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 sional Application Nos. 61/441,053, filed 9 February 2011 and

61/ 563, 112 filed 23 Novenber 2011. BACKGROUND OF THE | NVENTI ON [ 0002] The
present invention relates generally to fluxless processes for renoving
surface oxides. Mre specifically, the invention relates to an apparatus
and net hod conprising sanme for fluxless reflow and sol dering invol ving

el ectron attachnment and field em ssion at anbient (e.g., non vacuum

pressure. [0003] Reflow and so r re, | nt processing steps in the
assenbly of electronic corrponelr';ﬂii @'QT%EQW#@H joints. The term

e on O R il o ey Sl ™

refers to a process that allows a nelted solder to join at |east two
metallic substrates. A variety of different reflow and sol deri ng processes

may be used in the asmyR@teﬁ%m@w@Eg@mm&mmﬂo@% but ‘not limted
to, reflow of solder bunps used for wafer bunping, reflow soldering used in

the assenipop1gf T%Wé;ﬁfﬁ@atmh%imghﬁ‘ébé@ﬂt&@WM@IAF%I%&@\’EO?F' dering
erl ow

used in the asse

sol dering® |@43CB?O@@%@Fﬁ%@d"?8@1ba%%@”ﬁ@%&ﬂg@ﬁﬁﬁﬁdkﬁﬁw@ﬁf? te- nount
conponents wherein a chip is transferred with leads in place to the
next -l evel surface

BACKGROUND OF THE INVENTION
[0002] The present invention refates 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
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 aliows a melted solder to join at least
two metallic substrates. A variety of different reflow and soldering processes may be
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

components wherein a chip is transferred with leads in place to the next-level surface
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nount packages. In the reflow sol dering process, conponents are nounted on
the corresponding trace area of a circuit board with a sol der paste
previously printed on the circuit board. Such forned soldering parts are
then | oaded into a reflow furnace and passed through heating and cooling
zones. Sol der joints between conmponent | eads and sol der | ands on the
circuit board are formed by melting, wetting, and solidifying the solder

paste. To gnsw b§ck%]ggé)oﬁl1 tW@?éﬂoQQscfP&erﬁB%rcg@sE %nﬁ%n@ﬁ{s & mtot['J tekdlUthB 9

surfaces, organic fluxes are nornal cont ai n he sol der pastes to
renove i n'cBFr@épo'?l'drntgqpa%e%éj@ﬁa QR‘,UH%BB rﬂ?%mﬁ@ﬂp#@&e%hég pARRdl tK%Ep the
surfaces in a clean state before soll |ca I on | uxes "are npst

evapor at edj Lt t?oa\f@pgﬂcfpﬂﬁﬁgd gb’IBéﬂ% éé?{sdégé't% loﬁcgé/fﬁéﬁdaeretﬂgﬁ liinld¥e \c/ag:!i atiles

may cause probl ens, such ormng voids int r joints an

cont an natpr&botthF‘ou@ﬁfh Oarﬂwﬁofoﬁ @%&rs S Gl 6.9@ behddbh & oqIHﬁtSIe§<§§ Jhor e

remain on the circuit an cause C rrosi on an ec rrc s

[ 0005] \Maygi48pladgs bRthd Srch BOatdSHE ermed%gtn%ltlr#egﬁ%ttmgngh#]golﬁiﬂgng g for

d
assenbl i ng tradltlong] I nsertion nmount ¢ SO C be used for

f sth
cicut board %@’é@ﬁ‘ﬁigh@g?ée&%%@%ﬁ%ﬁaﬂéﬁ‘9 P P RPARERSE RS o cui

boar ds_wi GRRRABEatSndHRAY LElaRLy | AHIBALAGE bYGDORASM BYE i Quitsc! eaned by

using a liquid flux to r enove OXI%ES on ﬁ% conponent | eads ol der

l'ands and cLiReg oRRsHedidd ﬂH%Qs@H@&EﬂQnB W%fpathg ﬁrfﬁ@sls T c?e%lng?%}elﬁgc?h The

nol ten sol der autonmatically wets the netal sur aces to be s ered and

sol der jo t @%% t a high

t endency ;S gﬁoﬁnec%gﬁ? d?"%%ﬁ“%???nmﬁgf%wﬁg? g@s gﬂa %&%p@h%l%ﬁﬁ Pace of the
sol der bahbybas e fIQ?vBIrﬁ | dausl %@né’ﬁu%‘?gﬁe it | JoYaslif RV the

dross, which increases t ratlo cost an surrptlon 0

sol der. Afdiqg aﬁekgﬂam.ngsﬁ@é@@gwgﬁr@ﬁ@'sem%nné h@f&ég. s t.i??éms’.ﬁ ogwhich

brings the sane probl ens erein for om1so ering 006]

vaf er bumpeng g bBaRItRSSSH 48 céfgoslml%otaéahc okl bunps on the Ch' p bond
pads for inner lead bonding. T unps are conmmonly nade by depositing a

S0t [ony Or L0doBe BAclR BRrhORMIES LoD e RERTOARNG QulPhedh adiibby ®!

refl ow) to conduct alloying and to c ange t bunmp from

a mushr oogsghans tds@H%n%&ﬁ%éﬂB@ﬁéﬁ@l i SRAREN b-tgg}%eﬁ tf’ﬂr%u LD olE:

first-reflowed bunps is "flipped" to correspon ootprlnt of the

sol der m%&ﬁl@br@erﬂ@ﬁﬂéﬁ%&ar@@béﬁkﬁné%@%ﬁ%ﬁeﬂ@%nttn@l?lrcﬁhlm %Fr} Bflaf Qafesicond

reflow to formsolder joints. These solder joints are referred to herein as

i nner | eadeRANgSderigd FBbin RePIOLir&AHISFR Wi &JmpﬁeﬁQQﬁ% erfflgfornor mal |y

used in the wafer bunping process because It a for subsequent assenbly

st eps suc nt
ol der o (o B b B B BR G R Y TSR [ 0007)

The shapec@%pérﬁ”@wt ﬁa%ldg%hd QHﬂBﬁlaﬁéé &hq TR pfabée%t thFcﬁJgh%V\ﬁlblEg v dietrétﬁgénrHOEl .

exanple, a large bunp height 1s preferable for tter

fatigue r§§iU§rt@d?ﬁeTthfoqtgﬁgoldé%t&H%”% Qi Wé‘ls@rfﬁfé;sf t%rb%@o}’dé?é‘d g

substantially uniformto ensure planarity. Su stanti a uni form so

burps haviager glngt drseh)s foaREET TIRUMBIAEEINSH the DRk ’h?%’@qiu gthotep&’e g%’ﬁé at ed

with an oxide-free bunp surface during the first re One approach for

renovi ng sidey, f@?ﬁhlﬂ?%Oigé’MrBQs tﬂ?er@f‘oFegfhers%FfE@éNoﬂfletsQl‘a SOAtHRLs Rypped waf er
is applying organic fluxes over the deposited unps or wmthin a

sol der pagbgudrtlytlébBed B?Fne'&ﬁém&ﬂl?ﬁerﬂﬁhﬂ%% QBLL i, M@%Qéesttﬁat B%%Bﬁe

bunps, and reflowi ng the bunps I1nh an inért environnment so t fl uxes
can ef f eckby(@hy theeOBNsBmphbr bﬂh %ngﬁsm‘t)é? bRRiRG! RS msgﬁa wer, this
approach has its drambag Ks. A voi ds é%y P gn1?n t?&%ﬁ%ﬁﬁe unps due to

flux decoppQgidoarft, whikf 3R n%@lk@%aﬂ%yprﬁglfen%@syde@@%é%qi?erélpgoreljgﬁ&kl Ebl@@#u??and

mechani cal properties of t formed sol der bonds but a estroy t

co- pl anar jdoneP! Widi& A seg isRvBeEk MRka %ﬂfﬂ’f@l@ﬁ\%tatl p&nsyéﬁwam bGtY P

bondi ng process. The deconposed flux volatiles can also contam nant the
refl ow T upaacey WAbERag BBNdRST RS BulBE aRPLIMROAN G B uepbliiAf!d kbiu@lon ! UX
resi dues gre of tenti ?res i IH? uponut a\/\% er V\/n cb,r? egusg&g%rsbgg%% and
degrade the perfornmance of the assenbly,



[0008] To renove the flux residues fromthe reflow and sol deri ng processes
descri bed above, a post cleaning process nmay be adopted using

chl orof | uorcarbons (CFCs) as cl eani ng agents. However, post-cleaning adds
an additional process step and increases the manufacturing processing tine.
Further, the use of chlorofluorocarbons (CFCs) as cl eaning agents is banned
due to the potential danmage to the earth's protective ozone |ayer. Although

| fi
10" San Ui MR RAFR Y RUORRA A U, TR TR ol L
amount  of td bkahgeagd dugs @F'?lqe L8RS Y b a%uérngor%lsﬂ gmto Lﬂg%?%)hph QOd

solution to all” the problens descrl ed above |ncIu ng Vvoi

flux vol akhhgs, Td épr U\ﬂﬁ‘t%breﬂ&gedﬂﬁ&ﬁé Oflﬂggﬁ B cofrgsdb‘?‘l N9y froﬁthﬁ ng gas

as a reflow and sol dering environnent replace organic qu

r enmovi ng geiralsofis: %ﬁabl?'ﬂ&ﬁ]ﬂaﬁé 59\'}‘, ?ﬁsﬁgﬂe%‘:ﬁk'{ﬁ& gtﬁ)gé]:r{]éoq{ﬁeff, ﬁd caldupd

"fluxless reflow and | uxl ess so I ng nong vari ous ess refl ow

and sol degd fgmBidap ts“ﬁﬁeéé Ic%fr dindr P@ﬁe@er?ﬁ f%qraé\/n%eg%%d t3neduce

oxi des on base netal s and sol ers I'S especla active because it is a

ver Y O SOSN8 1 -PIGAEh B Lol O 80 BB

venti| ated out of "the furnace

conti nued pﬁﬁb@@ﬁé&@s@ﬁ%‘ﬂb’ﬁg ¥ é ehts *a e%ésogygﬁgg%%té}q% dﬂ’{y%bl ©

range of 4 to 75% . Therefore, ogen rrng

techni cal papabq {ighg vkl (&

fl uxl ess rret hod flo? mngT?eMad;@Ol%tongﬁeg;g(%s %(raen Hﬁéddﬁ?@%pwﬂﬁqﬁﬁergen for
refl ow of 43R op0s der bunped wafer at tenperatures ranging from400 to 450C
However, the flamrabl e nature of the pure hydrogen Iargely limts its

20P) Lot Whorforne ehaial e BHACAARES MREGhd AsPHNSH d SRAaD I EDGnpRIEN 20

refl ow sol dering and wave so najor usi ydr ogen

to reducez34e b@RE h@@hﬁl@%réffératbtéefof p&ldr b6h&n af Ig%lapfé(tlgﬁ"éj}é% % %Lﬁhé)nj

met al oxi des at the norrmal processing tenp e ran

especi al | yef t d strengt hs
Chan that "o e o S e o o HE “‘aﬂﬁﬁ@é&@& PP i e ’
ineffici eBQb!sthﬂtneJW@ﬁi@tQ%di@er%b %Vﬁg ﬂ \Lelhf"la 91tp He?@dé é{ve%f the

hydr ogen nol ecul e at OM/tenper tures. FGact Ve T S, such as

nDONO- at 0MhE aBHRELRith ERLIMB b YITRES AfH4: S%u e ahes ov\f:héﬂe TBESFOE%

refl ow sol dering and wave sol deri ng tenpera e range. For ex

f f eCti verd Qe Fdll RO BRI PihehdiGefRy LOnE SHUELLIHRLLPXLAPR Hiihd | "base

sol der is above 350C. Such high tenperatures may elt damag r'%ause

reliabilibyaRicoRkeNSvdrthd E@pd%ﬁ‘é\d(gad@&ﬁf hﬁmﬁﬁ%%%? stegﬂﬁh%{tﬂg%as

catalytic nmethod to assi st ‘generating gh y reactive and t hus

reduci ng b Sih&sbmhyend ABREH BFm WALAFSD aHQQ%@gJ ﬁ@mﬂ nﬂgqn BLQGESSI ng

tenperature for reducing surface oxides, has e industry.

