Thermal-field em ssion can mnimze difficulties encountered
wi th pyoe4d]i eHield emisstdndnvolesscdppding dreeleend Galdywithfa ckxgtieelbias on then el ectron
emission electrode relative to the base electrode that is sufficiently high in intensity to
overcome an energy barrier for electrons to be generated from the surface of the emission
15  electrode. In certain preferred embodiments, a DC voltage is applied between the two
electrodes that ranges from 0.1 to 50kV, preferably ranging from 2 to 30kV. In these
embodiments, the distance between the electrodes may range from 0.1 to 30 cm, preferably
from 0.51t0 5 cm.
[0049] Thermal emission, on the other hand, involves using a high temperature to energize
20  electrons in the emission electrode and separate the electrons from the metallic bond in the
material of the emission electrode. In certain preferred embodiments, the temperature of the
emission electrode may range from 800 to 3500°C, preferably from 800 to 1500°C. The
emission electrode may be brought to and/or maintained at a high temperature by a variety
of methods such as, but not limited to, directly heating by passing AC or DC through the

25 electrode; indirect heating such as contacting the cathode surface with an electrically

insulated hot surface heated by a heating element, IR radiation, or combinations thereof.
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em ssion by contam nation on the em ssion surface, and a high restriction
on the planarity and uniformty of the em ssion surface. Further,

thermal -field em ssion nmay al so avoid problens related to thernmal em ssion
such as a high potential of chem cal reaction between 10 the em ssion

el ectrode and the gas phase. In enbodi ments wherein the thermal -field

em ssion is used for electron generation, the tenperature of the em ssion
el ect r gab50F amhemsdigieldf entissiomizi amibrit of 8818 @Mission el thepnal feerissdnyméthods 150 to
1500C. In these enbodinents, the electric voltage can range fromO0.01 to
30 KV, farfelatiion gehehisrminl whidh ogth @n klectrir fleld #1d a high[t@@pérature aceagplied
preferred enbodi nents, the thermal em ssion or thermal-field em ssion

met hod Therefige dhéoral-Ekllaniiosion mag reduirern lesserteteetie fieidard! aromies eleatrbdegh
tenperature em ssion electrode used in either of these nethods may al so

act as témpeaiursov heferhirg thsage uahtity of electrdrat as conesebitht puredighd t he
electric field generated by the two el ectrodes, so that the thermal energy
r eqsli r echidsiin dreRiUre herinal gaissibor Thermabfield werissisretdrominimiee eificuttieep can be
reduced. 20 [0052] In certain enbodi ments of the present invention, the

el ect r @Ac@miEreaith pursiiekd emigslonsherth as the terclenty ofaidgeadatién medlériba eni ssi on
and corona di scharge nethods. In these enbodi nents, an energy source such
as a Demisdidraigecontaraipplioresh thetevdesion fiefdcapanded bigh residatioarnd ted paharitps may be
generated from both the em ssion el ectrode (cold or hot) and the gas phase
( cor onandiuaidraig ©f theaanissitve s@faces iFarther, demakicld Shessibomonealsh aedidir ge i s 25
preferably mnimzed in order to increase the efficiency of formng

negat i yedhlerid pgted to esmdl emisdiercéuocbrasat higls poentialaf dhemicaleasdion tbetweehet | ne
of the em ssion electrode. -16 [0053] In enbodi nents wherein the cathode

engsi e smkbidnicttrode BSd thefgas phlee.t Icembaelimests aunerdit thevbémadfieldppl i ed
across the two el ectrodes may be constant or pul sed. The frequency of the
vol t agenisti@eisidages elactron Qeteratldi) thdtampergureas theeeraissiod elecpodecale an
illustration of a voltage pul se on an em ssion el ectrode and a base
el ect r ogye frarn padidny & 35005C | or rhdre pecferdblydiramenss fo 1300°6. bethesved that a
pul sed voltage, such as that shown in Figures 1 a

embodiments, the electric voltage can range from 0.01 to 30 KV, or more preferably from 0.1

to 10 KV.

15 [0051] In certain preferred embodiments, the thermal emission or thermal-field emission
method is used for electron generation. In these embodiments, a high temperature emission
electrode used in either of these methods may also act as a heat source for the gas mixture
that is passed through the electric field generated by the two electrodes, so that the thermal
energy required for heating the gas for a subsequent reflow process step can be reduced.

20 [0052] In certain embodiments of the present invention, the electron generation is
accomplished via a combination of cathode emission and corona discharge methods. In
these embodiments, an energy source such as a DC voltage is applied between the two
electrodes and electrons may be generated from both the emission electrode (cold or hot)
and the gas phase (corona discharge) near the emission electrode. The corona discharge is

25  preferably minimized in order to increase the efficiency of forming negatively charged ions by

eleciron attachment and increase the lifetime of the emission electrode.
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and 1 b, is preferable to constant voltage to i nprove the anmount of

el ectron generation and to reduce the tendency of gas phase di scharge.

[ 0054] For enbodi ments involving el ectron generation through gas di scharge,
t hese enbodi nents may include thernmal discharge, photo-discharge, and

vari ous aval anche 10 di scharge, including glow di scharge, arc discharge,
spar k di scharge, and corona discharge. In these enbodinents, electrons are
gener a{eo$3py Irpasbedimeatsivieraia theocathddessrgiasiop heskanismads uspsisonglzdttone
conprising the reducing gas and an inert gas. In certain enbodi nents of gas
phase efiision, tHervoltagey applied acmss teetwoslegipides thay devweeastahtvr pelsedt Todes and

el ectrons nmay be generated fromthe inert gas within the gas m xture

bet weefretiiihcly \whthe! weithgopase tdnges from0 tb51 08rkHz Rigwes da the 1ppsividevarl y bi ased
el ectrode such as the base electrode. During this electron drift, some of
t hese @lusgitionrss a@ltagd pulsdiol an bhdssiondaiedtinge gad artsse cldorada mdsgestivaly.
negatively charged ions by electron attachnent. In addition, sonme positive
I ons aletheks embbéiaisats, iths bdlieved that 4 pgissed vbitdge! feoh abrthétt shoawdn Higules 1a
negatively biased el ectrode such as the em ssion electrode and are

neut r akhd 48, i8tpréfer@able! te ebnsigdet Wwiadeiwampe[tOD ampurtof etmetrow penkraticevaralis| v,

el ectrons can be generated froman em ssion electrode when it has a

negat i veduekalse teati&idywf ghe phadeadischakgsct rode. Referring to Figures 2a through
2i, the em ssion electrode may have a variety of geonetries, such as, for
exanpl §0054]t Fonembodiments, inlvinglelettrdn gersnationehedgh gas dischage,doessi t h sever al
sharpened tips or conb 2c, a screen or wre nmesh 2d, a | oose coil 2e, an
array efmbogimentinay incudedhernt disthargsyi pheto-discHarde med valaoys avaiched wit h

sharp tips protruding fromits surface 2h, or a plate with a knurl ed
sund acgiseharge Adduting gitw gecmede, aasdiseharge) chardtalisthaigenand corsnatistieegabove
geonetries such as plates or -17 rods wth surface protrusions, rods
Wr appedh Met emibbdinvdnts]iekgos arkigeasmitdéd bicgad shast idridation Wrhe gas phase id\a
plurality of electrodes may be enployed that may be arranged in a parall el
seri es gas mixtukcomprigingeles renigcioy igds abtl iahlindrugdshdn cgdaimetmbodisnemig/ofigas| ude a
"wagon wheel" geonetry wherein a plurality of electrodes is arranged in a
radi al phasdionizatar: b atiagensdspoisepplied between two electrodes and electrons may be
generated from the inert gas within the gas mixture between the two electrodes that then
15  drift toward the positively biased electrode such as the base electrode. During this electron
drift, some of these electrons may attach on the reducing gas molecules and form negatively
charged ions by electron attachment. In addition, some positive ions are also created in the
inert gas that then drift toward the negatively biased electrode such as the emission
electrode and are neutralized at the electrode surface.
20 [0055] As mentioned previously, electrons can be generated from an emission electrode
when it has a negative bias relative to a base electrode. Referring to Figures 2a through 2i,
the emission electrode may have a variety of geometries, such as, for example, a thin wire
2a, a rod with a sharpened tip 2b, a rod with several sharpened tips or comb 2c, a screen or
wire mesh 2d, a loose coil 2e, an array of combs 2f, a bundle of thin wires or filament 2g, a

25  rod with sharp tips protruding from its surface 2h, or a plate with a knurled surface 2i.

Additional geometries may include combinations of the above geometries such as plates or
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5 of a wheel. In certain enbodinents, such as enbodi nents wherein field

em ssion is involved, the cathode is preferably nmade of geonetries having
a large surface curvature, such as a plurality of sharp tips to nmaxim ze
the electric field near the el ectrode surface such as the geonetry
depicted in Figure 3. As Figure 3 illustrates, electrode 1 has a series of
thin wires 2 that reside within grooves on the el ectrode surface al ong

Wit h argdsiwied surfacefprdtiugng, rbfs erappatiiwith ircommtlings sufildment, chiBaB in The

el ectrode material that acts as an emi ssion electrode is preferably

conpri sWweésodtc. A phaaktyof électrotat endyehe snplbyedthat mag by alranged inatpavallebmi ssi on
energy or work function. The material preferably also has a high nelting
poi nt aBfed &l iakahwakgebtirghyrit @il further yaciaetriep maydsdudegn twaydntvwhess. Exanpl es
of suitable materials include netals, alloys, 15 sem conductors, and oxi des
coat ed gebmeep adkisitla phirditcoiulemtiodee issartambedires radial fashion suebrasi ‘spokest| ude,
but are not limted to, tungsten, graphite, high tenperature alloys such as

ni cgel of Bkl Mhabhsy @mbatithemts, alicloas d@bodimehtsaghdBaiDfiakicerAiddonist hat are
deposited onto a conductive substrate. [0057] The el ectrode that acts as a

base elipeivkadBeicathotay preftaldy made ongemhétries halirey a Hrge 8Mfaxechnatire, metal or
any of the other materials described therein. The base el ectrode can have
a vari eligh 8é agifrhlity ehghagetiveiomadmite prendedgc fipidmeahtheagaitrodasurfate §u8658] | n
certain enbodi ments of the present invention involving thermal-field

em ssi @8 the bésmetn) despicded itl Figiire 3d AgEiyuredifuistatesacieegodent kas asedssifyhisuch as
the el ectrode depicted in Figure 4. In this regard, the core 10 of the

eni ssi viregl2anat reside Withinkposmeenahe aleorbddd sitfacaialdngavithi sypiuslityadf tipe al
resistance. A plurality of tips 11 emanate fromcore 10. Tips 11 may be

nmade ofermaretngfromiitéauraterial with relatively |ow el ectron emission energy
or work -18 function such as any of the materials disclosed herein. The
core nggose} heatedstidoye diatetd that agta ssiangnassidCelectraleDEpmienably tcofpdsedsdfown)
t hrough core 10. The thermal conduction will transfer the heat fromthe
cor e t & ddndactive. mdtbeal noth relativelylRwesiectidmesnpibsio@enérgy of woilgfandibnaiTee
material preferably also has a high melting point and relatively high stability under
processing conditions. Examples of suitable materials include metals, alloys,
15  semiconductors, and oxides coated or deposited onto conductive substrates. Further
examples include, but are not limited to, tungsten, graphite, high temperature alloys such as
nickel chromium alloys, and metal oxides such as BaO and Al,O; that are deposited onto a
conductive substrate.
[0057] The electrode that acts as a base electrode is comprised of a conductive material
20  such as a metal or any of the other materials described therein. The base electrode can
have a variety of different geometries depending upon the application.
[0058] In certain embodiments of the present invention involving thermal-field emission,
the emission electrode may comprise a segmented assembly such as the electrode depicted
in Figure 4. In this regard, the core 10 of the emission electrode may be made of a metal

25  with a high electrical resistance. A plurality of tips 11 emanate from core 10. Tips 11 may

be made of a conductive material with relatively low electron emission energy or work
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encl osed within an enclosure 12 which is then inserted into a support frame
thereby formng 5 a segnented assenbly as shown. Tips 11 are exposed
outside the enclosure 12. Enclosure 12 is conposed of an insulating
material. The segnented assenbly allows for the thermal expansion of the
core during operation. In this arrangenent, electrons can be generated
fromhot tips 11 by applying a negative voltage bias on the em ssion

el ect r agrtion elia as/anyt of thidmatetial didotosed beein. Tite ¢@6 hedy Henhemtext inedirgotief er r ed
enbodi nent of the present invention involving thermal-field em ssion,

i ndi r egphsdieghh AG eranDC ausentt(het shempthadughecood 10.hEhetriessalamondlaiotmdde. Thi s
may be acconplished by using a heating cartridge as the core of the

em ssi granstketiereaetrontite cauitd aige DIThehet baatliormyddie pluradiyeofiipy thareonpri sed
of an electrically conductive material such as a netal that is

el ect r igpalbbad witlsib bhateadiobuire m2tvirdcthis ahémigseteaniniota suppoddratriesthemby forohirg. To 15
pronote electron emssion, a plurality of distributed em ssion tips can be

noupt ec R(ridhted sssemdlyasahoivhe Tipat 1 arg expodedd algide fileenclastrei i@®ge can be
heat ed by passing an AC or DC current through the heating el enent inside

t he camEnciodge 126k esinposal sfain ihsuigimpenatesal. Thesegmbrsted iassamiily bikoivet foptheof t he
cartridge by applying a negative voltage bias on the surface of the

cartri ggg@maebaiangientopthe @es dinthgedpeeationddn thioarrangeatenh gldctrens/cdrt bege bi as in
this arrangenent, 20 the second el ectrode can be grounded so that the

cartri ¢gaermad s Rebtisi Mabyappiyhviesl negative abltagyertias methe ertibsior aletirodbge can be
grounded so that the second el ectrode may be positively biased. In sone
enbodi et totthe basd diectrasiese may be preferable for elimnating a potenti al
i nterference between two electric circuits, e.g., one circuit my be the AC
or 1PC qoessintin anbihagpreferedaniboaimerit efthetpresemt investionriotdining therroaiifieldray be
the high voltage bias between the 25 surface of the cartridge and the
second phisgbii, athrect ifedting 8&n exidoitie nemperaturd ef the tendssidrr elegieode: Thisshacbe ode
may al so act as a heat source for the gas m xture to achieve the required
t enper aicusraplished bl eing ef Heating cadriie asttee corfeGd 6¢] emissine eteichodel Pheevi ously, a
gas m xture conprising a reducing gas is passed
surface of the heating cartridge may be comprised of an electrically conductive material such
as a metal that is electrically insulated from the heating element inside the cartridge. To
15  promote electron emission, a plurality of distributed emission tips can be mounted on the
surface of the heating cartridge. The cartridge can be heated by passing an AC or DC
current through the heating element inside the cartridge. Electrons can be generated from
the distributed tips of the cartridge by applying a negative voltage bias on the surface of the
cartridge relative to a second electrode. For creating the voltage bias in this arrangement,
20  the second electrode can be grounded so that the cartridge may be negatively biased or,
alternatively, the cartridge can be grounded so that the second electrode may be positively
biased. In some embodiments, the latter case may be preferable for eliminating a potential
interference between two electric circuits, e.g., one circuit may be the AC or DC current

along the heating element, and the another circuit may be the high voltage bias between the

25 surface of the cartridge and the second electrode. In these embodiments, the hot cartridge
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through the electric field generated by the at | east two el ectrodes. The
reducing gas 5 contained within the gas mxture nmay fall within one or nore
of the following categories: 1) an intrinsically reductant gas, 2) a gas
capabl e of generating active species which form gaseous oxi des upon
reaction of the active species wwth the netal oxide, or 3) a gas capable

of generating active species which formliquid or agqueous oxi des upon
react i erchbdd may akbiactas 5 pest aires fohthelyas mixtate toxictieve i@ req@GL] The first
category of gases, or an intrinsically reductant gas, includes any gas that
t her nmo¢apmsarhtapdd fyr Metréfloaspracesstitep.ant to the oxides to be renoved. Exanpl es
of intrinsically reductant gases include H2, CO SiH4, Si21-16, formc

aci d, pd0BON0lAS RaitiBNES prelidusly ex gapmiduraebhprisihg aeediairg gasds passednd some
acidic vapors having the followng formula (I111): 0 (l1ll1) RCOH 15 [0062]
I n for mtbagH thelelectriofdid géneeated By triyatheast twakleptrodgso Tpe redussigidast ed al kyl
group, an aryl, or substituted aryl group. The term "al kyl" as used herein
i nck udesntainedivahin tBEabs mikirenademll withiproneys Iniare af thglfolpwingpsateguriebet)abl y
containing from1l to 20 carbon atons, or nore preferably from1l to 10

car bon satiAksicalpirsd Rt as 2AksRsicapabik v generatingestivosgesiasachichfoanher gr oups
such as hal oal kyl, al karyl, or aralkyl. The term "substituted al kyl"

appl i egatdbud!dites bR téR o Of thhattieespecizs withithel aretal okidetorid)algadeapable

het eroatons such as 0, N, S, or halogen atons; OCH3; OR (R=alkyl C -,0 or
aryl Cof déheratigkadtivéspediesonhiot §ormUquitiGor ayiRousStiRies (Ugea IrdadtioCaf the astivear y|

C6_ 10); or NR2 (R=H, alkyl C1.10 or aryl C6-10). The term "hal ogen" as
used hegpedtids whis tHedastal dlideri ne, chlorine, brom ne, and iodine. The term
"aryl" as used herein includes six to twelve nenber carbon rings having

ar qpuat ijsoeipametigst catbgeryiof gaséss obat inttivistebilp reduttanbgass etiddes enyga@sthahcl udes
aryl rings having substitutents that include heteroatons such as 0, N, S,
or hal egemody@dmisiiynais 43 RsducCant fothé kyideSlo Beoreoiovady Ex@lbpléspf al kyl C1. 10
or aryl C6-10; NO2; SBR (R=al kyl Cl1. 10 or aryl C6-10); or NR2 (R=H,

al kyl  Gltridgicaly réductar®gases)incllide BEGQ) $IHRrSiHr foedicecip dicolals sycht dee for

example, methanol, ethanol, etc., and some acidic vapors having the following formula {lil):

(1) R—C-OH.

