10

15

TI TLE OF THE | NVENTI ON: ADDI TION OF D2 TO H2 TO DETECT
AND CALI BRATE ATOM C HYDROGEN FORMED BY DI SSOCI ATI VE
ELECTRON ATTACHVENT BACKGROUND OF THE | NVENTI ON
[0001] Ref low soldering is the nost w dely used
technique in the assenbly of surface- nount el ectronic
conponents. In the refl ow sol dering process,
conmponents are nmounted 5 on the corresponding trace
area of a circuit board wth a sol der paste previously
printed on the circuit board. Such formed sol dering

parts are then Ioagﬁ.@_ ptFoT r@véﬁ’ﬂ rnace, passing
I ng

t hrough heating an Zones an soI der joints

b OGEN
eniielsl Rl Ry T LR

sol idifyi

wetti ng’ SPANED A Bl aGRINE SHEETRCREATACHRENT. o

10 organic fluxes are normally contained in the sol der
pastes to renove initial surface oxides on both

sol der and base netal and to keep the surfaces in a
clean state before solidification. The fluxes are
nostly evaporated i nto vapor phase during sol dering,

however, the fl IBAGKGROUNESORERHE INMENDEDLI ens, such
as formng voids in the solder joints and

rooBRLr BEYPE s d B bicRY b dRpl oo e By o surface-
mogﬂ{)«%%‘g*orf’%%% Ol Pt GENT oS0 Bk Corfpdtiehts e mounted
Rt fbﬂ‘%*éf@ﬂ o Slteg PRy printed
on i’ﬂ%ﬁ DR oo RARBA SHr b B R e MR A topurmace,
pasil d&%ﬁ%%eaﬁg%?ﬁfigo@ﬁag%‘%é %dogd"??'ﬁb"‘% Bl &gt loacs
and e GANGE AL e rellfiuBan s et Y il WRH RGN Sigting the
sold0f Séjs%] 7 s & GBS WekiHG Bt #R! h&#sn solder on the joining surfaces,
organic fluxes are normally contained in the solder pastes to remove initial surface
oxides on both solder and base metal and to keep the surfaces in a clean state before
solidification. The fluxes are mostly evaporated into vapor phase during soldering,
however, the flux volatiles may cause problems, such as forming voids in the solder
joints and contaminating the reflow furnace. After soldering, there are always some flux

residues left on the circuit board that may cause corrosion and electric shorts.

[0002] Wave soldering, on the other hand, is a traditionaily used soldering method for
assembling insertion-mount components. It also can be used for surface-mount
components by temporarily bonding the components on the circuit board by an adhesive

before soldering. For both cases, the circuit boards with components inserted or
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sol der bath. The nolten solder automatically wets the
nmetal surfaces to be soldered and solder joints are
thus fornmed. The nolten solder in the bath has a high
tendency to be 5 oxidized, form ng sol der dross.
Therefore the surface of the solder bath has to be

temfpaéfaglupyet;]q@g %gg ?qe ﬂ%g%ﬁréchgf E.%\r('n:éi le laéltlld ng)a gnotvg %x.%g Drthe
comBSRLIBacs S FoltehaRdRe Ant e e USBHSICE M oo Bg moten

t he sane praobl ens as descri bed fgge refLow sol derin

solqased). The mallepseidenautomaicaliyarats e metal ifaCes fily pjdered and
soldasi @ rmisy SRl TR niaten &9 sﬁ{nﬁé Eha? 587 e fggey o ve
0X|££Qe$h é(?rﬁgﬁ%/gg@{gj%%: ﬂ'pg{%g'le\rﬂﬁess Eg& he %I({)eﬁ gagﬁ%a{s\/tg be

no-cl ean fl uxes have been devel oped b sin .
frequentineleanedey Mpabaically sempewig; e drass. Sfsd) '“‘Efﬁaﬁee&ﬁa °Bera"°”
trade off between the %a n and | oss |@ the ano the
cost pogt ther eossumetionedhe ROk t Atarspidsfing. Xf%%’é ’eTé'“ %n
[0004] A good solution to all the prabl g '
C"'C&'ﬁ@@@rdsb which drings thesamedrablpmes depgied tgere B‘@s”’,o d&HB‘J-

dross formation, is using a reducing gas as a

[oo‘égjrm% 'rélﬁo@‘fﬁbfﬂgﬁ FeuesOa pbaRligHfnOProeddsthaktol e sisbar

ving metal oxides. Such soldering technique is

Chﬁﬂ%f%l%%carﬂdﬁ %CF@§) WEL Rk usedrdNbe leaning agénte e sty are

ering nmethods, the use of hydrogen as a reactive

bel@?8d {Pbé ﬁﬁﬁﬁnﬁmmrﬂmpr@&ﬁ:ﬁvé@i@i@am@nﬁ ehedeuse was banned.
especially attractive 20 because it Is a very clean

AltrEHL&%erﬁ)Scléémﬁm@@'hfév@ﬁe@i a6ltdpadDyWRirey a yhak amoeant diactivators to
easily wventilated out of the furnace), and it can be

red‘ae@%dd%lseth\éfré i3 aAPacRRANbEREers thiatgainigstl lossindhe ampunt of flux
production line (H2 is non-toxic and has a flammbl e

resfo%g%nefthélaétm 6fthe flwder ef ore, hydrogen fluxl ess
dering has been a technical goal for a long tine.

oA e e Bl il v
res:pggg%rgdg%pra«g %ﬁsts% IL%(Z?'I%&O é:r dRR ucmgngalg%oslra &?derf?n{; e'ﬁU‘?onment to
replace organic fluxes for removing metal oxides. Such soldering technique is called
“fluxless soldering”. Among various fluxless soldering methods, the use of hydrogen as
a reactive gas to reduce oxides on base metals and solders is especially attractive
because it is a very clean process (the only by-product is water which can be easily
ventilated out of the furnace), and it can be compatible with an open and continued

soldering production line (H; is non-toxic and has a flammable range of 4 to 75%}.

Therefore, hydrogen fluxless soldering has been a technical goal for a long time.

[0005]) However, the major limitation of hydrogen fluxless soldering is the inefficient

and slow reduction rate of metal oxides in hydrogen at the normal soldering temperature
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range, especially for sol der oxides, which have higher
net al - oxygen bond strengths than that of the oxides
on the base netals to be soldered. This inefficiency
of hydrogen is attributed to the lack of reactivity
of the hydrogen nolecule at | ow tenperatures. Highly

tiv di cal s, . h,.. -~ LGl
range, SPRRGANLPLF e IR ML LS gl e BYieR efa shinghs than
| dering t t iy . - :
thaa e pHGES EHBRe e o g sopgleds TAEMGig YRy of budrogen s
id tjn-based l.d ' : i -
atrelgsp 41186 o @7 BnY RLedBtae™ TR e AR tompE R liony
hi | i abj it i
reagiieapyienls, svsanons aoniis PvasBhal i WiiGRALRe Enuen tigher
H2 radicals i t h I I '
tha 5 HIETR| SAUBHNS TPEFRUEANEE Fy XU T BODE L BT e ngerdre
d | der i has b f ' : | REn° ;
range FPUES He el eotER bR ARGERE) ATETF CHOR R EPPy S5F Such hish
hal - taini h . .
termgaratLISS TiEeien AdadG HiadrP R cdogl GLE T or Glie MK
Ho , h I halid i dye e , ,
propiggi GhaisTeler @ CORNDG MECIRGY 1 2t S BT gy RERER He radicals i
thea AL ARAT S S EPSIBbLA FaBegBodIEn A 40 & RENFID | y
attack soldering equipment. [0008] Met aI_ oxi des can
[0008] 2PlLieasd (dr9Y sdigdingthas belh lorforagabinitzepiiarrart using several
tenperatures’using |asers. Such processes are
techiigueg! | y performed under inert or reducing
at nospheres to prevent re-oxidation by the rel eased

o RS a2 e . Bl KRG, B2 ang o

v holTo AR oAb ol By SHBUDBL SR BpdeTod
e PSR i eF e S o] B bR S e
s PP 0 S Feb B ] B
solgglﬁ)rl]gi 33&;582%‘.

[0008] Metal oxides can be ablated, or heated to their vaporization temperatures using
lasers. Such processes are typically performed under inert or reducing atmospheres to
prevent re-oxidation by the released contaminants. However, the melting or boiling
points of the oxide and base metal can be similar, and it is not desirable to melt or
vaporize the base metal. Therefore, such laser processes are difficult to implement.
Lasers are also typically expensive and inefficient to operate, and must have a direct line
of sight to the oxide layer. These factors limit the usefulness of laser techniques for most

soldering applications.
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-3 [0009] Surface oxides can be chemcally reduced
(e.g., to H2O through exposure to reactive gases
(e.g., H2) at elevated tenperatures. A mxture

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

rodBaf  $6eses St san bty By eGP R5 0 QLo B omeure 0

reaggfﬁ?éééﬁggﬁgg%ig{] eltg\;}ggg Sr’?éf%eggtvél_rgsi. %ﬁi \t/%['% %bﬁ%‘nsl’ B Yreater
rediEigapain pE on qator orie) SuBkel b rR Fiefllnposyps 0.

S e B b0 R e g, o
coPog B L L PRI KGO e P oo oo

Hovigues 10 Beseandunm R IS, b BE GRS fferdbivs.

intensity electromagnetic radiation is used to ionize

[oAe] dihsspebdhRd BRectl8nessidt thefedottverpraessican be increased using
I nCluding fluorine-containing conpounds, into highly

mdr8 aefiverRdudanl §pédes. Buidhastivé sesdidsasin beaarodimedpsirfigosameentional
at tenperatures bel ow 300C. However, in order to

plaafiaAbbhglidsrum 15 conditions for plasma formation,
such processes are typically performed under vacuum

B A BB  ShAch S oG SRR 1B ypec toprocuce
STl P e B B 51 LB B

o el G5 e 8 e Bt 4] GELSE, Bty spoces
B R g RO S, Bl MRt A 5 gt
oo R et P BN b oDV RS, e B hamy prarr
coplhoET e R R F R S e o O r vacwur
cog%ﬁ(?r?%i V%@ﬂpﬁtgpbe%\tfo%ts?ecgu%%p eexrpg%su“r“; et%lgmgr?t aq'lidfn%s‘i lﬂ)letpelﬁgrm ed as
a slow, batch process, rather than a faster, continuous process. Also, plasmas are
typically dispersed diffusely within the process chamber, and are difficult to direct at a
specific substrate area. Therefore, the reactive species cannot be efficiently utilized in
the process. Plasmas can also cause damage to process chambers through a
sputtering process, and can produce an accumulation of space charge on dielectric
surfaces, leading to possible micro-circuit damage. Microwaves themselves can also

cause micro-circuit damage, and substrate temperature may be difficult to control during

treatment. Plasmas can aiso release potentially dangerous ultraviolet light. Such
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treatnment. Plasmas can al so rel ease potentially
dangerous ultraviolet |ight. Such -4 processes al so
require expensive electrical equi pment and consune
consi derabl e power, thereby reducing their overal
cost effectiveness. [0012] US 5,409,543 discloses a

process for producing a reactive h en e
ProgeSSHE aiswéﬁﬂw@nweo%g ekemfﬁﬁ!ef%ﬂtupr%?ﬁf o SR ?%”??dreé%%‘e
The energi zed hydrogen 5 cq%m é reduces the
povaiptherelydedyningiberr OYWé‘"lcﬂ%tr 8%‘1‘95'9 fectrons are

emtted from refractory netal filanents held at

[00*1 SIPE5a, Miesad AisERR% FrotessX3PpProducifd eceadtigahygrogen species
biased grids are used to deflect or capture excess

usuf-ud fR okl (heamd NP em@BRIN of @ledprens. €Bhe emeegiped dydregen
fromm xtures containing 2% to 100% hydrogen in an

chénﬁ‘i@ély rﬁauéds%e a@Sstratd Sk, Whe thatfbricalecttes ale suiittesistbm
a process for activating hydrogen using the 10

ref LR RIoBE fifahRIMAL G BifichipefatGias MRAE500 TC 101200CEs Eleditcally
em ssion process is perforned in a separate (renote)

biaSORGREL %%@é&é‘ﬂé}ﬁéc@omlﬂd ckidsaTriet eledt@ns. @hd reactive species
activated neutrals flowinto the treatnent chanmber to

aref_@%%&@ fhomn hﬁﬂHl@% cohRuird 24:26 d 00%tdrayeniimar inert carrier gas.
wever, such hot cathode processes require vacuum

