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TI TLE OF THE | NVENTI ON: REMOVAL OF SURFACE OXI DES BY
ELECTRON ATTACHMENT CROSS- REFERENCE TO RELATED
APPLI CATI ONS [ 0001] This application is a
continuation-in-part of U S. Patent Application No.
12/119,701, a continuation-in part of U S. Patent
Application No. 12/042,055, which, in turn, is a
continuation of U S. Patent Application No.
10/ 425, 405, filed April 28, 2003, the disclosures 5 of
whi ch are incorporated herein by reference in their
entirety. This application also clains the benefit of
U.S. Provisional ApplTLEADF THEIBIMENTION; 61/ 086, 313
filed August 5, 2008, the disclosure of which is
i ncor (REMOVALIRF SURFACE OKIDES 68Y EUECTRORMETTAIHMENT
BACKGROUND OF THE | NVENTI ON 10 [ 0002] Descri bed herein
are fluxless processes for renoving netal oxides from
t he surfacGRQSS-REFERENCE €0 REIATED AGPAICATIONSAt ed
substrate. Al so described herein is an apparatus for
[0007 E nbhis mgplicatian isox coninuatieninigast of W SaPateolf Agplisalissi NAt 1€/119,701,
[ 0003] Wafer bunping is a process used to nmake thick
a conginuationsimngast ofrl).BhBateht ppilicatibn Na.dk2/042;055)méichl imadm, is a
bondi ng. The bunps are commonly nade by depositing a
contiguatipsrof AhSt RatentiApplisationahol 102,408 tilediApg! 28,008 hd distlosures
herein as a first reflow) to conduct alloying and to
of whiehhargdnedrporatesideerein by wefessmice én thieirmntifeho This application also claims
mushr oom shape into a hem spherical -shape. The chip
the banefit of bkeS.fRrovisionalf ApplieatidnBevial Ne. 61/086)pt3iilet August 5, 2008, the
correspond to the footprint of the solder wettable
disclessirerohwhish émincdreomtdsbheraindyaaidrériverin isibpiretyed to a
second reflow to formsolder joints. These sol der
joints are referred to herein as inner |ead bonds.
H gh-nmelting point 20 solders (e.g., > 300C) are
normal | y used i BACKGRAOUND OEMHENVENTIONs because it
allows for -1 subsequent assenbly steps such as outer
[0002]c daedsphed hgreirvanpifinziessi prosbsaps| fonvermoningtrietgl gaddestfrom the surface
sol ders (e.g., <230C) w thout disruption of the inner
of a ubsitate cindlyding GOGAduIaTed sstsinate. oAlst Hesasibed terdinisem @fpaeitus for
the first reflowis critical. For exanple, a |l arge
remopingpnetali ayitesifronpthefsarfate of 4 substratet er bondi ng and
hi gher fatigue resistance. Further, the
[0003] Wafer bumping is a process used to make thick metal bumps on the chip bond

pads for inner lead bonding. The bumps are commonly made by depositing a solder on the
pads and then reflowing (referred to herein as a first reflow) to conduct alloying and to
change the shape of the solder bump from a mushroom-shape into a hemispherical-shape.
The chip with the first-reflowed bumps is “flipped” to correspond to the footprint of the solder
wettable terminals on the substrate and then subjected to a second refiow to form solder
joints. These solder joints are referred to herein as inner lead bonds. High-melting poiﬁt

solders (e.g., > 300°C) are normally used in the wafer bumping process because it allows for
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5 bunps formed should preferably be substantially

uniformto ensure planarity. Substantially uniform

sol der bunps having relatively larger bunp heights is

believed to be associated with an oxide-free bunp

surface during the first reflow. Currently, there are

two maj or approaches to renoving sol der oxides during
subsgelaeitidseémbl stepdl flh LBQUERISIRS bc*?\‘dl?ﬁqg Y@Je%ﬁ-u ing'léwer-melting point

approach is fluxless soldering using 6Lre ydr dgen at

soldérs(8gl, xa3beRaRLLAISBlio 8k kP I%Ié%nd he m or

chal 'enge of this approach 1s the anmabl e nature of

[000u] e ThY ERaptY 6HtRE SAder Mﬁﬁ@aﬁérﬂg@ﬁrﬁt tekiBi S critlal. For example, a large

application of this approach. The second approach I's

bump PBigHt 18 PreferabRIoF béﬂtéf’%ﬁdﬁg%rndth%eg féj@éé ﬁ:sgsttéﬁéaeg qf%geeﬁ the

bunps, or within a sol der paste

bumps iorhed sROWIA pkd1SrabR By suRtahbh l&‘t Uri¥Sr %@ﬁsuré‘?ﬁgsrﬁyh Substantially

reflowi ng the bunps in an I ne envi ronnen

unifoim&ofder BEMpPS ABVIRG Féf&ﬁdg}&ﬁ%ﬁ(\;g? Bmﬁﬁ?idh‘té i% ?elié%idqﬁ gtsa%l'%?gciated with

the sol der surface. 1 ver, I's appr oach

an oﬁﬂ@%é%lﬁﬁm SDFBLe Ao TR réRIWD COrdMG, fetdse @H%’ﬁﬁ(})’r

ue to flux deconposition. These voi dS may not

appro@Bies 88 rdmisirR] &tddri iiles HDAnG RIS RS fefibw of;fhtgﬁﬂeir BSmpbd wafer.

the fornmed sol der bonds but™ al so destro

One ﬁﬁprﬁh@ﬂ@ﬁiu&hés@%Ihéﬁgggggﬁglgggiygfggen%%ﬁéﬂ @n%efré’tﬁge of 400 to

t he subsequent chip SS. ecorrpose

450°C) Txe Vﬁj@dﬂaﬂ&dé%_thi@'aﬁﬁro%@ﬁ‘%qﬂb RaRAmdoiEndible cg}fhe pure hydrogen,

furnace which can increase the mal nt enance co

vy ot 8 i 46 MRS o Rl

orgaﬂii@ﬂﬁﬁsmﬁﬂlectfepbgiﬁe@ﬁﬁ@éftﬂuhgs[ 800#in E%ofd_%gg%ﬁg bﬂ)&g@ l’gét has

residues fromthe refl ow processes descri

beenppibted dhte il WsiePI0I6 @S iherigﬂhrﬁe aﬁg AitioWihg 1Bk Mimps in an inert

chl orof  uorcarbons (CFCs) as cl eani ng Tagents.

envirGAEMeo. thAQKE fIGe3Tan ekl %@g%ﬁ&%&ﬁi‘es BhIrE sSidér sufrace.

and i ncreases the manufactduring 25 processing tine.

However, this appioaeh HEE it Brawbaek®f SMAli 0Gas Eﬂéﬁ}?o%@ﬁé rs@lger bumps due

cl eaning agents is banned due to t potential danmage

to fluk BeddipoRtichh The MigS FiayhoPEAP ggg%ﬁ the SbEREMHRA mechanical

no-clean -2 fluxes havé been el oped by using a

propeitigd df e Rmnbd @f)id(leﬁl.tad')ﬁéi%tI:S?J;'t1 aisb Y5O He db%ﬁérg&?ﬂfﬂf etflg %%@ﬁl{ bumped

is a trade-off between the gain and loss in

waferqindfdtext the su eAl¢hip BEnditd prokbds. Ofhd &‘%onﬁo&é@ﬁux volatiles can
Therefore, a catal ytic nethod to assist generating
also doheiibiart ¥R I fikhabe Whithlcan ifdase the maintenance cost. In addition,
flux residues are oftentimes left upon the wafer which can corrode metals and degrade the
performance of the assembly.
{0005] To remove the flux residues from the reflow processes described above, a post
cleaning process may be adopted using chlorofluorcarbons (CFCs) as cleaning agents.
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
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t hus reducing the effective ranges of hydrogen
concentration and processing tenperature for 5
reduci ng surface oxi des, has been sought by the

i ndustry. [0006] Fluxless (dry) soldering has been
performed in the prior art using several techniques.
One technique is to enploy lasers to ablate or heat

fluxg¥®iatb badh d8velbSed Wﬁ:‘ring H%ﬁﬁ?liaﬁﬁ‘}uhpﬁ égﬁ%ﬁfs% Ye@iRte redlalies, there
'y u t or

processes are typica perfornmed under 1 ner

is a r&4BI6K DBwedh TRS AR RS 14 ilﬁ)&%vﬁﬂél% tgf % l%@fdh@é‘ aﬁc{gfet?ctivity of the

rel eased contani nants. However, I ng or

ok MRS YA 5, 40 88 BN e,
thus YéRRigAfe %ﬁ@dﬂgﬁﬁ?ﬁ 'thde%Eﬁ %F;Rée%traﬁb’r?%nd Br%@é%srineg temperature for

processes are to™I npl enent. asers

recubfgisithid/ oFIARAL KEord Bl Pﬁ&”e%&ﬁw o operate and

require a direct | t to he oxide |ayer.
o00F] PR 477 bt AR o WS L e
techRYLELE SORERCRRIGEE Wbt didy 8sKGS dbiaks t%ehea{ &e[%)@(igtes to their

t hrough exposure to reactlive gases g.,

vapoRZRIGH1BRpERRERS ABUER Erqc@‘sé@s"cfré‘ é}lﬁ{c‘&gﬁ P@r@f&i;rl%?eﬂgépihﬁﬁ)or reducing

greater reducing gas in an in afrie
B P b B i o6 i
oo PSSR e 4y 5o
or vaBMEY Ble bak8 et TRERAGRSsichNadist fé%%é?@{?%e'oﬂ‘ﬁ&jlﬁﬁtihéﬁment.
e an

even at el evated tenperatures. spee

Lasefd ir%%ic‘!eﬁl’i}%z(ﬁeﬁgivé AR heflikeht f&rbggFa% andr iele&gd.iregtu line of sight to

I ncr eased ng nore active r ucli ng spec

the oRfdeliRrS ?Eﬁeeﬁcﬁ?sr‘lirﬁi?tr@ lfﬁ%ﬂﬁﬁé%slb? \dser %Eﬁ?(i&ﬁ‘és‘; {op ﬁ'Jogtr soldering

plasma t ni ques. Gas plasmas at audi o, radi o,
applidtighgwave frequencies can be used to produce reactive
radi cals for surface de-oxidation. In such processes,

[000H} %uﬁé&%g%éﬁggg‘éghgm@? B%duﬁgégbﬁaﬂi Ald QHroiu%h WREErOto

i'oni ze and or ot Her speci es,

! i ocl € Ve ihdiate
reactiveqJadds g;Q%.éH%%t'e@ag&??@?b@t&gspﬂm%@&rgégHlbg rsf/'l(’a rgﬂ‘grgater

reactiv di'cal s. e treatnent can

redutgﬁb% gﬁé”inta(?ﬁﬁgft @éﬂr‘ib?%.#’.?%ﬁﬁé ﬁ@%@l&f g%;ﬁgvlﬂe’ reé&ioﬂ&ﬂ?&usc&%ﬁ.g., H.0)

I n optinmum con ornmati

are tRIMISRBSES rBhé ¥OK&R By ud¥BRiteh T the Wi\Rhed RiPéMiture and carried
condi t1ons. Vacuum

away in the gas flow field. Typical process temperatures exceed 350°C. However, this

process can be slow and ineffective, even at elevated temperatures.

[0008] The speed and effectiveness of the reduction process can be increased using more

active reducing species. Such active species can be produced using conventional plasma

techniques. Gas plasmas at audio, radio, or microwave frequencies can be used to produce

reactive radicals for surface de-oxidation. In such processes, high intensity electromagnetic

radiation is used to ionize and dissociate H, O, SFs or other species, including fluorine-

containing compounds, into highly reactive radicals. Surface treatment can be performed at

-3-
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operations require expensive equi pnent and nust be
perfornmed as a slow, batch process rather than a
faster, continuous process. Also, plasmas are
typically dispersed diffusely 5 within the process
chanber and are difficult to direct at a specific
substrate area. Therefore, the reactive species

temﬁe’l@lﬂ%s Bfove Bbhe, 3%%415'5‘% ok % b&aﬁm@%ﬁ‘fﬁ‘?@@ﬁim& E?&Pﬁésma

can al so cause mage to process c

formﬁ%ﬂ IsBEh PROCBERSERE tyﬁéﬂg@?ﬁ o r fatu uﬁfégcgﬂ“oﬂ% Y8cuum

of space charge on rrc sur aces

operBfieits @h&‘ rdbkdePSive Sllibmel AR Rust b TGRS &%er oW, a‘i process

can al so cause mcrocCircult damg e and s

rathdr@RBEA RistdrC chﬁeru@@s Hﬂoﬁéé Wiko, teDI gﬁ%te[rg g\{p%%ll*/ ﬁﬁpersed diffusely

treatnent. smas can SO r ase

mthnﬂ@ﬁ@ﬁfo@é‘é ey Laﬂ&‘r% e Jg.m&hh o el aP4 gﬁfc}g:ﬁ%b%%tg frea. Therefore,

requl re expensive e ri ca equi p

o SEEEA AL FS A NS, P cu
damg%éfol &ase%s%paﬁ»%e&smug]h a%%ﬂﬂﬁﬁgdé&o@eéseﬂﬁa c4g 8{86‘3!’:8 ggn

Specl es

accufrlUIATRYF shatel ek Og,'{'gaé:ﬁ Mle@? ﬁ%‘ﬁhﬁé& Wé?)%ss”ﬂ%qﬁl&%%ﬂcwt

In a vacuum condl ti on e enerdgl ze

i R R -
tempefilife m% 6& bR lt$ ot aﬁﬁr& Qédtﬁlén?rﬁ?&ﬁgg?%r?na!?ﬁ ‘;e-é;ﬁ%%e

or capt e excess ree e rons emt

rorohia B AuAGI6L IR ST LR R AT fu B ot ica
equa&ﬁait%ggghﬂf@@Faﬁﬁa&aae wasrt Rty Q:p gtﬁé.ﬁo\he?agfcosbb

6, 203 cl oses océsds tor’ ac

eﬁecﬁ.@,{ég the discharge from a therm onic cat hode
El ectrons emtted fromthe therm onic cathode create

[000? 935S PSR X 264184 His cIWEHSC 4‘@%‘3@% L ﬁl%dﬂ&hg\é%ﬁa%'h%rogen

he em ssi on process IS per ara

k8 R840 e B
hydrd%n%‘ﬂ S VaEdirh l‘.ﬂﬁfﬁ@?ﬁ r{{&&%ké’d A é\*enﬁb‘él&%&uc the substrate

wever, suc e process requir vac

surfaFé’ Nehd %rﬁtﬂﬁa 61"%% R RIShERThdy l% ﬁ'lnébo" té %@ﬁmﬂectncally

m operati ons require e SIVG

blaséﬂfbrﬁg ad5dedB deflSQ'HR %ﬁbﬁedexcess free electrons em:tted from the hot

filament. The reactive species or atomic hydrogen is produced from mixtures containing 2%

to 100% hydrogen in an inert carrier gas.