15 [0062] in formula (I11), substituent R may be an alkyl group, substituted alkyl group, an aryl,
or substituted aryl group. The term “alkyl” as used herein includes straight chain, branched,
or cyclic alkyl groups, preferably containing from 1 to 20 carbon atoms, or more preferably
from 1 to 10 carbon atoms. This applies also to alkyl moieties contained in other groups
such as haloalkyl, alkaryl, or aralkyl. The term “substituted alkyl” applies to alkyl moieties

20 that have substituents that include heteroatoms such as O, N, S, or halogen atoms; OCHj;
OR (R=alkyl C1.1g or aryl Cs.10); alkyl Cy.1p or aryl Ce.q0; NO2; SO3R (R=alkyi Ci.10 or aryl Ce.
10); or NR;, (R=H, alkyl Cy.15 or aryl Ce.10). The term “halogen” as used herein includes
fluorine, chlorine, bromine, and iodine. The term “aryl” as used herein includes six to twelve
member carbon rings having aromatic character. The term “substituted aryl” as used herein

25 includes aryi rings having substitutents that include heteroatoms such as O, N, S, or halogen
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gas m xture contains hydrogen. [0063] The second category of reducing gas

i ncludes any gas that is not an intrinsically 5 reductive but can generate
active species, such as, for exanple, H C, S, H, C, and S, by

di ssoci ative attachnent of electron on the gas nol ecul es and form gaseous
oxi des by reaction of the active species with the netal oxides to be
renoved. Exanples of this type of gas include: NH3, H2S, Cl to Clo

hydr oc aich@n ©CHICORAR=8IYI TaL of ami CLe); bkl oCAMHC, @ @i; SOsRAPoalkylfavi ng
the formula (111), and organic vapors having the following fornmula (I1V): O

10 (1V), drafylis..) OSHNR, (ReH alkordas of 4yl Ge.@dn Cbiiin prafbised embodimBrisathebe an
al kyl group, substituted al kyl group, an aryl, or substituted aryl group.

[ 0065] gddmiitiverddneiisagarogeaf reducing gas includes any gas that is not an
intrinsically reductive but can form active species, such as, for exanple,
Fod, Fdﬁ63]in¢h63bécoddsbad§g®ﬁp@ﬁ ratiiioisy gddineltitiexciyegds thét iehetcdrintminsinalyne gas
nol ecul es and formliquid or aqueous oxides by reaction of the active

spesi efediictive blt@afgbnérafxadies spdoigsyplesay fortdxampley pie CoB, Ha €’ iand|Sdey
fluorine and chlorine containing gases, such as CF41 SF6, CF2C 2, HC,

BF3, WH@sodikifve atiabRmeMos cleCiebiran theadus mibleclii@d 6] fobagyadesusi mxirlesdiyng one or
nore of the above categories of reducing gases, the gas 20 m xture may

f ur t herea6% of the @REBVDSpRIRE AVithahe indital gaisles to Thenuaved] Examples vhthistgpaiskd, for
exanple, to dilute the reducing gas or provide collision stabilization. The

carri egagagludeelHi, M,S{ Beta)es htintarbensraychis autyoplisited tICHnCetl e atidion
affinity less than that of the reducing gas or gases within the gas

M Xt Ur Gapdy h%ﬁﬁ% %ié“foﬁﬁ@lﬁ?ﬁw,%d%@é}ﬁﬁ VRIS haiMPthe 36iTowdig BARul VRN | nert

gas. Exanples of suitable inert gases include, but are not limted to, N2,

Ar, He, Ne, Kr, Xe, 25 and Rn. -21 [0067] In certain preferred
en‘%>di ments, the gas m xture corrpr(ivsq@—byd_r ogen as the

[0064] In formdlas (111) and (IV), substituent R may be an aikyl group, substituted alkyl
group, an aryl, or substituted aryl group.
[0065] The third category of reducing gas includes any gas that is not an intrinsically
reductive but can form active species, such as, for example, F, Cl, F’, and CI', by dissociative
15  attachment of electron on the gas molecules and form liquid or aqueous oxides by reaction
of the active species with the metal oxides. Examples of this type of gas include fluorine and
chlorine containing gases, such as CF,, SF,, CF,Cl,, HCI, BF,, WF, UF,, SiF;, NF,, CCIF,,
and HF.
[0066] Besides including one or more of the above categories of reducing gases, the gas
20  mixture may further contain one or more carrier gases. The carrier gas may be used, for
example, to dilute the reducing gas or provide collision stabilization. The carrier gas used in
the gas mixture may be any gas with an electron affinity less than that of the reducing gas or
gases within the gas mixture. In certain preferred embodiments, the carrier gas is an inert
gas. Examples of suitable inert gases include, but are not limited to, Ny, Ar, He, Ne, Kr, Xe,

25 and Rn.
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reducing gas and nitrogen as the carrier gas due to its relatively |ower
cost and the environnental friendliness of the exhaust gas release. In

t hese enbodi nents, the gas mxture conprises fromO0.1 to 100% by vol une,
preferably 1 to 50% by volune, or nore 5 preferably fromO0.1 to 4% by

vol une of hydrogen. Anpunts of hydrogen |ower than 4% are preferred, which
makes gas m xture non-flammable. [0068] In certain enbodi nents, the gas

M Xt ur g0067] Pas s&thif prefergtl érhisodiments, thees atixdrepmprises bydrbgarsas theo

el ectrodes at a tenperature ranging fromanbient to 450C, nore preferably

r angi ngeduciny gRGNdMitARfRA.as The cariesgas duedb its helathaty lowst coseandther ef er abl y

anbi ent 10 atnospheric pressure, i.e., the existing pressure of the area of

t he preagisshmaNdalsneciindss dtiaseiaast gaschlease. Viathess emieodirhents ghegaged. | n
enbodi ments where the gas mxture is pressurized, the pressure may range

f r om 1@niktare2ébriysrisas frored. € kabbors by aoluink, prefdrébipdita 509 BOGAIME e nsest r at e
surface in which the oxides are to be renoved is preferably |ocated

bet peepréfBRbgfrehs DartoAkeby veldoe @ Hydrbgerh aSmomts of hyategan iblet then 4% drace
facing the em ssion 15 electrode. In certain preferred enbodi nents of the

pr esentpréfaired ivitich mbkss gashaixtuaé aomgmhmbleconnected to the base el ectrode to
provide a target assenbly and facing the em ssion electrode. In these

enmbodi poESY. Ik Bertdin sinbbditndnty, teegast mixtueerisssEseed tragihrtbel Geldigeneratedt typ
surface of the wafer/or target assenbly may range fromO0.1 to 30 cm

pr ef er akd ¥t IBag MW efectrodestat @tempOraklle 7agirtg fgem entbignt bv4505€, mord prefesablnt | on
of the process used for a wafer bunping application wherein the substrate
i s sil irasgyingibiari02Qe 358790 r Thengressuré ofthe gab mittuseds preferablyambiele 24 i s

| ocat ed above a wafer 20, and the wafer 20 conprising a plurality of sol der
burAps (am@bsprefiowdssuie, Pé.athedxisting presbunesdf tha sreb Lbthe (Ra&case. Norspeaiak ar get

assenbly. At least a portion of the surface of wafer 20 containing the
pl ur al igryssafe, sotifies vimuups niay xpqsied. tlo esdodintniSwhéredhe gaemddureWhi | e t he
wafer 20 is shown as being placed upon first electrode 22, it is
envi si gnessutibad, thideresaire maGangfrra 10/tac6ghsmnpnsferaliely fremiekio 6 psid. r odes 22
ane 24'[00AGQ]- 2T2he substrate surface in which the oxides are to be removed is preferably located
between the emission electrode and the base electrode with the surface facing the emission
15 electrode. In certain preferred embodiments of the present invention, the substrate may be
connected to the base electrode to provide a target assembly and facing the emission
electrode. In these embodiments, the distance between the emission electrode and the top
surface of the wafer/or target assembly may range from 0.1 to 30 cm, preferably from 0.5 to
5cm.
20 [0070] Figure 5 provides an illustration of the process used for a wafer bumping application
wherein the substrate is silicon wafer 20. Referring to Figure 5, a second electrode 24 is
located above a wafer 20, and the wafer 20 comprising a plurality of solder bumps (not
shown) is placed upon a first electrode 22 to form a target assembly. At least a portion of
the surface of wafer 20 containing the plurality of solder bumps is exposed to second

25  electrode 24. While the wafer 20 is shown as being placed upon first electrode 22, it is

envisioned that the wafer 20 can be placed anywhere between electrodes 22 and 24. A
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pul sed voltage 25 is applied across the first el ectrode 22 and the second
el ectrode 24 to generate an electric field. A gas m xture 26 containing
hydrogen and nitrogen is passed through the electric field. Low energy
el ectrons 28 are generated within the electric field which drift towards
the first electrode 22 and wafer 20 di sposed thereupon. In addition, a 5
portion of the hydrogen within gas m xture 26 forns hydrogen ions 30 by

el ect r puise@iblaRfeHE apiicancidssahalfiist elettoodtr 2isaridibe sbcatd elbatmide@ddo 22 and
waf er 20 di sposed thereupon. The drift of negatively charged hydrogen ions

30 and geh&ets ansledfic fioandgasthirtued 26 totdiringZydmigeh and hitrogah idpassed ed
t her eupon pronotes adsorption of ions 30 onto the surface of wafer 20 and

f ost er shreagowmedEddtticd. Ldveen@le elestiohsz®earergeheratatiwition tter déctriaBeldur f ace
de-oxidation). 10 [0071] Dependi ng upon the conductivity of the substrate,

some ofyhidhedril towhide ise fildbéleétrRle pederwifed2@dispogedaksreoporhylpraddition, & r om
surface de-oxidation can accunul ate on the substrate surface. In addition,

a psr t ipgRioalof tHeehyidFRRnaligi §amixars 2difsrastHydroyda qorts 3orbyt dlectrapubst rat e due
to the drifting along the electric field. This electron build-up on the

subst r atiachradhtiwich 1%y drift @wards taddiist elzbofbdealls andivafen 20 tispbseditbgaupore| vy
charged ions as well as 15 adversely affect the equilibriumof the surface

de- oxi dnkidpft.of hegatRkl chbget hyliagen thtrs JDdrdadiécond 06 tasmrdsitiecsledtfodei2ent , t he
el ectrons on the substrate surface need to be periodically renoved. [0072]

One netlpdvdfer ZEaBYsset iesrel fromdtesradsbiptisn bsibns 8@ ontortha serfata)of bafdro
change the polarity of both of the electrodes relative to each ot her.

Dur i ng 2ohmdiedtarsi devoxidiaiog of tHeheafe2furfaot (rfigreday breimaeaataceldeaiddatien)ray not
necessarily be the sane. In one enbodi nent, the polarity change can be

achpevqoodry ampeniing upomihetionaadtivitnal the sLibstete, mohmecofliled slectrorstthitesst  t wo
el ectrodes such as that shown in Fig. 10b. Figure 6 provides an exanpl e of

a pol argeh¥ratd@ag feashen Byptodutt fb@ciutfade deyidgiisrecami socainette omthel N one phase
of the voltage pulse (i.e., a negative bias) and retrieve electrons in

anot hersyp&teste saffadeh an waditiog @ gutigeof(the free elRcpors damaire2lly bdsash) onthe Fig. 6,
el ectrode 110 is used as both the electron emi ssion and electron retrieving
el ect r egpstedd det ectheatifting 2(brigthe ekdtriz flafs eThis elettrardauildiipi o the sabgetent

all ows the

surface may prevent additional adsorption of the negatively charged ions as well as

15  adversely affect the equilibrium of the surface de-oxidation. To make the surface de-
oxidation process more efficient, the electrons on the substrate surface need to be
periodically removed.
[0072] One method to remove the electrons on the substrate surface may be to change
the polarity of both of the electrodes relative to each other. During the polarity change, the

20  voltage level on each electrode may not necessarily be the same. In one embodiment, the
polarity change can be achieved by applying a bi-directional voltage pulse between at least
two electrodes such as that shown in Fig. 10b. Figure 6 provides an example of a polarity
change wherein an electrode may generate electrons in one phase of the voltage pulse (i.e.,
a negative bias) and retrieve electrons in ancther phase of the voltage pulse (i.e., a positive

25 bias). InFig. 8, electrode 110 is used as both the electron emission and electron retrieving

electrode and electrode 120 is used a base electrode. This arrangement allows the
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-23 efficiency of surface de-oxidation to be maxim zed. Electrode 110
containing a plurality of sharp tips 101 is |ocated above wafer 103.