(0091 o US, S350 630.86p slstlomed Aighass (e Aaval dviingBFalg the
disBRATD6 £ipan & HHErm iSRS Rt e'%@é%‘ehﬁ? RRRE oS Y ftbmed in
2 SGoR (1O ABHRRTGIPIATI0 AfieBteRBent, oS atvated neutrals
TR e S R A

Uus 6, 021, 940, US 6, 007,637, US 5,941 44% U ﬁS8 312
Howgvah §UEIEhe} Cathpds Iocsses feluire vV UyILRNdigps l?‘%’ SRITHY
ok B .k SRR R

present at per

mystbe incprporated gﬁgﬁg’laequy %ﬁ%ﬁé’g“%g?thg’%; ere% rét‘ﬂcu%atﬁenr overall
cost effectiveness.

[0014] Potier, et al., “Fluxless Soldering Under Activated Atmosphere at Ambient
Pressure”, Surface Mount International Conference, 1995, San Jose, CA, and US
6,146,503, US 6,089,445, US 6,021,940, US 6,007,637, US 5,941,448, US 5,858,312
and US 5,722,581 describe a process for producing activated H, (or other reducing
gases, such as CH, or NH;) using electrical discharge. The reducing gas is present at
“percent levels” in an inert carrier gas (Np). The discharge is produced using an
alternating voltage source of “several kilovolts”. Electrons emitted from electrodes in a
remote chamber produce charged and neutral hydrogen radicals, which are then flowed

to the substrate. The resulting process reduces oxides on the base metal to be soldered
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alternating voltage source of "several kilovolts".

El ectrons emtted fromelectrodes in a renote chanber
produce charged and neutral hydrogen radicals, which
are then flowed 25 to the substrate. The resulting
process reduces oxides on the base netal to be

at t«?@h&%ﬁrg? gé%aﬁségég %g&g&?@cﬁﬁﬁ& &g&gﬁg{%ﬁm rShifrB
sigfgﬁt%‘? Eﬁ@fn@%ﬁﬁéﬁ% glpla 8%&@}%%%“3@%?@“1%{?29&%&@ %&geﬁrﬁ conveyor
elCSyptashs. giasation Do giareseis ! AeS sl Eheriurle e Mices.

surface treatnment process using electrical discharge 5

[0095] PLSTMIRE2RESHRADEES sorfaredrsmtmentiorasesa ubing lelectiicahdiecharge
(1 kv to 50 kV) electrode. The electrode is placed in

or Pl ® EOAthHshbier prebsurs frosta gk volded kita50iki) alectipda. eThe
chanber. The free electrons emtted fromthe

clo8k@fe i5 PRREJ MY PEYR6EximRR 6L the substchte grineritaat inal remate chamber.
pl asma cont ai ni ng atom ¢ hydrogen, which then pass

Thé HE8BRBrEREANMBE fiof Rediddiedés prduchicativetivdomgenasadicals, a
t he oxidi zed substrate. The dielectric shield

plaGiRB GB Al atoimiehaRbgers whithhiyell pgsrthmagb opérgsgs in a dielectric
specific surface | ocations requiring de-oxidation.

shilaWpACRE, ove HHR oxflii&ldastibsirgte s The ldibectranshaald nondeatrates the active
surface charge that may alter the electric field and

hydrobébbhtoRRER SpRCifit 80AE Iocations FequiFing diesddatived Howewers such
is only used to flux base netal surfaces. [0016] A

dieBRURIBNBIdS ePadoulidlate shitmerdharye thalf mEpattes theeieotic fisldand
technical 15 Information Service, 1982) entitled "

inhi¥RSS oS0 ploces@tdntroReTiRs idseribed piveedsrialonlylised txilut hase metal
Fragnments" can be summari zed as follows. The

suffgasi bility of detecting neutral fragnments from
nol ecul e di ssoci ati on processes was investigated using

e R B R
B, o B ot PR b e, o
Disssggigtri]\ge . r%rg]%%%{s” ]::grrw bia %Urinﬁ%triizgc? ae(, Po\ﬁowgg.sl'hdei fé&&é\ﬁt?%} d@t@gﬁng
neutral fragments from molecule dissociation processes was investigated using mass
spectrometer. The mass spectrometer was equipped with dual ionizers. One inizer was
used to form neutral and ionic dissociation fragments (by gas discharge). The neutral
fragments proceeded to the second ionizer for ionization (by gas discharge) and
subsequent detection. The difference in the measured signal when the first ionizer was
on or off would reveal information on the formation of neutrals as a function of electron
energy. This study was used for detection of neutral N and H fragments from N, and Hz.
Our invention is quite deferent to this prior art. In our invention the mass spectrometer

doesn’t need to be modified, which makes the analytical work a lot of simpie.
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subsequent detection. The difference in the neasured

signal when the first ionizer was on or off would

reveal information on the formation of neutrals as a

function of electron energy. This study was used for

detection of neutral N and H fragnments from N2 and H2.

Qur invention is quite deferent to this prior_art. In
(0080 VR Bria. 830 is Kissaies & dpesiatiyprelesion aBachaantfof hydiogen

to be nodified, which nmakes the anal ytical work a lot .
fluxisyg ofiseislen but dogsomat Envisigndhey s effiputeriug), ag ¢ kg Rresent invention.

di ssoci ative electron attachnent for hydrogen fl uxing

[oogé] fﬁbcﬁﬁ&nm Hor HP&SnieRIst PRNLS! 913 s,h«fz,ﬂﬁ@ us 54081761 i LS

e present invention. [0018] Additional prior

SofLb18/y8 TP 109 B o e
. Q¢ 448 0
oSl U GRG0

Flipalglg'p%g%ﬁ%ﬁ?g&ﬁ%ﬁ?gg%d%%ﬁ?gﬁ?& S étQAT.ESﬁd Shiloh,
o 5, P 88 SR CORFES B A e
p

roviding an econonical and efficient fluxless, |
[0038] d&hé slpripomirgssoftite phor@Eidn Parvidingan pcapmic pRd efficient
oxi des for superior soldering 10 w thout oxide or, .
fludidss)sofdesing proceshto replave bape Metal apd saldar Sxidas gy synggor soldering
present invention, which provides fluxless soldering.
witizaut losidetos fiye lawsiingbe seldar iolhBiecvercomeRihe present invertion,
conditions and with | ow DC power requirenents or .
whish providesi fowlosn eplgoring aldew dembeyatypsy ABRIAMPIENt i @tmospheric
negatively charged ionic hydrogen to actively react
conlitioms gaidchath tpwiliy powesrreauiramants pesiBiardey eRg" ©lon,
as set forth in greater detail below 15 BRI EF SUM\/J(B].RY
propagatdn tbNVEREoaiNelyoRedTnRc Hydrearn 1o ariely react with gxides before
met hod of dry fluxing netal surfaces of one or nore
or dwingdhe seldeting oreratinn as et farh in greatebetall PaleWnent usi ng
a gas mxture of reducing gas

BRIEF SUMMARY OF THE INVENTION

[0020] The present invention is a method of dry fluxing metal surfaces of one or more
components to be soldered by electron attachment using a gas mixture of reducing gas
comprising hydrogen and deuterium, comprising the steps of: a) providing one or more
components to be soldered which are connected to a first etectrode as a target
assembly; b) providing a second electrode adjacent the target assembly; ¢) providing a
gas mixture comprising a reducing gas comprising hydrogen and deuterium between the
first and second electrodes; d) providing a direct current (DC) voltage to the first and
second electrodes to form an emission current between the electrodes and donating

electrons to the reducing gas to form negatively charged ionic reducing gas and

-7-
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conpri sing hydrogen and deuterium conprising the
steps of: a) providing one or nore 20 conponents to
be sol dered which are connected to a first el ectrode
as a target assenbly; b) providing a second el ectrode
adj acent the target assenbly; c) providing a gas

m xture conprising . a reduci ng gas.co i sing, hydr ggen.
molgglesithEkodan BRO0HE EndeeTim; PEGONARING ine et desembly With the

el ectrodes;  d) providing a direct cyrrent (,DC) .voltage
I A e R T A R e

em ssion current between the el ectrodes and donati ng

[002F] eT19§ HeMtR dab B\ ciad deterttheBsedativdlp thargeghicwetiycing gas is
charged 1onic reducing gas and -7 nol ecul es of

forM¥ PN MR R ndnds Wik speties wHiddra Gher@isk uifid it tgeletect
assenbly wth the negatively charged ionic reducing

amf&ﬁ]ﬁ d reduci ng oxides on the target assenbly.
0021] This nethod can be used to detect that
negativelﬁgfharged i oni c reducin

as is f dto

(0022 Fierimetnochiogliias th MeRsyIegEst Sifag malectigsict ydjpger bonded to

otherwise difficult to detect 5 and confirm [0
deuteraurivas AB&NdiGASIPD @b eraRent e s esiabNe EGF"%%““%FSF{?@%’%’"‘

of hydrogen bonded to deuterium as an i nd'ﬁéabi og. o{?
negatieeli gharged Hydrepes inns 4¢ Al Bedrecash PRIAMALRIRIR Pe ARIUPAP

negatively charged hydrogen ions to allowt f}ﬁ@%ocessf |
maygizanibe dhe molpcHEs STyATpeRN boNderay ARiSRLIT Aed fiis the ngatively

nmol ecul es of hydrogen bonded to deuterium and thus the
changemfydregsp ion® char ged hydrogen ions. [0023] Rel ated
apparatus is al so disclosed conprising a cathode with

[0023] SSRERtdd dppatfus BAMYSIddRE dohprising adlatide aith emission tips to
between the cat hode and the anode. BRI EF DESCRI PTI ON

entidhce MR- oM IEMBR ST oo nIféWhiNGEe Ahd fHeQindtie Fi gure 1A

I's a schematic illustration of the generation of
negative hydrogen ions by dissociative electron
attachnent of the present invention. [0025] Figure 1B
is a schematic illustration of an experinental

el ect IFHIERDESERIPTION OF SEVERAL VIEWS OF THE DRAWINGS

[0024] Figure 1A is a schematic illustration of the generation of negative hydrogen ions

by dissociative electron attachment of the present invention.

[0025] Figure 1B is a schematic illustration of an experimental electron attachment

device of the present invention.