[0010] U.S. Pat. No. 6,203,637 discloses a process for activating hydrogen using the
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
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
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into sol dering conveyor belt systens, thereby reducing
their overall cost effectiveness. [0011] Potier, et
al ., "Fluxless Soldering Under Activated Atnosphere at
Ambi ent  Pressure", Surface Mount Internationa

Conf erence, 1995, San Jose, CA, and U S. Pat. Nos. 5
6, 146, 503, 6, 089, 445, 6, 021, 940, 6,007,637, 5,941, 448,

filanen8if8, ¥hduandperafidns rdhlire @xeéndh ecﬂi‘ &R SWAich Must be incorporated
produci ng activated H2 (or other uci ng gases, such

into acidélig convblhbealtsysigmsethredyi r@éucurﬁb %F%WI%H cEE‘leeffectweness
reducing gas is generally present at "percent |evels’

[001i1h Rotiemer 4., “CloxiesESolatind DRder AdiPatdb 2MBESIRré §t Ambient
produced using an alternating voltage source of

Pressae sSutface Mduow Mitémiatiord! Cohfepdiicet Mbds, %anbQén CA, and U.S, Pat. Nos.
el ectrodes in a renote chanber produce exited or 10

6,146/59826,089,808,6,631,940116 mwuésh@ahaaé By8 éi@ﬁn@iﬁ 722,581 describe
el ectri caIIy charged speci es, which are then I'o

procésseshier srodadingactivatbeH) ﬁ%ﬁéﬂhbl’ f&lu@iﬁ? gg§§§ SubIPES'ERI, or NHs) using

oxi des on the base net to be red at

electriealiigchhtyes STHRGRHUGHRY §as IHYeRuRly pisht ét@ﬁ%sm%ﬁﬂé"% 8R inert

chanbers require significant equi pmrent costs and are
carriénjasad). | The @isdhardd e PFoduRe@ s iantheHaHRE VORhJe BRI “several

belt systens. In addition, these procesSes are

kilovollsp) Emctrigns Bimitadertbri Blechbdest ih @3bMBE SMifntER bRddute exited or
surface before soldering rather than renoving sol de

unstablé epecied AL subStantRaly fredief e%cﬁ%ﬁilﬁ&%r&&fgﬁéc%swﬁlch are then

surface treatnent process using electrical = discharge

floweal tophasubstrate. AFHEDeBIRAG Pradb&sesUbAude SXaes d 18 b‘éé’é 10 be
(1 kv to 50 kV) electrode. The electrode is place

solddrbe aplempieratings Pleat 180°CUNGWeVEE stah Rhoth @%hh@e%ﬁéﬁﬂ@k@eqmm

chanber. The free electrons enmtted fromthe

signikidac bauiphentUoRtLar’ Are et badiy Merbimee fo éﬂgﬁuﬁaéo‘iderma c@Rveyor beit
pl asma contai ni ng atom ¢ hydrogen-- which then pass

systeiy. dn @lidition, thegsprobessed iapd %kbll)ﬁeﬁ‘a?b@éﬂjfor @:Ire’iﬁ&@hr@vtﬁé metal
the oxidi zed substrate. The dielectric shiel

surface beford siliéring! atheR tHanwemovidg @8Rer oxdés) those specific
surface | ocations requiring de-oxidation. However,

[00123ualnsdPat. 8, 6j4338206led6ribesasuagE Tahfidht ﬁkﬁc%% @suﬁ& dlegftical
that may alter the electric field and inhibit precise

dischprgecs sasnipat dtflosphidie plesstird P&ﬂ a%%? oSt bs( 1Rty SH%W electrods.
to flux base metal surfaces. 13 ccord| ngly

The didttiode isplac&ERdhé ProxiRindithé Qutiy‘traié ﬁmeﬁ\%zﬁ‘ﬁﬁ '&%}ﬁaéd chamber
and efficient process for fluxless reflow of sol
The fleengesirons lerittet i thebiBEtrotRisprédUdetlr8ARME Ry ioen Féhucmé--a
plasma containing atomic hydrogen-- which then pass through openings in a dielectric shield
placed over the oxidized substrate. The dielectric shieid concentrates the active hydrogen
onto those specific surface locations requiring de-oxidation. However, such dielectric shields
can accumulate surface charge that may alter the electric field and inhibit precise process
control. The described process is only used to flux base metal surfaces.

[0013] Accordingly, there is a need in the art to provide an economical and efficient

process for fluxless reflow of solder bumped wafer under relatively low temperatures to
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reduce thermal energy. There is a further need in the
art to provide a process and apparatus for fluxless
sol der ref |ow under near anbient or atnospheric
pressure conditions to avoid the expense of

pur chasi ng and mai ntai ni ng vacuum equi pnment. There is
an additional need in the art to provide a fluxless

redus@ kisemar &ferhR\WIhsre ¢£a mrulfér ABeinRE aft k& PrRileS Frobéss and
environnent. Further, there is a need In the art to

appdrani N6 fiRicas SORSBERTORUABYE Msar SHIbiGHE Br a@ﬁos?H@ﬁd prak&iite conditions
such as, for exanple, electrically insula

to avditPBlelexp6tse &W%Ha@ﬁg@fnd rRaif@iningCAclidmi é@fﬂiﬂn@érﬁdThere is an

substrates include ut are not limted rigid
addifgteX Medt MIBe bAMS PRvRIe SMBEdssIoRfer réfib%r@és%sR@irﬁg@ﬁérﬁﬂammable

films (e.g., polyimde); insulated substrates Used

gas émiregmahe OFurEHe"r QHére i§ hRbell i P GANB PEHbA D 8ﬁ8§s from the surface
i nsul at ed substrates used in three-di mensional or 10

f subbRatkeh & el !
o PRI i Skt GRSIEU AR S ARL NS o

eiectﬁ@ésmﬁ’s@étsd QQWfaQééllﬁcIdéé Gk E%Chdi AL 16 H Idsédﬁ? ﬁl%%g?aminate

if not all, of the needs of the art by provid

subs&afRe! fdxitsie ﬁsﬁrﬂéﬁ& Pl (feq% pEIRdeRdnsRatad sQEfétﬁ‘i‘és Gsre@ﬂh integrated

the surface 15 of a substrate w thout the use of

circult ()0 intbioARéLtiRA RERdmed; RuRtd PsitisBiied Red tﬁ?ééléi%e%lonai or
removing a netal oxide froma treating surface o

stackedlEtgarkagin m%fé%hﬁ@b&l@@ drNmbidligns tHerédl di ng a

substrate ich is proxinmal to a base el ectrode having
a grounded electrical potential, the substrate
conprising a treating surface conpri sing the netal

oxi de; provi di BRIEFBEGMMAHYZOPTHE AMENTEON hat is
proximal to the base el ectrode and the substrate,

(0014 eTIR MefHoddhd fppatatds BechibePh&rbin da8isAdsSRimd) @ navaf, %‘fﬁ'ne needs
i's exposed to the energizing el ectrode and wherein th

of thdas @%/ PrRAdiRPHR appatatUdrRNREELT 0P SerfibRfg I‘rféi’eﬁ oﬂﬁés frBﬁ‘: the surface
substrate reside within a target area.

of a sUbRtraRwitoDEMk ush b a MRS B SdWbpBLe Her® liq)rbﬁdé@fd rﬂ&lﬁo@)ﬁf
an electrically insulated plate conprising an array

remoVinglRl ELaVEXIAE oA WiratingSutth8S of ¥\Eitistrate, iHEMEMBE ¢BMbYSing:

tips are electrically connected by a conductive wre,

provu_ufﬂ? adubsirate wHidHPY pRoxiRaIb allisE SidctrB8e haviag B arétirded %féctncai

o a first electrically connected group and a second

poterftiaf M Sutrhle SRR EHIAE RUNBSS Edpristith mdtiitox dg‘ ?Fovsdlng
or second electrically conhected group I's connecte
an eriergieinY @ldcB8e ¥ isGRoximl to the base electrode and the substrate, wherein at
least a portion of the treating surface is exposed to the energizing slectrode and wherein the
base electrode and the energizing electrode and the substrate reside within a target area.
[0015] In another aspect, the energizing electrode is defined by an electrically insulated
plate comprising an array of protruding conductive tips, wherein the conductive tips are
electrically connected by a conductive wire, wherein the array of protruding tips is separated

into a first electrically connected group and a second electrically connected group wherein

one of the first or second electrically connected group is connected to a DC voltage source

-6-
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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

bi ased and the DC voltage source that is negatively
bi ased are electrically connected to a functiona

that Btsitbly BiaseBdndithe 6HBALY tRe Afst 8t §t?croﬂ6te'lét‘:$i'ic.‘allyis Eoettedl group is

5 energy between the DC voltage source tha

conri@REtb MDY vBRARADURANLDS nggat% BigsedS 9HE Wherdil'Me DE voitage

positively biased; passing m xt ure conprising a

sourt€ thée isrkﬂasﬂﬁﬁtytbrﬁs%H%dttﬁ@DWoﬁ ?e s@irE& !hf %er'il%a\ﬁ/b ?bfa@@d are

rows of conductive tips by actfTvating the ol tage

elecHipAlyC@nhBabd 't§a fd}ﬁ.ﬂéﬁéi ¥Bhtrollet 2R c\'ﬁ%aglﬁ'b? aﬁétﬁﬁtinag a supply of

el ectrons wthin etarge ar ea, erein at

enerB? bbiwden e Dﬂ%itﬁbé% ﬁ'baﬂst r?e:gﬁtl\tréPy Blasb# 854 th% Hey 8héb’b source

t he reduci ng gas t 1er eby ¥ 0 mng a negatively

that E%‘sﬁﬁéﬁy bREYE! HsPRS %M&gﬁé t&9plidifo Errgﬁdldgg?a%gﬁfcﬁ.‘@ﬁ the target

he negati vel § arged reduci ng

areat @ﬁer?ﬁh?'thé’?ﬁv&ie& cBHchtHi@ehb@Eﬁ b&tafiig fr%clﬁc‘?: Ité Source that is

subs and energizing t rows” of con tips

negakwei?%fdsléétté Béndrbe eﬁ&t?ﬁﬁéhﬁ\ﬁﬁ th& %Hfg& dr é‘twﬂe? |H%'i letab héfmon of

bi aSed to Tetrieve excess electr romt e treatl

the hebtoAS BtiacH Rl R idast Q?oﬁ%%f e r@%cr@h%ééé’ ﬂ"\eFé ormm? an negatively

electrically connec tot tage source

char?éd %aah sévC té&ﬁm tRE ekt “fbc éaa%usn lch&r ged reducing

I PS el e r| ca nnecte vol t'age our

gas tbh@éludesth@ ﬁﬁ[t%l'o‘kﬁﬂdﬁ oh't?%? %ﬁflgesurfﬁeé oﬁ?v@rs%gt?éieaatncf&f’erglzung the

same tinme aspect, the enerqgi zi

rows®Jf %Bﬁduﬁﬂﬁe igs Bl,?%tﬁ}ﬁﬁhgpm DE U&F%%rsonﬂ%é' tri& |§E0$|F\Féﬁ3%l9§éd to

vol une, a gas 1 n an e trical

retrid¥BeRcddiA e GONE #o h@rt‘reﬁfu'i urllce, ﬁﬁ%}?‘ﬁhg WO cohRtlct iys tips

conductive tips, erern e conductive ti ps are nma

electﬂéaiﬁ})bﬁﬁﬁ&rtéﬂ fo tﬂ@ DteesHaBE soVfeB tRdt'Rs ?%eﬂw@l RRMABHENE the rows of

needl e has a fluid comuni cati on w i nt er nal

conduhveTips Hectitalg esnrelarias rthe 9@ voltade %&é@hﬁﬁ‘t ?étwsﬁwgl? biased are

conprising a reducing gas flow ng into t

notegg@[ﬂ,g dt e %}n@lmﬂgt from each hypoderm c needl e,
wherein the hypodernmic needles are all electrically

[0016°RSGHRY dspe&! the rengbgaﬁé/:é’lglﬁgés‘dg d;¥ %& yaé‘ ShdRE& havin ng an

connected to a negativel ol t‘age source,

mterﬁaﬂ %Bluﬂeeﬁgghg ﬂﬁ%ffgﬁk{ D5 elRE V\El@éi |ﬁQJl$t[eP BaS& fHat géntams an array of

ypo erm nee In at east a

oo it AR5 A 5y 0 o
needﬂz%eﬂhé‘fetd dachtyp6MiChEBdIPhAS a fluid communication with the internal
volume of the gas chamber, so that a gas mixture comprising a reducing gas flowing into the
chamber can be injected out from each hypodermic needle, wherein the hypodermic needles
are all electrically connected together by a conductive wire and then connected to a
negatively biased DC voitage source, so that electrons can be generated from each

hypodermic needle tip, wherein at least a portion of the siectrons attach to at least a portion

of the reducing gas that following out from each hypodermic needle tip thereby forming a
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-7 negatively 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; wherein the substrate is
electrically conductive and grounded, so that
negatively charged electrons can drain fromthe

negativey ichaigRdir8duidig gd< H&ﬁaf@g(tﬂg g@];tlidsd‘sd)g%lltce MR RS hegatively charged

aspect, the energizing e trode ned by a

redutiRg Bas o ARNILE thePfetal Pﬁi&éé”@rln th‘éQP%éhﬁ’g? sEridaSof thd ﬁbstéfég ;r/vherein the

an electrically insulated base contains an arr

subshte 8 QURIREMNY %ﬂubﬁ%ﬁ HHGd, 46 tHidt B??erlt}géﬁrr&ial‘beto‘blﬁectrons can

conductive tips are separated rnto a

drairBh & e ﬁﬂiskrﬁtaﬁ@@ﬁ@v\gkﬁﬁdgrouf:’ and a second el ectrically

connect ed group, erein at |l east one of the first or

[001PECR\Et Shohbf éﬁ%‘c{, ll’hecé’ﬁH}@?Exlﬁ%l&"tl%HQ iPdefinB8 bs;%fvti’ﬁﬁ{ﬂﬁ}é Raving an

t1 ps conprises has a 10 conmmuni cat I on’ wi

interhd) WBIURRY, a\gAls B, 8hd bR BidtaR afl}'R9DSed q%g\?mﬁﬁr;%tcic)ﬂttag%ﬁ?earray of

m xture conprising a reducing gas f

dowrRid PRStrURA cBRdLCINE GBS ql'rl‘ﬁélr'éin i OBRBEVe tgifépét?ﬁ géfﬂrﬁted into a first

needl e, wherein the at |east one group

electhyRQIBRAGed §RAD Bhd SsdcBRT @@Eﬁfégll} %bgﬁfﬁigdmdgg.@?reti%gt least one

soufce that T's negatively biased a

o ikl 5P SRLS o SFblnt I EDRICHOHR dpprses s
i Brkflcafch YRR DO ER LSRR &N bed o
comfiigtd e@abgmg Igaé ﬁngfi‘\EGﬁntS'tﬁ&&ﬁéﬁ@ér'c&g%‘éﬁ@?&%& Aot forft each

