TI TLE OF THE | NVENTI ON: APPARATUS AND METHOD FOR REMOVAL OF SURFACE OXI DES
VI A FLUXLESS TECHNI QUE | NVOLVI NG ELECTRON ATTACHVENT CROSS- REFERENCE TO
RELATED APPLI| CATI ONS [0001] This application clains the benefit of U S
Provi si onal Application Nos. 61/514,615; filed August 3, 2011; and
61/563,112, filed Novenber 23, 2011. This application is a
continuation-in-part of U S. Application No. 13/364,925; filed February 2;
gg}i4lmgigh ?I?igs the benefit of U S. Provisional Application No.

5 iled February 9, 20 above i oned applications are
i ncor porated herein by referenéET¥%CF%EHE'%KENFE¥§ BACKGE%UND OF THE

| NVENTI ON 10[ 0002] The present i nventi on reI at es E% fl-J %
processes fATPARNHYS [gMEfTé@ 5RIREMOVS} ﬂ i hm %n
relates to an apparatu <aﬂNKHﬂ%H®63@6hﬁ%E%E95 SH%J? | ess refl ow and

sol dering involving electron attachment and field em ssion at anbient
(e.g., non vacuunm) pressure. [0003] Reflow and sol dering are inportant

processing steps |n t hepasserblypplchl RSIREADEFRBPORIMONSOr Mk ng. sol der

joints. The term"reflo as use erein r ers to a process for nmaking a

preV|oust S b I f
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but not5! i abi&dwhich dafisotiveotferstit gl Suﬁp@/l&!@@d ArplicatigheNo b Bd#h§53r dlerow

sol der i ng eﬁguag%ybﬁn?‘gﬁsmel’m% o‘?\léﬁ %Pﬁ:a%ﬁg'gre%&ﬁ SIS ?Q%&ceand

wave sol deri e asserrb nsertion-nount comnponents
Re.t.fiow $olhderentigty.s a process used for outer |ead bonding of
surface-nount 25 conponents wherein a chip is transferred with leads in
pl ace to the next-level surface nmount packages. In the reflow sol dering
process, conponents are nounted on the corresponding trace area of a
circuit board with a sol der PASKEROIUND OFSTYE PNYRNEPNN t he circuit board.

Such fornmed soldering parts are then | oaded into a refl ow furnace and
10  [0002] The present invention relates generally to fluxless processes for removing

surface oxides. More specifically, the invention relates to an apparatus and method
comprising same for fluxless reflow and soldering involving electron attachment and field
emission at ambient (e.g., non vacuum) pressure.
[0003] Reflow and soldering are important processing steps in the assembly of
15  electronic components for making solder joints. The term “reflow” as used herein refers
to a process for making a previously applied solder on a substrate melt and flow upon
application of an energy source such as, for example, thermal energy. The term
“soldering” as used herein refers to a process that allows a melted solder to join at least
two metallic substrates. A variety of different reflow and soldering processes may be
20 used in the assembly of electronic devices, such as, but not limited to, reflow of solder
bumps used for wafer bumping, reflow soldering used in the assembly of surface-mount
electronic components, and wave soldering used in the assembly of insertion-mount
components .
[0004] Reflow soldering is a process used for outer lead bonding of surface-mount
25 components wherein a chip is transferred with leads in place to the next-level surface
mount packages. In the reflow soldering process, components are mounted on the
corresponding trace area of a circuit board with a solder paste previously printed on the

circuit board. Such formed soldering parts are then loaded into a reflow furnace and
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passed t hrough heating and cooling zones. Sol der joints between conponent
| eads and sol der lands on the circuit board are fornmed by nelting, wetting,
and solidifying the solder paste. To ensure a good wetting of the nolten
sol der on the joining surfaces, organic fluxes are normally contained in
the sol der pastes to renove initial surface oxides on both solder and base
nmetal and to keep the surfaces in a clean state before solidification. The

fluxes are rmstlér evaporated into vapor phase durin g{ sol deri ng; however,
the flux vBASER|tEoUgR ealiiesanchFeing ABNess uepldasioty bEtwgeR sp@eonent faads Spdder

joints andsQQ&t ARHE N M EiRGiit! 83dr@V4rE UbRAEE by AhbBhg, SREERE] BEd sblidifgingepidues
still remain on the circuit board that can cause corrosion and electric

shorts. [099dger REle J6I eRSURG 9eodhreling<ddhe Arolishsaider authsdRRINGgS EIFERS as

for assenbbﬂgraa.ctﬁ@@gté@nﬁérmmz% htmed‘rwme §@|HBPB§§IE§ to! fenith8 Aniansifaces ed
for surface-nobunt conponents ondi ng the conponents on the
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boards wi t Bo|c@FBEAENIThd RSS! 86 Hos?l@'mg?&ratéd’lrﬁ@wsgr bax&: boriks seldeangd by
using a liquid flux to renpve oxi des” on 15 conponent | eads and sol der
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mol ten sol defis gHY Qgﬁtﬁhﬁﬁﬂtw tH@Fe?IoWT@rrﬁ%é alafersdias®y, fiox RaiRRLdan Athandn

sol der joints are thus formed ten solder in the bath has a high
t endency t Bhepdircyik peiargdat qaarqavﬁ@cgrm%marm@g@tﬂwh@?%f ore the surface of the
sol derqdat fhopap V@av@eséla@r%e@télé’o 88160 ol TRLNBHMERY lsMch QBT %gsénlilﬁlﬁg

dross; which increases the operation 20 cost and the consunpti on of
sol der. Af traditiens) dieperign mPURt cesPanRES  edhiaFooap hee cisedufer BEEAEsToWRi ch
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Waf er bunpin |s process used to nmake thick netal bunps on the chip bond

pads for i hefere |sebﬂerandF@rg bothheagasmie Uit e wtha%ﬂweat&p&sﬁﬁ%gﬂ

sol der on {he,Raf5 HBRded h§\'ﬂe E@Bé Q4hEg t(yrt%ﬁr%{]éﬁ‘iéuﬁioﬂd}etb%ﬁwo@é oRidek ot the
re:flo to conduct all oyi and to change t hape of the sol der bunp

from al sﬁem@m@ﬁé@ﬁés.amos erﬁéaﬁ@pamrﬁwempag?%b@rougﬁea Bigh gemperatyre gnolten
first-refl 9&@? F BHAPShé ?noltfeh 'sQB%FjautbﬁnaﬁéHl?WQﬂfé thétal §191dce9tdbé 8810&kdtahe

sol der wettable termnals on the substrafe and then subjected to a second
reflow to $edeiisttdale thes farmedThdwemeligriaslderonibe bathdhased Bighdandeichd? fn as

i nner | eadoggﬁgé floﬁhl@ %Héﬂoaﬁsgo'meréﬁF@%§ s(i8a&® of he3096r BE® R&Y tRbbY

used in the wa process because it allows for subsequent.
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poi nt sl ders 4y ﬂ}'F coﬁgéﬂgﬁor’{"'& ﬂfé-‘&olgérsrﬂﬂéﬂ Qéldéﬁngt e r@QQueé RAchiP GRdHe

[ 0007] The shape of the sol unps after the first reflowis critical.
For exanpl eircuf uoar@ewbmhrpbnﬁes (ghﬂsqnée pioetesisads descabedereidrfonshaw $gldgrag-

hi gher fat| quum 1St ADRSIng FUE bhkess usétﬁtdommaétmamefél §bmak@nnﬁ@ﬁmb%ha be

substanti a ormto ensure pl anarity. Substantially uniform sol
bunps havi ngds foIr nev daagl honaer THErRINMRS i§tCOMMEOME Mage &y Gl%%&%@s%}lﬁeéped

with an Oxll'fég 5ddsShdMER réﬂ&/\flﬁd:?efé%ﬂ g hb% fa!s ran'Frstrr%ﬁ&\ﬁ)V\fo Qh@uétﬂﬂlbﬂﬁ& ling or

renovi n§ er oxlides durin first reflow of the sol der bunped wafer

i s appl¥i nip clingedamisbang e&@@ soldar bupw HRIp EsMuskyoswrape wurm?sherahspwrtcm n a
sol der pas%ﬁa XY &lﬁ)mﬂw thasirdSeabwd ISk RNMHIBpEireoWRREpdif tbaha¥ddisrint

bunps, and oW n nps in an inert environnment so that the fluxes

can effect pﬁ/meysq*ctetm«ﬁétabm temnaléﬂndé@ sypstfaie agd thrsy suipgted o a pesrRIdeEflowhi s
approach hgs¢irhSs i ‘1’}9?1@(3 Th&@kbld&P]oﬂﬁs Ry réf@fr@@i 'tcsl htehe% %Qhﬁlr@ér |Bmsn@bue to

flux deconposition. These voids may not only degrade the electrical and
10nechani calighpmeliag thoiy W'dqfhe(efgar nedPse) et eRaly Berd i dhe deder ByMPiRG

co- pl agdri hncREs b&&use it allows for subsequent assembly steps such as outer lead bonding to
proceed using lower-melting point solders (e.g., <230°C) without disruption of the inner
lead bonds.
[0007] The shape of the solder bumps after the first reflow is critical. For example, a
large bump height is preferable for better bonding and higher fatigue resistance. Further,
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sol der bunped wafer and affect the subsequent chip bondi ng process. The
deconposed flux volatiles can al so contam nant the refl ow furnace which can
i ncrease the maintenance cost. In addition, flux residues are oftentines

| eft upon the wafer which can cause corrosion and degrade the performance
of the assenbly. 15[0008] To renove the flux residues fromthe refl ow and
sol deri ng processes described above, a post cleaning process nmay be adopted
usi ng chl orofl uorcarbons (CFCs) as cl eaning agents. However, post-cleaning
adds an addiet banp$ fprmore shoslde prejerabiynbe esigistantinly rvifafmaceuensvge prlarasitsi ng

tinme. Furt rhof ) eani: tig IS
banned dueoE5aT,SREnf sfidecbitiod RAARGIEANEIL FEo i, 86 12 SefaRg &
| ayer. Al theasgociatedtwitaan foxigrdteenkurep sedaceddwiigdpe drahyeflpsi. ngna agpgprh ffount
of activat ce .k es] IﬂﬁJrEP tf ' f ||np§% - 1. and
loss in th%@%k@n%cgo @1'%’% arjeS| dﬁgsmg%?fioﬁle&a{glté ?%??63 Bo t déﬁl? fé&%gpﬂ%gog]
A good 5sol ergaoin fiigesadver thedenasied selddebwnph e withtve solferctasth mixtwreitipt has
formati on, ux . ' r:8s d f: [ i Si a
reduci ng gaererel Bpic B wale 5o GEh HEDuTRRL ol 2afodifh #HE bERps § 47O, 2

fl uxes foremiwomengsatsabthediuxeesan stietiivelyiremavaindias okides Phghe saidatisgyliecs. ar e
called "fl c ' N wissksS ol i\ney mAgm I Luxl.ess
refl ow andH é&?‘g%r fh%L%?%%gas {t%g%guse (|§ " hy r”o\g)gdns ag a%egﬁh}a\%ﬁjgggklﬁmgg
reduce oxidies torflusadecompoaltionandhesd deids mayergieenlnl dograde the elagticebeadse
it is ve . = ' I-C

easi | f%venrhgpﬁnz(%rpgﬁgtp %ﬁ%%ﬁ%éﬂé‘@gﬂ ?%%%Iz%re?é&g;bgﬁ ?![Sgco‘g%&ﬁ%th\g(yr%@?ﬁ[&e%h?h an
open and csdérnbechped| deférngngr efectt then fubseayad? chip nbandiogi erogess. hadha

f | ammabl e . . : £l i S
been a tec%%%%%og%%gf&? 8|rgﬁlaé%Iccgi'-'rl}-rg}%lef %‘?%’gﬁtg?ﬁgf@&égogﬁgﬁfga@mugﬁlnﬁ%&g %gen
f 1 uxl ess ntbemuainteoandencost. Ineadtlitioon fivntesithies leee afterdinasdeb ypputhe Wafar whieh f or
refl ow of e ing from400 to
450G Howe iy RSP aATERY a48aBE i phRERERE UERR ONNY, L Cely Timi ts it
appl i ci& i oif008lor Te cdrdevs thg flox sesidisessirom dde reflopianst saléerihguneRssgs destieds
refl ow sol Ln S j QT AT j i ogen
o reduce S Page i clhaZRioREss Ry, b Radpeg LI BBl (CPCRY EE

met al oxi delsaring bgentsio Howkever pesisidaning adgsearaddditonabpigessy step @) increases

than t nat " Op TERagiind BiekERind el IaKEr WINRE JTEhFhapisaRdaeres) sRat s
i nef fi ci endgarofg hyemte gehansdadue idbtieepptential demiage Ko ¢fe pedis iprdtestivefozone
T8 Bl AUBEPRORLIARS, oL ONORSRE AT T el
refl ow sol adivatogs &ndedwweeresioluder thege is a trade-off between the gain and loss in the
amount of flux residues and the activity of the fluxes.
[0009] A good solution to all the problems described above, including void formation,
flux volatiles, flux residues, and dross formation, is using a reducing gas as a reflow and
25  soldering environment to replace organic fluxes for removing metal oxides. Such reflow
and soldering techniques are called “fluxless reflow” and “fluxless soldering”. Among
various fluxless reflow and soldering methods, the use of hydrogen as a reactive gas to
reduce oxides on base metals and solders is especially attractive because it is a very
clean process (the only by-product is water which can be easily ventilated out of the
30 furnace), and it can be compatible with an open and continued soldering production line
(H2 is non-toxic and has a flammable range of 4 to 75%). Therefore, hydrogen fluxless
soldering has been a technical goal for a long time.
[0010] One previously used hydrogen fluxless method for inner lead bonding has been

to employ pure hydrogen for reflow of the solder bumped wafer at temperatures ranging
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10 tenperature range. For exanple, the effective tenperature range for pure
H2 to reduce tin oxides on a tin-based solder is above 350C. Such high
tenperatures may either damage or cause reliability problens to the packed
el ectroni c conponents. Therefore, a catalytic nethod to assist generating
hi ghly reactive H2 radicals, and thus reducing the effective ranges of

hydr ogen concentration and processing tenperature for reducing 15surface
oxi des, has been sought by the industry, [0011] Fluxiess (dry) soldering
has been p&omhctOfdd 460°G. hdowevesr tharflemmsa ey naleveeefdhe patshimidgeass. laely limdishtai que
is to enpl S : r [ 0xi ' Ij.Z bl Qn
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However, 20Q.. . i : il d J q can
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t reat nent teahniheegpe Cnerteekthique tselopemployiassrhid ablaB0OCedHonetakexidéntoothder t o

obt ai n oPt { A LRNALGhONS AL PAHTR-QCHRL ALy SUAD BURARST S Snort or

typically p rmed under vacuum condl t1ons. eratrons require
expensi ve egucipgathospitreast plegeperefaidation &y the sdleasedirantadmipanisesoweneher

h i . NJ - di d
irer oo S tRimefitd R BURMPRIRE TP iR ot BaRATES) Blifbd ¥RiIGAa 1 A BET
speci fic adesirabEhtr efedr e vapeizedhetbase wptati eBhecefnrentsupl lasdri poeessey are
utilized i aiﬁFcp[% BriRERSSant P ASIRS 5?%%3?@ : uﬁﬁvgaagggaﬁeﬁi&en{ g&g@@g&;gg@er s

t hrough a Sputtering process, an € an accunul atio
char ge on digeireeatdiiect Ierdfaight to theadidedayes. Jhsse factorsrinit thecusafuinessdefieage.