[0026] Figure 2 is a graph of mass spectrometric results of molecular hydrogen-
deuterium (HD) formation in the presence of electron generation in dissociative glectron

attachment at 280°C.

[0027] Figure 3 is a graph of mass spectrometric results of the positive correlation of

higher temperatures on higher HD formation.
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device of the present invention. [0026] Figure 2 is a
graph of mass spectronetric results of nol ecul ar
hydrogen 20 deuterium (HD) formation in the presence
of electron generation in dissociative electron
attachment at 280C. [0027] Figure 3 is a graph of mass

spectronetric results of the itive correlatio £ s
[OoﬁﬁlghEmuf%ﬁtﬁeﬁr&t‘W@éaWW%%@'P'ﬂ%”P@fYFH?'I‘Sotﬁ @t sBpicting the
Figure 4 is another graph of HD peak intensity versus
datagipigusg 8 ircaripedPaiPt he data of Figure 3 in another
manner. [0029] Figure 5 is a graph of mass

[OQ%QFCFQQ%E@S id £ gFPhYf rfas8spédtronitad tdsuits ofang pbsitivecsorrelation

em SSI on current increase on increased HD

beif\l\% E’%I 1 urkdi #eledsk HAliScrBaded KD ®drhRkioyr aph of HD

ans| ty versus enission current depl cting the

data of Figure 5 in another nmanner & % ure 7t|s
[0080}r Kiguref isarahesaseph okl peak niangity LergHs 'P?@S% Sl
correlation of H2+D2 Concentration on HD formation.

depiotraethematpefdigure S in APWEr MgPa¥h of HD Peak Intensity
versus 1-12+132 concentration 10 depicting the data

[0651;':'%@ 7 1s h rahSchedssEpearsmetti® (E3aks 6 theposifive coreelation of

mass spectrorretrlc results of H2/D2 ratio on

&Sﬁ daf6n o MNoRBatich. Vol % H2/ 25 vol % D2 ratio as
H2+eo(%E|?&m or form ng HD. [0034] Flgure 10 is

another graph of nmass spectronetric resu
{Om]u@gweﬁs@@nm¢ma%9{3 mi tﬁ?@tyt"ﬁésuaaﬁ 5869" 5*??‘5’“

9 in another nmanner. 15 0035]1 Figure 11 is a graph of
depﬁungamanwa@tﬂawa?'e@n@mefgr@@ Plequired to sustain a

constant em ssion voltage for the device of the

[06!;‘313 idurb Qv atgréifh S rhdssapetirbristit adsung obifl /Dt tatio on HD formation
el éctrode profile at the initiation of the process and

shbifgedt, H 8 WIRTHSatie 3§ 1R optimal for forming HD.

[0034] Figure 10 is another graph of mass spectrometric results of HD Peak Value

versus H,/D- ratio depicting the data of Figure 9 in another manner.

[0035] Figure 11 is a graph of the amount of applied voltage required to sustain a
constant emission voltage for the device of the present invention with an illustration of

the electrode profile at the initiation of the process and the end of the process cycle.

DETAILED DESCRIPTION OF THE INVENTION

[0036] The present invention concerns H; fluxless soldering, particularly wafer
bumping reflow soldering. The present invention can be made by modifying the
traditional reflow or wave soldering machine. The present invention is also applicable {0

metal plating, such as the solder plating of portions of printed circuit boards or metal
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DETAI LED DESCRI PTI ON OF THE | NVENTI ON 20 [ 0036] The

present invention concerns H2 fluxl ess sol dering,

particularly wafer bunping reflow soldering. The

present invention can be made by nodifying the

traditional reflow or wave sol dering machi ne. The

present invention is also %ggllcable to, netal Elatnqg, id
suriageshtamakahesunge amenadiatg sybseqyent spiderio. bﬁer{ [@gval or oxides

circuit boards or netal -9 surfaces to make th en1pore
by hydeogen faxiess pranessine (ry Sexieql Hip prepent et isgaually

oxi des Dby hydrogen fluxl ess processing (dry fluxing)
applitabléto WS’G?@' platingteryHaves. equal |y applicable to

such nmetal plating techniques. [0037] The renoval of

[oo'?,gjr t *'rﬁ‘é re?t%\%?éf ﬁﬂﬁél%&ie%ﬁd@g SN ilol&ritio of TustHeh exide tordation

during reflow can be acconplished in

dur”@%ﬁ&h’ H‘@X%cc&‘ﬁlfsﬁ&&lnyn mdSudREYs. CONFFENRY Vthe Wt commonly

roach i s to coat ectropl ated sol der bunps on

%ﬁ?ﬁ’% ‘F\rns %d}st thd éléﬁirotbﬁ:{ Idéeru’nﬁié( orthe Wakertvi® d flwxbefore

past e as been printed onto the

refll‘ﬁ@f @r m&ﬂp% ﬂHthltu Fhee %Bé’cf@ﬁ%ast@h tiHay ’E)eﬁﬁ’ plifed Wﬁfoethe aférhe form

ing s der bunps is then

therﬁ%];r]rll "8Gl fpuﬁ%ogietdrv%?&rbr%{ﬂéfé? ith flhii‘-%bntfalhiﬁg*‘@lder bumps is then

i'm zes Ion ol der oxi des Duri ng

reflgﬁf dita H?r%g%h SﬁfpguSFet this pfhér‘?ﬁﬁh‘rﬁfeé A8 féhriatien bbysider oxides.

er surface However, this

Du JF#%‘eﬂ%W{Bé"nG* Q@ecrtlgéa}, ?&H\&\?e@ tﬁé‘Hi’i&e rafyeﬁﬁé?:erﬁrdhtth@ gbidanslirface.

onveni enc when organi ¢ fl uxes

HOQIES% @de%nltéhgin@ ?fﬂoW\%n éé%é‘bfdc@sé%ﬁfeh%' dndah€onveniences.

ese es can be trapped in the

Fopg)l ?ﬁ}&%rgé’ﬂ?ﬂ&ﬁs@eﬁ inf8se WHrghealifd, V@ﬁil‘tlbé dagriadare

ectri ca properties, but al so destr oy

geé&?teﬁoﬂl Q@?BlHﬁs &an 8@ ﬁ?eb H'tﬁiﬁhv@éﬂ%@br@ﬁ%mﬁ?&ds which

ect t oW ng ondi ng process. Fl ux

no V&*lﬁﬁé@'ﬁﬁe Pﬁchém@él SRd %%Q%ﬁﬁﬁro?&ﬂe@,%yﬁl‘db absrdynthe ke-planarity

I NCr eases mal nt enance cost

of fm%oﬁf&' 'bBﬁl? vﬂl H'E?fect@i@&ﬂbﬁmg'cﬁmnafﬁg%ocess Flux volatiles
deconposit ways | eave residua, which can cause

wilFQES 8&id¥Rs8 A d d8EIsISte dRGh@ RIMM & RIS Rhih indiGasesaeardl y .

maintenance cost and equipment downtime. Organic fluxes after decomposition always

leave residua, which can cause corrosion and degrade the performance of the assembly.

For example, flux residua can deflect or attenuate laser signals in optoelectronic

assemblies, and thus impact the performance of emitter or receiver components.

[0038] To remove flux residua, post-cleaning is required. Chlorofluorocarbons (CFCs)
were commonly used as the cleaning agents, however, their use has been banned to
reduce further damage to the earth’s protective ozone layer. Although no-clean fluxes,

which employ a small amount of activators to reduce residua are available, there is
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For exanple, flux residua can deflect or attenuate

| aser signals in optoelectronic 20 assenblies, and

thus i npact the performance of emtter or receiver

conponents. [0038] To renove flux residua,

post-cleaning is required. Chlorofluorocarbons (CFCs)

were comonly used as the cl eani ng agents, however.. .
alwayin tradae! betwep GANGRAESS it 16 ABANMLOY Tt (oY 2 gRHRghvity ot the

the earth's protective ozone layer. Although no-clean
flusepuxes, which enploy a small anount of activators to

reduce residua are available, there is -10 always a

roo8§pdgehireftheRNs @ﬂivxﬁh?ﬁfbréﬁ%tﬁemsfehﬁ flaxressdolddr réflawfor wafer
residua and activity of the fluxes. [0039] Asa result

burhﬁﬁg.e DieSpifdl QMtiRGoUsHdva RS ih AukiBss 1e8ndXdgiéd, wshe are widely applied
sol der reflow for wafer bunping. Despite continuous

i 189 Blrdlit bRGN69 RGBS . A Naxesssautiindetioh is efficient,
W'@ﬂg’ﬁ]@%@é&g%ﬁ{ [ n(@ﬁg integrated circuit (1C)

sinfgféf? irrélfaBFei, BfsticREkRe ¥ncf é’n\fir:oHPﬁ'eﬁﬁﬁy s&feUbmains \aHigh plisrity goal for

r
cient, sinple, reliable, cost effective, and

j ey safe remains a high priority goal for
ad\gagagg%g a|g§ckagi ng. [0040] Anong various fl uxl ess

roaches, the use of hydrogen as % rsactive

ag ] as ttg 510

[0048} u Amopgivas_uIHIXIRES @PRrOBENES, IfuSeHP JYHOIPY a8 &1ERFIP 97
attractive because it is a ver 10 cl ean and o

redyg OKigRs BN prsk BGAls aMESAR’S '%?gP&F@EBOE?’aF%VP\%ﬁ"éPS%fsc*h"e’y
can easily ventil ated out of the furpace. The major ..

clepn ANE APNHIXIGPFORGES: IgieronY RikPrOdUCtds Wats' Whish G317 §a81lY Yeptiiated
| ack of reactivity of nolecular hydrogen at the.

out tieureasied Jnerrealp TN a6 & BXCIOGETT THSSS SAHPEFETPE is the lack o
approxi matel y 30C above the solder's ne|ti ngqgoi Nt oo which is

reactityt afireoleguirdwerpgen abkedtormatsalder refioyy empRIAtagdAnge, whic
needs to be used. However, F_ure h drg&gn is a Ei‘?pl Hoctive

approxifmesely 80%aabavs tha golderieting @Ot FORDERPRIPATEL ﬁé ective,
it to tenperatures higher than 370C to provide

pusg fyidregesrieeds 19 havsash V@) RUSR NyspaRn g@dﬂ%ﬁ)’ ammahle gas
addition to requiring an increase in wer ... .

ang §maustbe iastivatertiox healiia dve Femt??fet,u"%wg'h‘?fgﬁa'% P& aPIpide

sufrfigigrlﬁltI exc?i(fraet?otn epnre(rag(;:yI f%lqg%de reduction. In addition to requiring an increase in

power consumption and changeover time, the high temperature requirement precludes

the use of low-melting point solders due to coarsening of intermetallic compounds

(IMCs).