n e

functi ona tro r that i s capa alternating

hypodefiiP Hbé’dl@,fwﬁé’rgmb{e 5‘5'%2@?%??9;&{%& thé?bg&&ferﬁ%q{e%@ie% g%‘&onnected

i's negatively biase ge source t

to a DE vBRRdd dolRée/tnat i@ﬁﬁgéti\fe'lﬁﬂé% éhdglﬁé ome?i"o\“{r% f{?ﬁ’ﬂ? 'sbSbriP

a reddcing gas t ugh ‘t he gas anber an roug

electfGHY cBNRRASS &‘oﬁg gk‘g«g@inﬁbte@%ag% b(gﬂagb'b%ufbte th&as ?ﬂ%ﬂ%ﬁased,

group of the hy m c nee yTactivating

and WiSdrbiRdRe Wcﬁtﬁgé B&dirck thal ROMEdaviGa1y biaﬁbﬁﬁﬁ&' theX8¢ WoRdge  source that

el ectrons can be generated from eac ypoderm c nee

is poditivbly ﬁiﬁ&é@ér‘é ctriéa‘ﬁg%m?eq?é& fo nﬁfontahé‘orﬁl!oﬁgrttﬁé‘ﬂ§ cpable of

attach to at east portion of the reducing gas t

arterl']faghb aWupgly of Hherbg PBhARAANE %g% Sotre8 M id ﬁébattibél{r Bl¥ed and

rimng a negatively charg I ng gas; contacting

the D oltaGE 8biirde 115t id @%ﬁygﬁﬁaéﬁ?ﬂglﬁﬂgéidﬁ%!rﬁixﬁ:’i‘é‘&&ﬁﬁr(iesing a reducing

reducing gas to r e net oxi des on t

gas t%r?ﬁglﬁ 'trgég%aﬁlfhfgfﬁbze{) ﬁg% E@ﬁ/@@&ﬁr@b@derﬁﬁWn%;@né}g@nd {2 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
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 metai

oxides on the treating surface of the substrate; and energizing the other group of conductive

tips by activating the DC voitage source that is positively biased to retrieve excess electrons
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tips by activating the DC voltage source that is
positively biased to retrieve excess electrons -8
fromthe treating surface, wherein the at |east one
group of hypodermic needles electrically connected to
the DC voltage source that is negatively biased and
the other group of conductive tips electrically

froncpeneetivgstrtaceh/héieinipb aRBRsEMY §rBup Bﬁﬁydo@leME '[g%aﬂﬁé ¥lectrically

bi ased are not energized at the sane tine.

confidotéeRoRfé B WIitaGEYEMROb thét %’\%ﬁ vl Wﬁla%%m &tﬂ@r@])up of

Figures 1 a and Ib illustrate a voltage pulse on

cond@IBisS tigdelabiicalytdpRe@bE fd thedss vo!fa‘éé%%ﬁfde‘fﬁéﬁs oSith f biased are

Figures 2a through 21 is a schematic i1llustra

not m;g,gé@aghg%ﬁ,@c{@ngeorret ries 10 suitable for em ssion
and retrieval of electrons; [0020] Figure 3
provi des an exanpl e of one embodi nent of the el ectrode
suitable for emssion and/or retrieval of electrons

enpl oanmmDESQRﬂilew OF sevieral (&S oF ﬂHE%FﬂAWlNGs

provides an exanple of one embodi nent of e el ectrode
[oowpl Fjokss fPind ¢mf|§§tkeﬁ6 a%ﬁééb’ plﬂl?ﬁf bi SH %Pméé.fnorﬁérﬁﬁé ba&Felectrode,
havi ng a segnented assenb Figure
respBétfiéiyeles an exanpl e of one enbodl rrent of the nethod

described herein illustrating renoval of surface
[0010Ft Flgursd AMrdugh®i WA SdheRi4Bii u@trétm' faloR eledt
Ig:Pgurge 6 |IIusL{gr ates a particul ar n%quflnen?eogﬁ%geometnes

suitaBR! 6PEmASRAINARS rétRB Bf Ei8ktrodseOVi Ng negatively

charged ions on the substrate Surface by changing the

e legent
[002910 F%;g?zlﬂ:f chf%éHSra édg e\%kgﬁ@!]d d&%gbré?ntﬂogdjdpéa};{vggihev\ﬁéafod%ﬁﬁéble for

emiskioARPBR @tk Rl oPbleéiftthsEHPIGRAG ? Bﬁ.ﬁélﬁf ob evve en two

el ectrodes when the polarity © fectrodes is

[002¢) anigafé 4 pRARRL ahi HmMPISofRING EntiRRIinAdh 'o'r {Hélsébérgidde %uﬁ?éblé‘for

particul ar enbodi ment of the net hod escr
em.stsi@h ah@/5P Yathevaf bESLERINS rfao.nb*aeseamé‘n?é“oeaﬁe{rﬁuysubst rate

by enpl oying an additional © el éctrode w positive
[0028] apiglR! SploviRiel AnlhEmPRSS oRb RiTuRSENt of the method described herein
ilfustrating removal of surface metal oxides in a wafer bumping application;
[0023] Figure 6 illustrates a particular embodiment of the method described herein for
removing negatively charged ions on the substrate surface by changing the electrode
polarity during the reflow of wafer bumps;
[0024] Figures 7a and 7D illustrates the transportation of the charged species between two
electrodes when the polarity of the two electrodes is changed;
[0025]) Figure 8 provides an illustration of a particular embodiment of the method described

herein for removing electrons on the surface of a substrate by employing an additional

electrode with a positive bias relative to the base electrode;
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-9 [0026] Figures 9a through 9e provide various
illustrations of particul ar enbodi nents of the nethod
and apparatus descri bed herein enpl oyi ng novenent of
at | east one electrode with respect to the substrate;
[0027] Figures 10a and 10b provide an illustration of
a unidirectional voltage pulse and a 5 bi-directiona
[0023{3' FrRgfd0d ﬁlﬁ:utgh%ﬁﬁ‘éﬁﬁé( G&ﬂdus[iﬁl%?r%ii?r% &tggﬁzf}:ihr lefhbdfiments of the
ilTlustration of an el ectrode assenbly enbodi nent o

metHddanel paritus HE86ABEd RéYein Qﬁé’l@*in& inﬂ%bﬁt%nﬂgfgﬁ)eeﬁﬂ Bné-éleBtrode with

are illustrations of certaln Teatures of

respetiotHe@ibistrafe; Figure 11; 10 [0030] Figure 13 is an
illustration of a conductive tip enployed in the

[0023]1‘0 P@hF&nlthCHndFi(ﬂLHrS‘:idéQ? iRBatdhCot bl l%r!fé(x)ifﬂslégiﬁneawolitaggeapulse and a

I agram of the electrical arrangenen

bi-di@eﬁ@lﬁ;%né%etpdm’ r&?gbtﬂ)é@d in the enbodi nent of Figure
|

11. [0032 gur e s an illustration of an

0028]"OPIJUPENE isQn ifiErafilR b &IB éfﬁ&ﬁm
[ g];ts)c'rai bed |herneli n. aFOOS% ?:i gﬁcrﬂeee‘%%gﬁg@an [ 'ué%(troaf\ﬁb o%resent
inverdfonan enbodi nent of the conductive tip having an

i nternal passageway therethrough, an angled tip, and

[0029] T FR0RRG 284 hnd ) Hre ﬁugfr'ét%fn%%f Eérg?iﬁ fieru goi &%’Eﬁr%did@nent of

vi ew of anot'her enbodl nent of the ectro asse
FiguféepGri bed herein. 20 [0035] Figures 18(a) and 18(b)
provi de a side view and top view, respectively, of

[ouag};f FEFB%Bw‘ 18 ahUiREafdn %flgccg{n e% ( ergélgg&fﬁéin%hé’ﬁlrr@lggﬁﬂéﬁt of Figure

6] Figures 19 e as Vi ew
11;:apQd top view, respectively, of certain features of
the el ectrode assenbly of Figure 17. 25 -10

[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
passageway therethrough, an angied tip, and a flanged end.

[0034] Figure 17 provides an isometric view of another embodiment of the electrode
assembly described herein.

[0035] Figures 18(a) and 18(b) provide a side view and top view, respectively, of certain
features of the electrode assembly of Figure 17.

[0036] Figures 19(a) and 19(b) provide a side view and top view, respectively, of certain

features of the electrode assembly of Figure 17.
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DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0037] Descri bed
herein is a nethod and apparatus for the renoval of
netal oxides froma substrate surface by exposure to
negatively charged ions. The negatively charged ions
react and reduce the surface netal oxides. In one
aspect, the nethod, apparatus, or both 5 can be

enpl oyed by YUETAIMEDQJES@#!FFI@N@FTﬁE‘INWEN‘WbﬁO' dering
equi pnents such as, for exanple, the reflow nmachine

[00373 e Ddseribéchérel i9h rh&th6@ andHPRASYIbGhe rérHO\Fah bfsmefal oxides from a

ot her aspects, the nethod can al so be applied

substtdie GUWW@?@SW@Q& ‘ﬁbgaﬂv%ﬁ! drarguabndf TR 8o R ugcaﬁl%lg %ﬁﬁrged ions

metal oxides froma substrate i's desired

readt@hd kédiick &b §@facBBhah) dXidtsl N8 oné bsfect, thd et ﬁpparatus or both

plating of portions of printed circuit boards

can ¥ eirpta@dtoy m@chq@.righmtwamﬂ@w%ﬁa @aialeﬁng qu:?iHrlﬂéﬁﬁ %Eﬁ as, for

sol dering), reflow and wave sol dering f out er
exarpledinadefiov HathRE usb@ ftirstbw & s’ﬁde‘?%unib%h Wa@é} Iﬁ‘ﬂ'ﬁs or other

removi ng surface oxides of metals, such as cop
asparid, tife meHodRAnHIKd thda dppubu @&&hﬁ@ﬁ%eﬁé&%&%rﬁ ghe FEPr‘r’oval of the
renmoval of netal oxides using t nmet h

surfanasal sadsiere iakRBsihas ¢ Beéu%d%%‘ﬁbb}’btﬁﬁ& lirifdd 18, hBtal plating

the af orementioned processes or any other process

(i.e.,drs soIdeSpIQing GHPoVtiohd di’ghﬂ@é cHEdiNSIErdd BEmBRESUrHREs to make them

organi ¢ 15 fl uxes. 8] The term "substrate” as use

mord\@mehabltg @:ﬂﬁ!tis'ehuerit%bﬁfeﬁﬁg)t RefRw BN dval s 8?& outer lead bonding,
silicon, silicon coated with silicon diox

surfaRle NS Rig; Blazifg) Welding, BRd réAdVind' ShrBicB IXIddS of a%‘”s?:ch s copper

quartz, copper, glass, epoxy, or any naterial suitab

oxidd Gbrm@jaduﬂnbfylli&oﬁWa@r%de%glhﬁ Ry 'r&ﬁovdl By m%ﬁl b&biBs using the
enbodi nents, the substrate s an electrically

methoﬂ%mhﬁppdraws GETHbEPASHAML ik \égxﬁly%bhﬁbﬁ’e \%ghg A¥dr@%entioned

sol der di sposed thereupon. enplary so

Processep @8 hhy OIher pitebskidesirous offefd¥ity oxXidd¥ Viful Pe rided for organic
fluxless tin-silver, a fluxless tin-silver-copper,

fluxekl uxl ess tin-lead, or a fluxless tin- copper. In one
enbodi nent, the substrate is an electricall y insul at ed

[0038JubTlig ®im. s@é&ﬁ’ﬁi“ @8 uséd héﬂeﬁ%éde?éﬂy' rélatdsstl 'aarﬁﬁl‘énal such as silicon,

substrates include but are not limted to

silicoh @bohtRdiwith: silicolidibxRie0 diintihiah 2IurfinGm oxida: éalhdrﬁ senids, ceramic,
| ami nate substrates used for printed cifcult

quartt) €ppét, @Iaﬁ%myﬁd étbhﬁi%u(t@bl@ for L%@'\Mﬂhl’ﬁ é’r?élgctronic device. In

substrates used for flexible circuit; insu

certabLEmbadihents ke Gubstratd R AOEIBERERI ifdilikiéd bPé&ﬁuCémBG&Ivb%ﬂbstrate
schenes, high density interconnécts such as pol yneri

having solder disposed thereupon. Exemplary solder compositions include, but are not

limited to, a fluxless tin-silver, a fluxless tin-silver-copper, a fluxless tin-lead, or a fluxless tin-

copper. In one embodiment, the substrate is an electrically insulated substrate. Exampies of

electrically insulated substrates include but are not fimited to the following:

rigid epoxy glass (e.g., FR-4 type) laminate substrates used for printed circuit board: flexible

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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-11 based BGA' s, high density interconnects, and the
i ke; insulated substrates used in 3-D or stacked
integrated circuit or 3-D or stacked packagi ng
technol ogi es; and conbi nati ons thereof. However, the
nmet hod and apparatus described herein is suitable for
a variety of different substrates and sol der

baséPEBAS, hlgﬁrtfensitf‘m?er rle@isNam ﬁfe%&qgsﬁé’f@a di, FHtesoHHb% iR 3-D or

substraté is a silicon wafer having a ura

stacRéd ﬁ\?égr@l@%ﬁcﬂt SPRBES sttRES Q&&glrlgqgéﬁ‘]eoﬁlei}évsg gn(t@ Egr{\binations

w shing to be bound bytheo Ft~is

ther¥ére Howeven HdmefHid £ha ap@é@@usa@es%ngéd f m%I E{Jlﬁme for a variety of

vol tage source Is appl | et ween eas

dﬁfe?érﬁ%hﬁsﬁ%@és arfd %&ér%&po@ﬁﬁn@eﬁe&réﬂrﬁ ér%fé’??eﬂ lﬂfdllﬁgﬁ the

two el ectrodes avi ng negati ve rical

subgtiités' &/ Silidon Wdigr h ﬁge fg"aﬁl)f} Q’% Riek B?lfngé B%go&ﬂi thSFe%'an

as an " em ssion

[0030F VRS kR wi t%eedo%ﬁﬁ gct or %Tﬁsm%ﬁ’é%ﬁ?ﬁ&%r@n%dér%?ﬁy source

drift toward the other el roun

et Ry B 1845106t i Mg, S
Wté&?r@ﬂ@%@ cﬁ%é‘tvﬂ:l éi é\l‘dote)é h%f/lng oY r%g;an&wgegme@ fefative to the

surface is placed |n the ar I ne ase
othePBRciréise @&eﬁ'éﬂ %‘h&bﬁl ésrt 86L&t t’)oar?ﬁ;rqhé‘ Péépltlﬂ?e between
'target area”) wtht e so unped surtace o

the ﬂvb%?édtr’&ge@r?ﬁe éf%?&%ﬁe?] trbH dﬁﬁ%%v%ir&’fh hét tﬁé&tfoﬁg:\ghlkﬂ is

certaln eﬁbOdI nts e SU strate may be connect

grouhB€d 8P4 £bSSHiVeSctrid B?srlféf&récﬁ'b%ﬁ‘ dﬁ‘%@ t%m%é’e[ ?Iébtgﬁ%”), along

m Xture cohpri sing a reducing gas an I Ona

the diédiid fdid. ?§§ s?lﬁstﬁ?ﬁsﬁﬁﬁnd %EM@J@&?&H@%@F %gBh ﬁé durtace is placed

gener at ed ectro

withifl thhé &nea%ﬁﬁe@f)ﬁﬂ%eoars@%ﬂe'tﬁ@ﬁ lg éEi’roH@QﬁEern%d't@ﬂ?repVas the

el ectron attachment whi ch t

“targBSHBHY With the §olde|t-ﬂgm§@§ %tr Er@?lﬁ-ncgaé}ga eROHekAb the emission

surface. sur negatively

electfdt. gﬁ@ehﬁﬂ% it wﬁegl'gf tﬁ@g i H“rﬁfl?ﬂe%hﬁ&t@jfpflh% rB’ééefﬁ%ctrode

W t hout the ona uxes.

formﬁ@saotbliﬁe‘t Q8sePhbiy.N 8 g%%m%lﬁ ﬁj@?ﬁ%&ﬁ?gé‘ (foﬂ?in@ :;?Eg %ﬁs tohgormy a carrier

treated can be pr

gas i§ gg@ééd’tlﬁldﬁ RiRE B8Etric 3B mﬁ'n@%@e& ﬁ}éth%' it f)hﬁrlldjthe elactron

nbodlnents erelin reduci ng

drift, gﬁﬂ'{éﬁ g%g?gtgﬁieﬁé B?f@grrq% fwg%ﬁg%%ris?ﬂﬁ%eét%aﬂa%ﬁmbhﬁmﬁ@ﬁ fH arift 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
field.