El ectrode 110 is heated by connecting to an AC power source 104. Anot her
el ectrode 120 is | ocated underneath wafer 103. The change in polarity of
el ectrodes 110 and 120 can be obtained, for exanple, by a bi-directional
pul sed 5 DC power 105. An exanple of bi-directional voltage pulse is

i | | ust e#icieticy of stirtace dedGinativihzrbe mhrictizeod &ldd®@de d 1A egaipinirg g/ ploradityed, at

| east a portion of the electrons generated fromtips 101 attach to at

| east shprtipsdi®1df lotdted abovecwalgr $83 Bledtronant 40 is heated dy cednexting tgyasACons
drift towards wafer 103. \Wen the polarity is reversed, electrons are

r el eas@dwer sourtd €04 uhhatlosr eldctrodafl2o islloB8atad dnderneatb waderbldSk Tae chapge ih01.
Figures 7a and 7b illustrate the transportation of 10 the charged species
dur i ng pekity af\etdctrodés 1 tleandi 20cen lpudistained Her éxaetplebyya widiretizongl pseadhe
polarity of the two el ectrodes can range fromO to 100 kHz. [0073] In an
al t 8r @G pevaridadiAresampixofdsdirettional witage pulsé & iButistaddn Eigue flak Wiy be
removed by enpl oying one or nore additional electrodes. Figure 8 provides
such awrlecasdapl@ isheyatively biasat cat lezst tiperiookas theaglectroRe fgeneratagl fran Epgur e 8,
waf er 200 is disposed upon 15 a grounded base el ectrode 201. Two

el ect r d0¢ sitaeh tocdt iezsbe a pORiohaf thegeducieygas ared newly agpatedriedscingfag lonedtid base
el ectrode 201 and el ectrode 203 having a positive voltage bias relative to
base el®edrdsdafcz03ak¢hanrthe pblasly iaevesadhelevindnsrars rri¢ased R00thelsurface of
arrangenent, electrons are continually generated from el ectrode 202 and

r et ri ewvesferatO3adnelatirieded B at ltips 10 heFigarssi 7adnar 7 baidedritentbe transpastatioh af i t y of
el ectrode 202 and el ectrode 203 may be 20 periodically changed froma
pod0t i viee timrgedgmias\during ehctyeydi ofthe aolthgei pisev ditedieauenat afwbanging thee base
el ectrode 201. [0074] In yet another enbodi nent, electrons or residual

sur f ac @ol=nigyr ofehertwo ddectrazies vad rarigedront Bdo $0Bkkz.at e surface by enpl oying a
neutralizer after surface de-oxidation. If left untreated, residual charge
cont am[@ad] orin eanltemeate ahleatimest, exdess dlestrhos grimdavbgieate sudacesmagbei ve

el ectroni c conponents. In these enbodi nents, flowng a high purity gas such
as removed by employing one or more additionat electrodes. Figure 8 provides such an

example wherein a wafer is the substrate. Referring to Figure 8, wafer 200 is disposed upon

15  agrounded base electrode 201. Two electrodes, electrode 202 having a negative voltage
bias relative to base electrode 201 and electrode 203 having a positive voltage bias relative
to base electrode 201 are installed above the wafer surface 200. In this arrangement,
electrons are continually generated from electrode 202 and retrieved at electrode 203. In
one particular embodiment, the polarity of electrode 202 and electrode 203 may be

20  periodically changed from a positive to a negative voltage bias, and vice versa, relative to
the base electrode 201.
[0074] In yet another embodiment, electrons or residual surface charge may be removed
from the substrate surface by employing a neutralizer after surface de-oxidation. If left
untreated, residual charge contamination can cause electrostatic discharge damage to

25  sensitive electronic components. In these embodiments, flowing a high purity gas such as

N, through a commercially avaitable neutralizer device and then across the substrate
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N2 through a commercially avail able neutralizer device and then across the
substrate -24 surface can neutralize the residual charge on the wafer
surface. The positive ions present in the gas will neutralize any residual
el ectrons and provide an electrically neutral surface. Suitable charge
neutralizer devices may, for exanple, consist of Kr-85 radioactive sources
t hat produce equal densities of positive and negative ions in the gas.
Wi | e posadd can reuttalizertbg agdidum| cliarge an éhgpwafduswithcen Thheoghiee iabs presehions
t hrough the wafer, the net charge of the gas streamis zero. [0075] In
cert ai theegdzogiil meotralize tahy resichel elatteorsrandaprgédde as skeeticaiyhrautiabsuraced wit h
respect to the electrode that acts as an em ssion electrode. In this
r egar d Suithisie ehargeinentralzkeddvicdenam yoriexamplea consist df Ko86 radivactiveisourees
substrate may be noved, the em ssion 10 el ectrode may be noved and the
subst r #iat preducbequat densitiesedf posiive mod negativb adris it e gas. Whittnposdive@ndode and
the substrate are noved. The novenent nay be vertical, horizontal,
r ot &t i eghtivedonsadrepgoduted ircthe lgas b dflowsitrodgmihetveafers thef ret ehange o thdegason may
then occur wthin a |ocalized area of the substrate surface. [0076] For
t he folstreamngzdrogur es 9a t hrough 9e, the substrate is a silicon wafer that
Is 15 disposed upon a base el ectrode, which is grounded. At |east portion
of the [0a¥53r Iis vertaic embodimentss thegsubsishterontargst asbernblyaeay heumpged with shown) is
exposed to a second el ectrode that acts as both an emtting and a
ret ri evéspgcelodhd eledeods thet acts Amagiemissipm aledttogle. frothissegandl the emission a
negative to a positive bias in electrical potential). Figure 9a shows a
si | i corlavtrbae n2Q®e inaized positkin antbihke pubstdde maylheatewd| theesmissidrect r ode 302
to which is applied a bi-directionally 20 pul sed voltage relative to the
bade elesttrode ma3®é mied andythe golbstrite mag b ireq fisertgositionger Hatio the @missgion 00KHz
t hereby generating an ion area shown as 306. A notor |ocated outside the
pr oces sigrtroddant dre ubstrate lroevmpvedt Bvesovémentahay be Berodalrutrizonteh i s
frequently acconplished in sem conductor processing wthout significant
cont anirotatioreh, wfaldnigeanvaat en thasd embodim@otst aurfatatdecnxidatipn beaydhen dedr by
enpl oyi ng hi gh cleanliness, rotational feed-throughs and

within a localized area of the substrate surface.

[0076] For the following Figures 9a through 9e, the substrate is a silicon wafer that is

15  disposed upon a base electrode, which is grounded. At least portion of the wafer surface
comprising a plurality of solder bumps (not shown) is exposed to a second electrode that
acts as both an emitting and a retrieving electrode (i.e., changing polarity, for example, from
a negative to a positive bias in electrical potenﬁal). Figure 9a shows a silicon wafer 300
moved rotationally under a heated linear electrode 302 to which is applied a bi-directionally

20  pulsed voltage relative to the base electrode 304 that may cycled in a frequency range from
0 to 100KHz thereby generating an ion area shown as 306. A motor located outside the
processing chamber {not shown) rotates the wafer. Such rotation is frequently accomplished
in semiconductor processing without significant contamination of the wafer surface.
Contamination may be avoided by employing high cleanliness, rotational feed-throughs and

25  control of flow patterns. Figure 9b shows a silicon wafer 310 moved linearly under a heated

linear electrode 312 to which is applied a bi-directionally pulsed voltage relative to the base
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25 control of flow patterns. Figure 9b shows a silicon wafer 310 noved
linearly under a heated Ilinear electrode 312 to which is applied a
bi-directionally pul sed voltage relative to the base -25 electrode 314

t hereby generating an ion area shown as 316. This arrangenent may be
suitable for applications wherein a conveyor belt is used to nove wafers

t hrough tubul ar bunping furnaces such as, for exanple, printed circuit
boar ds etelatrode 814 thielaby deneratiog an ionFarga sbovat as BdSs This srrbngaymentaiagrbe320 noved
rotationally under a pair of heated |linear 5 em ssion el ectrodes 324 and
326: t keitdbsfor epplichtiatonBReinlmasonaeydr datl s yeeslito imoye vadars dhrdughebulam ssi on

el ectrodes 324 and 326 has a steady negative bias relative to the base

el ect r edmpingddmaoed fiah szl ¢ example cprintdrbcigait doatds dhrooglaredolydumnetes. eved back
fromthe wafer surface thereby generating an ion area shown as 328. A

not or IFied ©d slhawsa diicdrneafer 82&ssved)rotatiantyeundenatpaswbhedted titestres t he

wafer. Figure 9d shows a silicon wafer 330 noved linearly 10 under a heated
pai 5 ofenlissireslectiosiet 30dend 33d: tha baglélettrate 3D26chdsal steady isdiad piagratiddipposi t e
polarities relative to the base el ectrode 332 to conduct el ectron em ssion
and r eenissiormgecteipaddd ahy 326 aae b stapep @cgitivedizaTelative fr tha baboelectxsde338.
Lastly, Figure 9e enploys a relatively smaller electrode 344 | ocated on

t he end2pkoahatielentrongicar be Gateratét ¢o aud be ratyevel] dable froml the ivafestsuddet | s
frequently altered relative to the base el ectrode 342 thereby generating an
15 i on tlearelsy gdr@natinganddi® arcBlshoanmasi 328s iungtooloeated autdidd thagravebsing 340, in
for exanple an arc- like notion, to affect conplete and uniformtreatnent
of t he caamber{nobdhewns wibtas ¢he Warer 7Figitecddstionsch sliesomdiadid0enaiead limaarhbe used
in several areas of the microelectronics nmanufacturing in addition to the
r efld owuatierca bedtde paib ofipredr @lattesdes B8H and 336 dat exangit @t steady drateppoisitani ng,
nmetal plating, brazing, welding, and reflow and wave sol dering for outer 20
| ead bq@oliritigs refative xatnel ase klectrbdod8Atudconduet clexitrdaeimigsiappal retrigsing t hat are
suitable for the nethod described herein is in Figs. 1-3 provided in

pendi ngephratehathptabg genenatitd a0 i, H8H shavim ah 338 sLaptip riguretdecenygsysgmee of t he
present invention and is incorporated herein by reference it its entirety.
| N one rgativelcsralter eldbtrodeg4y iocathe omdhdnent dfess pivotingcarime34si. T heaolduigy of the

electrode 344 is frequently altered relative to the base electrode 342 thereby generating an
15  ion area shown as 348. The arm is swung over a rotating wafer 340, in for example an arc-
like motion, to affect complete and uniform treatment of the entire wafer surface.
[0077] The method described herein can be used in several areas of the microelectronics
manufacturing in addition to the reflow of a solder bumped wafer such as, for example,
surface cleaning, metal plating, brazing, welding, and reflow and wave soldering for outer
20 lead bonding. An example of reflow and wave soldering apparatuses that are suitable for
the method described herein is in Figs. 1-3 provided in pending U.S. application 09/949,580
which assigned to the assignee of the present invention and is incorporated herein by
reference it its entirety. 1n one particular embodiment, the method described herein can be
used to reduce surface oxides of metals, such as copper oxide, formed during silicon wafer
25  processing or thin film de-oxidation. Such oxides may form as a resuit of the various wet

processing steps, such as chemical mechanical planarization, that are used to form micro-
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used to reduce surface oxides of nmetals, such as copper oxide, forned
during silicon wafer 25 processing or thin film de-oxidation. Such oxides
may formas a result of the various wet processing steps, such as chem cal
mechani cal planarization, that are used to formmcro- -26 electronic
devices on the wafers. These surface oxides reduce device yield and device
reliability. The present nethod allows surface oxides to be renoved in a
ful |y @élegtronie delicenorethealdiyrsf Mhesalbyfacamrides rdthice deeise pietd arelgldvice t he use
of aqueous reducing agents. Further, since the present nethod is perforned
at rel agliavhityy Thevprésemp aretitodralisws stifaleosxidestto be sergovdd inarfullyydrgf f ect t he
t hermal budget of the device during processing. H gher tenperatures, by
cont r aghyirdrefehtadlly fierdiceaniearities dpee hot raqaire thkiuabiof aqueoby rexhusiigragiedisf f usi on
of dopants and oxides thereby reducing device performance. Since the
met hod FeeRer, sibes tHaasresant amithod is pedamesii at relatbed) iownémperlatirgs itfdoesedt on a
single wafer, the nethod can be integrated with other single wafer
pr og es smifichtBr affayt the dvdrohahipudyet bicthe devipatiufing progessirigh Highes terhpdraiucze, i on 10
steps. [0078] The method and apparatus described herein are particularly
sui t ablbg chatrastappd tc@tiicendevide yielfl @nd beliapilitydyaszasing idiffusionrof depants disd | on.  The
conveni ences of using the nethod and apparatus described herein for wafer
bunpi n@xiaed thdheby retilcmgldevice safarmanes. eSincaithermoetbod Bescsibed benmsjrecaad-in o
typi cal reflow sol dering processes for outer |ead bonding, 15 wafer bunping
and t hicartiinlemmdeintaritsldiel penforned bobsirglenghfer, fthe methogatambetinteg ratedivith
connection, the space above the surface to be deoxidized can be as snall
as 1 crxherlrigebyafeeprobédses, therebppravidingbetter compatislity vith othet fabricatiopener at i on
and transportation. Second, the processing tenperatures for reflowin
wafigr lkteagel ng are significantly higher than that of typical reflow
sol dering processes. The hi gher tenperatures pronote the formation of the
negat i [8078] 2rhehnestbedlandaspdiztue desdribed hatdimaterpanticulaflyisuiiablé forwaf er bunpi ng
and thin filmde-oxidation processes, the solder bunps and thin filns are
conpl etapblcatisposiaitheunsting andibin flimnde-axigatiohs hBtednvehibpcds afusingdhas ur f ace
de-oxi dati on. Further, conpared to other sol dering

method and apparatus described herein for wafer bumping and thin film de-oxidation are

numerous. First, compared to typical reflow soldering processes for outer lead bonding,

15 wafer bumping and thin film de-oxidation are both single-face treatment. In this connection,
the space above the surface to be deoxidized can be as small as 1 cm, thereby resulting in
an efficient process for both ion generation and transportation. Second, the processing
temperatures for reflow in wafer bumping are significantly higher than that of typical reflow
soldering processes. The higher temperatures promote the formation of the negatively

20 charged ions by electron attachment. Third, in wafer bumping and thin film de-oxidation
processes, the solder bumps and thin films are completely exposed thereby minimizing any
“shadow” effect during surface de-oxidation. Further, compared to other soldering
processes whereby the solder has to wet and spread over the component surface, the
deposited solder bumps on the wafer need only exhibit soider ball formation upon first

25  reflow.
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processes whereby the solder has to wet and spread over the conponent
surface, the deposited solder bunps on the wafer need only exhibit sol der
ball formation upon first 25 reflow. -27 [0079] Figures 11 to 14 illustrate
a preferred el ectrode assenbly apparatus enployed for renoving a netal
oxide froma treating surface of a substrate according to the present
I nvention. Referring to Figure 11, el ectrode assenbly conprises energi zi ng
el ect r ey 9d0 Figunes/i iy Bnillastradeya pfefegrrerdt elactiaug aseerdbigtapperatuspsnii@@dithat are
el ectrically connected by a 5 conductive wire (not shown), and base
el ect r pelroviRP a mdtalcixidedsonaa greatingladfaek ef & subsitate podoeding wl the Asesested her ei n,
the term"energizing electrode" refers to an electrode that is an
el ect r adentidrat Réragingo Elgacd 11,@ddctipdé esddnably corepridesrenpasding slectaoderfidat i ve -
relative to ground (zero). The energizing electrode 501 is proximal to the
base elhavihg adar@al 2f pidtrafiiag abhguctivd ips Setihaktareclectribalip Béhrentkdibye ener gi zi ng
el ectrode 501 are spaced apart from one another by 10 a distance of from
abost @Gohdutivé wiralpoattshbwh), aml base gleetfeder502, whish tiasargrsyndeleldeéival el ect r ode
502 and the energizing el ectrode 501 are spaced apart from one another by a
di st angetedtiall A3 wwed hefiddQhe Rratbsdrgaing détdrods” nefers tonar electrddedhdatds an
el ectrode 502. Substrate 503 conprises an insulating portion 504 and a
treati ripctiudé gaehadan eleopicalyotgntial -Aeittadr positickeor Magafiesr abdigtivedd gralledl east a
portion of the treating surface 505 is exposed to the energizing el ectrode
501 andgzdrbe Trasenerdiging eledeodd20 hisprodiraalkto dheybasenglecttode t508d Eré&férbblynthet he
substrate 503 all reside within a target area. [0081] Referring nowto
Fi gur e®add erotlod2$6D andthe epemyizy ebatodidedild 656 $paceddapiaitriet bye amotheryul at ed
pl ate having an array of protruding conductive tips 506 that are
el a0t r iacdisthyce26F fimomalenit 6k by taalbmiGlctmy ih prefeeredrentbosimpemiy, thébadeer abl y, t he
I nsul ated plate conprises a material selected frominsulating naterials
such asglectrode 682and the aneagiting eRctedeadi cansedpacedbpart feorpohy maothealmda m xt ur es
thereof. In one enbodinents, the insulating plate conprises quartz.

distance of 1.0 cm.

