TI TLE OF THE | NVENTI ON:. METHOD FOR THE REMOVAL OF SURFACE OXI DES BY
ELECTRON ATTACHMENT BACKGROUND OF THE | NVENTI ON [ 0001] Described herein are
nmet hods 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 henispherical-shaPe. The chip with the first-refl owed
bunmps is "flipped" to corresﬂ-d-ﬁ'tﬁp('):-{'ﬂ:e '\I’\(ﬁﬁrﬂﬁmt of the sol der 10wettable

termnals on the substrate and then_ s

sol der joints. ThesMEI6IQR FORoTE REMA

ubjected to a _second reflowto form
V#"'epé:@lé'a':f‘GEr%'QEﬁ as inner |ead

bonds. Hi gh-melting point s&YdekECTRON ATIAGHIENTare normal Iy used in the

waf er bunpi ng process because it allows for subsequent assenbly steps such

23300 “wi thout di sr upt i on LR PRRLPF TERINYERION 5P 0003y “The- shape of
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| arger bunp. heights.js  beljeved. to be associated with an oxide-free bunp
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The chip with the first-reflowed bumps is “flipped” to correspond to the footprint of the soider

10  wetltable terminals on the substrate and then subjected to a second reflow to form solder
joints. These solder joinis 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 aliows for
subsequent assembly steps such as outer lead bonding o 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 hydrogen at a reflow temperature of 400 to
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5environnment so that the fluxes can effectively renove initial oxides on
the sol der surface. However, this approach has its drawbacks. Small voids
may formin the sol der bunps due to flux deconposition. These voids nay not
only degrade the electrical and nechanical properties of the fornmed sol der
bonds but al so destroy the co-planarity of the sol der bunped wafer and

af fect the subsequent chip bondi ng process. The deconposed flux volatiles
can 10t58fG.o Toe majarichallenge leéthisdppseadhis thecianhalie neture pfitbe pasehidiegen,

mai nt enance cost. In addition, flux residues are oftentines |eft upon the
waf er whicthiacgaly boits the @pplistation otthis apporasbie Thhsepand appheachds applying assenbl y.
[ 0004] To renove the flux residues fromthe refl ow processes descri bed
above, cgpusfluxdsewai thg depositedsoldey blsmpsa.dupiibih aisdlery relsteonixiure that hadbons
(CFCs) as cleaning agents. 15However, post-cleaning adds an additional

pr oces desngpintedcontmtheseaderdo fdre trarmufrpst and reflowingdlesBimps tniareineftur t her, t he
use of chlorofluorocarbons (CFCs) as cleaning agents is banned due to the
pot ént iexvirgrmenjsottbatithefluestcah effpetivelyoeinore onttiah exitles en theAoldes sytiaceo- cl ean
fl uxes have been devel oped by using a snmall anount of activators to reduce
r esi duddgwavestbisiappmach haeitofifawbacke ésmeatheoidsimay foran ih drassaldenthuwmpsnient  of
flux residues and the activity of the 20fl uxes. Therefore, a catalytic

met hod to fundecampagéionr dhesryveidgtmay noteonly degradiz theorleddtal andmeahhoisalr educi ng
the effective ranges of hydrogen concentration and processing tenperature
for reduepartiesofithafemesisdids; borats Hub alsosisatydit thecotdanarifefdihe goldeninaaied

Fl uxl ess (dry) soldering has been perfornmed in the prior art using several
t echni quafer arghaffeckthiersubsrauest ¢hip bomding piasess. sThepdegomposedflwheciatilesean
oxides to their 25vaporization tenperatures. Such processes are typically
perifor radsb eondaminanidhe rafiowrfathace mipicht candptreasssthe ongintenante gost. owiadiditioon by
the rel eased contam nants. However, the nelting or boiling points of the
oxi de dhw resideesnare aftentimesbleft sipom therwafetiwhich eay comedemetidssanchtiégradethgel t  or
vapori ze the base nmetal. Therefore, such |aser processes are difficult to
i mpl emenerformangcer of the asseppical | y expensive and inefficient to operate and
require a direct line of sight to the oxide |ayer. These factors Iimt the
usef ul M68&4]ofTa swmvetha fiud rgaidoes tiomitbe reflowl pfeeessgs Hapgyibied abpymh @ post

cleaning process may be adopted using chlorofluorcarbons (CFCs) as cleaning agents.

15  However, post-cleaning adds an additional process step and increases the manufacturing
processing time. Further, the use of chlorofluorocarbons (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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[ 0006] Surface oxides can be chemcally reduced (e.g., to H20) through

exposure to reactive gases (e.g., H2) at elevated tenperatures. A m xture

containing 5% or greater reducing gas in an inert carrier (e.g., N2) is

typically used. The reaction products (e.g., H20) are then rel eased from

the surface by desorption at the elevated tenperature and carried 10away in

the gas flow field. Typical process tenperatures exceed 350C. However, this

pr oces ailsng deints bbilve anideiand foiree tietat car be sinaitar ehe itanachat bepiesindhle esmelt 0007]

The speed and effectiveness of the reduction process can be increased using

nor e acirivapornizedbe ibage getati Eberefsue suak taseeppesses sire diffichilt tpimgeleroent. usi ng

conventional plasma techniques. Gas plasnmas at audi o, radio, or nmcrowave

f r equerigisets aanydically sepersiveandduefficidrite apeiatecandieinuiad 8 direst lisaof aight to

de-oxidation. In such processes, high intensity el ectromagnetic radiation

i s usedheoxidetayee anebedactorsdinzit the kigefldhesSBblasertechrimresdpavossoldenng udi ng

fl uori ne-contai ni ng conpounds, into highly reactive radicals. Surface

t r eat neapplicationbe perfornmed at tenperatures bel ow 300C. However, in order to

obtain optimum conditions for plasnma formati on, such processes are

t ypi callPQ0Ger3wiacedxigied ern bachemicalniidticerhée. g. ViaddxntirOugipexpaisiiants require

expensi ve equi pnent and nust be perforned as a slow, batch process rather

t han a reaglivergases (e g.ndguat efevetedsempatatues. ph aixus antainipg b%abdr greabes per sed

diffusely within the process chanber and are difficult to direct at a

speci f iredgging gasinandnerh carlipefed. N4 js tyhisalyeessd Videgpaation praducisote.deH,0)

efficiently utilized in the process. Plasmas can al so cause damage to

pr oces sare imnreteased fromghe aurfapathyatesniptipn at heslewatati teapematodiand caried

25accunul ati on of space charge on dielectric surfaces, |eading to possible

m dPociawayiin thingasfiow figldr Dyrical pradessiahparstucamexabed 360f0s dHoweveodhisc ui t

damage, and substrate tenperature may be difficult to control during

t r eat nevocesplcas ieslavaandinstiestive caen gheleyntaddbinpedsimger ous ul travi ol et

|l ight. Such processes al so require expensive electrical equipnent and

consund08®#]s i Tther siisled apdweifectivehessediithe eatiuciioryprohess capnver intrieased tising more

effectiveness. 5[0008] U S. Pat. No. 5,409,543 discloses a process for

pr oduciastjvearadegicgispecity.dSegeactyp epeass ¢an be progitoed gsity dorogetidnal plasmaa hot

filament to thermally dissociate nol ecul ar hydrogen in a vacuum conditi on.

The endegiinigsh@hsqasmasairsudiol, radio, ed niegswahe fregiesicieatoan danfsad éo pibdece

tenperature of the hot filanment nay range from500C to 2200C. El ectrically

bi d8ed rgadtive radieals farcutfacaldd-bridatian: 1o apthipmcessesskigh irdensity etdatronsgeeatic t ed

fromthe hot 10 filanment. The reactive species or atom c hydrogen is

pr oduc gdditionisrdsgt to Bsizeandalissonigtc2ds Co, 30006 diherspgeirs. inclading flaerinesar ri er
as.

J 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

-3-



[0009] U.S. Pat. No. 6,203,637 discloses a process for activating hydrogen
using the discharge froma therm onic cathode. Electrons emtted fromthe
therm oni ¢ cathode create a gas phase di scharge, which generates active
species. The emi ssion process is perforned 15in a separate or renote
chanber containing a heated filanent. lons and activated neutrals flowinto
the treatnment chanber to chemcally reduce the oxidized netal surface.
Howev ertempantiure onaydadt diidelt fir comérsbdigingapatmenty &tasorascandildoi relemsé or opt i num
effectiveness and filanent |ife. Vacuum operations require expensive

equi prepatentiatly dimgensits Wieavioletight r At acprocasses alsdeequig expanvayoeletidbal syst ens,
t hereby reducing their overall cost effectiveness. 20[0010] Potier, et al.,
" Fl ux| esglifBodrdend egndunteconiideratdd powdyt thesgllyeeducing thetrioseatall Bogissur e,
Surface Mount International Conference, 1995, San Jose, CA, and U S. Pat.
Nos. 6,ci6iEddss.6, 089, 445, 6, 021, 940, 6, 007, 637, 5,941, 448, 5,858,312 and
5,722,581 descri be processes for producing activated H2 (or other reducing
gasés, [0088] dd. THPht.do.NiHB)9, 544 digcledenct prioceds fdr probacioega rddudive byldrogery gas i s
generally present at "percent levels"” in an inert 25carrier gas (N2). The
di scharspecies (ipr. catamechydsigen) asingbthet fiamenitovibénredy dssociate nudleCsaver al
kilovolts". Electrons emtted fromelectrodes in a renote chanber produce
exi t ed hydrogendmn alvaeuwsp eanditiort. hetie eneegiserbsydiogeratiemitaliyeedifcee trecsutistratd vy
charged species, which are then flowed to the substrate. The resulting

pr oc es sasfacedlibe temnpedatarsoot thé botfdareemenay range Fremss0036 te 8200°Ct diemtricilyr es
near 150C. However, such renote di scharge chanbers require significant

equi pnerigseddayids ammdsart te defiectemsaptyre etcess fre¢ ekbctronsamited irgnsthedet | ng
conveyor belt 5systenms. In addition, these processes are typically enpl oyed
f orlOpr ddamentt iThg redtivespadiesor dtame Hyefages is piodiecedfjomabikterest doataimieg@®% ng
sol der oxides. [0011] U S. Pat. No. 5,433,820 describes a surface treatnent
pr oces stoudDUghyelreg=trin ealinati caotiergps. or pl asna at at nospheric pressure froma
hi gh voltage (1 kV to 50 kV) electrode. The electrode is placed in the
proxi m 0009 i5e Patiibkst 6208, 63 tdissioseh arprocesa foreantivatingHertomen usDighiee f r ee

el ectrons emtted fromthe el ectrodes produce reactive hydrogen radicals
--a 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., “Fluxless 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 CH; or NH;) using
electrical discharge. The reducing gas is generally present at “percent levels” in an inert

25  carrier gas (No). 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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pl asma contai ni ng atom ¢ hydrogen-- which then pass through openings in a
dielectric shield placed over the oxidized substrate. The dielectric shield
concentrates the active hydrogen onto those specific surface |ocations
requi ring de-oxidation. However, such dielectric shields can accumul ate
surface charge that may alter the electric field and inhibit precise
process 15control. The described process is only used to flux base netal
sur f acewnstdlidXcieadbairade ngbsfantiakie free bbelectrieadlyl charged epacies, twhigir areitioken an
econom cal and efficient process for fluxless reflow of solder bunped wafer
under ritiveed to ghe/substatee Mberesuliirgsprocessesl tasizice ogidasbn dmebape. mataktodel s a
further need in the art to provide a process and apparatus for fl uxless
sol der soiddrethalieoperatgas naabiFNC. blowaven spdeenotedisssarge cloanikrs remire20 t o
avoi d the expense of purchasing and mai ntai ni ng vacuum equi pnent. There is
an addisigroficaint eqédpment cobts sndtare oopeasily dairofitiéd toxdésgimg solddeng cadvegor lpsitocess
using a non-flamabl e gas environnment. Further, there is a need in the art
t o Benoystams dh additioeshéseqprocdeses ard typiealtyf ersplbwad fat pre-treatio tiaes mefabr
exanple, electrically insulated substrates. Exanples of electrically
i nsul atsufase bsforeasaderingrhingethabuemaying moldet éxiddésed to, rigid epoxy gl ass
| am nat e 25substrates; flexible polyneric filns (e.g., polyimde);
i nsul ati@a1Hubd S Rat Noub433i8a0Idesaipeatassiiface treatntent pOceshusing elenteicali on
schenes; insul ated substrates used in three-di nensional or stacked IC
pack agi dischaeasherqilasgiaat atmodphaviclpressuieofnem taHegte odltagBRI KV tSBVMNRY eCFodEHE
| NVENTI ON 5[ 0013] The net hod and apparatus descri bed herein satisfies sone,
i f not Hid sledfodelieplaeediin thé prdxémibyr of thy sytrstretediativpr $rardip mareatotescleanchamet hod
for renoving netal oxides fromthe surface of a substrate w thout the use
of 18 f |The freenelecteonasptied fromahe elestrpdas\prodite raactsethydrogenradicals rg a net al
oxide froma treating surface of a substrate, the nethod conpri sing:
provi dipigsnaa serginingtatominihytrogenp mddhrthén passathbagb opesings dda diebecirivgshield
grounded el ectrical 10potential, the substrate conprising a treating
sur f ac eplaendpves thegxidizedrmibalratex iThe digiecinid shield cancentteasi the agthel leirogede t hat
is proximal to the base el ectrode and the substrate, wherein at |east a
port i orpndd tholse spedifia surtpcs lodatiors feguiging dsextidation. hHowaeergsudhndielettac shielde and
wherein the base el ectrode and the energizing el ectrode and the substrate
r esi de cantdscumylateaswizce shame tha0way alten thenelettdc fieldmadtinhibihpreeise pgicess g
el ectrode is defined by an electrically insulated 15plate conprising an
array ofonppbtThediesgrikesipiactdsis obly psed tohiindiasetrhetacamthoes.i ve tips are
el ectrically connected by a conductive wire, wherein the array of
pr ot r udPAh2]t i Ascordingle pherativd nead i thefartrts predidecén ecalomjical @nd efficedt gr oup and
a second electrically connected group wherein one of the first or second
el ect r ipretdsy fordhwrless exfloyr afisoldes bumpae walat undemre@vely llova teempsratusss tbhat i s
positively biased and the other of the first or second electrically
connectreducgrtbapnal ene@yoThers iech fudher e€dvthecarbtogwavide atphadtess sndegat i vel y
bi ased, and wherein the DC voltage

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



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 m xture conprising a reducing gas through
the target 25area; energizing the rows of conductive tips by activating the
DC vol tcagdt @O)intzecdnhattionschegas; ivaliatet salssticktdsousgd iethaeeedislemstonaher Wi t hi n
the target area, wherein at |least a portion of the electrons attach to at
| east a@tgweed IO packaginheechmdlogiasgaghsorhbinatedng theyeofi ng a negati vel y charged
reduci ng gas; contacting the treating surface with the negatively charged
reducing gas to reduce the netal oxides on the treating surface of the
substrate; and energizing the rows of conductive tips by activating the DC
vol tage source that is pBRIEF SEMMARALHITHE ISVENTIGN e excess el ectrons from
the treating surface, wherein the rows of conductive tips electrically
confecifeal I o Tiheenddod ahd agearaine describledtherein natipfies sahyg, ibnetsd dofdhe nedds r ows
of conductive tips electrically connected to the DC voltage source that is
posi ti \oéthe it by prebviding ancdppanaiog aac chefttodtforeregmvimgtmetel oXidE3F&Im the wiatber
aspect, the energizing electrode is defined by a chanber having an