[0011] FI é'r’F'Jlr%ﬁﬁeﬁﬂéd’%afst@bchﬁﬂééqgamé\‘ﬁacﬁ\?é?y re%?cf\fe%lpg%x'io%s tRGh F&)I?ér Al é'S' ng

several techniques. One technique is to e sers to a e or eat

netal oxidesele?, ﬂwﬁ%ﬂprd’@ﬂ%ab?t@td'r%atcﬁgpgﬁ%ﬂ Y538 1 ma?l*er emtﬂg%glﬁgﬁb&iﬁs

typically performed under inert or reducing atno S to preve

[ & OXi dat y@nollxldaeonBOARS LU ERABL AR A fot ohURYRIae thEBIBRICLI iy O boi 11 ng

points of the oxide and base netal can be s r and it nay not be

desi r abl embendredd ]pﬁ?fpeMl%QQ)'f {%efank@j 8358 vRbabot a-[gf?ﬁgtr%g?he? écyélgngﬁrz &f the

processes are difficult to inplement. Lasers are typ| Xxpensi ve “and

| nef {1 ci efiddr®uRRRAGIAe A diRAE LB dlefltdnb bORIA pRkBIL g the oxide

| ayer. These factors |imt the useful ness aser ni ques for nost

sol der i ngdaRR|dosad I@NFolatl &0 aISYESRSRiInAK lq@‘?‘eﬁcﬁvnfun%cgklﬁghc?d[n i¥ rfeg Ced

(e.g., to H20O) through exposure to reactive gases

t erfper at WhesnaimeRandeWost CR réfdﬁftlﬂh %x5e/9|%{| sggrg%tftgﬁtlrﬁcg@l‘éﬁ :;}9? g'?e?vgéfgr %Hﬁbner t

carrier (e.g., N2) is typically used e reaction O are

then rel ec%%ufsé@mrésh&w M4 BETSaOICIERRNALAQTL A ség%n%fvat ed tenperature

and carried away in the gas Iom1f| ypi cal process tenperatures exceed
350C. However, this process can be sIOM/and ineffective, even at el evated
t enper at ur es.
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[ 0013] The speed and effectiveness of the reduction process can be

i ncreased using nore active reducing species. Such active species can be
produced usi ng conventional plasma techniques. [0014] Gas plasmas at
audi o, radio, or mcrowave frequencies can be used to produce reactive
radi cals for surface de-oxidation. In such processes, high intensity

el ectromagnetic radiation is used to ionize and dissociate H2, 02, SF6, or

ot her speqbegs] imdemé)iv@%é‘#ld&%'bieﬁé&@&%%@iéﬁew%gggwéﬁﬁ%{}d&%&é}i&Qk%ed

reactive radicals. Surface treatnent can be per tenperatures bel ow

300C.  HovewBle, d posPEREHinG PrRBES Ay BRLdJIHDIGRMY B of b AR f 95 mat i on,

such processes are typically perfornmed under vacuum conditions. Vacuum

oper at i ONg|daAMyl dgRn@X MIKEVE T;;%QM&r@éPﬁﬁt} a @R ARt S| &%Eé&rﬁ{%ﬁgaﬁ% in@re%tsggv’

bat ch process rather than a faster, continuous process. asnmas are

typical | y 4 mRAiBERiAG bldiseling WhtENbderRIRESH B ERATBREBRA; b did | cul

to direct at a specific area. herefore, the reactive species can

ef fici ent ljealingldgeed i$ Bakrdi@ RIEA6 8RSpotBhifs BB aGah ﬁg%%nﬁgﬁﬁegmgné 0
oduce an

process chanbers through a sputtering process, and can p

accunul at ifjar. ORNSRBRASCCAHDRBY Nl LhEGH Jd R1oPHL b Ry d GAd] Aol POSST Bl €

. . b | :
mcro-circuit damage. M crowaves thensel ves can al sO cause m crocircuit

damage, ane:ulstd AldBcOFeSRIFRORERE s Ta%{sg@fﬁﬁéﬁ\ﬁeém%eﬁ%ﬁ%ﬁ bt o control

during treatnent. Plasmas can al so rel ease potentia anger ous

ul travi ol @Fnohhgcﬁftﬂ-ux%&&V%Qﬁégﬁivﬂk%ﬁh@?ﬂ&sr,e expensive electrical
equi pnent and consune consi derabl e power, thereby reducing their overal

cost  ef f egatoepnasgoodBRLBH tdan He d?@ﬂlem%‘i%eseéibég%bév i Lgir%rﬁjgg\zcﬁ i@mBfigeess for

. |
produci ng a reactive hydrogen species ., atomc hy using 'a hot

filament nox(aenaniiy elamRchal GoIRUld INEhOgPinlchatata uiTnEandht | on.
es sur he

The energi zed hydrogen chemcally reduces t strat ace.

t enper at Us@iaefind &irBAneht thadBAte SRYUNEANNS fF R AR bR 640AC skdrgehgd cal 1y

bi ased grids are used to deflect oOr capture exc ree electrons emtted

from theah@bolfikhieBhniqldieart @afdd YBxSREGHER" ﬁ{d ‘f’i’ihﬁa@i;scs&é@rfnﬁge’)\n%@ar i

produced from m xtures contai ning 2% to 100% hydrogen in an~inert

gas. [ 00164riddsFuxiBad refd@-anf 23RS Incthi! PR8Reds Hgﬁgggﬁa%gg%@g% éag {9

hydrogen using the discharge froma thermonic ca emtted

fromthe tdpedoRaks os dbbOfRLAs §7 @m%@%%éﬁ%?%ﬁy SirSENR A £ geLer ates

active species. The em ssion process is perforned 1n a separate or renote

chamber CaBERPRAIcBS: AndIBAY 8. hdd RMRMate! g, BRILAELLYALAAREL 8 fief | oW i nto

the treatment chanber to chem cally reduce the oxidized netal sur?ace:
However, sugdtelQindGeddhastecddREBRSAith ARG ShdVArMHREMNE Ty HRSal@ba ARt | mum

effectiveness and filanent |ife. Vacuum operations FGQUIFE expensi ve
equi pment (HMBheftdRSindRad MR PRAPRYSSYd S OSBRMe THAIGRNNEHILe PhldesSY ST ENB,
t her eby re&ucing their overall cost @erctfveﬁ@ss. [0017?ﬁ%&%?er, %% al .,

" Fl uxl essssigdrigriaihedRdaboiddl ¥ahiqe: Morpsiplaer e at Anbi ent Pressure”,
Sur f ace Mount International Conference, “1995, San Jose, CA, and US Pat.

Nos. 6, 140308, Oﬁe@?&&i(ﬂéﬁhus@d%é‘m%éﬂéluﬁg@%e@%&’forﬁm%:‘reszﬂf@ond% b%%ﬁ and

5,722,581 describe processes for producing activated H2 (or ot'her reducing

gases, su@ferasiofblredlydMgdh retsedy 81 @6 isbiderbulpSs Rafd st temb%rétﬁg%%@ngﬁz I's

generally present at "percent levels” in an inert carrier gas

di schar gefrors 4poagiuesd. usd g eAnhakid R asle %ur\é@f}l’%%réﬂ%rtﬁger‘g arg FMﬁft@hS

kilovolts". Electrons emitted fromelectrodes in a re anber produce

exi ted orapyneital & o5 REELASy bldBkssaE&issy PSS ARt bé{ncfir‘igﬁguerﬁmﬂe‘?ﬁwi cally

charged species which are then flowed to the substra e resulting

pr ocessessdi@siganaxiHesoriribd andarforRii@liod 8 RS As]ehdo a8 @Bffééé ures

near 150C. However, such renote discharge chanbers require significant

equi pent oxG@stis tNeMERNINd S rédlchiG FAd bt hed) bRaEXkShé Han?é?chf‘:;?Eﬂﬂ%l oyed

conveyor belt systens. In addition, these processes are typic

for pre-tefpblagelrBfgd®kaboeyrdspetaehrEdsaRss Reich #LB&highBaRefRmMVi Ng

sol der oxi des.
oxygen bond strengths than that of the oxides on the base metals to be soldered. This
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[0018] U.S. Pat. No. 5,433,820 describes a surface treatnment process using
el ectrical discharge or plasna at atnospheric pressure froma high voltage
(1 kV to 50 kV) electrode. The electrode is placed in the proximty of the
substrate rather than in a renote chanber. The free electrons emtted from
the el ectrodes produce reactive hydrogen radicals --a plasnma containing
atom ¢ hydrogen-- which then pass through openings in a dielectric shield
et ve hyaranam g SRl T e atbaER o Bt L & BEUNY R Qe Rl BT RERAR & 1T
de- oxi dat | QR tenhiEY RS HRMGH L £ ' { | ate surface
charge that neay al terS thg gf%g'?érl?e%tdﬁag g@%hﬁi] iﬁ‘ﬁﬁ?%ﬂ%ﬁg@ﬁo %n’pg?r(%@ss
control . Thgpsagesd Red, PL ' . ase netal surfaces.
[0019] Accordingly, therlggggﬁgn %@oﬁ?ﬁ\é{ %ﬁggﬁé%aeﬁ'wlérﬁg‘ﬁég?ns PRy %n
econom cake@pstagfd tlgeNEP r I xi.des from at |east
one corrponeent and/ oaﬁgsol e%%?’é&geﬁ%ﬁ@?\{%rﬁ?%rgmghn%legw RERHRIASIMES t o
avoi d danggexiies bhg . ' re is a problemin the art in
providing a process an%ﬂstgg%g,rdgf %%8€%$¢%X|%LEC§ gt %@rﬁeﬁ%“ﬁﬁd@?y HESF ambi ent
or at nosphggi re L he _expense of_ purchasi ng
mage BF ESRE r@hé-\b(ﬂff'ptgrrté)‘ﬁ%% t%ﬁﬁé Egé{(% %?ecﬁra,ﬁlc 8%p89%%'IT ,er?fﬁreaa

[
; ! d
and nmai nt ai ni ng vacuum equip Su as require r

I -b - i . ' idir
Pl il css co dor PR OO RPRTLRR T IcRel i Br 081AR ofy Pidiedleitle
surfaces eftedive WAl fyabd) bbafldion JNEIE S ANe At 008l BIgR em i n

the art for providing a x|l ess sol dering proce %vol ve

one or Mk Id-aTTRR 600850 5FinSMARY OF THE | NVENTI ON [0020] The
present invention solves sone; i’ not all; of the problens of the art by
provi di ngrgyqEt r j : al .oxides fromat |east
one corrpo%en;ﬂa aﬁgﬁggggdor?}é&é@eghy? aa%g)e\?mﬁﬁ E@ﬁ”@égﬁ?érﬁ% o 'ﬁ‘ﬁ”l%(fevggggensi ve
vacuum eqidchRARDLs. aukl ironment. I n one aspect, there
i's provi ded glﬁ asppcgﬁéaléét}@n@g‘%l reﬁﬂd@ng%?g?gblg% %s%a% rrng?ﬁl Pﬁ'ge%%ﬁgg&e of a
conponent BEfiH | eas t | der tal , .and
v&SIIRAlisH t@%p@Fatur‘ég %uﬁgﬁro%gl:&% a(?g(t};#){c%ﬂ%@%‘%rn Sediurlln’l%osrn L=t o

conbi nati ons t hereof through t em Ssi on

non- vacuumadakias SthSs e RSB el conpr i si afield
eni ssi on appalr gt us c@tre}pri s?ﬁ%&ngb@cg‘(ﬁaﬁ)ﬁé%ﬂéﬁ Legec%%g%%wa%%a@tspr'g&'ry%vsslr’ons and
conpr i sedih@fmatisPBAIGITHUR; Lal.: rei rial. ha wor k function
rangi ng fronTZ ”'(tig 5 eV;g F%I%?B\e@%?lﬂd%?greleﬁb‘?%@?h%essﬁw#%ﬁﬁ ¢ 7Y T‘%té)set a

ve naterial

portion Otfieéir*éﬁleqatnm{qﬁ;vaa&(#zeeme %QQ@ﬁfeFé?”WHg%gq‘?eeg{ucﬁ Ia%%Ps}eéﬁé%%sles A rein the

whi ch surrounds at |east a portion of the ric ma
source, and
oade

cat hode agificaneads, a : | I
wherein t helcdi el 'ecp?eﬁrﬁ%rﬁn%tgse{riggr@ Eﬁa%%p?ﬁg%g%odgg@fﬁé%aéo pol ari zed
wherein t o glggetini Her i ' i ' i.stribution
and enhan'%gg t he sttrIgﬁﬁbggtb%%sgpéey&rg?cﬂl}l%gﬁ%i&%teselfwttth%%%%g9’8?3 Feof t he
protrusi oRshfuddrer %g{%rm?% bitekichy emt electrons fromthe cathode. In
this or other enbodi nents, a Ipeast a portion of the electrons are

ener at edrob n | i SS€eS: i enl ssi on,
Pher a1 e e et o e oBl R R R BERESIEW 0021

In yet anebb@k ASPEM g. H@e%t%lé-v%telartg?ﬁbgr%%rég AnpaLa H&teﬁiﬁi&grs@/?gé’érggt et al