M cr owaves etecﬁ%gﬁ%%?ﬁmgggo@éerﬁgi@%ﬁio Lcrocircuit damage, and substrate or

conmponent E ur e may Icul't to control 15 during treatnent.
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reducing gas in an inert carrier (e.g., Ny) is typically used. The reaction products (e.g.,
H,0) are then released from the surface by desorption at the elevated temperature and
carried away in the gas flow field. Typical process temperatures exceed 350°C.
30 However, this process can be slow and ineffective, even at elevated temperatures.
[0013] 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.



[0015] U S. Pat. No. 5,409,543 di scl oses a process for producing a
reactive hydrogen species (i.e., atomc hydrogen) using a hot filament to
thermal |y di ssociate nol ecul ar 20 hydrogen in a vacuum condition. The

ener gi zed hydrogen chem cally reduces the substrate surface. The
tenperature of the hot filament nmay range from 500C to 2200C. El ectrically
bi ased grids are used to deflect or capture excess free electrons emtted
fromthe hot filanent. The reactive species or atom c hydrogen are produced
from m xt ufG9d 4to£ﬁaamlﬁ9rm@esz%at@h0m@®)@ g drigtpevRveiregHengies carche ppeg togeigduce
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the hot filament. The reactive species or atomic hydrogen are produced from mixtures
containing 2% to 100% hydrogen in an inert carrier gas.

25 [0016] 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

30 metal surface. However, such hot cathode processes require vacuum conditions for
optimum effectiveness and filament life. =~ Vacuum operations require expensive
equipment, which must be incorporated into soldering conveyor belt systems, thereby

reducing their overall cost effectiveness.



20 openings in a dielectric shield placed over the oxidized substrate. The
dielectric shield concentrates the active hydrogen onto those specific
surface | ocations requiring de-oxidation. However, such dielectric shields
can accunul ate surface charge that may alter the electric field and inhibit
preci se process control. The described process is only used to flux base
metal surfaces. 25[0019] Accordingly, there is a problemin the art in
provi di ng an econonical and efficient process for renoving nmetal oxides
fromat | efé7pn&otienpsinant ‘Findzsor Seidketieg dnder adivaiedetmedphere et yAmeiant
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addi tional pr obl'€m i n for provi ess ering proc
t hat does motrce mfowerairielomltmr%eﬂrcmmmbitted deose slectrpigEm ewmmmch}mtr@ﬂE

| NVENTI ON *)Po?ﬁlgé e Fg%y r%&%\{/}}b dé @é&&éé S%evﬁ%sﬁaﬂﬂgl frke 1Y tel@dthcall fchta d

probl ens o € ar a pa at us reno al
oxi des fr ospextiesl whish ammemdimdetntthersdbsirateorr dewew#rfgamecaﬁsehoeduqee@me}su ng

P T X 10,2X BRI Bhisd et T BIUMERDA of Rrdfiafifesndd HBORO, HciRel Nich OBHB

I n one aspec provi d an appar at us renovi ng neta
fromthe sdrsf:laarge @hambeltsnlpqnleelSlgomnmtl egjuipgnentt Cbeféﬁnd(ﬁfé r@élegeltyer@trpﬁttﬂﬂ to

sol der, )%fflrzgfggldg @cE}ﬁ\FéyBP%e&E&:y r'r;[)rshé)ﬁalgrgmoh B‘ﬁ%b&gegar@'tﬁ@&él@”s

in an anbi cuum’pr ess STectton attach

conpr i si ngempldyee fat mmtrgstlmtmppatabwjfacechemfe §bl¢grlnmratmrnbaera1mmmgsqjd@f or
nore pr otr§§d8§s and 10 conprised of a conductive material wherein the

mat eri al sa work function ranging from2 to 5 eV, a dielectric materi al
whi ch $%urr {00183 &tS.| RatsNoa5gdBBR0mestrihasen sufavedeeatment mcmdmngzelﬁpmp@ed

O o CondUgENS ot eﬁl\!ﬁn Y GhoSHRERBRRA GRS Mgt Yok (Phvt B 50 Ky

dielectric ma erein and ano re edach connect e to an
el ectri cal eleofrodege Tnemle@rodanld Mmdelnnthehlerown‘eﬂye@tmﬂsubatfetel rathepdbameém at he

cat hode a”ﬂ?ﬁée ﬂﬁ) PR Q‘{]éez Slgctrct)r%u%nﬁfg}{ LrBH‘ Qﬁec%fe%t F) dfdut:e &kdctive

distributio ANci ng t strengt e electric near the one
or nore of hydreggr cddicas o1es pka{sm'ah@rltamlhgcmomm bydrbeerebyhéaln theinnepssl eaugbns

fromt chéegnq ) inlapfjfeggcgr m&{: E)‘F ceﬂmgp'tﬁge%&ze@% l%l 2 ?hQQﬂféléchnc Qﬁlelﬁhe

el ectr nera em ssion d em ssion, or
conbi nat i onorideetraiet.the actlve 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.

25 [0019] Accordingly, there is a problem in the art in providing an economical and
efficient process for removing metal oxides from at least one component and/or solder
surface under relatively low temperatures to avoid damage to the electronic components.
There is a problem in the art in providing a process and apparatus for fluxless soldering
under near ambient or atmospheric pressure conditions that avoids the expense of

30 purchasing and maintaining vacuum equipment such as required, for example, in a
plasma-based process and apparatus. There is problem in providing a fluxless soldering
process and apparatus for internal or non-exposed surfaces of a substrate. Additionally,
there is an additional problem in the art for providing a fluxless soldering process that

does not involve one or more flammable gases.
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20[ 0021] Because the cathode and anode separated by the dielectric material
can al so be considered a capacitor, the thickness of the dielectric
material in contact with the two el ectrodes nmay in sone enbodi nents of the
invention be thin so that nore el ectrons can be accunul ated at the cat hode.
It is believed that an increase in electron accunul ati on at the cathode
pronotes its field em ssion at a given voltage supply. 25[0022] In yet

anot her aspect, there is provided an apparatus for renoving netal oxides on
at least one surface of a cBREINBUMMAGDOFsThilg INGENEIOMND net al oxi des

t her eupon, ﬁd}ﬁlaﬁﬁgdﬁg%&tq%@{tloﬁ'ébﬂ/esa%nﬁé & Aof iS5 ﬂﬁa@%%rﬂ?st HistheI art bé/d

conpri sing aving one or nore protrusions ng an ang
or hi gh cupraatding asumedtbe® anid appanptusséd ofmeving rmiefet ioxislepafremi af |@ﬂ$ércmen

the mater :NE mﬁgﬁen? am/ro*{ SB|H€P§ur?dlervﬁfh%hﬂu%thrmg}a2%>§ eg%«ﬁ%iv ava%Qurg e?nf\p%erﬂ

mat eri al surrounds a ast a portion ano
conpri sed efd/ar acblammhle/gasranerqmienhhlrchnesaspentutdereais prevdidsad an peparatos fof

e 0Lt eClh iy T b el Bligtb B e LR GAIO AAMLRRAEIH P2 0BGR ATBRELR 1O

an electric our ce ereln lelectric nateril a et ween
t he cat hod&omnsblmrodaetals apd| cambirgdions wwebmmeomhf fhiengmishien elf edeatiops fin eind

strength angpRGESIHLALARSP hESLIRNANBLORDE b0TeldBoR Mhonhil BRSS! QR8iOf

the cathod& and here y gen I'ng e romt € ca duci ng
gas wher ei amidgs®nelappanatuss catnpaisingt & mthwashawnpoome on m‘ore hleotresiqraa rapdgas

to f tonm ¢ . ani : ti f i |
o2 ol 85 coR 8o RBRHEL WaSFPEFRL B 189 Ao B5Li o
conponent fremszto GEdh & Hielechivdmeteriaewkigh fsageyndshat least a pertian afitice aathods,

portion of Sohan apar cBRPSH SPEGsuqhE TR NG SR Rl o BEENG,
appar at us thesdieldot® hederiah wagrelre tlna;ezathqdeoarhrmanapplareaeaahnsomr‘rem &h anhe
format i on g.f%{ncgevoﬁ' b§SIsbAR3, bR %Ymeeggm'tﬁ&h.e%ctﬁp@av&@ gg&@%ﬂgﬁgag(h%db%&d

required, uri ectron
at t achteent anader e:mpolarlded;t thms conjningt thes ;aleetr@cfleldsdlatﬂbutiqmiandi eranaing the

coating. The i Vgp{hl Oé] %%a%euéﬁégﬂ ré’iBF {h\égﬁd'gﬂ% &‘?ssfrgthgtcgﬁ{odfs%p

reduci ng gg |caP|ons ot her renova
net al oxi dmereu»;oemebrwpﬂeetronmotramaﬂwascmmde tlﬂnehus roy edibhéroembeimahtsp abéeast ed

o o o R i e Uy JBIE B oI SROFL 00 AR B
and ot her easpeiocatondhetelo€ i nventi on wil I becone apparent fromthe

20 [0021] Because the cathode and anode separated by the dielectric material can also
be considered a capacitor, the thickness of the dielectric material in contact with the two
electrodes may in some embodiments of the invention be thin so that more electrons can
be accumulated at the cathode. It is believed that an increase in electron accumulation
at the cathode promotes its field emission at a given voltage supply.

25 [0022] In yet another aspect, there is provided an apparatus for removing metal oxides
on at least one surface of a component comprising solder and metal oxides thereupon,
the apparatus comprising: an field emission apparatus comprising: a cathode having one
or more protrusions having an angled edge or high curvature surface and comprised of a
conductive material wherein the material has a work function ranging from 2 to 5 eV; a

30 dielectric material which surrounds at least a portion of the cathode; and an anode
comprised of a conductive material which surrounds at least a portion of the dielectric
material wherein the cathode and anode are each connected to an electrical voltage
source, and wherein the dielectric material between the cathode and anode is polarized,

thus intensifying the electric field strength and accumulating electrons at one or more of
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foll ow ng detail ed description. BRI EF DESCRI PTI ON OF SEVERAL VI EW5 OF THE
DRAW NGS [ 0026] Figure 1 provides an exanple of an enbodi nent of the
field em ssion apparatus 20described herein and a test arrangenent [0026]
Figure 2 provides an exanple of an enbodi nent of the field em ssion
apparatus described herein wherein the field emtter conprises a cathode
conprised of a plurality of needles. [0027] Figure 3 provides an additional
exanpl e of an enbodi ment of the field em ssion apparatus described and a

t est arr antjenmutrusion bt érey eathhde raadutbeieby asineralingl elestiaissfrom the saihsde; a

0028
1[ i el d] eE‘: g}sé\idgﬁlﬂg%ngrg&ém escr%@é‘g@ragﬁﬁg?é%afgf @%gﬁg@gﬁ provi @éséagﬁto
exanpl e of foam aerbicdinimenst aod atmdﬂcfedecsteﬁapsilﬁwngapp@le@tﬂmi PREIE8ICthAbiednerer ei n
for treati &95 H2"maH RS gf He gwﬂéﬁqﬂe&ets E{%’q?{s'lé% iS Weh afpon- thé Oc%%gljctﬁbgur e

6 provides an ex anple o od| ment o em ssi on appar at us
descri fed waeenwharavmtrwhauohec faniohd ceniact the aldapsti oes sufaset ¢fdbie chawiongnta

shar p edge BﬁﬁE%Ea@?%Pp %lie%etyl_'gxb /ENTI ON [0031] Met hod and

appar at us e renpv oxi des fromat |east one surface of a
conmponent tﬂ@ﬁp} i ki faghertasipeetst therfielsahissive dpparatussisisdebed nereialmaapeiused in

combi nat i o ?\e} {%Il giorgyln cSofatbR tfr-le\/-:‘(:"él t @rlg%ﬂ ﬁﬁtﬂgﬁtcor'r%'ﬂ%a%u@r
H Tohrale sk e

reduci ng gas fo rme an electron a process are
di scl osed ate’roepherel rs creqmmdn |eqlb($id'g mewtt spt tlih'éteéprsgase preficatiot by teedabion

gpg’m o dljg:é@agzpﬁ{%ﬁt gt &novzwd@adoﬁ% tfeggewca &8¢ a.Jpﬁe%%aaiftaafﬁby eﬂﬁgrged

e FEFUC ng gas react wth red surface neta
oxi des on iaveht®asmaynelssubé asgedffor a@tb\rqiuogegaseSTh&aﬁeﬁlhodr@ndmapp@ﬂ&éttQ;’

gglsg;ir Ibﬁg Qp%liggt%n%agthg? thAR Iquﬁld aBMitiBW qbf Péinﬂﬂ/aF ro'?ane{.a(l)r@%ders.ef IFQ)YV é@q’lple,
apparatuses of the invention may also be used for surface cleaning, surface oxidation,

etching, deposition, and other applications involving gas and solid interfacial reactions.
15 [0024] These and other aspects of the invention will become apparent from the

following detailed description.

BRIEF DESCRIPTION OF SEVERAL VIEWS OF THE DRAWINGS

[0025] Figure 1 provides an example of an embodiment of the field emission apparatus
20 described herein and a test arrangement.

[0026] Figure 2 provides an example of an embodiment of the field emission apparatus

described herein wherein the field emitter comprises a cathode comprised of a plurality

of needles.

[0027] Figure 3 provides an additional example of an embodiment of the field emission
25 apparatus described and a test arrangement to observe the reduction of metal oxides on

a sample.

[0028] Figure 4 provides an additional example of an embodiment of the field emission

apparatus described herein.

[0029] Figure 5 provides an example of an embodiment of the field emission apparatus
30 described herein for treating non-exposed and non-grounded soldering surfaces.

[0030] Figure 6 provides an example of an embodiment of the field emission apparatus

described herein in which the field emitter comprises a cathode having a sharp edge.