10i nt erofalsubsttalewithautdles usendfed fluxarid oae aspeattthereds brovidedud atedlobdafse t hat
contains an array of downward protruded conductive tips, wherein the
conductremevihg pametaicoxidedeon & theatingl sunface of @extlbefsatevihe mestinodearhprismpder mi ¢
needl e has a fluid conmunication with the internal volunme of the gas
chanbeproviding haubstrajawhithis proxintal bpa ibasa gleatrodechminga gesinfiédwienygicalnt o t he’
chanber can be injected out fromeach hypoderm c needl e, wherein the’

hy pode pataentiake tel bsitAarcemprising ladodating alifaceccomyeisthgdhe ol logidepgrosiding
conductive wire and then connected to a negatively biased DC voltage

sour ce,ansmetdizihg eleettddenthat is anoxirealge e basdeléctariecmndihd yypimiratayivdiersiedt e ti p,
wherein at |east a portion of the electrons attach to at |east a portion of
t he r edesst agodas df itted tréading euwiface isexpbsaahio dlses bndry ping elentroda @ed ivheradip theher eby
formng a negatively charged reducing gas; contacting the treating surface
wi t h t hhasaeatrodebyd theangegizifg elediicdangndyths substrate nesidd wighinattatgebaiedes on
the treating surface of the substrate; wherein the substrate is

el ect ri[6ed4]y Isandihet aspechtite gnevgiringalectrodé fradefined by ianallgotridally edlagddect r ons
can drain fromthe substrate to the ground. [0016] In yet another aspect,

t ha5englae zomgrishgat modg of grotteliing edndyctise tba mbereihéha candantive tips are

electrically connected by a conductive wire, wherein the array of protruding fips is separated
into a first electrically connected group and a second elecirically 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 to generate electrons within the target area, wherein at least a portion of
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internal volune, a gas inlet, and an electrically insul ated base that
contains an array of 25downward protruded conductive tips, wherein the
conductive tips are separated into a first electrically connected group and
a second electrically connected group, wherein at |east one of the first
or second electrically connected group of the conductive tips conprises has
a fluid communication with the internal volune of the gas chanber, so that
a gas nheelectosnaitachdo atleastraephriomof thaseducingi gag thereby foheingreamdgativalan be
injected out fromeach hypoderm c needl e, wherein the at |east one group of
t he hy peichegati reducrgitas dontanting det tezhtiby sudad@Gvitiothe aggatbely dhargdtaiedusing
negatively biased and the other of the first or second electrically
connectgas tgredyseitse metah exitesion thedrda@ng suitfagpeofsnris dmstrateatind snergiirtg thel y

bi ased, and wherein the DC voltage source that is negatively biased and the
DC vol trage of comdustivehiips bysagtieatingi the DL \nltage doance thedt ecpasitivalylbjasedrioect ed to a
functional controller that is capable of alternating a supply of energy

bet e emretriege PErass|cfarfrons famdke trbating siriaegattiareih yheiomsed candlictioe lips DC

vol tage source that is positively biased; flowing a gas m xture conpri sing
a r eductlegrieply commestaghiotthe Dfasliehaatnace thatl ist rapatiedly biasdd aypiheaows of needl e;
energi zing the at |east one group of the hypoderm c needl es by activating

t he DC conduciiye tipe grectrichihatorinscted datheVeC woltagessaiycestbat ib positivady biaeed aman be
generated from each hypoderm c needle tip, wherein at |east a portion of

t he el eutt eoeizedtahtte samaaiméeast a portion of the reduci ng gas that

foll ow ng 150ut from each hypoderm c needle tip thereby formng a

negat i Vi@Py5]c Harfgthirmepknt) thg egaryizirgoelectadderig defiredthyemthiampes hafiaganwi t h t he
negatively charged reducing gas to reduce the netal oxides on the treating
surllacentefnal helumebs gasainist, anmbaredecigcallyrigsuldted basethaycontanebn@oadott i ve ti ps
by activating the DC voltage source that is positively biased to retrieve
excess @vastard protfudedreontkictiveeiitts, mhemin frecenduttve dips atehmade of kygedeonie gr oup
of hypoderm c needles electrically 20 connected to the DC vol tage source

t hat | snaedipat whelein drichdwpodarthic heedid has a Juidworeiunicatido edthiee ntgrsal
electrically connected to the DC vol tage source that is positively biased
ar e notvolmee gf the@aacharmbers aothat agas nfigde7orhprising aireduieing @sp dowingtintertke i s
provi ded a nmethod of formng a solder joint in a substrate conprising a

| ayer wihardiencarmbe ingsated odrfpm sash ypptemsit negdlef wiwgkiddhe bypquermic 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 needie 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 substrate 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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25conprising: providing a substrate which is proximal to a base el ectrode
havi ng a grounded el ectrical potential, the substrate conprising the |ayer
wherein the |ayer conprises the plurality of solder bunps; providing an
energi zing electrode that is proximal to the base electrode and the
substrate, wherein at |least a portion of the |ayer and sol der bunps is
exposed to the energi zing el ectrode and wherein the base el ectrode and the
ener gi zftige friseartscooed aactritdlly conbsdtedgeup ef treeconttidtiva tips tampesesahasa wherei n
the energizing electrode is 5defined by an insulated plate conprising an
array dfuipsarbmudicatpnositrcitie inte@al vahene ohibe giag chhmber) sl that B\pas tnigisirar e
electrically connected by a conductive wre; passing a gas m xture

conpr i soagpridingetiecucinyg gasfléwing ingdtHelvhatbegedn be efectezhmnt fiom eacht he rows of
conductive tips by activating the DC voltage source that is negatively

bi ased Hypogernts atalles lvirkaintis: atiiddst oné broubaf et hypodarmivheediesisadonhectsd a
portion of the electrons attach to at |least a portion of the 10reducing gas
t hesebyto ladd@ivoltage svapat thaiab yiegltaelydthsee dindithg oithas of thadirst onsemindng t he
treating surface with the negatively charged reducing gas reflow t he sol der
bunps tdkestrday tonmacteg! grbep Badotaected tond DCBRIItBGe BEBERIHRT isGhbsiivepbidsed]. VI EWS
OF THE DRAW NGS 15[ 0018] Figures la and Ib illustrate a voltage pul se on an
em ssi andawtterainhiaes BCaloftais sotece thas Baeghtialy biaf@0418] thEiRL veltagdsoumedhath 2i

is a schematic illustration of various el ectrode geonetries suitable for

em ssi dg pesitiely bingsd are\sdéctitdally cemiacteastp a functionpDéxd@lidritigatriecdpgbleosi des an
exanpl e of one enbodi nent of the electrode suitable for 20em ssion and/or
retri evalerrafting laestibplg o enemly betwegnahe DOralitayy sodree thad js fe@@fddly biaged and

provi des an exanpl e of one enbodi ment of the el ectrode suitable for

em19si che &xtivaitage aburce Wadt ipositivelytbiases; flewing @ gasnigimentedprissigpabiducing

gas through the gas chamber and through each hypodermic needle; energizing the at least
one group of the hypodermic needles by activating the DC voltage source that is negatively
biased, 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

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 to the DC voltage source that is positively biased are
not energized at the same time.
[0017] In a further 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
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[0022] Figure 5 provides an exanpl e of one enbodi nent of the method

descri bed herein illustrating renoval of surface netal oxides in a wafer
bunmpi ng application; [0023] Figure 6 illustrates a particul ar enbodi nent
of the method described herein for renoving negatively charged ions on the
substrate surface by changing the electrode polarity during the refl ow of

waf er bunps; [0024] Figures 7a and 7b illustrates the transportation
of the plozilityed seldechwnpd) eroviding anvendrglzegtaledesie W is ploginabtcathetopsef the two
el ectrodes is changed; [0025] Figure 8 provides an illustration of a

parti cuélectredebodi the stbstfatd, inderait hpldastesportidredf the fayenarddsoldesimipsds el ect rons
on the surface of a substrate by enploying an additional electrode with a
posi ti vexpgosed to thk &hengizingelbtteodaase wiiereih tioslbase electidde 26 tie guergizinga t hr ough
9e provide various illustrations of particular enbodi nents of the 10 nethod
and appeleeitate atelthe stiedrateereside vethir 23arget anea aviendin tiie erterdirziag eleatredeisect r ode
Wth respect to the substrate; [0027] Figures 10a and 10b provi de an

i |1 Bt radfined bygfandnauhated platd comarisingodrt svesy ¢fydratendimypcandbttiveitine civhereml thgol t age

pul se, respectively; [0028] Figure 11 is an illustration of an
el ect r ocendastbentips\are sleotlicaiyndonaécted &y proeadmdtivé wWirey padsimyg gaOdMB@reFi gur es
12(a) and 12(b) are illustrations of certain features of the enbodi nent of

Fi gur e ddmprisirgi3diedicigg gas iBoiugh the talgblsreaadriengizind tee oasdf condietive fipebpl oyed
in the enbodi nent of Figure 11; and 20[0031] Figure 14 is a diagram of the
el ect r i activating the @resitagefsotiive tical sl nedatively bigsed eopéreyrate dleciohe withindbe nent  of
Figure 11. [0032] Figure 15 is an illustration of an enbodi nent of the
ener gi zianget erez; wheckin aidsastia poriitesafithé eldcinavscatiach to at least a portion of the
10 reducing gas thereby forming a negatively charged reducing gas; and contacting the treating
surface with the negatively charged reducing gas reflow the solder bumps thereby forming

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/or 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;



[0033] Figure 16 is an illustration of an enbodi nent of the conductive tip-
havi ng an internal 25passageway therethrough, an angled tip, and a fl anged
end. [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
el ectrode assenbly of Figure 17. 5[0036] Figures 19(a) and 19(b) provide a

si de vi[@o23ndriyop ovilesivatgses partitulaed mbodirhenmtef trad methedides@ibedfhetdiefeel ect r ode
assenbly of Figure 17. [0037] Figures 20(a) and 20(b) provide a top view
and a sieflevingewgathebnshatdactbys of the qubstrate sLidsceeberdingimgttho tleatrodd ect r ode
assenbly that is suitable, for exanple, in die-to-die joining. 10[0038]

Fi gur e ghlarty duwirdeibe aeflosxetrapdfer mfmpey addi ti onal enbodi ment of the el ectrode
assenbly of Figure 15 wherein the reducing gas is pre-heated in a chanber
prior t[oOR4Y rEiguret Tg andt7d iNsaatestigetrampetatidrOsidng charged sptiegisedwestetvoa si de
vi ew of one enbodi nent of the el ectrode assenbly descri bed herein wherein

t he 5el eslédtindies ater il yolbrity bhthe (&0 BuEctrogss iarhanlghid; | onal cat hode. 15

DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0040] Described herein is a nethod

and app@oasjusFifore 8 previdesran dlustwdtioneif al pasticuthe erbodiment sfithe tnethex desctined by
exposure to negatively charged ions. The negatively charged ions react and
reduce tdreindorrremoeingelcttronx bd &% surface bfa asiEtGte by bmploging @, adgjtpaalat us, or
both electrode with a positive bias relative to the base electrode;
[0026] Figures 9a through 9e provide various illustrations of particular embodiments of the
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 pulse, 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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5can be enpl oyed by nodifying traditional reflow and sol dering equi pnents
such as, for exanple, the reflow machi ne used for reflow of sol der bunped
wafer. In this or other aspects, the nethod can al so be applied to other
processes wherein the renoval of the surface netal oxides froma substrate
is desired such as, but not limted to, netal plating (i.e., the solder
pl ati ng of portions of printed circuit boards or netal surfaces to nake
t hem 100084] afiguabl7eprovidesasBquettic \Gaw dianotiger enthetlintant ahithe wdactrogiel der i ng
for outer |ead bonding, surface cleaning, brazing, welding, and renoving
sur f ac eassemthysdestrieet tedrsin. such as copper oxi de, fornmed during silicon wafer
processi ng. The renoval of netal oxides using the nethod and apparatus
descri H@d3sier Egores d Séxaad Mg ppovideed kide tvizwt drel tap ocarresspectivety, pf catdises or
any ot her process desirous of renoving oxides w thout the need for organic
15f | ux efgaturOefthe dleetrdder assémblysdf Fidued 12s used herein generally relates to a
material such as silicon, silicon coated with silicon dioxide,
al uls nuED3s]uniFigures dg{=and ga(Y) iprevidy S sidle dizw arel tapiview, qespetiively; appatain gl ass,
epoxy, or any material suitable for use within an electronic device. In
cert ai nfeatibexdofitea tlectrddecassuimblyraftfigurs 1an el ectrically insul ated or
sem - conducti ve substrate 20havi ng sol der disposed thereupon. Exenplary
sol der [Q08Toskijues20(a)@ahd @6(b) putvide 2 topotiew Bnd b sitietview, aeépactivalg of &i n-si | ver,
a fluxless tin-silver-copper, a fluxless tin-lead, or a fluxless
t i n- copaticuldrrencruelimerh @f amelzictrodd assentidy that is sulalsis fet @cple dh Hie-foriiall at ed
substrate. Exanples of electrically insulated substrates include but are
not |inphédg.to the foll ow ng: rigid epoxy glass (e.g., FR- 4 type)
| am nate substrates used for printed circuit board: flexible 25polyneric
filigs ([O088] Miglne i meyidssiins txaheie of apdditond keaiobinent bf theielectrodsul at ed
substrates used in integrated circuit interconnection schenes, high density
i nt er coamzenibly ciUkdurads mdleyain thecred@dng gbsizeuie-BEdted in Aichambemngridr yo
i nterconnects, and the |ike; insulated substrates used in 3-D or

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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stacked integrated circuit or 3-D or stacked packagi ng technol ogi es; and
conbi nations thereof. However, the nethod and apparatus described herein is
suitable for a variety of different substrates and sol der conpositions. In
a certain preferred enbodinent, the 5 substrate is a silicon wafer having
a plurality of solder bunps disposed thereupon. In the |later enbodi nent,
the plurality of solder bunps may reside on a | east one |ayer within the
substrate such as in DBETALEPOESCRIBTEON [FOTRE INMEN@IONt W shing to be
bound by theory, it is believed that when an energy source such as a direct
cur r ent[0040]t aDescsibed hereirsis appéthed ahe hpgeratua tfor thasdtmdawabofehetat oxidessfrom a

el ectrons 10are generated fromone of the two el ectrodes having a negative
el ect r i sudbtréfeasfaed by exposti@ th megativiesr chargeet ivosl eT e médgativaly chargbdiaisn as an
"em ssion el ectrode”) and/or the gas phase between the two el ectrodes. The
gener atredctedra@atdanesthd sufficet rogtal akiddze Inbohemspdatcthe odthodpappdraius, griminded or
has a positive electrical bias (referred to herein as a "base el ectrode"),
al ong tdum & @nployed by mbdifyiddieaditidrat refibe dma\soidgriag phuipmkntsysuch asdloder bunps
upon its surface is placed 15within the area defined by the base and the
em ssSi cxxaenphs the ddisw(madhére wsadtfor reBowe bhsaidertthenpedavajet lathéad) otiet h t he

sol der - bunped surface or treating area exposed to the em ssion el ectrode.

| n cer taipecnthednethod san hlbe bs abpliedat et prdmsseswkareindhe ceridwal bbtbe

el ectrode formng a target assenbly. A gas m xture conprising a reducing
gas andsudfate enedlloxides ¢ranT a substrate is slepiesbadthtds; buigiot timiedtop otetdl pldtingl d
generated by the electrodes. During the electron 20drift, part of the
reduci neg e saderplatiagaf portionofprinededieait boardstdr actaisntfacdsito makedhemr i ft to
the target assenbly, i.e., the base el ectrode and substrate surface. On the
subigt r aheresamérsatie torsapatdquent yolddringyadfiov and eane sbldsringefdu oetet raddwondingng
metal oxides without the need for traditional fluxes. Further, the

adsor ptswiacektlcahimgabriazivg, weding esndrentdvingsuraae exities biemetaiasach aacodper
pronoted due to the drifting of the negatively charged ions along the

el ect r i axidh foraled. durih@ @ifiddn wafee ptadssimmt Thevrenaiahoft hetal exidaes usjngyte conpri ses
hydrogen, it is believed that the nethod of the present invention occurs as
f ol | owsmetbiod a0diapparatusAddsadibotbindreiafis bpladlg wpalicadR: toki2e eforementidhied El ect ron
Attachnent on Hydrogen Atom e' + HH (Il) 5The conbination of (I) and
(1'1): 2eproceddBRIdr Ghy biher process desirous of removing oxides without the need for organic

15 fluxes.
[0041] The term “substrate” as used herein generally reiates 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 fluxiess 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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Oxi de Reduction: 2H + MO M+ F-120 + 2e' (M = sol der/base netal) (1V)
[0044] In these enbodi nents, the activation energy of netal oxide reduction
using the electron attachnent nmethod of the present invention is |ower than
nmet hods that use nol ecul ar hydrogen because the formation of atom c
hydrogen ions with el ectron attachnment 10elim nates the energy associ at ed
wi th bond breaking of nol ecular hydrogen. [0045] In certain enbodi nents,
ener gy baded BGA's, ¢yH deraity Intersbnrent, afd thedike] insilated sabstrates wyealih 3-D be

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

el ect r cfiackedttegatiddirc8iOor 80 orstavked paakigingatactelobmigs; and nembinatinsvol t age
source, such as an AC or DC source. O her energy sources, such as an

el ect r ane@ott Howere by nisdhbdsnd spphbdthedestribed hergin is auitabds foor variptyatffo ener gy
source may al so be used alone, or in conbinations with any of the

af or emadifférenieslibengteg wns eolteccompositions.t i acertdho trefErrddseroibodimentptres ent
i nvention, the em ssion electrode is connected to a first voltage | evel and

t he sbassibeiratetis adiicorswafen hadhgd plupality stsuided buaipsalimpoked thereuploa. dinftier ence
in the voltage levels creates a bias in electrical potential. One of the

first aster bmbsdiowne thoblagey diavkrics birays hay28sids on anelist ahé aget Within ¢hd her of
the two el ectrodes can be grounded. [0046] To produce negatively charged

i ons bysubktatersath as ireg biaexéd packkge.ge quantity of el ectrons needs to be
generated. In this connection, the electrons can be generated by a variety
of ways[0e42]h While hotiwislgihg td bé bewhd tsy, thearyhio hebetiovesSthaiwharasn dnargihaoges or
conbi nations thereof. Anbng these el ectron generation nethods, the

sel ect i sughak d diectairkerd voleesdarcaSsapplied hetwddreatdédst bieaeytraded, tletraser gy

| evel of the electrons generated. For enbodi nents wherein the reducing gas
i S 1oy drarggene@teCiidm 0B bithertgo aiecepasghavigy & heggtive @lethicabbids edlfativg to the
preferred. In these enbodi nents, such |ow energy |evel electrons are

pr ef er adthyr dlediedet(afertad todichad as ani‘smissionreiddirete had/ogte ghisphlaas etweehe
generated electrons may then drift fromthe em ssion el ectrode toward the

base el tagtwoelecitbdesh THeapinerated sipeitensadvify tg@ardithe othEaetectrbde whigheispr ovi des
the el ectron source for generating the negatively charged hydrogen ions by
el ect r ogroatdeaicdriragta pusitive Rysdtrgebiap gefepedtiit horsihas hébae disdmdet)waiong

el ectrodes or within the target area. [0047] For enbodi nents invol ving

el ect r ohe @ésaricetleld NTHdsunsgrhtedadvingdepleniligsifenidet heraps aptroits sefdce istplpced

include: field em ssion (referred to herein as cold em ssion), thernal

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 {reating 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 traditional 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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10em ssion (referred to herein as hot em ssion), thernmal-field em ssion,
phot oem ssion, and electron or ion beamem ssion. [0048] Field em ssion

i nvol ves applying an electric field with a negative bias on the em ssion

el ectrode relative to the base electrode that is sufficiently high in
intensity to overcone an energy barrier for electrons to be generated from
the surface of the em ssion 15electrode. In certain preferred enbodi nents,

a DC vabb£gie 1h enbeRinicets WeéreRethe FdtRicingQas| cofiprisskeitydrdgen, it dnigrievéd that 0. 1 t o
50kV, preferably ranging from2 to 30kV. In these enbodi nents, the distance

bet weenRhé htRlgesttioplesertivenasgecduoas dlidws:.o 30 cm preferably from0.5 to
5 cm [0049] Thermal em ssion, on the other hand, involves using a high

tenperat ure tHseRGHIE ARadRRe QG MoRulal HoNeHeressilgn+ pl ectrode and sgparate
the el ectrons fromthe nmetallic bond in the nmaterial of the em ssion

el ectrode. "EIE&F b cRFehess ??%rﬁqg%gmdmnt@ﬁ fihegenperature of theg,

em ssion el ectro nmay range 0 to 3500C, preferably from800 to

150QC. The e Sséo\%hﬁ%%ﬁ msi ‘?ﬁ%dbe br oughy: t[Q angly-or mai nt ai ned ap”)a hi gh

temperature b s such as not limted to, ditectly
s contacti haXeRe é‘%ﬂ%rae[’%ﬁ 53095 007 403 SR C S p R e la hol™ <"
5™ Top8ls o tseremotimeRe bRACGben Egérﬁ‘?h@me?aa%ﬁerw&”ﬁbﬂﬁ‘%é@. B and
%.“2{H“Lm%&‘@?ﬁtéﬁhﬁéﬁﬂé’?tﬁ?%Béthélpiésfsbﬁﬁv GO i S e eGPl d erm ssi on
Gener atTHgG e GRREn ALY {;lﬁscﬁénie{tlgeﬁfaw%iéﬁv%aﬁﬁﬁﬁ%% Birofth atpirirant
i 110 o AT e AL ATOiPIER POt oM FEP A PUBPBFLISGEFOSS ot endency of
and a HoBfeY éﬁtéhgﬁf%%%ﬁn”%ﬁé'%% fi SEGPIEACS aHepdh 4 fif“*eﬁ SEHEER st
* her ol PTEIRAY BiF SSUEHORERA #% ﬁ“%&'tea t{o."c%v?%‘ aml%fle‘%‘%%'epgﬁ%q S BdReon 10

the em ssion electrode and the 9 hase[\ m.? nts wherein, the
t her mal €@€$tEng. The energy source is preferably an e ectnc energy or voltage source, duth'as%n