[0080] A substrate 503 is proximat to the base electrode 502. Substrate 503 comprises an
insulating portion 504 and a treating surface 505 comprising a metal oxide. Preferably, at

15  least a portion of the treating surface 505 is exposed to the energizing electrode 501 and the
base electrode 502 and the energizing electrode 501 and the substrate 503 all reside within
a target area.
[0081] Referring now to Figures 11 and 12(a), energizing electrode 501 is defined by an
insulated plate having an array of protruding conductive tips 506 that are electrically

20 connected by a conductive wire (not shown). Preferably, the insulated plate comprises a
material selected from insulating materials such as, for example, quartz, a ceramic material,
a polymer, and mixtures thereof. In one embodiments, the insulating plate comprises quartz.
In another embodiment, the insulating plate comprises a ceramic material.
[0082] In one particular embodiment, the protruding conductive tips are removably

25  connected to the base plate. For example, referring to Figure 12(a), the underside of the

insulated plate has holes 507 that resemble “key holes.” Each of the holes 507 is connected
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I n anot her enbodi nent, the insulating plate conprises a ceramc material.
[0082] In one particul ar enbodi nent, the protrudi ng conductive tips are
renovably 25 connected to the base plate. For exanple, referring to Figure
12(a), the underside of the insulated plate has holes 507 that resenble
"key holes." Each of the holes 507 is connected -28 by a conductive wire
508, which electrically contacts the conductive tips 506 once the
conduchy\ﬁecqndpstws@ﬁr%&@ whisbrelestricafy eontacis el eesdaciive tips §06 enathe) shows a
cl ose-up of the arrangenent of three of the holes 507. Preferably, the
hol es BoAdycdimel tips HOR aretingeriedrinta the heles 50hH sFigwe)126)shopa @clpsgpar of the om each
other by a distance of fromabout 2 mMmmto about 5 10mm or from about 5 mm
t o abowrraBgementalf thrge af thie SolesEO7 ofPrefbmbly, SerhalesTiY (and .dbus Bie cangicibe f or ned
by any neans known to those skilled in the art such as, for exanple, by

| aser tigs i5D6) arg sppCRBRartFiapy pachl Ghehioya distasice gf oo @hduicz imvetotdheub06 whose
upper end 508 fits into one of the holes 507, contacts conductive wre
5085 ari@mnock drormalmup b ave thgbout Srmmxanipyl @ distanceiobabavy 5 mro. dbeiholes 58ach of

t he conductive tips can be unlocked and renoved by, for exanple, a tw sting
not i on can beHermesidaysanyemelnsdaoivorio thosa skitied intbe drtisuch as Ko exampimddaseve tip
506 into place. Preferably, conductive tips 506 are forned fromnetals
such agirilihgr exanpl e, brass, stainless steel, nickel-chromumalloy, and
other netals with relatively | ow el ectron-em ssion energy. In another
enbodi 1[0083] digutedBishews apingkd®nduntivedipcaifpriasedipper enth@0d filpindo aneef 15 as,
for exanple, carbon nanotubes. [0084] Referring now to the enbodi nent

depi ct doe hcie§ﬁgnro@nta¢ts qonductive ayrediO8p and foglss intp plaemblu deriaxamplep @ tEGENg
separated into a first electrically connected group 510 and a second

el a6t r inoetiony Emsh wétheawndudlive tipg 2amhe teiopkasiandgemoned by, fet exampie@ond
electrically connected group is connected to a DC voltage source that is
posi t i telstingimetienirghe oppebitettiredtidnethamthat heedio I6dkribe condustviriS@d Bt ri cal |y
connected group is connected to a DC voltage source that is negatively

bi ased pid®. Preferdbly, cohdusiee tipu$Qfcarefanmmadsirqro sietaly sugh a5, far@dample, Prags.DC

vol t age
stainless steel, nickel-chromium alloy, and other metals with relatively low electron-emission

energy. In another embodiment, conductive tips 508 can be comprised of nano-tubes such
15  as, for example, carbon nanotubes.
[0084] Referring now to the embodiment depicted in Figure 14, the array of protruding
conductive tips 506 separated into a first electrically connected group 510 and a second
electrically connected group 512 wherein one of the first or second electrically connected
group is connected to a DC voltage source that is positively biased 516 and the other of the
20 first or second electrically connected group is connected to a DC voltage source that is
negatively biased 518. The DC voltage source that is positively biased and the DC voltage
source that is negatively biased are electrically connected to a functional controller 514 that
is capable of alternating a supply of energy between the DC voltage source that is negatively
biased and the DC voltage source that is positively biased. Between the functional controlier
25 514 and each of the positive and negative DC voltage sources is a positive pulse generator

520 and a negative pulse generator 522 in communication with the positive and negative DC
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source that is negatively biased are electrically connected to a functional
controller 514 that is capable of alternating a supply of energy between
the DC voltage source that is negatively biased and the DC voltage source
that is positively biased. Between the functional controller 25 514 and
each of the positive and negative DC voltage sources is a positive pul se
generator 520 and a negative pul se generator 522 in conmunication with the
posi t i veltagedsauempat fegpediGely- The pulst ggoeratas 626 and 82D aret invaflegt, sWhehegsul se
generators 520 and 522 are, in effect, switches. Wen each pul se generator
recei v&¥hen gadhgiuteg geingraddr réesiees, a pulging sigdal (e\g. \copulssgdowivgitade signadof o 5v)
fromthe functional controller 514, a correspondi ng high vol tage pul se
(e.qg., tdet)\isentH functiand dohtrolisztc1poa oerrespondieg Bighwoltagegeiisenield., twesre@t ed,
whi ch powers the corresponding high 5 voltage source. The functional
cont r olviasd tbd detrpmint af thedDC voitgue) will BAheeatedevitich powers she cwraspendind higha
correspondi ng pul se generator, the other output is disconnected to the
ot hgr vpitdgeesayeste rEtedunctichalscombrkliandp 14 thas al dual ewdputa.g VWhencine@utpuTispi cal | vy,
there are two adjustable variables of the pulsing signal of the functional
cont r olcbemecterlioss cuyrefspenpiem pylsagehdrater,ding other outputi iv distonresteddd thegatherl 0
[ 0085] In operation, when a gas m xture conprising a reducing gas is passed
t hr ouglputsegentmtarethus mekingtthe aternatingdoadtiono Mypickllyethebd 4re tivn adipstadteat | on
wi th the negative pul se generator 522, energizes the rows of conductive
ti ps byadshlésaftthegusing sipbalofl thagmctional centtdiiar: pulsingriregaenaysing thée apieffl t o
generate electrons within the target area, wherein at |east a portion of
t he el esfio ofitbe aditageh to at | east a portion of the reducing gas thereby
formng a negatively 15 charged reducing gas that, in turn, contacts the
t r éat i §6085)r flaoperation, svheoa gast raixtunx coleprisimg a réducingg@siispassad throeghothet he
substrate. The functional controller 514 then deactivates the DC voltage
sour ce targat ares, the §atctiond| gotitralsed Aiicoaperativo pdthahé oegative pulsh gepersiari ve
pul se generator 520, activates the DC voltage source that is positively
bi ased 528, emzgigez thetrbes of trndustive tipk byrestiratiop thwbGuottagesaurgsthabisret ri eve
excess electrons fromthe treating surface. Preferably, the 20 rows of
conductriegetiveiysiasddetotgenerald glectomsedthitthedarghtarba widreingt lsasta pertionat i s
negati vel

? the )ellectrons attach to at least a portion of the reducing gas thereby forming a negatively

15 charged reducing gas that, in turn, contacts the treating surface to reduce metal oxides on
the treating surface of the substrate. The functional controller 514 then deactivates the DC
voltage source that is negatively biased and, in cooperation with the positive pulse generator
520, activates the DC voltage source that is positively biased to energize the other set of
rows of conductive tips to retrieve excess electrons from the treating surface. Preferably, the

20  rows of conductive tips electrically connected to the DC voltage source that is negatively
biased and the rows of conductive tips electrically connected to the DC voltage source that is
positively biased are not energized at the same time. In operation, functional controller 514
is capable of alternating between the negative and positive biased DC voltage at a high-
frequency puise. In preferred embodiments, the voltage pulsing frequency is preferably from

25  about 0 to about 50 kHz and, more preferably, from about 10 kHz to about 30 kHz. The

amplitude of the voltage pulse is preferably from about 1 kV to about 3kV.
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bi ased and the rows of conductive tips electrically connected to the DC
vol tage source that is positively biased are not energi zed at the sane
time. In operation, functional controller 514 is capable of alternating
bet ween the negative and positive biased DC voltage at a high- frequency
pul se. In preferred enbodi nents, the voltage pul sing frequency is
preferably from 25 about 0 to about 50 kHz and, nore preferably, from about
10 kHz [0@86dbdherss@elseveralbanefitsrmiitiea erdbodimentibusirateddydigures d1itas 14r Bifslr abl y
fromabout 1 kV to about 3kV. -30 [0086] There are several benefits of the
enbodi ol embbdigtenhaleavsdor the daw tenpetattice reductionrof metal owidas ewdioas, firnt  al | ows
for the | ow tenperature reduction of netal oxides such as, for exanple,
copper exaingke, ceppeanxidesu ar ipguisied substraie sudhas $qr exemplex arplam)ic aulsinateni ¢
substrate. Exanples of insulated substrates include, for exanple, rigid
epoxy dixaswldsafinsataéedssipstrates iwlBleufoe éxdrople prigith epekyaiassuaminatessubbsirates exi bl e
flex polynmeric films (e.qg., polyimde) substrates used for flexible

ci r bui wsed fargpuhtedeircyitiberds tlesiblested polymenicdipnsateegl, polyimide) stbateatasomedct i on
schenmes, high density interconnects such as polyneric based BGA' s (Bal

G i d Aferfiexiblendirphits] émmsilatgd substretesaisae it itegeated cirstitliniersdnsedion sehamesised in
3-D or stacked integrated circuit or 3-D or stacked packagi ng

t echnolhigh dansithmfarconriestseavbb ds welymerit based BEAS (Ball Grid vyreay), hightdensily 10

provi des a structure and el ectrical arrangenent that is able to intensify
t he el dnercoppects,iapt dhsofatecbsiudistraisn dised in/dDrdrstackie inddgrated cgediyorrd@wei ng t he
threshold voltage for a uniformelectron em ssion anong the tips w thout
ar ci ng staskes packadjngdectinotagies. dfexb pipoembediment idggirapest indiguaéss 11 toAl# addi ti onal
benefit of the method and apparatus described herein is that the therma
expénsipoevides a steuchire end elbstriskbareangemeat thet ip ablertoinitensifyWheeeleatricalfieldl axt i ng
mat erial such as 15 quartz or ceramc is used instead of netal, thus the

t her naleade tordictiventip fthaseleyc largstheredacing the threshildaoliapeafor alusifertreglectron
tenperatures, such as above 300C. A further additional benefit is that the
conducteinigsigy amongitheldips vétrovicaicing detvgshad@atent ips of hepedite soltageepqiéntiaés. i n
case of damage or disrepair. [0087] In another enbodi ment depicted in

Fi gur e Aradditlonel bargéit efdhe misthpdamd@ppeeatus described herein is that the thermal

expansion of the electrode plate is largely minimized when an insulating material such as
15 quartz or ceramic is used instead of metal, thus the thermal deflection of electrode can be
eliminated at elevated temperatures, such as above 300°C. A further additional benefit is
that the conductive pins can be removed and replaced from the electrode plate in case of
damage or disrepair.
[0087] In another embodiment depicted in Figure 15, electrode assembly comprises
20  energizing electrode 600 having an array of protruding conductive tips 605 that are
electrically connected by a conductive wire (not shown), and base electrode 606, which has
a grounded electrical potential. The energizing electrode 600 is proximal {o the base
electrode 606. At least a portion of the array of protruding conductive tips 605 has an
internal passageway (not shown in Figure 15) that is in fluid communication with the internal
25  volume 602 of chamber 601, so that a gas mixture comprising a reducing gas flowing into

the chamber can be injected out from at |least a portion of the conductive tips 605 into the
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20 energi zing el ectrode 600 having an array of protruding conductive tips
605 that are electrically connected by a conductive wire (not shown), and
base el ectrode 606, which has a grounded electrical potential. The

energi zing el ectrode 600 is proxinmal to the base electrode 606. At |least a
portion of the array of protruding conductive tips 605 has an internal
passageway (not shown in Figure 15) that is in fluid conmunication with the
i nt er nédrg@5area bi®reor8aiRingfthe babsirate @Vhavig 4 $untaca tgbs tredtetd wr geatngpr i si ng a
reducing gas flowng into the chanber can be injected out fromat |east a
por t i osuridcet 608 thatrrdsides withit itargetciBa 609.01nt degtain Sdbodimentet baseadec0de 606

contai ning the substrate 607 having a surface to be treated or treating

sur f acané @& hdsatplate §Dd esenergiaing elentrgde 660 e G@Ged bpart Fomaine apnthedbyrant s,
base el ectrode 606 and the base plate 604 of energizing el ectrode 600 are
spaced disparce of from aboet @A atrhieraboyut 20 cdi et aitereatvelyl aenspabed bpdt Horomneo about
5.0 cmor, alternatively, are spaced apart fromone 5 another by a distance
of 4. 0aoothef BO88istdRet ef 1i0mgn.agai n to Figure 15, energi zing el ectrode 600
further conprises a chanber 601 having an internal volume 602, a gas inlet
603 i n[0088] d Refaringagain tooFigwiet 15, ehergizrgezlecitode\GED durthed 88mpases aachamber
electrically insulated base plate 604 such as that shown in Figure 15.

Wi | e 60¢ haviog an seemalvoiwhe 503 d gasddleb@Bkingluint @onodnicatioptvoiirthaintéreaing
circular, it is 10 envisioned that other cross sections such as, but not

| i m t edolumesb02qand an ekciriealtydnsuidtad base plate/@04 sush asdhdtishawi imBigutectseof can
be used. Insul ated base plate 604 nmay conprise a material selected from

i nsul aWwhilg thetess atctionwt msakied kaseptatePpDe js showntas, beingaircalar dtisaterial, a
pol ymer, and m xtures thereof. In one particul ar enbodi ment, the insul ating
base pleatisionédthat oifipr cress septians such as, bntndidmitpd td & squae, ardstattigulantan t he

I nsul ating base plate conprises 15 a ceramc naterial. Referring again to
Fi gur e otal, orecoentgnations thelrenftcan dhe UBBQ. nsulatesl basempiade A84 may campaye of

protrudi ng conductive tips 605, wherein each conductive tip 605 has an

i nt er nataterfe selageddrpm instlatitgovwaterials Buguag faisgxatpde, quert,a ddramig material,
communi cation with the internal volune 602 of chanber 601, so that a gas
m xt ur @ pedmpeTi sichgixdures thecdaig Irgeree parbevlargenibmdgmentethe insulating base plate

604 comprises quartz. In another particular embodiment, the insulating base plate comprises
15  a ceramic material. Referring again to Figure 15, energizing electrode 600 further contains
an array of protruding conductive tips 605, wherein each conductive tip 605 has an internal
passageway (not shown in Figure 15} that is in fluid communication with the internal volume
602 of chamber 601, so that a gas mixture comprising a reducing gas flowing into the
chamber can be injected out from at least a portion of the conductive tips 605 into target
20 area 609. Conductive tips 605 may be comprised of a material that conducts electrons such
as but not limited, from metals such as, for example, brass, stainless steel, nickel-chromium
alloy, and other materials with relatively low electron-emission energy such as but not limited
to, graphite, carbon, carbon nanotubes,
[0089] Figure 16 provides a side view of one embodiment of conductive tip 605. As Figure
25 16 illustrates, conductive tip 605 has a body 810 comprising an internal passageway 611

(shown in dashed line) that is in fluid communication with internal volume 602 of chamber

-32-



chanber can be injected out fromat |east a portion of the conductive tips
605 into target 20 area 609. Conductive tips 605 nmay be conprised of a
material that conducts electrons such as but not limted, frommetals such
as, for exanple, brass, stainless steel, nickel-chromum alloy, and other
materials with relatively | ow el ectron-em ssion energy such as but not
limted to, graphite, carbon, carbon nanotubes, [0089] Figure 16 provides
a si de 60il éshawin io frgueerthB)dandethe treftingoarda 609 (ehowingn 6Qkire As). Fi gperatior Bt 16

il lustrates, conductive tip 605 has a body 610 conprising an internal

pass agésesy a @hdion (of rewadicinglgathmdy basethraugatthé iptérnalfchambecaifhef@netidingn wi t h

I nternal volunme 602 of chanmber -32 601 (shown in Figure 15) and the

t r eat i eipchrda 660 hréuhdhe internBi gassagelEly. 6 11rintodles tiedting, area or targed rea §98r t | on
of the reducing gas may pass through the internal chanber 602 of energizing
el ect r datheGiibadimentghowh én Figuer tilcopdstegBnads Bitbei caropriske atflaeged eyl ar ea or
target area 609. |In the enbodi nent shown in Figure 16, conductive tip 605
f ur £ he1618 dimgihias esliamétenthgeid oegader3hén Bhet diahetensf the ekiamet diameitartof the lgpdgat er
than the dianmeter of the external dianeter of the body 610 of conductive
ti p 60%10lécorauctivestin 805ibanaliomsdicbeombontet enfortbe irstiiatigg platet @046 £haibethanber
601 (shown in Figure 15). In the enbodi nent shown in Figure 16, conductive
ti p 60B0al(swwrhingigune ab)glledhe empbédiReoisiosintie Figus 16 fcohduntigetp 608 aBa3. 1t is
anticipated that other geonetries for the angled tip 612 of conductive tip
605 nmayaalas@nglediipdd 2oppbsitsthatnitlangsd eridd613. nt isedtitipated thet otiier end, a
tapered end, a pyram dal -shaped end, or a conical-shaped end. [0090] In an
al t er ngebmetrizstiordherengled tp BdR of corelutiive R0 50aay bleo decisedaath asbuimat t hat i s
inserted into an tube that is made of an insulating material, a tube nade
of 18 ondionited Y& a bientendad taperedcenth a pgtanudaltshapad énd, toh aaoyicakdhiapad anghor t i on of
the reducing gas is passed through the internal volune of the tube into

t he t af@@fo]ariean alténpdE@Odhbadiment; tenductvetgnbifecanshe & oortlictiveraire thakis605 ar e
all electrically connected together by a conductive wire and then
connectireskried irdo ap dattd thel iy nizsidasd dn DEWading aderzd i tobe madletdiaondustiect rons can
be generated from each conductive needle tip, wherein at |east a portion of
t he material, or combination thereof, through which a portion of the reducing gas is passed

through the internal volume of the tube into the target area.