10 equi prents such as, for exanple, the refl ow machines used for inner |ead
bondi ng and the refiow sol dering or wave sol deri ng machi nes used for outer

| ead bondi ng. The net hod and apparatus descri bed herein can al so be applied
to other processes wherein the renoval of the surface netal oxide is
desired such as, but not limted to, netal plating (i.e., the sol der

pl ati ng of portions of printed circuit boards or netal surfaces to nake 15
t hem nore anenabl e to subsequent sol dering), surface cl eaning, brazing,

vel di ng, and renmovi ng sHBILEDDERERIGTIGHICH SHESNYFNISONopper oxi de,

rormed AurgBgss! it HA'Bba P%&’s%?ﬁ{e’l% FHGot BNl d LA a @ artdsL NG

the nmet ho apparatus resen invention Is equally applicable to
t he af or ensfrd compahent compssing it l@asy ooe Iselecierdtas solflesi metak apf! qoathinatiegs

oxi des wi tf gi%gg %Sﬁdbgg% {Hedd 59@}2 cﬁarﬁ%ﬁ')éfoﬁ? Farrrrgﬁal r&&u&ﬁ%ﬁéﬁ*&vﬁﬁh ?sqfé'rrHQ@nt

such as in pro esse Vi ronment
[ 0032] 51 n mnen efdetdi ratiathmehteprocessdarendisclosad bgpir atmserw@sembbémerm dhen

compri ses: o BeSkNRAe JRAE nQlord ) o‘?cc}urn'né%!eyreﬁaﬁdalﬁﬁlt 5ofGed rrob@ése\é" thpa | ow

wor k funct nprisi ng i ons an angl ed edge
or hi gh curegativelg claangfadcaéomwohs af the mmpgtgq@ repeleditie andlrﬁ@}@e this| saifece

ridge, fin ﬁ%{é’?‘% nggm \qu é”an%‘é Coqtzp%gr% bSeft® 5‘f’ érn(?é{ﬂgtg%ngya aratus

dlelectrlc rlc erlal ereln edle ctri mat eri al
surrounds MSchlarwstheaelpocan che @innlcbuedcay hmddlfylmdraﬁrtlcmabdeﬂomar@i isotdeén@node

S“rroggdgnég& mejéé sfe rPgétﬁPQxa%p@hﬁgq%ﬁach g%gsa k& inn ngaav»ﬁsﬁ&hgame

cat ho € edch connecte cal voI age source and
t he di el eaheireflomtseidesihg et wenen solkienmgama@bmean@ednf@de)ut%’ Ipadi dondied. whhe h

promotes t hsggglaﬁé ggal%i seé es%hﬁ@@ﬁ%rfefn J:'Qnt %90 BgtaEPﬁ]@d oT&ﬁer?‘&ogé el %%qahrﬁ' el d

eni ssion ap e use I cations 'l nvo vin
need of fdhmrergovia1 eéthelseldace)nsetal ox@e indébiedtsuoh aﬂ,dmﬂ\matluultndetpnmgtﬂheiatlng

condi ti on, X2 O(fl?e %@I\gglb ﬁltatl g? tof lpbmokglq)tf;;)?ntegaarcﬁffrﬂofd aBr' %@te{?%uﬁ&%\s’[ {Cfake

at t achment( ast art ctrostatic painting, or
coating. Themtraom éraemamm ambmgpﬁﬁréowen:log)dlsurfme claenlns ghranipg.eveldimgaard an

TaT0, " 1a, qomDypaiaBE SRS or ANGR. DRAR0 pBBR ot e Sl BRofigel Nt

19.5, or aﬂoﬂeqsm'g? Thenemoealpmétal.dxidesesigdhersrethod drsl apsrains otthewsesest c_
4

at mospher dnETEnd: A afcIble dodfle Rabdmebfo il Bt SR dr' dp CHREE pARBLs 1 1€

appar at us dhssohmsédemewag roxideg Withqartbé ceedrfoy osganicaBlixesf @xpersiteaivacuum

enbOdl nt SCMP(!P?[E ngh L9 ﬁ%ﬁh?%logﬁel(; {)rlt%é %%g asn%]/ ?Irahﬁgaﬁ gégéﬁ\ﬁl%ﬁn%mém

conpo ts ie alta senblies. " In
t hese enbddo3zntls, onbhasmtxmilrdemti thg feld émiseionsappetatiadidseribed bereim gonaxisesedl t o

D oGS, b 0B e U A B TR e

del i ver el@oiprisimg @rdogmoer atc&rus@guathambyarcalaglg@@dge omihigh mawcﬁ:hurme
Y omponentvetet b S AP, FRedenfide HRI RIS MIRETRE wiclf the EaRLETTT
mat er i28 swuetouaded by iacdialeckicl materialc aadieldctvit thateiidl ivdweidi tox ididgctrid matetiah:

surrounds at least a portion of the cathode; and an anode wherein the anode surrounds

at least a portion of the dielectric material, and wherein the cathode and anode are each

connected to an electrical voltage source and the dielectric material between the cathode

and anode is polarized which promotes the emission of electrons from the cathode. The

30 disclosed field emission apparatus can also be used in other applications involving the

need of forming free electrons in an ambient or non-vacuum atmospheric condition, such

as, but not limited to, gas purification by electron attachment to remove dust or impurity

particles, electrostatic painting, or coating. The term “ambient atmospheric condition™ as

used herein means an atmosphere having a pressure range having one or more
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al um num oxi de, gallium arsenide, ceram c, quartz, copper, glass, epoxy, or
any material 15 suitable for use within an electronic device. In certain
enbodi ments, the conponent has sol der di sposed upon at |east one of its
surfaces. Exenplary sol der conpositions include, but are not limted to, a
fluxless tin-silver, a fiuxless tin-silver-copper, a fluxless tin-|lead, or
a fluxless tin-copper. However, the nethod of the present invention is
suitable for a variety of different conponents and/ or sol der conpositions.
20[ 0035] | mollowirtgagnuippingf: et4.@d embiedi, Mo, <15.% HE.Ccdfponédt 17.4, WhOcHB.bhE.0xi de
isto ber v | der u : "
positivel ng}%ag’gdq% égér al'? e&gen rtnl:él Fgﬂg‘ggﬁ%ﬁ‘\g tﬁl n Cﬁ%@e&gﬁggﬁ%fgor}dglotnhe
field em ss&r@esefpmanatpmg torp@ psr@rrptmwnaltemaw%abbodmeet tae@trodsphereeptithe

em ssi on aﬁ'ﬁ' I at; gr@éo} in the sane heating chanber which is purged with
a gas m xt 89% g%r S| ng a reducing gas and optionally a carrier 25 gas.

Wi | e nt W@B] ndhe dichkeindsivd anparatesrdjﬁclqsedlfermmaww patigulath enitape &arer gy
source such_as _di Je, (DO (V0 i a f
two el ectrSﬂg '”(%’F‘g&ﬁ'm%ﬁ[ ho eCh ggof\{ L%r corr‘?)lfuglg o%%{mgeé )S%g%% g’?ﬁ%
within a fcehdommits shdndiag pRGat thptcmm ebyd cdleaatiavgmmt edssembliesal lnothasei al ,

| ect

Coward t heSGPOUTRaY OF polfld A FRERERt i BRB EhFr e sBeatehiter,
be sol der ednd Taenatlaetss emsnade Tgeﬁaichem¢SM| avppretuspdisclheedsdreit gohaxgisesd t he

t hod f
the ol Bbt r 6oCR oD aNokpish SafEeh b ERBAE A BeferafiinagHilb 8ABac o7 2
| evel is rphatsugieby hidrgber( enigns thgowght &7 elettaon @ita@tment:‘mmeessf t he el ectrons

t d d. t t

ol ccul os, AL dfecishne FHIRA AERES) WacCLeitah} 3Balts, b S HrBRA"
char ged atousmprlse@nsf aimatééal rsedi@isngligpas stigore ceated (yvitha$ltlmhdmx1de arhreamum-

tivel h . ' I
ol act i car =g Exfhred finn BSnRle, bran{s SHaleRLoBRs, R Mlod 3 SRy
whi ch tdher edugabteeﬁduueeswithle amelsttianie detice. loxdedeis embttdﬂeelhtasfbewemhnandva@r

e o L S B oDt HEAY, SRR s TERs, |G A8, ETRAGTRRt Of

t he appara? erein aratus conprises’a devi ce or
struct ur e inbatecouttaae met Bmibed to, (a‘ﬂledlasasttmesilee acfhrdesd dinegiideragopder, a‘l‘fluxiess

devi ce cany ef:—:];a'ﬁlg' Ent II%)élgég l'tlnecl §B%rjégzl-§olv\%gga§hetrﬁgthggvéfctﬂea}sreM' |ﬁ%ntlop| isand

pressure. T conprising
N2i the em;mtaetia fel ectnaipsf dlﬁermecmpammaMWsmrgampnﬂhml es, formng

negatiyel y[o?)ggtg%ga%[a?%ﬁge chg %ﬂ%%dh@%ﬁsﬁhar%m@%ﬂg& in whills tfY ﬁhg% E&B?he

at t acHrfe rogen ani ons can attach t
sol deri ng uidvadeartddorrsattieced sajpésiﬁmwedxd)rdesgraundeell et a4 \pekijivély Wiasedsebsirale es

(e 0t W3 a bl ol AL 0T TE RS ARtttk o0
vari ous wae. sdhstratemaamthe fatd aciesaEnt apiaratue-aréi24dl iRrthelEgoet heating chamber
which is purged with a gas mixture comprising a reducing gas and optionally a carrier
25 gas. While not wishing to be bound by theory, it is believed that when an energy source
such as direct current (DC) voltage is applied to at least one of two electrodes (e.g.,
cathode, anode, or combination thereof) contained within a field emission apparatus
thereby creating an electrical potential, electrons are generated from the negatively
biased electrode and drift toward the grounded or positively biased substrate with the
30 component to be soldered. The electrons are generated mainly from the solid phase of
the cathode material. However, in certain embodiments, an additional portion of the
electrons may be generated from the gas phase when the applied voltage level is
relatively high (e.g., greater than 5 eV). Some of the electrons generated from the field

emission apparatus may collide with reducing gas molecules, thus dissociating the gas
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Direct attachnentH ++ byEquation 2 Oxide reduction:+ MO m+ H20 + 2e-
Equation 3 20 [0037] Energy is supplied to at | east one of the el ectrodes,
e.g., the cathode, the anode, or conbinations thereof, sufficient to cause
el ectron generation fromthe cathode. In certain enbodi nents, the energy
source can be an electric energy source, such as a direct current (DC)

vol tage source. O her energy sources, such as, but not limted to, thernal
energy, electromagnetic energy, or photo energy sources nay al so be used 25
al one or i maesdiksnand mminBheedalvelpichagedssomiceionapf b woisingrgasdry, electron

cat hodp | & BB o= EhoBTBRMET o ihe RARIER o DHFARAE T

anode is cetum&aﬁaéﬂelddowamioﬂhéaa}bstsatarmm tite corspaemt td beelo/deTék whith Ereeele i n
th It I t i rst
(e ol | 205215 SLEML el Dits b b SELL AL AAF Ao P AL sHRE 1

t he anogle itradigjooaifidees. [0038] Not wi shing to be bound by a theory, a

pr oposed g@@@gﬂ mgfggrﬁgggsmien? Pthgﬂpggi#@geggﬁcgpgghégw tﬁeag%&t?atﬁéembng& as

foll ows. and ano eni ssi on aratus are
properly cerdwmbeml atstruotuee thiat nontaine baindf elctrodes, a;gthosletamd@noﬂde]ér hiH edviast ri c

mat er | al rgle{flcberq g:eﬁ"ﬁt'h %% &% thae vnc% taag‘fb%rﬂrﬂ %ss%ﬁ%eﬁéw&\nces rIF]%unds

atleastaﬁ elspo rne electric
field dist redmtngogamdnrbhmsnu cuneprisirfgyHi bed Nzethterermued feleetrdnscarehgtattacfwr

th f t t

e PR oo e LG8 o il BBaf) B e SHERRCR Mlodd e RtRbade
i ke. The @arohgttbe e:mtfoatattdmmepa(seﬂ Equddipns hearuﬂi 3| €be hydrogen enipas camgttdchal so
b d itor., |

e or abi o\ s soRE i Sfanec® ffe SEHRLT pxtibs elaly o RERBLIATER fochy
the two el eq:atmhas belswt) hThe fr-elehmonsrmjeeteell @cthedrextiogisudecuondenesatad at lae

hode. | b d I h
cat hode. canyParacl Megeds Ryt GE TG GSRRAN PARLS 001 )T Tog 0oss)

Since {he pol ar ipissociative sttauhereot:t | oﬁ@l+ewwe-dm#ettr| cEquatshant of the
dielectric material, a dielectric material with a relatively high
dielectric constant, e.g., 1000 or greater is particularly preferred, such

as barium titangjecedithcoiatr pi ezoelrpetea LeHees AN G$, SucBq@sioRZT (Lead
Zirconate Titanate). The voltage potentials applied on the two el ectrodes
for initiating electron em ssion depends on the geonetry, material, and 15

arrangenment of )y eldiopm tter stryetype. e Hjcet Qeerrgweﬁ,bn@escrl bed
herein may be Eartl cularly useful for enbodi nments which involve activating

H2 gas2&ind[Q03dlic Engraveisasurpliedide abrleafdransx poied elestodisn-g9-athe sathrA_uihgt ed
substrat esuhdd oﬂ%r‘ﬂbm ﬁﬁ%QEere%P%ﬁﬁ@%nf & ca@s@‘é’iercﬁﬁh GeASAR rbMdhOtathbb®

chips, die attac evi ces, 3D stacked chips, surface mount conponents,
and t hr oughn ¢rstain emhpdimantss the ﬁn¢r§é§9ur@mauheean gleclfig NEFYYR9Uree: 20SUAF dce

i's no | onggfegWutR! ®d)0vdkabe 3SuRR. 3OBRE energy sources, such as, but not limited to,
thermal energy, electromagnetic energy, or photo energy sources may also be used
25 alone or in combination. The DC voltage source may be constant or, alternatively,
pulsed. In certain embodiments of the present invention, the cathode is connected to a
voltage source at a first voltage level and the anode is connected to a voltage source at
a second level. The difference in the voltage levels creates a bias in electrical potential.
One of the first or second voltage levels may be zero indicating that either the cathode or

30 the anode is grounded.
[0038] Not wishing to be bound by a theory, a proposed mechanism for the field
emission of electrons can be explained as follows. When the cathode and anode of the
field emission apparatus are properly connected to one or more electrical voltage source,

the dielectric material (e.g., insulating material such as a ceramic tube) which surrounds
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[ 0040] When the field em ssion apparatus is used for renoving netal oxides
on netal traces of an electrically insulated substrate, various discharging
approaches can be applied to renove charges accunul ated on the substrate.
For exanpl e, various comercial available charge neutralizers can be used
in conjunction with apparatus and 25 nmethod descri bed herein. As an
alternative exanple, a charge receiver device containing sharp tips, sharp
edges, needles, fingers, ridges, fins, or the like powered with high

posi tive vat leagea pottientof die cathodd sdiasizad edhich canepufiret electrinifiekd distripuion
design to repove. . t I 4 e
appar at us ged l{%@ff?\%&'!ahl%n&?%tﬁgﬁg Stréng% Maart eca%%%if rg%e)e(lgp g&gﬁ&éaﬁrsﬂifgp ace
that is nobureatnmeuifaoe df e atded!moee@t@aismnsmh ag esharpuekdesiip, fiogerexdopl e,
non- expose or, Su I i I
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t he approaches can be used to direct the negatively charged atomic ions of a reducing gas

to the soldering surfaces. In one embodiment, the cathode in the field emission
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fl ow of negatively charged atom c ions, anions and/or electrons within the
reducing gas to the treating surface of the substrate. [0043] To produce
negatively charged atomi c ions by electron attachment using a field

em ssion apparatus, a large quantity of electrons needs to be generated
fromthe cathode surface. In this connection, the electrons can be
generated by pure field em ssion or thernmal field em ssion. Anbng these

el ectron generation methods, the selection of the nethod depends nainly on
the effici appzyraamdsmﬂeaseth\ersglyrd mahamedg%neetﬁetﬁr@ns rggaecblatedin, Pothe like,

an ener gy PRUGE SRk MesoRuGH 0 BONPENAER SRR Hy=Fre Bl p iy ?
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28;7& (r)latl Oﬁlgargﬁ% VY'n a% Eft@rﬁﬁt?\lse Smbg ﬁ'leqt %a@ Qm stsBﬁ ggEH b{e ag')lﬁﬁl f%?ect ron
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finger, bl adatlve‘ fhan tmated éhe avodehnd the kel enastamapEratng (@ betdVY omsKMhighkein

t hod I
cathode 0" AER) RLeAN AL BESLELRY o AR U3BhcH ARl e Bk
or pul td Iaﬁsvazhlonaasgandmr alzptroestooibe wekiering catféesdef the t:hmaomryhAs anfexample
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certain eno SR R ner em ssi on, which
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100 micron meter (um) to achieve an equivalent result on spreading negatively charged
reducing gas to the non-exposed soldering surfaces.