[0041] These limitations to hydrogen fluxless solder reflow has led many investigators
to pursue various catalytic methods to assist in generating highly reactive hydrogen
radicals, among which plasma assisted fluxless reflow is the one being more extensively
studied methodologies. A recent study has shown plasma reflow bumping of lead-free
solders in a gas mixture of 10 vol% H, in Ar. However, the joint strength formed in such

a process is relatively low due to plasma heating induced IMC coarsening. In addition, to
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the use of lownelting point solders due to coarsening
of internetallic conpounds (IMCs). 20 [0041] These
limtations to hydrogen fluxl ess solder reflow has | ed
many investigators to pursue various catalytic

met hods to assist in generati ng hi ghly reactive

OO Rp SPUTEY GO o1 HAGHRL RIS AL BT R e e operated
t udi ed net hodol A t
unq?@f“waig&waﬂewapﬁgﬁa?:?{a@im%é%%é‘@ ci%wainég%ﬂﬂhb@k e
f 10 vol % H2 t st
confefdap Pigcesiols 04 2P SeesTiugts 5?458.93%9939’{@@9%‘5}“9? jre
I heat d d I MC
DGk £BS MCTarBes BRATHARVEOS « AT oP R Epatna o pisd Begh
nvRBiaasstl 15 HEREIRGE SPRRe BF rtfie%ﬁ%@gﬁgﬂé%@f&ﬂ%% and
al so confines the process to. a sl ow and di ScogédvUM-ﬁHﬁn
relgtiebnlopresticiency durite sherlfedmes fg actyR HEGIREFEMER

i ncreases changeover tinme. Atnospheric plasm has al so
atrpesiesc PrAcessi gated. Its linitations appear to be the
potentially high energy consunption and relatively

[06@2’ el (frinBipalofdhe methoditahtbe shbeiimPRyufes 1/Aand VB. During
speci es ‘generated wi thin an atnospheric process.

sok@ Agbr fben ra' d&'rﬁii\ﬂuré’f)f fitieggMeirtatredating gas hoysuchras hydrogen
es 1 an B. During soldering or fluxing, a

or Qﬁﬁnomrﬁédﬁxﬁjeofs |ﬁl'r6d&§@ @8 theatingeshamibey, @e@s ot @ furpach 12with a
hydrogen 10 or carbon nonoxide, is introduced into a

callfrlel 1A% rNaERae M6 aPdeRe paria1§ t wsuidered of filxed aracbutbeted to o
14 and anode 16 and the parts 18 to be sol dered or

mé&da'é@sn HeCarfRiRNBab ehni @ta@?et aaernbled 6018. tWikeraa Odevdliage @0 is
forma target assenbly 16/ 18. Wen a DC voltage 20 is

apphed bR tnegiihddiet ambnsiendde 8)tbvi-beergp eltetrdrs 22 are
' owenergy electrons 22 are generated at the cathode

gehbraAddlatihi khinbBe A na el €o e dnddk he iretheciedtde fieleRd. Pdring this
During this 15 electron drift, a part of the nolecul ar
eléQHAdritda $aR of theﬂnoleblﬂaﬁr@duéiﬁ@gésqf g), M3 @8} tarcformmega®/e ions 28
by electron attachment and then drift to the anode 16 also. At the anode 16, the
negatively charged ionic hydrogen 28 can attach on the solder and metal surfaces to be
soldered and thus reduce the respective oxides, without the use of traditional fluxes.

During this process, the inert gas, i.e., N, 30, is not affected, because the electron affinity

of nitrogen is zero.

[0043] For the present invention, the H; concentration in the gas mixture may be

comprised between approximately 0.1 to 100% by volume, and more preferably between
approximately 0.5 to 50% by volume, and most preferably less than or equal 10 4 volume
%, to avoid flammability of the reducing gas mixture. The temperature may be ambient or

above, or preferably range between approximately 100°C to 400°C, and more favorably
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by el ectron attachnent and then drift to the anode 16
al so. At the anode 16, the negatively charged ionic
hydrogen 28 can attach on the sol der and net al
surfaces to be soldered and thus reduce the
respecti ve oxi des, mrthout the use of traditiona

fl . bu t
vt ey et s B2 o Sukdk Rt eyt
of nitrogen is zero. 0043 For th resent |nv f B0
apnr%mﬂ@%grteeWWaﬁn%H"q rrete dgﬁ%@enl?i?‘?ﬁr

ri sed between approximately 0.1 to 10 b
30 eshelaprbevas ywerr@rm@@@ndaﬁewwﬁ% P&ﬁs B @%Tf/bated
vol une, and nost preferabl t han or &5
may bp aReroxTHatel O 0y 9 T A PIAIS/ TS rahiE A aeqrh%rqwa e&aﬁ g5 cm.
m xture. The tenperature may be anbient or é@
Theeatheds errdgyiop fwy@%é’r%&%%ﬁ%ﬁ?ﬂ%’?@%% pffysgive or
400C, and nore favorably -12 between ¥ ot
2ROt 903 ShoutH Do BSsech (i on " LRSS BB AEipes o
approximately -1 to -50kV, and the Preferred rang l b
reabisé asenariseEmbes OB PgNe. Besides Hpppthel faouciny SpsER LY aiso be
bet ween the cathode and the top surface of the ih
usedonitiee gasemixiue, sl BEQp Phoieras|uFed "BthP&aitﬁf“’é*ﬁ{e %\tﬁﬁf an
the preferred range is approximately 1 to 5 ﬁ
N2 Gan hoda s, a0 ihess | FaarPiRRs R 1§ Pratetily Arbiest giapsphenic pressure,

gener ated (photoeni ssive or radioacti ve source h as
meahiogltie exdstigaressuse ofhe armsde e PIogPSR« NQ SREGA IPIESSHE: SuC

does not require a separate chanber
vagupim, i tearirecs dTxmiqayy.queesyrefsf 19118 0 psia ‘M‘%‘é‘g BP ﬁC‘E?Pga‘g%z}“t a
m xture, such as CO The inert_gas used in the gas

praseunewf d4 40 A6 psiahargferally ¢4+ RS J& MOH@PPEIRTELS her s The
pressure is preferably anbi ent atnospheric pressure,

ookﬁ% NRARddbr tBehESestrorNattaRhRBRticehmiud bescabedalbdvel biectron
cess. No special pressure, such as vacuum is

attaG et ?‘cP'hydTé!gEérPrﬂbl'eMule@ bEGaWFRS htfrodéh ¢an BDadgeaimplisiad toy
e acceptable, but a pressure of 14 to 16 psia,

ph&gsﬁ%f&h'%nlé pﬁoméﬁslwe%am‘ab @BEtFortaant fechhiglds) Fadicactive
addition to the electron attachnent techni que

so6les WdhhRrtedMitvarRh8ed feefniques where cascading initial electrons drift to
successively higher potential electrodes in an electrode array causing additional
electrons from each succeeding electrode. Photoemission of free low energy electrons
may occur following, for exampie, exposure of a photosensitive source to ultraviolet or
other suitable wavelength light. In those techniques where the electrons are not emitted
due to a DC voltage (i.e., photoemission) the cathode and anode would still be biased to

draw the generated electrons and ultimately the negatively charged ionic hydrogen

molecule or diatomic¢ hydrogen to the anode.

[0045] Ailthough not wanting to be heid to any particular theory on the mechanism of

the present invention, the inventors believe that when a direct current voltage is applied
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attachnment to hydrogen nol ecul es or diatom c hydrogen
can be acconplished by 15 photoem ssion from a

phot osensi tive cathode, el ectron beamtechni ques,

radi oactive source techni ques, and aval anche

techni ques where cascading initial electrons drift to

o BT B35 R G 6B g overd
angdionde Skace ol LoRerSeepraTalb RbAh. Herbl Rophitine
catBoBpAbA1et ObA A gt TREREN ) g thehfthofn
e Sh g Sl St B 08 Bifech R s,y 49
o eSS b B g Rda 8 R oo
alq%%zgl?eegmqq%ghw;gg{ie%%qﬁo io%ic&é%p&%ﬁ%gh%g%@?oﬂh%ds%lder and
tnd SaRsOPGhSaFe v RRSF e 30 i i RIS DR ffboloerand
oSt ahebRioh o0 h St s e AL Bmcht
prtgclrr?igfp t@j,tthg}/&égqr& ﬂ@eﬂﬁ{}@g i r}értp;rﬁ\ﬁ@{og@r{eggv%ciﬁte% Ré@a\ﬁse
oSt e o TR B e Bl 1AL ASE or e
electron drift, a part of the nolecular reducing gas,

bosd breakinosef RIPEERH, can form negative ions by eiectron
attachnment and then drift to the anode also. At the

[064B]dan aldrstented %bFIitﬁiidn 6f1ak pesbenbifvéntion dwafgeburaping is used to
attach on the solder and the base netal surfaces to

foles@abaRIngsh GVed ah BHErelsAIdUR WatdtonBWwsith MGegraiedeircuifs have been
sol der an base netal. The activation energy of oxide

builBgHeRt TR BUipheh procesd is aloriadal atepas bagieiginguf aeeises sifice the
the present invention is |ower than w thout the

buRids36IMER bn HRGAHISIESchY BoalBaFicdTEREchinidal, aintasdumting connections
electrons elimnates nost of the energy required for

fort flis-chip@iRSebRak iTharedbrel BEmPX miieBexhibit superior adhesion to the die,

minimum electrical resistance, and high planarity. Defects, such as voids in the bumps,

non-uniform bump shapes, and residua on the wafer surface need to be prevented or

minimized.

[0047] The bumps are commonly made by depositing solder onto pads, such as by
electroplating or stencil printing. Solder is then reflowed at a temperature above its
melting point to carry out alloying, form a metallic interconnect phase to the die, and

convert the solder bumps from an as-plated mushroom shape into a semispherical

shape.
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[0046] In a preferred application of the present

i nvention, wafer bunping is used to form solder bunps

over an entire silicon wafer onto which integrated

circuits have been built upon. The bunping process is

a critical step in packaging of devices since the 15

nps fornmed on the wafer serve as e#ectr 4&*, en the

[004BL P Byicaly depasitacpider Ggntal ARative Adrage %efcﬁ}”b

assenblies. Therefore, bunps nust
soldefe Sraads the oNEedp@aINs i FErmolo ehae%,ett?ﬁtc%ﬂveﬁéﬁg glogﬁ% golder, and

and high planarity. Defects, such as vg q q bum
impsgepde ligwhtiowmupesReal iy YRGS, *hsr?&'dﬁ @reaea %%S? figr bump

waf er surface need to be preventeg E] rl %Qhe
surfape4z) siunicanipadversely efferb e desde SW'SH S ?'?E}PS an

sol der onto pads, such as b el ectro in d
unifcrenty iof therrefiewerhsoldss|ausips; Sowexar, ke gﬁ&{%&e 'd§ layer is remove

tenperature above its nelting point to carr rﬁ i
dugng wfiowgthefliguichsarfaes tensiop W'lh@@redaﬁ REkMRR S0 qe5 $,8 unfrorm

die, and convert the sol der bunps froman as-pl ated
andaewsobmimab@a'-nto a sem spherical shape. -14 [0048]

Typical ly deposited sol der contains a native surface

[Od%':lrgﬁ'hgé,}’lﬁﬁ? RMhs%Pfngb P4 fifhed By Wakdrdmpirteproadsdds very

e So ase that covers the nolten

nmﬁcﬂ{éﬁ‘?r A 128 buh PARAGT ig ﬁk%fejrﬂeﬁ%rd'uéﬂ Bavdingigrengtt dnd fatigue

refore, the oxlde layer on the solder bunp surface

re§din&! ﬂ%é }dﬁflm'l'héé baR. & RIed #d Msd tbibe végsiniferm across the entire

sem spherical shape and the 5 uniformty of the

&ftb %H?&e?ﬂﬁr%‘ﬁfy RO S xidEIReR WRnpsichn ikt Sl6sk arpecations.

ved during reflow, the liquid surface

Th{eﬁéﬁ?ﬂgoé‘m%hﬂ oitid Péﬁ\va?dLPHP ksolet F&Bwﬁ@lfé%eﬂy%ﬁ@uc@essful wafer

rm and sem spherical shape. [0049] The shape of

buﬁ@)ﬁ\fs ULGim P YRS cérﬂfnﬁﬁ % Bé(cr@@sfee EolBsaXidiSioR WAFiSsc®Mesmore
inmportant. A large bunp height is preferred for

se%r@%u@%‘fﬁc‘f&s@ﬁ%ﬁﬁ@é%r@?@b fant ioflide rdiova dushdgurtiowatill béemore
joint. The bunps fornmed al so need to be very uniform

crifidl R nbin ik iqullity of the formed solder bumps.