. &I’
oxi des on at | east one surface of onponent conprising sol'der®and net al

oxi des t hetesIRgBas i iRBRBEAEHE. & ORBNd ﬁgﬁgfly d !ﬂeqeﬁmoﬁﬁ)ir%;ucﬁsrg‘?g@r.?t us

conprising: a cathode having one” or 'no protrusi ons havi ng

cur vat ur edgyr@eRndrRasa s 36 il RN Leln.th
mat eri al hz?s’ a work fancti on raﬁgfar?g b&%%g’%&'?%gkﬁg\??er‘@%&i%@8@%‘% aﬁateri al
whi ch surdaaigfswal inlieaghs fowpRsibii 90pi ' conpri sed
of a conductive a?r}at eri gls whi c‘i 'sup?'g%r?tég&gtg?%rﬂg%?tué&g%?cgg%ﬁggﬁt he

di el ect r i o thialorifa8t 8hM ok B ch Gopnected to an
el ectrical voltage pgour ce, and%mﬁﬂﬁ%ﬁggﬁgﬁgg Ir%{/%eﬁa né?‘?rg{&rebset ween t he
cat hode and anode is polarized, and provides an electric field at one or
nore of the protrusions of the cathode and thereby generate el ectrons from
the cathode; a reducing gas wherein the electrons attach to at |east a
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portion of the reducing gas to formanions; an insulating plate conprised
of a plurality of openings wherein the conponent is set thereupon and is
proximal to the field em ssion apparatus; and a conductive surface which is
in contact wwth the bottom surface of the insulating plate and
preferentially has an electric potential slightly nore positive than that
of the anode (e.g. 10V to 1KV higher in voltage) to attract the anions

towards thgodd)suhpl s!p%@d Qhareﬁe&ﬁrgng@etff%é]retdgStio%%gg%sfsrct%ﬁ%\éﬁrﬁég%ﬁ%?%glgpf));i ges

t
on the surface and then pass through the opeéen

d | . : h f th
R it e e T TR R e Y

BRI EF DES@@Q%Q&}%&%P%?VERAL VI EWs OF THE DRAW NGS [ 0023] Figure 1 provides
an exanpl e of an enbodi nent of the field em ssion apparatus descri bed

her el 1 Snodia St RSE L9024 T ES: RoRIEY1 195,90 SRl ol on

enbodi nent of "the field em ssion apparatus desc

field em ~ j t ' f lurali f dl es.
[0025) Fi grrn PR B PR AR TR o BeBa il blskifent o < e

oL o SRR PRSI HRd ol g agtee (e
ddi tionaly rifé- el f the field. enssi t
Sesor: boa har STy B AR EROA B L) R A% SRR Bt o

sol deri ng surfaces.
conditions for plasma formation, such processes are typically performed under vacuum

conditions. Vacuum operations require expensive equipment and must be performed as
a slow, batch process rather than a faster, continuous process. Also, plasmas are
typically dispersed diffusely within the process chamber and are difficult to direct at a
specific area. Therefore, the reactive species cannot be efficiently utilized in the
process. Plasmas can also cause damage to process chambers through a sputtering
process, and can produce an accumulation of space charge on dielectric surfaces,
leading to possible micro-circuit damage. Microwaves themselves can also cause micro-
circuit damage, and substrate or component temperature may be difficult to control
during treatment. Plasmas can also release potentially dangerous ultraviolet light. Such
processes also require expensive electrical equipment and consume considerable
power, thereby reducing their overall cost effectiveness.

[0015] U.S. Pat. No. 5,409,543 discioses a process for producing a reactive hydrogen
species (i.e., atomic hydrogen) using a hot filament to thermally dissociate molecular
hydregen in a vacuum condition. The energized hydrogen chemically reduces the
substrate surface. The temperature of the hot filament may range from 500°C to 2200°C.

Electrically biased grids are used to deflect or capture excess free electrons emitted from



DETAI LED DESCRI PTI ON OF THE | NVENTI ON [0028] Met hod and apparatus for the
renoval of netal oxides fromat |east one surface of a conponent conpri sing
at | east one selected fromsolder, netal, and conbinations thereof by
exposure to negatively charged atom c ions of a reducing gas which is
formed by an el ectron attachnent process are disclosed herein. In certain
enbodi nents, the exposure may occur before and/or during the reflow and

sol deri ng Rk AGEFSASH. TR rﬁ&g@& isygéiys Shab@cghi T&%@n%ré grb%ueéd FB& Figdisl ng gas
t | i S oh at 0

reacts with and reduces e surface netal o ['east one surface of

a conppneqknumh&;g%ng?g?Pgd g Pﬁ“gﬁéﬁﬁ&gﬁg'herEin can be enpl oyed by

nodi fyi ng traditional w and sol dering edquipnents such as, for exanple,

the refl hi - i . | ;
e Sol adoPRA" IS PUEE, Ereleck2od AR ARG BEbRR SR | 19 ©
appar at us flesgFitrt oS FAAEP . BEARR nﬂﬂeaf?omﬁﬁ{haegmg%%%%d erein

I
the renoval of the sur?ace met a OX|%e S J%S|red suc ut not limted

to, netal plap ia'b%a&;’#a?e dis%rgﬁﬁi%gﬁr eRbatd g0k SB%({Iéé of% GhisBbh @Fntfcgsgisr cui t

boards or netal aces em nore amnenabl e to subsequ

sol der i nG)oerithd e Gl e 2h Ao iy o LIRS ACE. OXi des
of nmetals, such as copper oxide, forne uring silrcon wafer processing.

The r emvac‘zj.ctiﬁtecﬁrﬁ%@}alé)% frto g]%itré%tﬁg'ﬁt Jﬁ‘a’ﬁ)&ﬂm%‘éﬁa%ﬂ@@&d&é tr?é o}ig\gecp ;ﬁ)s/ent

invention is equally applicabl’'e to the aforenentionetd processes or

ot her proGgss de@ks OHSwaer" Q@‘ﬂo‘?gatﬂébﬁsﬁac@é%@g?g@% &8 Loh oY gani

fl uxes, expensi ve vacuum equl pnent such as I n M Dased pProcesses,

and/ or f1 yRbheerRiv&RYS Egﬂﬂ%%ﬂt litb 028l rh %ggﬁﬁomﬁgjr%%nshge field

em ssi on appar at us gescrl herel n conprises: "a cathode de of an

el ectri Calelqﬁipﬁ%glm‘ﬁ&hvr%uﬁpéeﬁﬁ&ﬂ' o#%oﬂn@ do riWBchn\te BPBérPéys?éh‘?s?r?éTBH sing

one or nore protrusions having surface”curvature, ‘such 'as a sharp
tip, needlgy,ddBer v EHS eibkfcbgy ei n the cathode is surrounded by a
ral; a di

dielectric matéeri al ; lelectric material wherein the dielectric materi al

surrounds 6§17 €3&fiea ePQIr.,t“i:QIQIeQ% S%JEgrirgq'j‘gFQ&A&OQe?%ﬁB%&?@’QF&%E%n{ he anode

surrounds at l[east a portion o ectric - erral, and wherein

the cat hogg.antk 28446 cANE LRGSO Slofifbrd eaﬁ'g@i%%w\liogglcﬂ,oéntd papur ce

and the dielectric nmaterial between the cathode and anode i's polarized

whi ch prongises 14658088 553 245 &f o8l St éfb@?gfs?,c’stbagsz;&%t@ﬁ%g@-z i Fhsghpsed

field em ssion apparatus can al so be used i n ot her 'app ati1ons 1nvol ving

the need QiEsérWe@r@&as%é@ﬁ)r%Fd%fﬁl}:fng%g\;dt?%?ﬁé gdsft&irt)r?é??r?&fcirﬁ%'s\é cHimaaldmspheric

condition, such as, but not limte urification by electron

at t achmeniyg,pu&REBMEH AYSisPardd P b¥udRY %éscits?g%nef%h|§gﬁseg,§ﬁ¢]£ﬂ&&rcmi|évei|s‘“9, or

coating. The term "anbi ent atnospheric conhdition as erein nmeans an

t h j : i - i dpoi nts:
Tar0. 14, & DRl GES B ¢ ThEAREnIK! oo ls TPl ha B 1 600 °
19.5, or %Qw@e%"&ver‘anki%@@ltsp.arEqécﬁ%é@égﬁ@(?ﬂinv@@&r?&&% arRineRtc gpheric

condition ranges from1l4 psig to psig. In an alternative enbodi nent, the

at nospher gr@fyck %Qitédléﬂlﬁf%ﬁabﬁessﬂycgegsth'éti%@gu?Jé%ﬁ%m frJQSL§|%&p93|@%§@een

apparatus di scl osed herein may particu y sulta or “certain

enbodi mentgecisdGhicRErd ﬁ%n@l?ﬁ@@lt(?thefslu‘d&r S TRO L&%\’timﬁ?ﬁg&ges%g rfegg]‘?e R4,

conponent s i ncl udi ng BGA, ip chip, and die attac nt asse les. 1In

these enbedit®piss mERER Ifddrog aﬁéﬁ‘];p%FaQuri% nggF 15%:%' ﬁo@{e&@ﬁ’@ﬂéryrewgsed to

the cathode emtter and cannot act as an ano em ssi on

appar at us gficaglge $REmBEG bR HiSHEe iﬁ@%ﬂ%@ts% ﬁ@ﬂgﬁe%yﬂggahogiggd fel iver

el ectrons and generate negatively charged atom c 1 ons suc rogen

ani ons t hegyghy §d?dé?*|n%ﬁoh@£&o@5&ﬁ§§§@ﬂ£. B QR tlw[eQQE%c%cieggeb% dreBicfpTPonent”

as used herein generally relates”to a conponent co ( eria
such as sihipkfBe 6 drb FRUITPAE Gt dkasd bheRNs ?ﬁbq‘?rheﬁ!h‘éﬂ‘r&%{%iﬁ%%ﬂj&# m
oxi de, gallium arsenide, ceramc, quartz, copper, glass, epoxy, 0Or any

materi al guytabl e for use within an electronic device. In certain

enbodi nents, 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 fluxless tin-silver-copper, a fluxless
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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. [0032] In certain preferred enbodi nents, the conponent in
which the oxide is to be renoved and/ or soldered is positioned on a
grounded or a positively biased substrate and is disposed within close
proximty to the field em ssion apparatus. The conponent, the substrate,
and the fifebtBlerd ssPen NapPPABALYS dAE@iak b dufalNfe S E&%&%ﬁ“&@é@&ﬁﬁmm ch
is purged with a gas m xture conprising a reducing gas and optionally a
carrier gafisch¥jel @ ﬁfﬁn%t%ﬂmﬂﬂnﬁeﬂc%%sgg%rﬁﬁ(ﬁ%ﬂfmﬁ?? 'Q kb %o BELipved that
VO

when an energy source such as direct current ge is applied to at

| east one etdctiodd. TheeletPE@Sis(Bacdd in FRINEARt BRAERupQFat PIRLNALA 91@11 t her eof)
contained within a field em ssion apparatus’ thereby creating an electrical

pot enti al rembrcihapiter arge Bkl &t {higBY PR, tH@%?etchEf@ésyprBB@éeel%a et rode and
drift toward the grounded or positively biased substrate wth € conponent

to be sol dgdeden o 28 bIRAE Fheailed sloRtieH .é'H—yw%iEmﬂénhﬁa bgphase of

the cathode material. However, in certain ey odi nents, an aé%itlo al

portion ofpbhiageinectieRbsicER%IPO 288Gl R fidiodm Lhet9as ﬁ%%&eééﬂgg}jiéﬂgom of

0
applied voltage level is relatively high (e.g., greater than

the el ect consenganerind adieli9mdden chichl £ BIcUliBBPREAIR ERYGPLLI de with

reduci ng gas nol ecul es, thus dissociating the gas nol ecules an orm ng

negat i vel yxidbadrgadodh\@fl ich @fe@ic 8L BAVSIAh GRS shYa® &I%Pdda?t:ﬂ]aﬁ%é?cmmm ;

The negatively charged atom c ions of the reducing gas can ong the

el ect ri cakltéritat diccomnarf AMEnBBRPEREDYEE bhfoICaFRAREL beh@;r@@esﬁ‘?é gy ed.
the bas 4/ or

whi ch thereby reduces the existing netal oxides on nmetal” an
sol der w ubeuio fiuk@aBeektdiRlrfhéadi tional fluxes. [0033] In one enbodi nent of
t he apparatus descri bed herein, the apparatus conprises a device or a

struct urefadia) poniraingy, MeRaksla FboBIARLAOGEH prbALRGUR ARfoARALG Thi S

device can efficiently emt electrons out of the vi ce at anpien

pressur e. effiitiehhgrod€dsi feerenfoving rAethESiedsHebrd aSie8 VI HeQd YRS H2 and
N2, the emtted electrons can be attached or? H2 Sas%rgcu eéd,r%f)@r%Fn' ng

negat i vel yurtlvangeer einel (W @nﬁf‘tu?é%% a%idQbéﬁb%@%if%@i@&ﬁmﬁyco%afgﬁeb%n  he

attachnment (see Equations 1 an The hydrogen ani ons can att

sol der i ngTherefieig @rddert efithe@inSHEALENP¥ ibARSs@bind gbﬁ%rﬁt\ﬁglfé(r LLRWsL EGRENRY ur es

(see Equation 3 below). The free electrons injected on tr{e treating surface
or gener atiedbr agaearhyiphOsHshooihdr B e ravslfecdrafdidas t&?a@@&%&kéﬁ%f&?d In
on

various ways. Dissociative attachmentH2 + e- -) H2*+ HEquat rect

at t achmenpurthasi®y ad thaintdifing F8sLA B4uigment 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 scldering process that

does not involve one or more flammable gases.