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, orin
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 ¢an 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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em ssion is used for electron generation, the tenperature of the em ssion
el ectrode can range fromanbient to 3500C, or nore preferably from 150 to
1500C. In these enbodi nents, the electric voltage can range fromO0.01 to 30
KV, or nore preferably fromO0.1 to 10 KV. 15[0051] In certain preferred
enbodi nents, the thermal em ssion or thermal-field em ssion nethod is used
for electron generation. In these enbodi nents, a high tenperature em ssion
el ect r ogleerginale rediucing lpas istydrdiepeelsedradmvimg\anadriogalevel appoaoiat 4slisce f or
the gas mi xture that is passed through the electric field generated by the
two el gutfenrdds In thesé babodi@ntsh eudrabwanergyyevet glectrerts drerprédferbiyngerichetegas f or
a subsequent refl ow process step can be reduced. 20[0052] In certain

enbodi rgndashae drliigsion efientthamyandischargd. HEhesdemetated elpemensahiay thensdrift from
acconpl i shed via a conbi nati on of cathode em ssion and corona di scharge

nmet hodsthe emidshesdeditie dowamtiise bage daetrage vhidh aeatgs @spase ahddgevdhe apsce S

appl i ed between the two el ectrodes and el ectrons nmay be generated from both
t he sem gairggprelides theddedion sdume fodoneritig titeenergivelp @herged bydroged icks igr ge)
near the em ssion electrode. The corona discharge is 25preferably m nim zed
i n or degledtni at@ceaset ihen Ridfdgeingaeyethrdughithagt laast awvo eliciroddsaorgeithin thes by
el ectron attachnment and increase the lifetine of the em ssion el ectrode.
-16- [taffeBhrean enbodi ments wherein the cathode em ssion nmechanismis used
for electron em ssion, the voltage applied across the two el ectrodes may be
const anoo47] pedresbodibients Invgimgayeationigeaenatibh thyeughudztieodecargiesiohrthesed to 100
kHz. Figures 1 a and | b provide an illustration of a voltage pul se on an
em ssi csmigddinknte deayanclude: iekiergissionh (refteredite bpett ay edlyt enfission) t theseal

enbodi nments, it is believed that a pul sed voltage, such as that shown in

Fi ggr eserhigsian ¢refdiredits hpreif &g Bt enitsiog)pthetaaltfiekbémizgiont photogmissientdrel anount
of electron generation and to reduce the tendency of gas phase di scharge.

[ 0054] dedtromndrdash bexmh emigsiodl. vi ng el ectron generation through gas di scharge,
t hese enbodi nents may include thermal discharge, photo-discharge, and

vari ousj0es8y aFiekleendifsich invblaeg applying landlettricfletdwith aclegatiye, bias on' theschar ge,
spar k di scharge, and corona discharge. In these enbodi nents, electrons are
gener at@dissipn @istrpfiastativone tat haze elcbedg dtmt phasicierdlydighais imendityrte
conprising the reducing gas and an inert gas. In certain enbodi nents of gas
phase i|arrcmte amenargy bhiriag for studtrons icshagpidratdd retvibe sutface of tbe ermisdéom and

el ectrons may be generated fromthe inert gas wwthin the gas m xture
bet1seereiedterdenwitn edreaih patiersed drabodiments1a DY vdltage dvappliet hetwresithe Wwed y bi ased
el ectrode such as the base electrode. During this electron drift, sone of

t hese edlecitgdesshateyngaistiaan0 drio Bk rgrdiscabigrapamgrindne 2ud 88k\ankh thesem
negatively charged ions by electron attachnent. In addition, sone positive
i ons arembddimentsethealistantet fetwesrethe dedrotibaitnaly memgedirerhto. 1 v&lr et preferably
negatively biased el ectrode such as the em ssion el ectrode and are

neut r al fram@.51o 8 ba. el ect rode surface. 20[ 0055] As nentioned previously,

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

negat i VigosdpsTherhal evdsion, an tresehed reidr ndelvesRediey aihigh teoperajuneds eRergizer ough
2i, the em ssion electrode nay have a variety of geonetries, such as, for
exam| egleérdriziin the erpisgian ekectrode Bhd Begaratedheeleettons fpordhhe metadiet bandhin rever al
sharpened tips or conb 2c, a screen or wire nesh 2d, a | oose coil 2e, an
array omatepisbss tBé emissionrléatrodt. Ihtérian peserosd érnbadiments? the tamperature 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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25rod with.sharp tips protruding fromits surface 2h, or a plate with a
knurled surface 2i. Additional geonetries may include conbinations of the
above geonetries such as plates or -17- rods with surface protrusions,
rods wrapped with wire windings or filanment, coils of thin wires, etc. A
plurality of electrodes nmay be enployed that may be arranged in a parall el

series or in an intersecting grid. Still further geonetries may include a
"wagon [8086] "Tieemakicly emisaioniisnaayblidioifidld gmiztiorlaad thatiabemssianmaetbeds i n a
radi al fashion such as in "spokes"” 5o0f a wheel. In certain enbodinents,

such asfoeabodmasresatiohdn whichfootH ah elettsis field and a higiotengubrattitecareappliete 1 s
preferably made of geonetries having a | arge surface curvature, such as a
pl ur al i Therefbres ttarpakfighs emizsivamag rzguird e ledsecelectdc field ladd mdewet dlecteddect r ode
surface such as the geonetry depicted in Figure 3. As Figure 3 illustrates,
el ect r ddmpirdbare for geaerating the $dmenqudntigsofZiddi@ns ae sompanediviihrpuge fiedes on t he
el ectrode surface along with a plurality of tips 3 10emanating fromits

sur baceemig€ioh Ghd phe théedd emibsioma t®herabl-ididhemisioa cas ndnimize difficoltieg| ect r ode
is preferably conprised of a conductive material with relatively |ow

el ect r csnceumtessdositrepmee fgldamissork stioh as tlentendédrey mhtlegradatiqoriefedychbhy al so has
a high nelting point and relatively high stability under processing

condi t i emissiofchgephtesiratios on tlebérmissipheufates; and @l higherastriciibrs pn dd plgsarity

15sem conductors, and oxi des coated or deposited onto conductive

subst r adrelbunifermityhefithe emigsloasurfacs. UuBErthdsutheama-fisldtenhission seytatso duoithst en,
graphite, high tenperature alloys such as nickel chromum alloys, and netal
oxi des mublemzselBa0 tatiibrbPOdistibatsuah as ddfgrspdtemiabof ahemicad nehotion between
substrate. [ 0057] The electrode that acts as a base el ectrode is

comgr i siad eofissiorcelacitotiei ane thagas pladse? 08 ealbodnantawherkindhe #ermaf-figdlde ot her
mat eri al s descri bed therein. The base el ectrode can have a variety of

di f f er esrhisgien ietigedder elegirmdjengraiiponthe tempgrature af theremission electrode can

range from ambient to 3500°C, or more preferably from 150 to 1500°C. in these
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

electron attachment and increase the lifetime of the emission electrode.
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[0058] In certain enbodi ments of the present invention involving

thermal -field em ssion, the em ssion el ectrode nay conprise a segnented
assenbly such as the el ectrode depicted in Figure 4. In this regard, the
core 10 of the em ssion electrode may be nade of a nmetal 25with a high

el ectrical resistance. A plurality of tips 11 emanate fromcore 10. Tips 11
may be made of a conductive material with relatively | ow electron em ssion
ener gy [0053301K emb3dimentswhérein thelciithade amissioh riduhaniires uaéd fadietsctrosed

herein. The core may be heated by directly passing an AC or a DC current
(not s lepnisgion, iiousiage @pplictitacrddsahé tver aletiradesduayt boconstdnt ot pulsed.eThe he heat
fromthe core to tips 11. The hot core 10 and the plurality of tips 11 are

encl osdqukhdy of tveiagk ealse earkiRs\ifonc O to $00 kidn  Figaestiedindribqravidepport franme
thereby formng 5 a segnented assenbly as shown. Tips 11 are exposed

out si ddllustraticnef aDgaliage piise bnainasissiorl @letitodzoambs baseoélectrodensspattively.
material. The segnented assenbly allows for the thermal expansion of the
cor g dun kHege@peoainants, ifl ie bblsved #hiat angiysanbltagd, sath asthat simovireingégeeatied from
hot tips 11 by applying a negative voltage bias on the em ssion el ectrode
rel at i \aadtib, sheefeestte ®l @obaatioltadd [OBTPdvd the anaduneof gedfoargepdrativh@didtent of
the present invention involving thermal-field em ssion, indirect heating
can r airsdudelthe tenieacyibilg=s phbsé declenryssi on el ectrode. This may be

acconpl i shed by using a heating cartridge as the core of the em ssion

el ect r q0es4] Torutbodibeertd inbbieinh @fdctrog gensrationtheoughyodsalisohamel, fhedeof an
electrically conductive material such as a netal that is electrically

i nsul atezgbddirnents reaytiscitidenhemhal isehaiige spitkto-disehearge! andigeioud avdlapehenot e
el ectron em ssion, a plurality of distributed em ssion tips can be nounted

on {bhe disohbaee inefudingeyidwe disciigrge sart disdbarge Téparic disthidrgg eaandaordre: discitaege. by
passi ng an AC or DC current through the heating el enent inside the
cart ri dg¢hesklepttiodiments asledti®ng aregariceatedl bg yat Iphask Bhizatort. ethe gasspraetiha
cartridge by applying a negative voltage bias on the surface of the
cartri dgs migiusé coraprisingithe eedutthgedascandaateinetftgas.c reariaivgerhbadimehtsafgadi as i n
thi s arrangenent,
phase ionization, a voltage source is applied 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 eiectron
drift, some of these electrons may attach on the reducing gas molecules and form negatively
charged ions by electron attachment. |n 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, elecirons 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 2¢, 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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20t he second el ectrode can be grounded so that the cartridge may be
negatively biased or, alternatively, the cartridge can be grounded so that
the second el ectrode nay be positively biased. In sone enbodi nents, the
| atter case may be preferable for elimnating a potential interference
between two electric circuits, e.g., one circuit may be the AC or DC
current along the heating elenent, and the another circuit may be the high
vol t agerols adth setfawamotrion sadsfverapped withheire auindingsge filemeert, hmils etiird
el ectrode. In these enbodinents, the hot cartridge electrode may al so act
as a heaitess ettt deplhialitytdieleg@rades way be etnplayelitleat endyhte areangied éda ppargtier at ur es
for the refl ow process step. [0060] As nentioned previously, a gas m xture
conpr i ssenigs ar inediotengectag giic.  Pibfaetert deometiestrhay mklade ri‘wagorewtegener at ed by
the at | east two el ectrodes. The reduci ng gas 5contai ned within the gas
m Xt ur egeomyetfyatiersin apluralitp @f electrades io brralgediin lalradiaifgsitian egr asia:“sggkeah
intrinsically reductant gas, 2) a gas capable of generating active species
whi &h fafrawigees. e inuceriain ehelsodipentsy aatitadsembmidindrds abereireficp eniisstonist h t he
nmetal oxide, or 3) a gas capable of generating active species which form
| i qui d iovoheagl) éeusaticodeds praf@rablymeads ofgeomietrics dhasintyialergeedaes cunvatard, he net al
oxi de. 10[0061] The first category of gases, or an intrinsically reductant
gas, i mlchcdsa plonligad shénptiips he mamichizethe eddric fietd searthaclectionkt sunface gutine
oxi des to be renoved. Exanples of intrinsically reductant gases include H2,
CO, Si His th&ig2biietry depitiedde Fidiuread.c Ak Figars 8 dlostrates fedectedartas,a sariek aifitiin
et hanol, etc., and sone acidic vapors having the followng formula (I11): 9
(1'11) RvieesCHhal fs@ie62ihin groboeston the(dlédtjode Sulistd alusgwitiRamphyralite ofiipsad Ky |
group, substituted al kyl group, an aryl, or substituted aryl group. The
t ertd " adrisgmhating Sroursiedsurfacel n i ncl udes strai ght chain, branched, .or cyclic
al kyl groups, preferably containing from21l to 20 carbon atons, or nore
pr ef er afo0§6] r Dime dletteodE(mataribidhataiote®s an dinissioamiddtrede & wofdrablpbdmyprisend oft | es
contai ned in other groups such as hal oal kyl, al karyl, or aralkyl. The term
"subst i 4 oorehliciekybteriappith edatively advc glectron-emissonZherdiadr iark durstiost Theient s
that include heteroatons such as 0, N, S, or hal ogen atons; OCH3; OR
( R=al kymatsdalpreieratly &16c h83 a Hdhaykltity pdiat amd elativel@hidghOstabi@y un8&B8R ( R=al kyl
Cl 10 or aryl C6_

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,Osthat 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 ceriain 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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10); or NR2 (R=H, alkyl Cl1_10 or aryl C6-10). The term "hal ogen" as used
herein includes fluorine, chlorine, bromne, and iodine. The term"aryl" as
used herein includes six to twelve nmenber carbon rings having aromatic
character. The term"substituted aryl"™ as used herein 25includes aryl rings
havi ng substitutents that include heteroatonms such as 0, N, S, or hal ogen
atons; OCH3; OR (R=al kyl C .10 or aryl C6_0; alkyl C1 10 or aryl C6-10,
NO2; SABhttioR=sabkys afy of the neateriald di€fioddd hevein NRRBE Rottd, may ky hedted 1Y directiyr v
C840). In certain preferred enbodi nents, the gas m xture contai ns hydrogen.
[ 0063] pHseing@ancYtlocaDegmumenbinot sithiwn) tigogaiscoradiOudée tiiemnabesndustidn wili not  an
intrinsically 5reductive but can generate active species, such as, for
exanpl drandfer@e I®at Hom the comrtd tiBs 11 bjhedha soE H3 anvethatdwaslityehtipsof1 aleect ron on
t he gas nol ecul es and form gaseous oxi des by reaction of the active species
Wi t h t henciostd withixi atheshclosulzei 2 whiok édthefricgppiee miod suppct frame thedrelgaformingl ude:
NH3, H2S, CI to Cl0 hydrocarbons such as but not limted to CH4, C2H4,
aci 6i c vsgnentéchasseenbhyhes shawnul Epg 11 bie exposedoujaide thevenbossird42i ng t he
following formula (I1V): 9 10(1V) R-CH [0064] In forrmulas (I111) and (I1V),
subst i tErestdsufe f2is doenpasedibkan inguleting matehial i Thet sesgmehied asgembly, allaws donthe or
substituted aryl group. [0065] The third category of reducing gas includes
any gashéefmal ekgansin aithe cdre idosng apdérgtiore du dhis eerabgemerdelédransaahnibee speci es,
such as, for exanple, F, d, F, and ', by dissociative 15 attachnent of
el ect r ageneratédhfromamt tipd €Chy epplging afregative vipliage bias aglibe emissiandsectioger eact i on
of the active species with the netal oxides. Exanples of this type of gas
i ncl udeaefdtivotd the baselelebireda ne cont ai ni ng gases, such as CF4, SF6, CF2d 2,
HCl, BF3, W6, UF6, SiF3, NF3, CCIF3, and HF. [0066] Besides including one
or Hdor 0059t hie ambthee prefdragioemiesdiment of theepregegdasestion mgolying thémakfielde may
further contain one or nore carrier gases. The carrier gas may be used, for
exanpl esmission ihditezt héming edu caing thgatemperature\af itee @issios ietectredabThis zatyiben. The
carrier gas used in the gas mxture nay be any gas with an el ectron
af f i ni taccheplisheday usirgta néatingeartddgeasthegase ofthg agdssion ¢lbdctrodehdhgas
m xture. In certain preferred enbodinents, the carrier gas is an inert gas.
Exanpl esurfate sfiihediebting cartridgg asmshd corhprided obah ebacricaliy cdrniductvedmaierialdich Ar |
He, Ne, Kr, Xe,