[0050] The objective of the present invention is to develop a novel hydrogen fiuxless
technology, where highly reactive hydrogen species are generated under normal solder
reflow conditions. More specifically, the developed technology must satisfy the following

expectations.

* Hydrogen species must be generated under ambient pressure to
accommodate an open and continual reflow production line;

* A gas mixture of < 4 vol% H, in N; would be employed to ensure non-
flammability;

« Effective reflow temperature should not exceed the normal reflow temperature

range; and,
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wafer to ensure planarity. Only oxide-free bunps can
neet these expectations. Therefore, efficient oxide
renmoval during solder reflowis the key for successful
waf er bunping. As bunp sizes continue to decrease,
sol der oxidation will beconme nore severe due to

i ncreased surface enerqgy,, an xid ri

of T ol ael AMsLomSR ol e da P e B ke M rBCkss cos
quality of the fornmed sol der bunps. [0050] The

obj ectdM@ei$ the present invention is to develop a

B e 0Ol g porma
oo amapa e SR L Tesiie SPERsCh B higfpadios.204
s oy preodin: S350 SBECIRAIS e ORRLE Fhroec
g YR 0.k e e on e B Pl 8 rdimaenon
crepems toe s b e AR S TRTobE AR TR bresen
i Calse o apakeE! 54 PORHBR e R PO 1
skt AR bR operol 3R Eiah 45 SHELSS oHBhEh o8 ooen
coresmail byw i SamRpl TR LET Ao ddpdionere prossure s
oo SERER T PRI BONe NG EBUIFR o 2 gREsCemt 1 Rmin
ook Bt R AN UL ST PE SHE G ER ESHEREls 2 new

~invention identifies electron attachment (EA) as a
fieldot enti al activati on process for

[0052]) When low-energy electrons (< 10 eV) collide with gas motecules, some are
captured by gas molecules producing negative ions by dissociative attachment or direct
attachment, which is generally defined as “electron attachment”. At ambient pressure,
the low energy electrons can be generated by cathode emission or corona discharge, or
a combination of the both, where the energy of the generated electrons depends on the
ratio of the electric field strength, E, to total pressure, p, or, E/p. The reason is that
electrons are accelerated under an electric field within each free path, and decelerated
when colliding with gas molecules. An increase in pressure increases the density of the
gas molecules and promotes collisions between electrons and gas molecules.
Therefore, ambient pressure is much more favorable for producing low-energy electrons

and enhancing the probability of electron attachment compared with vacuum.
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di ssoci ati ng nol ecul ar hydrogen in a dilution gas,

such as nitrogen, with the hydrogen 10 concentrati on

bel ow the flammbility limt (54 vol% . EA under

at nosphere pressure has been enpl oyed to renove

el ectronegative inpurities froma gas stream for

erformng gas purification, Howeve its utilit _
(00831 orMsre g Se s B pllmi Bk AIARS HeRFaDs Lho.pratigset eh Bw

[ 0052] When | owenergy electrons (<, 10.eV) .collide .
energiythealiens e eariured bydiydoosp @aw%%‘i%r%'at%;}” gageous nitrogen.

nol ecul es produci ng negative ions by dissociative

attachnment or direct attachnment, which is generally

defined as "electron attachnent”. At anbi ent pressure,

bREoLiANCARIAMeR]: €CL T ONg, £@8n_DR, gengyal Bd-by--cat-hods(1)
em Sssion or corona discharge, or a conbination of the

gﬁttoh:le Wiehsnt he energy gf . he, genesa,ed eelectrons-—(2)
epenés onthe ratio of ' the electric field strength,

§8eéetﬁa6i9{i\?d AIRSSHEE:  PH 06— FB . Fer fypason--i-s--t-hat-(3)

ectrons are accel erated under an electric field

m}%ﬁy%gfsg%%tée@&gggﬁgﬁhcmtdeceI erated when colliding

An I ncrease in pressure increases
the density of the gasynpiecnl esHand NYLOPOLE, —mmn-- (4
collisions between el ectrons and gas nol ecul es.
Therefore, anbient pressure is nmuch nore favorable for
produci ng | ow energy el ectrons and enhancing the

[Oogtglg%itbgiﬂol 6165@%?8?{%;% aflchanl BBk E@BPEAGEinvir iitermediate

re specifically, the foll ow ng

res@‘lfbg@ts{a‘i’é‘ WHIGSEH %SE gﬁsﬁcﬁr—ﬁﬁ RIS ¢5 anB $by @sockitiE @lectron

trors are capt y hydrogen gas nol ecul es

aﬂ#lhhghg&d;uﬁﬂg?fm@&ﬁeﬁrddﬁlgﬁé‘ tentber ARG bé@rid’@eéﬁdrﬂ(@ﬁ\gm@gehind a

vibralid R SRR EBLIe H:fz*)"?§§ho~w6ﬂ%' c%ulétiéﬁé. WHich one of the two

rect/radi ati ve attachnent:

.+ * H. 4 bV == -4 - - o e -
. ohihé energy of theincident dlkctron and the
reaﬁlornggth c'glt%esé]ggyg?%%df |02 at? on g tachment: H+ e + N2

separation, the lower the energy of the incident electron being captured by H,, and the
higher the probability for dissociative attachment to take place. The rate coefficient of
the dissocative attachment has a peak at the electron energy around 4 eV. Equation 3
describes a secondary process to produce negatively charged atomic hydrogen ions
from the impact of low-energy electrons, which occurs after the hydrogen molecules are
dissociated and is named as direct or radiative attachment. Here the excess energy
associated with the direct attachment is removed by radiative emission. The direct
attachment process occurs with roughly the same efficiency as the primary dissociative
attachment process, and its rate coefficient increases slightly with increasing the energy
of incident electron. During the EA processes described above, N, with a concentration

2 96 vol% can not form negative ions by EA because the electron affinity of N, is zero.

-17 -



10

15

20

25

10 [0054] Excited nol ecul ar hydrogen ani on, H2*,
formed by EAis in an internediate resonant state,
whi ch can either dissociate into H and H by
di ssoci ative electron attachnment (Equation 1) or
aut odetach the tenporarily bound el ectron | eaving
behind a vibrational excited nolecule (H2*) as shown
NitiogeEgaamakecues oaniachasa dhist quyen £Qlbision slablizalios ta gbepry the
take pl ace depends on the energy of the incident
excgise eNeay chthe exeded Bydrageminos F@E\edé)éfﬁ’dfﬁﬁftﬂr@ﬁh@fe”"t (Fguation 4). In
hydr ogen nol ecul e. The | arger the intranucl ear
thesanplieationamopased hetadie @Qil@mﬁa@gyzaéipn ﬁHéChmﬁﬂtéFe*Pﬁ"eved to be
el ectron being captured by H2, and the higher th
mope istrasiant egmpased with sadativel alachmenlduedarmbient @k&ﬁsw%@ high
The rate coefficient of the dissocative attachnent
nitlogen aomreakation apptiedincibesysieBner gy around 4 eV.
Equation 3 describes a secondary process to produce

[Oﬂ{%ﬁ% gf:r.;rﬁ %}(M?rﬁﬂé\{@l@éh EFOQF‘éé:of'WQ F&@Fh |h@é"rﬁiog CorfoRidy tdIRW is

OW- ener ctron whi ch occurs after the

ilIu%Yﬁé@??ﬁp Ub&hgYeflow Lé%BBbﬁB&Hpéi‘ﬂaﬂe?(ﬁb@ﬂﬁgtrﬁéd) mounted

i'afive atfachment. Here the excess energy

on gﬁg&’& h&d é’g thJrQ 6 d4nBBk HAi RS NFRRNntGIUEBATNEE réhbw furnace

at 1 vé em ssion. The diréct —attachment process

108 Wél’?tyﬂcﬁ{}a 5&“@? ﬁétnﬁ( Srlels %L%Wat%ﬁﬁér@rﬁ SREGGHRY along

di’ ssocl cess, and its rate

the{ éé%ftér a?c&ag(%} uhuEEiF ‘?eg:gea%d5+ h%%%%eﬁ"&” Illhjgﬁét%aﬁfré}ﬁ ohB&nd to

nt el ectr

an@t&&cgﬁcff@hg ﬁﬁ'ﬁ%&eb QHsiAL MeSrurmdée ok Bn %ié&%ﬁﬁ%ﬂﬁﬁnﬁé t&Modd 106 is

an not formnegative ions by EA because the

mo%re‘at SvRPhelaldrfd etq%ﬁ p§ d Wh'aselér%[)fg é)f eimisGioN tids09e NaktPthe wafer to

ul"es can ac in collision

be%iﬁ)@@d’ dg %Iég@& oh% ons e?ior neldar‘g?;ji%qw o ARIvRg wht. Maken a suitable

rogen direct attachnent

vol uﬂjd i9%p tb'?he LRRodPRod, f bﬁh“r?P é@@@&%j(nbﬁﬂ@stra‘tétﬁ are

son I'i zati on attachment is believed to be

geﬁ@ﬂé‘r’e{%%ﬁ ﬁéa&ﬁ SR ﬁgj lﬁb\?e{j‘to[@?ﬁ fbianBdét baahven by Meelectric

I ent pressure 5 nitrogen concentration

ﬂelﬂp %6I§ajlérrhfdﬁb§eﬁ36§ﬁ ®Bn &&%%thﬁh@s@é@&?dd@i&rﬁi fg%utral and
rocess of present I nvention for sol der lowis
negatlvely charged atomic hydrogen (Equations 1, 3, and 4). The negatlvely charged
atomic hydrogen ions also move along the electric field toward the anode 100, which
leads to a preferential adsorption of active species on the wafer surface and thus a
promoted reduction of soider oxides. Equation 5 describes the solder surface dry fluxing

or de-oxidation by negatively charged atomic hydrogen ions, where the dominant

composition of the oxide layer on a tin-based solder surface is believed to be SnO.