[0040] In embodiments wherein the reducing gas comprises hydrogen, it is believed that
the method of the present invention occurs as follows:

Dissociative Attachment of Molecular Hx: H, +e' = H +H )]
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Di iative Attachment of Ml ecular H2: H2 + ¢ = H
+ ) -12 Electron Attachnment on Hydrogen Atom e'
+ H (Il) The conbination of (I) and (I1): 2e' +
H2 = 21-1- (I1l) Oxide Reduction: 21-1- + MO M+ H20
+ 2¢' (M= solder/base netal) (1V) [0041] In these
enbodi nents, the activation energy of netal oxide

red ajtaghugpt met hod of

t helag%éégﬂehnﬁcﬁ\g/‘gh?‘%ﬁwsbﬁg%émt hénﬁﬁet hods that use L
nol I se the fo matlon f_atomc
hyd%e‘%ﬁ%égo\am%?ﬂ) gﬁ‘i@p‘r on att achfént2 et m nat es t he (I

ener sqci at ed nol ec
oA ﬁmm A ENG MR el < e?le?r Spqeta) (V)
ﬁ I|ed to at | east one of the el ectrode
l°°‘§ R 5P PribsineRis he Actiatien pBeGY ot mefdl oxidaredustionysiag the
em ssion el ectrode to generate 10 el ectrons. The
e'ecgﬂe afjactagentmethed g the @r%?@nemaeﬂt@né% loweg tf@ﬁ\éngt;zoeﬁ that use
source, such as an AC or DC source.
mO'%?%fgg’dweF decause the formalian ef alericmsenan l@newsla g&ectron attachment
sourc a thermal ener source, or a photo energy
eliminales the ﬁawga@eoweeg@a%@ns heeaking ofanolecayi ySrqass
of the aforenmentioned energy sources n
[004% H%P?fxaé'hﬁB@Pﬁglﬂf%S &nerayds sypried o aﬁylﬂ@e@np@ﬁthewl@ctrodes
e hon el ectrode is connected to a first voltage
P'efPfgb@ﬁ RESSIoN glectodessulficient te gausesthe gANasIQEestnds to generate
f ng vol tage level. The difference in the voltage
elecir he %'?E'ég sQurge [5; referably.pr glepiric anepay s oltage sauies, spch as an
HﬁFfIrSt t he second voltage | evels may be zero
AC or e sQ¥rchy GtherenerayEurcse. syeh 58,20 SP@ramaansiic ensray source, a
unded 0043] To roduce negati vely charged i ons by
the"gﬁg%w%s $OR t epargy sRUIeR Miayialsp Ry usedialene, opin
o, be generated In this connection, the
Comgnnét!?ﬂso\ﬁ@ anyohiae eféaﬁ%?ﬁ'ﬂt@aeﬁynargmov@.eﬁeirycqﬂalma'ygowments of the
t not limted to, cathode em ssion,
Pfesaﬂgem'g@ g BIEMISHIRN PISEYQsiesS compactaskto @&%h‘@“ﬂﬁ%?@e' and the base
el ectron generation nethods, the selection of the
elecliada 15 FORRIRFAIL @ RFORFyORADY e TR Gyerpd i Yedage lvels
| evel of the electrons generated. Fo
Cfeamﬁgmﬁiectrw eptential, K neg @dtﬁ? gk oghe swnﬂm"ag@ jgvels may be
trons havi an ener | evel approaching 4 eVis
zeroditatinp daat Sher ot BBl adERIcan LOGBALNGER. coer v | uel

ectrons are preferabl ener at ed
[004%1 %’o produce neggtwely charge)a |gns 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
mainly on the efficiency and the energy level of the stectrons generated. For embodiments
wherein the reducing gas is hydrogen, electrons having an energy level approaching 4 eV is
preferred. In these embodiments, such low energy level electrons are preferably generated

by cathode emission rather than gas discharge. The generated electrons may then drift from
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25 by cat hode em ssion rather than gas di scharge. The

generated electrons may then drift from -13 the

em ssion el ectrode toward the base el ectrode which

creates a space charge. The space charge provides the

el ectron source for generating the negatively charged

hydr ogen ions by electron attachnent when hydrogen
the BRARSRA didtirdHe fod?8 1Y bageafbct i ohdtgB.

the target area. 5 ooﬁ? cFWﬂ%ﬁ%‘%%ﬁ??%\?%%}ﬁg The space
chargb@révidds 18 _[Icbh 3Byl ' oS '

rgrrb?:‘(?)dilments may iﬁc?’tﬁge‘?'%gﬁ'@%’s‘%’ %‘#2? eérlgrﬁggﬁrggen lons by
elecitBh GttackiRert Y bRl |8 ithi

154 B4tk SR DDA Bhesdd VOB n 1B Rl BEIBEEES i o
targ@trmg_em ssion, and electron or ion beam em ssion.

[0045] Field em ssion involves applying an electric

gy BinbBai o _ o o
(00ds) S BBoR AR Bl b A lieRe omeson, noss
o 1 . Lo . ‘ )

omepbarl ol ol S A, SRR Blorma

isdionf PSteRBY FPH&BIN ! " issi
el 0108 KA 88 il oA RAILIRALS borygsion. s

elec®bs 6t oA®RamM difiksibanges from 0.1 to 50kV, preferably
ranging from2 to 30kV. In these enbodinents, the

o) A SRS B SE OB A
emisRBnSseQfbde t1atiteiothd Bés@é‘lgpwodem‘@f i% sﬁmtﬂﬁlew{ﬂgwpg ES}? ig{r;énsity to

tenperature to energi ze ectrons

over 6&8%&‘\%@@7&1&&93{ él &r@gﬁﬁgbg%él%fb% SRR élﬁ'fgg.EBf‘{nHei dmission

ond Int material o m ssion el ectro

elect&de. %'&eﬁéiﬁ&igéfbﬁ@d SHRRHiImE, S DE 'e«s%éo@ﬁte gb%gg%r@éeﬁ {18 two

em ssion e trode may range from

elecPodisthaithigds f?tgfh %thotébki!?@%%rag? g?r%geﬁ%rﬁ%j 19 giog}f. In these

el ectrode Tmy be brought to an el nt ai ne

i : j f u
e PRI A il 5 koS PigE el froreby

fromidX g hmt he el ectrode; indirect heating such as
contacting the cathode surface with an electrically

[004B]'S thérh el ehisich! E@ ?ﬁeg?tpgﬁ!gzﬁ?ih i‘?ﬁbol@?‘%‘.1 Eéf{g gw &ifRtatuteo energize

radi ati on, or co ereo

electg%rime; %ﬁgﬁkigzr}] %?gﬁ?%@ Eg&ti ﬁg%srgﬁéqﬁé iefrofd b thdmatliRbond in the
material of the emission electrode. In certain preferred embodiments, the temperature of the
emission electrode may range from 800 to 3500°C, preferably from 800 to 1500°C. The
emission electrode may be brought to and/or maintained at a high temperature by a variety
of methods such as, but not limited to, directly heating by passing AC or DC through the
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.
[0047] Thermal-field emission is a hybrid of field emission and thermal emission methods

for electron generation in which both an electric field and a high temperature are applied.

Therefore, thermal-field emission may require a lesser electric field and a fower electrode
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25 for electron generation in which both an electric
field and a high tenperature are applied. Therefore,
thermal -field emission may require a | esser electric
field and a | ower electrode -14 tenperature for
generating the same quantity of electrons as conpared
wWth pure field emssion and pure thermal em ssion.

tempet QL& or béﬁérﬂh%%‘a% cﬁ!%ﬂtnl'}“o? eldc#Endad Eérﬁb‘érbb ‘@ﬁth pure field

encount ered ure field em ssion, suc

emidsRINCEHIGUr® the?Rar #AmkibAN Themedi %Fdré?ﬁiss@ﬂbéﬁ h\‘i’fﬁm% difficulties

contam nation on the em ssion surface,

encdusrbd Gith Plredfbld BRigRlcAD §udhté§her ¥ F)P&égrédatf% lﬁ BRctron

em ssion surface. Furt her m ssion nay

emls%loﬁooyadﬂi’n'téimn@ﬁd?% f&‘?&lﬁ té}?d §rﬁ| h‘?' tﬁéﬁd?\rbr?l‘hﬁgnlanamy

as a high potentl em ca react | etvveen

and ﬁﬁﬁo‘?ﬁﬂﬂ? Bf b%léﬁ&??@;%et ERrHES tHhAaLheld Bgn%&? Ris8 avoid

wherein t etherma em'ssion is U

prob@n%crteié?éb fAneisdl 'eﬁfbsdﬁ’%ch%@%eﬁlﬁiﬁ BBt%ng@ %Eﬁe@@ﬁ%&u&e’ﬁbn between

el ectrode can range from anbi e fo

e 958 b1 5 W s oo TS 0 A g o
emls%hﬁ‘s Béeﬁf 13F alektfort {]é’ﬁBrQhoh tﬁeote ?e?%\’ure[o@@fb&a&mi'seioﬁ eldctblie can

preferred embodi nénts, the the em ssi on or

rangb'?v%h{‘ﬁhblfehﬁb%gtﬁ"@%r E?é\ngﬁlly'fﬁmﬁ‘?ﬁgtcﬂﬁoo%eﬂ heSe

generation. In these e I gh tenpera ure

emb&ﬁﬂn%ﬁtsoﬂ'le &b&hkd {rtﬁﬁﬁe ‘é%ﬁ‘?'adlﬂjécfgdr{g B tﬁfSOtl@E%? b Pﬂﬂ%gbly from 0.1

may al so act as a Reat so € gas m xtu
to 1di@t is passed through the el ectrl c field generated by
the two el ectrodes, so that the thermal energy

[0048F i deP@inf &Efeﬁ%@tén%dinﬁ@ntg 3ﬁe fr{é?mal (ffHIQélSH B?merrhglffaéi@@hlsswn

process step can be reduc I'n certal

metHRER 0ok Slebfrort G&e%tﬁﬁle Mh t J\Jé)éeemﬂo@ﬂnn%ﬂtg‘ea I‘ﬁgﬁ ?érﬁﬁ’é?ature emission

generation is acconplished via a conbi nat i

electficNRE8 i BteT bPtheld thetid HRa fél% et £ Hﬁét%Gﬁ?eDélnthe gas mixture

t hese enbodi nents, an energy source such as a

that ¥ Pabsdhictgh g 6186kl A A B%me%&o%ll&?rbﬂ@é*% tAftdhe thermal

el ectrons iy be generated fromboth the em ssion

ener%} %hfré’&jf%r hestiry tﬁé B9%or a ﬁlbge(gtflﬁlt 9@63%}6%53@ &dfbe reduced.

i scharge) near th em ssi on ctro rona

[0048) SRRRHER dnfbodRhEts 5?@1@&%% méﬁl‘ébdn Eh;géil&glgnt y(jérﬁgs}tlonés

iI'ncrease the efficliency o

accor‘r?lﬁhe@&na §|c8|%fn9 bt @a?lﬂi&rgm@é]gn hAG E6RE diddRargeiiéthdds. In

the em ssion ectro
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
preferably minimized in order to increase the efficiency of forming negatively charged ions by
electron attachment and increase the lifetime of the emission electrode.