25 [0042] As mentioned above, it is preferred that the conductive plate underneath the
perforated insulating plate has an electrical potential slightly more positive than that of
the anode of the field emission apparatus. A simple approach to obtain this is to
electrically ground the conductive plate and use a resistor or varistor to connect the
grounded plate and the anode of the field emission apparatus. The net potential

30 difference between the grounded plate and the anode will be increased by increasing the
resistance value applied between the two. However, it is anticipated that other means,
besides a varistor, can be used to make the conductive plate slightly more positive in

electrical potential than that of the anode of the field emission apparatus to direct the
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AC or DC current through the cathode, indirect heating such as contact the
cat hode surface with en electrically insulated hot surface heated by
heating el enent, IR radiation, induction heating, hot gas environnment, or a
conbi nati on thereof. [0046] In certain enbodi nents of the apparatus

descri bed herein, besides the majority 5 of electrons generated by field
em ssion fromthe cathode of the field emtter, a portion of electrons are
generated via corona discharge near the high curvature surface of the at

| east one fuvobf nsgativelyfchalgedcaibimimiens, Tareonamdiar eestodrangithin thepresitieingigiay

m ni m zed der to h fficiency of form ng negatively charged
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apex or edge of the cathode protrusion (e.g., sharp tip, needle, finger, blade, fin, ridge, or

the like), accumulating electrons at the cathode protrusion and thus reducing the onset

voltage for electron emission. In certain preferred embodiments described herein, a

25 constant or pulsed DC voltage is applied between a cathode with a high surface

curvature and an anode at a voltage ranging from 0.5 to 5 KV.

[0045] For certain embodiments, thermal energy is used to assist field emission, which

is so called thermal-field emission. In thermal-field emission, both an electric field and a

high temperature are applied. Therefore, thermal-field emission requires a lesser electric

30 field for generating the same quantity of electrons as compared with pure field emission.

In certain preferred embodiments, the temperature of the cathode may range from 150°C

to 1000°C. In these embodiments, the electric field can range from 0.1 to 3 KV. The

cathode may be brought to and/or maintained at a high temperature by a variety of

methods such as, but not limited to, direct heating by passing an energy source such as
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Figure 1. A needle with a sharp tip is acting as a cathode 20, which is
tightly inserted in - an electrically insulated tube 30, such as an

al um na tube which acts as the dielectric material. A nmetal wire 40 is
wound around the tube which acts as the anode. Cathode needl e 20 and anode
wire 40 are in electrical conmunication with an electrical voltage source
60 and a ground source 50. When the cathode needl e and anode netal wires 5
are properlé connected to pul sed or constant DC voltage source 60 and a

ground souREeorsBC @irent yryale dhe Isethertpt tnsifestr keatinaesushars Contael] betaaihazs. | f
an el ectri &afdo¥ vﬂ{hoélHaglggtaiH?léﬁhsmﬂét%‘d‘%ogghv\rn‘_fét‘cﬁ' REREELEY hébti‘;r;g%’u(la}méﬂt, Iﬁ"r%_dfa'ti@hg

eni ssi on apparatus 1 connect e a current in series 70,
t he cur r entdpgtiosrheating dwt €8s endonmeant asteatonhivationdoereetei ved negati ve
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fromt He tefelestraneagneraped i fi¢ld gnysgipetiemdie aathhedes ot the figksemittee arsriangef
potential appdRd@nydraRatE@l PG ohs dibBRGE! fAPthY high CLRRRGE sUHBR4 B el Qur e
2 provides an a d?tirbon_a exanpftgoo? a flg'rlgl d{%rri_sspign éjppar atus lO_%_haerlgng
an array ofaghaenmdetieienl ¢fsthe zathagEge hThachode deeddrge E2wefesakly ghpimjzed in
i nserted i gglpi AR cAUT MR fibRAC 3oMinG hegStifdl & FHUABYERA rdpode
wre 140. Cat Egdecnged_l eseqlg% czily:rL}d 'gnogg wior elsewl4>8£'g(rae ?n g%}g'ctrsitb%aﬁ?&
communi cat fitachwienh aad ietrease ithwalifeliiet efgbeseaineds 180 Morg sregificalhd vewur ibe
150. The eghadl "R & Nhdfv@A Gne thil" diIBGFode8MR ditfe ATherBfH|AbI it Pl @bfnguch
as ceram cg.%ﬁa'?e i 8 \C&]él%cﬁ supports tﬁeo catl_ho e nee:ﬁ e T;O, al um na t Ube
130, and adieeharge rie foapedsgavbnyglecues eder Bizedsinte dresitively ¢looged img@and 3
provi des an.£xaom! Raffed RN AR Ean G5 &! dhchVindr &g GEliy FddBer back t
appar at uses %Igegesgﬁebgﬂeﬂer ein are Gs_e . Eacch_ fi elé;I e%ﬁss?on a%rpaar'cat Us
200 has a Wetdriginel méeas end 2oolagilen espetiallisin ambignt preaswe whaselltke dogsity of
surrounded ek i (g1 : uni & wDLel NC
. | GClNlch MBR& thah FHGR vasudh. YT BRditidh &he IsitilhiF cRSigeh
mat eri al 2%%/{@ further surﬂ%n&e%" by an_van%de such Ie{s_ anog%s'\/\'n%rgcmlg
depi ct'Ed. Bos N exrohaddl grébaiong tipelegiridaldietstie thp cathods tip4ghigh @of enlghagnei cal
cormuni cat h o ik a8iNo YxRit 4G | the @ afftLdrface 80t 3R can K QKRGS Afih
250. Fi gur% 3|fd¢nltbﬁer oi_ nc ur{aes adie attgc%nt Csarrp?e z°§8 V\ﬁéch contlalsns a
f 1 uxl ess gof thea icathodedér byr &fobampatdmentgodr) cpaBagfanimiasdsedhase in electron
gol d/ ni cke kL o I | ay8refR2- A
Qurrent et Bt PREESTIE SR, AR R Bidhe Kk e oA o B o f e
ground soupiber 86 havifquatra@tiveledend lfetimsosvenEr ambier!t preaside4 Ther eegatively
20 charge ions formed in electron attachment process can be directed away from the
cathode and towards the treating surface, thus minimizing tip’'s damage and promoting
oxide reduction at the treating surface. In certain preferred embodiments of the cathode
emission mechanisms described above, the voltage applied across the two electrodes
may be constant or pulsed. The frequency of the voltage pulse ranges from 0 to 100
25 KkHz and preferably from 0 to 20 KHz. In these embodiments, it is believed that a pulsed
voltage may be preferable to a constant voltage to reduce the tendency of gas phase
breakdown or arcing, especially when the applied voltage is relatively high.
[0047] In certain embodiments, the invention may also be used for activating gases
other than reducing gases for applications other than or in addition to the removal of
30 metal oxides. For example, apparatuses of the invention may also be used for surface
cleaning, surface oxidation, etching, deposition, and other applications involving gas and
solid interfacial reactions.
[0048] An embodiment of the field emission apparatus 10 described herein is shown in

Figure 1. A needle with a sharp tip is acting as a cathode 20, which is tightly inserted in
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[ 0051] Figure 4 provides yet another exanple of an arrangenent wherein two
field em ssion apparatuses 300 descri bed herein are used. Each field

em ssion apparatus 300 has a plurality of cathode needl es 320 which at

| east a portion of needles 320 are surrounded by a dielectric material such
as alum na tubes 330. The cathode needles - 320 and al um na tubes 330 are
encased within ceramc block 390. Dielectric materials is further
surrounded by an anode such as silver anode 340 (which is a silver foil
surface pl acedecipeatly jeswated tico8R, 380)adepiatineida Bz Whisat dnteles e dleEstrd20
and silver 4 e c
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420 are surroun qeq by irat er i um na
cat hode neeeﬁmmzégatn@ ahangea.a tWhes th80anode iwiserdleds tdiedtcsily afioaied der

I h . a
Port ondof e e B T et SPonhg Grete st o HWRP s Blecls BT Bhision
anode 440 fronciive diped nbydlar?Oiwittdlsabbﬂfﬁy %lhhewr&nsthmhewlvee/paaga:p@hhﬁal dp@ied

shown. Both ai nl ess steel anode 440 are in
oﬁé‘m Hgd ff!nﬁ‘\f?cgﬁ g‘l%gsg

el ectrical °C ni ca ‘rical voltage source 460, varistor
495, and a[@@n&ng&wr&:er@ﬁi}s & edditibaahexample axfipd @sldhawisaipni zmrzarata$ 160

non- exposegl st 29 AB3qMEhe 1305 AR AbLARA ANy Jons whAdy Rertd ke
b o g R 120” frEh safoge e 1 HPerelh

havi ng a plur penings suc ora ceram
shown i clani aiurfnunat tube ‘s’iﬂowbrched fu;blnm wrmnndentthyvm snofiaceéres idh afattedel
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sandwi ched vbiédgsesourtevd 661 aldeatgroenglsatres 150. The embodiment in Figure 2 further
comprises an insulating plate such as ceramic plate 170 which supports the cathode
needle 120, alumina tube 130, and anode wire 140 assembly in desired positions.

20 [0050] Figure 3 provides an example of an arrangement wherein two field emission
apparatuses 200 described herein are used. Each field emission apparatus 200 has a
cathode needle 220 which at least a portion of needle 220 surrounded by a dielectric
material such as alumina tube 230. Dielectric material 230 is further surrounded by an
anode such as anode wire 240 depicted. Both cathode needles 220 and anode wires

25 240 are in electrical communication with an electrical voltage source 260 and a ground
source 250. Figure 3 further includes a die attachment sample 280 which contains a
fluxless gold/tin solder preform (m.p. 280°C) 283 sandwiched by a gold/nickel coated
ceramic 281 and a gold/nickel coated copper layer 282. A current meter 270 connected
between the die attachment sample 280 and the ground source 250 is further described

30 in Examples 2 and 4 herein.

[0051] Figure 4 provides yet another example of an arrangement wherein two field
emission apparatuses 300 described herein are used. Each field emission apparatus
300 has a plurality of cathode needles 320 which at least a portion of needles 320 are

surrounded by a dielectric material such as alumina tubes 330. The cathode needies
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25 530. Two anode surfaces 540 are positioned vertically to the outside
surfaces of the dielectric plates 530 and adjacent to insulating blocks 570
made of ceramic material. The sharp edge 520 is connected to a power source
560, and the anode surfaces 540 are grounded via a connection to a ground
source 550. [0054] As nentioned previously, for cathode em ssion, the

el ectrons are emtted from 30 an electrode that may act as a cathode The

el ectrode may have a variety of geonetries and nay form one or
pr ot r usi ond20 epé plyBing dybasxdifnre rwased Wﬁ’ﬁh“eceé?iﬁtcﬂ"?‘ikp%go sﬁﬁﬁ?tréd@é?”a@aw

edges, shappyrd flﬁﬁ%r sﬁl'r&ﬁtdeerbyt5&?ahbdf@su&tp9§§]lve|rrhn‘é9étﬁb"(\/\ﬁ?lmhqg'dmwbﬁ foit he

el ectrode material that acts as a cathode is con‘R a conducti ve
mat eri al whttfagedpaggd/enon gesamis) eck 3 siepistado B éﬁwdsme@steﬁ 32P AR

The term” @ﬁ&&% AN Félﬁ%letﬁﬁ:apéﬁrﬁmhﬁkﬁ!ldﬁ Wﬁh hh%léﬂrﬁaﬁbﬁﬂa@@%@gkemﬂﬁé@%r' n
el ectron vo needed to renove an electron froma solid suc

el ectri%al B?&c@ﬂﬂja(ﬁrpw Reuree i380. dfigenset dathes diepics ﬂ'ep%ﬁ%ﬂmeﬁtréﬁmateél%ﬁo
outsi de th &ﬂ' Ll SUPSRER: u;hah faheéspe%ntsmﬂ BBStahd bheurfdi hader e anwar k

function t ranges from 2 he 5 material preferably also has a

hi gh nelti ngwrp@ta@t befmgen éhatcpmryba*ﬁeg%% Reftithalgreghpeyrey BRI [§r ereesi8i ng
condi tionsg, Exaimd & cApefHikRP! € material s include netals, alloys,

sem conduct ors, and oxl des coated or deposited onto conduct i ve substrates.
Furt her exE852ks Figves Boeovidasta rtdenexampleiof 8@ arangenueiy syhenein g fighh prissioand

hi gh t fimes étﬁﬁsgob%cm&ém% cked fd;wegﬂmglnwtekﬁased% HAtOBRLlcNBAT! es

of cat de“haterials or coatings a base metal are refractory ceranic
nat er i aI s, nQQr@hn%th%trﬁqﬁfaﬁ%ﬁn‘W%bed?"? deltachaesy ceRPosert d8Phexdeldr paission

(CeB6) , a”?péa%{u@%oﬁ%s(rjé%la#anﬁzac!f*&'a%%e%@édl@bt4Qb Qton &qé&t%spo%ﬁ&u offidedieand

TaN. (0056 tioned previously, at |east a portion of the_cathode of

the field 629 @r@surr@umﬂrwuw@!pmc graterial seeh gs c?dmt\laetté@?s/\ﬂ%fh dfe cathode
el ectrical | Yed s ubat %ﬁ’oe ai[t?ﬁ|ﬁé itaheOU30i fheRbEtd IRoligH %h' Qﬁoo%ngla‘&h@.ﬁéﬂ %sat

| east a portlon 0 e insulative or dielectric material is surrounded
and/ or1&i r et@tﬂl%ssc‘iﬁﬁ?ﬁl aate d4Qivhichastreruags At eapt 3 peding ¢t the delgrbiganatenal give

embodi ment , ﬁc@delﬁﬁ-\éarst S JERidI drednosiR MR |§%§véﬂf@d'b'93a\r'1| ﬁ%ul%ﬁ’n @r’ilélﬁléhch as
mat eri al , can sustain high tenperature and i S chemcally stable in

the nor mal Cwamsmdddﬁ@lshp‘dﬁ Both eathede esastrf dngd stainlgss sirebpredestfQ 315t
the diel ecfrLig i¥Bhieldnthuiiasiod Witdandiigbie&diNdkage source 460, varistor 495, and a

ground source 450. Die attachment samples having internal or non-exposed surfaces
20 483 which are supported upon an insulating plate having a plurality of openings such as

the perforated ceramic plate 490 shown which is further supported upon a conductive

surface such as metal plate 485 shown.