Solder surface de-oxidation: PH +35n0 - 8n+H,0O+¢e .ooeiiiriiainnns 5

-18 -



10

15

20

illustrated in Figure 1 B. During reflow of a sol der
bunped wafer (not illustrated) nounted on anode 100,
a gas mxture of s 4 vol% H2 in N2 102 is introduced
into a reflow furnace 104, which typically contains
heati ng/ cool i ng zones | ocated at different sections
along 10 the center axis (not illustrated), an
[0056]/i %grnbe EA gqneuriaee deoxigabier p@ﬁ%?ﬁeénféG%ﬂGthQS’S '%J%‘@H dpor
end of the furnace. Inside the furnace 104 an
gensratedoorhe matarisnjaceamstirshamsdiby traysling *@dhwélﬂﬁfé%“%ﬁas“'ons
equi pped with a plurality of em ssion tips 107, an
and geainieg trough the sllieet mattxdoitte grodrddMeat of SQ'PBE‘J Wé&‘ds Sontain a
metal anode 100 or noving belt. Wien a suitab
basksldeaayisiellaperiis adhipkriess ranget of dossdbamad migen, WBW*@?@@@;&‘ to be
el ectrons (not illustrated) are 15 generated fromthe
electicallydasuated andemoraat eangiteon: Tdeavaberccancil Behave s
the electric field. Mlecular drogen can then
semisbhiutdonwhen thh asitagel madleomrosﬁ%mbﬁ%%@ﬂ%ﬁ isdffgeased toa
negatively charged atom c hydrogen (Equations 1, 3,
cerdanial i)t by Thargednyildup eiinghdr ged  at onmi ¢ hydrogen i ons
al so ane along the electric field toward the anode

[00%9’? ?&en fﬁ%’rﬁnoﬁ% ét"lhﬁﬁ@érﬁérﬁrg hthpsrdasn 2t dddétt @tomic hydrogen

ive peC|es on the wafer surface and thus a 20

forhfed qgésoﬁﬁﬁ%pélb rPétta%ﬂHéﬁf toq’iydﬂﬁfzn rkSIB@lé The detection is

desc e so r surface dry fluxing or

h
o G g GRS v a5y g
spé&é%eé%ﬂa IndrlitBr ?ﬁfrﬁﬁ &P bAsH (ﬁ’anefcéI%eof 'hf:drlagbh Saﬁiﬂedtt@ d@aterium).

er surface e oxi dati on:

An'_ﬁg'eage lp HD when elect Jon attachmerﬁ wa%% ﬂ&i WU 8k |@Mdt|0§ ofthe

Surface de-oxidation processes free el ectrons

dls'aﬂéugﬁ\;aféi%é &t tal@r@‘ﬁé@é eaq éi‘@oﬁﬁ%ﬁﬁorﬁéﬁtﬁé‘@ﬁmﬂé fiydrogen ions

y tr Ing to the sol bunp positions

113Rs SbsdrbRE tHBdrobdest 0 the ground.

be%&tr&g 8%@'@%?@?‘% c%nt aln a H?B‘Sacksl de oxide |ayer
in a thi ckness range of |ess than 2.0 mcron, which
makes it to be 5 electrically insulated under nor mal

condition. The wafer can still behave as a )
H+e - H*—>H +H (6)
D.+e = D*—-D+D (7)
H+D—HD (8)

where H,™* and D, * represent excited molecular hydrogen and deuterium anions.
{0058] It was also found that there is a preferred gas concentration ratio of H»/D-

corresponding with the highest HD formation, which is around 2.5 rather than 1.0. A high

HD formation is an indication of a more efficient dissociative electron attahcment.
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sem conduct or when the voltage gradi ent across the
backsi de oxide is increased to a certain limt by
charge buil dup during EA. [0057] The present

i nvention's enhancenent is an approach to detect
atom ¢ hydrogen formed by dissociative electron

o AT o P U 541 Pt
flué&i%ﬁ% uhef ’ tgﬁﬁjﬁﬁﬂy%gaiﬁpnﬁgﬁ %Bgﬂ%&%ﬁ &%@ fg};v%{e? bufiping.
Theupieseeranian EARSBH<S P00 AROTAURTLEL TURCBYT fiogen and
s s R (LK1 00 G B ALS ha temporer

created. The foll ow ng eiguati ons deg%ri bes the

I
sigpificardlydowearshapthat efthepra issogigtiop. he hydrogen ions reduce solder

----------------------------- 6 D2 + e" D2* -+ D" .
oxides and facilitate fluxiess solder reflow at_n(nrr%lqd)soqur jeflgw temperatures T)y using

I EEEEEE (8) 20
a nahdiamntiible hydrag@peonceairtiondat vekei t ed nol ecul ar

hydrogen and deuterium anions. [0058] It was al so

Ne ol L idt€d P, BOBESY dohsbr Y&¥fovs; @ns @ediradle tomlemonstrate
mJFQTi go('):?ﬁ‘ﬁﬁll égséég?reépondi ng with the highest HD

the{_%r{égeﬁrtioﬂrbf ndBAtRBly chafjeRisnié Hydfadleh dnstdyadissheativeéielaciyon

mation 1s an indication of a nore efficient

att%érﬁﬁé}ﬁ i Bhhaten @) o€ HEREtGH s MydrogdA (HRGAY bélaegood indication

esent rnvention arose fromthe need to devel op a

of gé\ﬁﬁ%f?\lel FboRiativoaRrod thchreht. HRMEQEr, betdusew dof echpidl ogy

ased on el ectron attachment (EA) for wafer bunping.
recoNbifdtRRERTs Adi pesdihie to Hifeddy AeREBatBMRYdRSgen Eiaca atassn

of nol ecul ar hydrogen and "generation of atomc

spQ&iFHn?&@ﬂ ions (Equation 6) at anbient pressure and a
tenperature 5 significantly | ower than that of thernmal

odR erp o TS e S ome
hy(rjr%fgler? Va\lln(ti (tehnepgrfogletzéjdrinegsof%e Hélsg ative electron attachment has been
discovered. The present invention is valuable not only for performing EA in a controlled
manner, but also for enhancing the EA process by selecting process variables to

enhance or maximize the formation of negatively charged ionic hydrogen.

[0062] With reference to the experimental setup shown in Figure 1B, the glectron
attachment assembly was mounted inside of a quartz tube furnace 104. On the exit port
112 to the furnace 104 a sampling port to a mass spectrometer was added (not
illustrated) for characterizing the composition of the effluent gas. A ceramic liner 114

was inserted onto the inside of the tube furnace 104 to prevent arcing damage.

[0063] Figure 2 shows experimental results for flowing H,/D, blends. Analysis of the

effluent started when the furnace temperature was reached and equilibrated at 280°C
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a non-fl anmabl e hydrogen concentration (s4 vol %.

[ 0060] To control EA assisted H2 fluxless sol der
reflow, it is desirable to denbnstrate the generation
of negatively charged atomnm c hydrogen ions by

di ssoci ative electron 10 attachnment (Equation 6). A

detection of atom c hydro )
underch NaliownFiveminues ﬁﬁg Saratiflor e, g‘%eee@?s?@"g&was switched
attachnment. However e of ara
fropeldolehe aFACERS gaqv mil)gurﬁéf ialp(bg ayplame 6&@ ofdet 4 1% ePtron emission
atom ¢ hydrogen using a na ectrone
cupse@gémzaymﬁéq%tw@ﬁhe@%p@|ep&qqagI UI’g%B?%%ﬁ(ﬂ ‘t5[‘8%§3"]é‘8{'@s after

the formati on of atomc 15 h

d
ot GO Toc s SHoweTe LI & DA FOTei PeaRen PR e
clason sMiSs. e apehdch A AJSHACK Ip s Qi Bvelatet RlgiRgh Bmission i

but al so for enhancing the EA process by selecting
stgppedess variables to enhance or maxim ze the
formati on of negatively charged ionic hydrogen. [0062]

[O&Agh fl‘ﬁef B%tﬁ{?m%h@n%ﬁhﬁ%ﬂeé{ed%timrah tamnpératures. We

ure t he ectron 20 attachnent assenbly was

fodl ‘é?ags {)F&%%Qseteﬁfpe?at%% Inerdadbe tHeusearHD infhsitpinctdases (Figure
exit por to the furnace 104 a sanpling port to a

3)mﬂﬁu§h SPRALERABR Sihcd\e Rdsehtive Qitachrhénisd belieeel tof mer an

aracterizing the conposition of the effluent gas. A

er@%ﬁ%%ﬁ: reh&fh, WdmMas df neeikbPemidlisudyiesthowr idEigidre dthdhe

urnace 104 to prevent arcing damage. [0063]

frétor esdibiceidtios efechun atadiiidb to take
d{+ %éﬁt&tﬁ@%@t@ﬁ@?ﬁ?ﬁ&zgrefﬂ uen{ |st arted when the

p,é%g %%Q&Aoem@;@@ature was reached and equilibrated at

-20 under a N2 flow. Five mnutes after data
uisition started, the gas f ow was Sw tch

[0S oF igwies g AEG Wusfiate m%&qmcbooefm'ﬁﬂ?’bﬁ“'é?m\?ﬁ'ﬂ%{é”?‘gﬁn atan

of 1:1. An electron en_ssion . curren @ Cg é_ggusedfor
isoiaermal demegrplureal 2 tnd h@r?ép?f“ﬂ%"*ﬁ'e“r‘%“g ong anfdpioge

m nutes after data acquisition starte
this Suihmere KeREASa S 45 HGLS s ey BXceph g varigH T brfidbion
current from 0.125 to 0.375 mA/tip. An acceptable range could be from 0.01 mA/tip to
1.0mA/tip. The HD intensity peak is significantly increased as the emission current is
raised. This result confirms that within the process space we have investigated

dissociative attachment depends upon the number of electrons emitted from the

cathode.

[0066] Figures 7 and 8 illustrate the effect of N, dilution on HD formation at an
isothermal temperature of 280°C. We varied the N, concentration within the feed gas
from 0 to 100 vol%, while other experimental variables, such as H,/D; ratio and electron

emission current, and the test procedure, were held to be the same conditions used for
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5 electron emssion is applied, and falls back to its
original level after electron em ssion is stopped.
[ 0064] The above isothernmal anal ysis was repeated at
different tenperatures. W found that as process
tenperature is increased the peak HD intensity
increases (Figure 3), which is reasonabl e since the
ourdeiermahsiugiesatihgcesditriemansiales dhat avith dngseasing He+ D-
endot herm ¢ reaction. A summary of the isotherm
congepigtianghe kb iermatian epmtieually ingieasegat a i ndi cat es t he
initiation tenperature for the dissociative el ectron

[Oogﬁg AERNERNS it Ladid tra%r%ﬁhb%ff@&t%f 'P-Q/DEQ&% on $8@_hcentration of

s b5 and 6 Illustrate the effect of em ssion

thecf?’rrn;egﬂgD%@ﬁﬁ@d i@Bt‘ﬁ@Frh&l'ierflbeéﬂjre Il dXPEAREnaPER RNt RhY BAd

e experinmental conditions and procedure

progécﬁﬂ'e u8bd, fol thib Qiu%g%?@“edﬁﬁ@séﬁﬁ@ s HE@U&%@% fRjure 2, except we

I scussed above Xxcept 'we vari e € em ssi on current

R i 8T (R R PR 70BN .
o B, PR SO MR B0 T
L T

d m t he 20 cat hode. [0066] Flgures 7 and 8
25*&1 FF@té9the effect of N2 dilution on HD formation
at an isothermal tenperature of 280C. W varied the
[00B8] c The expacied waiues afthenelebieorf aitathgwest agsisied b flexlassgeflow were
vol % whil e other experinental variables, such as
enlilom® astolloveand el ectron emnmission current, and the
test procedure, were held to be the sanme conditions

usegd f {“é'éﬂ?’ﬁtléf" ?aﬁﬁ%%r”@dr&_fe‘ﬁ%Eéducgré%ide%kihés can be

dennns i ncreas

conc qu\g_(g,t bl HPHRMIPLIAG, Fe%ﬂﬁéc?fb@'bbud LRSS AARRILT

[ 0067] ure nonstrati on the effect of

He/ b2 ,aasbmapﬁwnkb%n%%%a.at ion of

» The negatively charged atomic hydrogen ions formed by electron attachment
are driven toward the solder surface by the applied electric field. The
preferential adsorption of the active species reduces the effective H;
concentration needed for oxide removal; it enables the use of non-flammable

Ha/N, concentration (e.g. = 4 vol% H,; in Ny).