BRIEF SUMMARY OF THE INVENTION
[0020] The present invention solves some, if not all. of the problems of the art by
providing a method and apparatus for removing metal oxides from at least one
component and/or solder surface without requiring a flux, expensive vacuum equipment,

and/or a flammable gas environment. In one aspect, there is provided an apparatus for
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Oxi de reduction:+ no+ 1-120 + 2e- Equation 3 [0034] Energy is supplied to
at | east one of the electrodes, e.g., the cathode, the anode, or

conbi nati ons thereof, sufficient to cause el ectron generation fromthe
cathode. In certain enbodinents, the energy source can be an electric
energy source, such as a direct current (DC) voltage source. O her energy
sources, such as, but not limted to, thernmal energy, electromagnetic

ener gy, Orrerﬁbﬂﬁ@ﬁ%lﬂﬁrogbﬂe§ AUMAAS sURYceAd i ScdPhone BCcaRh RGOSt Iddat 604TBAIBALH ON.
The DC voltage source may be constant or, alternatively, pulsed In certain

enbodi MentenofolidtemprESMRtcomBeMbhOtherddhehrs Heden SsigPongsdtefstiPad Vol tage
source at a first voltage |level and the anode is connected to a voltage

source at apmbs@tendon-e¥&lum Jlesutk iRsher bielbifovldchernt &b &Iy gakRs a
bias in electrical potential. One of the first or second voltage |evels may

be zero i reigsain spatdtas c@hhbm%tar@tl%h%%g(?fnetdﬂ‘ﬁﬂcﬁ‘@%ﬁtﬂrds%ngra%‘nded [ 0035]
Not wi shing to be bound by a theory, a proposed nechanismfor the field

em ssi on ebmphest faNSoreBRtiVRE S8 RAIHRSSN % ﬁw@{elnam%s ANem h@iorabigsle and
anode of the field em ssion apparatus are properly connected to one or nore

el ectri cakromo} to2gevsPUierRtrict-ASefhISlGH SurfourBd 8f lkadt a(&)rﬁbn ofithS UhRbaAg
materi al such as a ceramic tube) which surrounds at |east a portion of the

cat hode i anpahanhba&dem e@mf@%n@mf\/bmeat@ﬂlﬁwdhcsufrﬂogh@s Qt'l§5§t'at15~btrﬁc9{bfand
thus intensify the fie d strength near the apex of the high curvature

surface othd digleafric MAGH], IRLeiRMINS EMBO@NanEMIHATe @ashaEheBRRAb ANt I P,
finger, or the like. Since the polarization is proportional to the

di el ectri elceorat WNbg®Eolirbe MdieUIRGER itke dBIBIHChatedal BeklRGlthé CatiBULEA@! W th
a relatively high dielectric constant, e.g. 1000 or greater is particularly

pr ef er r edansdicia pa%aribed ivkBRer haNALIEct AN R BEEoBHEZ 0R) Sk fel§ALBHLES: Such
as PZT (Lead Zirconate Titanate). The voltage potentials applied on the two

el ect r odeand efharitiet tid étRGgl S1GhE BRCRITIHSRI ffar HRIGRAS rRdtetdd e ONBLIENS of
material, and arrangenent of the field emtter structure. The field emtter

descr i bedtHeesattquerm thereBABHIGIohY froFRhYkathBke QRBASLABRESeMBbEMehRY Ol Ve
activating H2 gas and reducing netal oxides on non-exposed, or non- fiat, or

i nsul at edaslubstta @iresn ¥ th8 cBirahs 4reaeRsratddSomSof Abretdrecd foRBhingassenbl i ng
of flip chips, die attachnent devices, 3D stacked chips, surface nmount

conponent grocaskskst figloeghsdy, ﬂwe@r‘ﬂﬁpﬁﬁﬂ@@ﬁ]%sm'nﬂcérbﬁ§@lséﬁﬁ}gé“df%ﬂﬁ‘%mah g treating
surface is no longer suitable to act as an anode. [0036] When the field
em ssi on #ppegiatus is used for renoving netal oxides on nmetal traces of an
electrically insulated substrate, various discharging approaches can be

appl i ed t fpoefoveyethab@esagret MmiraiLsrotifled BR appBsiUsdberenfRingdNRBPbEdes
various commercial avail able charge neutralizers can be useg in conjunctlon

wi t h appavabtizasnmhergitaos oesempbasht BemnBliding é8idanal habnalidasanssapsh e,
charge receiver device containing sharp tips, needles, or fingers pomered

W t h hi ghtheasipbiatés ¥erhbragey: Bﬁ&i@l@tdnﬁbs@rﬁlap@é@@slé@mgﬁﬁﬁ 1 AR NSAHPEheM t h
current design to renove accunul ated charges. [0037] ?n certain

enbodi menbsmotehgrogpatiaiiaingeBighichrat e saifite shdisRtbrised bed ¥edche: et al
oxi des on a surface that is not exposed to the cathode electron emtter,

such as, Mater@xanples, the oMtexPased Wk FUNCESH RIhgSYMioAE 2% 5 SVCh drfedi@y reflow
soldering of flip chips, 3D stacked chips, and die attachnent devices. In

t hese enbodtsmanivsich sevelirls A MHs0apbeisn GRthehRititzrdatPaflbh&sd cdriviseg@dhi vel y
charged atomc ions of a reducing gas to the soldering surfaces. In one

enbodi nentondubgvecatieaidevhion sieodrideladicast $56r98n aPParRlidtinc SuEhiapshdBM shar p
tips, needles, fingers or the like, can be directly faced - 15-

the cathode and anode are each connected to an electrical voltage source, and wherein

the dielectric material between the cathode and anode is polarized, and provides an

electric field at one or more of the protrusions of the cathode and thereby generate

electrons from the cathode; a reducing gas wherein the electrons attach to at least a
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toward the gap between two sol dering surfaces of a conponent and the
conponent can be directly grounded or set on a grounded surface for drain
charges. In an alternative enbodi nent, el ectron em ssion can be applied
above the conponents to be assenbl ed and the conponents can be set on a
perforated insulating plate, which is then placed upon a conductive plate,
such as a conductive netal plate. The perforated insulating plate allows

the negatiyglion &MRE Mcﬁb%ﬁ%% %OQI%Saﬂ%nS,a‘QI!I MRS1afi%y élggeeﬁ:q?;ﬁlsled %YQrgIJ'rQﬁy 8f

i nsul ating surface, thus ow ng the anions to C € non- expose

sol deri ng sdhirdsShefin B{éecoﬁ%q?ﬁ@ﬂﬁg}s?t ﬁwgreruﬁgllr'gﬁd Fsrkﬁo Lo tRé(ifiglg%migg?&ﬁ

perforated insdlating ate al so ows the negatively charged atomc ions

to di scharge.through a%ﬁd&?&ﬁ/gisﬂﬁécé AiA% iﬁ%ﬁﬁt‘éﬁfJvi‘(ﬁth@'b%h‘ém%%ﬁ%'gﬁrh eat h.
It is preferred that the conductive plate placed underneath the pertorated
. Lati y ' : C o i

that of ¢ RaCLRBELMAE <P pRyEEhlpi et A o Sl R S pBANodf el

i n vol tagey ydaasl @ly 158 ikl hidhler AvoftbgH36 it 1r83HlorR t{;\gzgr%j%% of the

negatively charged ‘atom c 1ons, “ani ons, or el ectrons e sol dering

f f; i ' ' - j th
surt ace o pdRBomenRltnehi B FIFIER LS i aaPh LIS ETOANLIRYS fop! 'S
m |1 imet eng,ef MU%mﬂhEiﬁp%iﬁwgs BPhESnRfatd :I::l%é)%o @(#Tmelc%ngﬂj Bt &hragRd ito 5 nmm
in distance. However, it 1 ant|C|pate8 that® ot her geonetries may be

suitabl e qepeAdifeseRnk it HBOHELL bARe Rivehith GATROGRDLALAANRRRILer ed. AS

an alternative exanple in soldering a chnme vice erein the
size of thedi%y bstad LakhGRAt |y smaller than that of the substrate to be
sol dered, the perforate& I'nsul ating plate can be a porous insulating plate
Wi th pore size ranging from 10 nanoneter (nm to 100 mcron neter (v.m to
achi eve an equi val ent result on spreading negatively charged reduci ng gas

to the non-exposegrfip HesERP RN BE &% vHRH- Cﬁﬁﬂq'?ﬁngﬁggge, it is
preferred that the conductﬁve pl ate unggrnggkwﬁ$he pe$ orated 1nsul ating
pl ate has an electrical potential slightly nore positive than that of the
anode of the field em ssion apparatus. A sinple approach to obtain this is

to el ect ibegyl Y-igiieyiolile, SOBEGHL YPaPbabS Akl U Roli iSOl adfarBE! St of

to connect the grounded p e and the anode o em ssi 0

appar at us.4eIh@RelerdRLRALI 8L HihEenhence between the grounded plate and the
anode will be increased by increasing the resistance val ue applied between

the two. f[@ﬂﬂ‘]erﬁigf(dré 2ioddd & Palede Bg?ﬁe ergpﬁgmeﬁgmﬁe iR ESoRa R hiSL OF -

can be used to0 make the conductive pl nore positive in

el ect ri calgeBgiRticabin WHgRt HalieRf et f i | 864 Qv ARPAT at us
to direct the flow ol? negzlati velley %har Egg(gﬂgfsg%‘iacéa:agor?%,&a Ir%%%%ﬁ%ﬁﬂg%ﬂp

el ectrons gphbddies t he reducing gas to the treating surface of the substrate.
[ 0039] To produce negatively charged atom c ions by electron attachnent

using a fijgdsh) eHiGRb ANhrARRAT A Miuitichal SEBEHIAUARM Li¥o@hehl §GhHE fpg &S, to be

generated fromthe cathode surtace. In this connection, the electrons can
be gener ala@fafysPidsBridd £t £8P S MheMent RESERN e the ki RHL S 51 1Akl ST hese
el ectron geﬁeration ﬁethods, therﬂgrzé?ionl%% f%e Heﬁﬁod$depeﬁds ﬁ%%% y on
the efficig i@nd the energy level of the electrons generated. For

enbodi ments wherein the reducing gas conprises hydrogen, electrons having
an ener gy b@26§! FdPse drdvidesih ARitidAG| BXRH %L besh e%QQa}%n!&tﬁ@h%d%&w?r
enbodi ments, at least a portion of the el'ectrons are generated by one or
nmore of thgpdallsmsBibaingsases: field emssion, thermal-field emssion, or
conbi nations thereof. In this or other enbodinents, a portion of electrons

may be ge ey i i face of
The ar L olsum CdE SHORIS 1 SERTOE ahobdRe dind forhitt Bestibed’, o1 o)

between t herdidfd dstirybrABRSed Snd RbAblARlYy BuBBPagracli gher than 5 KV or
1 cmdistance between two el ectrodes).” Field emssion Is the extraction of
el ectrons froma solid via tunneling through a surface potential barrier by
applying a strong electric field. Typically, an electric field as high as
106 to 107 VIicmis required to extract electrons. Such a high electric
field is normally created at the apex of a sharp tip of the cathode. In
certain enbodi nents, the field enitte[,ﬂﬁ§cribed herein applies a speci al
arrangenment of the two electrodes (e.g. - 17-



cathode is surrounded by a dielectric material and the dielectric materi al

i s surrounded by an anode). The pol ari zation property of the dielectric
material intensifies electric field near the apex of the cathode protrusion
(e.g., sharp tip, needle, or finger), thus reducing the onset voltage for

el ectron em ssion. In certain preferred enbodi nents described herein, a
constant or pulsed DC voltage is applied between a cathode with a high

surface curvature and amgngden A eMeriAIeF ALY 0.5 to 5 Ky.
[ 0041] For certain enbodi ments, thermal energy ?s u§@3R$% assist field

em ssi on, [ggﬁgflh 18theQ af@lkbgstatRehmmk +&hel A ﬁ?meﬁff bQBes 1‘r5"mtat1]13"3.(:,\@‘?1&:1?'4c ékg‘*age

em ssi on, th an electric field and a high tenperature are applied.