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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25 and Rn. [0067] In certain preferred enbodi nents, the gas m xture
conpri ses hydrogen as the reducing gas and nitrogen as the carrier gas due
toits relatively |ower cost and the environnental friendliness of the
exhaust gas release. In these enbodi nents, the gas m xture conprises from
0.1 to 100% by vol une, preferably 1 to 50% by volune, or nore 5 preferably
from0.1 to 4% by vol une of hydrogen. Amobunts of hydrogen | ower than 4% are
pr ef er radeltrodhintdy alskas agasheat seurcefandme jdsamixie & aghiHe8he renuiredt ai n
enbodi nents, the gas m xture is passed through the field generated by the
at | eagemperatwee b tredefowpracesesiepr at ure rangi ng from anbi ent to 450C, nore
preferably ranging from 100 to 350C. The pressure of the gas mxture is
pr ef er dB0§0]Jarks mentiched prasqpishy Bgap nEstsre egmprisng, a teldacieg gas isrpspea@ssur e of
the area of the process. No special pressure, such as vacuum may be
r equi r édroupgh trendediinfieit gendratesl Hylthe ghleast twowlestrodespr Besnedugeg gas he pressure
may range from 10 to 20 psia, preferably from14 to 16 psia. [0069] The
subét r adoetagnadi withen the gaksintiktutehmayp falldethiraore bombee of dimoiplicving cptegbdeall)y
| ocat ed between the em ssion el ectrode and the base el ectrode with the
sur f ac erfiatinsigaiyredasiard gas2) Ebgdserapabléenf generating adtive ppedies wbithdoroodi ment s
of the present invention, the substrate nay be connected to the base
el ect r gghseoys prides uppnaeadiog ef thesatind Byecesdwittatbie metalmexidenos8) @ gastambicode.
In these enbodi nents, the distance between the em ssion electrode and the
t op surdfgererafing hetivesbecieéowhich foet liquidemdrugonn yxidesgont neadtiod. df theadecm
preferably from0.5 to 5 cm 20[0070] Figure 5 provides an illustration of
t he pr cpesies witbdhd metahoxidé.er bunpi ng application wherein the substrate is
silicon wafer 20. Referring to Figure 5, a second electrode 24 is |ocated
abdle d00&d]erTROjrstanatbgoheofvgises, d @ndatripsicaliynmgductait ges) intlydesf argojasddhatbunps
(not shown) is placed upon a first electrode 22 to forma target assenbly.
At | eaghermgoignamzaliyodcts aea seshfciare tothewsfdes (@ Oe cemoaddnibxgntpies ¢fl ural ity of
sol der bunps is exposed to second 25el ectrode 24. Wiile the wafer 20 is
shown astribgically rptientad gapemintluds H, eL@cHiH)dRII22 formic acid,enohsiscued asffat t he
waf er 20 can be placed anywhere between el ectrodes 22 and 24. A

examptie, methanol, ethanol, etc., and some acidic vapors having the following formula (I11):

Q
(i) R—C-OH
15 [0062] In formula (It), 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 alky! moieties contained in other groups
such as haloalkyl, alkaryl, or aralkyl. The term “substituted alkyl” applies to altkyl moieties
20 that have substituents that include heteroatoms such as O, N, S, or halogen atoms; OCH3;
OR (R=alkyl C1.1p or aryl Cq.1g); alkyl Cy.10 Or aryl Cg.10; NO3z; SO;R (R=alkyl C_4, or aryl Cs.
10}; oF NR2 (R=H, alkyl Cy.10 or aryi Cs.40). 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 aryl rings having substitutents that include heteroatoms such as O, N, S, or halogen
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-22 - pulsed voltage 25 is applied across the first electrode 22 and the
second el ectrode 24 to generate an electric field. A gas m xture 26

cont ai ni ng hydrogen and nitrogen is passed through the electric field. Low
energy electrons 28 are generated within the electric field which drift
towards the first electrode 22 and wafer 20 di sposed thereupon. In
addition, a 5portion of the hydrogen within gas m xture 26 forns hydrogen

i ons 3(Gathys;aDGEE; @R (Rtdliad Kreydr ankliGzho) adlky Cind drtaryldiyag; (Ot BO:;RiI(Rsalkdl&ct r ode
22 and wafer 20 disposed thereupon. The drift of negatively charged

hydr ogep of angsC3(Q); an R (Rl akg C2.& dramdiCise)t hrecatait prefsted2inedimenaf the 20

di sposed t hereupon pronotes adsorption of ions 30 onto the surface of wafer
20 and dasshigiuse dentairs Hedrogen.of t he wafer surface (referred to herein as
surface de-oxidation). 10[0071] Dependi ng upon the conductivity of the
subst r 0863]s orte sEcohd eateherytof causicingagas anatudpsrasy giae thad & ot meadsttingicallyy pr oduct
from surface de-oxidation can accunul ate on the substrate surface. In

addbt | ardudive but caangaferdth ectiveespeeiescduchrss, vaexathplecit] @, $,d$oCh aad &, Hoy
substrate due to the drifting along the electric field. This electron

bui | d- ujissoiatives attadhatiena bielsctrdnamethegps pradecitds ardidotn gasdouadsisleptyon of t he
negatively charged ions as well as 15adversely affect the equilibrium of

t he surreadionadd thexadae ispeciesTwitimtileanétaboxdesf tade rdmoverki Eempes pf thisdgise ofor e
efficient, the electrons on the substrate surface need to be periodically

r enov edas[ifdr®]: NBheHi®tthdd O ohydeomavisoristeeick lae diut noidinvied thE€Hs,uBdHr atidicsur f ace
may be to change the polarity of both of the electrodes relative to each

ot her . JagbisT@virigahe ®ortiuld §11)CARDE&Fanichapa havinganeidiewnl femuagin:el ectrode
may not necessarily be the same. 1n one enbodinent, the polarity change can
be achi eved by applying a bi-directionalgvoltage pul se between at |east two
el ggt rodes such as that shown in Fg. Rél:de_Fi gure 6 provides an exanpl e of
a polarity change wherein an el ectrode may generate el ectrons in one phase

of the pges41adR lidss (I)-dhd: (1V3, QRRAUENER PhiDe ﬁ’pgkﬁi%ﬁfédggﬁbﬁﬂhﬁg? BRYS 1N

anot her  phase of the voltage pulse (1.e., "a positive ias). In Fig. 6,

el ectr ofgud A dryl, Y5&bsASitddodd drfi§.el ectron em ssion and el ectron retrieving
el ectrode and electrode 120 1S used a base el ectrode. This arrangenent

al | ows hbEs]- Pk third category of reducing gas includes any gas that is not an intrinsically

reductive but can form active species, such as, for exampie, F, Cl, F’, and CI', by dissociative

15 attachment of electron on the gas molecules and form liquid or agueous 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, io 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, N., Ar, He, Ne, Kr, Xe,

25 and Rn.
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efficiency of surface de-oxidation to be nmaxim 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 5DC power 105. An exanple of bi-directional voltage pulse is
i |1 ust ri@0ed] iln cEitgjopeeféndd emMbedimehiss theagbs nlikfire sompripasihyadlogebiaasiesl, at
| east a portion of the electrons generated fromtips 101 attach to at | east
a port ireduahg gdseancenitiogergagyis camidr gesye tr itaetativele thwer cgstgmst thens dri ft
towards wafer 103. When the polarity is reversed, electrons are rel eased
f r om t henvisomrhentel foéndiméss of tDS ezimailist @i ictoasd. batbesaembodimeh®] theFgagur es 7a
and 7b illustrate the transportati on of 10the charged species during each
cycl e ofiixtune coroprissgdropud ddo 100% Hyrvadumes @yefefabbhhivgh0g by Relupal, ar mbye of t he
two el ectrodes can range fromO to 100 kHz. [0073] In an alternative
enbodi meefierabiyites 9. eloet? by nsiume dflgdsgbst Aatoantswf hadegemiowee thaend ete by
enpl oying one or nore additional electrodes. Figure 8 provides such an
exanpl erefesed, which makes gasmixhee sobdlammtable.Ref erring to Figure 8, wafer 200
I s di sposed upon 15a grounded base el ectrode 201. Two el ectrodes, el ectrode
202 haVPdggla \negdaineebodiments the aas mbdtareiis pagsed iarsegltethedieidogknepaidd and
el ectrode 203 having a positive voltage bias relative to base el ectrode 201
ar e i ndha bt ledstdo etectrhdes\aif etenmperdtareaalgig from drhbientdo #&0W: meoTe prafembiyr ons
are continually generated fromel ectrode 202 and retrieved at el ectrode
203. | rraogieg framt 108t 850%h btk preasyre oh thermsisamixtuye Bfprefiessidy ardie02 and
el ectrode 203 nay be 20periodically changed froma positive to a negative
vollfagetiossheriamiessiurs i.e e theagxistiaf pressare of thé erdaasf ¢hespreceéssoddo &fkkial [ 0074] | n
yet anot her enbodi nent, el ectrons or residual surface charge may be renoved
f rom t heessubs tsuelt 8s samfuat, endyybeersalingd. nip eanbroglirhersts where e tges nsixtufesise
de-oxidation. If left untreated, residual charge contam nation can cause
el ect r guessurized] it prasgpere deayagege oR5KenA0t psiee pedfemblydning 14 tmp@psiat s. | n
t hese enbodi nents, flowng a high purity gas such as

[0069] The 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 electrede. In certain preferred embodiments of the present invention, the substrate may be
connecied to the base electrode to provide a target assembly and facing the emission
electrode. In these embodiments, the distance between the emission elecirode and the top
surface of the wafer/or target assembly may range from 0.1 to 30 cm, preferably from 0.5 to
5¢cm.

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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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.
Whi | e paddedi voiagan s Brepplied aaosoihe fiestelgoirodei22 dnd thet deeogdisleatodd 24 toows
through the wafer, the net charge of the gas streamis zero. [0075] In
cert ai rgemetste anelectic fiehe A ghs mixitre 26rconhtairgeg hydssgarbdnd msgygdeispassi Wi t h
respect to the electrode that acts as an em ssion electrode. In this
r egar d,thtdugh ¢he alsctonfiet e towetergysejediens A8 ard gerestatpd siithindhe aledtricfeid ubst r at e
may be noved, the em ssion 10 el ectrode may be noved and the substrate may
be in awifichxdiift jpesids tba firsh eldotrodie 2 andwafes 20 dispoeed thedmipand Int hddittarhat r at e
are noved. The novenent may be vertical, horizontal, rotational, or along
an &r c.portion ¢fdkse hyirbgeh within gas sintfirecd fdemokydiageronns@d by eeetroccur within a
| ocal i zed area of the substrate surface. [0076] For the follow ng Figures
9a t hr catighi@ent witieh slab dtift kiveards the: fisstlalentnode@l and wadgr 0sdidrsied plesegpampon a
base el ectrode, which is grounded. At |east portion of the wafer surface
conpr i sthegdriit finegativielyychefgesidhydergeniionss3q at elsticons)2d tswerdsdbe électyode 22cond
el ectrode that acts as both an emitting and a retrieving electrode (i.e.,
changi ngthpaifer 28 dispbeed tbereopbrepromabes adsoggimniof @rs 0o thetduwvacd bbwafien
el ectrical potential). Figure 9a shows a silicon wafer 300 noved
r ot at i dtearid/fostecede-axithdmnead the wefer safamet (raderee BBherain akisatiadesdexpyillatioah).a
bi-directionally

10 [0071] Depending upon the conductivity of the substrate, some of the electrons that are

generated as a reaction byproduct from surface de-oxidation can accumulate on the
substrate surface. In addition, a portion of the free electrons can directly adsorb on the
substrate due to the drifting along the electric field. This electron build-up on the substrate
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-
oxidétion process more efficient, the electrons on the substrate surface need to be
pericdically 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 elecirodes 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 another phase of the voltage pulse (i.e., a positive

25  bias). InFig. 6, 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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20pul sed voltage relative to the base el ectrode 304 that may cycled in a
frequency range fromO to 100KHz thereby generating an ion area shown as
306. A notor |ocated outside the processing chanber (not shown) rotates the
waf er. Such rotation is frequently acconplished in sem conductor processing
wi t hout significant contam nation of the wafer surface. Contam nation may
be avoi ded by enpl oying high cleanliness, rotational feed-throughs and
25cont refficiericyfdf ewfazt decoxidatiohitg be endBdmigémvBleetradd 11ocontahing aZlrakpwed
linearly under a heated |inear electrode 312 to which is applied a

bi - di r esharptifzd 10/ ipidcatzd abové agérriéBatiactrotie 11 01& Hemsed by &mnectire] tecimAde 314
t hereby generating an ion area shown as 316. This arrangenent nay be

sui t abl powWen soapp 104 aihother elbetraden1 20 is tovagamdbaleatt wafes ¢0B.t Dhercivangedih er s

t hrough tubul ar bunpi ng furnaces such as, for exanple, printed circuit

boar ds pdtarityighelectfddes/1diand d 28 cafrbg wbizirdd, inexsmplesby a bbdirautibeal pBik@dnoved
rotationally under a pair of heated |linear 5 em ssion el ectrodes 324 and
3265 t HeClpawer €05 cAn exkeni32 3f hiadireatisnat adiagegsidel iy dlulirated anBigtiteet Obi WhewN

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

el ect r calect@de 140 ismeyatdlelydiiasenls atleastlzepaioresfabe diecvomngbreeated frometied back
fromthe wafer surface thereby generating an ion area shown as 328. A notor
| ocat edl(attschéo affeagiaqoetisi ofghe hadubiag gbs ahd sbwiptrestod addewingumswarisedrift
Figure 9d shows a silicon wafer 330 noved |inearly 10under a heated pair of
| i near tewerlsvederst 033 AWVhaerdtha 3o!drinais reversdtt lethchibns dreadleasedifromp s stiréace of
polarities relative to the base el ectrode 332 to conduct el ectron em ssion
and r etwaferv10fjarsbpaicved byck bidipsip1g&ired Tangndb illastrate dee Sdreaportattori3ers.
Lastly, Figure 9e enploys a relatively smaller electrode 344 | ocated on the
endOof the pharged speceswBitg.catheyqelohthetvpltade plise. eThefrequbnci 4fichianginggheent | y
altered relative to the base el ectrode 342 thereby generating an 15ion area
shown g®l8iBof the dwaelkriresdesvaangangefrom Ortot1@0ikkg. waf er 340, in for exanpl e an
arc- like notion, to affect conplete and uniformtreatnent of the entire
waf er 40073Hcdn ahGiémiativénembedimeatt, desess diecrone paitine sabrstiate sistadeimmaysiayver al
areas of the mcroelectronics manufacturing in addition to the reflow of a
sol der rbooped byemploysganeas mdre mdditiang letsctroded. déigurel Soprovidgs soatt at  pl at i ng,
brazing, welding, and reflow and wave sol dering for outer 20l ead bondi ng.
An examplasplf whekinowwafed isthe eubsitaier Refgréppafigws 8swhfea 0@ isedispisedlipenf or

15 agrounded base electrode 201. Two electrodes, electrode 202 having a negative voitage
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 residua! 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 available neutralizer device and then across the substrate
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t he met hod described herein is in Figs. 1-3 provided in pending US.
application 09/ 949, 580 which assigned to the assignee of the present
invention and is incorporated herein by reference it its entirety. In one
particul ar enbodi nent, the nethod descri bed herein can be used to reduce
surface oxides of metals, such as copper oxide, fornmed during silicon wafer
25processing or thin filmde-oxidation. Such oxides nay formas a result of
t he varswiase aen nputtalizs Hierrgsisuapbargeumhtha svaidresuifacd. Thecpemitiveadns present in
pl anarization, that are used to formmcro- - 26 - electronic devices on
t he waftbe 9as Wilbzwireliae anyoesidiialedectrods ard dmvideangledticaiiy dedtsalistdace.
reliability. The present nethod allows surface oxides to be renoved in a
ful |y dsyitablershargenmairalizdryleticesmdlyyformexemaple t duabistiefde-ootdicadiviersoutdes use of
aqueous reducing agents. Further, since the present nethod is perforned at
r el at i vbatproduce esupbdeantsitiee of positiveoers! negatitesiogsinf the gas.| Whilé fpesitive hed t her nal
budget of the device during processing. Hi gher tenperatures, by contrast,
t end t cagativeionsl ard predydes il trenghsrad it fdoid thrqudhythe avafsir e def chesgeof tbe gdspant s
and oxi des thereby reduci ng device performance. Since the nethod descri bed
her ei n st@am iszerert ai n enbodi ments- be perfornmed on a single wafer, the
nmet hod can be integrated with other single wafer processes, thereby
provi di[fg7%et ineertaiorepiodivérits, thewsuitstratehertafgebasseattilomag Ostreped With078] The
met hod and apparatus described herein are particularly suitable for
appl i caespact tothewwddcboddthap actg aara anhission Elentrelds. drithiaregand, thdemissioreni ences
of using the nethod and apparatus descri bed herein for wafer bunping and
t hi n fidlestedde ondydee inarfixed osition Bod the stibstrate roaynipamesed, dhe gmissidn r ef | ow
sol dering processes for outer |ead bonding, 15wafer bunping and thin film
de-16xi chedirpdeanay bromhver anyl thefsabstrate ewyriEnn . a fixad posifion, am ettt the misdien space
above the surface to be deoxidized can be as snmall as 1 cm thereby
r esul t igkectiodeanddli¢ suhistrate are oumed. fThe nbaemenbmay droerical hodauntal,
transportation. Second, the processing tenperatures for reflow in wafer
bunpi ngotatienali grdléniccamaricy Imthghe entodimarts tsudbce gepoxidationahbypthenaleder i ng
processes. The hi gher tenperatures pronote the formation of the negatively
20char géthin aiecatizedadres of e sabsteattisariace. Third, in wafer bunping and thin
filmde-oxidation processes, the solder bunps and thin filnms are conpletely
exposed00Tdr gty tg folloving imiguaes/94 Hinaupvle, diid sdistrdteris agilicon wader thiat-ioxi dat i on.
Further, conpared to other sol dering