15  [0091] In certain embodiments, conductive tips 605 are all electrically connected together
by a conductive wire and then connected to a negatively biased DC voltage source, so that
electrons can be generated from each conductive needie tip, wherein at least a portion of the
electrons attach to at least a portion of the reducing gas that flows out from each conductive
tip thereby forming a negatively charged reducing gas. The treating surface is then

20  contacted with the negatively charged reducing gas to reduce the metal oxides on the
treating surface. In this or other embodiments, the substrate is electrically conductive and
grounded, so that negatively charged electrons can drain from the substrate to the ground.
[0092] In other embodiments, the energizing electrode assembly has conductive tips 605
separated into a first electrically connected group and a second electrically connected group,

25  wherein at least one of the first or second electrically connected group of the conductive tips

is made of conductive tips that has internai passageways in fluid communication with the
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el ectrons attach to at |east a portion of the reducing gas that flows out
fromeach conductive tip thereby form ng a negatively charged reducing
gas. The treating surface is then 20 contacted with the negatively charged
reduci ng gas to reduce the netal oxides on the treating surface. In this
or other enbodinents, the substrate is electrically conductive and
grounded, so that negatively charged el ectrons can drain fromthe substrate
t 0 t he ijemaheblumé 602 2f cHambetr 1861, seribatth gemnbdure cemenging azédugingl gsst r ode
assenbly has conductive tips 605 separated into a first electrically
connec ffledingriclozhamben6Gleczonisk iejestdraut ibinyeach waeductive tip 609, wikbeinffer ati n  at
| east one of the first or second electrically connected group of the
conducteastote poupios theambadodtive dipsl 665 ismnnhegsd tha DChendtaga seunathgbss sageway s
in fluid comuni cation with the -33 internal volume 602 of chanber 601, so
t hat a nggstivelydtiaseel aroithe bthien of the ffiexd wc serpnd atectridatywcorgecietd@redisber 601 can
be injected out fromeach conductive tip 605, wherein the at |east one
gr odp ebnhevteccivredDCivioliagd squecedihat is positively bineed, tamdavie@sin the QGerokage ce t hat
is negatively biased and the other of the first or second electrically
connectsedrcgitioatps nagivelp bizsed edd the RCDAtags sope thelis pesitivedy biasedarsi ti vel y
bi ased, and wherein the DC voltage source that is negatively biased and
t he DCelemtricalhecamected to hdundtiongasntrolles khat s capablieanr alterobtirgt & supply 9f connect ed
to a functional controller that is capable of alternating a supply of
ener gy enetgytweencthBOC/ wiltagg sosma it is hegativaly biaged anedthe DL aekapeswirache DC
vol tage source that is positively biased. A gas m xture conprising a
reduci rigatdmpositivetyiaseldl dvgad mixturg lcorhPrisihg eheduct@lgasris thehrflowgihreagin
conductive tip 605 having internal passageways 611 and at |east one group
of 10he chamberct0vand thpsigb@ach somiictiveatim G0y havirg DErnaliphaspgesays 6€1 amdat | s
negatively biased, so that electrons can be generated from each conductive
ti p 603eashhee gicup cithd eeaductivepips 606 1s adtiveted vl 2DCrwilisgasouachtiabisat | east a
portion of the reducing gas that follow ng out fromeach conductive tip
605 t hevegbtjvehobiasawy sa that gkectrond sancheageredated froi eagh TSnduddive tip 605 whaseinot her
enbodi nents, the array of protruding conductive tips can be a m xture of
conductat east @ psrtihaof thg dlettrons aitagielo s tpaby pording ot hrdedudinggasitpat t hat do not
have i nt ernal

following out from each conductive tip 605 thereby forming a negatively charged reducing

15  gas. Inthis or other embodiments, the array of protruding conductive tips can be a mixture
of conductive tips having internal passageways and conductive tips that do not have internal
passageways. The latter conductive tips, or those that do not have internal passageways,
can be used to retrieve at least a portion of the excess electrons. The other group of
conductive tips 605 are then energized by activating the DC voltage source that is positively

20  biased to retrieve excess electrons from the treating surface of substrate 606, wherein the at
least one group of conductive tips 605 electrically connected to the DC voitage source that is
negatively biased and the other group of conductive tips 605 electrically connected fo the DC
voltage source that is positively biased are not energized at the same time.

[0093] In certain embodiments, at least a portion of the reducing gas mixture may be
25 flowed through the internal passageways 611 of conductive tips 605, directly into farget area

609, or combinations thereof. The negatively charged reducing gas then contacts the
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passageways. The latter conductive tips, or those that do not have internal
passageways, can be used to retrieve at |east a portion of the excess
el ectrons. The other group of conductive tips 605 are then energi zed by
activating the DC voltage source that is positively 20 biased to retrieve
excess electrons fromthe treating surface of substrate 606, wherein the at
| east one group of conductive tips 605 electrically connected to the DC
vol t agéresting swfach 808 ok subistrgtet 607e4ith thie asgativalydchargedaetiggingygasule reducedheluct i ve
tips 605 electrically connected to the DC voltage source that is
posi t i wedtgl dyides @d the weating serfecgyfCRof the sulpsiraén®® . tinrigs of olbeBg¢mbedimentsai n
enbodi nents, at |east a portion of the reducing gas m xture may be 25
f | owed atporiiangdf théreduoing gas tapiowettbreugh tied corsiuctventinsGiivavinginieB@b,
directly into target area 609, or conbinations thereof. The negatively
char ge gassheviapy anchthetbaiance ofithededudiigegas3aixdure at corgpanenfsstbere@bguahfas
substrate 607 with the negatively charged reducing gas to reduce the netal
oxi fes Narcat e flowed diregjlysnipftarget #68 669 ta foem Shbreduaing ged mixtung i kits or ot her
enbodi ments, a portion of the reducing gas can flowed through the
conduc{@684] t iRiguré @5 phavides et afwrthentmbpdiveatefithy sleatnodd dssebibly600e of t he
reduci ng gas m xture or conponents thereof such as 5 N2 can be fl owed
di r ect ldgpictedan Figueeet 5.ainddgBe 211 eettords assembly @001 map @alamibertBi ehavingsan u.
[0094] Figure 21 provides yet a further enbodi nent of the el ectrode
assenblinte®@brolurde 02 tteat allows oy theeflavb of the rédugingega@ br cemponerdsithesaéenbl y 600
has a chanber 601' having an internal volune 602' that allows for the flow
of t he tiredgitintegnajasiuore @ rpioch oy ht dadhrasief604t avinggd piuralibyr ofddollews| une 602" and
t hrough cat hode 604' having a plurality of hollow 10 conductive tips 605
t 010 edworduxtive tioetQiX taresluchsufaalxideatos a substratadoet)shpwokpnorimal to anvdee
606'. In certain enbodi nents, the efficiency of dissociative electron
at t ach®6t o oettdin embedinwintsy thyasfficieheycaildssodativersiedtronrattasiment tpthee heat i ng
the tenperature of the reducing gas, or one or nore conponents thereof, to
a cert agducnogssgsolecuigrecant b iprevegiely rradieating thetiemperetursd phihe seducing 200 to
800C. For exanple, the preheated reducing gas can be 15 introduced into
encl osedstaragetor asa caDponanity hergef ttha qertainairbeegs ddmpryblussvrangadsushiage ti ps
605" ,

but not limited to, 200 to 800°C. For example, the preheated reducing gas can be

15  introduced into enclosed target area 609 through the plurality of hollow conductive tips 60%,
and a carrier gas such as 96% N, is introduced at room temperature directly {o the enclosed
target area 609" wherein the temperature of the H, and N, gas streams can mix to reach the
expected process temperature. In one particutar embodiment, hoillow conductive tips 605’
may have an internal passageway (not shown in Figure 21) similar to that of item 611

20 depicted in Figure 16. Figure 21 also provides an example of the incoming and outgoing gas
flows that can flow in or out of internal volume 602, enclosed target area 609, or both
internal volume 602’ and enclosed target area 609’ via gas inlets 611’ and 613’ and gas
outlet 615", in the embodiment depicted in Figure 21, the reducing gas comprises 4% H,
and 96% N, wherein the hydrogen is introduced separately into internal volume 602’ through

25  fluid inlet 611’ and the nitrogen is introduced separately into enclosed target area 609’

through fluid inlet 613’. However, in other embodiments the mixture can be introduced
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and a carrier gas such as 96% N2 is introduced at roomtenperature directly
to the enclosed target area 609' wherein the tenperature of the H2 and N2
gas streanms can mx to reach the expected process tenperature. In one
particul ar enbodi nent, holl ow conductive tips 605 my have an internal
passageway (not shown in Figure 21) simlar to that of item 611 20 depicted
in Figure 16. Figure 21 al so provides an exanple of the incom ng and

out goi tagedfzes or preamvixet irasithes thef intemal molomeoeitclegeditaiget areh, arslenbstiehe: |

encl osed target area 609', or both internal volume 602" and encl osed

t ar get irdempal ®h9he andhegelssadibegeta®al’ and 613' and gas outlet 615'. In the
enbodi nent depicted in Figure 21, the reducing gas conprises 4% H2 and 96%
N2 whe[@095]t et hyathergambadimenitaf Huualectrasie pssambly yiesertbedihetain isadepictddine 602
through 25 fluid inlet 611' and the nitrogen is introduced separately into
encl os&iguran geFigaret’ poYides thisvuglrid View of amembodit@nt of-Howenesgizingn ot her
enbodi nents the m xture can be introduced -35 together or pre-mxed in

ei t fer eldvbodembssendlly Yo coreprisingcd dsarober 0§ diaviag @a intama) wiurbe 782,tdae inletst er nal
vol une and encl osed target area. [0095] Yet another enbodi ment of the

el ect r 308, arsigeuibiing platedi0k ba dofmkictiveanpin plade 0T hadng condeictive ipsT7D6 dhidgure 17
provides an isonetric view of an enbodi nent of an energi zing 5 el ectrode
assenblisiot 70D suipting platg 24ch @mbedingdl depicted ¢n Biguient7eactiato isalbtertbe 702, gas
inlets 703, an insulating plate 704, a conductive pin plate 705 having
conduc tondudtive pinflde 08 fram cHaotbe? 501, whichuhlwisregogs, aorapifsiig the redduing nent
depicted in Figure 17 acts to isolate the conductive pin plate 705 from
chanbemgagdaert ghs, carrizr pasysand cgarbjnatiomgpihersiondo flbw thredgitintegnalyakime #r t  gas,
carrier gas, and conbi nations thereof, to flow through internal volunme 702
101and aodtoui intcoa targetagest (nat geowm.o Ensigiaing eledrogiegiORicag belaampnaithic 700 can be
a nonolithic assenbly or, alternatively, a plurality of nodul ar assenblies
whi ch assenably angdtdmiativale rE meratity of addduolar Besenddiey whishexs afrangasiin iseries to

repl acenent, gas distribution control, etc. A nore detailed view of
chanmberl®@ foriemisp rosdsd éof darnt replgoeraent 1@{syistabtionsiobjromkicc A prededaileda si de
and top view, respectively. A nore detailed view of conductive pin plate
705 i s vigwoofi al@chben/F igurerdded in Figures 18(a) and 18(b) which provides a side and top

view, respectively. A more detailed view of conductive pin plate 705 is provided in Figures
15 19(a) and 19(b) which provides a side and top view, respectively.
[0096] Referring to Figures 18(a) and 18(b), energizing electrode 700 comprises a
chamber 701 further comprising an array of holes 708 whereby gas can pass through gas
inlets 703 prior to passing through longitudinal slot 707 (not shown} in insulating plate 704
and conductive pin plate 705. Gas disfribution block 701 is depicted in Figures 16, 17(a),
20 and 18{b) as having a pair of gas inlets that provide a balanced flow of gas into chamber
701. Holes 708 are in fluid communication with gas inlets 703 and longitudinal slot 707. In
side view 18(a), holes 708 are shown as being chamfered or “funnel shaped”. However,
other shapes for holes 708 which can optimize the flow of gas through chamber 701 into
holes 708 and through longitudinal slot 707 (not shown) and into the target area (not shown)
25 may be used. In side view 16(b), the top view of holes 708 are shown as being square.

However, other shapes for holes 708 such as, for example, circular, elliptical, triangular, or
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15 19(a) and 19(b) which provides a side and top view, respectively. [0096]
Referring to Figures 18(a) and 18(b), energizing el ectrode 700 conprises a
chanber 701 further conprising an array of holes 708 whereby gas can pass
through gas inlets 703 prior to passing through |Iongitudinal slot 707 (not
shown) in insulating plate 704 and conductive pin plate 705. Gas
distribution block 701 is depicted in Figures 16, 17(a), 20 and 18(b) as
havi ng ctheranay tof usgds Tihelagtasgémeannt gf holes @8 andydicesetanted $uplv thdt tgfiow nt o
chanber 701. Holes 708 are in fluid comrunication with gas inlets 703 and
| ongi t wehsrisrougth gas INEY 703 mto Hhedeterriabveoll@ée P2 oh charsber 781 ahmugh dveulating bei ng
chanfered or "funnel shaped”. However, other shapes for holes 708 which
can optlayer 764 tdre [bhgitndinkl glets7 07hs optigthizedanber 701 into holes 708 and

t hrough | ongi tudi nal slot 707 (not shown) and into the target area (not
shown) [@@87a\Fidees $@(d) aha 18(bylprovidesvablegnd tbp eietvoyf futhewaepediobles 708 are
shown as being square. However, other shapes for holes 708 such as, for
exabpl epondictiea parplatel A0bpFiguad 19(@) slaavputhamrrangemerB®f ttehmuralitpyf bendustvce The
arrangenment of holes 708 may be sel ected such that the flow of gas through
gas i nltips 706 ®nicohdudtibe pinilate IT8b. ¥Wbleasta pafom b ainaotiave tipd Y06 chn be ghlid,
insulating layer 704, and |longitudinal slot 707 is optimzed. [0097]

Fi gur ehatidfan istechal PpédspgewayindiRil conshdwcativd withgnteimalwatme 7o né chaipect s of

5 conductive pin plate 705. Figure 19(a) shows the arrangenent of the

pl ur al iy, of contbihfions theredfi Pigurd 63(bhprovidds attopy eiewiof cphductiver(ib plate 70®ast a
portion of conductive tips 706 can be solid, having an internal passageway
i n fl uifdritewiltustratirgt slatrY OXiviHich intsbowia bs vedidingb&t@2en twe roswslad condilttive tps

conbi nati ons thereof. Figure 19(b) provides a top view of conductive pin

pl d0e 7M08. Camdudtize pir platet 705t furtigersootprig@s/onehorohoreposieo wonreestare 0¢whighbet ween
two rows of conductive tips 10 706. Conductive pin plate 705 further

conpr i ss irogiectical comeyp@ation woncerttabprocgngnimitth coatra flow of lesergy it tie

conmmuni cation to a central processing unit to control flow of energy to the
array Girrayoh domduicties tipspA67 Fogasisurhsasdbe heamtive das, aeaotidr ges.gasinerhgesn@nier

gas, an inert gas, and conbinations thereof may flow through | ongitudi nal
sl ot 7G@@nhinadiobdthetenf gety femahrougbforgfiodingl slot 709 into the target area (not shown).