» The probability of attaching electrons on hydrogen molecules would increases
with increasing gas pressure due to a reduced energy level of the emitted
electrons and an increased hydrogen molecular density in the gas phase.
Therefore, it would make the application of the electron attachment process

more favorable at ambient pressure than at vacuum.
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the formed HD at 280C i sothermal tenperature. The
experinmental conditions and 5 procedure used for this
study were kept the same as discussed in Figure 2,
except we varied the H2/D2 ratio fromO to oo. The
result shows that there is an optinun1FQ/DQ ratio on

HD formation. Figure 10 further dermn i
opt i nuﬁ@rr@nlmwieﬂmrtﬁtacamﬁ%@mu rﬂ'é a{‘?W}lénﬁ% 0 et}nly H:

HD concentration under electron att ment
2.5 ram@@cubﬁg\avqa@roq@nm@égjtacﬁq@ @;cg@&sggw 'f\‘?%cathode

the el ectron attachnent assisted H2 fI S I
vere &hus, shepiiisiensy oplarsing. actl\ﬁ]%pqcyﬁstq I%f?r? ref%iwél?Wgh
tenperature for hydrogen to reduce sol der oxi des can

be | OYRE R rldaGRHRSeh "lﬁ\stﬂiﬁe'lé’ﬁi{'on%ﬂﬁémemtemal each biber since they

bond di ssociati on of nol ecul ar hydrogen is reduced.

15 Thﬁ J‘Qgﬁéq&l’l%lx cﬁi}@é@ afalat@ihek Iferifies gelativedisng andercambient

by el ec ron tac are driven toward the sol der
surfacg tche applled electric field. The

pref er nt|aI "adsorption of the active species reduces
the effective H2 concentration needed for oxide
renoval ; it enables the use of non-flammable H2/ N2

[056’9(;10:’@5 Pé\%bl%rr\ th€ pkbseRt EA ¥RIc¥a4 Bedchb&in. Figites TA@nd B, the major

of attaching electrons on hydrogen

chﬁﬁérﬁi&mﬁg‘é@%% éaﬁ‘l’?&o‘(’ﬁ%ﬁ:h cHlidyehBRiteaistirghsyAtformly above the

ced energy level of the emtted

w&le?%rfa‘?:@%nﬁ va3 Ibr'@“f@ﬁﬁ@ df SedsRBahdePhRBiehBpresauns of ¥ gas

e gas phase. herefore, it would nmake the

Bhing éd?ﬁblﬁf\ HenghRE bpRNevild Sy Bt HJU. oRessresdm irventors

vora@‘l[e at a F'en pressure than at vacuum -22 For

d&%ﬁy\éé&%o@l&?ﬁtﬁ% éH;an%H %&émlé&p@cuﬂ@&ommstwpﬁcmbn4After
, nol ecul es have a probability

edpRring &R o gfe%‘rﬁé?lr& 18 drhigsloh FrREhAMEMS 8.5 aAermal emission,
field emission, and thermal-field emission), a field emission cathode 106 composed of a
metal plate with distributed emission tips 107 was designed. To maximize the electric
field, each emission tip 107 made from Ni/Cr wire with 0.025 inch in diameter was
machined with a sharp end of 10 degree angle that protruded 1.5 ¢cm out of the metal
plate surface. The tip spacing was optimized to be 1 cm based on a tradeoff between

minimized interference of electric fields among adjacent tips and maximized surface

coverage of electron emission.

[0070] With the above described cathode emission tip geometry, when a single-polarity
pulsed DC voltage with a frequency of 10 KHz and amplitude of 2 KV is applied between
the cathode and a grounded wafer, uniform tip ilfumination is obtained. The emission
current can be varied from 0.1 to 0.5 mA#ip for the given pulsed DC voltage. The gas

phase was a mixture of 4 vol% Hz in N,, and the gap between the emission tips of the
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Thus, the efficiency for formng active species shoul d
be relatively high. The forned hydrogen ions by

el ectron attachnment repel each other since they 5 are
all negatively charged, making their lifetines
relatively | ong under anbient pressure. [0069] To

establish the present escribe

cathpdaned e SAEchE] BF WAPAHRTIE ad b Tk 2tads BlEEYES used to
whi ch coul d generate el ec n| form

minjeizsrarsingf {oee @ﬁdl%&?@“‘&‘v“f fon f??‘i @PF‘ d%Pﬁ’EEer G fjeaf theénission
under anbient pressure of a [

tios- s Kpowa b RATIEE Vg e Sy e g O eig ettt
inventors devel oped a novel cathode emission system

breskgewn af ihg gasPh@Res application. After exploring many
cat hode geonetries and em ssion mechani sns (e.g

[0671§" Rk |?éﬂn§e3bfqrie emidsRindipoWas@kea byanshitotieg thel a[fpiledi goltage on
em ssi onB field em ssion cathode 106 conposed of a

érdl%sérﬁ% ?AJ n?érﬁttahﬂﬁ 4 Borskitarit iehfistiardofas RN, o wehrirsy 403 thedip would

o maximze the electric field, each

1ea‘%ﬁ‘o§% iRErehéPinkAd apBIa Voltage. Nid SkiowH indFigure H20ihe 2piiettvoltage
i n

neter was machined with a sharp end of 10
sligﬁgrlﬁ@reéé’&l WitH ineleabinglope@@en fime, &md hete iefa ridticeatie ahape change

te surface. The tip spacing was optim zed to be 1

of §2 Qﬁé@u@n Gp t& atlé@%afﬁenbsit%ﬁer theiiifdtirieaest. iMhbdodakvaiatien on

ectric fields anong adjacent tips and naxim zed

thé %Ifag%%ur\?eqs EBN&/eads b@frelﬁﬂeﬂ% Y chaRhesoian0 AtDBDEontirmination
bove descri bed cathode em ssion tip geonetry,

p tiMe eRY bE@F 1B5E, el digtron Wnligsieh performance
Ie%{a\&%%@%ﬁﬁ Ebéﬁ{hétatﬁ%eaar:gl itude of 2 KVis appl?ed

iﬁﬁ &8s sfihsuiedonpde and a grounded wafer, uniformtip

nation 1s obtained. The em ssion current can be
varled from0.1 to 0.5 mVtip for the given pul sed DC
vol tage. The gas 25 phase was a m xture of 4 vol % H2
in N2, and the gap between the em ssion tips of the
-23 cathode and the surface of the wafer was set to be
1 cm The voltage pul se was used to

06844 USA.dac
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m nimze arcing, since the tinme required for effecting
cat hode em ssion near the emssion tips was known to
be shorter than that necessary for effecting conplete
di el ectric breakdown of the gas phase. 5 [00711 The

lifetime of the emssion tip was tested by nonitoring
the applied voltage on a si nﬂ{le tip for nmaintaining a
constant em ssion of 0.3 Swear i ng off of the tip
would lead to an increase in the applied voltage. As

shown in £l didry HiongdpRltiietirmieds eigme almgbtdomponents to be

|ncreases W th I ncreasing operation tinme, and there is

sofeldY o ﬁ%@bﬁoﬁ‘%@hrﬁ?ﬁnggn 0f ddRempiresbomedicingt gas comprising
€SS sharpened tip after t e lifetinme test. The | ocal

hy?ﬁﬂ{geﬁtaheraeﬂ{énm\% NQIHQ ﬁ'%%t e is believed to be

to the ¢ es of and 02 cont an nati on

| evel Sprb dlhﬁeon@%rer&@ ébm@ﬁ%ﬂts% Beh§ol@dted Whidhhare dopdibcted to a

the em ssi on rmance of the tip was

ﬁr#&""‘%cl"gggfaggrgﬁe xsf ng 06844 USA. doc -24 CLAIMS 1. A

tal surfaces of one or nore

rb‘?&h@ (]'; Q&F&fé egll adehfsdid Rilgatlasaghppnt  usi ng

UC|ng s conprising hydrogen and

deut rdr&%lﬁgty‘r@% ﬁ{.,&@.—e Sﬁ{sﬁ‘@% ngucﬁg‘ﬁasmoﬁﬁﬁrﬂln@%y@f@en and

re co to be red whi ¢h are connected

detu?erﬁlm bétvabn §hRGHS &%ﬂﬁ s@eoridl éléétgﬁgsasse”m y; b)

I'’ding a sécon ectrode adj acent said target

assﬁd}%r%wndﬂé P hirddt SuRen Gl',gfv&go'%%é W §2i8 9wl dndll M@oAd electrodes to

reduci'ng gas conprising and deuterium

fopﬁﬁﬂ%g{‘ss?cﬂ'l ng’ dnft BotwRH tI?@EIQ%\%oS%’s%% IBH&g etectidhs to said reducing

pr ovi rect current t age to said first

gedd f@rﬁ?ﬂéﬂ%\n%ﬁ%E%‘éﬁ%ﬁl@reducmg gas and molecules of hydrogen bonded to

deuterium;
e) contacting said target assembly with said negatively charged ionic reducing

gas and reducing oxides on said target assembly.

2. The method of Claim 1 wherein said reducing gas comprises hydrogen,

deuterium and an inert gas.

3. The method of Claim 1 wherein the concentration of molecules of

hydrogen bonded to deuterium is determined.
4, The method of Claim 3 wherein said concentration is used to adjust the

the method conditions selected from the group consisting of a volume of the gas mixture

being provided, the voitage of the direct current, a temperature at which the gas mixture
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forman em ssion current between the el ectrodes and
donating electrons to said reducing gas to form
negati vely charged ionic reduci ng gas and nol ecul es of
hydr ogen bonded to deuteriuny e) contacting said
target assenbly with said negatively charged ionic

reducin 15 gas and reducing oxi des on. sai.d t ;
s mewkained and conBERUISHBAIEDT 1@ieroAse Ao ot 1 (édHiely charged
reduci ng gas conpri ses hydrogen, deuterium and an
ioniqeaducigg9as20 3. The nethod of Caim 1 wherein the
concentration of nolecules of hydrogen bonded to
deuteriumis determ ned. 4. The nethod of Claim3

wherein said concentration is used to adjust t -
net Hed cott medies eleClaim &l Whesy Prfé“ﬁ% g?:%ﬂg’lr&&el %&Jﬁpnsmg a

of a volume of the gas m xture 25 bei rqvi.d
rechadingy S0 EOMAKSITE rhydrotels mtqeugewmé@%‘%r galgy ﬁﬂ%}wi %ﬂe second
the gas mxture -25is maintained and c inatioq; n inert gas
eledimdesfs diseontindecband sykserueity® ¢S 'i“H‘SJ‘ﬁé’g ydrggen,anda g
charged ionic reducing gas. 5. The net hod of(%%ain14 bonded
is phvidsidrbatwesr sdid §irsh aga sesangtalgeirogenand giofppules of hydrogen bonde
reduci ng gas conprising hydrogen and deut eri um bet ween
tosteiutbrilinrare nehtprsedond el ectrodes is discontinued and
subsequently a gas m xture of hydrogen and an inert
gas is provided between said first and second
el ectrodes and nol ecul es of hydrogen bonded to e
deut@r i unThe methnd ofdGlain 1 vitergn atfaasheb® GlechpdENgs gmyssion tips
wherein at |east one electrode has emi ssion tips and
arshsaid emissisingnirreot is datwaes 0t RO andohO MAVYR-p and 1.0
mVtip. 7. The method of Claim®6 wherein at | east one
el ectrode has em ssion tips and said em ssion current

is between 0.125 mA/tip and 0.375 mA/tip. o
7. The method of Claim 6 wherein at least one electrode has emission tips

and said emission current is between 0.125 mA/tip and 0.375 mA/tip.
8. The method of Claim 1 wherein the concentration of hydrogen to
deuterium molecules in the inert gas is between 25 vol % hydrogen:75 vol % deuterium

to 90 vol% hydrogen: 10 vol % deuterium.