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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processes whereby the solder has to wet and spread over the conponent
surface, the deposited sol der bunps on the wafer need only exhibit sol der
ball formation upon first 25reflow. [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 invention.
Referring to Figure 11, electrode assenbly conprises energi zing el ectrode
501 ha\dleviroda 344 treyelnf ggmecdting dinfign aeachowvnae 31 6pIhBGranpaneatrreagbectrical |y
connected by a 5conductive wire (not shown), and base el ectrode 502, which
has a gubabie éut appimtionsahengt odrivayor bl isissat toen@ienwafeitsdhitoeghtitedasr gi zi ng
el ectrode” refers to an electrode that is an electrode that has an
el ect r ibcadpimgpofuenaces buch a&s, fdrexamels, printed oircuitdgatdsvtbrough e¢flom fuengcesgr ound
(zero). The energizing electrode 501 is proxinmal to the base el ectrode 502.
Pr ef er &idwre 9t showsagiliebrewafen 320 FidRed nutatidraile nedayiazpaigpf deetetrlindar 501 ar e
spaced apart from one another by 10 a distance of fromabout 0.5 cmto
aboft enfisgion elboirquies3drand 326hibdibase blectrode32inkas 2 bteaty pakitive(iasant thee
energi zing el ectrode 501 are spaced apart from one another by a di stance of
1. 0 cmenigsi@0dledtradslssi2daind 326hak a gheauyi neghtiveobiadmeldive do tHedrstsemiectoga.
Substrate 503 conprises an insulating portion 504 and a treating surface
505 corgaRissitngj edeatrehakbamke denerBredfte nad by retaevedlitadkdasn the weder swiacef t he
treating surface 505 is exposed to the energizing el ectrode 501 and the
base eltesrebydendsdthgaardioh eeestemoi 28 32P. oA sotordatatdsDdutsidel thenwosedssty at e 503
all reside within a target area. [0081] Referring nowto Figures 11 and
12(a), chambgr @iohshwmmcotatedehd @afar.s Figefa dabshdws anilicorswafat 830 plosieed lifesariyng an
array of protruding conductive tips 506 that are electrically 20connected
by 18 camdecs heatedipaie of lnetar slrotrodes PMadnel 386 that arb dreldret slesidy dngloppesiteonpr i ses
a material selected frominsulating materials such as, for exanple, quartz,
a cer ampotarities ezlativie to thepdseratectroda @3Bt tandest ¢lbaraodmissinn ane reineoog nent s,
the insulating plate conprises quartz. In another enbodinent, the
i nsul atsepgrapdlatherehyrgenessing andar aeachowh @si38B. LB PlgureSoempppasiai cul ar
enbodi nent, the protrudi ng conductive tips are renovably

relatively smaller electrode 344 located on the end of a pivoting arm 346. The polarity 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. In one particular embodiment, the method described herein ¢an 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 result of the various wet

processing steps, such as chemical mechanical planarization, that are used to form micro-
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25connected to the base plate. For exanple, referring to Figure 12(a), the
undersi de 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 conductive tips 506
are inserted into the holes 507. Figure 12(b) shows a cl ose-up of the
arrangenent of three of the holes 507. Preferably, the holes 507 (and,

t hus, tdlectomivtisvicey enthepwafett) Trasse safjaceskidgzattudy deviceaddld ahd eleviby a
di stance of fromabout 2 nmto about 5 10nm or from about 5 mmto about 8
mm  or relalditgi Sheapesetimethod bildwvseurfaté exited wsbd@mavad ihbaflllpkned by any
means known to those skilled in the art such as, for exanple, by |aser
dri | I'i nenvirbi@@&8ahiyHrigndle nibkBnshibasdaesTioh tHagire theolusst of\aguedys relbcindgagentsipper
end 508 fits into one of the holes 507, contacts conductive wire 508, and
| ocks iFurthepnlsiwe they prebent metaopiseperfdrmed st relagvdl) tov icoiperdtaeh, i0Hoédweot
conductive tips can be unl ocked and renoved by, for exanple, a tw sting
mot ison signifidaatipaifeas tHecthdinia GLbgR of herddvivetdudag grdoessing kHigher eatpdutiiiese tip
506 into place. Preferably, conductive tips 506 are formed frommnetals such
as, f orbyeocmtrpstetend tassiucs daviod giskl sidaeliabiiity bk ehusiiy diffusion e dapantsaardl ot her
netals with relatively | ow el ectron-em ssion energy. |In another enbodi nent,
conductaoxidestthgrebpEaiuciag degice pepormzmde 0Bingatiae methes degcilibetidmaseinican —gxanpl e,
carbon nanotubes. [0084] Referring now to the enbodi nent depicted in Figure
14, t hecegtamaamisddiments+ belperéormed dnct single Wafes, thenethpdicat bslinteyrated withr st
electrically connected group 510 and a second el ectrically connected group
512 whesthersirgewafer phageésdass thepsbysrodditdy ebtertsonmyatibiityodthneiséradbipatiop | S
connected to a DC voltage source that is positively biased 516 and the
ot H@r ofteppshe 20first or second electrically connected group is connected to
a DC voltage source that is negatively biased 518. The DC voltage source
t hat i1 S0pPRYi tTheahgthbd and dppadiusivestibaeddidraig ars particdathhaditabke foegat i vel y
bi ased are electrically connected to a functional controller 514 that is
capabl eapplicatiohe bhwbfien juaping pl thio filne desogidatiat. waas coheernixtices bf agieg theur ce
that is negatively biased and the DC voltage source that is positively
bi ased. m&bbsend apparafus et criveal hetain foratdfer buidnEdg aad thirefahdebxitidtonposi t 1 ve
and negative DC voltage sources is a positive pulse generator 520 and a
negat i weunmrbse esharoatparebddypical ceffovustldatrigaprovesshs fdreutso 3 adi hoadmgd
negative DC

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 resuiting 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 solder ball formation upon first

25  reflow.
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-29 - voltage sources, respectively. The pul se generators 520 and 522 are,
in effect, switches. Wen each pul se generator receives a pulsing signal
(e.g., a pulsed |ow voltage signal of 0 to 5v) fromthe functional
controller 514, a correspondi ng high voltage pulse (e.g., between 0 v and
the set point of the DC voltage) will be created, which powers the
correspondi ng hi gh 5voltage source. The functional controller 514 has a
dual oyogrd]s.Fighen 10rel1biltigitite b prefement eleettodecasaemblyr apppcaios egployéd for
generator, the other output is disconnected to the other pul se generator,

t hus makmogng henathit @ddeaftom g tfaatiod sarface bf pistibsthate atdwerdiag &0 thetpweseadj ust abl e
vari abl es of the pulsing signal of the functional controller: pulsing

f r equencvwentiod Réferring/tofFigurat i1 celedtrodb asserhiblagempisdsOfiendizihg eleprodd 500, when
a gas mxture conprising a reducing gas is passed through the target area,
t he f uravingraal ancynif paltiudingTbadudtive tipo pe thiat are alédtiicdllpeonmgded Meapul se
generator 522, energizes the rows of conductive tips by activating the DC
vol bageosdugtive wirkdhotishowa) aht \baby elecirsdsd502) whEhdraatagrebrddd eledtrigalt hi n t he
target area, wherein at |least a portion of the electrons attach to at | east
a port ipatentibl. tAxugseddieczinghg éant ‘eacginng eecticdg” efere gaan eldcirodsitanisged
reducing gas that, in turn, contacts the treating surface to reduce netal
oxi des efectriobe that bas anglestrichmeerfal + eiherypositivabenegitiee fualativeotoedroarant r ol | er
514 then deactivates the DC voltage source that is negatively biased and,

i N cooesra).i Tire evergizing elgebedd 60t ispurbtmabiertbe basy elb@todeaf(d. \Rrtfesalily ehdC

vol tage source that is positively biased to energize the other set of rows
of conduast ieleetrbde502 and tikrenexsiziey elessodd £t srespatadapdrhieorh peatanotheshy f ace.
Preferably, the 20rows of conductive tips electrically connected to the DC
voliDaga distanceoftftomt absutOcahity abyutlf.Gemd Iapefdries erobadimbnispthdbaseve ti ps
electrically connected to the DC vol tage source that is positively biased
ar e notelerergiSp2andthe diergiaing etactrode 501 apespated apart frotonersiotreobymol | er 514
is capable of alternating between the negative and positive biased DC

vol t agaistance dfilgherhr equency pul se. In preferred enbodi nents, the voltage
pul sing frequency is preferably from25 about 0 to about 50 kHz and, nore
pr ef er §0080] fA subsabhteuB031i pkdximaldo HixohbdseIedtidde STRe Sabptrate 08 comptides arol t age
pul se is preferably fromabout 1 kV to about 3kV. -30- [0086] There are
sever alinsutating ipostionf504 endentosadingentfacd Q6 tomapresihdoy rieta wxiele. Prefecabld at Fi r st
such enbodi nent allows for the | ow tenperature reduction of netal oxides
sudh adeast apoedicanylttes trexdippeurface S85 is@xpased toshe anardizigbséctakie S0dandalse f or
exanpl e, a ceram c substrate. Exanples of insulated substrates include, for
exanpl dase elicttodpboY agd theeneagizing bizcsodes 50 bambthe 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 quariz.
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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5 used for printed circuit boards, flexible flex polyneric filns (e.g.,
pol yi m de) substrates used for flexible circuits, insulated substrates used
inintegrated circuit interconnection schenes, high density interconnects
such as polyneric based BGA's (Ball Gid Array), high density
i nterconnects, and insulated substrates used in 3-D or stacked integrated
circuit or 3-D or stacked packagi ng technol ogi es. Next, the enbodi nent
i | | ust riat @ gonductiyeywire §08, which alactiicly oenteets the sendustive Epsdib enaedhei cal
arrangenent that is able to intensify the electrical field on each
conduct¢anduetve, tios 1566 aps insertesbinte the dﬂ@és 97t frigure 1 2hshevs d cloggapfal they
uni form el ectron em ssion anong the tips w thout arcing between adj acent
tips ofaregigesientoitbleethepmlem v/l Brefespblndbie hpigan 07 fhus, tre qanduetivehod
and apparatus described herein is that the thermal expansion of the
el ect r dips §96haee spaced ppart fom afchioey biuaedistancy effignhabaiy 2rramdpiakpulsuch as
15 quartz or ceramc is used instead of netal, thus the thermal deflection
of %I ectromeordsrm peow|5 mimtatabguiad man,©F &Y edlistangecefabars mng uthe heleg BBt e
300C. A further additional benefit is that the conductive pins can be
r enovedcarke foaped by any means leove edhessiekilleddn the a1t suphieasofor @Xamgle. by laser
disrepair. [0087] In another enbodi ment depicted in Figure 15, electrode
assenbl drillig@apri ses 20ener gi zi ng el ectrode 600 having an array of protruding
conductive tips 605 that are electrically connected by a conductive wire
(not sHOMRI] Hadreptisshowsasingd sopdimtiveatip SA6 Wagse uppas ehd &98dtipta oneof
potential. The energizing electrode 600 is proximal to the base el ectrode
606. Atthpdales 397perntads ceriduciiee wire 808, emddedksrintaipiagedynionexamele;  juisEs has
an internal passageway (not shown in Figure 15) that is in fluid
cor@uni eation riEagh ¢ theneondyeidiertins s beginigrked@nd semevashye forepamplep at hat a gas
m xture conprising a reducing gas flowng into the chanber can_ be injected
out fr dwisiinginegtion imthecpposite 3f90tlﬁl@tft?@ﬁhetdﬁedéo tack shesemdupiive tirme0G inte1 -
target area 609 containing the substrate 607 having a surface to be treated
or treatinery Rigfarably @odustivatios S @esfoimed fram metgls sugh@g. Booxampleckigssi n
enbodi ments, base el ectrode 606 and the base plate 604 of energizing
el ect r cHainGee stach nigkgtewormpan allay: and ether Mistalhwith pgatively; lewaircdropfemis®ion about
0.5 cmto about 5.0 cmor, alternatively, are spaced apart from one
5anot hegnasgy- alndinsthen embefliment corfdugtivedigs SRR ran b sgmRpsechofinanpitybgsesurh,
energi zing el ectrode 600 further conprises a chanber 601 having an internal
volldnme &DIor exagwle. catben neoStupAs.f | ui d communi cation with the internal vol une
602, and an electrically insul ated base plate 604 such as that shown in
Fi gur e [0984MnReferingenaw todhe saboninend depigied|infisyre 3¢ dhe paar obgtruding hown ‘as
being circular, it is

J 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 electricaily 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 o 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 voitage source that is positively biased. Between the functional controller
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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10envi si oned that other cross sections such as, but not limted to a
square, a rectangular, an oval, or conbinations thereof can be used.
| nsul at ed base plate 604 may conprise a material selected frominsulating
materials such as, for exanple, quartz, a ceramic nmaterial, a polyner, and
m xtures thereof. In one particular enbodi nent, the insulating base plate
604 conprises quartz. In another particular enbodi nent, the insulating base
pl at e coitpge smsces] fespectvedm Themiiser demeratbiai520rand b2a gine, lin effedt] gitcked 5,
energi zing el ectrode 600 further contains an array of protruding conductive
ti ps 60&hembactepuiseegerieratondeeivey @ plisihg@ignah Gesg.aa pulsee lomatolipge samelsi0 ( not
shown in Figure 15) that is in fluid comunication with the internal vol une
602 of tolsanioen tiDflncitomat d@ttroliergiidl, micstraspndinghigsvatigga pulee (e.gn detyaenfd owi ng
into the chanber can be injected out fromat |east a portion of the
conductv ared the get it of theoDCanliade) wilDbacieated) dhicEpodect the eotregrondidig higly be
conprised of a material that conducts electrons such as but not limted,
f r o8 nejiolthge salgbe. athe funttiomebopitelledB fdstas sl olipas. Wieel onenoatbet ischr om um
all oy, and other materials with relatively | ow el ectron-em ssion energy
such asoanéctedto & corréspdnding pglsagkhémtorcthe lather octpubisdistanodaide & the otHed089]
Figure 16 provides a side view of one enbodi nent of conductive tip 605. As
Fi gur e pisktgenikratst, thatsesakirgpthe utteinating funci@b harically, ioshe abd Bvecadipstablieng an
i nternal passageway 611 (shown in dashed line) that is in fluid
comunivasgables ofihelpuisirigesigred] of/ible dumectional cohtrolleandidsing fré&fuency 804 tHesdrdofhi | n
Figure 15) and the treating area 609 (shown in Figure 15). In operation, at
| east aafiwotthewoldgel he reduci ng gas may pass through the internal chamber
602 of energizing el ectrode 601 through the internal passageway 611 into
t hdOt r §a085]g laroparation twticged gas mixiie omiprisinh @ rediina gaenis pabsashthroughiterr e 16,
conductive tip 605 further conprises a flanged end 5613 that has a di aneter
t hat i sagetarear thelfamctiha cdntolier 814 0h coteeratidrewitiathediegatitecpulsd gédezatoody 610
of conductive tip 605 that allows it be nmounted onto the insulating plate
604 of S22aehergiz69 fhe(retve\wh comduetigrutips BySgctivating the DElrbaldigesnurcetilmatris i n Fi gur e
16, conductive tip 605 also has an angled tip 612 opposite that of flanged
end 613eghtivalsbiased i gemeede eleatrom Wighin geotardet aesm, ivberdirmat laastlagebriiorpof6 12 of
conductive tip 605 may al so be used such as, but not 10limted to, a blunt
end, a thaplceoneaitbchdo pi/least alpdrtisinapibd rendingoyasahemehy famirghapeghtisaig. [ 0090]
In an alternative enbodi nent, conductive tip 605 can be a conductive wire
t hdb | shargerredacingnyas that, irutuen, tchatactsshatrdetiaf swaface s tddate nptatakekes ah, a
tube made of conductive material, or conbination thereof, through which a
por t i orthefrebtirey siethae iohthegabstrate paas &chctibnal wghirdllze 5i s thenrdeacivaltesthe d¥C t he
tube into the target area.