[0050] In embodiments wherein the cathode emission mechanism is used for electron
emission, the voltage applied across the two electrodes may be constant or pulsed. The

frequency of the voltage pulse ranges from 0 to 100 kHz. Figures 1a and 1b provide an
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[ 0050] In enbodi nents wherein the cathode em ssion

mechanismis used for electron 25 em ssion, the

vol tage applied across the two el ectrodes may be

constant or pul sed. The frequency of the voltage

pul se ranges fromO to 100 kHz. Figures la and |Db

provide an -15 illustration of a voltage pulse on an
b PR oaBE g o erfts B BRlr G0 BAY H £ b G BREbYS) Fodbectneny.
I B oMERRRAAS 108 cbliilen ThA bl WRHBE Sl as it shatin il Pigures 1a

I ' f .

anddb, 8 sReikly GXankaht Al ibrpl MR of FBORAF dortration ana to

' ' ' th h di sch :
e R e s PR IR b8 e (hor rml i schar go. -

- di v . ' i sch

00810 21 S SGAMA 8o 143 B o L G Hr, e
omeQURIHR B8y IR aRe A SREREOZ broplirard iy yarious avalanche
cisch 89676180 gFAF 09350 35 g SAATEL o S Socnare

In thesd eﬁbﬂameﬁtsefeleggﬁ%%g&a&éﬁﬁf‘a\x%@ gy'( é@% b@%eesigrg%%totgﬁglj}erwghase is a

source 1I's appl |1 e \ \ ¢
52 BB pRBE A6 kAR 68, ' Dl oo
ohad A8 BRI AL RGPS g may o

base
goncr Bt ot e AN et M icch. AedrE Beb RN S fhd Botodes that then
it @08 1@ bl FRal id ol Sl 5ng 3TE RSBy T o tron

are al so crea

drift, SOMRI A tHd8 NeHdhS ﬁ‘gygangkﬁ%ﬁ Qheﬁ}eﬁ%if‘ng ggg ﬁgbt?rg:tuﬂ% dlifform negatively

em ssion electro nd are neutr a _
544 864 BRIl adBed Bl XL BHE M i v

et R RS Vo AL 5 o i

electro

electRilThd2ite RbFdiz0d 8 RYISMBe JuMAL STV OF geomstri es,

such or exanp athrnwre 20 2a, arod with a

[005%52 %@@%ﬁ@oﬂéd$r§\hou%¥, "eREEtoBht Bard ﬁ¥ géﬁérg%bﬂ%cgﬁ Qﬁ %{T%ISI 3 ! Sectrode

, a Screen wre nes _ (
ot bl Rl 8l A3 g rovon 2

the emissich¥1édfcRie Thay Riveth WrithPolYeothetids! %&heéjs,?grrefx%ﬁ]%lez, 'a'thin wire
2a, a rod with a sharpened tip 2b, a rod with several sharpened tips or comb 2c, a screen or
wire mesh 2d, a loose coil 2e, an array of combs 2f, a bundle of thin wires or filament 29, a
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
rods with surface protrusions, rods wrapped with wire windings or filament, coils of thin
wirgs, efc. A plurality of electrodes may be employed that may be arranged in a parallel

series or in an intersecting grid. Still further geometries may include a “wagon wheel”
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Addi ti onal geonetries may include conbinations of the
above geonetries such as plates or rods with surface
protrusions, rods wapped with wire w ndings or
filament, coils of thin 25 wires, etc. A plurality of
el ectrodes may be enployed that may be arranged in a
parallel series or in an intersecting grid. Still

geofetd Rderdi® Qrﬁﬂréi'it?%f é@&‘trédb%'ué‘ Qﬁ?ﬁged’ﬁ%ﬁdlﬁhﬁgﬁlon suciPas in “spokes”

geonetry wherein a plurality of ‘el ectrodes i's arranged

of aiwheBl. ' REeRhin'htdiRests CuchRs' dbodifR&RS wheRlin \F}‘\%l&‘éﬁﬁésron is

In certain enbodi nents, such as enbodi nents erelin

involveal! ﬁle%ﬁlrﬁféib(?@pl‘e?eraiﬁig‘ﬁ%dée& eblli‘l%tr%@trﬁ? ga' \8rgR'<faES Bl ature,

made of geonetries having a'large sur rvature

sucl§ H§E pﬂ.ﬁalﬁ¥ Bt &K, b hipy/ td’rEaﬁhf‘ie"thb 'eﬁ%tﬁscme?’ﬂaﬁédptﬁ@ ﬁlbgﬁ%dse surface such

electric |eI near the electro ace suc

as tlﬁé‘ﬁe&ﬁé’tﬂ?&édctgﬁ M ?6% i, ”A{F@H &3 Austftes :ce%i‘{% Bdé 1 \has a sefies of thin

f
ustrate a series o

wires 'Q%atr 188ig %vn\‘\'lntég %Ié?:'ﬂ'o&@ 8u l?éc%céléﬁ%ﬁltii o gftﬁ‘&lﬁ% of tips 3

along wth a pl |tyo tips 3 enmnat

emabfingf6m ilk@lAdde. The el ectrode materi al that acts as an
em ssion el ectrode is preferably conprised of a

[OOSSF’HWBtéiéé%oH@WtéI?AI thdt bBts Rl aﬁ‘iérﬁu@%u&fn bRMrode r_ﬂ%ef]e_:bably comprised of

ectron-em ssi on ener gy or wor K functi on.

acoﬁﬁﬁﬁﬁb%at@ﬁ Wﬁh@@l‘aﬁ b R D8t ﬁréhﬂgloﬁ%hbéﬂ%rmﬁ%n@ﬁ%. The

rel atlvey sta Ity an processi

matéi’r'%f‘ Bféfér%B@ alm ﬁl%h Meltiiy St dhd gﬁ%é)if‘blgg s?afﬂllhwgnder

net al s, oys conduct or s, coat'e

procd8aR béﬁcﬂtld?{ét Exa C&f IsViRatid h’%liérféjﬁﬁcgugé* Frleigig, alloys

exanpl es 1 ncl ude, are not mte t un eﬁ

sem%ﬁ&'j&tér% aﬁ’tf Sﬂdéseéﬂé?éc%#d ohdPdo %Hﬁtﬂmﬂs?e E‘“Bé'léﬁdg Further

chrom um al oys, and neta OXI des suc

exarfipidShdUdRt b Bag ?Pﬁﬁl'léoeﬂ@ect g;éigﬁ qr%&lfeOH@H%hH&ahure alloys such as

substrate. at acts as

nuck@l'c@n?&rﬁﬂﬁ\%liogs RN PSkiGs s‘%ﬁﬁ QBB LB ANDL fikt Ble deEHglréd onto a

as a netal Or any of the o material's describ

cond&ﬁ&@éﬁbstrzﬂﬁ base el ectrode can have a variety of
ferent geonetries depending upon the application.

[005&?05 Rt e|e’&tr8 Er%'t ?cl? %@s'%t%ﬁe H“@orﬁﬁrﬁé@ 1% alcBYEIEVE haterial

i nvol vi ng t em SSsi on

SUCHEASS il @r Hﬁyof?t%%iﬁe?‘?nﬁeﬁa?& BB ARFGHDTHe BHELeREtrode can
the el ectrode depicted in Figure 4. In thi's regard

have ngt@%rfé?f 8t differght ddtin&fibs SbUMdRigiiploh e aplitatish. Tade of a

[0055] In certain embodiments of the present invention involving thermai-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

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

function such as any of the materials disclosed herein. The core may be heated by directly

passing an AC or a DC current (not shown) through core 10. The thermal conduction will

transfer the heat from the core to tips 11. The hot core 10 and the plurality of tips 11 are
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with a high electrical resistance. A plurality of tips
11 emanate fromcore 10. Tips 11 nay be nmade of a
conductive material with relatively |ow el ectron

em ssion energy or work function such as any of the
mat eri al s di scl osed herein. The core may be heated by
directly 25 passing an AC or a DC current (not shown)

encibﬁécpﬁﬂgn% ehicb8ure 12EwhibF [sTRen &ggqé@qsh@gﬁmeﬂﬂrt frérﬁél‘gﬁar sy forming

romthe core to ti core
s PN IR i F S bR SURBE o7

EncEE@r@BI ftllé] Ebr‘ﬁBMstjéernrlﬂsl{lé\fﬂ@?ﬂ{l@ﬁéle qh?ésg‘gmwe?aacsséﬁgmuows for the

are exposed outs e enc

therﬁ%Pé@%Hé:Sn %?tﬂe%o?é’%r?ﬁel‘?%ﬁoﬁn 1h ﬂﬁ%‘hﬁ‘éﬁﬁn (ﬁéét%ns can be

egnented asse

genéX AR RofXps 1chy o4 hBgaRB Y Rad s bR tid brfjesion electrode
relatWeFié tﬂe]be@é él‘éﬁ? o\égng a negative voI tage bias on the

em ssion electro relative to the base el ectrode .

[Dosbgoﬁﬂndtﬁbrad?@fef}‘é& embt%ﬁﬁﬁern‘?ﬁf fx@&?%ééﬁ? Pltver%on |n§ohﬁé§ ?%E%naf field

vention i'nvol ving em Sssion, |1

emné&ﬁfﬁt In@lﬁe&%ﬂﬁ%é& ltabqge thé @ﬁﬁ&&{ﬁ?@ﬂﬂhe%nﬁss%ﬂ élébtpdhe This may be

el ectrode acconp
i T N T e

surfé?;% Wéaﬁ:ﬁﬂe?ﬁ @g{?ﬂ‘ﬁ%fﬁé Ebr‘ﬁ %rl gt déf&étﬁé’a‘?ly&?ﬁ@.ﬁti% material such

suc as a 'y 1 nsu

as atnli@alriﬁéitlé E%cﬁulcﬁlgﬁ%ulél%ﬁ 'fl%ﬁ" ﬁw@eﬁeﬁﬁﬁ%l&éﬁ%ﬁbmggg tlgé CdFR o‘gﬁ To

el ectron em ssi ura m SSi

prorﬂdté’éle&%h QﬁuPEBH ?ﬁ:r&]@l BMstnﬁlgﬂe& %ﬁﬁsfsﬁ’%'l @} cal B4 hB%hted on the

cartri d tri e can passi ng an

e ec?th%;%ﬁggﬁ@géwgée BBt W o
B Lt e ——
the dls%lalﬁhéd’ § & tfe §§l‘tﬁﬂﬂé 6§J é;p% r}; @PE n?é:aﬁﬂ? %éﬁ@eécl.ﬂ%%w the surface of the

age las In

cartrﬁg@ ‘Féléﬁ\%% %géécgﬁd - %&%ré%?ﬁ’\g Q?ol{éﬁétbiégﬁﬁ ?ti\igg}érarh’fement,

gatively sed or, altern

the s%gcg}llobeﬁc\a/% dﬂé’l‘éﬁ ggoﬁﬁﬁhségﬁatéﬁg Qgﬁ!r ,;ﬁg?%gyr ?%ge@.i(/{a&fbfased or,
alterﬁéfﬁ@ MRY gﬁ@ruﬁ%eteﬁ{ l?é’br%ufn@é thg} {h%td£8n@?|88{r§¢% rlngwlj 8% gositively

|nte’fer ween rrc circul

biased. "R $bineTAtbdfnd s, tﬁglaQtrer E&eCrHEy B8 breferable 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
surface of the cartridge and the second electrode. In these embodiments, the hot cartridge
electrode may aiso act as a heat source for the gas mixture to achieve the required
temperatures for the reflow process step.

[0057] As mentioned previously, a gas mixture comprising a reducing gas is passed

through the electric field generated by the at least two electrodes. The reducing gas
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along the heating el ement, and the another circuit may
be the high voltage bias between the surface of the
cartridge and the second el ectrode. In these

enbodi nents, the hot cartridge electrode nmay al so act
as a heat source for the gas mxture to achi eve the
required tenperatures for the ref |ow process step. 25

con ﬂ%aritﬂﬁ?‘th%irﬁ%%ﬁe mag‘féiP\HiﬁlniH oné og %{{pfghg Ecﬁltowéng categories: 1)

conpri si ng educi ng gas I's passe

o SRS ok ST 2548 o e o
gas?&l&.ﬁ @Vggﬁgfp%n TBYctiot!dh tHY %ct(‘ibg ﬁB-IELﬁ?QMtWeerF%I {:Iietgeu or 3) a gas capable

categories: 1 rinsica

of gg’ﬁ?@ﬁ@ adtivd3pebAPARICH f% ﬂﬁfﬂ%%#ﬂ%@u?ﬁkih@ Fﬁ@ﬁlgeiag@?nl of the active

orm aseous oxl des upon reaction o

sm&@@ﬁ/hﬁﬁ]e"ﬁbﬁléﬂﬁe,mt al oxide, or 3) a gas capable of
g

enerating active species which formliquid or aqueous
[o0sBY, TR st dopRGorsPRef or pTUARE sy AR BB dndlLich ddffpas tha
therkrPpelLAR <ol £ 5 ety Khe cifes 6165 SN Safles 41
ot SRS GAEUENE100 . 01 SO O8 b A O YEER s, o
ot gt PR S B i Bl pio i s
O 10 (I1l) RCGOH [0059] Indormula (I11),

substituent R nay be an ?h)kyﬁl_'g_wp, substituted al kyl
group, an aryl, or substituted aryl group. The term

oosgf, it int® 5 pBRLSCR S5 RH A  hy ro,am .
A R T I ——
or R N B SR Pt 0 58 BB poery
o 4 S A SRR S g oo
sucha'\ﬁTsytlﬁil ﬁyi%%a?ﬂfﬁw%@? f&%’éﬁg }‘%%é%llk%@%ﬁgégﬁﬁyl moieties
that @?&%}%&itug&@ Efﬁ%%cl@ié/ Aeﬁ%&{o@%dsﬁ%&é@ﬁﬁ,é, § ﬁapglar% %‘oms; OCHj3;
OR (RRERYIC! D8 HYP8s.,o); alkyl Cr.o or aryl Coso; NOz: SOSR (R=alkyl C.10 or aryl Co.
10); Of NRz (R=H, alkyl C,.,o or aryl Cs.10). The term “halogen” as used herein includes
fluorine, chlorine, bromine, and iodine. The term “aryl” as used herein includes six to twelve
member carbon rings having aromatic character. The term “substituted aryl” as used herein
includes aryl rings having substitutents that include heteroatoms such as O, N, S, or halogen
atoms; OCHg; OR (R=alkyl C1.1o or aryl Cg.10); alkyl C1.10 or aryl Ce.10; NO,; SO;R (R=alkyl C;.
10 O aryl Gg.10); Of NR2 (R=H, alkyl Cy.1c 0r aryl Cs.10). In certain preferred embodiments, the

gas mixture contains hydrogen.
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fluorine, chlorine, bromne, and iodine. The term
"aryl" as used herein includes six to twelve 20 nenber
carbon rings having aromatic character. The term
"substituted aryl" as used herein includes aryl rings
havi ng substitutents that include heteroatons such as
O N S or halogen atons; OCH3; OR (R=al kyl C1.10 or

( y'Th@'%el;Qﬁd catelory o@i‘ed]celogrga@lﬂélu@ aﬂi\g gzag%t |§|§€k%n intrinsically

- 10 or ar

redtﬁ%véﬁuﬂ&anﬂjéﬁ'eré@ adive sple&eﬁ SdiicRidd, for %ﬁﬁrﬁ%l@dH 8, H, Cyand S, by

enbodi ment’s, the gas mxture contai ns hydrogen

dissbeigid aﬂﬂ:ﬁm‘éﬁ?@l@e&ﬂfn"&ﬁht\é g8k n{o‘i’é&ﬁ sHhd%8mn Pé‘&ldﬁg%?ides by

any gas that is not an |ntr| nsi cal reductive

readﬁ@ﬁ oﬂﬂiéedc%@sﬁé"dl dsV\ﬁltﬁf?ﬁ%&gt oﬁd&ﬁo% rofBled X%ﬁeso §|' this type of

I ssocl atlve attac

gas mcﬁfaer nm hﬁrt&@% ﬁapa#&%o% 3PAl ab BU{MATRR T ersuL,ctea , acidic

reac "of the tive species wtht

vap&%'h@@iﬁg&ﬁb E}Smﬁﬁgg ,e£’rC1d ﬁé@?ggﬁorgfham $he %W&Vlﬂﬁ nﬁgaagw:

i ncl ude: y roca bons suc

not limted to CH4, CZH4, acidipc vapors having the
formula (I11), and organig)vgpgrs having the follow ng
formula (I1V): O (1V) RCHI[O0061] In formulas (I11)

10063 1t tobhyia YA b HoF o BBy WP 8 P iR URB sty ay
groul%gllyg imsh@&ﬁ&bdgﬁﬁgwﬂgrd category of reducing gas

es an not an intrinsically

054 7 G5 VS P o
O ) AR 00 L
SRS el B oS AT By S b3y o
or 35 i, g S g el 5 g e
ool it S, PR 21653 SRy oheL OCED SR, cor,

and AR’ rier gases. The carrier gas may be used, for
exanple, to dilute the reducing gas or provide

[0068P! BbSit&YinefuBNg' dre By nfdle of he dbRUE Lategditst JH388LcY gases, the gas

mixture may further contain one or more carrier gases. The carrier gas may be used, for
example, to dilute the reducing gas or provide collision stabilization. The carrier gas used in
the gas mixture may be any gas with an electron affinity less than that of the reducing gas or
gases within the gas mixture. In certain preferred embodiments, the carrier gas is an inert
gas. Examples of suitable inert gases include, but are not limited to, N, Ar, He, Ne, Kr, Xe,
and Rn.