[0053] Figure 6 shows an additional example of a field emission apparatus 500. A

sharp edge 520, which acts as the cathode, is sandwiched between two dielectric plates
25 530. Two anode surfaces 540 are positioned vertically to the outside surfaces of the

dielectric plates 530 and adjacent to insulating blocks 570 made of ceramic material.

The sharp edge 520 is connected to a power source 560, and the anode surfaces 540

are grounded via a connection to a ground source 550.

[0054] As mentioned previously, for cathode emission, the electrons are emitted from
30 an electrode that may act as a cathode. The electrode may have a variety of geometries

and may form one or more protrusions, such as for example one or more sharp tips,

sharp edges, saw edges, sharp ridges, fins, or the like.

[0055] In certain embodiments, the electrode material that acts as a cathode is

comprised of a conductive material with relatively low electron-emission energy or work
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20 constant (e.g. 1000 to 10,000), such as bariurn titanate. Additional
exanpl es of the high dielectric materials are piezoelectric ceramcs, such
as various lead zirconate titanate (PZT) ceramics, In one or nore

enbodi nents, the dielectric material may be relatively thin, so as to allow
nore electrons to accunul ate at the cathode(s). For thinner dielectric
material, the breakdown strength of the material should be higher in order
to sustain the 25vol tage di fference between the anode and t he cat hode.

[ 0057] As pmetiorouShy terentwakéahctiah” deasdd herpor itba nohintune edergl eetasuced in

materiai is surround arid/qr _directl on ed with el egtri .
conduct i veeﬁﬁg% .Vo{f‘sngqul rée&d/pﬁéglrierpog%ﬁ\ﬁfg?qt%?gcfg?{ﬂ@e%lg %‘%@f %asr gﬁl %/I&gh%r%lty al

or any of theiuetifematatatbf glescdthade fosa pbiatimmedibte)y coidedhe welid sunfeeceurle.
The anode can have a variety gf different geometri 3 endi pgn _t he
appl i cat i oH'ecB q"?ﬁoé’f{g?'ﬁ?/' %SICQﬂ'IOf'StWaSna «‘S'Pfke@tmtb% {'}??%!19%?3@0?'} ?go rrq%?\z'r ﬁg‘F and
t 0 naxign zmaedree trdferabiyehido inat ensighymalkiag pome anidglelatively dtighr ehesniclastebitty t he
cat hode. The anode can be grounded or, connect to,a. volt vel with a
posi tive bHAE PSSV f’%mﬁtﬁ Sca%ﬁaragl.esl CI?} %"H@S%amaited'@l‘lsa}mg OJH?WESntﬂOY%e
anode i s as&nidbdidtore, ard akides reeatsldi ehdésitedindtcacandudtive duledtratdsr i Eurther

mat eri al whi ch encapsul ates the.cathode. | n other. enbpdi nts. the anode
's a mot al SHITRIES (IR R TRRHHETSH I Hingslsey rEMig, A oM T0Re aliEg oy

t hrough. [ 9@%83s Aiskerentdntioeckllpy eWdditishyi,exampis oficathode ncateyals si cgpt@ags on
reducin as i s introduced, into the atnosphere erein the fie 1,SSi,on
gt Ry B N AR A e R R AR T Sy R
gas m Xt ur gertRy héddoridk (OeBs) oaved @fraolremefal thbides| dnoviitniges, aueigas iZeG; HD), an
intrinsi Calaﬁ)élg%ﬁdUCt ant gas, 2) a gas capable of generating active

fragnents f or m gaseous oxi des upon reaction of the active species
wi th the npiogk] oxisdeentned)pravigdsy, @ aist @ poftiog e ¢eatathgdeact the éeltireagjttenis s

which formliquid qor aqueous oxjdes, upon reactign.of the acti.ve speci

Wi th the nBiEHUNGRR By STIBISOEGPMARES VI fn Sredily idyuiggig dndtelyi oy Heiecire

i ntring cambieriaedinat ahtregasat lleast adpsrtianyofgéie irfsatativé eormdiyacid cadténal ast s
as a reductant to the oxides to he renoved. pl.es of . intrinsicall

reduct ant HAROIPA AN g&e,cﬁlécfor%qt?& Vg% ,aHG?ﬁ)é?thﬂﬁc c%r&qugﬂveala%ﬂ%l b‘ g)ﬂgh
as, for exaapb@imenttiatielectrizt hatrabl cehmrises andnadatveasrathic matpaal swhiakiicag t he
foll owi ng fornul

o000 Lo et 44 I Ban T BT s BBV SR
aryl groupethdhenttedmmeras kiglis mefensedihbeties riidlentlic destedalr lasght highadielectric
S onoheS SR a5 Y BT SIS AR AR S b oA
al kyl noi edibrstrieanbt@tinietarkrpiezoelectric ceramics, such as various lead zirconate titanate
(PZT) ceramics. In one or more embodiments, the dielectric material may be relatively
thin, so as to allow more electrons to accumulate at the cathode(s). For thinner dielectric
material, the breakdown strength of the material should be higher in order to sustain the
25  voltage difference between the anode and the cathode.
[0057] As previously mentioned, at least a portion of the dielectric material is
surrounded and/or directly contacted with an electrically conductive anode. The
electrically conductive anode is preferably a metal or any of the other materials that is
electrically conductive in nature. The anode can have a variety of different geometries
30 depending upon the application to intensify polarization effect on the dielectric material
and to maximize electric field intensity near the high curvature surface of the cathode.
The anode can be grounded or connected to a voltage level with a positive bias relative
to the cathode. In one particular embodiment, the anode is a conductive metal wire

which is wound around a dielectric material which encapsulates the cathode. In other
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20 ot her groups such as hal oal kyl, al karyl, or aralkyl. The term
"substituted al kyl" applies to alkyl npieties that have substituents that

i ncl ude heteroatorns such as 0, N, 5, or halogen atons; 0Cl113; OR (R=al kyf
01.10 or aryl C6_13), alkyl G .10 or aryl C5.10, NO2, S@BR (R-talkyl Ci.10
or aryl C6.10); or NR2 (R=H, alkyl C1.10 or aryl C6.10). The term "hal ogen"
as used herein includes fluorine, chlorine, brom ne, and iodine. The term
"aryl" as used 25 herein includes six to twelve nmenber carbon rings having
aromat i ¢ chenbadimants, - thehanadsr ia 'asoietali plateethadrtpe caigodss @dd hdiekectici metalides
aryl ri ngspmh gtr@%?&jtut ents that include heteroatorns such as 0, N, 5,
or hal ogen at ons -13; OR (R=al kyl C1.13 or aryl C5.10); alkyl Cl1.10 or
aryl C6.10[0088P, Asmtme@\bkqwm@lylap@smixt&rq/comtsrisirmga r@iUCNlQZQS(S%M,O@tMl
Cl.10 or a i L UF

cont ai ns h%é E)hggaﬁ%%éah% d\g%f 4 @ﬁ%’ g‘%gfgﬁ{ s@&{h% Qﬂug‘{‘j'é etg:}%éagzesg@ér%cl u%es
any gasd t headucingneas gantairedi wghIOaihleyga%omxwra/@&mfallcwﬁhlgenm ar gnaiet plyghe
speci es, a

at t achnment H’E‘P Wﬁ‘?’ecgttg%or{@énq?aﬂ mg‘g S%%' yg(r:elﬁﬂ ecgsana gsf g)rd :ran%g Sgbﬁéfég@ér%&\;ﬁg
reaction ofactt\fnefra&mentsawbpbdor@sgaeietolusm@eﬁrwah regdtide of th@ mve epesiesiwith the
Exanpl es o t Y n
such as bufnem dlemx’?gs&o‘{ 89%&%8@%&9%& n’é‘(l;ﬁ Ié}g\l;%%g?sq ﬂ?&\%n%%thl}%%%ﬁuhpg or
(111), andaguepasioxideapees rérpliongf theeactiog bpadiegwitotheuhetal ¢xige. . 0 (1V) R 6-H
§LBSI? dJ‘tJ'e apj(' Lr)ue %Psq c@teﬁ?’ry 8Pp§§ést BF'%} S.ﬁnﬁ’éﬁtXal reﬁU?téhtk%és SWI? 513M93s
third cat ethet We(nmogwnninajlymtés aam/reglastanhmthesomdﬂs tarbe retrmovresh datamples of
reductive asg; (f O "« and
Cl', by di E’s%cfc% ve ﬁ%??h%%sn?ﬁﬁgkg?éﬁgér}%n&f h%forgﬁ@%l:deglﬁﬁhgggyﬂf%’r m
i quid or Hqueenylaxingthanbly ethanol, etc., and some acidic vapors having the following

formula (ll):

"

15 () R—C-OH
In formula (ll1), substituent R may be an alkyl group, substituted alkyl group, an aryl, or
substituted aryl group. The term “alkyl” as used herein includes straight chain, branched,
or cyclic alkyl groups, preferably containing from 1 to 20 carbon atoms, or more
preferably from 1 to 10 carbon atoms. This applies also to alkyl moieties contained in

20  other groups such as haloalkyl, alkaryl, or aralkyl. The term “substituted alkyl” applies to
alkyl moieties that have substituents that include heteroatoms such as O, N, S, or
halogen atoms; OCHg;; OR (R=alkyl C1.10 or aryl Ce.10); alkyl C4.40 Or aryl Ce.10; NO,; SO3R
(R=alkyl Cq.1o or aryl Cs.10); or NR, (R=H, alkyl C.1¢ or aryl Cg.1¢). The term “halogen” as
used herein includes fluorine, chlorine, bromine, and iodine. The term “aryl” as used

25 herein includes six to twelve member carbon rings having aromatic character. The term
“substituted aryl” as used herein includes aryl rings having subsitutents that include
heteroatoms such as O, N, S, or halogen atoms; OCHj;; OR (R=alkyl C4.1o or aryl Cg_10);
alky! Cy.40 or aryl Cs.10; NO,; SO3R (R=alkyl C4.4¢ or aryl Cs.10); or NR, (R=H, alkyl C4.40 Or
aryl Ce_10). In certain preferred embodiments, the gas mixture contains hydrogen.

30 [0060] The second category of reducing gas includes any gas that is not an intrinsically
reductive but can generate active species, such as, for example, H, C, S, H’, C', and S,
by dissociative attachment of electron on the gas molecules and form gaseous oxides by

reaction of the active species with the metal oxides to be removed. Examples of this
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10 reaction of the active species wth the netal oxides. Exanples of this
type of gas include fluorine and chlorine containing gases, such as CF4,
SFr), CF2Cl2, HCl, BE,, \W, 1.1F5, SiF3, NF3, CCF3, and HF. [0062]

Besi des including one or nore of the above categories of reducing gases,
the gas m xture may further contain one or nore carrier gases. The carrier
gas may be 15 used, for exanple, to dilute the reducing gas or diluting

the reactive gas or provide collision stabilization. The carrier gas used
i n the gastype »f gee inlydehdNtynyl,§aS i Cho Aydretarbonauctf &% it gotl lesitedt tea®H1, hat

of the redsdgy %cﬁﬁacs v%&r?'%vﬁ‘ngethgaf%rrmﬂét(’gﬂ)ggg& rbéggr% @b@or@}[ﬁ{su'd{ ﬁ%l foIIowm

enbodi nent s> t he carri er gas~is an I ner anples o e |ne
gases |ncIfLQd”el,l|at6M) are not limted to, N2, Ar, He, Ne, Kr, Xe, and Rn.

20[ 0063] In certxqin preferred enbodi nents, the gas m xture conprises
hydrogen agyyf Re ¢ gducing gas and nitrogen as the carrier gas due to its
relatively lower cost and the environnental friendliness of the exhaust gas
rel eas®. Iln forhmies b (ﬁ?éhtsgbstlttmt Favayrbs rorakyt grgopi sdstifuteshaly! grawp, 200%
by vol une, % by volume, or nore preferably fromO0.1 to 4%
by vol une %r?{ r%’glelxnedlﬂo " of hydrogen | ower than 4% 25are preferred,
whi ch make@oﬁhle @@sthmdxqatﬂgprh@ﬁgais invldes any[Beahdt iagotantintgngicalyreguative| v,
t he conpongnt . or r C S A ogb d

sol dor od | SotsaRy SR RURL RREALE nCst, BF eR A, B i) Sl S aRRe
emtter. Tat@cnn@nh@t:@IQWDWe@n thmeas:anﬁedéesarandtfermtllqpldanld atiheousopxiden brace

of t heIOCO QE@W ofrf@% ? %?et‘,l'éQWItﬂ tﬂe B‘%}aﬁ ox{de8r E&Erﬂ eg o?th??tryﬂnt-:- %Fgaé RAckfLt ain

enbodi ment s emtter an e conmponent

assenbl y) fﬂupylnbeann!mré@nnel gontdining r9eges. dS,UChha§ ¢Fﬁ|&F6eﬁF5@lng<ﬁlaj3FpeVVFg WFSi xed
position t o] may be noved, the field emitter may be noved and
t he corrpoﬁgﬁt" N}E 6@% %ﬁ‘gﬁﬁ xed position, or both the field emtter and

t he conpon@ﬁSZhr Besidececlutiing ensvermmnte aftpembove categaties hbradeoing glases, the

ot at i onal gadOhy hNdaf coh 0 She B! Bifldhagkospt REF! Bag i PB Uoed

in severalgareas besi des sol er| ng Irn electronic”asse suc )
exanpll®, susedader exasepientp, difte dhe pedudingy gapoailntng Vs mao;gve gag argfrpgde of a

sol der b“”&ﬁ’l% NP iGhinizd |'8n°r\?1epc?afrﬁ+rcdgsaﬁse%rm9ﬁé gﬁ@hixtbﬁéergg‘;?tbgg%%gﬁg deh Yred

to reduce surt ace‘oxl such as ¢ er oxi uring
si | i con wadleetrqur aifioitys iasg. thaudtmatoofi tbesredwng gamva%nratheesaﬂ mixiéiret hin centdinous

Wet processing eyt dlrﬁ%’ﬁtg ftg cgg\fjeliﬁgﬁé"is W@E@%??gﬁ%ﬁrdf%ﬂﬁé&? neh'baatseér ©

used to formm cro-elecftronic €S on ese surface “oxI des
r educe de\/lnglgdg|m1t dreamet limited to, N,, Ar, He, Ne, Kr, Xe, and Rn.