voltage source that is hegatively 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 BC 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 voitage at a high-

frequency pulse. 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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15[ 0091] In certain enbodi nents, conductive tips 605 are all electrically
connected together by a conductive wire and then connected to a negatively
bi ased DC vol tage source, so that el ectrons can be generated from each
conductive needle tip, wherein at |east a portion of the electrons attach
to at least a portion of the reducing gas that flows out from each
conductive tip thereby formng a negatively charged reduci ng gas. The
t reati r[g088]r flheee are dehernl Bonatindfaled esbuditient Hestradebby FMiglinesdlao ddd Firstluci ng
gas to reduce the nmetal oxides on the treating surface. In this or other
enbodi reeioh @mbbbienesitiBifdwsafoethiedow termparatued teducliomdsf ctetzieoxited sgewasded, so t hat
negatively charged electrons can drain fromthe substrate to the ground.
[ 0092] dxampidhespparoride n@nds instiatedesubsigate isach es,dort exadgpla asendrhip shastrate.
conductive tips 605 separated into a first electrically connected group and
a secorgkaelphst ofimsaldied substratdsaakigle) (g exabplecrigit rpaky glesslmimate efibdtiated i r St
or second electrically connected group of the conductive tips is made of
“conguctused férippmteldruvcuibBsards flxibid flgxabamgeivcfims (agf polyithide)yraubsiratas used Wi t h
the - 33 - internal volume 602 of chanmber 601, so that a gas m xture
conpr i Somitexible eicbuits, Nigsudsted Slisstiaras usetidn nteyrited clit iotncdmeectignescheshesut from
each conductive tip 605, wherein the at | east one group of the conductive
ti ps 60figh deraity intatethect such@s\nolyagie baced BEA hiialliGridvegay, high detditgsed and
the other of the first or second electrically connected group is 5connected
t 0 a DGhtemdohagrts, amdringildtbd sulbstrapesisied weByD o stseked istegratdubsirenit ot B &IC
vol tage source that is negatively biased and the DC voltage source that is
posi t i wtdokeb ipasiedirartectatciuziies. dddxt \the embediresht illostzatédircFiganeali1doridr ol | er
that is capable of alternating a supply of energy between the DC voltage
soulce grbvitles s stnggyarei anel ejedtricat adarcgetnent thabis ahidd tasigiensibuthe @ldctrical fiedd on
positively biased. A gas m xture conprising a reducing gas is then fl own
t hr ougheath cohdudiies tif Qherabyl ldrbelp vgiuciegtine thoexhoatd volage ifgy 0@ ifolraelastronnt er nal
passageways 611 and at | east one group of the conductive tips 605 is
act i vatemissiomamoRgtheoigsagithosibancing Heltwder sdjammatips efl gppositesedtags potentitls.
el ectrons can be generated from each conductive tip 605, wherein at |east a
" por t i orAroadditieatbearetit ofithe atdtiaahandaptardtasdesaibpd hereimisdhattthetheedalci ng gas
that follow ng out fromeach conductive tip 605 thereby form ng a
negat i vebynsitraoirad eleettudé patelsdmgely Iniinintizes) wheroam exsulatitip chategiat sychtdse ar r ay
of protrudi ng conductive tips can be a m xture of conductive tips having
i ntér naduapa o8 agandy is waed irctendiugf tratal, thup shd thetmalalefiettidnaof eldctrbés nar be
passageways. The latter conductive tips, or those that do not have internal
passageasienissted arelbeates Ethdedaturs) swheasodbdve 800°@  Aduttheradditiondi deaxfitds s
el ectrons. The other group of conductive tips 605 are then energi zed by
- act i vatthaight benddCtivepihagen deueraevddartd replaped iromvibk glé2fbdaplate incasedf | eve
excess electrons fromthe treating surface of substrate 606, wherein the at
| east adeenagecurplisvépationductive tips 605 electrically connected to the DC
vol tage source that is negatively biased and the other group of conductive
ti ps 6(b0&T]ednhranother gmbodinerit debitied irhFiglke 14)leleatreds assarebly barhprisesposi tivel y
bi ased are not energized at the sane tine.

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 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 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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[0093] In certain enbodi nents, at |east a portion of the reducing gas

m xture may be 25 flowed through the internal passageways 611 of conductive
tips 605, directly into target area 609, or conbinations thereof. The
negatively charged reduci ng gas then contacts the - 34- treating surface
608 of substrate 607 with the negatively charged reducing gas to reduce the
netal oxides on the treating surface 608 of the substrate 607. In this or
ot her dnaigetare®s coatapning thesubétrdtd 807 advicy agudace todre tfdabevkar ttdatioggh t he
conductive tips 605 having internal passageways and the bal ance of the
reduci rgyirfgas 608 thatiresides withimargehtiseatdoSr dotertaic brmbsdividhts; dasd eletiradeetDo
directly into target area 609 to formthe reducing gas m xture in situ.

[ 0094] dridghe bagiplptedDdds enprizireg ¢lacttduer608ndre dpacait apait ftdne oed entthedsy a
assenbly 600" depicted in Figure 15. In Figure 21, el ectrode assenbly 600
has a dlistatxer ofGdid altan Origcrato alsdut Sriadcm vl altemnaG@dly, draapaced apast ffoon obde f 1 ow
of the reducing gas or conponents thereof through internal volune 602" and
t hr dughanoittenbga diddnceadviiligna plurality of holl ow 10 conductive tips 605
to reduce surface oxides on a substrate (not shown) proximl to anode 606'.
| n cer t[aD88]e rdefdiring apain tb Fgued fl 5 cerengizing kledirsdon60tburther ednewrisesa cibtnbehnment
to the reducing gas nol ecul es can be i nproved by pre-heating the

t enper @Wirhavirg danfisterred usiumg 692sa gas inetd@081in fiuid eomompnaton with ftex ietdmalt o a
certain process tenperature range, such as, but not limted to, 200 to
800C. Rwiunex &) land anledegicalie atsabitadichsei plaje 84 socmadpthal Shovin indRigied 16nt o

encl osed target area 609' through the plurality of hollow conductive tips
605' , ahidilathearossesectmsofinmiatas b86plbke 603 is showd as edingtcircdamitti@nper at ur e
directly to the enclosed target area 609" wherein the tenperature of the H2
andON2 gwisiced daatotiedioross setiionseaich as it erplevitartiom spess atrecfpagabiyar. 1 n
one particul ar enbodi nent, holl ow conductive tips 605 nay have an internal
passagewal of nonhbinbiiwms therebf caur lee @d5d. dnsuldtad base plate 6@f may eomprde 20depi ct ed
in Figure 16. Figure 21 also provides an exanple of the incom ng and

out goi ngatgesl selected from insulating materials such as, for example, quariz, a ceramic material,

a polymer, and mixtures thereof. In one particular embodiment, the 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 18 illustrates, conductive tip 605 has a body 610 comprising an internal passageway 611

(shown in dashed line) that is in fluid communication with internal volume 602 of chamber
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flows that can flowin or out of internal volunme 602', enclosed target area
609", or both internal volune 602" and encl osed target area 609" via gas
inlets 611' and 613" and gas outlet 615 . In the enbodi nent depicted in
Figure 21, the reducing gas conprises 4% H2 and 96% N2 wherein the hydrogen
is introduced separately into internal volunme 602" through 25fluid inlet
611' and the nitrogen is introduced separately into enclosed target area
609" t heoaughovinh ini Flgiure 116§ afd Bie. trddting dea, 609r(sivdvirein FRigdre diSjreintapetrditennatxt ur e
can be introduced - 35 - together or pre-mxed in either the internal

vol une, lesi @l pstiuh dfaligeidusing @as any/pass tobligH the intahel cremben B02®f anelgizingl osed
target area. [0095] Yet another enbodi nent of the el ectrode assenbly

descri hsektivaeaon thrsugletheditechat padsageway 671 into Heteafing preadr tergetarea $09et ri C
vi ew of an enbodi nent of an energi zi ng 5el ectrode assenbly 700 conprising a
chanberin Thkletbudimgnieghownt i IFire 16 condudtd tip@as furtHee tomphses aflangegidnait i ng
plate 704, a conductive pin plate 705 having conductive tips 706 and a sl ot

7075 | res13 thid W pdiameter Gt isgreateothaniing dideriariof the extédrhgiudiamétér atthe body

i sol ate the conductive pin plate 705 from chanber 701, which allows a gas,
conpr i Brpfichrductickeltih BOS ¢rs alldwieit be gatintetioonts the igsdatingpibte GOViof aharolys
thereof, to flow through internal volune 702 10and out into a target area
(not shepAnshovan gy Bgwrend).einghé entbediiidnt showrbin Rigurerl6| cdriductivestieéds fsor ,
alternatively, a plurality of nodul ar assenblies which are arranged in
seri es Hae sl arged iy 6 2aepoaite s of flihgpdehd 6epl Héeantitipategbitiatiothier | but i on
control, etc. A nore detailed view of chanber 701 is provided in Figures
18(a) agubridb(ds) forihiecimglatiaip Glesof aoaduttiva tip 609 mayiatse be esguestich\as| put ndt nmor e
detail ed view of conductive pin plate 705 is provided in Figures 1519(a)
and 019 (limiteditbo chbipnioandl @sapered ded,anpyramjtlal-sieapedrepsipercd cordtal-shgpPéd&id.
Referring to Figures 18(a) and 18(b), energizing el ectrode 700 conprises a
chanber[o@8d] fmrdnhmterratiog embboichent) candagtive tip 606 ean FO& aunduetive vjmsthatin pass
through gas inlets 703 prior to passing through |ongitudinal slot 707 (not
shown) ihgerteaiStioain tabe fHatisemaddofaartinswatihgorhateeialpk tul mbde d0ENdGaidve
distribution block 701 is depicted in Figures 16, 17(a), 20and 18(b) as
havi ng raatedalr ooforgsisationl tréreof, fiabugtt whicd @ portial enloecbdukioy gab igpsssedt o
chanber 701. Holes 708 are in fluid conmunication with gas inlets 703 and
| ongi t udicugh tise terdd Toluhe ofithke tubledmto1Bs trgettanéaes 708 are shown as being
chanfered or "funnel shaped”. However, other shapes for holes 708 which can

optiism Zeovtie khiewainfengamiirhénmts ugndadtaehips 606 hre all elebiotally cid8ectad tddatraugh

| ongi tudi nal slot 707 (not shown) and into the target area (not shown)

25may by aisethuctive wirelany treww cbbdgted td@ negdtivelyariaset 0O heltageChuaree ss traan  as

bei ng square.
electrons ¢an be generated from each conductive needle 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 ireating 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 internal passageways in fluid communication with the
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However, other shapes for holes 708 such as, for exanple, circular,
elliptical, triangular, or - 36- other nay be used. The arrangenent of

hol es 708 may be sel ected such that the flow of gas through gas inlet 703
into the internal volune 702 of chanber 701, through insulating | ayer 704,
and longitudinal slot 707 is optim zed. [0097] Figures 19(a) and 19(b)
provides a side and top view of further aspects of 5 conductive pin plate
705. Fiigierral (@ (@ag 690 @ishdnigeradon pagikaeatagmititre qompriaihg yreddcimpoakict | ve ti ps
706 on conductive pin plate 705. At |east a portion of conductive tips 706
can be feelingintoehamber 60t tart s fdctgabes &pevegch contilictivel tip G0Mnmnaraini tha atv t h

i nternal volunme 702 of chanber 701, or conbinations thereof. Figure 19(b)
pr ovi ddsast ohe gropaiitef canductivettips S0piincgineted 102 DLivetage solifcashatdas i ng sl ot
707 which is shown as residing between two rows of conductive tips 10 706.
Conductriegetiyelnbipbed andi@b othertohthe frstng sbe@rl aedricaly conreciuigoupg &nect ors 709
which are in electrical communication to a central processing unit to

conér olcohhestedfo 2 DENGtag@sdiree drat Byposftivelgmitiset]) ared whersin b6 DCAvaltage such as
the reactive gas, a carrier gas, an inert gas, and conbi nati ons thereof nmay
f | ow t leoarogithdtds gegatively diased eind IO DCniottagid eouras thet isgrosdivéipbiaseianen) . The

fl ow of gas through conductive pin plate 603 may be controlled by a

baf f | i rdedinlle conmecisaktha fahetivhealr con@dlidrilest is-capabissof temptiogd sUBplpf and vi a
flow nmeters or mass flow controllers that are in electrical conmunication

t 0 t he epergyhetweerbthiel D0 vitagelsouice thatie negativelydiased 4b8 thd DE wditegasourns  of

| ongi tudi nal slot 707 on conductive pin plate 705, insulating plate 704 and
t he di rthaids positivedy biased)as ghd mixtarpanimprising 2Z0@daeeng bas dehar fidwrethroigh conput er
nodel ing or gas distribution nodeling to achieve the opti numgas fl ow
pari@netohambef 601 Andthosugbtdaeh cafdumtibe tip BOA haying irderaat pessagengys|&drmemdadt gases
may be added to the gas m xture or alternated with the gas m xture, can be
i nt r odueast ohageouph theacaeiuctivedips (B06tis attivated tida @@ olsigarsdarce tigatds pl at es
that are comonly seen in reflow furnaces or other nethods that will not

di | ut e ricgetivehabibset sgdlsat@liectrbas e by gbestataddicine sacl Gfraattive tgpalss whefel) and
20(b) provide a top view and a side view, respectively of a 25particul ar
enbodi ratidasoé pettieatof tielederiattyciBbatudast b pariendd thecteddcing gasttatr ay of
sharp cathode emitter tips 806 that is suitable, for exanple, in die-to-die
J oi ni ndolidwing euttfeanm eactBdonductive 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 subsirate 606, wherein the at
least one group of conductive tips 605 electrically connected to the DC voltage source that is
negatively biased and the other group of conductive tips 605 electrically connected to 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 target area

609, or combinations thereof. The negatively charged reducing gas then contacts the
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enbodi nents, substrate 800 or 3-D stacked package to be treated is placed
onto or proxinmal to a conductive plate 810 which acts as the anode. Figures
20(a) and 20(b) provide an enbodi rent of an el ectrode assenbly that may be
used, for exanple, to nmaxim ze penetration of activated hydrogen ions
within the reducing gas m xture into the gap between 5two stacked | ayers of
die-to-die joining. Mrre specifically, the cathode emtter tips 806 can

sur r ourtcbagihg bedsde G08pdsUbstrate 50T vith Heawdgativedn clharged BRldciog gaaioradycs treck ed

| ayers 801 and face toward the gaps 803 between stacked |layers 801. In the
enbodi maatal chdgiscdreitieitreatim@surtac2 @08 of thecdubdirdta Ber s I8this arratherleadiadirceis,y
conductive or sem -conductive (e.g., at least a portion of the stacked

| ayer s apatien ettheiredicing gaendudibived thrangh thawendudgiive tips 80% hafing bitetaal bunps 10
shown as 802. Referring again to Figure 20b, the surface of the bottomdie
of t he =dsasgevhyp a0l digebdatcediftoe tddyicing yab edxttilecorsenfpacents theréef sacbde pl at e
810. Cat hode assenbly 805 conprising cathode emtting tips 806 can be

pl aded My camse Bdwddediizictly into Birght areaf 609te fartraible eddyrdrgkgasamBiife ansiif ace gaps
803. In the enbodi mrent shown in Figure 20b, the emtting tips 806 are
subst arfobed]l yFigarei2Z4qrbvtes Y \aefuhier emboatinhent oé tHecele ctimde asserablp @68’ em tti ng
tips 806 15 can be angl ed up or down dependi ng upon the geonetry of the

st ackedgpintdchipdrigue 16, tin Eguex21, Bleetrpde asseneblp 600’ ihas madhasibeg@Hhamingtaar e 1 s
preferably at or near anbient; no special pressure such as vacuumis

r equi r drdterniah voltiimeré02hihatialivesstisr, the flewrof thecredgeing gasoxtammponents thamege from 10
to 20 psia or from14 to 16 psia. The voltage may depend upon on the

di st andardughintemat yuturna 602'caddhiougle cathogs 6840 hagingd = plerablly af keltbwpackage 800.
In 20certain enbodi nents, the voltage level may range fromO0.1 to 10 kV.