[0064] in certain preferred embodiments, the gas mixture comprises hydrogen as the
reducing gas and nitrogen as the carrier gas due to its relatively lower cost and the

environmental friendliness of the exhaust gas release. In these embodiments, the gas
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the gas m xture may be any gas with an el ectron
affinity less than that of the reducing gas or 20
gases within the gas m xture. In certain preferred
enbodi nents, the carrier gas is an inert gas.

Exanpl es of suitable inert gases include, but are not
limted to, N2, Ar, He, Ne, Kr, Xe, and Rn. [0064] In
mixtére" dotisBS ﬁf)ﬁ\rd? th W%k%fﬂﬁr?e H?&raggﬁl t'b”s’f)t’d? by volume. or more

conprises hydrogen as the redanet ng gas and nftrogen

pref%ﬁ%l&{?ﬁ)g?gg th 3% 9?\?0!9:‘&? gﬁ ﬂ¥&rrlbéeﬁ ehAbLS! h{{(ﬁr}éﬁér;( &g%s{han 4% are

envi ronmen ndl i néss o

prefélfed, %Ecﬁ‘?ﬁ&es'%éesgnqlﬁgemﬁgpﬁ%@%§%g% the gas -20

m xture conpri I by vol une,
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e 1G4S o e ok 50 BTG O D 48P Ry Brrrany
rendSRTpAITE, heRRaRale IhEHEE e h BrolaRED R
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essure o
res By B SRl L ETARE ) BT s gl e
res 38Rk he TRy AR IVIE A o P TR 165 e
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conntgﬁt‘éﬁ 26‘ the tﬂ;]‘é%rgléd?@de b BrovideS t%?d;.‘f Fg?éfnl?? and ?z%ﬁ/‘thg %gfié’sion

ase electrode to provide arget’ asse

eiectiﬁgei. gﬂ 138 eﬁ%@?ﬁé}ﬁs. tﬁé} g%ﬁnﬁg BetvwdinithE Bhi mogéa%sand the top

I Stance ween e€m Ssion el ectrode and

/ { t I
st 003 L6 b e 81, KA R o 05
5cml 0067] Figure 5 provides an illustration of the
process used for a wafer bunping application wherein

[oosg]’h el;iag'%f:% %@Ligfai‘é %{1 ?%gﬁ% cIY@tn@ brot8ss REITHF & Wardr BubrlofHY Sbplication
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 soider bumps is exposed to second
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
pulsed voitage 25 is applied across the first electrode 22 and the second electrode 24 to

generate an electric field. A gas mixture 26 containing hydrogen and nitrogen is passed

through the electric field. Low energy electrons 28 are generated within the electric field
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| ocat ed above a wafer 20, and the wafer 20 conpri sing
a plurality of solder bunps (not 20 shown) is placed
upon a first electrode 22 to forma target assenbly.

At |l east a portion of the surface of wafer 20
containing the plurality of solder bunps is exposed to
second electrode 24. While the wafer 20 is shown as

whichIriRGoWh IS MWk HBPRebrddil 22ARFivafeF Q% é%f)ﬁéd !ihéreup%.e In addtion, a

envi sioned that the wafer 20 can aced any
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the wafer surface (referre 0 herein as sur

subsfgeQUeds thePMiting hIBAS He %P?ﬁﬁﬁ fi&189 THRMledtidf b%ﬂ@-gp g:»'i'litﬁé Edostrate

of the substrate, sone e el ectrons that

surfagé ﬁ%’yﬂir@&brﬁ%d&itiér%ﬁhé&ﬁ‘i&i’@frtﬁé’ Htgg%tfvggﬁhgt dd3Ghs as woll as

de-oxi dati on can accunul ate on strate surtace.

adveiselyastlict iheequilibRGh tor ﬂ{é Srfakd Boldxdftioh S50 Ergl'ilté rt]l’('"ge?‘éhrface de-

directly adsorb on the 10 substrate due

oxidaglg? Fidoﬁgs Aord BfficiRAl, MNELBbétrdhsidntthd subdtiate Elgr\fé;gg{r%@d to be

d-up on the substrate surface may pr

persogiemiyt,ieﬁmbd_adsorpti on of the negatively charged ions
as well as adversely affect the equilibriumof the

[00697UrDRE MetiRxay rélabidifhe el&btidRY Bn ttl’i?sﬁﬁé’ir&féfﬁ:rﬂ@é may be to change

oxi dation process nore efficient, the electrons’on

the p?lgglzgd]'f Bbth stuhd aRBrefRdelafivd® edefotRd! Bitkihy tﬁeeﬁée{rﬁ? chdnye, the

One nethod to renove the el ectrons on

voltageleeéioht cich Wldcivede ﬁga\eysﬁb? gtﬁ&s_%sap 98 thd Qﬁn@.o' IRbh& %Unﬁoﬁiénent, the

oth of the electro ative to each ot her.

polariyéhaPgh ahh bl #HRVEEbY Eﬁﬁlyin%j Q! ﬂi-@%cthﬁﬁﬁ\toltﬁae ﬁﬁl‘ég between at least
el ectrode may not necessarfly be the same™ [n one
two eREROGES RIth asith&t 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
bias). In Fig. 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
efficiency of surface de-oxidation to be maximized. Electrode 110 containing a plurality of

sharp tips 101 is located above wafer 103. Electrode 110 is heated by connecting to an AC

power source 104. Another electrode 120 is located underneath wafer 103. The change in
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pol arity change can be achi eved by applying a

bi -directional voltage pul se between at |east two

el ectrodes such as that shown in Fig. 10b. Figure 6
provi des an exanple of a polarity 20 change wherein an
el ectrode may generate el ectrons in one phase of the
voltage pulse (i.e., a negative bias) and retrieve
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warer IS € substrate. ererring to Figure
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sur I'sS arrangement, rons ar

theb&ﬁ‘éiia&%e' igenerated from el ectrode 202 and retrieved
at electrode 203. In one particular enbodi nent, the

[00711°N1RYbt dhoMer Snitfblndif, d04rdh8Sr Rlshfial S fact RaFFe¥mBf 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
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 surface
can neutralize the residual charge on the wafer surface. The positive ions present in the gas
will neutralize any residual eiectrons and provide an electrically neutral surface. Suitable

charge neutralizer devices may, for example, consist of Kr-85 radioactive sources that
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periodically changed froma positive to a negative

vol tage bias, and vice versa, relative to the base

el ectrode 201. [0071] In yet another enbodi nent,

el ectrons or residual surface charge nmay be renoved

20 fromthe substrate surface by enploying a

neutralizer after surface de-oxidation. | eft
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o ST POEESEERh i 8 OB o ot v o
sﬂeﬁﬁ"ﬂeﬂ?'e neutralizer device and then across the

substrate surface can neutralize the residual charge
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em §sion I'n I'S regard,

Wlthll‘?ﬁ‘?&‘gﬁl?é%ﬁarggﬂ?ﬁaéu%sﬁat%'séﬂgcé’os't' on and the substrate

€m Ssion €l ectrode may be noved and
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an arc. nent s, sur
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I evi ng .
st oo 8 TR SRS YRR gy range o

Oto %RW% tRersby b&MatiRf &1 ion Wea 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
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
electrode 314 thereby generating an ion area shown as 316. This arrangement may be
suitable for applications wherein a conveyor belt is used to move wafers through tubular

bumping furnaces such as, for example, printed circuit boards through reflow furnaces.
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noved rotationally under a heated |linear electrode 302
to which is applied a bi-directionally pul sed voltage
relative to the base el ectrode 304 that may cycled in
a frequency range from O to 100KHz thereby generating
an ion area shown as 306. A notor |ocated outside the
processi ng chanber (not shown) rotates the wafer. Such
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reference it its entirety. In one particular embodiment, the method described herein can be

used to reduce surface oxides of metals, such as copper oxide, formed during silicon wafer
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-
electronic devices on the wafers. These surface oxides reduce device yield and device
reliability. The present method allows surface oxides to be removed in a fully dry,

environmentally friendly manner that does not require the use of aqueous reducing agents.
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15 manufacturing in addition to the reflow of a sol der
bunped waf er such as, for exanple, surface cleaning,
netal plating, brazing, welding, and reflow and wave
sol dering for outer |ead bonding. An exanple of
refl ow and wave sol deri ng apparatuses that are
suitable for the nethod described herein is in Figs.

Fuﬂﬂ%’?giﬁéé’iﬂeﬁﬁgsénﬁ‘ ni%ﬂ?ﬂfeig ge}fbrﬁxedaﬁ%lhﬁ\ﬁeﬁe} %9’ etga{lﬁ)?rda?ur@&% does not

assigned to ssignee 0

sign#i?&rﬁ?tdf@& A8 %érﬁlai lﬂ%f’@( ik %Qvi9§ grﬁ}i&gr})ﬁg;g%éﬁrﬂgfﬁ‘ipﬁée}ctgmperatures,

S entlr_ety. _e particu
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oo BSR4 et

stepémt hod al |l ows surface oxides to be renoved in a fully
dry, environnentally friendly manner that does not
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waoE 8 35 B SRR TER oy, EFBISCE BIGAP, i aprcton

the s@%&n%.{lﬁo\)éﬁf:@ EUI@J&Qﬁ %%?%ren)r(iﬁﬁgg ahy b? 12\ fiAd 1b(§ﬁtt§%r?g¥ resulting in

atirbilrty wt rrcation “steps.
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“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
reflow.
[0076] Figures 11 to 14 illustrate a preferred electrode assembly apparatus employed for
removing a metal oxide from a treating surface of a substrate according to the present

invention. Referring to Figure 11, electrode assembly comprises energizing electrode 501

having an array of protruding conductive tips 506 that are electrically connected by a
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an efficient process for both ion generation and
transportation. Second, the processing 15 tenperatures
for reflowin wafer bunping are significantly higher
than that of typical reflow soldering processes. The
hi gher tenperatures pronote the formation of the
negatively charged ions by electron attachnent.
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: ically connected by a -26 conductive wire
d'Sta?é%?FL'ﬁ%v\Hn), and base el ectrode 502, which has a
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0.5 cmto about 5.0 cm In preferred
atar n%g%q'nents, the base electrode 502 and the
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In another embodiment, the insulating plate comprises a ceramic material.

[0078] In one particular embodiment, the protruding conductive tips are removably
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
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 close-up of the
arrangement of three of the holes 507. Preferably, the holes 507 (and, thus, the conductive

tips 506) are spaced apart from each other by a distance of from about 2 mm to about
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a target area. [0078] Referring now to Figures 11 and
12(a), energizing electrode 501 is defined by an 15
i nsul ated plate having an array of protruding
conductive tips 506 that are electrically connected
by a conductive wire (not shown). Preferably, the
insul ated plate conprises a material selected from
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particul ar enbodi ment, the protruding Iconduct ive tips
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energﬂgwqa i3 embdi teéonéggtivPﬁ@Q gps céﬂ @E%gg@%%r& Ao tabes such

o0 those skilled In

&)@gﬁ.’ illing. [0080] Figure 13 shows a
alS'fsi ng gfeégﬁﬁagbﬁ%\ﬁétup?% 506 whose upper end 508 fits
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rass, al nl'ess”ste ni cke oy,
s STl A B R ey
negaggerl%gi%@%% %gtf uﬁ!}% ﬁé%]t&b‘g SSurcd! fift isTosithvly bRRS3ARNS the DC voltage
source that is negatively biased are electrically connected to a functional controller 514 that
is capable of alternating a supply of energy between the DC voltage source that is negatively
biased and the DC voltage source that is positively biased. Between the functional controller
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
voltage sources, respectively. The pulse generators 520 and 522 are, in effect, switches.
When each pulse generator receives a pulsing signal (e.g., a pulsed low voltage signal of 0

to 5v) from the functional controller 514, a corresponding high voltage pulse (e.g., between 0

v and the set point of the DC voltage) will be created, which powers the corresponding high
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[0081] Referring now to the enbodi nent depicted in
Figure 14, the array of protruding conductive tips
506 separated into a first electrically connected
group 510 and a second electrically connected group
512 wherein one of the first or second electrically
connected 15 group is connected to a DC voltage source
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o G980 a8 RS B, BERSHE KR Kaumavi
van B8 OhS ST TR RAR ingly STy g e oot
ratid'§i19ad Wlf%g\é 20 biased and the DC voltage source that is
positivel’'y biased. Between the functional controller

[00685%4 IR BPerBaGH vﬁ'fen.t*gasor%&l{rie wfﬂ@ﬂ%pﬁ?%?aﬁ%n% %é&?e%ethrough the

urces Is a posittve pulsé g

rsBE58 18 A BERFOR 1 YRR 6858 Ad Bt

ive and ne
oL 3085 U 0, R AP TRGEB Bn
B 8 e e S5 R BB oo
o S8 AR W A LS55 S s
e S R A KOt i r
the t?égtiﬂgtsﬁrfa%érﬁgh% gﬁvs%%e[.’ Ubpd @mt&%@ﬂ@&%@ﬂgﬁﬁgﬁp% geagfivates the DC

correspon se generator

vol %Q%Qﬁéeﬁg P{e@atfv@f& A8 andPil 6p yﬂgﬁ avftﬁ;ill?e ;ﬁ%ﬁ&g Pylse generator

King t rnating runction. prearty,

520 ,téﬁﬂvaf'lgé bt @(9 Ivﬁlta ﬁdg?@ t@é‘ ig {pﬁ%inferlg Hia%&é s: éﬁeg&?% g1°ef otﬁgreset of

functional ™ contr gue an .
rows\?\ﬂg%f\gucgigé %&$ ;Pot %Eréetvg %ﬁ%%sgﬁﬁcgrog[s ?rg i Fh%aglgi Elﬁiéc%g&%fgrably, the
ond K818 S DREEAN Lol IS0 65 bl € pgpavol
iasS 6858 SFIEYES Abha id £i BE g gouro s
pos RIS FREGT e84 SR AR, WA, koot
is caP%?lﬁ}o\;] gl?egﬁéntg%aﬂté%ée%@fﬁeq{egém drRfsiend b%%d%['&%e at a high-
frequency pulse. In preferred embodiments, the voltage pulsing frequency is preferabily from
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.

[0083] There are several benefits of the embodiment illustrated by Figures 11 to 14. First,
such embodiment ailows for the low temperature reduction of metal oxides such as, for
example, copper oxide, on an insulated substrate such as, for example, a ceramic substrate.