20 [0063] 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
mixture comprises from 0.1 to 100% by volume, preferably 1 to 50% by volume, or more
preferably from 0.1 to 4% by volume of hydrogen. Amounts of hydrogen lower than 4%

25  are preferred, which makes the gas mixture non-flammable.

[0064] As mentioned previously, the component or work piece in which the oxide is to
be removed and/or soldered is preferably disposed within close proximity to the field
emitter. The distance between the cathode emitter tip and the top surface of the
component may range from 0.1 to 5 cm or from 0.5 to 1 cm. In certain embodiments, the

30 field emitter and/or the component (or target assembly) may be moved. In this regard,

the field emitter may be in a fixed position and the component may be moved, the field

emitter may be moved and the component may be in a fixed position, or both the field
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10 device reliability. The nethod all ows surface oxides to be renoved in a
fully dry, environnentally friendly manner that does not require the use of
aqueous reducing agents. Further, since the method can be perfornmed at
relatively low tenperatures, it does not significantly affect the therm
budget of the device during processing. H gher tenperatures, by contrast,
tend to reduce device yield and reliability by causing diffusion of dopants
and oxi des thereby reduci ng device performance. Since the nethod can al so
be per f or neditten aadsthrgtampwiest are meovedt hdde cnovdseerit mayat eaitigd!t horizohtat,

si ngl e waf r eby providing better conpatibility with other
fabricatioﬁﬁ%ggggspﬁgé%gfgﬁ%e field em ssion apparatus disclosed herein can
al so be us@@65br The metland digelbsastharkmotandrss usast inelerentat argaatbeaidhsrealtieling in

anbi ent or - ngdi & r 0 i.fi 1.on rasi.atic
pai nti ng. ?ggtp%n\é(g%gﬁ%? &c%icﬁqo%g {qr?ee)%gﬁé%’a?@tgégl lé'% rlhﬁ's "%rr&gn@ %ﬁ@t cbg%g%e
can be &t t welbed, tandatefbeasft aasqidart bunped wadert | dh emei partindagambpdinsat, the
purified sj t,. 0 ti POsi 41 el i 0

Pegat i vel yMBREAen arerEiolisliE s iREPH KR SBE bOGofer Gids! rorfied

el ectri cal ddringl sllidon Wwhfer armeesing.h Buchekides mag fpiase guasultiofthe Farfous wet
enbodi nent s_i nvol vi e .QS [ L0t . ctro 1tted
froma cat r88§553i9n S{)%Sa% ﬁ%tc gdé ht%h{'ae{l Hﬁ%ﬂqts%nﬂ%‘ Sg)ér?‘t% f'%ér;t%g'f %%eér%aﬁq%fj izt'ri}g%%

mat eri al amérodechregjatdevieby oolbe gederpai Titasegunfate oikides ceaucdeedadioeadeid dinto

the s ace I _Ralnt [ i [ i re 0 t to
a gr omogedgerr\}é ea:?ﬁgﬁﬁi#gcg%e%gﬁ?ﬁvém%{soEﬁr&r%% 3 @%é )g%gguesg%q oraoc[glc? i @‘gfr&ﬁ)g
gases ot heenvitoamentdiy diienplgasameartdatf doesappt ireptineothe wsehef aghewusoreduning

?‘ddi ti on t%%ern%m \éﬁhg&f S %qbe (?ﬁ(étqgf 'ca|l1: e Eé??o‘?RES at %ﬁgﬁ\@ %%P%n%erétnpes?’ﬂ
i nvention may al sO bé'used Tor Surface cl'eaning, surface oxl dati on,
et chi ng, ddgessndtisgnjficantly effért theafipirinelblbudyes of tihealevicegiugiag raeekssiobi dHigher

dot ai 1 wi t ST EpISReEy phMERE e ol RHEE Ut Peld arfrehiay HE R R G GirfiRiF
under stSoodoftdupantshendpmadssitheriehy estilicong deyiceqieridevaree. t Dintethei méthed camalset o,
Ex le 1 Lel.d..en ssi -' j 2
and cont ai B AP & a sl IR o B, San BUTNC R ik RURS AL Wl 0

i nto a di eprecesses, tatebyipadvidihg bbtieraoprpagbittyawittedtoen fabricadivastepst ube (0. 46 mm
i di y .. . i 0 i I

mount ed onttQoeky 1t dof igsity ABbAULE'disdiodt LR cen gt b 0 50t JABAIEC
bet ween t hitee atidutrdes rfee dlestromaattaehment Theansthiemtport inpn-ohcasx heonditiho der meed| e

o o e A S Wil ST SRS G R AT e
grounded. fhRkecafimdedcambel @ttachesl toast 1@8strapastian df pantiddseinghd gak to e purified
toward t hesiﬁ@ea Fn%s{ !)fppaﬂicqgs Rgve a positive electron affinity. The negatively charged particles
by electron attachment can drift along the electrical field to the anode, thus making gas
phase purified. For embodiments involving electrostatic painting, the free electrons
25 emitted from a cathode can be attached to at least a portion of the painting material and
the negatively charged painting material can be directed to the surface to be painted
which is either directly grounded or attached to a grounded metal surface. The invention
may also be used for activating gases other than reducing gases and for applications
other than or in addition to removal of metal oxides. For example, apparatuses of the
30 invention may also be used for surface cleaning, surface oxidation, etching, deposition,
and other applications involving gas and solid interfacial reactions.
[0067] The invention will be illustrated in more detail with reference to the following
examples, but it should be understood that the present invention is not deemed to be

limited thereto.
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10 the cathode needle. Such prepared structure was |located in a quartz tube
furnace purged with 4 vol% H2 in N2 at roomtenperature. Wen a pul sed (10
KV) negative voltage potential applied on the five needl es was increased to
-3.7 KV, all the five needle tips started to enmt electrons. Wen electron
em ssion starts on a needle the corresponding needle tip light up in a blue
color in H2 and N2 gas m xture due to gas 15 excitation around the tip
during el ectron attachnment process. Wen the anode wire was di sconnected
fromthe gbxanmae 1the five tips of the cathode needles did not |lit up even

e e cEpRA'ea L SARoRR Sl SRS IB R il 230 GyHPHA e
phase di scdtainipes st ncdtinedev obédige epoh dightlalissenedenswat didledtribetateeal whieh
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oo oa RStk pBLt TPk e 083 Al FLAPRS BRI AR BN g
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houn T ArguediostyBRedl, S nRBRh L O HE oS 1R AR ARG B},
30 conductpurgedimithgd volieddh. inTRe atirsdrare@pbetuwecWreach putsed| @0tKY) aeghtivlie
S A8 g Bul BralSEo R et hotb Ao SRS A R AL 0,
upon each tiafs stagtetiwd @ivél etdctross.mavéhdnaletectront ethissioansttads eart ra ogleblg; the
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Povar d the e herae thaih Brasapll el et (5o Sulbed 9Fe 0 G -
t ube fdr naeeitptiongedumd the #p awiripéf2ctram diachinenbprocessnpéhan thieeandideemrawpsil sed
(10 1) weRBlteetd HROmEEAL, P ARENCH, B SRR ARl g BbE oo
eni ssi on. Whenthhattsarplotaya sotgntial vadnardsabiondcd €d. A durther inaresgingatte i n
ies, it f d that .t t i ved t I -0..24 mA.
oo She. eSS0 i B el FE L R 0 et DB i b el
62. 2 KV, teentate med;wit:che?bétmantﬂmfizaiga!ﬂ end/\f[hﬁ dhpd?,hrﬂngh'ﬁsitlse nesdiég being
enonstrates that .t el ectraon mtted fromthe cathode tips can
Prkaet e 3ok ot oriRgieg o <

recei v@d ar'{RESH O PAL TS MIEPENS Ofof T o7 e e DR

em ss: on arm:gpgtieé vsltagjerpoténtiab tiserd (\j/wdsmoslampb evan MBQMn%gali?e G/t:)lting}adpo?tcantia(lj
Ex 2 Fi . St in i t.z t

wih 16 yord & ngies £ R ohE e RidhebieS i Brad sl whPToR DiFaEE
gol d/ tin sappdextupdesmibed (aran. RROOGpechuatyy elbetbnbycaa bgahghtiadadut lof deafieddl
ceram c and a gol d/ ni @%?%Pgﬁa%ﬁg copper, which were used to sinulate die

at t achment SBEYPR 8PP €8 of 15 the die attachnent sanpl e each
had tI»s sabsangple@: 3 mm X6 mm To denonstrate the feasibility of electron

attachnent éﬁéﬁl tivated H in N2 for, fluxl ssgﬁi.e t t achnent | sed
(10kv) negapeh LT dyscnarentirie sdein, i icosieitnilq S6MREE s cAiodSom
t enper at urmeedidBesachlirseaiznl witta cotandig alwamal) hareeasdidletioc -niat8ridd\andtrheuritedd
needle tips it up in_a blue ohﬁr indicatjng el ectron em ssion, Th
current re%ib\ggljs@lﬁstq{eas(aﬁpqt%c ght sampFe pI'acgd on a copper platé such as ?he
configuration shown in Figure 3 was tested. The die attachment sample was electrically
30 conductive and grounded. The distance between each needle tip and the sample edge
was 5.5 mm. The sharp tip of each cathode needle extended 1.0 mm out of the
corresponding dielectric tube. An anode metal wire was wound upon each of the two
dielectric materials or tubes and electrically grounded. The wound anode wire was 10

mm away from the end of the tube toward the sharp tip side. Such prepared structure
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20 -0.45 mA. The sanple was then heated up to 290C in a ranp tinme of two

m nut es and soaked at 290C for one m nute before cooling down. The el ectron
attachment (EA) was ned during the tenperature ranping and soaki ng.
It was found that when the sanple tenperature was increased to 290C, a -1.8
MA current was received for the sanme applied voltage (-1.8 KV) on the

cat hode needles. After the heating cycle, the 25 treated sanple was taken

out of the furnace and analyzed under optical mcroscope and scanning
el ectron m'Nes cb@mwin(ssmrtz frive foesgk tosirgsd witle 4aueidoybi is NecrtaPoddmipheaturehe

sol der wet g\ﬁﬁjd&g,gg]rg) ;}:Eg/?] JoBid %o%@ﬂéﬁhﬁﬁegﬁlgétoﬂ R 25 1H88dles was

terrperat ure and tl’atl on Ca I'st electron em ssi on,
such as haincrapsadrte €rf &, dhedwnOr eerdlattipa I§i wein @pplueecblomnlindieatingr elgctron

reduced on ﬁ\ss 091| Q/\zgaeﬁ thg[sraa:p %%%E{%Fgmﬁﬁéicgﬂn ﬁ:f:?éuéﬁéﬁtbné}éPM's%Hés |tb

exanpl es. ess sol dering can be achieved
usi ng the WaelfQLll’EhihQS thencupsra recaieeddes thd badplheras 1. 241!19(\ HeVhendthehegative

m xture at v@toatrg%girb‘?%rﬂFa%Exl‘?é‘hf/o ﬁb%@g&lﬁé Zﬁ UEsdd'R 2% R} Fé‘éla%&'%uf?&i.tvr&ni "

Exanpl e 4: ative er die attac nment
t he sanme niiteesanaple v@sf 0.gumAt i aihlsandultsdereomms tat H elactrins @amt@d from the

t enper at ur Satn&?é g%%?ﬁ% %anlgdg@ S tl@ﬁgpﬁg& described in Exanple 3 except

t hat EA was no oun sol'der wetting after the heating
cycl e was pwampleNbre specifically, there were nany sol der de-wetted spots 5

h
\?Mr? lrjlgdld i (ﬁﬁﬂﬁ ?Ef&t% hég fgg’g%ﬁﬁ%ﬁ%’gnn% g??%@"ﬁ \a/ﬁ ?/Hér tes e Sofatﬁgémgr)}tl des
at the sandesmubdénn Eaarhpmen@ﬂgtr@ﬁewa%m 294N [r0@ AIRpriFtuher fernhcs rovgsdan
addi ti onal  Gx P oo, IR, M1 tieCalarahians BRRBIeAdRaindlh Gllik3s CRRIAH Beerd WO
g 8t s des ©

groups of stainless stee e nee es nolnt ed on a row of
die attac hpmfdrrrsanmi e80°Easéndyvichay bpra goidérdch‘ei weahedtmmicnelaxﬂlaegoldﬁnebkelach

(ol um nay BT chfiersRbPs s Yoo SEeh dab it funatil dalbe N APl ot

t he coty esﬁn@rtﬂe atlacdenentisanmipledeachitnees tﬂlesstammszdaét weeX 6each Td demenstmbe the

dj t dl e 1.2 The .f t h

cor responaieag it dh ety lhonte AT AR B 3% B EE iPeddis Acbme i

surface, whilsdd gtd K\Hsnegatias oaéage rpoteritial waer afsplied hom ttreod/m seedlas atwasm
ticall t t.h dl.e | t.h Th ded

engt h-of R 2R EeE i Sef By aEet FRe Tt e ron PiY dholie SRS e

mm  The si Ly éra ahedelopisdicaimteeitettort emasioar iTSieaurmantretiead oo timesdreple twast he

ar oundyy The, £ 858 116, LSRbel BT

en hea{gz% up to 290°C in a ramp time of two minutes and
soaked at 290°C for one minute before cooling down. The electron attachment (EA) was
maintained during the temperature ramping and soaking. It was found that when the
sample temperature was increased to 290°C, a -1.8 mA current was received for the
same applied voltage (-1.8 KV) on the cathode needles. After the heating cycle, the

25 treated sample was taken out of the furnace and analyzed under optical microscope and
scanning electron microscopy (SEM). The results of the analysis concluded that the
solder wetting was good. This result demonstrates that increasing temperature and
hydrogen concentration can both assist electron emission, such as having more
emission current at a given applied voltage or a reduced onset voltage for starting

30 emission compared with previous examples. It also demonstrates that fluxless soldering
can be achieved by using the field emission apparatus described herein in a H, and N,
gas mixture at a temperature only slightly above the solder’s melting point.