The flow of gas through conductive pin plate 603 may be controlled by a baffling system in

15  the chamber 701 (see Figures 18(a) and 18(b)) and via flow meters or mass flow controllers
that are in electrical communication to the gas distribution block via power connector 709.
The dimensions of longitudinal slot 707 on conductive pin plate 705, insulating plate 704 and
the dimensions of the gas flow apertures 708 can be determined via computer modeling or
gas distribution modeling to achieve the optimum gas flow parameters. In this or other

20 embodiments, one or more supplemental gases may be added to the gas mixture or
alternated with the gas mixture, can be introduced into the target area (not shown) through
standard gas plates that are commonly seen in reflow furnaces or other methods that will not
dilute the reactive gas or the activated species.
[0098] Figures 20(a) and 20(b) provide a top view and a side view, respectively of a

25  particular embodiment of electrode assembly 805 which are depicted as an array of sharp

cathode emitter tips 806 that is suitable, for example, in die-to-die joining. In certain
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The fl ow of gas through conductive pin plate 603 may be controlled by a
baffling systemin 15 the chanber 701 (see Figures 18(a) and 18(b)) and via
flow nmeters or nmass flow controllers that are in electrical comunication
to the gas distribution block via power connector 709. The dinensions of

| ongi tudi nal slot 707 on conductive pin plate 705, insulating plate 704 and
t he di nensions of the gas flow apertures 708 can be determ ned via conputer
nodel i eqbodimarnds; sdbsitate 800 oodrDnatakeked pgckagedo e dreatedrie paped aninog agoximajw
parameters. In this or other 20 enbodi nents, one or nore suppl enental gases
may be taddendudtive hlateg@ whizh acte asithe artdder igusels P(ahanch20(ghprowidgor e, can be
I ntroduced into the target area (not shown) through standard gas plates

t hat aeebodimmstbfarselectrade asskinbly thairmaycks used, &irlegampiet toodaxinizat wi | | not
dilute the reactive gas or the activated species. [0098] Figures 20(a) and
20( b) peonstratienaf batjvatedeydrydnadors withiv thevieduargpgas mixelirg indd thee 2§ hedweadncul ar
enbodi nent of el ectrode assenbly 805 which are depicted as an array of
shabp twastacked leperstobdictiopke BDthg HAvreispesificaiigthe cathode emidtepips 80thcan
die-to-die joining. In certain -37 enbodi ments, substrate 800 or 3-D

st ack edupaurikhatdedsh alperttoned thedstackegd! prcleapeditiOoconiaipng siankdd [ayays 80t endluct i ve

pl ate 810 which acts as the anode. Figures 20(a) and 20(b) provide an
enbodi e towbrdathe ghps 80Dbetwass stzbksd lapers 89dy Irbihewsddinient degiatedlie, to

maxi m ze penetration of activated hydrogen ions within the reduci ng gas

m xt ur &iguné 80, retackep ldyets@ltinard elastricatincdkeidcliveymsemptomustiveoted). catjleashang.
More specifically, the cathode emtter tips 806 can surround at |east a
por t i opodiontdf thesdtacked dayras iragre @izl omdiictive) gind thaek aghlurality oesabdet bamgs f ace
toward the gaps 803 between stacked | ayers 801. In the enbodi nent depicted
i N10Fi ghown 201802 s Refekdiny dgajretcsFigire 28@bethelsedacd ofdhé hottamn diecdfithaestacked

sem -conductive (e.g., at least a portion of the stacked |ayers are

el ect r ipaakdge 800niinecty tweghesritie bavacecof phaiamidetprate 1816 o Cathodb @spemidlp 88hown as
802. Referring again to Figure 20b, the surface of the bottomdie of the

st ackedompeisikg geth80€ enhittirartips/8atoranHesplades arourichatdeast twheidanofdbe ptagked 810.
Cat hode assenbly 805 conprising cathode emtting tips 806 can be pl aced

ar ound patkdgeR0 anddass ghrs &13. tihéheseraledditient shown in Figure 20b, the emitting tips

806 are substantially horizontal. However, in other embodiments, cathode emitting tips 806
15  can be angled up or down depending upon the geometry of the stacked package to be
treated. The pressure of the reducing gas mixture is preferably at or near ambient; no
special pressure such as vacuum is required. In other embodiments, the reducing gas
mixture may range from 10 to 20 psia or from 14 to 16 psia. The voltage may depend upon
on the distance between the cathode emitter tips 806 and the stacked package 800. In
20 certain embodiments, the voltage level may range from 0.1 to 10 kV.
[0099] In embodiments wherein a pluratity 'of electrode surfaces is relatively large, the
attraction force between, for example, the cathode and anode of the electrode assembly can
cause a significant electrode deflection if the electrode is made of an electrically conductive
plate. This anode deflection largely increased arcing tendency due to the uneven space
25  between the two electrodes. To eliminate anode deflection, the anode can be made by an

electrically insulated plate with printed metal grid lines. For treating a large area conductive
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package 800 and face gaps 803. In the enbodi nrent shown in Figure 20b, the
emtting tips 806 are substantially horizontal. However, in other

enbodi ments, cathode emtting tips 806 15 can be angled up or down
dependi ng upon the geonetry of the stacked package to be treated. The
pressure of the reducing gas mxture is preferably at or near anbient; no
speci al pressure such as vacuumis required. In other enbodinents, the

r educi sgbsfeste, sl agrfer exaynplea rsgeafer surfate, the vwaferpan deaised divestlyasttbe 16 psi a.
The vol tage may depend upon on the di stance between the cathode emtter
ti ps 8@Godmd o hnirsizawad dpledtiag dusaeletinorpgitacbmeat proeersod additienal t he

vol tage |l evel may range fromO0.1 to 10 kV. [0099] In enbodi nents wherein a
pl ur al icethodé pédtecan bel addadg graxism| iosoruabetneathl the wafegdg caunteracitthe atdracton f or ce
bet ween, for exanple, the cathode and anode of the el ectrode assenbly can
cause dorse prividendnd topl cathodedenitefdnddié waferf Figuee 22 gives anlexdrspleatisuchf an
electrically conductive plate. This anode deflection largely increased
ar cbng aneamamiingent dieat tcomphigesum emetierbplacen@ Bathedave émFighre 22\e veiferc 80ddes. To
el i m nate anode defl ection, the anode can be nmade by an electrically

i nsul atcethpdbiag @ phirality pf solderdbumps£101dadada bathede astembiy 9Q ¢amprigingaange ar ea
conductive -38 substrate, such as, for exanple, a wafer surface, the wafer
can be ansgdf ditheds emitiestiph@06. aiee 90T & growidedadrica@cls aslahlapeds.ohhedur i ng

el ectron attachnment process, an additional cathode plate can be added

pr oxi nmehthode @ssemidly isnp #laetricakbconarhgnicationogiinng eoliage sotree fnatishowinlor  f or ce
between the top cathode emtter and the wafer. Figure 22 gives an exanple
of suclvobntarbatamisingi elentrode B40 icpaged pesimal toournindedeahthrwaferMdavitictacts ko
Figure 22, a wafer 900 conprising a plurality of sol der bunps 901 face a
catliodeocaststiddnge @8thode apsanaing0an array of cathode emtter tips 906.
Waf er 900 is grounded which acts as an anode. The cathode assenbly is in
el ect r i[@@d 00§ drneumeétbad andhapwaratua desdrivad desainwitldoe(itustratddomy)ore detail with
counterbal ancing el ectrode 910 is placed proximl to or underneath wafer
900 whireferencedo the folk@vingexeneples Ibahit ehadd he dederstoediiap e es¢rd@iedinid The
nmet hod and apparatus described herein will be illustrated in nore detail
wi th and apparatus is not deemed to be limited thereto.

15 EXAMPLES
Example 1
[00101] A first experiment was conducted by using a lab-scale furnace. The sample used
was a fluxless tin-lead solder preform (melting point 183°C) on a grounded copper plate
(anode), which was loaded inside a furnace and heated up to 250°C under a gas flow of 5%

20  H,in N.. When the sample temperature was at equilibrium, a BC voltage was applied
between the negative electrode (cathode) and the grounded sample (anode) and gradually
increased to about -2kV with a current of 0.3mA. The distance between the two electrodes
was about 1cm. The pressure was ambient, atmospheric pressure. It was found that the
solder was indeed very well wetted on the copper surface. Without applying an electric

25  voitage, a good wetting of a fluxiess solder on a copper surface can never be achieved at

such low temperature, even in pure H,, because the effective temperature for pure H, to
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reference to the follow ng exanples, but it should be understood that the
present nethod and apparatus is not deened to be limted thereto. 15
EXAMPLES Exanple 1 [00101] A first experinent was conducted by using a

| ab-scal e furnace. The sanple used was a fluxless tin-lead solder preform
(rmelting point 183C) on a grounded copper plate (anode), which was | oaded
i nside a furnace and heated up to 250C under a gas flow of 5% 20 H2 in N2.
Wien t hameantii-exidesgrea tin-basedwaldertis albpyiel 3967C.uherefoRCthiotesull eoniass #spl | ed
bet ween the negative el ectrode (cathode) and the grounded sanpl e (anode)
and gr sueledtion-attechmabpieethod ébeftectivein\promotingHollindesasoldering. 3mA.  The

di stance between the two el ectrodes was about 1 cm The pressure was

anbi ent, atnospheric pressure. It was found that the solder was indeed
very well wetted on the copper surface. Wthout applying an electric 25
vol t agé&xamplgdbd wetting of a fluxless solder on a copper surface can never
be achieved at such | ow tenperature, even in pure H2, because the

ef f 2ct [Q04 02} Bewerat cateodeonaistiale wape inyestigated foneleetrari-attashimgebassisted t i n- based
sol der is above 350C. Therefore, this result confirnms that the

el ect r bpdrapemBindesstsofdering dy iusing ftieetield emissionpneschanisnyuditay hewamesset-gplader i ng.
Exanple 2 5 [00102] Several cathode naterials were investigated for

el ect r &mampleat hlentesaltsofdhe thvestipdtioyerprévided isdabledl deri ng by using the
field em ssion nechani smusing the sanme set-up as Exanple 1. The results
of t he [00108} tisglaabledirillistratasothiediedt iesullab$ ebtainef @y 1881 aNi/Jiadsithode, which
illustrates, the best result was obtained by using a NI/ C cat hode, which
provi dethvided thé bigbest fluking ieffigieaty and dneyesuiigdimine shedestvwedtingtimerelt ishor t est
wetting time. It is 10 believed that the Ni/Cr cathode generates a

refl@at i beligvetidnadhhe Nilentdthgdendenerates a oeistivehatges quaniityt efislectione rgy hdevel of
the el ectrons conpared to other cathode materials. Table |: Effect of

Cat hodeuikaieenaryy EveMtihe elgcifonsecompapEDiC diinel cathizdgiaterials.

Table I: Effect of Cathode Material on Wetting Time at 250°C and 20% H,

Material of Cathode Rod Time to Complete Wetting
with a Sharp Tip (1/16” dia.)

Brass 1 min 55 sec
Copper 1 min 44 sec

Nickel Chromium 39 sec
Aluminum 1 min 28 sec

Stainless Steel 1 min
Tungsten 1 min 54 sec

15 Example 3

[00104] The present example was conducted to investigate the effectiveness of the thermal-
field emission method for generating electrons. A 3mm diameter graphite rod, having a
number of 1mm long machined tips protruding from its surface, acted as the cathode and
had a geometry similar to that depicted in Figure 2i . Each of the protruding machined tips
20 had atip angle of 25 degrees. The graphite rod was heated up in a gas mixture of 5%H, and
95%N, to about 400 to 500°C by resistive heating using an AC power source. A DC voltage

source of 5KV was applied between the graphite cathode and a copper plate that acted as
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Mat erial of Cathode Rod Tine to Conplete Wetting with a Sharp Tip 1/16"
dia.) Brass 1 min 55 sec Copper 1 mn 44 sec N ckel Chromum 39 sec
Alumnum1 mn 28 sec Stainless Steel 1 min Tungsten 1 mn 54 sec 15
Exanpl e 3 [00104] The present exanple was conducted to investigate the
effectiveness of the thermal- field em ssion nethod for generating
el ectrons. A 3nm di aneter graphite rod, having a nunber of 1 nm|ong
machi ned anbgs hpviog aud ¢rg ghp dmrebaiwsen.f Albthe tivstoadhegraphide dtwasee and had a
geonetry simlar to that depicted in Figure 2i . Each of the protruding
machi ndldntingisd fh@rétydndicdting thatgliectrofis 28uld egifaredy. beTpenegateg frommghe od was heat ed
up in a gas mxture of 5% and 95%\2 to about 400 to 500C by resistive
heat i ngistritiutey tips okChe gremhits oed. Ad/itheut DEating ¢fdle grapbite toel, therebw®uldde appl i ed
bet ween the graphite cathode and a copper plate that acted as -40 an anode
havi ng eithdr.r® dlectgpaeEnibsorbetnvtbe nathadd, or hesing ipween omeofihapibs ard thed wer e
i1lumnated thereby indicating that electrons could uniformy be generated
f r ofn t meodalplate. | This demonghstesthattbe gompinatien ofasingW catbede Heying mgitipe tivhe
graphite rod, there would be either no electron em ssion fromthe cathode,
or ar ciand ehwbtseddempemiwés, tike atthemakfieldtendsgoramethedpls affectivetiorobda@nivast r at es
that the conbination of using a cathode having nultiple tips and el evated
t enper aniforeselectran emiasibh éomedn integrated ainginomsystama.hod, is effective for
obtaining uniformelectron em ssion froman integrated emtting system
Exanpl e 4 10 [00105] The present exanple was conducted using a 0.04"
di anet er nickel -chrom um al | oy

Example 4

10  [00105] The present example was conducted using a 0.04” diameter nickel-chromium alloy
heating wire clamped horizontally between two machined Al,O; refractory plates such as the
electrode illustrated in Figure 4. A series of five nickel-chromium alloy emitting wires, each
with a sharp tip (12.5 degree) on one end of the wire, protruded perpendicularly from the
nickel-chromium heating wire and were vertically positioned between two refractory plates.

15 The nickel-chromium heating wire and tips were heated up in a gas mixture of 5%H; and
95%N, to about 870°C using an AC power source. A DC voltage of 2.6KV was applied
between the cathode and a copper plate that acted as the anode having a 6 mm gap
between the two electrodes. All five tips were illuminated and the total emission current
reached 2.4 mA. Without heating of the wire, there would be either no electron emission

20  from the cathode, or arcing between one of the tips and the anode plate. Like example 3,
example 4 demonstrates that thermal-assisted field emission provides uniform electron
emission. Further, because of the higher temperature of the emission electrode, it also

increases the quantity of the electron emission at a given electric potential.

25 Example 5
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heating wire clanped horizontally between two machi ned A1203 refractory

pl ates such as the electrode illustrated in Figure 4. A series of five

ni ckel -chromumalloy emtting wires, each wth a sharp tip (12.5 degree)
on one end of the wire, protruded perpendicularly fromthe nickel-chrom um
heating wire and were vertically positioned between two refractory pl ates.
15 The ni ckel -chrom um heating wire and tips were heated up in a gas

m xt ur 0006} MHe peengnt S&Hle as abuducteRin0 Genwinalata theetignd oka vatage pelseA DC

vol tage of 2.6KV was applied between the cathode and a copper plate that
act ed bstwdes tan etbstrhdes orycath&lenemigsipn. Besingleiptriket-olvomivat elaydee wad | five
tips were illumnated and the total em ssion current reached 2.4 mA

W t houtuséxbas ihegenoiBsiom elesirods andegounded cofper piatehastedhas albese elepirade. ssi on 20
fromthe cathode, or arcing between one of the tips and the anode pl ate.

Li ke eXaepbppd platewaspdcatet Sremrediw tiedlp df it emissionelectisds. sA did/ldadedottier

em ssion provides uniformelectron emssion. Further, because of the

hi gher prefopewas dispossd udoa teeepyien platd. ethe micks!-chitonilire avire) pefarmsend t he
guantity of the electron em ssion at a given electric potential. 25 Exanple
5 -41 cppsr@hite Weee paéaned ipxednpiase ahambientiheotpehtyre inlemas stixtatecof fieLef f ect
of a voltage pulse between two el ectrodes on cathode em ssion. A

si ngl e-and phenfetiainder he.0 Ai puised| unbgliradtioralwaliageusfodriags frémiennies ahdn el ectr ode
and a grounded copper plate acted as a base el ectrode. The copper plate
was | oaatpdithddsimab applied: bedweemthefiwo klectodassi rthislceoneaida. théetectricl ead sol der
5 preformwas di sposed upon the copper plate. The nickel-chrom umwre,

pr ef or wptential of thepgraissiph atestrode wasmaneddfrone degative fourenacdatise tathei gsounded
tenperature in a gas mxture of 4% and the remai nder N2. A pul sed

uniiedi bast elentaddetbetchy alloking gieictiass forenganecited framdhe tipplectrodie I hedssultppl | ed
between the two el ectrodes. In this connection, the electric potential of
t he emasspronidetl gtTalleld. was varied fromnegative to zero relative to the
grounded 10 base el ectrode thereby allowi ng el ectrons to be generated from
t he ti (0GM102¢ThedesultThreTakds lilindicatathat prastérdraniities Thblestrens are generated

from the emission electrode when a voltage pulse of higher pulsing frequency and amplitude

is applied.