Examples of insulated substrates include, for example, rigid epoxy glass laminate substrates
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charged reducing gas that, in turn, contacts the
treating surface to reduce netal oxides on the
treating surface of the substrate. The functiona
controller 514 then deactivates the DC voltage source
that is negatively biased and, in cooperation with the
positive pul se generator 520, activates the DC

used'k bﬁtﬂﬁd %f?éﬁifﬁogﬁ&%%lekiﬁleﬁ%?t%b\éﬁdg% éz?’lnggeegr é@yiﬁﬁﬂ)%iuégtrates used

the other se rows o
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inter %e t gl‘jde E%g%arégjn%%?@lgé ﬂg%i hoéelbgoz%&?F@i&qrﬁ%ﬁiér}:eﬁ%y 3-D or
sackREERA e dBELHBE° NeRE i b SimBA P Bfag Lo 14
prodBE K20 8 Aab Acb TR BlrdE b Sl s o
cachEEUBCARR . ey Bl B ogi ol Tl secron
omis R4S o i o538 e B S Bl Yphace preras
an a8l bl of 1 MBS LB bbb e o
oxnah OR8] 88 Vbt MoV B¥ ES Ui b on o
auar Sy o B AR Ty o A, A5 o BN g gon o
omifh3 1 bEAAR\ ISR 05 oL O Bt benar s
e 8 LY oS3 818l a8 (Pl P obiph b e o

|t ere tion schenes, high density interconnects
daméﬁcﬁagés?&pm;'yneri c based BGA's (Ball Gid Array), high

00041l B BEBAMAP Aot € by DSBS e

o 5585595 SE PR SR ERo0S b LR
tocfill B 14 o SARRISITAR kol B b ot S, i s
s ool Bl ¥ LI o e
oo 40678 b Bl B B O BT R P B8
intern3f54dsh&lay ot sovirvintFiglire Y BF thaP &'iMRlid 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 the
target area 609 containing the substrate 607 having a surface to be treated or treating
surface 608 that resides within target area 609. In certain embodiments, base electrode 606

and the base plate 604 of energizing electrode 600 are spaced apart from one another by a
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10 expansion of the electrode plate is |largely

m nimzed when an insulating material such as quartz
or ceramc is used instead of netal, thus the thernmal
defl ection of electrode can be elimnated at el evated
tenperatures, such as above 300C. A further additiona
benefit is that the conductive pins can be renoved

dlsta"i]leg of ﬁ&lnaa%‘ggt o052 {orh%fg f%:@??le alt Rohf el A ?Pearéﬁaggﬁ apart from one

I'srepalr anot

anotH@rpdy‘:é ﬁgtdnrc,‘e 01, N 15, el ectrode assenbly conprises
1 zing électrode 600 having an array of protruding

consE A B9 BB A o
ot S o S8 5 B e
o 5 5 ) GRS Sl o o v
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o 35 e by R e
mate‘Qr‘ing ecgeém ﬂ?lﬁqnén{agﬁg‘?ﬁatgﬁ%ggg%éyg?{ e}gfr{pgec ﬁugerS a dhmic material,
e APt G5 A e P o
o G B g i oo
oo B 205 o RS B o
e A A T
ey B P50 PR35 A o
e A S A B
P A s A LA e o i
s S0 e A oo e

as but Bbt FHTE HEm HYRls dichBsCior gﬂrﬁplgaﬁrggé Uainless steel, nickel-chromium

alloy, and other materials with relatively low electron-emission energy such as but not limited
to, graphite, carbon, carbon nanotubes,

[0086] Figure 16 provides a side view of one embodiment of conductive tip 605. As Figure
16 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
601 (shown in Figure 15) and the treating area 609 (shown in Figure 15). In operation, at
least a portion of the reducing gas may pass through the internal chamber 602 of energizing

electrode 601 through the internal passageway 611 into the treating area or target area 609.
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10 a polyner, and m xtures thereof. In one particular
enbodi nent, the insulating base plate 604 conprises
quartz. In another particular enbodi nent, the

i nsul ati ng base plate conprises a ceramc mterial.
Referring again to Figure 15, energizing electrode 600
further contains an array of protrudi ng conductive
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grour\%grﬂggc% @Ph?%a&ﬁ@@ hhight elddtroRS Rart aikil o 17 BATaleS the ground.
[0089]) In other embodiments, the energizing electrode assembly has conductive tips 605
separated into a first electrically connected group and a second electrically connected group,
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
internal volume 602 of chamber 601, so that a gas mixture comprising a reducing gas
flowing into chamber 601 can be injected out from each conductive tip 605, wherein the at

least one group of the conductive tips 605 is connected to a DC voltage source that is
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inserted into an tube that is made of an insul ating
material, a tube nmade of conductive 10 nmaterial, or
conmbi nation thereof, through which a portion of the
reducing gas is passed through the internal vol une of
the tube into the target area. [0088] In certain
enbodi nents, conductive tips 605 are all electrically
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ssageways
voltage source that is positively biased are not energized at the same time.

[0090] In certain embodiments, at least a portion of the reducing gas mixture may be
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
treating surface 608 of substrate 607 with the negatively charged reducing gas to reduce the
metal oxides on the treating surface 608 of the substrate 607. In this or other embodiments,

a portion of the reducing gas can flowed through the conductive tips 605 having internal
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| east one group of the conductive tips 605 is
activated via a DC voltage source that is negatively
bi ased, so that el ectrons can be generated from each
conductive tip 605, wherein 10 at |east a portion of
the electrons attach to at |east a portion of the
reduci ng gas that follow ng out from each conductive
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and TRO AR 4 bRP of 2 1RRE Rat provide a batanced 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)

may be used. In side view 16(b), the top view of holes 708 are shown as being square.

However, other shapes for hoies 708 such as, for example, circular, elliptical, triangular, or
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slot 707. Insulating plate 704 in enbodi ment depicted
in Figure 17 acts to isolate the conductive pin plate
705 from chanber 701, which allows a gas, conprising
the reducing gas, inert gas, carrier gas, and

conbi nations thereof, to flow through internal volune
702 10 and out into a target area (not shown).
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gas &8ROI tEdeling to achieve the optimum gas flow parameters. In this or other
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.

[0094] The method and apparatus described herein will be illustrated in more detail with

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

and apparatus is not deemed to be limited thereto.
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tips 706 on conductive pin plate 705. At least a
portion of conductive tips 706 can be solid, having
an internal passageway in fluid conmunication with
internal volunme 702 of chanmber 701, or conbinations
thereof. Figure 19(b) provides a top view of
conductive pin plate 705 further illustrating sl ot
707 which is shown as residing between two rows of
conductive tips 10 706. Conductive pin plate 705
further conprises one or ppirQppRYEr connectors 709
which is in electrical connunlcatlon to a centra
ssing unit to control flow of energy to the
Exaﬁpggﬁ of conductive tips 706. A gas such as the
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limted thereto. -35 EXAMPLES Exanple 1 [0095] A
first experinent was conducted by using a | ab-scale

F ce. The sanple used 5 was a fluxless tin-I|ead
er preform (nmelting point 183C) on a grounded

[0096°P8EVerR Bhfode 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 results of the investigation is provided in Tabie 1.

[0097] 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
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.
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(anode), which was | oaded inside a furnace and heated
up to 250C under a gas flow of 5% H2 in N2. Wen the
sanpl e tenperature was at equilibrium a DC voltage
was applied between the negative el ectrode (cathode)
and the grounded sanpl e (anode) and gradually

i ncreased to about -2kV Mﬁth a current of 0.3mA. The

t-enperatiy to ;rnnrn\/n r1irWD¢25i$¢§c on-a
- plessg tﬁﬂ s aboue 350C. TherefbfD this result

confirndupgsien 15 the el dctran- attachMAB4ESEhad s
effective in pronoting H2 fluxless soldering. Exanple
{eOO%] Several cathode nmaterials were investigated
Examgle &) ectron- at t achment assi st ed hydrogen fluxl ess
sol dering by using the field em ssion nechani sm usi nﬁ"
[0098},c Tha pecsgr ew%%wawo@wﬁﬂ@lnveswm@ertla%aﬂfeecglvmessroé e thermal-
inyestigation is provided in Table |I. [0097] As Table
field |9"1'$%'%wﬁps§°f gqmrai@stelqcé'gm t ARayn @mtﬁwaeweuwn@avmg a
Ni / Cr cat hode, which provided the highest fluxing
numawquam &qngaﬂacmnﬁpsﬂmmrw@w fremiits suReR tastad agthe catiiode and
i me. is believed that _the Ni/Cr cathode generates
had a QPG'IT‘SW sianilar tosthakqenigieshin igurgrei e |Bash b Hie RraUdiag machined tips
sui tabl e energy |level of the electrons conpared to
had éf’ﬂ @f‘gl‘?aﬁf k8 degragse Thg|gsaphits rodway Apated up iragastmigiure of 5%H;and
o ode Material on effing Tine at 250C and 20% H2
95 kNaf%ﬁitP%t 480 tBhE Ry reeigtivelheating uebeanAG power swgce vid D voltage
Sharp Tip 1/16' dia. Brass 1 mn 55 sec Copper 1
sourq:ﬁ af mv was appliedhstwesn theiaraphite cathode and a copper plate that acted as

an anode having a 1.5 cm gap therebetween. All the tips on the graphite rod were

iluminated thereby indicating that electrons could uniformly be generated from the
distributed tips on the graphite rod. Without heating of the graphite rod, there would be
either no electron emission from the cathode, or arcing between one of the tips and the
anode plate. This demonstrates that the combination of using a cathode having multiple tips
and elevated temperatures, i.e., a thermal-field emission method, is effective for obtaining

uniform electron emission from an integrated emitting system.

Example 4
[0099] The present example was conducted using a 0.04” diameter nickel-chromium alloy
heating wire clamped horizontally between two machined Al,Q; refractory plates such as the

electrode illustrated in Figure 4. A series of five nickel-chromium alloy emitting wires, each
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Alumnum1 mn 28 sec Stainless Steel 1 mn Tungsten
1 mn 54 sec Exanple 3 [0098] The present exanple was
conducted to investigate the effectiveness of the
thermal - 5 field em ssion nethod for generating
el ectrons. A 3mm di aneter graphite rod, having a
nunber of 1 mmlong machined tips protruding fromits
i i i ly from the
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pl ates such as the electrode illustrated in Figure 4.

ies of five nickel-chromumalloy emtting wres,
Exa@‘gl%ﬁg -37 with a sharp tip (12.5 degree) on one end of

[001%)?@ T \é(ia fpg%seﬂ{ St haB LORGIHEF 1Y %’n‘lé(nsftré%% .'éﬁetftlo)f/ a voltage pulse

Kel romum-héating wre and were vertica
o RSB A EIOGhEHA O g St ot alos i vas
used &s theLmisdibr biékfrodd am¥&igriAled copper plate acted as a base electrode.
The copper plate was located 3mm beiow the tip of the emission electrode. A tinlead solder
preform was disposed upon the 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

base electrode thereby allowing electrons to be generated from the tip electrode. The results

are provided in Table .
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95%N\2 to about 870C using an AC power source.

A DC

vol tage of 2.6KV was applied 5 between the cathode and

a copper

gap between the two el ectrodes.

illum nated and the total

2.4 mMA. Wthout heating of the wre,

Al l

em ssi on current

plate that acted as the anode having a 6 mMm
five tips were
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t here woul d be
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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
base electrode thereby allowing electrons to be generated from and retrieved to the tip
electrode.

[00104] Tabie Il provides the leakage current from the base electrode for each frequency of
the polarity change. As Table IIl 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

copper base electrode.

-39 -



10

15

20

Em ssion Current at 3.4 kv 0 0.3 0.4 0.5 0.6 Pulsing
Anmplitude (M) Em ssion Current at 1.0 kV 0 0.1 0.1
0.2 0.2 Pulsing Anplitude (m\) Exanple 6 [00102] The
present exanple was conducted to denonstrate surface
di scharge by altering the polarity of the two

el ectrodes using the sane set-up as exanple 5. 10

; riBhesi G ' | voltage pulse with a total
Tab{ﬁﬂﬁé@%@ﬁ%ﬁ'ﬁ’ﬂg&%@%e4 kV (e.g. from +1.7 kVto

Pulsing Frel Ppi#g et WweeTsAtre two- S Y odes:
Dnl?rirr?g %nhcgqglz?di reécﬁbi onal VJP?%ge pulfs€, "t he po %??q y
K [

Leakdge'Crdn | ECtT STCIEEss "
ﬁgp(g\? t%\@ne Ssi %Gme ectrage vva% varji €

poSTtivetoa negattve—etectr+cat—btas—retatt+ve—to—the
grounded base el ectrode thereby allowing electrons to

ExafdBledenerated fromand retrieved to the tip 15
a@ﬁggfrode. [00104] Table Il provides the | eakage

00108 T8 58 SO R PEEAHER oo o
e Bk 9L, f o B BB 3ok AR o pot o
a0s ko085 581 o3| PRy Sl FRRBET o0 By

o B B £ R e R TR AR T Bt o
s HBSRE, Tl BAREhe AR OPETF i BREL o 0 g A b and ono
win SRR 0, PRERAE o 39, EHPARD J0USG B Seer
prefcging ??Fﬁg%ﬁ%oméeﬁ Yo U yid-f5 biebBSaciha 53h. 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
preform to form a spherical ball was recorded. The formation of a spherical solder bali
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 16.3 13
{seconds)
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i nsul ated wafer. A grounded copper plate was pl aced

underneath the wafer and acted as a base el ectrode.