[ 00@9] damdadivedips®05 'Sowdicei sarfacebxided on § sobstete (ot shi@vrg prdxamaktoi ahode
relatively large, the attraction force between, for exanple, the cathode
and ancdls’.oh deneinedneioddirmeats atbe effisiency afdissnciativa efscyon bitachmere tetter ode
deflection if the electrode is made of an electrically conductive plate.
Thi s amedecinig aenibleanles @ag @kympmeed by pre-beatingghe E=ndenatyredefdhe cedubieguneven
space 25between the two el ectrodes. To elim nate anode defl ection, the
anode ogas, beomademane cmpeinentsitharadf, o a oatdiapedepd Empanatute pngatsedh aet al
grid lines. For treating a | arge area conductive - 38- substrate, such as,
for examqinet liritatbtoe20G10r §0BCE, Fohexanadlerthe preheatadsedudng gad tan ks t he anode.
To mnim ze wafer deflection during electron attachnent process, an

addist i GARbduRE e enBlbed®tatdtt ke G eflouyHome Palralitp obiclleRdihbective tibssosaf er
to counteract the attraction force between the top cathode emtter and the

waf er. dmdialcariélodl dRh 360X R ietréduced @broom temperature directly to 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 particular embodiment, hollow 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 fiuid inlet 613’. However, in other embodiments the mixture can be introduced
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5 an enbodi nent that conprises a counterbal ancing cathode. In Figure 22, a
waf er 900 conprising a plurality of sol der bunps 901 face a cat hode
assenbly 905 conprising an array of cathode emtter tips 906. Wafer 900 is
grounded which acts as an anode. The cat hode assenbly is in electrical
communi cation with a vol tage source (not shown). A counterbal anci ng

el ectrode 910 is placed proximl to or underneath wafer 900 which acts to
10 courtbgethal apeembaidho dthartse mdrpalS@umd, @04l084d falhyet aedtah and/anbotapipar at us
described herein will be illustrated in nore detail with reference to the

f ol | owiimgrresk esipie snd lentloédd wngeilacedhe under st ood t hat the present nethod and
apparatus is not deened to be limted thereto. 15EXAMPLES Exanple 1 [00101]
A fir st[0esg]erYarantthaasmbedithent efdhd glevisodegassembly- dssatiled hereiade deditted franpl e
used was a fluxless tin-lead solder preform(nelting point 183C) on a

gr oundedtigure e IFiguire i & pfovitizd aan, isorhéeteib vieasof laaatdsbdinsit dé aa ehengidhige and heat ed
up to 250C under a gas flow of 5% 20H2 in N2. Wen the sanple tenperature
was5at edteptiode assembly Z0MComplisiaga chambearpil i leingedniatenndl hefumegéis, gas eletst r ode
(cathode) and the grounded sanple (anode) and gradually increased to about
- 2kV w703, an twsukatind plefe 1043 asondingive ipsi glate & 0B dizviag mohthectivewipe Feg anddes was
about 1cm The pressure was anbient, atnospheric pressure. It was found

t hat t hetotSOF dénsulsting platke @4 nesrybosirhéntwiepictsdl iofrigune 1€ apisdo iselaté #ee. Wt hout
applying an electric 25 voltage, a good wetting of a fluxless solder on a
copper condbctive pirgplatefdsfrape claarhiber\7dd, whick alidwd awas,cxopgriaing itiee rezleingi n pur e
H2, because the effective tenperature for pure H2 to - 39 - renobve

t i n- oxigdssiner gas tdamidrgme darsbdaiebinatona ktiwereof odIcw fhiteghfidemal vdlume 762 ul t
confirns that the electron-attachnment nmethod is effective in pronoting H2

f | 4Rl essdamit thete & taygettaraatrict sBowh)0 Eri2Ejiziteg electidde dthcaleberanemolilhic wer e

I nvestigated for el ectron-attachnent assisted hydrogen fl uxl ess sol dering
by usi rapsemblyfdredligrretivelg, @ pluraiohefmhedularsissgmblies wildcreasadrranged in secimsmpb e 1.
The results of the investigation is provided in Table |I. [00103] As Table |
I || ust redibeSor edsg aoesds foesart teplsesmehbt, ans ditribptios corgrah, dik./ maratdetziled whi ch

view of chamber 701 is provided 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 distribution 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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provi ded the highest fluxing efficiency and thus resulted in the shortest
wetting tinme. It is 10believed that the Ni/Cr cathode generates a
relatively larger quantity of electrons and has suitable energy |evel of
the el ectrons conpared to other cathode materials. Table |I. Effect of

Cat hode Material on Wetting Tinme at 250C and 20% H2 Material of Cathode Rod
with a Sharp Tip (1/16" dia.) Time to Conplete Wetting Brass 1 mn 55 sec
Copper gthétirayie ass. Nileksttangbmeni ¢foRS 7084y barselected suihnthaBthedlowStfai nl ess

Steel gas through gas inlet 703 into the internal volume 702 of chamber 701, through insulating
layer 704, and longitudinal slot 707 is optimized.
[0097] Figures 19(a) and 19(b) provides a side and top view of further aspects of
5  conductive pin plate 705. Figure 19(a) shows the arrangement of the plurality of conductive
tips 706 on conductive pin plate 705. At least a portion of conductive tips 706 can be solid,
having an internal passageway in fiuid communication with internal volume 702 of chamber
701, or combinations thereof. Figure 19(b) provides a top view of conductive pin plate 705
further illustrating slot 707 which is shown as residing between two rows of conductive tips
10  706. Conductive pin plate 705 further comprises one or more power connectors 709 which
are in electrical communication to a central processing unit to control flow of energy to the
array of conductive tips 706. A gas such as the reactive gas, a carrier gas, an inert gas, and
combinations thereof may flow through longitudinal slot 709 into the target area (not shown).
The flow of gas through conductive pin piate 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 controliers
that are in electrical communication fo 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 fiow 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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1 mn Tuftssten 1 mn 54 sec 15 Exanple 3 [00104] The present exanple was
conducted to investigate the effectiveness of the thermal- field em ssion
nmet hod for generating electrons. A 3mmdi aneter graphite rod, having a
nunber of 1nm | ong machined tips protruding fromits surface, acted as the
cathode and had a geonetry simlar to that depicted in Figure 2i . Each of
the protrudi ng machined tips 20 had a tip angle of 25 degrees. The graphite

rod wasnhterireehts subbtrate 306 offi3xD stackef pdrkhize arisk RE@Ristpacd@nto 408Hokimab00C
by resistive heating using an AC power source. A DC voltage source of 5KV

was appbiaabnbadtive @até BE0 ghith Rictscastib Aadkde. aFigur@s 2o ahd RDES) erdvidd amict ed as
an anode having a 1.5 cmgap therebetween. Al the tips on the graphite rod

wer e i ldnrddiragethf bh efeebydé Bsiediily that nagbe eksed foromnantie) kel maginfies M y be
generated fromthe distributed tips on the graphite rod. Wthout heating of

t he gr gehktrationost actiigsEhydrodeh bas Rithinelie RRIUEhG ghs atixtened isitoa ghp demickaA

cat hode, or arcing between one of the tips and the 5anode plate. This
denmgnstiwatseskbd yetshef disotshdie fdiniog  Mbraispatiicallys ehetieodeanitier tipsl S06aa ti ps
and el evated tenperatures, i.e., a thermal-field em ssion nethod, is

ef f ect isuerotind abibhstiaporior il the sticeddpdckage 800 sontainingstavkad Idystegyodren
emtting system Exanple 4 10[ 00105] The present exanple was conduct ed

usi ng daée Rdardlinengabe 80B betwalencitdakat lhyvess 8y [héad émbodimenat ddpidtpe th
hori zontal |y between two machi ned Al 203 refractory plates such as the

el ect r dtigure 120b sétacie@dayeis BO D breceldotridally @bhdRtiod of $ensi-daindietive ¢BHQ I leased | Oy
emtting wires, each with a sharp tip (12.5 degree) on one end of the wre,

pr ot r ugsstigresfpled siack8ddayars bresettfieallyi cokglictoty ad huvelreplilitality ofisbRicAbEmper e
vertically positioned between two refractory plates.

10  shown as 802. Referring again to Figure 20b, the surface of the bottom die of the stacked
package 800 directly touches the surface of the anode plate 810. Cathode assembly 805
comprising cathode emitting tips 806 can be placed around at least two sides of the stacked
package 800 and face gaps 803. In the embodiment 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. |n other embodiments, the reducing gas
mixture may range from 10 to 20 psia or from 14 tc 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.

{00991 In embodiments wherein a plurality rof electrode surfaces is relatively large, the
attraction force between, for example, the cathode and anode of the electrocde 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 defiection, the anode can be made by an

electrically insulated plate with printed metal grid lines. For freating a large area conductive
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15 The ni ckel -chrom um heating wire and tips were heated up in a gas

m xture of 5% and 95%\2 to about 870C using an AC power source. A DC

vol tage of 2. 6KV was applied between the cat hode and a copper plate that
acted as the anode having a 6 nmgap between the two el ectrodes. Al five
tips were illumnated and the total em ssion current reached 2.4 mA

Wt hout heating of the wire, there would be either no el ectron em ssion 20

f rom t heusahieopsiech &, foregimglebe iwateRubace, tie Whfer tarpise aswdl difeetiprstie pl at e.
Li ke exanmple 3, exanple 4 denonstrates that thernal -assisted field em ssion

provi desnddei To riimimiz@oidferndefigttch duiingfelgdtiba mitatienent peocebs, tameadditginer
tenperature of the em ssion electrode, it also increases the quantity of

t he el egdthede slatean®e sitied pixiredl t€ beaiddreeatio treniafal to AbntEratfHecatbact/dd0106]
The present exanple was conducted to denonstrate the effect of a voltage

pul se betosassweawtheltes tathoisemitet ahdtheavaien. SEgurs . 224hsisranl exatrige of such
ni ckel -chromum all oy wire was used as the em ssion el ectrode and a

gr oundesh emppdiment thbEcoirdes asoanfeastareirgadatiagtiz. RigweRRea wafart 80MWas

| ocated 3nm below the tip of the em ssion electrode. A tin/lead sol der
Spr ef or gorgrisirdl # plocdity sfgokiet bemp® pPrefacplaadathodElessambly 05 chmprisinmant 1 e,
preform and copper plate were naintained in a furnace at anbient

t enper asrdyeofi cathddg @amittentips 1906 0 WS- 0068 drdunded evnichradts agd\éh arodzu | Thed

uni -di rectional voltage of various frequencies and anplitudes was applied

bet weencdthede auzeaibBas iroslecricdl o Lhicadomaith iacmltaddisotete(riot sitovagt ént i al  of
the em ssion el ectrode was varied fromnegative to zero relative to the

gr oundegbuh@hrbslancihg eletiostiz 91065 pliced praxivhaido oF andernesth vafdr®0gavidctaaatsitd r om
the tip electrode. The results are provided in Table Il. [00107] The

r esngl t scaumtefbiibecd dathatdl aemblyfa0s. great er quantities of electrons are
generated fromthe em ssion el ectrode when a vol tage pul se of higher
pul si ng[oh1 BOJUENE shetiivd amdpphtites descabel herdin Wil bédhistratet in hore Betai adth onal
Vol t age Pul se

reference to the following examples, but it should be understood that the present method

and apparaius 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 No. When the sample temperature was at equilibrium, a DC 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. Thé 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 voltage, a good wetting of a fluxless solder on a copper surface can never be achieved at

such low temperature, even in pure Hy, because the effective temperature for pure H; to
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Pul si ng Frequency (Hz) 0 250 500 1000 2500 Em ssion Current at 3.4 kV
Pul sing Anplitude (m) 0 0.3 0.4 0.5 0.6 Em ssion Current at 1.0 kV Pul sing
Amplitude (md) 0 0.1 0.1

remove tin-oxides on a tin-based solder is above 350°C. Therefore, this resuit confirms that

the electron-attachment method is effective in promoting H, fluxless soldering.

Example 2
5 [001 02] Several cathode materials were investigated for electron-attachment assisted
hydrogen fluxless soldering by using the field emission mechanism using the same set-up as
Example 1. The resuits of the investigation is provided in Table I.
[00103] As Table | illustrates, the best result was obtained by using a Ni/Cr cathode, which
provided the highest fluxing efficiency and thus resulted in the shortest wetting time. Itis
10  believed that the Ni/Cr cathode generates a relatively larger quantity of electrons and has

suitable energy level of the electrons compared to other cathode materials.

Table |: 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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0.2 0.2 Exanple 6 [ 00108] The present exanple was conducted to
denonstrate surface discharge by altering 20 the polarity of the two
el ectrodes using the sane set-up as exanple 5. [00109] A bi-directional
voltage pulse with a total pulsing anplitude of 3.4 kV (e.g. from+1.7 kV
to -1.7 kV) was applied between the two el ectrodes. During the
bi -di rectional voltage pulse, the polarity of the two el ectrodes was
changedn dnodethaging wok.Glsm gapcheriepetwieenh&lidim tinsi @nthelgeanhite ded weee vari ed from
a positive to a negative electrical bias relative to the grounded 5base
el ect r dideminéted dereky indinbting tbheelectoms couldhwmiformrie bagederbtegfiamther et ri eved to
the tip electrode. [00110] Table |1l provides the | eakage current fromthe
base eldisttipdeedtipoon tagnadhiteqodnithofit heading of theigraphith aed dherdgvolicbbe | | |
illustrates, the higher the frequency of the polarity change, the | ower the
char ge dithet nb elpctwin émissiob jroobthercathede drarting kalyeeo wne ehthegipssinddhe hr ough
the 10 copper base electrode. Table Il1l: Bi-Drectional Voltage Pul se
Pul §i ncgarede gladencThi Heinoagtat&dthal h@Gombination of using a cathode having multiple tips

and elevated temperatures, i.e., a thermal-field emission method, is effective for obtaining

uniform eleciron emission from an integrated emitting system.

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 alioy 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 emissign 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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2500 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 15enpl oyi ng an additional electrode. A 90 Pb/10Sn sol der
preform having a nelting 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 placed underneath the wafer and acted as a base el ectrode.
Two si f@0H6] i Themreseatt exdmplaiwanosndested ndenanstrate the gffe¢twd awoltaggyeulsend one
with a positive voltage, were installed 1 cm above the base el ectrode with
t he solbdtwestOpoefientivded be cathsdaamissivat Ve eimgleHip niokel-shregiemtallpy wirestasodes
was 1.5 cm The arrangenent was heated within a gas m xture containing 4%
H2 i n N@efl methe enissibs Bestrade ard & graungied enppesiplaiovaciedpeedaseeledvode. t he
melting point of the solder. Wen the reflow tenperature reached

equi | i Bimewovppet atervas latated Bmombelow shestiraofitbel etyssigmptigstieget Retindlesd solder and
the negative voltages to the two single-tip electrodes and the tine

r eqbii r quiefoon waselispobelbuponttBe copper plate. The nickel-chromium wire, preform, and

copper plate were maintained in a furnace at ambient temperature in a gas mixture of 4%H,
and the remainder N,. A pulsed uni-directional voltage of various frequencies and
' amplitudes was applied between the two electrodes. In this connection, the electric
potential of the emission electrode was varied from negative to zero relative to the grounded
10  base electrode thereby allowing electrons {o be generated from the tip electrode. The results
are provided in Table Il.
[00107] The results in Table Il indicate that greater quantities of electrons are generated
from the emission electrode when a voltage pulse of higher puising frequency and amplitude
is applied.
15

Table Il: Uni-Directionat Voltage Pulse

Pulsing Frequency (Hz) 0 250 500 1000 2500
Emission Currentat 3.4 kV | 0 0.3 0.4 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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preformto forma spherical ball was recorded. The formation of a spherical
sol der ball indicated an oxide-free solder surface. As shown in Table 1V,
the surface de-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 sol der.
5 Table IV I sotherm Refl ow Tenperature 310 320 330 (O

[00109] A bi-directional voltage pulse with a total pulsing amplitude of 3.4 kV (e.g. from +1.7

kV to —1.7 kV) was applied between the two electrodes. During the bi-directional voltage

pulse, the polarity of the two electrodes was changed. In other words, the tip of the emission

electrode was varied from a positive to a negative electrical bias relative to the grounded

5 base electrode thereby allowing electrons to be generated from and retrieved to the tip

electrode.

[00110] Table il provides the leakage current from the base electrode for each frequency of

the polarity change. 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 lI: Bi-Directional Voltage Pulse

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 substrate 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 instalied 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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Ball formation Tinme (seconds) 20, 18, 20, 24 17, 13, 16 14, 12 Average Ball
Formation Tine (seconds) 20.5 15.3

preform to form a spherical ball was recorded. The formation of a spherical solder ball
indicated an oxide-free solder surface. As shown in Table IV, the surface de-oxidation is
quite efficient at a range of temperature from 310 to 330°C, which is only 5 to 15°C above

the melting point of the solder.

Table IV

isotherm Reflow Temperature 310 320 330
(°C)
Ball formation Time (seconds) 20, 18, 20, 24 | 17, 13, 16 14, 12
Average Ball Formation Time 20.5 15.3 13

(seconds)

Example 8
[00112] A quariz-plate based elecirode 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 hetween the emission tips was as small as 0.5 cm. This result
demonstrates that the threshold voltage for a uniform electron emission from the quartz-plate
based electrode is largely reduced to a level much below that of gas ionization.
20
Example 9
[00113] A quariz-plate based electrode was instalied 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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13 Exanple 8 [00112] A quartz-plate based el ectrode was installed inside
a furnace. The space between 10netal 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 electrode (i.e., a base electrode). The gap between the
tips of netal 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 - begn prevoxidized i giatsiSAYC fordyo borg, wiiich Madeiiheveglorgfiihé eebpen plate quart z
el ectrode. A uniformelectron 15em ssion fromall the em ssion pins was
obser veldrkeThempared aib asigined cappec plates nkhef oxire thiskhessrvassébimatedhtotees~4004und
0.3 mA. Significantly, no arcing was observed in this enbodi nent where the
space iytAugenanaiysisni spreroxidizss! aspperpiatevds| puhon @ ramic sThsteate epdtften
denonstrates that the threshold voltage for a uniformel ectron em ssion

f rom t hesatproon a gpsiuatied blesksoles | Bt gapdestiveen thediph pf methlping anciuartizgladé nuch

bel ow that of gas ionization. 20 Exanple 9 [00113] A quartz-pl ate based

el ekt r add thesurfase hthequeionisized cappenrphate wasTheam s phe dirbatemanpurged by pPins on
the quartz plate was 1.0 cm The treating surface was a copper plate that
had bébihamneedwitdiNz @nd iheatedrto 200°(5 Fositive andwegalive yoliagasoveramtternatieelc ol or

of the copper plate darker conpared with original copper plate. The oxide

t hi ckn@ppliagaen et diffiereridirowpsoef metelpinhyithagiplitudesibf/si.2kV ame-192kdL, oxi di zed
copper plate was put on a ceram c substrate and then | ocated on a grounded
el ect r serpectively. gHpe dtermading frclqysendyprasots KEz.ah upifors electtpnagroigsiphatae 5 and t he
surface of the pre-oxidized copper plate was 1 cm The furnace was purged
by 5% leRs¢raednbder 14 mnuks aiisdcthelaticon attachoeat treadient yrden the ennglitionve
voltages were alternatively applied on two different groups of netal pins
wi 10 adigbéerihedabovd, the copper plate was fken out of the furnace. It was observed that the

color of the treated copper surface was changed to the original copper plate color. Without
applying the electron aitachment process described herein, the oxide reductions on the