Ther ef or e, oftah@Bhehi @nthrBFgSR iRt 5I4IE&Sy ﬁoﬂn%%%%rr,ergétvsmﬁttah& eorﬁ{bfﬁ%ﬁ'o Or

generating the sanme quantity of el ectrons as conpar pure tield

eni ssi on. theresry & swe%%%@@bem%mmc cj&ﬁgﬁoftae@atﬁﬁg& gﬁgwﬂfcpﬁé‘ﬁr@%hode

may range from 150C to 1000C. In these enbodi nents, ectr can

range fromyinleibch dbhonhift GBLAAURe BRYINS RLRIOH ok RaifelfiBbin il ned at
f d as, imte

a high tenmperature by a variety of methods suc but not to,

di rect NeAeBUbhHARILNGrBR SRS WiiRPHaBIWAN: Bk Pbrobleselr TRD! L hr ough

the cathode, indiréect heating such as contact the cat surrace with en

el ect i caldeyaliusibid g AoiSh{ e RERIRE S BEAL WA oA SRR éﬁoér%lrr%giaat I on,

i nducti on heating, hot gas environnent, Or a conbi nation 42] In

certain emhodi RISl 18 oAPRAFRAUS L8RRLHDR] MR RLflod BEShOss A e maj or ity

of electrons generated by field em ssion fromthe cat e field

e tter, aicBeiidatah oah BELhRSCAILT ARG EMISHA ERLPIA: dhaehay e near the

hi gh curvature surface of the at |ea protrusion of t hode. The

corona di sG0ghastd SudprLf ﬁfr%?&lﬂﬁﬁ?l@i m@%ﬁtﬁgwﬁgrgﬂégﬂecﬁgr inﬂgl;l‘égﬁ ggr:n(!pﬁ%and

efficiency of form ng negatively charge rogen 1 ons

at t achmentin@pgioRGIRARS of Rave E5I8LHTEMQEnitdie, SAtHOdRe LRy bRl Speeifically,

when the applied voltage between thie two el ectrodes is above Ta certain

| evel thatm@he@saphrsGhaE§itks nbRiBSh 21885 ggbgﬁ%gb%%eﬁrgfodﬁ%ﬁﬁerw 0

positively charged ions and negatively charg ctron can

attract eagdrMdiarofand sa%&%atar&&@/@rdegwmm éshﬁtétq{éjt Ginitad toab@g@ ﬁ,ﬂﬂg

nol ecul es, especially in anbient pressure ere t ensity o

mol ecul es (i.&, HeeBIdBH BRgkg éflnﬁﬂ?ti&rﬁ%tf plifte¥ RFLUMod-8s Bk r}fa\cgé?‘f‘o mg@.t | vely

charged ions in corona wll drift along the electrica e to the cat hode

tip, whichhéiwmPabehaser®siRehléMeol t jlRidee I1oR t
treating surface buF algo gan Peducgd?ﬁgﬁf?%§¥%§¥gﬁy@f g&kgtwggggfgﬁjby ion

borbar dmemémolifg §@deasddestdithls, RBRSS chPbe? okl Bimad bAs I%n%é?gress s

singly charged and the negatively charged ions can repel each other thus

having a pedabiiMg! Yhé fitSold bEhbiEBo8YEN ikl RERL&RL Qrﬁc?%Eé‘Jr%tus-ghﬁeg)‘?Q?etnitvel y
SS can e |

charge ions fornmed in electron attachnment” proce rected away from

the cat hodfenfish @uaEASagINEatIE BAhE RerSMERRSRY dridkss Ml & éfﬁgzdg@%rfr&%sﬁ damage

and pronoting oxide reduction at the treating surface aln preferred

enbodi mentssitfustdt Cerh @i SR STIUR thd Ran} SHBnidasedd b r@&@‘(@ ube vol tage
applied across the two el ectrodes nay be conStant or pul sed. Tﬁe frequency

of the vokhapmeptb e JsANQRS N ATEE phRedD EWO%HE@E%%@QI’\WJHH%&Q to 20

KHz. In these enbodinents, it is believed that a pul sed voltage may be

pr ef er abl ¢0020] a 1€ ofsS EABbdiIMRNE, AeEridIP chdidreadoB Bl CAELENEYd Héreﬁh%rrgﬁééﬁ a
breakdown or arcing, especially when the applied voltage 1s relatively

hi gh. [ 0043hob®hRideReah bicelchiy ciuRAFLBBA W 3 rfnﬁ%&k% lnsmaﬁéi on

apparatus 10 descri bed herein’is shown in Figure 1. needle wth a sharp

tip is acthmgri@sy 8n€at MeAEpdPusivhl KlviiSa hidRlkeL &d?v?:ﬂre?'s&‘ﬁ%éé &érhéré tip,
I e diele tPIC

i nsul ated tube 30, such as an alum na tubé which acts as t

mat eri al . ndedi@tidlgeiVior hedifkelwharOH At @todtds D8 hHRE bg’lfg GBIcBAE SnASiid e anode.

Cat hode needl e 20 and anode wire 40 are in electric communi cation with an

el ectri CaHie‘é@:lrtcﬁﬁ@teﬁ@l%ﬁé@eiﬁQh@é‘i@le@trigrn%{&%l%QHB%SS%-Iea\QPEBoHigﬁ ffchode

needl e and anode netal wires are properly connected to pul sed or constant

DC vol t ageatheys:ehdeH e Ligigd from
the sharp needle tip 20.e?ngﬁ“gﬁﬁ%ﬁ@?%ﬁ??@“ﬁ?ﬁﬁ%ﬁgg%ﬁgﬁgpfgﬁ@@gbgﬁgis
located in front of the field em ssion gpparatus 10 and is connected with a
current neter in series 70, the current neter indicates that the netal

pi ece 80 received negative charges. Wen the anode wire 40 is electrically
fl oated or disconnected with the correspondi ng voltage source 60, however,
the electron em ssion fromthe tip of needle 20 will disappear even when

t he negative voltage potential applied on the cathode is significantly

increased. [0044] Figure 2 provides an additional exanple of a field
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[ 0045] Figure 3 provides an exanple of an arrangenent wherein two field
em ssi on apparatuses 200 descri bed herein are used. Each field em ssion
apparatus 200 has a cathode needl e 220 which at |east a portion of needle
220 surrounded by a dielectric material such as alum na tube 230.
Dielectric material 230 is further surrounded by an anode such as anode
W re 240 depicted. Both cathode needl es 220 and anode wires 240 are in

el ect ri calmgRMuUBhEFhERM b ChirdRe 8heShbad &l éé%h%éﬁﬁeﬁ%@éaﬁgp &88q 2o ound

source 250. Figure 3 further includes a die attac

contains ackldédihe aRldd Ha®AbdshdPhe/ ol ina 2806 is2R% S8R MM Fed by 2
d a gol d/ ni ckel ed co

gol d/ ni ckel coated ceram c 281 an coa pper layer 282. A

current 6ioi2éQnd SmRRRhidF | i his ar at us
200 and rgﬂfUSther dgscribegm?ﬁoﬁﬁgﬁﬁﬁﬁiég?&%%Hgﬁéﬁﬁgﬁgggéﬁfﬁ$ﬁﬁéﬁ] Fi gure

4 provi desppaiat@N@i8so 6 a5 #‘u_c@lﬁeraa’bpﬁ’tfartigﬂg@m()ﬁw?%g@édqoftf%iﬁé frbd em ssion

appar at uses 300 descri bed herein are used. Each em ssi on” appar at us

300 has a gudnioas id ah ahbeat &}%J@%_@%%ﬁmég&e\“(&i&iﬁdi@n, lsﬁ@f?&s.?}ugﬁ&tlinﬂgdm

needl es 320 are surrounded by a dielectric materi such da um na t ubes

330 The C%,L%@?Lﬁﬁ@éii!oﬁ%y Moﬁ%ﬂa@*rﬁ'&ﬂt@@rém&?@?%?g’r iﬁ{gr n@[})%?t?c‘?éjs Wi thin

ceramc blo 90. Dielectric materials 33 urt ounded by an

anode suchy@a$rostativ 84| (wni i SN b £ ac Laced upon
ceramc bIockOBSd)sﬁggﬁggﬁaéﬁggtﬁmgggﬂgggﬁﬁ%gé¥ﬁé$%%8£3§ﬂﬁéﬁﬁgggsggode 340
are in el eekdih gl AR ; 1 i . t > 360,
vari Ist or 395,”h ang ngggr oudrﬁﬁsa’(r)éa@ac\l\émds%B%@E%Egiééf@ﬁnrgy %eer &gﬁ%ﬁgggi&gn%i e

at t achrentenagemise 1330 1 ¢h7 ps.8upporeadl apon; & GoRPRS oDRsE AA3 And jpurr ent
|

meter 370 which is positioned I n between bot em ssi Oon apparatus 300

and i s useQ.J PidEXANDRRS ehidRarh ek me{e%?éﬂdosg)kgﬁg Eon%itl%%i@et‘%jro

further exanple of an arrangenent wherein a m ssi on appar s 400
descri bed 18e¥sj tB 205sip A shWitefdaf@dd ERYoiRR Stiths o Le i

el ectrically non-conductive surfaces 383 SFmﬁ?e atpﬁgﬁﬁih %gﬁﬁgﬁ%nt 480.
Fiel d em padseoriappar atus 400 has a plurality of cathode needl es 420 which
at least a portion of needles 420 are surrounded by a dielectric materi al

such as alfauBopa Thyles ¢hdSsioT BSoalbOfeIREE LS, nA'%g b%%%“?&ﬁ.ﬁk ﬁ@itéb‘f@%ﬁ 430

are inserted through an anode such as silver ano I's a silver

plate) whiceitais erbRbRtstalubieastor 3xPAplki Aki&k stolb%riq% Lamarcgwm;e” al 430 as

depicted. A least a portion of anode 440 1s covere y an insulating shield

such as. ceopbieringkéind 15/ Mo BRIdLC 3R 68 @ge si | ver anode

. Zﬁ
. o |eé.
440 are in electrical comrunication with an electrical voltagée source 460,

vari stor 4Rbodigishtsa ti @Mlsqiin? QUFFEE: &t rul) Br 8ld 0Ly AR SHhoRdhAe,

I
i nternal or non-exposed surfaces 483 which are ‘'supported upon an 1 nsul ating

plate havingodnh utiald darideOPRANIAG SR &patdif. BELOOLA & GEnALE, B! ate

490 shown which is further supported upon a con trve surface su

met al pl atghd@Sasdhanstie O8N &@iv@?@%&t%danﬂrq%\ﬁ-b% h%gatti%g@ cﬁ%@gg%?omic

enm ssion, the electrons are emtted froman €lectro act as a

cat hode. ionseecH aé Ry® ArTERY Brogh@ne &G ioh oG o1 ﬂrﬂr?éesg.hat acts as a
cathode is conprised of a conductive material with relatively | ow

el ectr on- [UBSHI Dhe AR GIMPENSMRTds (S4B GHekQR gerdliy @F4R t\UOJ(l(% ghion” as used
herein is the m ninum energy neasured in électron volts (e needed to

renove ancehe®eH afhiRBMA susPhé diisHHC Biidsh &ctb@e@lmﬁlﬁ:Eifi&déﬁthi{)ﬁ%&,g%\ﬂﬁ@ﬁ@ve

material of the cathode to a point imedi ately outsi urf ace.

In these suhadinends ging s8LNOE e chaficaq K td 515%: @g}g, gm 2 to
5 eV. The materi al pf%ferably alsg hégﬂ% higﬁ&ﬁ%ﬁé%%g’%0| tsan qﬁ% g@ively
af
0

hi gh chentwmblesbalrd within BRARGBFIE AEHSE NG &RBH drhOdHime FE AR S Bheritab ab! €
materials include netals, alloys, sem conductors, an% oxi des Coated or

deposi t edsaMMEralisRBed GhoV S 18 h pafel ut are not
s oMdr Qlisho b 183 ShE 3F @sssurFa‘ﬁEE. E&erﬁﬁlﬁmgéa?ozeirlcg@gigﬁ%rh

limted to, tungsten, graphite, and high tenperat as ni cke
chrom um iabluey, buhded dtAmabd BX ATRKRSs ﬂﬁ-s%,@ﬂ&!é@tﬁfﬁéil%éc;[ﬁi eP%adexI%Qg on a
base netal are refractory ceramic materials, such as |ant Anum héxabor i de
(LaB6) and cerium hexaboride (CeB6), and refractory netal carbides and
nitrides, such as ZrC, HfC, and TaN. [0049] As nentioned previously, at

| east a portion of the cathode of the field emtter is surrounded by or
directly contacted with an electrically insulative material or dielectric
material and wherein at |east a portion of the insulative or dielectric
material is surrounded and/or directly contacted with an electrically
conductive anode. In one enbodinment, the dielectric material conprises a
insul ative ceramc material, which can sustain high tenperature and is
chemcally stable in the normal process condition. In other enbodinents, it

e o o T




[ 0050] As previously nentioned, at |east a portion of the dielectric
material is surrounded and/or directly contacted with an electrically
conductive anode. The electrically conductive anode is preferably a netal

or any of the other materials that is electrically conductive in nature.
The anode can have a variety of different geonetries dependi ng upon the
application to intensify polarization effect on the dielectric material and

to maxim z@-iebe i i fixles € kil ch BN HonevBe e BB ORIEheGIE YR HuBneYf face of the
cathode. - 22 - The anode can be grounded or connected to a voltage | evel

Wi th a posduitave féh Asarkesl itdifk@eht@ohipRne@t RAASr s&laepéb%&%rtibhgm ar enbodi nent,
the anode is a conductive netal wire which is wound around a dielectric

material VOS] ancapsHippiiesed BRLSAHRARS ihel bnRIdRgRt BRRYI LS ié!&}ea”‘)de I's
al protru

a plate or shield that the cathode and dielectric materi I ot es
through. [rOfbldd Asi/PRdLESE RIsRVhOYSh % .gré RS o’r“a’ﬁo%i@el?ﬁ@g%b §‘J rafe
e fie

reducing gas is introduced into the atnosphere wherein em ssi on

appar at us #hase tispeskanetfed RosEpiciRsty tde ﬁéf@@ﬁwiiég%ngfb%af‘a‘?@. %Q%gm‘réﬁoﬁmf‘ the
f the tol es: an

gas mxture nmay fall within one or nore o W ng categoril " 1)