Two single-tip nickel-chromumw res, one with a

negative voltage and one wth a positive voltage,

were installed 1 cm above the base electrode with the

sol der 10 preform The di stance between the two
Exarﬁﬂ:l@gi e-tip electrodes was 1.5 cm The arrangenent was

eated within a gas m xture containing 4% H2 in N2

. _ ¢

1001082 B PSB! lefircc octintEling fEb A rREPTIE o betwoen

ol S RS ot RES I kB £ 650 ot . corame

subs&eth% whIB93h WiHh, Néﬁq&ﬂ%ﬁa §rouhd& éigalgoy;e"t?%.gétsbiape lectyade). The gap

ectrodes and the tinecrequire ol der

bemgéﬁwtrastd? K4IB; ; apm%rq'uag% ggérhgegﬁﬁ Jaﬁﬁg{%g@ggwa%‘ﬁ 1¢m. The

B8 e, B, B Bl g 0 120
win S BTREEPYS OIS s o €k B, urffim o
ermispRf MG & R RS TBR Y25 Worat), Y5 a¥dae Byl cupgnt om ecen
emispn phruag WEHATR.EIRAY SODFRUNCRY i 49; dosvell s eoodimen
T e Y R O e

deer{%?ra%ék}ﬁétrt% ﬁéﬁ@ﬁlcﬁv@fégg ff& ma,gllg'ﬂ’tgﬁ? Hlbctrofi %'irﬂggicg'uefaom the quartz-plate

substrate on a groun
I j D en
basef SRENAE (ool epcte S (VTP mlqw haF ofiE Ol
copper surface was 1 cm The furnace was purged by 5%
H2 bal anced with N2. A pul sed voltage ranging fromO
Exanifle 93- 12 kV with a pul sing frequency of 10 kHz was
applied on the quartz electrode. A uniformelectron

[00107] A quartz-plate based electrode was installed inside a furnace. The space between
metal pins on the quartz plate was 1.0 cm. The treating surface was a copper plate that had
been pre-oxidized in air at 150°C for two hours, which made the color of the copper plate
darker compared with original copper plate. The oxide thickness was estimated to be ~400A
by Auger analysis. The pre-oxidized copper plate was put on a ceramic substrate and then
located on a grounded electrode. The gap between the tips of metal pins on quartz piate
and the surface of the pre-oxidized copper plate was 1 cm. The furnace was purged by 5%
H: balanced with N, and heated to 200°C. Positive and negative voltages were alternatively
applied on two different groups of metal pins with amplitudes of +1.2kV and -1.2kV,
respectively. The alternating frequency was 15 KHz. A uniform electron emission was
observed. After 15 minutes of such electron attachment treatment under the condition

described above, the copper plate was taken out of the furnace. It was observed that the
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emssion fromall the em ssion pins was observed. The

average em ssion current fromeach em ssion pin was

around 0.3 mA. Significantly, no arcing was observed

in this enbodi nent 10 where the space between the

em ssion tips was as small as 0.5 cm This result

denonstrates that the threshold voltage for a uniform
coloPbiaRé trabtelTopse/ WUt Wab LRamytd tb ot . Wi

e+ectro§te iséﬁar életf"y redEC% tgbgh{é%ﬁalﬁgéﬁég)éﬁtgvﬁom Without
applyif tthé)éle?ﬂﬁ'l. h#fhi i in| ‘
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surfddéldl ¥Cpre loKj FhiRs ' inBib .

5 re RSN AT o B b process

plate that had been pre-oxidized in air at 150C for

two hours, which nade the color of the copper plate
ExarﬂﬁI&'ﬁ%r conpared with original copper plate. The oxide

thickness was estimated to be -400A by Auger
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An energi zing el ectrode containing a pyrex

held iiiiﬂﬂ?feu?&tgﬁg’gmé@éﬂdi@h AiBkdi Férm%_m?’éﬂvw dia?rllaé‘usofid;?]cgs inch was

_ ( nication wth the internal "volune,

s} RS i 07 R 64 BGOSR R oot
soldérNtrik A86embled energizing electrode was installed inside a laboratory-scale furace.
Five fluxless tin-lead solder performs having a melting point of 183°C and dimensions of 2
mm diameter and 1 mm height were put on different locations of a grounded, square-shaped
10 cm by 10 cm copper plate which acted as a base electrode. The copper plate with the
solder performs on its top surface was located 1 cm below the end points of the conductive
tips of the energizing electrode inside the furnace. A reducing gas mixture of 5% H, and
95% N, was introduced into the furnace during heating. When an equilibrium temperature of

220°C was reached, a pulsed voltage ranging from 0 to -3 kV at a pulsing frequency of 10

kHz was applied on the energizing electrode. A uniform electron emission from ail the
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passageway in fluid conmunication with internal volune
was made as follows. The glass 10 chanber was
cylindrical in shape and had a 6.0 cm dianeter and 8.0
cm height. The ceramc base plate was drilled with an
array of 97 holes each having a 0.65 nmdi aneter and
spaced 5 mm apart. Each conductive tip had an interior
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proc4d. Ssion current fromeach needle tip was around 0.3
mA. After a 30 second el ectron em ssion, the
experiment was stopped and the sanple was taken out
of the furnace after the furnace was cool ed down. It
was found that all the solder prefornms were well
wetted on the copper plate. 5 [00109] By way of
conmparison, a simlar em ssion electrode assenbly was
placed into the sanme furnace but it did not the sane
conductive tips having internal passageways
therethrough in fluid communication with the internal
vol une of the glass chanber Wt hout
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usi ng these conductive tips having the interna
passageway, the sane sol der wetting under an area
array em ssion tips could not be obtained unless the
furnace tenperature was above 10 250C and the em ssion
time was longer than 1 mnute. This conparison
denonstrates that the use of an energi zing el ectrode
conpri sing an internal voI $$V|ng conductive tips
with internal passagemays |n uid comuni cation with

th t . | h
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of the electron attachrrent process. 15 -43
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treating surface of a substrate, the nethod
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elecsicakpatential, thésubstrate canprisingtreatingsusfate compriging tnefragtal oxide;
conprising the netal oxide; providing an energizing
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sour@é it Bosii%el? bRiLBELNd He 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 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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energy between the DC voltage source that is
negatively biased and the DC voltage source that is
positively biased; 20 passing a gas m xture conpri sing
a reducing gas through the target area; energizing
the rows of conductive tips by activating the DC

vol tage source that is negatively biased to generate

el @ehtael fwetufébﬂngf &mdcerv@mtthéhgﬁatnvédwhﬁrgbﬁbdu&ﬁébaélto reduce

portion O t he ectrons atta to"at l'east a port

the @btal BAJESEN tHetBealing sliffedccbitné Sisdats; angegati vely
charged reducing gas; -44 contacting the treati ng

surface with the negatively charged reducing g
e eeivedips EN ol vaag g DG HGge ey thats
he substrate; and energizing the rows of conductive
pOS'FY%%b's?%@t Tetrigve ﬁgcqsrr@lmoog ?rpagtae drgatingsurtage, wherein the rows of
ositively bhiased to retrieve excess electrons from
CONCF iive tRsglpstycallycoppectedipdngiOC yoltage saurcgfthatds negatwely biased and
conductive ti el ectrically connected to the
the Wﬁ%g%ﬂ%ﬂ%&% ¢legtrically gepagqtediothe Dis wltagn gouree tfaaw@pos'tlvely
of conductive tips electrically connected to the DC
biasgd prefpt egpiaized attha same B8i ti vel y bi ased are not
energi zed at the sane tinme. 2. The nmethod of claiml
wherein the energizing el ectrode further conprises an
10 internal volune and a gas inlet in fluid
co nI$EtI0n with the internal volunme, wherein

BMatpd oficlaime! whsrgnhe \?Beﬁgl'w placteode ] “fthef comprises an
na ssageway in . fluid conmmunication wth the
'"terP%t"Qh’i%ﬁ a\;@ ﬁg'f‘éﬁ#dp %M’l@ cemmupicatian, with dheipiama yolyme, mberein at
X es through the gas inlet into the
leas{ £ baTiAA R SICBE%“‘%'H%: tiph PRFoRN IfRnalbassaaaway 4R Buig cpgynunication

oth tar r 15 3. The nmethod of claim?2
with k{m f'ﬂ*e“i @?Péam Gt Rast 2 petine of terferuciag gas 849@95 through
. nmuni cation with internal volu
the géﬁd‘"E\HE‘PéF?\ "ﬁ?mF'e me,8p¢ fauglythe w@er"ﬁbmﬁaa@waa@to the target
passes through the slot into the target area. 20 4.

aré@The nethod of claim 1 wherein the reducing gas is a
gas selected fromthe

3. The method of claim 2 wherein the insulated plate further comprises a slot
that is in fluid communication with internal volume and wherein at least portion of the

reducing gas passes through the slot into the target area.

4. The method of claim 1 wherein the reducing gas is a gas selected from the
group consisting of Hg, CO, Sin., SigHa, CF4, SFe, CFgC'g, HC', BFa, WFG, UFe, SiFs. NFs,
CCIiF3, HF, NH3, H.S, straight, branched or cyclic C, to Cyq hydrocarbons, formic acid,

aicohols, acidic vapors having the following formula (It1):
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group consisting of H2, CO SiH4, Si2He, CF4, SFe,
CF2Cl 2, HA, BF3, W6, UrFe, SiF3, NF3, CCF3, HF,
NH3, H2S, straight, branched or cyclic C, to CIO
hydr ocarbons, form c acid, alcohols, acidic vapors
having the following formula (I11): -45 O (I11)
R-C-OH organi ¢ vapors having the follow ng fornul a
(Iv): 0 (IV) R-~CGH, 5 andgm xtures thereof,
wherein substituents R iqnf @-aBlg(111) and fornula
(I1V) 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. 10
6. The method of claimb5 wherein the concentration of
hi [(W=Yo Yy o .1 to 100 vol une %
%aQEgEBngts #%nggflﬁ%og?v?ﬁnme{lé;WQt he gas m xture
further conprises a carrier 1p gas selected fromthe
group consi sting of: nitr( eR.—ghgl i um neon, argon
krypton xenon, radon, and m xtures therefore. 8. The
met hod of claim 1 wherein the conductive tips are
spaced apart from each other by a distance of from
about 2 mMqMmto 10nm 20 -46 9. The nethod of claim8

o 2hd bledS R0 Fhet bl s R TG 8 poe Bl 09 s an
alkylt p%pl, %}seu-ggﬁlg@ygg g?c{up? l?lg !ﬁﬁl 8&%? ora ngsﬂﬁjté:d) é‘r?,f‘ é:rtobg.e

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

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

from 0.1 10 100 volume %.

7. The method of claim 1 wherein the gas mixture further comprises a carrier
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 conductive tips are spaced apart from

each other by a distance of from about 2 mm to 10mm.



5 each other by a distance of about 5 nm 11. The

met hod of claim1 wherein the base el ectrode and the
energi zing electrode are spaced apart from one

anot her by a distance of fromabout 0.5 cmto about
5.0 cm 10 12. The nmethod of claim1l wherein the base
el ectrode and the energizing electrode are spaced

apgt f r'ﬁ’lg‘ rﬁé\ﬁgﬁ‘gf%giﬁ{ 8 %e?eirﬂ@%%ﬂ&@g&é gt’iés 9519?1%%%?%?’ apart from

Thé  met ho wheretn the v

ol Ko it BRI T

nmet hod of claimf wherein the substrate is at a
tenperature ranging from 100C to 400C. 20 16. The
met hod of claim1 wherein the voltage is pulsed at a

985" g RN oS P AR LB B il e o
eactpbﬂgpbfgngé,?g%égg@tﬁ’e hpl sel ected fromthe group

consi strng of: Z, a ceramic naterial, a polyner,
and mxtures thereof. 5 18. The nmethod of claim17
wherein the insulated plate is a quartz plate. 19. The
nmet hod of claim 17 wherein the insulated plate

COHRI | S§HeFndif y%({laim £ Qhéfdin fﬁ@%a%?%ié@ﬂo%iﬁ& %ee'ﬁn%?gizing

wher ei n tﬁe po I'S an epoxy polyner.

oucE S YR, O B o

cm_vvherei n the substrate is an insul ated substrate

12.  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.
13.  The method of claim 1 wherein the voltage ranges from 0.1kV to 30 kV.

14.  The method of claim 1 wherein the frequency is between 0 kHz and 30kHz.

16.  The method of claim 1 wherein the substrate is at a temperature ranging from

100°C to 400°C.

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

0 kHz and 50kHz to prevent arcing.
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sel ected fromthe group consisting of: a rigid epoxy
glass lam nate substrate, a flexible flex polyneric
substrate, a substrate used in an integrated circuit
i nterconnection schene, a high density interconnect,
a substrate used in stacked integrated circuit, and a
substrate used in a stacked package. 20 23. The
nmet hod of claim 1 wherein the protrudi ng conductive
tips are renovably attached to the insulated plate.
-48 24. An apparatus for renoving a netal oxide froma
t r 8@t i nghsumdthadofoflaian 1 whewin ihedndulaiéd platd chrsprises @ material
target area, the apparatus conprising: a base

seleetied ¢ronmottie gnawp camsisting ot1gdandz, @ ceramicaaitepali  polyaley, aaad
5 an energizing electrode that is proximal to the base

mixtalesdhaeredle and t he substrate conprising: an insul ated
pl ate conprising 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
andBa sdbembthddeftaldimal 1 whereiorihe tisolateyt plate isvaquaita plate
of the first or second electrically connected group is
10 connected to a DC voltage source that is positively
bi ased and the other of the first or second
el ectrically connected group is connected to a DC
voll8age The fedhod ¢fataims! 7Tiwhreintke insulatetispiete comprisbea @olymer.
the DC voltage source that is positively biased and
the DC voltage source that is negatively biased are
el ectrically connected to a functional controller that
is capable of alternating a supply of energy between
t hd0.DC VB¢ Mmedhodsef elaie 18ehereis theepelymeeisyaniepoy askteand
the DC vol tage source that is positively biased;
wherein at |east a portion of the conductive tips are
activated by the DC voltage source that is negatively
bi ased to generate electrons within the target area,
whél-ei nThe methastof clpim drwhesgindhe traeting ssetaee iither comprises
at | east a portion of a reducing gas that is present

soldgrbumMgs. target area thereby forning a negatively
charged reduci ng gas which contacts the treating

22,  The method of claim 1 wherein the substrate is an insulated substrate
selected from the group consisting of: a rigid epoxy glass laminate substrate, a flexible flex
polymeric substrate, a substrate used in an integrated circuit interconnection scheme, a high
density interconnect, a substrate used in stacked integrated circuit, and a substrate used in a

stacked package.

23.  The method of claim 1 wherein the protruding conductive tips are removably

attached to the insulated plate.
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20 surface to reduce the netal oxides on the treating
surface of the substrate. 25. The apparatus of claim
24 wherein the energi zing el ectrode further conprises
an internal volune and a gas inlet in fluid

conmuni cation with the internal volune, wherein at

| east a portion of the conductive tips have an

i nternal passageway in fluid conmunication -49 with
the internal volune and wherein at |east a portion of
the reducing gas m xture passes through the gas inlet
i nt2d. t héAn apiparates for sémoving adnéthroxidgfrérh @ troatiag 8aface of a
passageway into the target area. 5 26. The apparatus

subsifate that raskibs\ih ananiget aree, theapbatates qnegrisinigur t her _
conprises a slot that is in fluid conmunication wth

I ortion of the
8RR s otR B adishled e Bore P A et ar ger
area 10 -50
an energizing electrode that is proximal to the base electrode and the substrate

comprising: an insulated plate comprising 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
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

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 ieast a portion of a reducing gas that is present in the
target area thereby forming a negatively charged reducing gas which contacts the treating

surface to reduce the metal oxides on the treating surface of the substrate.

25.  The apparatus of claim 24 wherein the energizing electrode further comprises
an internal volume and a gas infet in fluid communication with the internal volume, wherein

at least a portion of the conductive tips have an internal passageway in fluid communication

- 49 -



10

with the internal volume and wherein at least a portion of the reducing gas mixture passes
through the gas inlet into the internal volume and through the internal passageway into the

target area.

26.  The apparatus of claim 24 wherein the insulated plate further comprises a slot
that is in fluid communication with internal volume and wherein at least portion of the

reducing gas passes through the siot into the target area.
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