15
Table ll: Uni-Directional Voltage Pulse
Pulsing Frequency (Hz) 0 250 500 1000 2500
Emission Currentat 3.4 kV | 0 0.3 04 0.5 0.6
Pulsing Amplitude {mA)
Emission Currentat 1.0kV | 0 0.1 0.1 0.2 0.2
Pulsing Amplitude {mA)
Example 6
[00108] The present example was conducted to demonstrate surface discharge by altering

20 the polarity of the two electrodes using the same set-up as example 5.
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[ 00107] The results in Table Il indicate that greater quantities of

el ectrons are generated fromthe em ssion el ectrode when a voltage pul se
of higher pulsing frequency and anplitude is applied. 15 Table I1:

Uni -Directional Voltage Pul se Pul sing Frequency (Hz) 0 250 500 1000 2500
Em ssion Current at 3.4 kv 0 0.3 0.4 0.5 0.6 Pulsing Anplitude (md)

Em ssion Current at 1.0 kv 0 0.1 0.1 0.2 0.2 Pulsing Anplitude (ml)

Exanpl €00 08D Aulggiiregtiomapyaiiage pulss aith lactoteh pulsing amplitde toh 3 ddevblesd. fratmet & Ur f ace
di scharge by altering 20 the polarity of the two el ectrodes using the sane
set - up kildo et aripM) avad applit] bedgeaviheAwbiclatirodes. | Burirlg the bi-ditgstipndl yeltaget h a
total pulsing anplitude of 3.4 kV (e.g. from+1.7 kVto -1.7 kV) was

appl i egulset tiveeolarityeofttivtved eletirasige svasDhangey. tihethsr werdse the tiprefitheyemissige

pul se, the polarity of the two el ectrodes was changed. In other words, the
tip of etdeoderivgs ivared fedne atpositiee toaa nogative ¢ldctrval kiap talativede theqgraumiegat i ve
electrical bias relative to the grounded 5 base el ectrode thereby all ow ng
el eBt r base elechedetbarebyadoving elactions todier jeneeated tromkamdtretsievad todhe ile. [ 00110]
Table I'll provides the | eakage current fromthe base el ectrode for each
frequemtsgtrofle. t he polarity change. As Table Il illustrates, the higher the
frequency of the polarity change, the lower the charge build up will be by
obser vi[0y 10h & abled k aryvidesthe isakagesairrayt fromdoe) hasehelecti@iedopgash fiequency of

el ectrode. Table Ill1: Bi-Directional Voltage Pul se Pul sing Frequency (Hz)
250 50thelpgaritg 8bange. As Table lll illustrates, the higher the frequency of the polarity change,

the lower the charge build up will be by observing the leakage current passing through the
10  copper base electrode.

Table 1lI: Bi-Directional Voltage Puise

Pulsing Frequency {Hz) 250 500 1000 2500
Leakage Current (mA) 0.00069 0.00054 0.00015 0.00015
Example 7

[00111] The present example was conducted to demonstrate remote surface discharge by

15  employing an additional electrode. A 90 Pb/10Sn solder preform having a melting point of
305°C was set on a small piece of a copper subsirate that was set on an electrically
insulated wafer. A grounded copper plate was placed underneath the wafer and acted as a
base electrode. Two single-tip nickel-chromium wires, one with a negative voltage and one
with a positive voltage, were installed 1 cm above the base electrode with the solder

20 preform. The distance between the two single-tip electrodes was 1.5 cm. The arrangement
was heated within a gas mixture containing 4% H. in N, from room temperature to a given
reflow temperature above the melting point of the solder. When the reflow temperature
reached equilibrium, electron attachment was started by applying the positive and the

negative voltages to the two single-tip electrodes and the time required for the solder
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Leakage Current (mA) 0.00069 0.00054 0.00015 0.00015 Exanple 7 [00111] The
present exanple was conducted to denonstrate renote surface di scharge by

15 enpl oying an additional electrode. A 90 Pb/10Sn sol der preform having a
melting point of 305C was set on a snall piece of a copper substrate that
was set on an electrically insulated wafer. A grounded copper plate was

pl aced underneath the wafer and acted as a base electrode. Two single-tip
ni ckel pegfommtadormiarsphericah baliivas recordegatTinedonmstion géa aplkrisaksolggrtballa posi ti ve
voltage, were installed 1 cm above the base electrode with the sol der 20

pr ef or indiGEhed dn sxiderfree iseldapsurfache As\wbowh imgTable iI\h the swfacediesoxidationiss cm The
arrangenent was heated within a gas m xture containing 4% H2 in N2 from

r oom t engie efficientattaorangg ofemperatfiiedvon 8hdtar IRAIC ewhibly seorthh® ta#$°Ci abyveoi nt  of
the sol der. Wien the reflow tenperature reached equilibrium electron

at t achiemmelting potndot the sbilenppl yi ng the positive and the negative voltages
to the two single-tip electrodes and the tinme required for the solder -43
prebormto forma spherical ball was recorded. The formation of a spherical
sol der ball indicated an oxide-free solder surface. As shown in Table IV,

t he surffaibtedVde- oxidation is quite efficient at a range of tenperature from
310 to _330C, which is only 5 to 15C above the nelting point of the solder.
5 Tabl|dsdtherhsBefiray TerRpératue TenpeBdbure 310 (320 330 C|Ba&Pl formatli on Tinme
(second%¥}) 20, 18, 20, 24 17, 13| 16 14, 12| Average Ball Formatign Tine

20. 5 1BaR fdrdhation dooe epofdsdnpl e | 0, 18, 20, 24 | 17, 13, 16 14, 12
Average Ball Formation Time 20.5 16.3 13
{seconds)

Example 8
[00112] A quartz-plate based electrode was installed inside a furnace. The space between
10  metal pins on the quartz plate was 0.5 ¢cm. The substrate was a copper plate on a ceramic
substrate which, in turn, was put on a grounded electrode (i.e., a base electrode). The gap
between the tips of metal pins on the quartz plate and the copper surface was 1 cm. The
furnace was purged by 5% H, balanced with N,. A pulsed voltage ranging from 0 to -3.12 kV
with a pulsing frequency of 10 kHz was applied on the quartz electrode. A uniform electron
15 emission from all the emission pins was observed. The average emission current from each
emission pin was around 0.3 mA. Significantly, no arcing was observed in this embodiment
where the space between the emission tips was as small as 0.5 cm. This result
demonstrates that the threshold voltage for a uniform eleciron emission from the quartz-plate
based electrode is largely reduced to a level much below that of gas ionization.
20
Example 9
[00113] A quartz-plate based electrode was installed inside a furnace. The space between

metal pins on the quartz plate was 1.0 cm. The treating surface was a copper plate that had
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[00112] A quartz-plate based el ectrode was installed inside a furnace. The
space between 10 netal pins on the quartz plate was 0.5 cm The substrate
was a copper plate on a ceram c substrate which, in turn, was put on a
grounded el ectrode (i.e., a base electrode). The gap between the tips of
metal pins on the quartz plate and the copper surface was 1 cm The
furnace was purged by 5% H2 bal anced with N2. A pul sed voltage ranging from
0 to - Been prevoxidicechinainal 1601 for tweejbeureywhith rade ke opler dths ¢apppeoplatehe quart z
el ectrode. A uniformelectron 15 emssion fromall the em ssion pins was
obser vddrkeThempared ath osigingstappecpiatee rlihefaxisie thiskmessavassastimategd tn baag08Aound
0.3 mA. Significantly, no arcing was observed in this enbodi nent where the
space bgAngenandiysiseniregirerexidized cagperaats mes|pubien 8.csrasmc sTbatate axlihen
denonstrates that the threshold voltage for a uniformel ectron em ssion

f rom t hecatpgdaon 2 grpuaded elpalseste. heqdapduéwean thatige bimetatipioe donidoadz pleteel nuch
bel ow that of gas ionization. 20 Exanple 9 [00113] A quartz-pl ate based

el eBt r add theasurfacs hthequie-oridizad capparptaie was Than. s plae furiesewesspurgast iy 5%i ns on
the quartz plate was 1.0 cm The treating surface was a copper plate that
had - 44 bolenegwiih dlxiadd heatet o 200°CaPogifeandnegalive Motages wete alfernatvelyt he
color of the copper plate darker conpared with original copper plate. The
oxi de @hpligdarstwvovgiferesttgrounscaf mesalipins wioAampliydetrfar! . 2kiVaangsil 2kVThe

pre-oxi di zed copper plate was put on a ceram c substrate and then | ocated
on a greapediveie| Bet altedwting freqgeney vetsvidefiHz. eunifopy eldctopealissiomeason quart z
plate 5 and the surface of the pre-oxidized copper plate was 1 cm The

f ur nac ebsersed uAtrrd SoyinetiEs dfigudintlacicmdatisichimentireatientamdedthesondidd® Positive
and negative voltages were alternatively applied on two different groups
of 10et desgibed akovd therpdripendiate whs taker kMt ofitk futnatieV |t waseahisensed\tiedtyhe The
alternating frequency was 15 KHz. A uniform el ectron em ssion was

obser vedior pf the trea@drriopperexirfete was shasigedite tre eriginat hormer platectloe Withmdier t he
condition 10 descri bed above, the copper plate was taken out of the

f ur nac @pplying\iae elebisen sttaghmesat probess described herein, the oxide reductions on the

surface of the pre-oxidized copper were found to be inefficient in the same heating process.

15  Exampte 10
{00114] An energizing electrode containing a pyrex glass chamber having an internal
volume, a gas inlet in fluid communication with the internal volume, and an insulating base
which was ceramic base mounted with a plurality of conductive tips each having an internal
passageway in fluid communication with internal volume was made as follows. The glass

20 chamber was cylindrical in shape and had a 6.0 cm diameter and 8.0 cm height. The
ceramic base plate was drilled with an array of 97 holes each having a 0.65 mm diameter
and spaced 5 mm apart. Each conductive tip had an interior passageway that was in fluid
communication with the internal volume of the chamber, an external 0.64 diameter, a 0.32
internal diameter, a tip having a 12 degree angled slanted end, and a flanged end having a

25 0.9 mm outer diameter. All 97 conductive tips were inserted into the ceramic base plate and

held in place at the flanged end. A nickel chromium wire with a diameter of 0.0035 inch was
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color of the treated copper surface was changed to the original copper
plate color. Wthout applying the electron attachnment process descri bed
herein, the oxide reductions on the surface of the pre-oxidized copper
were found to be inefficient in the sane heating process. 15 Exanple 10
[00114] An energizing el ectrode containing a pyrex glass chanber having an
internal volune, a gas inlet in fluid comrunication with the internal

vol une usahtd electricallyicannand albthed7 sonduttivedios by saliednduasing abighttem peviatute a
plurality of conductive tips each having an internal passageway in fluid
comunisol@er. ohhenagsemibledeanesdizing EleatEodeawasadialiadinkide ladalsoratbhescpleaisn=e.
chanber was cylindrical in shape and had a 6.0 cmdianeter and 8.0 cm

hei ght FivErfeixless tindead doitee ppiferms haxingdr inkltisgl paint of €83°Grndingns@nsiedlZs each
having a 0.65 mm di aneter and spaced 5 nm apart. Each conductive tip had
an i nt emh dianpissagielvayn hdigit wasie puihorf difierént locations iof agramded tdguateeshapedr nal
vol une of the chanber, an external 0.64 dianeter, a 0.32 internal

di abet g0,craby 1) cinaoopper Paté vhitdgrabed amg besk gledmded Taedopperdlate Withrigeed end
having a 25 0.9 nmmouter dianeter. Al 97 conductive tips were inserted

i nt o t Iseldeeperfirmsivadie top suréacamds lbaitel 1| ompdedave treterdhmints afihe donduttivé\ ni ckel
chromumwire with a dianeter of 0.0035 inch was -45 used to electrically
connectipabf the leseqizingoeldctondedasidé the flayaseal Heedusingugsisimgixturdofy B% kkngret at ur e
sol der. The assenbl ed energi zing el ectrode was installed inside a

| abor at96Py/Nswas imtrodugesidato thé-fureadel duxing beatingn -Wherlars ef\iriupeteirpenatuieanfi ng a
melting point of 183C and di nensions of 2 mmdianmeter and 1 mm hei ght were
put on 280G wae reached at puises] witage tangingden 040 t3k\é atsh pyleidg freOerondhf010 cm
copper plate which acted as a base el ectrode. The copper plate with the
soltder kplemasrappliechon the enefgizing elackodeasA Loitmnededroprentistiowromaliémd poi nts of
the conductive tips of the energizing electrode inside the furnace. A

r educi mgedjadipsivat woeerpéd. 5Tha-avaiage edBstoNZuUmarst fiam eactunssd|s tint was awuhdir nace
during heating. Wien an equilibriumtenperature of 220C was reached, a
pul sed \VbinAagafterendf) sepond eleclon emisgiday/thetexpeivkst was stopradancthesamplel0 kHz
was applied on the energizing electrode. A uniformelectron em ssion from
al | t havas taken out of the furnace after the furnace was cooled down. 1t was found that all the

solder preforms were well wetted on the copper plate. By way of comparison, a similar

15  emission electrode assembly was placed into the same furnace but it did not the same
conductive tips having internal passageways therethrough in fluid communication with the
internal volume of the glass chamber. Without using these conductive tips having the
internal passageway, the same solder wetting under an area array emission tips could not
be obtained unless the furnace temperature was above 250°C and the emission time was

20 longer than 1 minute. This comparison demonstrates that the use of an energizing electrode
comprising an internal volume having conductive tips with internal passageways in fluid
communication with the internal volume that allows for the flow of the hydrogen-containing

reducing gas improves the efficiency of the electron attachment process.
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needl e ti ps was observed. The average em ssion current fromeach needle tip
was around 0.3 mA. After a 30 second el ectron em ssion, the experinent was
stopped and the sanple was taken out of the furnace after the furnace was
cooled down. It was found that all the solder preforns were well wetted on
t he copper plate. By way of conparison, a simlar 15 em ssion el ectrode
assenbly was placed into the sane furnace but it did not the sane
conductive tips having internal passageways therethrough in fluid
comuniExampenitwi th the internal volune of the glass chanmber. Wthout using
t hese conductive tips having the internal passageway, the sane sol der
wet t i ng0AdP Mhaprescebexxamply illestrass a methqkarciagdsdmbbytfor foeniop tsaidaeidings| ess t he
furnace tenperature was above 250C and the emi ssion tine was 20 | onger than
1 m nubetwethiasflie ohip and scubdisate hy tustiges arfeagemenst simidardé tha illesteatgd in thg
el ectrode conprising an internal volunme having conductive tips with
i nt 8r nembpdsand depivted imFigles@0(ay@mh2fiaThe flipdhihasdemblntrestackied vol une t hat
allows for the flow of the hydrogen-containing reducing gas inproves the
ef fi ci packagefwashmglrieed ohhlaget erchsitioon vaferchewing a glerdiyafsbideddurhgOatep] The
present exanple illustrates a nethod and assenbly for form ng solder joints
bet weewrf a coppay ptdte phiwh cdickedsasiibe natdde. bijhasatingyesalecirodamgsmiatedsintwbar t o t hat
illustrated in the 5 enbodinment depicted in Figures 20(a) and 20(b). The
flip clpposiussidts of the stckekpatepmckwere hatizortalrgodifaced thé sdideryanpsowittan si | i con
waf er having a plurality of solder bunps atop of a copper plate which
act ed #w garebatwedethe Hiieoo atfeydadebppirmiate invasraphercsailantio thad depipiedsi ng si des
of the stacked page and were horizontal and faced the sol der bunps wthin
t h&0 gajpiduee 2B®hexdept that the@apvatherpresant espppele ipbetiveen hessilicenmafersindi | ar to
that depicted in 10 Figure 20(b) except that the gap in the present exanple
i s bet weppertphate sathérdban betiveen éwallayersp gée flif cttie assenbly ancheathdget elecirodewo
| ayers. The flip chip assenbly and cat hode el ectrode assenblies were then
pl aced aegerhbliesavdraienataney vdthid 2 |abatatory scale tehe famacet Agieltage ofappr oxi nmat el y
-2.5kV (relative to ground) was applied to the cathode assenblies. In this
approximately -2.5kV (relative to ground) was applied to the cathode assemblies. In this

example, the flip chip contains eutectic tin-lead solder (m.p. 183°C) bumps of 200 micron
15  meters in diameter. The solder reflow was conducted to a peak temperature of 250°C in 4
vol% H» and 96 vol% N, and electron attachment described herein was applied during
heating from 150°C to 250°C for about 1 minute. When the temperature reached 250°C, the
heating power of the furnace and the high voltage to the cathode assemblies were both
turned off. Visual observation and scanning electron microscopy photographs showed that
20 the solder joints were successfully formed.
[00116] By contrast, without applying electron attachment, a similar flip chip assembly had
to be conducted at a temperature close to 400°C in pure H, to ensure a sufficient oxide

reduction and solder reflow.
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exanple, the flip chip contains eutectic tin-lead solder (mp. 183C) bunps
of 200 mcron 15 neters in dianeter. The sol der refl ow was conducted to a
peak tenperature of 250Cin 4 vol% H2 and 96 vol % N2 and el ectron
attachnment described herein was applied during heating from 150C to 250C
for about 1 mnute. When the tenperature reached 250C, the heating power
of the furnace and the high voltage to the cathode assenblies were both

t ur ned @fAIMSVi sual observation and scanning el ectron m croscopy phot ographs
showed that 20 the solder joints were successfully forned. [00116] By
contrast, wA hetitodag perpoving e imetal oxideditormaa tneeling suafasé of & avbstiatep thehi p
assenbly had to be conducted at a tenperature close to 400Cin pure H2 to
ensur e reetbod Eoroprsing:oxi de  reduction and sol der reflow -47 CLAIMS 1. A
met hod of renobving a netal oxide froma treating surface of a substrate,

the nmethod L Sing. i gl . 1 crc]é - r [mé 0 a base
el ectrode hf\?ﬁ]@ﬁgaé Pgﬁtﬁagégmkqe'?g?? }@%g‘fggg%egﬁ'% , Ii%lér}&séa@lg rae[dza
conpri sing: | i de: i. 3400 an
cnoBgi A3y BRI BbREe oS PerdS IELE Lol e R
substrate, wherein at |least a portion of the treating surface is exposed to
t he ener gi ziptgvidiag evenergizingelectirasiednat is heoxineal to hedwase eléstragrianchideener gi zi ng
el ectrode and the substrate reside within a target area, wherein the
ener gi Auhgtraie auhereiat ieastia pomien obthedreating alrigceds pxposed iothe@mprdizinghg an
array of protruding conductive tips, wherein the conductive tips are
el ect r iadedtioge apd minetairthelyasa elasirdde and thevgneegizing eleeiredesansothe isubsteste t he
array is separated into a first electrically connected group and a second
el ect r iresité withivrantarget dregr whereithtbe einargiring electrdts is fiefined hyrandasulatad plate
el ectrically connected group is connected to a DC voltage source that is
podDt i asmpriging sedireay df pradrudingenonddictive ps,iwherein theseanguetiveltive tare elattrigally
connected group is 15 connected to a DC voltage source that is negatively
bi ased,coanectedh by gicnnd%v@@ireowlnqg@ a portion of the array is separated into a first

electrically connected group and a second electrically connected group wherein one of the

first or second electrically connected group is connected to a DC voltage source that is

positively biased and the other of the first or second electrically connected group is