9. The method of Claim 1 wherein the concentration of hydrogen to

deuterium molecules in the inert gas is 75 vol % hydrogen:25 vol % deuterium.

10. The method of Claim 1 wherein the ratioc of hydrogen to deuterium

molecules in the inert gas is 2.5:1.
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15 8. The nmethod of Claim1l wherein the concentration

of hydrogen to deuteriumnolecules in the inert gas

is between 25 vol % hydrogen: 75 vol % deuterium to 90

vol % hydrogen: 10 vol % deuterium 20 9. The net hod of

Caim1 wherein the concentration of hydrogen to

deuterium nol ecules in the inert gas is 75 | . %

hy dridgen: 6 meinodl Glater | Bherersaid e das3 Feiried fipm e aroup

wherein the ratio of hydrogen to deuterium  nolecul es
consistingeofiniteagengagliums aggon, Krybten anggnixtyr esﬁhsfeﬁ{at hod of

Claim1l wherein said inert gas is selected fromthe

group consisting of nitrogen, helium argon, krypton

and m xtures thereof. 12. The nethod of d ai ,

wheri@ n skiegngiodef Glaind wherain s3id gasJakuNe, Peaﬂa#emgrat%re in the

range of 100 to 400 C. 13. The nethod of Claim 12
ramdgreeofeiQ te#08° Car get assenbly is at a tenperature in

the range of 220C to 320C. 10 14. The nmethod of Caim

1 wherein said voltage is in the range of

approximately -1 to -50 kV. 15. The nethod of Claim 14

wherts.n sEhametiodag€laim 12whereinrsgithiarast assgpply s aled lgnyperature

-2 to -30 kV. 15 16. The nethod of Caim1l1 wherein the
in thestamne of R0 @ler826eC.d target assenbly and sai d second

el ectrode is approximately 0.5 to 10 cm 17. The

nmet hod of Claim 16 wherein the di stance between said

t ar get

14. The method of Claim 1 wherein said voltage is in the range of

approximately -1 to -50 kV.

15.  The method of Claim 14 wherein said voltage is in the range of

approximately -2 to -30 kV.

16. The method of Claim 1 wherein the distance between said target

assembly and said second electrode is approximately 0.5 to 10 cm.

17. The method of Claim 16 wherein the distance between said target

assembly and said second electrode is approximately 1 to 5 cm.

18. A method of dry fluxing solder of one or more components to be soldered,
comprising the steps of:

a) providing one or more components to be soldered and solder which are
positioned on an anode as a target assembly;

b) providing a cathode adjacent said target assembly;
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20 assenbly and said second el ectrode is approximtely

1to5cm 18. A nethod of dry fluxing solder of one

or nore conponents to be soldered, conprising the

steps of: a) providing one or nore conponents to be

sol dered and sol der which are 25 positioned on an

anode as a target assenbly; b) providing a cat hode .

adj @} eravidirg o redUcing gasBivse pomptising Rydregey idguiegum and an inert

reduci ng gas m xture conprising hydrogen, deuterium
gaahetveaen sait anodgandmnathosierat slevated ypeeraiieicat hode at

el evated tenperature; d) providing a direct current

( DO)d)mbiidige a direshicurrantdBE) antiagmicheaié appde)gnd cathode to donate

el ectrons to said reducing gas mxture to form
clevtgatity shld chiacige gas anixturd jal fargenegatively Shargeddonig dvgrogen and

hydr ogen bonded to deuteriunt e) contacting said
mblac@es ofasslergenbontéedhtosddutierniayyat | vel y charged ionic

hydrogen and reduci ng oxi des on said conponents and

sai de)sqintiting B8id gt mesémbly ofithGiaid nea@ivalyesharged jopic hydrogen

concentration of nolecules of 10 hydrogen bonded to
arderetigging oxides oesaid comedner29and baid seldacd of C ai m 19

wherein said concentration is used to adjust the the

met hod conditions selected fromthe group consisting

of a volune of the gas m xture being provided, the

vol ttge oThd heetod estt Claim rhwhetin dhe ctoncenteation ofhmajecules of

the gas m xture 15 i s mai ntai ned and conbi nati ons
hydnegendfonded 10 deuterise isf deteratinesh of t he negatively

charged 1ionic reducing gas. 21. The nethod of O aim

20 wherein providing a gas nmixture conprising a

reduci ng gas conprising hydrogen and deut eri um bet ween_

sai d26.i r sThanutxecafr@ain?09 alhetsin said soneertiafion ift ushgelg adjust the

and subsequently a gas m xture of hydrogen and an .
thiemeethod)esnditions sefected from the group consisting of a volume of the gas mixture

being provided, the voltage of the direct current, a temperature at which the gas mixture
is maintained and combinations thereof, to increase formation of the negatively charged

ionic reducing gas.

21. The method of Claim 20 wherein providing a gas mixture comprising a
reducing gas comprising hydrogen and deuterium between said first and second
electrodes is discontinued and subsequently a gas mixture of hydrogen and an inert gas
is provided between said first and second electrodes and molecules of hydrogen bonded

to deuterium are not formed.

22.  An apparatus for dry fluxing metal surfaces of one or more components to

be soldered by electron attachment, comprising:

.28 -



10

15

20

I's provided between said first and second el ectrodes

and nol ecul es of hydrogen bonded to deuterium are not
formed. 22. An apparatus for dry fluxing netal

surfaces of one or nore conponents to 25 be sol dered

by el ectron attachnent, conprising: -28 a) a furnace

capabl e of contai ni ngefuch .conponent s; be?nta source of
red @i ng &ENaee,ceaRRIE 6f ConiRiPigg SHON E¥TPYIE M im and an

inert gas connected to said furnace; C) an anode

posig)i onedsdupcs af r@dﬁ&rﬁ%@@@mfxﬁlre U pyogém gestedtm and an inert gas
conponents; 5 d) a cathode adjacent said anode having

cornddibd & ddiy fPhac®m ssion tips attached to a plate, the
emssion tips being 1.5 cmin length, 0.025 in
di aneter, ending in a point, . at the ti nd _f .
frorf)sai ApRAAYS RPsliPAgH i sid fb'g{ﬂcggoraﬁﬁlaﬁcé'%\“gﬁéﬁ é/Je?'ﬁ@Jonents,
the axis of the tip and the enmi ssion tips are spaced

1 crayf r ony agthageadjacdnt ssid@nodié having) plursityofo@niesion tips attached
direct current attached to said anode and said

toGaiIxadBe canission fibd Deidd)1.8Wn Blleddh, 0.025 inatiicétag egdisg in a point
m xture fromsaid furnace. 23. The apparatus of C aim

atdde WHER&iumrheBEraW Ehiglpidts YIRS 1DWegARearghsrettivel &l thetais of the
for detecting nolecules fornmed from said hydrogen and

tipnd e iekiidsidrtipdlare Apa&ddPsm dlont d@addnt emissiinrtipace Wit h

atons subjected to electron attachment using a

m xture of the atons and deuterium .conprising the )
Step® of 3 89uER GUAIERCh LN aiachies ta said ABre anq gaifl gathode; and
treated which are connected to a first electrode as a

target asgesiley forhe ROYhG gagmxteI@AsAY Arhicede
adj acent said target assenbly; 20 c) providing a

m xture conprising atons to be subjected to el ectron
attachnment and deuterium between said first and
second el ectrodes;

23.  The apparatus of Claim 22 wherein the outlet from the furnace has a

detector for detecting molecules formed from said hydrogen and deuterium.

24. A method of treating a surface with atoms subjected to electron
attachment using a mixture of the atoms and deuterium, comprising the steps of:

a} providing one or more surfaces to be treated which are connected to a first
electrode as a target assembly;

b) providing a second electrode adjacent said target assembly;

¢) providing a mixture comprising atoms to be subjected to electron attachment
and deuterium between said first and second electrodes;

d) providing a direct current (DC) voltage to said first and second electrodes to
form an emission current between the electrodes and donating electrons to said mixture

to form negatively charged ionic atoms and molecules of the atom bonded to deuterium:
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d) providing a direct current (DC) voltage to said

first and second el ectrodes to forman em ssion

current between the el ectrodes and donating el ectrons

to said mxture to formnegatively charged ionic

atons and nol ecul es of the atom bonded to deuterium

-29 e) contacting said tar et assenbl th.said . .

nega)iopatagting arigdarged ApgeraR o it R0 P?iﬂ&t"f*'ﬁgﬂ‘é&qe& lonic atom and

surface with said negatively char%ed ionic at QM 0N, ccembl
tremting saidsydacewitle atitlpegativelyighargackingig alpm ef s taget assemoly.

wherein the concentration of nolecules of atons 5 to

be subjected to el ectron attachnent bonded to

deuteriumis determ ned. 26. The nmethod of C aim 25

wher g n déj{n%%ﬁed? & S whéereltsBe cofcéiatish of Melectles of atoms

nmet hod con Ions selected fromthe group consisting

to?%al st%gg gle#@ & Eéctrgn Gtt SHt pbHE& toRRILRGIURT 9 \detteminedhe

|re current, a tenperature at which
the gas m xture 10 is maintai ned and combi nati ons
thereof, to increase formation of the negatively

charged ypn| %tI?JdO&ECIa@J 25 m%réﬂ%&‘ia%o%erﬁ}a%bm@@sed to adjust the

wher’gl'n providing a mxture conprising atoms to

thé ﬁcﬁé Sgl%(}ltﬂ) | ekt e%g} &qg}?&m?koﬁé@ ingef lasdiume Bﬁﬂh 8 mixture

Secon rodes i s discontinue

bﬁﬁg gfo%i%ﬁq tﬁ%@ omhégﬂge& Qlrrett, YR ripRrdlGresat RirfeH 19e gae mixture

ron a nt an ninert gas Is provided

|sl?ﬁ+ dsaqfddcofrﬁﬂlﬁéhoﬁg‘ e?@é‘fogn%cr%h%fdrﬁ’ﬂﬁén 8M'e negatively charged

ecu es of atons e subjected to el ectron
Ioﬂ]tctaq&hgrent bonded to deuterl um are not fornmed. 20 -30

27. The method of Claim 26 wherein providing a mixture comprising atoms to
be subjected to electron attachment and deuterium between said first and second
electrodes is discontinued and subsequently a mixture of atoms to be subjected to
electron attachment and an inert gas is provided between said first and second
electrodes and molecules of atoms to be subjected to electron attachment bonded to

deuterium are not formed.
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