Example 4. Comparative Example
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20 varistor was varied to adjust the electric potential of the silver
anode. Wien a negative DC voltage was applied to the two groups of needl es,
all the needles Iit up in a blue color in a 1-17 and N2 gas m xture, even
when the die attachnment sanples were not electrically grounded
(electrically floated). To attract nore atom c hydrogen ions on the
treating surface, five die attachnent sanples |ocated at the center of the
two group needles were 25 electrically grounded with a current neter
connect ed [097%kr Ae@thebdiﬁmttac{)menheamQleeiviﬁema:mmemmateﬂaiemdfi@uraﬁweab@tsween
needle tip n i :
o The t oFaF "eERdnrng an e RO Rnat R G BT el AR TRt
t he DC powexarspartexcepatiiatdA wandop appiad. dé waﬁequedahdite&bldiﬁtvaettbm aftereittef r om
this testi t r e r I m of
Hgat(ﬁé %%OUBQ poo'lD’y Mo?é: s%@él'ﬁg'%lé/ éﬁ&'& \,vg maﬁ ?7 g\%ﬁtﬁéﬁ?

the silver ano nore current recte
sanpl es$ ( Tarobied )he #ded of thende @alcmgemtemnmiattme r@amdj a”hp%dgdmwmuttanplvmi on

can both aé,ﬁi' e% @ SI%§IJ£ on c%%élséf? tlv%V(f‘QdL?% ?f‘% n&(l(ﬁ%%rgt i ?H P00/GLY fB), at

a given appl age’or a re onse or s em ssi on
(Table 2). teflfmesatenean‘pl e denonstrates that with an inpr oved fi eI d em ssion
appar at us |§>TZ€\IAD&5 re, such as using an anode surface instead of using an
anode W re€ around the dielectric tube, the required voltage for
field em sigi0dR] cBigutse4|shogelan addiimed eaamptwemtherﬁeldlerrﬂagm praetus pwhich

et fect or SEEPR SRuE: bYARI SR GRTPAREE: HldePhBYLRILIHARRIER ot S T
5 provi desofatie em:zbldlemmmplfesi Rech gedug mgmmmtmdbsmnﬁmah inagdle 0

non_exposela AR [ Y §2RERCShafli Sh 3 ERLAATRANGRES oberid Shdl

en ssi on apparatus” contai ne a per ano stain
st eel (440)p ofeegsbchthode exdedJe@xtamdetbh i1 @moeommfdwqod:cateepqmdjm p@ratrtic tuhe. dhede

plate as a h d ar ’ de
needl es mad %@(}ﬁ’é %{ag/\l?en% Sa V%ggi}aceac eca%%wggnﬂ%?é? e T}?‘%ﬂ?‘% fg?'tﬁggrted
i n an & umeeslasudrel mao:oanedpmhg terbeic hibestieeatc geoupadretradecofhrough 2 wiver
Iayers of %W% chgef %h%hegctglagta%s rQOGdeg I’n é‘tﬁgr \%Bgi 4?h%>anom ?, fase ic Ily

al uni na t uBe “havin e protr € ano

sur face angbsimohld rtmthdal @tmoqe nEeoter Iadad cllrelzmcvrouThez)protmlele(zhIemlzzjﬂwac etasnb@.eranmc

ddi ti on, I : h
same ae t N8 cFERPTGElr TRED 18 ol IR TR 2 S i U Sl ety
and t he di mmeaed(w aeauhtohehde them ¢dmeegied ftotlat etbuoer eleptriairﬁismascelofahmn

The d' an&a ISR) B{Vﬁe\%rlgg a%r%\g &%eélléa c?)f etngganohg'%ﬁ?er ég Wagn? F ngju@e

vari st € per e and groun

struct ur ed:)@weltat;aawas aepliedpp érectivogprorss ofirstedldsedll themeedbe\htaup hrea bloeotoent s

to be in a H, and N, gas mixture, even when the die attachment samples were not electrically
grounded (electrically floated). To attract more atomic hydrogen ions on the treating
surface, five die attachment samples located at the center of the two group needles were

25 electrically grounded with a current meter connected in series to monitor the received
current. The distance between needle tips of each group and the edge of die attachment
samples was 1.6 cm. The total current supply to the two group needles was monitored
from the DC power source. Tables 1 and 2 provide the detailed data obtained from this
testing arrangement. By increasing electrical resistance downstream of the silver anode,

30 more current can be directed to the die attachment samples (Table1). Again, increasing
temperature and hydrogen concentration can both assist electron emission, such as
having more emission current at a given applied voltage or a reduced onset voltage for
starting emission (Table 2). This example demonstrates that with an improved field

emission apparatus structure, such as using an anode surface instead of using an anode
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5 assenbl ed. The conponents to be assenbl ed were set on a perforated
ceramc plate of 1 mmin thickness, which was set on a grounded netal

pl ate. The hole dianmeter of the perforated ceramc plate was 0.4 mm and t he
di stance between each of the two holes on the perforated ceram c plate was
2 mm Wen the die attachnent conponents containing eutectic tin-I|ead

sol der on the non exposed sol dering surfaces (483) were 10 heated to 225C
in 15 volt % H2 in NI2 under an el ectron attachnent environnment by applying
a 10 KHz pwisedodE woluradgibeodieletrid titve, (tpalrequiced vadtage fivfield erdisdiok\dant lee t he

hod , f i Yo : : i
Exanpl o [ 0GrsY ExaneE St a ! M bR BUSREN RHFRCURIR Saf g YL v

assenbl ed wempadideitht prevees egamalegr ounded pl ate (e.g., perforated ceramc

plate 490 Ble £ %@P&'In%r‘éa%\ﬁ@ R];elgll%%%g% Eﬁ%‘%\}é@gﬁnt&ﬁngbg att achment

conponent s ‘cont di ni ng eutec er on non exposed sol dering
surfaces (488)pevaue heaGed tQ R3Etance |15/altab8o FlAxtivateN2| unteal el eldrreph at

attachnment| by plyin Q, KHZ pul sed DC v age of.-2.4 . t he d

needl es, a goé%sol de rrz’lle/? PEEV co&qg)d nat g%achi evfgép.s Thi ?’ée'ésg%l eS%@ht}.‘gr med
the need 20 of the petfonabed ceram c pl ate setf ab@e the (@Aunded (pAat e
(such as t rated——exanp e—16)—far—direectt t-h ow
S
I

(4%

t

1 £ ne o f1 nf

U 11 CTA I|JI T Ul T T Ily C .1 Ul

negati vel y t om C hydrogen ion 2)‘3Fhe nonj-I xposed4593I deri ﬁbm
surfaces. [Exanp e 8:| Conpar at|i vexBvanpl e-1.6075] Theo arrangemgnt |of -zganp| e
6 was repeated_except—that—the Mrr%gnu.ts £gPe—25 assenbl wer-e on
solid (e.g., n perfora“fed) ce?:gr?l c pl af & gf {he Yne thi%aﬁess (I ,
whi ch was [set 24 op a groginded nekalo® pl|at e1.58gain, {ide di e -alpgbachmend 70
conponent $_containing eutectilc ti n-gead.*sgl_der—m—t—he—nj osed-sol deri ng
surfaces were #Rated to %225C|i rf £9001(% FoPn N2. Vhen |a pﬂlioged DChé%

appl i edgon the cathode as in exanple 6, electron em ssion could not be

obt ai ned whi ch was expected 30_since there was no route for charge

drai ning. As an alternative, thablgg EEREs appemeeradiiet he cat hode needl es was

tn h 25 accanmhl ed werna set —onl a

pul sed beyWeRfberture [V T8ad2. STHRediitafcd MCIRMaYe OF [ 1RcHafed AN ATotal

streaner-type corong di scharge|between edgch needle tip and the solid

ceranic pl at e (%8s forﬁﬂ@tﬂ%ﬁd&e er, (& good sol(B¥) refl ow®8ul d |ndEMigsion

achi eved uynder the [corgpg,di scharge. Thi|ls result demonggyatesg thahagorona

di scharge|is inefficient for activating hydrogen for fluxless!|soldering

Exanmpl e 9 25 15 0 -T.21 10 -3.80
25 15 1X10° -1.28 10 -3.34
25 15 1X10° -1.70 10 -5.04
150 15 1X10° -1.28 10 -4.02
150 15 1X10° -1.70 10 -7.12

Example 6

[0073] Figure 5 provides an embodiment of the field emission apparatus for treating
10 non exposed soldering surfaces of die attachment components. The field emission
apparatus contained a perforated anode plate made of stainless steel (440), a perforated
1.5 mm thick ceramic plate underneath the anode plate as a shield to the emitted
electrons (470), and an array of cathode needles made of stainless steel (430), each
cathode needle tightly inserted in an alumina tube 430 and each tube inserted in a hole
15  of the two layers of the perforated plates (e.g., 440 and 470). The end of each alumina
tube having a sharp needle tip protruded 4 mm out of the anode surface and each
needle tip protruded 1 mm out of the alumina tube. In addition, the diameter of each hole

on the perforated anode plate was the same as the outer diameter (O.D.) of each
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[0076] A field em ssion apparatus having a configuration such as that shown
in Figure 6 was tested. A stainless steel razor blade was sandw ched
between two PZT (lead zirconate titanate) plates. The PZT plates acted as
the dielectric material, and the length and width of the razor bl ade were

| ess than those of the PZT plates. The thickness of each PZT plate was 2.5
mm The dielectric constant and Curie tenperature of the PZT material were
1700 and 350 C, respectively. The sharp edge of the razor extended out 10
1.0 nmm fr oauirives subief addchoivashe2tmm; A8 mleadiemptGHmfseéonr holagpratreh perforetige.
Two ceram ¢c_Dbl oc eac avi ng t hi.ckne 5.1 ilver
foil, wer eciﬂa%c BEB%WIE" 21 %d?r@r lﬁ%&s"%ﬂce éwg eﬁzhmwﬁ rfeegre%.[cﬁetﬂalcs%tt@#ge

bet ween eaadnayawpggeﬂmsm vemstenuwiaaapplmrdcbat\heeretﬂ@qomforatbe aoode eaqbdradgmgnd’ZT

on't he. cor S LB1uRY s aiel EPr el Bl Tord e L erieRhrn S HRC

st ai nl ess s&&eiblercazme ou&q;onemseoﬂoe(hs'semaledme ant oDe madmmed;oenarmac plate act ed

" & quar (3 RR HRaLev It e o B 4O Ghrdid BH RS TREROEATRE ahbe e

appl i ed onpérfeatedzerarmiapldte ome @skohnt and Bieklistatce oetmete eper aft the éwo bales ent

was emtted fro e razor. e The ..nat ur the curr sSsion
STab o nrienReTarpe SErc oA, R 30 Rl Sy, 67E ARl EpngR
(t enper at ugentaihihg cdutedtid OiFead resldemren fhieehah erpdsteer scﬂqﬁmmga:turﬁacm t(4#83) heersane

el ectrjcal, conn as_de c | e 9 was ced,in.a uar Z
Cube (15 noae e o 285 i 18 el % P 1 e noen Ao SiehimcatidE e shudbriibeg ¢
Wien the cggsfigb KMelduage laomolt@gle on-2 hevr @UBing\BSMi MEVEaS2d K') tothdS
KV, there mas current enlsskpn fromthe razar s edge, although 25 the

eni ssi on weRNAFsREAIES; 2R PRIt PPHVAALEYER i n Exanple 9. In conpari son

to Exanpl eegamplbe: Cemhpardive imxasprd d vol tage of the edge em ssion was |ikely
due to the_ el evated te

t ffect of
ol sed vor 038 “EGmEE & Hes Perel ee dhab e o el 4. B CoRRHEr e
descritged dlfboﬁb)(aéﬂlirﬁa éfbdﬁﬂé@ pBie (£§¢péestaR¥aRpimicprite YD weisabmbess. el

t t th th t
e pul <; rigund Sipathep Washe GHREbm G eihRane ot g nB e arets oy e SaReE Fa ™
razor cath@deempsed @6fd@ﬁﬁ§3@uﬁf@ces](4@3)t§)lereane%tté\;b{cﬁ2%i’gﬁ|ne’fﬂ BSH960M, Mﬁﬂz under

observed. The razors engﬁ was illumnated in_a blue color, and the emtted
4

current redlesen aachmenhhy APPIHRY $@IKHmPYIsRd Pbnipltags ffce. 4:3L§Vt"l51éh13 icAthodgf

the curr enﬁee%ﬂ&pbygood%!mrr@wbw BolS MBPbE abRibvéy. PHHis sﬁarmgb tREf PR el O
aid in achieving a stable edge em ssion., Additionall en a 10 KHz pul sed

di r ect20cur9fdhe Paderategferamicatiateiset ppverthe gitvpded plate ¥%'ﬁbé‘ﬁé"ﬂﬁ‘§rd@”@ﬁ5ftrﬁ§d PIT.

was incre miplt! f HEWRSW B8 nEHRIVER! cHar§d A aRMiS iy @Eéh%nﬁltﬁ 12:
Conpar at | \?@eééganp g) idéf&r@%ﬁn&f di el ecpr?%vgﬁl%kﬁ%éss? (1)075 %he field y

enitter arfane@eend selderingesyrfacghdi ti ons described in Exanpl e 9 were

repeat ed, Exeont st @q,tmﬁah@,vgl‘g ss of each PZT plate was 1 mminstead of
2.5 mm V\hen the voltage applied on the razor was increased to -2.3 KV at

room t enpel087 8 eThehairandpaReTh of grareple Geies EansAtedrBePPHBal B spmpoBeRys fo be
al thoygh the-pkleShar J888n Wsidé §:, not perforated) ceramic plate of the same thickness

(1mm), which was set atop a grounded metal plate. Again, the die attachment
components containing eutectic tin-lead solder on the non exposed soldering surfaces
were heated to 225°C in 15 vol% H, in N,. When a pulsed DC was applied on the
cathode as in example 6, electron emission could not be obtained which was expected
30 since there was no route for charge draining. As an alternative, the voltage applied on
the cathode needles was pulsed between -2.5 KV to +2.5 KV at a frequency of 10 KHz,
and a streamer-type corona discharge between each needle tip and the solid ceramic

plate was formed. However, a good solder reflow could not be achieved under the
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10 simlar to the em ssion in Exanple 9. Conpared to Exanple 9, a reduced
t hi ckness of the dielectric material (PZT) can reduce the threshold voltage
for edge emi ssion. This result occurs because there is an el ectron
accurrul ati on on the razorwhen a dielectric |layer is added between the

cat hode and anode. This electron accunulation plays a role in field

em ssions fromthe cathode, and thinner dielectric |ayers create nore 15
accurul ated el ectrons on the cathode, thus |leading to a reduced threshold
for edge etdrssa miisch&ganprrdaislﬁasu(todm‘aormtriat&s thehmorena Bfstlearge df idefitiectt farc
const ant) % 080 Th | angenent and test conditions

descri bed Cg ef pﬂ Ieessesg)'gdeghg’except that the two PZT pl ates were
repl aced wegdmpplevd aI um na pI ates as the 20 dielectric material. It was

ound & b BT 0485 A% RO MM TIS ALK BORPRTIORE, ©
t he polsar i & atasaasted. tAnestdﬂZ@ssbetam@mzo‘r e deatvhe dendwidhéd eetreedewpl BYE (@ad oI e
o BRSSP % b 7P R e SRS AR SLSE AP o
i nvention dnwswiddeuf tﬂlesrazorblﬂdde wede tegs [tham those tdfi thee PEN eptates .t G hs gleickddss of
ce 22 A e Mt P ST TEE Bl QRGBS B s e
fromthe srpairenal ward 1§’00mxdt3§®r‘€bfrespe6mm||WST hel shap egigp oh e ot éxtendeidert r ons
B L L
wher ei n t heodkal eadrahavivas a dhickiidssfaibcnimoand aregiped ifi Isiwar Zoit, ovelbe @Miced on the
outer sides of the two PZT plates. The distance between each exposed silver surface
and the edge of the corresponding PZT plate near the side with the sharp edge was 2
mm. The silver foil wrapped on the ceramic blocks was electrically grounded and acted
15 as anodes. The stainless steel razor was connected to a constant DC power source and
acted as a cathode. The resulting field emitter arranged as described was placed in a
quartz tube furnace purged with 4 vol% H; in N,. When the voltage applied on the razor
was increased to -3 KV at room temperature, current was emitted from the razor edge.
The nature of the current emission was not stable, and was similar to a flash.
20 Example 10: Comparative Example (temperature effect)
[0077] The same field emitter apparatus with the same electrical connections as
described in Example 9 was placed in a quartz tube furnace purged with 4 vol% H; in N,.
The furnace was heated to 250 °C. When the constant DC voltage applied on the razor
was increased to -2.45 KV, there was a current emission from the razor’'s edge, although
25 the emission was unstable, similar to the emission in Example 9. In comparison to
Example 9, the reduced threshold voltage of the edge emission was likely due to the
elevated temperature.
Example 11: Comparative Example (Effect of pulsed voltage)
[0078] The field emission apparatus and test conditions described in Example 10 were
30 repeated except that the stainless steel razor was connected to a pulsed, rather than
constant, DC power supply and the pulsing frequency was 10 KHz. When the voltage
level applied on the razor cathode was increased to -1.0 KV, a stable edge emission was
observed. The razor's edge was illuminated in a blue color, and the emitted current

reached 65 mA, which was set on the power source as the limit of the current supply.