I Ntrinsi cahé yussHate bABthedRSd eRlssBnaRPatARRES I tr%(;%%ﬁm’ié'a’ﬁﬂg QRLhUE

fragnments which form gaseous oxi des upon reaction the active species

with the mefi@l isPuige.wifra s Rias HARAGHS a%d@éﬁ{beéé?stér?ﬁoéﬁi%é%ea L4 pgment s

which formliquid or agueous oxi des upon reaction of acti’'ve speéci es

wi th the mesalvhixhévishif92be Boghd by thbogat %Qﬁ%ﬁ%vé&fthgﬂgl?%oadgémﬁg%gﬂr&e act s

intrinsically reductant gas, includes any gas that t na

ductiemss tiged i leBibddiskbee! |
as a reductanis Hie tb@rr@ﬁ‘{l(9€§v@l%g%?ﬁ?ﬂ%}dggat EX&MRES 108 efegtfr&%el@z(b%a y

reduct ant gases include H2, CO i 21-16, formc aci ohdol s such

as, for examptie, ariggtaombirkhihARYeolPt Staindd AT bSiokARpb AV ng the

followng formula (111): (Ill) RCG
thereby creating an electrical potential, electrons are generated from the negatively
biased electrode and drift toward the grounded or positively biased substrate with the
component to be soldered. The electrons are generated mainly from the solid rhase 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
molecules and forming negatively charged atomic ions of the reducing gas by electron
attachment. The negatively charged atomic ions of the reducing gas can drift along the
electrical field toward the substrate with the component to be soldered, which thereby
reduces the existing metal oxides on the base metal and/or solder without the need for
traditional fluxes.
[0033] In one embodiment of the apparatus described herein, the apparatus comprises
a device or a structure that contains a pair of electrodes, cathode and anode. This device

can efficiently emit electrons out of the device at ambient pressure. If the device is in a

reducing gas environment comprising H, and N., the emitted electrons can be attached
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In fornmula (I111). substituent R may be an al kyl group, substituted al kyl
group, an aryl, or substituted aryl group. The term "al kyl" as used herein
i ncl udes straight chain, branched, or cyclic al kyl groups, preferably
containing from1l to 20 carbon atons, or nore preferably from1l to 10
carbon atons. This applies also to al kyl noieties contained in other groups
such as hal oal kyl, al karyl, or aralkyl. The term "substituted al kyl"

appl i es t%raﬂag%és melee&b@som nbgithe %%Fdehﬁmalﬁaabagwgtbﬁ;‘%y@ 9?’“ oat ons

such as 0, N, or hal ogen at ons; or-ar C6_10);

| kyl C1_14h ( I 1. NR2
?R-ﬁ al kyl Kg{ls Oé{%crt%@d&%gﬁtoﬁ%%&ﬁ?%%d ﬁ‘;oﬁ'ieg”ﬁ’i&%ﬁﬁée”é&ﬁ cf'a(?l)attagﬁ

i ncl udes fibwes é@erirguFbEO R rel%]ﬁ(%@d}%’ce%?@e’s%fjr‘erﬁ?welﬁh&mteq*u%@rat@%’ seé’"s used

herein includes six to twelve nmenber carbon rings having ‘ar ona

char act er .EqUa@o# QWomﬁUﬂ%ﬂrééJélggtréHsyhectgé oH%ﬁéjtrQ%rng' srﬂjg'a&ﬁlbrugéerﬁarﬁgﬁaf Ll ngs

havi ng subS| tutents that include heteroatons suc ogen

at ons; prddBcd & 10 or aryl C6_10
N2 SOBR (B Zal kyl @éc!iy!i%%d#g?ﬁa%%%& %&)ml@ ?ﬁg— 2l kyl C1_10 or aryl

C6_10). In cer ML A apbodi JENLS, e, gﬁﬁmxtug(;,_,agenta' ns

hydrogen. [0053] The second cat egory’ o duci ng gas inc S any gas that

ERCRHE T A T %3“5%52%@?@?. acti 45, GRS €5, Sueh a5
ol ectron on {heoggsLAGY! 5 and [aim pescays orl deg by fgacton of the

2L, 2 S 40 YRR G B =
(1) s uberb Tt o BB o gy dicient ol datbe Bchpt endt G Jiestanodhn

ST BB Ul SRy 9Lt B ecateginy, of gl e

any gas that is not anin r|n5|c
d|5500|at|¥) att achnment of

h f
Such as. lfdec %ﬁgﬁ! (%C volt e'SO ree a‘?%e ra}ﬁ%{rau%?s SHHLBULUERPHINEEOr eact i on

el ectron on the | ecules an m

I
o the Sctissortas sl EhoblindBLaL, LRSS CEOTRL28, B LS, yBs, o

i ncl ude fluori ne a or| e con

HCl, BF3, aW:@’orgE m@hﬁ%m I\I"?x% D(%%ul‘:arg ougce %Vaé%g‘?'%fﬁg :fggfﬂal)gy {zgdlngg one

or nore of the ove categories o UCI ng

further copnfsai NS eBSEmERS r §le HES&- mveﬂ?onc d éaeflrwo 3 com¥ectt)ed to a

valtage 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
the anode is grounded.

[0035] 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
at least a portion of the cathode is polarized, which can confine electric field distribution

and thus intensify the field strength near the apex of the high curvature surface of the at
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used, for exanple, to dilute the reducing gas or diluting the reactive gas
or provide collision stabilization. The carrier gas used in the gas m xture
may be any gas with an electron affinity less than that of the reducing gas
within the gas mxture. In certain preferred enbodinents, the carrier gas
is an inert gas. Exanples of suitable inert gases include, but are not
limted to, N2, Ar, He, Ne, Kr, Xe, and Rn. [0056] In certain preferred
enmbodi mantlgasttolﬂg cp%ﬁis%nx&% QEPer%%éerXﬁ HQ%%P And NE. rs%ﬁ&é%@%a%gat%d

nitrogen as the rrier itsre [owe? cost a

envi ronmental, ;{?Ho‘ﬂgptlo tﬂgﬁlﬁle% rict AR ERNFUTL aBf tr;f%ﬁgq%oﬁ b Ietcﬂ Srﬁaterlal

enbodi nent s, ure conprises from y vo

pref erabl yy, gpe&% o BEUTE SRR € P o810 éstér.eg%,@c@%@pprﬁ% vol urre

of hydrogen. Anpunt FoOgen T ower Joar e pr ch’” makes

the gas mafire iy tamgﬁmhgppgzg%é;@ T R Ty L

conmponent or o piece 1n e reane or sol dered

|5 preferaplanaflh SRSRAaN HERSL g@ﬁ.e%%m %&@J@% il Eicki g&f‘c{] The

di st ance be mee de emtter ti sur

conponent é]%éf? hﬁ@g&aﬁc{i%‘ntge g;eerﬂeé %tgtrl fémrpanﬁ H}%n% fleIH e(ﬁﬁ{tera' n

enbodi nent's &7 ama/or Tt he’ Co arget assenbl y)

y fgenggsgr@gmé@tfﬂrar;;@elc[)grqﬁteﬁd%gcﬁﬁﬁé = 9]@5% @gmwxr@s%ef& B LSRR (1 on
f h
component ‘T RECAS s2ulagf, BOE pb Rl MighibAdlS cBro BB B pBRE o

or al ong iWifiate éQ@%%]ateE%t {éPf?aé%'sSSuc‘Px %PP&E% |&§‘§}.ep$‘bnh'§8fjf n%'&hu%@"era'

areas besides Sof dering 1n ronic’ assenbly suc

surface clgag mtﬂ?%@vrc% %b'é?gckeg n&Jrfa‘é@' urﬂgc?rﬁ&ﬂwern?gl Eﬁvtr%u ﬁcﬂeder

bunped wafer. one partt cul ar enbo hent can e use

reduce sur d i I

(eiice SiabeconCosu il Tbalo s ch A SRR o TR0
wet proce§§4ggm§teps such as chem cal nechanlcal pl anari zation, that are
used to for m cro-el ectroni c devices on the wafers. These surface

gﬁ'r fgier gjﬂg@d r‘?t%‘ f?éldje@[égoﬂea\é*aﬁr%]tds‘%g L0 bt t’éE]tw PQQ?QBQ ﬁ%c’jéﬁ

renove y, environ

manner tha\Fac@ﬁ%ﬁar‘ﬂ@iecgr%Ql %‘ulét@& E&ra‘{’é \%HH&O@& a‘?@Hgbﬁgo G Sin U” her,

since the can orne relative ratures It does

not signi fép(bﬁm L reﬁ?cotvg%ﬁarggg abdeN rTQtIed %Hqﬂgrsu&ftra’feh%ofj@)yd B
processing er tenperatures, y contrast, tend to re uce evice yield

and refi abdo'n%rﬁé(rcg}’a&a@%lﬁ[b%ﬂa%' e'dﬁ P%ré’éarﬁ@{ n%BH' &‘t|o¢ﬁ@tht%§n([i SRR Er%juc' ng

devi ce perfornance I nce can a orne S|ng

wafer, th t cesses,
Uher eby pravidr Gt @Fd@?féeﬂn'%%%ﬁ% %ﬂm“*e“eﬁﬁ%ﬁéh’é?d R ene. T 0059]

The field a?rﬁh%?%%?l?g f'ééleg' ?ﬁfﬂ t@;éﬁ‘s & m‘?ﬁ hHoSRy n%@olké’?%g:ofté?ﬁm

generat|ng ree attac nen I'n anpl en non- vacuum

condi tion 40r,gas. P &'oS@Hh&[&n%f?\ rf"eﬁ 4&s rﬂttg r%mBﬂ%%&éJﬁ%lat Qrch

purification, the generat ectron rom cat e can ached to

at |east gopoAt | |RReRLiNRATId &ﬁs'tﬂe%?ﬁr%é d%Q SaMurdif |sGiedhid é‘du’&@ﬁ# of

particles have a positive electron affinity. € negatively c arge

particles rpéltﬁ%ﬁ&ésr Ma é‘&rff:?c%g Wé nGiAk géécf fotﬁé 2o n%@gleﬁ G LRl uf:h gkd to

t he anode, us neking gas ase puritred. For e Iments |nvo Vi ng

| ect t t t b
attached 15 ST PERN LREHS, REREO S PTee I P BRI Va1

char ged pajm t'aE'ﬂe ﬂ&d%aé%tagﬁmghtr GEARY §PHEDE S FUBLARS: cfté effaPai Nt ed

which is eit |rectFy grounded or attached to a groun metal surface.
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

apparatus, such as the sharp tips, needles, fingers or the like, can be directly faced
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[ 0060] The invention will be illustrated in nore detail wth reference to
the foll owi ng exanples, but it should be understood that the present
invention is not deened to be limted thereto. Exanple 1 [0061] A field
em ssi on apparatus, such as that shown in Figure 2 and containing five
stainl ess steel cathode needles each tightly inserted into a dielectric
naterial whi ch conprised an alum na ceram c tube (0.46 mminner dianeter
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[0062] A field em ssion apparatus s ucture r'ﬂess
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pl aced on &,CARBRE, A L1IHERs B8k ledern?g?surface of the component. As an example
in this or other embodiments, the perforated insulating plate can be a perforated ceramic
plate of 0.5 to 2 millimeters (mm) thick with holes of 0.1 to 0.6 mm in diameter and 110 5
mm in distance. However, it is anticipated that other geometries may be suitable
depending on the geometries of the components to be soldered. As an alternative
example in soldering a die attachment device wherein the size of the die is significantly
smaller than that of the substrate to be soldered, the perforated insulating plate can be a
porous insulating plate with pore size ranging from 10 nanometer (nm) to 100 micron
meter (um) to achieve an equivalent result on spreading negatively charged reducing gas
to the non-exposed soldering surfaces.
[0038] 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
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configuration shown in Figure 3 was tested. The die attachnent sanple was
electrically conductive and grounded. The di stance between each needle tip
and the sanple edge was 5.5 mm The sharp tip of each cat hode needl e
extended 1.0 mm out of the corresponding dielectric tube. An anode netal

wi re was wound upon each of the two dielectric materials or tubes and
electrically grounded. The wound anode wire was 10 mm away fromthe end of
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potential barrier by applying a strong electric field. Typically, an electric field as high as
10° to 107 V/em is required to extract electrons. Such a high electric field is normally

created at the apex of a sharp tip of the cathode. In certain embodiments, the field

emitter described herein applies a special arrangement of the two electrodes (e.g.
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Exanple 5 Figure 4 shows an additional exanple of the field em ssion
appar at us, which contained two groups of stainless steel cathode needl es
nount ed on both sides of a row of die attachnent sanples. Each group
contai ned five cathode needl es and each needle was inserted into the
dielectric material such as the ceram c (alum na) tube. The sharp tip of
each cathode needl e extended 1.0 nm out of the corresponding ceram c tube.
The di Stanas iR URGHCAMEd B o ditidife AMLAEEBhATRE YdidcthBindrefialil  The T ve
cat hode needl es and the corresponding ceram c tubes Tn each group protruged
h h ' il , ' - r : t he
anode_sur FangUnaed By arr g ] s d 40851 proRen 0 B RS eDdiels %t%‘é%ﬂﬂéi
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the noed aovyEEe HrafE 48RP E AR BE ybRadels i LaMER, £ e B8AEL B “uer
t he di t..el i cal [ | ectrically
flgat 133) ?I\E@%@ﬁg ?éag@q%tegg%{%ﬁm&& yaa%o\g)g%é% gaﬁgh}é{%nﬁg%ﬁ?ga%\?ng surfaceEjl
fi di h - t group . needl es
were ol ectiial) F?I‘%erf?a‘ﬁun'%@ﬁé%h%ﬁ%ﬁ%a@%'e%%?@%&Iaoﬁnsesis?ﬁ%*hi“éﬁm%éoﬁ-Evsh"‘a%ﬁ
it t | : i i e bef. I nS._pf c
ar oup and {1 gy ERapEhlae Bhes LA Sh AR EEH d0RERh Bk BT Rar ¥R e
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anode. mored iR gt ﬁé%It*@égfi%éﬁ?%ﬁ%?égﬁfﬁ%%ﬁﬁ?g%&e&g%%m o1).
Agai n, i i [ hyd trati bot { st
ol ect Fon B e DRl R 'rﬁ%r?%éh%erréé’%%ﬂg%?@ﬁee@aI?a%ﬁﬂ%aﬁgﬁge?f?%a@‘iﬁiﬁI [ ed
I t | t f t [ i SSi T 2). This
tonie S e b b B S P8 G801 LT BRLE 3R o o s
t t , h i de surf i nstead of using an anode wre
wound ar oABCTHEZHPEREHHT 0 %I‘pﬁg?m%‘ﬁ%wfe@%ﬁIa?i@f%ma%a@@r_w?a APl ssi on
be | I d d ev t he t > to mnimze arcing can be
oy vt ol T eboes B Ve et 05 SRR d Sy “BreBrads s op
Resi st ance.Downst r eam of Anode Tenper at ure {C
S orwr(",current%roug the cathode, indirect hea

in s%sas contact the cathode
surface with en electrically insulated hot surface heated by heating element, IR radiation,
induction heating, hot gas envirocnment, or a combination thereof.