15  connected to a DC voltage scurce that is negatively biased, and wherein the DC voltage

source that is positively biased and the DC voltage source that is negatively biased are

electrically connected to a functional controller that is capable of alternating a supply of

energy between the DC voltage source that is negatively biased and the DC voltage source

that is positively biased;
20 passing a gas mixture comprising a reducing gas through the target area;

energizing the rows of conductive tips by activating the DC voltage source that is
negatively biased to generate electrons within the target area, wherein at least a portion of
the electrons attach to at least a portion of the reducing gas thereby forming a negatively

charged reducing gas;
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source that is positively biased and the DC voltage source that is
negatively biased are electrically connected to a functional controller
that is capable of alternating a supply of energy between the DC voltage
source that is negatively biased and the DC voltage source that is
positively biased; 20 passing a gas m xture conprising a reducing gas
through the target area; energizing the rows of conductive tips by
activating tdestapthg/ietiregting surface withdbe hegativelysharget yediicingeahstio regbmer at e
electrons within the target area, wherein at |least a portion of the

el ect r dhesmetal axides on éte trasding sarfausy afitensdistratee apdduci ng gas thereby form ng
a negatively charged reducing gas; -48 contacting the treating surface

wi th the neqaLiyehyyehangetod BRI BIF Sl s WL Be olisod Bhiale sl des on the

treating su the su rate; energi Zing ther conductive

tips b o@fﬁ%lgﬂaisgﬁgtc} Fé‘?rie@ge}ét?éstsae?%tr%ﬂb”rrﬁﬁ thaabatingy sulSE WL tl?t%}l%%@%ft 0

retrieve excess electrons from e treatl ng surtace, whereln e rows of 5

con g uc tcioﬁtgu%;ﬂrg Zi B§ lel%gtréiﬁ%t o'nXe&Q&' p)etﬂé Eg.‘ﬂg(?’ﬁa@g %{)ﬁt)}g Yig%t i@ﬁﬁqaﬁ@#f BES&.}P Qﬁd i s

negative d an e rows of co ctrically connected to

A - \  Cf \ 28 o
the .tP{é’%oﬂng SRiciiGe éﬁ%%'g?@?ﬂﬁ%gﬁhé’&w to tﬂ%ﬁ)@fﬂ%@b& sHQte AR TN SRRt the

sane tine ectrode conprises an I nt r nal

vol une B?a&%daargﬁ?t éar’%%?ﬁ %Eh%%%%tiﬁ%mm cation with the internal vol une,

wherei n at |'eas e conductive 10 tips have an internal
passageway in fluid communication with the internal volunme and wherein at
| east a por tvheneinthe eénergisging clasyodeBiribas senaprises @ndifernabvalege iand etgaginlet t he
internal volune and through the internal passageway into the target area.
2. The imiluid sampiurgdagipmvith iecinteimal yolumeawherginalreass a poftionaf theceninduetlyegas i s
pre- 15 heated to a tenperature ranging from 200 to 800C prior to
i ntlPoddips hgve Ae inteydalyasgagryeyiinflaid comenurigagjen with ¢ie inBrnafvelumstandd of cl aim
| further conprising a counterbal ancing el ectrode

wherein at least a portion of the reducing gas passes through the gas inlet into the internal

volume and through the internal passageway into the target area.

2. The method of claim 1 wherein at least a portion of the reducing gas is pre-
15  heated to a temperature ranging from 200 to 800°C prior to introducing the reducing gas into

the target area.

3. The method of claim 1 further comprising a counterbalancing electrode

proximal to the substrate, base electrode, and/or energizing electrode.
20

4, The method of claim 1 wherein the reducing gas is a gas selected from the
group Consisting of H,, CO, SiH4, SiHg, CF4, SFs, CF5Cls, HCE, BF5, WFg, UFs, SiFg, NF3,
CCIFs, HF, NH;, H,S, straight, branched or cyclic C4 to C4 hydrocarbons, formic acid,

alcohols, acidic vapors having the following formula (lil):
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proximal to the substrate, base el ectrode, and/or energizing el ectrode. 20
4. The nmethod of claim| wherein the reducing gas is a gas selected from
the group consisting of H2, CO SiH4, Si2H6, CF4, SF6, CF2Cl 2, HCl, BF3,
WF6, UF6, SiF3, NF3, CCIF3, HF, NH3, H2S, straight, branched or cyclic C,
to Cl10 hydrocarbons, formc acid, alcohols, acidic vapors having the
followng formula (111): -49 O (lIl1l) R G OH organi c vapors having the
following formula (IV): 0 (IV) RC-H®5 and m xtures thereof, wherein
substituents Rin fornula (111) ald Ror¢@Ha (1Vv) is an al kyl group, a
substituted al kyl group, an aryl group, or a substituted aryl group. 5. The
nmet hod of claim4 wherein the reducing gas conprises H2. 10 6. The net hod
of claimb5 wherein the concentration of H2 in the reducing gas is fromO0.1
to 100 volume % 7. The nethod of claiml wherein the gas m xture further
conpr i sesorgagiaveapa@s halibg tfesfollelieg fahufar @it t he group consi sting of:

nitrogen, helium neon, argon krypton xenon, radon, and m xtures
therefore. 8. The nethod of claim 1l whePein the base el ectrode and the
energi zing electrode are spaced dMarR—f£rbm one anot her by a di stance of
1.0 cm 20 9. The nethod of claiml|l wherein the voltage ranges fromO0.1 kV
to go KV.

and mixtures thereof, wherein substituents R in formula (l1l} and formula (V) is an

alky! group, a substituted alkyl group, an aryl group, or a substituted aryl group.

5. The method of claim 4 wherein the reducing gas comprises H..
10

6. The method of claim 5 wherein the concentration of H in the reducing gas is

from 0.1 to 100 volume %.

7. The method of claim 1 wherein the gas mixture further comprises a carrier
15 gas selected from the group consisting of: nitrogen, helium, neon, argon krypton xenon,

radon, and mixtures therefore.

8. The method of claim 1 wherein the base electrode and the energizing

electrode are spaced apart from one another by a distance of 1.0 cm.
20

9. The method of claim 1 wherein the voltage ranges from 0.1kV to 30 kV.
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-50 10. The nethod of claim 1l wherein the frequency is between 0 kHz and
30kHz. 11. The nethod of claim 1l wherein the substrate is at a tenperature
ranging from 5 100C to 400C. 12. The nethod of claim|l wherein the voltage
is pulsed at a frequency between 0 kHz and 50kHz to prevent arcing. 10 13.
The nethod of claim1 wherein the insulated plate conprises a materi al

sel ected fromthe group consisting of: quartz, a ceramc material, a
polymer, and m xtures thereof. 14. The nethod of claim 13 wherein the
insulated plate is a quartz plate. 15 15. The method of claim 13 wherein

t he insul at pl 5
wherein t hquol yﬁeth(ré ”F@Hﬁ]biﬁ%@ go‘%réﬁgtbe erégelnny?uéﬁ%eQ@ﬁ kplfz hgogﬂl-l %1 1
wherein the treating surface further conprises sol der bunps. -51 18. The
met hod of claim 1l wherein the substrate is an insulated substrate selected
fromthe group consisting of: a rigid epoxy glass | am nate substrate, a
flexible fldt. pdhgmesathed ofidaim bwkereln thelsubstrateisiat @demnperature rangingtasa
circuit interconnection schenme, a high density interconnect, a substrate
used i N08iGtskd®°Cntegrated circuit, and a substrate used in a 5 stacked
package. 19. An apparatus for renoving a netal oxide froma treating
surface of a substrate that resides in a target area, the apparatus
conprising: a base el ectrode having a grounded el ectrical potential; and 10
an energ|2|n el ectrode that is proximl to the base electrode and the
substrate dénpriTsemethechof dajm tivberefi the volkaaeds pulsed abm fraquengy BetwesAduct i ve

tips, wherein the
0 kHz and 50kHz to prevent arcing.

10 13. The method of claim 1 wherein the insulated plate comprises a material
selected from the group consisting of: quartz, a ceramic material, a poiymer, and

mixtures thereof.

14. The method of claim 13 wherein the insulated plate is a quartz plate.

15
15. The method of claim 13 wherein the insulated plate comprises a polymer.
16. The method of claim 15 wherein the polymer is an epoxy polymer.

20 17. The method of claim 1 wherein the treating surface further comprises

solder bumps.
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conductive tips are electrically connected by a conductive wire, wherein a
portion of the array is separated into a first electrically connected
group and a second electrically connected group wherein one of the first
or second electrically connected group is 15 connected to a DC vol tage
source that is positively biased and the other of the first or second
electrically connected group is connected to a DC voltage source that is
negativel y 18i asddne regttiodvakgiaimm! whereinGhe slbsitpte isairipsulated subsiragsi ti vel y

bi ased and the DC voltage source that is negatively biased are

el ect r isetercled froomiheqredp eansisting nt @irtgithépaxywlass llanainatelrubstrale, atigxitie Boxof
alternating a supply of energy between the DC voltage source that is

negat i \Pelyynerio subsiratel asubstrale UBEd irodn kitrgrated crevitintgrconsegionischeraeya highsed:;
wherein at |east a portion of the conductive tips are activated by the DC
vol t agalensityinieeconhett, 4 subatigte usesl iy stsickedintagratge niseuits anda gulvstatssusadtinian t he
target area, wherein at least a portion of the electrons attach to at

| eaBt ®tgsked package. a reducing gas that is present in the -52 target area
thereby form ng a negatively charged reduci ng gas which contacts the
treating surface to reduce the netal oxides on the treating surface of the
substrate wherein the energi zing el ectrode further conprises an internal
volume and a gas inlet in fluid communication with the internal vol une,
wherei n at 118ast An rperatemiosrennemnaa melal oxide from a frgatingssrefage of at er nal
passageway in fluid communication with the internal volunme and wherein at

| east &ub¥rate that oasidesdn pdargel atga.ghe anpaelysCOpWESIEG: t hr ough t he gas inl et
into the internal volunme and through the internal passageway into the
target area. i [Ppat lan@ONpPri sing a

count er bal anacllgﬁgJ el_ egtaé)g%gﬁé %%r%l];ng)%{ﬂ %Le{&rﬂc%l é&héeﬁtgﬁt?gter ate, base el ectrode,
and/ or energizing electrode. 21. A nmethod of reducing netal oxides and

f odfi ng a s@ARNETgiENG elertiode thabs pradnaal te Siphassidrstiede apd thambstiats t he | ayer
conpri ses a_plurality of sol der bunps, the nethod conprising: 15 providing
a substCPEPESAI &R insylafRdaieeomnysiag Fasray|ob eendigivanting Wherinifgunded

conductive tips are electrically connected by a conductive wire, wherein a portion of the
array is separated into a first electrically connected group and a second electrically
connected group wherein one of the first or second electrically connected group is

15  connected to a DC voltage source that is positively biased and the other of the first or
second electrically connected group is connected to a DC voltage source that is negatively
biased, and wherein the DC voltage source that is positively biased and the DC voltage
source that is negatively biased are electrically connected to a functional controller that is
capable of alternating a supply of energy between the DC voltage source that is negatively

20 biased and the DC voitage source that is positively biased;

wherein at least a portion of the conductive tips are activated by the DC voltage
source that is negatively biased to generate electrons within the target area, wherein at least

a portion of the electrons attach to at least a portion of a reducing gas that is present in the
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el ectrical potential, the substrate conprising the | ayer wherein the | ayer
conprises the plurality of solder bunps; providing an energizing el ectrode
that is proximal to the base el ectrode and the substrate, wherein at | east
a portion of the layer and sol der bunps is exposed to the 20 energi zi ng

el ectrode and wherein the base el ectrode and the energi zing el ectrode and
the substrate reside within a target area, wherein the energizing

el ect r tafget area dferetydfotminaa negatiielathanagsl retecic® aps Which gortacts theljealing
protrudi ng conductive tips, wherein the conductive tips are electrically
connec sudadptogedunedbe metal oxides on Hestseating sudage ofitle suhstretenpri si ng a reduci ng
gas through the target area; -53 energizing the rows of conductive tips by

activati “gw%f%%géﬁegé*ég? 8lekfrad '&ﬁfﬁeﬂ c%mﬁ?f%@?%h Yrﬁér)ﬁamoﬁﬁﬁé‘aﬁd)? %S%' ﬁféé”lt €

el ectrons ar ea, ereln at east a portion o

el ect 1 gng i ALbAMINKEH wits ARlin@ridPloILAR, Wherkitat IS pBRicd 3F tHetehak¥ivE O M ng
y ¢ gas,; @ ﬁg t r

a negative arged reduci ng contacti ng 'P reating surtace with
t hezne ' e : ; | r eby
fords ngﬁ% hée{\?els %{)rlt @E&;}HJQg:l‘%ﬁ%;g%%y[ﬂgﬂ@&%o&ﬁfdn&‘élné#@.th i AR AP VSRS 8

wherein at least a portion of the reducing gas mixture passes through the gas inlet into the

internal volume and through the internal passageway into the target area.

20.  The apparatus of claim 19 further comprising a counterbalancing electrode

10  proximal to the substrate, base elecirode, and/or energizing electrode.

21. A method of reducing metal oxides and forming a solder joint in a substrate
comprising a layer wherein the layer comprises a plurality of solder bumps, the method

comprising;

15 providing a substrate which is proximal to a base electrode having a grounded
electrical potential, the substrate comprising the layer wherein the layer comprises the

plurality of solder bumps;

providing an energizing electrode that is proximal to the base electrode and the
substrate, wherein at least a portion of the layer and solder bumps is exposed to the
20  energizing electrode and wherein the base electrode and the energizing electrode and the
substrate reside within a target area, wherein the energizing electrode is defined by an
insulated plate comprising an array of protruding conductive tips, wherein the conductive tips

are electrically connected by a conductive wire;
passing a gas mixture comprising a reducing gas through the target area,;
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energizing the rows of conductive tips by activating the DC voltage source that is
negatively biased to generate electrons within the target area, wherein at least a portion of
the electrons attach to at least a portion of the reducing gas thereby forming a negatively

charged reducing gas;

contacting the treating surface with the negatively charged reducing gas reflow the

solder bumps thereby forming the solder joint.
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