-27-



a dielectric material which surrounds and contacts at |east a portion of

t he cat hode; and an anode conprised of a conductive material which
surrounds and contacts at |least a portion of the dielectric material;
wherein the cathode and anode are each connected to an el ectrical voltage
source , and wherein the dielectric material between the cathode and
anode i s capable of being polarized to provide an intensified electric
field and for accurul ati on of electrons at the edge of the cathode for
gener at i orCahpakddt toasple 6th & hpelssdt \rodtdge appearste aﬂbpaadtia\éng)fa dhlde mdge

wher ein t h%'?n|§§Bno%%dﬂ§q?@1%%na§t‘lpect - ﬁ@gé%iirE L{r%g V\} 'I|&]j %ﬁttﬁ%ga'zor:g

material is confi SR accumi e ca .
The appar actattmcteftheltanneratqre foli thehBZ T c@mspncreasey, ahwsafﬂubengrog’ang ¢hesipetielfir om
he group cq&g%ﬂéﬁl ng of H2, CO SiH4, Si2H6, CF4, SF6, O0F2Cl12, HCI, BF3,
VWF6, UF6 NF3, CCIF3, HE, NH3, H2S, straight, branched or cyclic G
to ClOSamEkamplapa:r@omaa'riatigp Ekamplel (Etiedt rof dietactrid thickingds) : 9

[0079] The field emitter arrangement and test conditions described in Example 9 were
repeated, except that the thickness of each PZT plate was 1 mm instead of 2.5 mm.
When the voltage applied on the razor was increased to -2.3 KV at room temperature
there was a current emission from the razor's edge, although the emission was unstable,
10  similar to the emission in Example 9. Compared to Example 9, a reduced thickness of
the dielectric material (PZT) can reduce the threshold voltage for edge emission. This
result occurs because there is an electron accumulation on the razor'when a dielectric
layer is added between the cathode and anode. This electron accumulation plays a role
in field emissions from the cathode, and thinner dielectric layers create more
15 accumulated electrons on the cathode, thus leading to a reduced threshold for edge
emission.
Example 13: Comparative Example (Effect of dielectric constant)
[0080] The field emitter arrangement and test conditions described in Example 9 were
repeated, except that the two PZT plates were replaced with two alumina plates as the
20 dielectric material. It was found that there was no electron emission when negative
voltage applied to the razor was continually increased to -3.5 KV. This result confirms
that the polarization of the PZT between the cathode and the anode plays a role in
intensifying the electric field and accumulating electrons on the cathode, thus promoting
field emission of electrons.
25 [0081] While the invention has been described in detail and with reference to specific
examples thereof, it will be apparent to one skilled in the art that various changes and

modifications can be made therein without departing from the spirit and scope thereof.
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(111) R-b-OH organic vapors having the followwng formula (1V): (1V) R and
m xtures thereof, hsubstituents Rin forrmula (111) and forrmula (1V) is an
al kyl group, a substituted al kyl group, an aryl group, or a substituted
aryl group. 4. The apparatus of claim 3 wherein the reducing gas conprises
H2. 5. The apparatus of'm4, wherein the concentration of hi, in the
reducing gas is from0.1 to 100 vol upealfss 6. The apparatus of claiml,
further conprising a carrier gas selected fromthe group consjsting of:

i troged, _hel POFPEA@YHR, IOBPBEGR ISR 1% BRGNS BB SSUE RPNAIRE e SPPHERSF or e.
7. The aphgisnigis of claim 1, wherein the distribution of the electric field
at the edge of the cathode is copfined and the electric field s_trengt,h is

i ntensified by S@§icdedEMiNd@N F191eheILE Bt CURRN el Cat HBHENVE TAteriRlevherein
di el ect fHeGma@figHagla wdRguriiBakadity fdm oltalsrevE, wherein the edge conprises a
bl'ade, ridge, a%rielgc;trliqé material which surrounds and contacts at least a portion of the cathode;
and
an anode comprised of a conductive material which surrounds and contacts at least
a portion of the dielectric material;
wherein the cathode and anode are each connected to an electrical voltage source
, and
wherein the dielectric material between the cathode and anode is capable of being
polarized to provide an intensified electric field and for accumulation of electrons at the edge

of the cathode for generation of electrons from the cathode.

2. The apparatus of claim 1, wherein the cathode and anode act as a capacitor, and

the dielectric material is configured to allow electron accumulation at the cathode.

3. The apparatus of claim 1, further comprising a reducing gas selected from the group
consisting of H,, CO, SiH,, SioHs, CF4, SFs, CF.Cl,, HCI, BF;, WFs, UFg, SiF;, NF3;, CCIF;,
HF, NH;, H,S, straight, branched or cyclic C4 to C4, hydrocarbons, formic acid, alcohols,

acidic vapors having the following formula (lIl):

"
() R—C-OH

organic vapors having the following formula (IV):

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

4, The apparatus of claim 3, wherein the reducing gas comprises H..

5. The apparatus of claim 4, wherein the concentration of H, in the reducing gas is from
0.1 to 100 volume %.
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Theus of claim8, wherein the edge conprises a conductive material, 10.
The apparatus of claim9, wherein the edge conprises netal. 11. An
apparatus for renoving netal oxides on at |east one surface of a conponent
conprising solder and nmetal surfaces thereupon, the apparatus conpri sing:
an el ectron em ssion apparatus conpri sing: a cat hode havi ng one or

nore pr et r usTRsippandtuddofadlaiang| RAh&CgSNBRThoCH BRFrics @ds GkledtetOfsh Chd YRup
material wherein the teirial has a work function rangiggétfromz 05 eV
a di el eERMSILNGRL &¥trogenhFtm. S6PR AIARYEKYRGN BRYA RN aRdtres thsFioron of

t he cat hode; and an anode conprised of a conductive material which
surrounds and contacts at |east a portion of the dielectric material,

wher ei n’t he 8% RBBRS aHﬁoofiaﬁlﬂﬁ'HeLe‘(Yk@rg%'ﬁe 9'6“&(@3‘?%8“ &8 Slertdt deld Bt the e% ?fage
sour ce, tbr\ra:n@btr;m%r R dbn\‘ihi@d @h@'tl‘é&tbreicﬁicrf@kgﬁir@igt@%t Wk}jffe'ﬂé‘bwlééiﬁl?dﬁta@?df fﬁgoded
is capabl e of being polarjzed to provide an intensified electric field an
for accﬁ’h‘lﬂeaﬁqdcfﬁe#t@P%NtP%d'ﬁch'ﬁé"%?“%re of the protrusions of the

cat hode for generation of electrons fromthe cathode; a reducing gas
wherein the e|lectrons attach to at |east a gortion of the reducing gas

mol ecul 8s t o TPePRPF WS ¢8I 1cWRsTGEING £ERT EONBIRESH Plad HgBWYi™Rg gas; and
a conductive surface having an electrical potential which is nore positive
than that of _the anode, wherein an insulatin late i s set upon the
conduct Pve shPf 3ERATaHS QRﬁ'éF‘éﬁnWF?fé'”&B%ﬁf’%eS Bpﬂﬁaes@o?ﬂng&?t"’teﬂ@ tgtall east one
surface of the conponent and renove at |east a portion of the nmetal oxides.

12. The apparatus of claim1ll, wherein the cathode and anode act as a
capaci t &-, ahBe {aﬂ%araiuaoge'@w & YBE'EIN AP efige EYRPISEF Bt 0 al | ow el ectron

accunul ati on at the cathode,

11. An apparatus for removing metal oxides on at least one surface of a component
comprising solder and metal surfaces thereupon, the apparatus comprising:
an electron emission apparatus comprising:

a cathode having one or more protrusions having an angled edge and
comprised of a conductive material wherein the material has a work function
ranging from 2 to 5 eV,

a dielectric material which surrounds and contacts at least a portion of the

cathode; and

an anode comprised of a conductive material which surrounds and contacts

at least a portion of the dielectric material, wherein the cathode and anode are each

connected to an electrical voltage source, and wherein the dielectric material

between the cathode and anode is capable of being polarized to provide an

intensified electric field and for accumulation of electrons at one or more of the

protrusions of the cathode for generation of electrons from the cathode;

a reducing gas wherein the electrons attach to at least a portion of the reducing gas

molecules to form negatively charged atomic ions of the reducing gas; and

a conductive surface having an electrical potential which is more positive than that of
the anode, wherein an insulating plate is set upon the conductive surface and wherein the
atomic anions contact the at least one surface of the component and remove at least a

portion of the metal oxides.
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13. The apparatus of claim 11, wherein the reducing gas is a gas selected
fromthe group consisting of H2, CO SH4, Si2H13, CF4, SF6, CF2Cl2, HCO,
BF, WF5, UF6, SiF3, NF3, CCIF3, HE, NH3, H2S, straight, branched or cyclic
Cl to C10 hydrocarbons, formc acid, alcohols, acidic vapors having the
following formula (Il1): 9 (1ll) RCGOH, organi ¢ vapors having the

foll owi ng formapﬁérﬁjs c(flc}é)m R4 Gwhbn%ﬁdth@déthﬂd@%nﬁ@foﬂ@fact Mércﬁbé‘cltor and

substit R.in for 111 I al k roup, a
subot | ¢ ecilary Ml aLs coateiry 1o dou et arbubist e & ed caitgrgr oup. © 1a.
The apparatus of claim 13 wher e| n the reducing gas conprises H2. 15. The
appar at us of _claim 14, erel concentr tjon of H2 in the reduci n gas
is fromd.1 (e f@éar\?&su%gc'%m é‘?‘ﬁ’ﬂﬁ‘g S 161 297 ¢! ecmeﬂ
f“hSt ri Pﬁﬁogprtoﬁélsﬁﬁgeoﬁl-@@@l s:tk%,l SIZIGIG a%mus@t? td)llezcmpmcqr tBFPfW]EPY%FGL e&nsonsa of

e cathade is e electric fie is intensifie sai d
cont act CbtFst hE é\ﬁé’dé" nGURI9Bt ERTEE i P}‘F“Fr% i Sedy rPEarHﬁ'ﬂ%rfPéP'c ad% . The
appar at tisotdls, AcriidWabbrs MAVEEB félldwikpfohngde (gipnpri ses an el ectrical l'y

conductive erl al. 18. The apparatus of laim 17, wherein the cathode
conpri s?@ gr aphite, or a sem conductor. 19. The apparatus of claim
11, whe r$ dge conprises a tip, needle, finger, blade, ridge, or fin.

organic vapors having the following formula (I1V):

i
(V) R—C-H,
and mixtures thereof, wherein substituents R in formula (Ill) and formula (IV) is an alkyl

group, a substituted alkyl group, an aryl group, or a substituted aryl group.
14. The apparatus of claim 13, wherein the reducing gas comprises H..

15. The apparatus of claim 14, wherein the concentration of H, in the reducing gas is
from 0.1 to 100 volume %.

16. The apparatus of claim 11, wherein the distribution of the electric field around the one
or more protrusions of the cathode is confined and the electric field is intensified by said

contact of the anode and the cathode with the dielectric material.

17. The apparatus of claim 11, wherein the cathode comprises an electrically conductive

material.

18. The apparatus of claim 17, wherein the cathode comprises metal, graphite, or a

semiconductor.

19. The apparatus of claim 11, wherein the edge comprises a tip, needle, finger, blade,

ridge, or fin.

-31-



20. The apparatus of claim 17, wherein the edge conprises a netal bl ade.
21. The apparatus of claim1ll, wherein the dielectric material conprises a
ceramic material, a polynmer, or a conbination thereof. 22. The apparatus
of claim1l, wherein the anode conprises an electrically conductive
material. 23. The apparatus of claim1l1l, wherein the electrical

pot ent i 20.t heTr® BpwErbiuY ©f Sldint a7 avheseih@Ve bdgeltdmbrisgbarmétal biadd. age t han t he
vol tage of the anode. 24. Use of an apparatus according to claim1l for
nmetal oxide renoval, gas purification, electrostatic painting, coating,

sur f acez ¢l eamhé Gippsratdsa e clivh dat, i wisreidt Lldi diglectie P@aickibo Bomprisesoaden@hicons

of the foregoing., 25. Use of an aratus according to claim11l for netal
oxi de r@ﬁ‘fﬁ?'gﬁ,a %M%U?W?F%P'Pﬁtfﬂ” tgg%@f'r ostatic painting, coating, surface
cl eani ng, surface oxidation, etching, deposition, or conbinations of the
f or egoi ng, . . . ,
g 22q. The apparatus of claim 11, wherein the anode comprises an electrically conductive

material.

23. The apparatus of claim 11, wherein the electrical potential of the conductive surface

is 10V to 1KV higher in voltage than the voltage of the anode.

24, Use of an apparatus according to claim 1 for metal oxide removal, gas purification,
electrostatic painting, coating, surface cleaning, surface oxidation, etching, deposition, or

combinations of the foregoing.
25. Use of an apparatus according to claim 11 for metal oxide removal, gas purification,

electrostatic painting, coating, surface cleaning, surface oxidation, etching, deposition, or

combinations of the foregoing.
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