[0042] In certain embodiments of the apparatus described herein, besides the majority
of electrons generated by field emission from the cathode of the field emitter, a portion of
electrons are generated via corona discharge near the high curvature surface of the at
least one protrusion of the cathode. The corona discharge is preferably minimized in
order to increase the efficiency of forming negatively charged hydrogen ions by electron
attachment and increase the lifetime of the cathode tip. Maore specifically, when the

applied voltage between the two electrodes is above a certain level that a corona

discharge is formed, gas molecules are ionized into positively charged ions and

-18 -



(Vol . % of H2 in N2) Resistance (0) Voltage (KV) Activated Tips (#)

negatively charged electrons, which can attract each other and quickly recover back to
the original atoms and molecules, especialiy in ambient pressure where the density of
gas molecules is much higher than that in vacuum. In addition, the positively charged
ions in corona will drift along the electrical field to the cathode tip, which not only has no
positive impact to oxide reduction on the treating surface but also can reduce the lifetime
of the cathode tip by ion bombardment. In contrast, the gas phase in electron
attachment process is singly charged and the negatively charged ions can repel each
other thus having a relatively long lifetime even in ambient pressure. The negatively
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
kHz 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.

[0043] More specifically, 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
inserted in an electrically insulated tube 30, such as an alumina tube which acts as the
dielectric material. A metal wire 40 is wound around the tube which acts as the anode.
Cathode needle 20 and anode wire 40 are in electrical communication with an electrical
voltage source 60 and a ground source 50. When the cathode needie and anode metal
wires are properly connected to pulsed or constant DC voltage source 60 and a ground
source 50, electrons can be emitted from the sharp needle tip 20. If an electrically
grounded metal piece 80 is located in front of the field emission apparatus 10 and is

connected with a current meter in series 70, the current meter indicates that the metal
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piece 80 received negative charges. When the anode wire 40 is electricaily floated or
disconnected with the corresponding voltage source 60, however, the electron emission
from the tip of needle 20 will disappear even when the negative voltage potential applied
on the cathode is significantly increased.

[0044] Figure 2 provides an additional example of a field emission apparatus 100
having an array of cathode needles 120. Each cathode needle 120 is individually
surrounded by alumina tubes 130 which are further surrounded by anode wires 140.
Cathode needles 120 and anode wires 140 are in electrical communication with an
electrical voltage source 160 and a ground source 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.

[0045] 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
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 is
positioned in between both field emission apparatus 200 and is further described in
Examples 2, 3, and 4 herein.

[0046] 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 needles
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320 and alumina tubes 330 are encased within ceramic block 380. Dielectric matenals
330 is further surrounded by an anode such as silver anode 340 (which is a silver folil
surface placed upon ceramic block 390) depicted. Both cathode needles 320 and silver
anode 340 are in electrical communication with an electrical voltage source 360, varistor
395, and a ground source 350. Figure 4 further depicts a die attachment sample 380
which is supported upon a copper base 383 and current meter 370 which is positioned in
between both field emission apparatus 300 and is used in Example 5 described herein.
[0047] Figure 5 provides a further example of an arrangement wherein a field emission
apparatus 400 described herein is used for treating non exposed, non-flat, or electrically
non-conductive surfaces 483 of die attachment component 480. Field emission
apparatus 400 has a plurality of cathode needles 420 which at least a portion of needles
420 are surrounded by a dielectric material such as alumina tubes 430. The cathode
needles 420 and alumina tubes 430 are inserted through an anode such as silver anode
440 (which is a silver plate) which surrounds at least a portion of the dielectric material
430 as depicted. A least a portion of anode 440 is covered by an insulating shield such
as ceramic shield 470 shown. Both cathode needles 420 and silver anode 440 are in
electrical communication with an electrical voltage source 460, varistor 495, and a
ground source 450. Die attachment samples having internal or non-exposed surfaces
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.

[0048] As mentioned previously, for cathocde emission, the electrons are emitted from
an electrode that may act as a cathode. 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 function. The term “work function” as used herein is the

minimum energy measured in electron volts (eV) needed to remove an electron from a
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solid such as the electrically conductive material of the cathode to a point immediately
outside the solid surface. In these embodiments, the cathode has a work function that
ranges from 2 to 5 eV. The material preferably also has a high melting point and
relatively high chemical stability under processing conditions. Examples of suitable
materials include metals, alloys, semiconductors, and oxides coated or deposited onto
conductive substrates. Further exampies include, but are not limited to, tungsten,
graphite, and high temperature alloys such as nickel chromium alloy. Additional
examples of cathode materials or coatings on a base metal are refractory ceramic
materials, such as lanthanum hexaboride (LaBs) and cerium hexaboride (CeBs), and
refractory metal carbides and nitrides, such as ZrC, HfC. and TaN.

[0049] As mentioned previously, at least a portion of the cathode of the field emitter is
surrounded by or directly contacted with an electrically insulative material or dielectric
material and wherein at least a portion of the insulative or dielectric material is
surrounded and/or directly contacted with an electrically conductive anode. In one
embodiment, the dielectric material comprises a insulative ceramic material, which can
sustain high temperature and is chemically stable in the normal process condition. In
other embodiments, it is preferred that the dielectric material has a high dielectric
constant (e.g. 1000 to 10,000}, such as barium titanate. Additional examples of the high
dielectric materials are piezoelectric ceramics, such as various lead zirconate titanate
(PZT) ceramics.

[0050] 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
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.
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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
embodiments, the anode is a piate or shield that the cathode and dielectric material
protrudes through:.

[0051] As mentioned previously, a gas mixture comprising a reducing gas is introduced
into the atmosphere wherein the field emission apparatus described herein resides. The
reducing gas contained within the gas mixture may fafl within one or more of the
following categories: 1) an intrinsically reductant gas, 2) a gas capable of generating
active fragments which form gaseous oxides upon reaction of the active species with the
metal oxide, or 3) a gas capable of generating active fragments which form liquid or
aqueous oxides upon reaction of the active species with the metal oxide.

[0052] The first category of gases, or an intrinsically reductant gas, includes any gas
that thermodynamically acts as a reductant to the oxides to be removed. Examples of
intrinsically reductant gases include H,, CO, SiH,, Si,H,, formic acid, alcohols such as,
for example, methanol, ethanol, etc., and some acidic vapors having the following
formula (111):

Q
(I R—C-OH

In formula (I1). substituent R may be an alkyl group, substituted alkyl group, an aryl, or
substituted aryl group. The term “alkyl” as used herein includes straight chain, branched,
or cyclic alkyl groups, preferably containing from 1 to 20 carbon atoms, or more
preferably from 1 to 10 carbon atoms. This applies also to alkyl moieties contained in
other groups such as haloalkyl, alkaryl, or aralkyl. The term “substituted alkyl” applies to
alkyl moieties that have substituents that include heteroatoms such as O, N, S, or

halogen atoms; OCH;; OR (R=alkyl Cy_, or aryl Cg.1q); alkyl C 4 or aryl Ce.10; NO,: SO;R
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(R=alkyl C1.10 or aryl Cg10); or NRz (R=H, alkyl Cy.1o or aryl Cs.10). The term “halogen” as
used herein includes fluorine, chlcrine, bromine, and iodine. The term “ary!” as used
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; OCH;; OR (R=alkyl C, 4 or aryl Cg.1g);
alkyl Cq_10 or aryl Ce 10; NO,; SO;R (R=alkyl Cy4¢ or aryl Cg.qq); of NR;, (R=H, alkyl Cy..0 OF
aryl Ce.10). In certain preferred embodiments, the gas mixture contains hydrogen.

[0053]) 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
type of gas include: NH,, H.S, C, to C, hydrocarbons such as but not limited to CH,,
C.H,, acidic vapers having the formula (lll), and organic vapors having the following
formula (IV): .

0
(V) R—C-H

In formulas (11} and (IV), substituent R may be an alkyl group, substituted alkyl group, an
aryl, or substituted aryl group.

[0054] The third category of gas includes any gas that is not an intrinsically reductive
but can form active species, such as, for example, F, Cl, F’, and CI', by dissociative
attachment of electron on the gas molecules and form liquid or agueous oxides by
reaction of the active species with the metal oxides. Examples of this type of gas include
flucrine and chlorine containing gases, such as CF,, SF,, CF,Cl,, HCI, BF,, WF,, UF_,
SiF,, NF,, CCIF,, and HF.

[0055] Besides including one or more of the above categories of reducing gases, the

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

[0056] n 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 friendiiness 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%
are preferred, which makes the gas mixture non-flammable.

[0057] 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
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 cecmponent may be in a fixed position, or both the field
emitter and the component are moved. The movement may be vertical, horizontal,
rotational, or along an arc.

[0058] The method disclosed herein can be used in several areas besides soldering in
electronic assembly such as, for example, surface cleaning, metal plating, brazing,
welding, and reflow of a solder bumped wafer. In one particular embodiment, the
method can be used to reduce surface oxides of metals, such as copper oxide, formed
during silicon wafer processing. Such oxides may form as a result of the various wet

processing steps, such as chemical mechanical planarization, that are used to form
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micro-electronic devices on the wafers. These surface oxides reduce device yield and
device reliability. The method allows surface oxides to be removed in a fully dry,
environmentally friendly manner that does not require the use of aqueous reducing
agents. Further, since the method can be performed at relatively low temperatures, it
does not significantly affect the thermal budget of the device during processing. Higher
temperatures, by contrast, tend to reduce device yield and reliability by causing diffusion
of dopants and oxides thereby reducing device performance. Since the method can also
be performed on a single wafer, the method can be integrated with other singie wafer
processes, thereby providing better compatibility with other fabrication steps.

[0059] The field emission apparatus disclosed herein can also be used for generating
free electrons for electron attachment in ambient or non-vacuum condition for gas
purification and electrostatic painting. For gas purification, the generated electrons from
the cathode can be attached to at least a portion of particles in the gas to be purified
since most of particles have 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
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.

[0060] The invention will be illustrated in more detail with reference to the folicwing
exampies, but it should be understood that the present invention is not deemed to be

limited thereto.

Example 1
[0061] A field emission apparatus, such as that shown in Figure 2 and containing five

stainless steel cathode needles each tightly inserted into a dielectric material which
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comprised an alumina ceramic tube (0.46 mm inner diameter (1.D.) and 1.2 mm outer
diameter (O.D.)) which was then mounted on a ceramic plate, was used in the present
example. The distance between the cathode needles was 5 mm. The sharp tip of each
cathode needle protruded about 1.0 mm out of the corresponding alumina ceramic tube.
An anode metal wire was wound on each of the five tubes and electrically grounded. The
wound anode wire was 10 mm away from the end of the tube toward the sharp tip side of
the cathode needle. Such prepared structure was lccated in a quartz tube furnace
purged with 4 vol% H» in N, at room temperature. When a pulsed (10 KV) negative
voltage potential applied on the five needles was increased to — 3.7 KV, all the five
needle tips started to emit electrons. When electron emission starts on a needle, the
corresponding needle tip light up in a blue color in H; and N> gas mixture due to gas
excitation around the tip during electron attachment process. When the anode wire was
disconnected from the ground, the five tips of the cathode needles did not lit up even
when the cathode voltage potential was increased to — 4.3 KV. A further increasing in the
negative voltage potential would cause arcing or gas phase discharge. When the voltage
potentials were switched between the cathode and the anode, such as the needles being
cennected to the ground and the wire wound on each ceramic tube connected to a
negative voltage potential, there was no lit tips even when the negative voltage potential
was as high as -4.8 KV. This result demonstrates the basic concept of the field emission
apparatus described herein. More specifically, eiectrons can be injected out of the field

emission apparatus described herein.

Example 2
[0062] A field emission apparatus structure, which contains two stainless steel cathode
needles each inserted with a ceramic (alumina) tube or dielectric material and mounted

on both sides of a die attachment sample placed on a copper plate such as the
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configuration shown in Figure 3 was tested. The die attachment sampie was electrically
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
was |ocated in a quartz tube furnace purged with 4 vol% H; in N, at room temperature.
When a pulsed (10 KV) negative voltage potential applied on the two needles was
increased to — 1.9 KV, the two needle tips lit up in a blue color, indicating electron
emission. When the sample was grounded and connected to a current meter in series, it
was found that the current received on the sample was -0.24 mA. When the negative
voltage potential on the two needles was increased to -2.2 KV, the received current on
the sample was 0.4 mA. This result demonstrates that the electrons emitted from the

cathode tips can be received at the treating surface.