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

15 Example 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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respectively. The alternating frequency was 15 KHz. A uniform el ectron

em ssion was observed. After 15 m nutes of such electron attachnent
treatment under the condition 10 descri bed above, the copper plate was
taken out of the furnace. It was observed that the color of the treated
copper surface was changed to the original copper plate color. Wthout
applying the electron attachnent process described herein, the oxide

r educt iusad toelettiieally eonaand abthet $vecqndectivei tihis by doldeppe using pdighotenveraiutse
inefficient in the sane heating process. 15Exanple 10 [00114] An energi zi ng
el ect r sdldlecohtaassempled energzing elestodhwab instalied insigleanlaboratorynratale dlroass. a gas
inlet in fluid comrunication with the internal volunme, and an insulating
base whihluxdess tinfiead soldea perfomeaiha trieltiagploint af 1837Caofndatimeusions/ef 2i ps
each having an internal passageway in fluid communication with internal

vol unme myagliareeter argl T oint beight Wtre pyt ars diff2eent logations oflagroyideddequang-shapeshape
and had a 6.0 cmdianeter and 8.0 cm height. The ceram c base pl ate was

dri bl-edOvine hy 46 caxr soppenflate ivhici aded as b baaw elegtrode). Bie enppdi platet with ted spaced
5 mm apart. Each conductive tip had an interior passageway that was in
fluid coldennpédertisam itsito surtfacel wasdpeated ¢ ainubslowtthe énrd pdiatstoéthe comdestiver nal
0.64 dianeter, a 0.32 internal dianmeter, a tip having a 12 degree angl ed

sl ant edipewiithezandrgizing alrgitetiednsidd tha fagnage2 Boeducing gas mixtule ehdi®eH. angil 97
conductive tips were inserted into the ceram c base plate and held in place
at t he 9laNgwds atpdugedintokibe furhaaenduringlieatingy Whien adieguilibriym dgmpera@@sof nch
was -45 - wused to electrically connect all the 97 conductive tips by

sol der i22§°Givian geachkd ghpulegrberitaparanging fiem 0 tTh2 kY st e pising feamegtw ofid

el ectrode was installed inside a | aboratory-scale furnace. Five fluxless

ti N0l eddizswdscanplipd oh thenanergizing glestrode.t Angifgroi electodn dreBgioafigndalhibasi ons of 2
mm di aneter and 1 nm hei ght were put on different |ocations of a grounded,
squar e-nehdledihs 38 abaetyed.1Dhe averegp emigsicnt aineht tém zeck deedle Hp a@sareurelct r ode.
The copper plate with the solder perforns on its top surface was |ocated 1
cm bel &3 tihe After 30 aecondfeladirenconiskion, itheexriepyment was stopped gng thegasipiet r ode
i nside the furnace. A reducing gas m xture of 5% H2 and 95% N2 was

i nt r odweasdaker outtof theffurnase eftelthe fiyrnaeawas goolgthdewanit sggifourtsi thahalk tbeper at ur e
of 220C was reached, a pul sed voltage ranging fromO to -3 kV at a pul sing
f r equersoidep pref@mBsOkede wed svedipdlondble coppeh @late diyghay efosipacisendesimparuni f or m

el ectron em ssion fromall the needle tips was observed. The average

enil§si amistien electrédeorrsembly wasaibeed infy thasaredumdcd bat iheid naf thersame30 second
el ectron em ssion, the experinment was stopped and the sanple was taken out
of the dopduciye tin$ having interfigimassaganays tayeibcougbvim fluidtcomssnieatind withdlte al | t he
sol der preforns were well wetted on the copper plate. By way of conparison,
a si m listernal 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 fiow of the hydrogen-containing

reducing gas improves the efficiency of the electron attachment process.

-46 -



15em ssion el ectrode assenbly was placed into the sanme furnace but it did
not the sanme conductive tips having internal passageways therethrough in
fluid conmunication with the internal volune of the glass chanber. Wthout
usi ng these conductive tips having the internal passageway, the same sol der
wetting under an area array em ssion tips could not be obtained unless the
furnace tenperature was above 250C and the em ssion tinme was 20l onger than
1 mnute. This conparison denonstrates that the use of an energizing

el ect r dd@ngerpi i si ng an i nternal vol une having conductive tips with

i nternal passageways in fluid communication with the internal volune that

al | ows [P0118]hEhef proverd examplehiiusiretge s roethbdiand agsaretly &irfigmyegsoldgnjomtss t he
efficiency of the electron attachnment process. Exanple 11 [00115] The

pr esentbedwearpa 8ipi dhipuand asesstratenteyt bsinh am drrasgsendiit ginfilar tof thahillusjrated ddhe | oi nt s
between a flip chip and a substrate by using an arrangenent simlar to that
i || &st remleatimenttdepichshib ditiures20(dpand 2@(0). i Therllig chipsasg@phly casthcRéd b) . The
flip chip assenbly or stacked package was conprised of 1 layer or a silicon
waf er heagkage wapcomprisedyof dflawwlod e silibompefenhepnof purelip pbsolgerdiumpsiatop act ed
as the anode. The cat hode el ectrode was placed on two opposing sides of the
st ack edf papppanpiaiseyhicthanted enthel armdd. The edthobe elecirdds whsiplasedioniven t he gap
bet ween the silicon wafer and copper plate in a manner simlar to that

depi ct exppsing Blkeg wf theZlddked prge pod weee herizentahpnd faced éhepsabdas iumpsawiihire | s
between the silicon wafer and copper plate rather than between two | ayers.
The fl ithe ghp petressorthe gilicondvafet arctieoppee platedide mar@risinies tadbatdepietad il aced
within a |l aboratory scal e tube furnace. A voltage of approximtely -2.5kV
(r 8Pat i Rigure 20¢n axnedt thatsheapan indbe preseheexemiivisdchwaanmitb isdison wafaraing

exanple, the flip chip contains eutectic tin-lead solder (mp. 183C) bunps
of 200 avppenplateTathesthanibetwhearwodayerd heha tibdbip assembly andscatimegiaieadeo a
peak tenperature of 250C in 4 vol % H2 and 96 vol % N2 and el ectron

at t achrassembiiescweredberhplaeédwitiio adpipiratory shald iuhe figrnada gA Voltageld0C t o 250C
for about 1 mnute. Wen the tenperature reached 250C, the heating power of
t he f urappoexinaigiv-REkN|(igiativelte grrindpwah applietio the calbatedssemblies.e Ibdhid t ur ned
of f. Visual observation and scanni ng el ectron m croscopy photographs showed
t hat 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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20t he sol der joints were successfully fornmed. [00116] By contrast, w thout
applying electron attachnent, a simlar flip chip assenbly had to be
conducted at a tenperature close to 400C in pure H2 to ensure a sufficient
oxi de reduction and solder reflow CLAIMS 1. A nethod of renoving a neta
oxide froma treating surface of a substrate, the nmethod conpri sing:
providing a substrate which is proximal to a base el ectrode having a
groundeéelMMISect ri cal potential, the substrate conprising a treating surface
conprising the netal oxide; providing an energizing electrode that is

proxi mel- t 0 A methyalad reshedng e destalmgidetfeons alreating surfash of aishbsitatedhst a
portion of the treating surface is exposed to the energi zing el ectrode and
wher ei rmethed bervprigihgict r ode and the energi zing el ectrode and the substrate
reside within a target area, wherein the energizing electrode is defined by

an i nsul at ed,pligh W PRIt ALILAGHSGNE 11 PS,
wher ei n thedpcror{glugtai]s\?'g&ﬁ}%gmédrhgsg&é‘@f‘é‘?%&%%}? conﬁect@%t@tj) conducti ve
wire, SR poteRf) e Bl SoRbhihla b FreSARALRIRY chitbfifl HehbtaPbAGLT | Cal 1Y
connected gr oapeanc!' a sgco'ﬁ e? e%tI r |%al Fy onnec gd rs(')l v%her gl n one of
the first or second electrically connected group is connected to a DC
vol t age souriFevidina@nienefgizing eleergdegthalsie graxivgalitp thedraserclestrogpang thest  or
second el ectrically connected group is 15connected to a DC vol tage source
t hat i subgieiei weergintatisastia parignwi thedreating suise/is lexkprfedde thecenargiaingi s
positively biased and the DC voltage source that is negatively biased are
el ect r i aediroge @od veéerain theobasefalgninode matl thaenaraizing elackade pad thexubstratef
alternating a supply of energy between the DC vol ta?e source that is
negat i vesige pithineataggel arase whereiiviheaneraigng electroda isideniprskby a sylatrdpialg;
10  comprising an array of protruding conductive tips, wherein the 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 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 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 funciional controlier 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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20passing a gas m xture conprising a reducing gas through the target area;
energi zing the rows of conductive tips by activating the DC vol tage source
that is negatively biased to generate electrons within the target area,
wherein at |east a portion of the electrons attach to at |east a portion of
the reducing gas thereby form ng a negatively charged reduci ng gas;
contacting the treating surface with the negatively charged reducing gas to
reduce the nenidctingthédeeating shrfacervetit the gegativelyasharged raducingdhgas tetregducend
energi zing the rows of conductive tips by activating the DC voltage source
t hat i sheowsitalioxigey obitlesteehting sudacd eftbe edestste; @hdct rons fromthe treating
surface, wherein the rows of 5 conductive tips electrically connected to
the DC volt t i J 'Qﬁﬁq ducti ve
tips electr ?%%I@%Hég%nrrg%géh?no&t% ﬁ\get éﬁ%%\%?%ﬁgge sgﬁ@&‘;‘{hﬁg{* Q%S‘Erc%ggelﬁ?él‘ vel y

bt ased .0 b RBA 1 It Al Uxok e8RS oMo treating WRHEICE] Bnbiafh PBREW £f N

el ectrdde further conprises an internal volune and a gas 1nlet in ui d

co ni ' | i ; ' ; 1 t he
conductyhduGetik Y aly barBBla Pl TR RNl o kol e i ¢
the int el | i f I S
passes Thra ot iRl 4ol B o EABH FrRME VB s RO R

i nt ernal; L ar ea. 2. The method of claiml
mhereiﬁL%{ Ieggﬁvg%%@?%?ghhgﬁgﬁﬁgﬁ%%ducing gas is pre- 1l5heated to a
tenperature ranging from 200 to 800C prior to introducing the reducing gas
into the taryegreiarteaenergizing elg:trotinéurther isoarposescaraintamalivg nccdEps inkitng a
count er bal anci ng el ectrode proxinmal to the substrate, base el ectrode,

and/ or iafleidgiominunicsition witbdlee intgnal volume, yvheTdie ahlepsicripgtion phhmcondadivei n t he
reducing gas is a gas selected fromthe group consisting of H2, CO SiH4,
Si 286, tORAaveme intgFalpassagioyay BFRjd cyranuniFgiongyithgthe itgrnab@liyae ap,  NH3,

H2S, straight, branched or cyclic Cl to ClO0 hydrocarbons, formc acid,

al coholwhergipialeastaportion ivhthergdtdiag gas Pagses fhrewehiiegag inietinto 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 infroducing 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, SiH,, SizHs, CF4, SFe, CF.Cl, HCI, BF3, WFs, UFs, SiFs, NF3,
CCIF;, HF, NH3, H,S, straight, branched or cyclic C4 to Cyp hydrocarbons, formic acid,

alcohols, acidic vapors having the following formula (li1):
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O (Il'l') RRCGOH organic vapors having the following formula (1V): 9 (1V)
R-C-H, and m xtures thereof, wherein substituents Rin forrmula (l111) and
formula (1V) is an alkyl group, a substituted al kyl group, an aryl group,

or a substituted aryl group. 5. The nethod of claim4 wherein the reducing
gas conprises H2. 6. The nethod of claim5 wherein the concentration of H2
in the reducing gas is from0.1 to 100 volune % 7. The nethod of claiml
wherein the gas mixture further conprisés a carrier 15gas selected fromthe
group consisting of: nitrogen, helllul—&&bh, argon krypton xenon, radon,
and m xtures therefore. 8. The nethod of claim1 wherein the base

el ectrode and the energi zing electrode are spaced apart from one anot her by
a distance of 1.0 cm 20

organic vapors having the following formula (IV):

2
(V) R—C-H,
5
and mixtures thereof, wherein substituents R in formula (i) and formula (IV) is an
alkyl group, a substituted alkyl group, an aryl group, or a substituted aryl group.

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

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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9. The nmethod of claim1 wherein the voltage ranges fromO0. 1kV to 30 kV.

10. The nmethod of claim1l wherein the frequency is between 0 kHz and 30kHz.
11. The method of claim 1l wherein the substrate is at a tenperature ranging
from 5100C to 400C. 12. The method of claim 1l wherein the voltage is
pul sed at a frequency between 0 kHz and 50kHz to prevent arcing. 1013. The
nmet hod of claim 1 wherein the insulated plate conprises a material sel ected
fromthe group consisting of: quartz, a ceramic material, a polyner, and

m xtures thereof. 14. The method of claim 13 wherein the

insul ated plate i . claim
13 whor of n"the. 1 nRe TG BFofth] Sherbh the freauency is befeol OHESRP SRz, T, 2

met hod of claim 15 wherein the polyner is an epoxy pol yner. 2017. The net hod
of claim1l wherein the treating surface further conprises sol der bunps.

18. The method of claim 1l wherein the substrate is an insul ated substrate
sel ect ed frdrh t hd'hgrmoethod ohdaist 1 whersin the subsfrate éipabategipaiueaangiag &om
substrate, a flexible flex polymeric substrate, a substrate used in an

i nt 8gr 208 & 4@UCt i nt er connection schene, a high density interconnect, a
substrate used in stacked integrated circuit, and a substrate used in a

12. The method of claim 1 wherein the voltage is pulsed at a frequency between

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: quariz, a ceramic material, a polymer, 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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5 stacked package. 19. An apparatus for renoving a netal oxide from
a treating surface of a substrate that resides in a target area, the
apparatus conprising: a base el ectrode having a grounded el ectri cal
potential; and 10an energi zing electrode that is proximl to the base

el ectrode and the substrate conprising: an insulated plate conprising an
array of conductive tips, wherein the conductive tips are electrically
connect ed byl8a cdiguuntthod oftlaiey 1 wherein themupsirate isaroihsulaled subalyates separ at ed
into a first electrically connected group and a second electrically
connectsetbctpddigm thleqgreumcansistio§ of: lagidid epoxyglassdamindtecsubstratecalfleyiblediexect ed
group is 15connected to a DC voltage source that is positively biased and

t he ot pelynafictshbstfate, st subistrateoused iebe intedratai| crcwibintesenragciinnotghems, advgiect ed
to a DC voltage source that is negatively biased, and wherein the DC

vol t agelessityiotert¢dmaect; 8 splostiate usddjinistanked indeatatet eirpd, wod esgbskatarsedimat i s
negatively biased are electrically connected to a functional controller

t hat | stac&kpdbbekagk. al t ernating a supply of energy between the DC voltage
source that is negatively 20bi ased and the DC voltage source that is
positively biased; wherein at |east 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 |east a portion of
the el ect rorid. at tArcapparatus fareersoviag panataloridss frem pdwating gudpes affat i s
present in the target area thereby form ng a negatively charged reducing
gas whisthsteate thed residasdn artarget agasthefapparatus ¢aseis®st he nmet al oxi des on the
treating surface of the substrate wherein the energizing el ectrode
further comybaes@liddBhalig'a JfoHHEa dkitdichi Badniidl &ta i n T1uid comuni cati on
wi th the internal vol une, erern at least a portion of the conductive
S5tips have an internal passageway in fluid comunication with the internal
voltme and \inegnargizing clestiede %apbrmﬁmabﬂo theybaseelgelrofly ukthpisubsirate passes

t hrough the gas inlet into the internal volunme and through the internal
passag@Rmprisingo anlirsulaleq plategasaprising an array of conductive tips, wherein the

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 voltage 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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20. The apparatus of claim 19 further conprising a counterbal anci ng

el ectrode 10proximal to the substrate, base el ectrode, and/or energizing
el ectrode. 21. A nmethod of reducing netal oxides and formng a
solder joint in a substrate conprising a |ayer wherein the |ayer conprises
a plurality of solder bunps, the method conprising: 15providing a substrate
which is proximal to a base el ectrode having a grounded el ectri cal

pot ent italget srea tisarblsy foahing comgyatigdingharbed teapeing whae misich cohtactsadhe treatingr i ses
the plurality of solder bunps; provi di ng an energi zi ng el ectrode

t hat | suffactameHuteotht mestilas@lesloadbe tdatirgradiriabe obthbstibsttate wherei n at | east
a portion of the |layer and sol der bunps is exposed to the 20energi zi ng

el ectrode a el . . I, and
el eotro0e Al S e BP Bk, ARG Phcrssotirand
(S el LR ftaRonALrlidktbh AR Sl o) SOITRNE, SnBRLirPL: 1854 BodMad i U Rive
conductive t1ps, erein the conductive tips are electrically connected by
a cend i ke, i i - CONN S0 j s t hrough
he 3t ar e dhiermarSs BBy B g coth i EARR Wi S e SRS AED

activatj ; . : ' ' I t: te

ol cct r oM e, BB B PR E AR s i PE Batect nbubh B3 RpiRiChE! ©

el ectrqps, lib&ﬁrtﬁetaﬂg%roldgﬁﬁe iffte A bb&r&g&];va%rﬁ?? fh%qH@ePQreQas thereby form ng
a negati vely charged redudci ng gas, eat I ng the substrate conprising
the | ayer wherein the |layer conprises the plurality of solder within a

furnace; and contacting the treating surface with the negatively
charged reducing gas to reflow the sol der bunps thereby formng the sol der
joint. 20.  The apparatus of claim 19 further comprising a counterbalancing electrode

10  proximal to the substrate, base electrode, 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
insutated 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 fips 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;

heating the substrate comprising the layer wherein the layer comprises the plurality

of solder within a furnace; and

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

solder bumps thereby forming the solder joint.
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