Example 3

[0063] The same field emission apparatus structure and the sample arrangement
described in Example 2 and Figure 3 was tested again in a quartz tube furnace purged
with 15 vol% H; in N,. The die attachment sample 280 contained a fluxiess gold/tin
solder preform (m.p. 280°C) 283 sandwiched by a gold/nickel coated ceramic 281 and a
gold/nickel coated copper 282, which were used to simulate die attachment device. The
three pieces of the die attachment sample each had the same size: 3 mm X 6 mm. To
demonstrate the feasibility of electron attachment (EA) activated H, in N, for fluxless die
attachment, a pulsed (10 KV) negative voltage potential was applied on the two needles
at room temperature. When the applied voltage was increased to — 1.8 KV, the two
needle tips lit up in a blue color, indicating electron emission. The current received on
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the sample was -0.45 mA. The sample was then heated up to 290°C in a ramp time of
two minutes and scaked 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 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 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 peint.

Example 4. Comparative Example

[0064] Another die attachment sample with the same material configuration and size
was treated in the same temperature heating cycle and gas environment described in
Example 3 except that EA was not applied. It was found that solder wetting after the
heating cycle was poor. More specifically, there were many solder de-wetted spots
around the edge of the die attachment sample. This result shows that without applying
EA, the gaseous H, cannot effectively reduce solder oxides at the same solder reflow

temperature.
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[ 0065] Figure 5 provides an enbodi nent of the field em ssion apparatus for
treati ng non exposed sol dering surfaces of die attachnent conponents. The
field em ssion apparatus contai ned a perforated anode pl ate nmade of
stainless steel (440), a perforated 1.5 mmthick ceram c plate underneath

t he anode plate as a shield to the emtted electrons (470), and an array of
cat hode needl es nade of stainless steel (430), each cathode needle tightly
inserted igyapi@5um na tube 430 and each tube inserted in a hole of the two
| ayers of the perforated plates (e.g., 440 and 470). The end of each
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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
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CLAI V5 An apparatus for emtting electrons in an anbient pressure
condition, the apparatus conpri sing: a cat hode having one or nore
protrusions having a high curvature surface and conprised of a conductive
material wherein the material has a work function ranging from2 to 5 eV, a
dielectric material which surrounds at |east a portion of the cathode; and
an anode conprised of a conductive material which surrounds at |east a

portion ofgfibg,dheh£et&istulBELELA as using an anodEUrRIcE iddieaccatap@earadibdanode
are each connected to an electri cal voI%age source, and wherein

the di el eqlird GodfRf S6LAY iHREHNE&AC LRe, ﬁ%trgélﬂ%d%ﬂa@é‘%@ﬁelh%nﬂ@i@{ baesk t O

provide an electric field at one or nore of the protrusions of the cathode

and t her thrgQ@W@H@ée% Flaeskh s vditag8nLRE (& AliPHR- ardnd B8n BERANAats Of claim 1
wherein theréducing gas is a gas selected fromthe group consisting of H2,

CO, SR, %Mreﬁﬁh éﬁ@usggg,gb%s_ HCl, BF3, WF6, UF6, SiF3, NF3, CClF3, HF,
NH3, H25, straight, Branched or cyclic C1 to o hydrocarbons, form c acid,

al cohol s, acidic vapors having the following forrmula (II1):

Table 1. Effect of Increasing Resistance Downstream of Anode

Temperature Gas Resistance | Voltage | Activated Total - Current at
(°C) (V0l.% of () (KV) Tips Emission | Samples
H, in Ny) #) (mA) (mA)
25 4 0 -1.35 10 -4.94 -1.70
25 4 1X10° -1.59 10 -4.47 -2.99
25 4 2 X 10° -1.59 10 -4.19 -3.32
25 4 3X10° -1.59 10 -4.06 -3.70
25 4 4 X 10° -1.59 10 -4.06 -3.76
Table 2. Effects of Temperature
Temperature Gas Resistance Voltage Activated Total
(°C) (Vol.% of H, Q) (KV) Tips Emission
in Ny) #) (mA)
25 15 0 -1.21 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 1 X10° -1.70 10 -7.12
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O (I'l'l') RGOH,1 organic vapors having the followng fornmula (1V): 0 (I1V)
RC-H and m xtures thereof, wherein substituents Rin fornmula (Ill) and
formula (1V) is an alkyl group, a substituted al kyl group, an aryl group,
or a substituted aryl group. 3. The apparatus of claim2 wherein
t he reduci ng gas conprises H2.

Example 6

[0065] Figure 5 provides an embodiment of the field emission apparatus for treating
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 needie tightly inserted in an alumina tube 430 and each tube inserted in a hole
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
needie 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
alumina tube, which was 1.2 mm; and the diameter of each hole on the perforated
ceramic plate was 1.6 mm. The distance between each two needles of the cathode
array was 9 mm. A varistor was applied between the perforated anode and the ground.
Such structured field emitter apparatus was installed 1 cm above the components to be
assembled. The components to be assembled were set on a perforated ceramic plate of
1 mm in thickness, which was set on a grounded metal plate. The hole diameter of the
perforated ceramic plate was 0.4 mm and the distance between each of the two holes on
the perforated ceramic piate was 2 mm. When the die attachment components
containing eutectic tin-lead solder on the non exposed soldering surfaces (483) were
heated to 225°C in 15 volt % H; in N, under an electron attachment environment by
applying a 10 KHz pulsed DC voltage of -2.4 KV {pulsing from 0 KV to -2.4 KV) to the

cathode needles, a good solder reflow was achieved.
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4. The apparatus of claim 3 wherein the concentration of H2 in the reducing
gas is fromO0.1 to 100 volunme % 5. The apparatus of claim1l
wherein the gas mxture further conprises a carrier gas selected fromthe
group consisting of: nitrogen, helium neon, argon krypton xenon, radon,
and m xtures therefore. 6. An apparatus for renmoving netal oxides on at
| east one surface of a conponent conprising solder and netal surfaces

thereupon,E%%@ﬁﬁg@gbﬁgﬁé;gg&&gng: an el ectron em ssion apparat us

conprising: a ca one or nore protrusions having a high

curvat ure agééamc%ra%ﬂﬁe g%@%%ﬁ@ﬂe@fexc%pf%fifﬁ%tc{o}éﬁgﬁg@;@rté Bk aé‘%&iﬁtﬁ%cﬁ‘g‘e%t orial

mat eri al unctiron rangirng t1rom a di

which sur [@RASAlon La3hn SRk @Y. HerbNfeFAlDANE IR M0AMABRAG ORI S e

of a conductive mater at least a portion of t

diel ectri Croﬂ'rgcf ﬁ‘{gg Jhen %eJiS’E{?aéhfﬂr%{??@6rﬂﬁ&ﬁ]nZ§‘§?rg{ﬂg@§ eﬁfe%ti@ﬁr?—ﬁéa%l% e%ﬁd to an

electrical v e source, and erein ric mteria tween the
of the. protereRe YRt VER ool B B, BaRR e IS L b e, The”
cat hode; electron attachment by applying 10 KHz pulsed DC voltage of -2.4 KV to the cathode
needles, a good solder reflow could not be achieved. This example confirmed the need
of the perforated ceramic plate set above the grounded plate (such as that demonstrated

in example 8) for directing the flow of negatively charged atomic hydrogen ions to the

non-exposed soldering surfaces.

Example 8. Comparative Example

[0067] The arrangement of example 6 was repeated except that the components to be
assembled were set on a solid (e.g., 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
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
corona discharge. This result demonstrate that corona discharge is inefficient for

activating hydrogen for fluxless soldering.
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a reducing gas wherein the electrons attach to at |east a portion of the
reduci ng gas nolecules to formnegatively charged atom c ions of the

reduci ng gas; an insulating plate conprised of a plurality of
openi ngs wherein the conponent is set thereupon and is proximal to the
field em ssion apparat us; a conductive surface having an

el ectrical potential which is at | east slightly positive than that of the

anode of tf éé kil O@aﬁmeﬁﬁérﬁ)ﬁ%sa@é’e%r% seilb L dn %w{h%i‘ér@ﬁde’lg s@{g&ﬁ«ﬁ s

pl aced thé on and e ne 've y c ar ge om<c ions

reduci ng $2am fe%ttﬁérEEPﬁWF'b(if 8&9&&9& t&{&ﬁe sl?.ﬁc%‘d %tthé‘grt?r% Vgt % QSQQNc? the

met al OXI I'east "One onen

di schar ge T fclaimé
wher i n tﬂz&?@%aéfsﬁ% Qeqm%ﬁgaﬁ’e‘?%ﬂ%t‘“ Pl é%ﬁ% ﬁ" ?'5%@5’%% G
CO, SiH4, Si2H6, CRT SF6, CFZO 2, HCl, BF3, W6, UF6, SIF3, NF3, CClF3,

HF, NH3, H2S, straight, branched or cyclic Cl to C10 hydrocarbons, formc
acid, al cohols, acidic vapors having the following formula (111): 0 (I111)

R COHI1,
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organi c vapors having the following formula (IV): (I1V) R CH and m xtures
t hereof, wherein substituents Rin fornmula (Il11) and fornmula (IV) is an

al kyl group, a substituted al kyl group, an aryl group, or a substituted
aryl group. 8. The apparatus of claim7 wherein the reducing gas conpri ses
H2. - 37 - The apparatus of claim®6 wherein the
concentration of H2 in the reducing gas is fromO0.1 to 100 volunme %

10. The apparatus of claim®6 wherein ghgymaterial of the cathode is
selected froma netal, an alloy, a sem conductor, an oxi de coated

substrate, or comnbination thereof. 11. The apparatus of claim®6
wherein the dielectric material conprises a ceramc material.
1. An apparatus for emitting electrons in an ambient pressure condition, the

apparatus comprising:

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

a 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 pelarized to
provide an electric field at one or more of the protrusions of the cathode and thereby

generate electrons from the cathode.

2. The apparatus of claim 1 wherein the reducing gas is a gas selected from the
group consisting of H,, CO, SiH,, Si;Hg, CF4, SFs, CF.Cl,, HCI, BF 5, WF¢, UFs, SiF;, NFs,
CCIF;, HF, NH3, H.S, straight, branched or cyclic C, to C4; hydrocarbons, formic acid,
alcohols, acidic vapors having the following formula (lil):

Q
(N R -C-OH

organic vapors having the following formula (IV):

9
(V) R—C-H.
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12. The apparatus of claim6 wherein the anode is selected from an
electrically conductive wire or an electrically conductive plate.

13. The apparatus of claim6 wherein the electrical potential of the
conductive plate is 10V to 1KV higher in voltage than the voltage of the
anode. 14. The apparatus of claim6 wherein a pore size of the
opening of the insulating plate ranges from 10 nanoneters to 100 m crons.

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.

3. The apparatus of claim 2 wherein the reducing gas comprises H,.

4, The apparatus of claim 3 wherein the concentration of H; in the reducing

gas is from 0.1 te 100 volume %.

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

xenon, radon, and mixtures therefore.

6. 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 a high curvature surface
and comprised of a conductive material wherein the material has a work
function ranging from 2 to 5 eV;

a 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 to provide an electric field at one or
more of the protrusions of the cathode and thereby generate electrons from the

cathode;
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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;

an insulating plate comprised of a plurality of openings wherein the component
is set thereupon and is proximal to the field emission apparatus;

a conductive surface having an electrical potential which is at least slightly
positive than that of the anode of the electron emission apparatus wherein the insulating
plate is placed thereupon and wherein the negatively charged atomic ions of the
reducing gas are attracted towards the insulating surface and remove the metal oxides
on the at least one surface of the component and are discharged upon reaching the

conductive surface.

7. The apparatus of claim 6 wherein the reducing gas is a gas selected from the
group consisting of Hy, CO, SiH,, SizHs, CF4, SF5, CF.Clz, HCI, BF3, Wy, UFg, SiFs, NF3,
CCIF3, HF, NH3, H,S, straight, branched or cyclic C, to C,, hydrocarbons, formic acid,
alcohals, acidic vapors having the following formula (l1l):

9
(1) R- C-OH

organic vapors having the following formula {IV}:

9
(V) R C-H,

and mixtures thereof, wherein substituents R in formuta (lll) and formula (V) is an alkyl

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

8. The apparatus of claim 7 wherein the reducing gas comprises H;.
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9. The apparatus of claim 6 wherein the concentration of H, in the reducing

gas is from 0.1 to 100 volume %.

10. The apparatus of claim 6 wherein the material of the cathode is selected

from a metal, an alloy, a semiconductor, an oxide coated substrate, or combination

thereof.

11. The apparatus of claim 6 wherein the dielectric material comprises a

ceramic material.

12. The apparatus of claim 6 wherein the anode is selected from an

electrically conductive wire or an electrically conductive plate.

13. The apparatus of claim 6 wherein the electrical potential of the conductive

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

14. The apparatus of claim 6 wherein a pore size of the opening of the

insulating plate ranges from 10 nanometers to 100 microns.
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