TI TLE OF THE | NVENTI ON: APPARATUS AND METHOD FOR PROVI DI NG AN | NERTI NG GAS
DURI NG ‘SOLDERI NG BACKGROUND OF THE | NVENTI ON [ 0001] Descri bed herein are an
apparatus and a nethod for providing an inertina gas during soldering. Mre
specifically, described herein are an apparatus and a net hod for providing
an inerting gas during wave sol dering using nitrogen and/or other inerting
gas. 5[0002] Work pieces such as printed wiring boards or circuit boards
have increasingly smaller wettable surfaces that need to be sol der coated
and joined. Typical operations for wave sol dering involve a soldering bath
t hrough which the printed circurrLb@T USEONVBRITKORNI eces to be sol dered are
transported. A conventional autonatic wave sol dering apparatus includes a
flux applicatigppARAPUSRE METHOD FORSPRARIDINGANINERTANGI GASDURIged 10 to
process printed circuit boards. The SOLDE®INGI rcuit boards are transported
al ong a noving track or conveyor with their side edges supported by
gripping fingers. Flux may be applied by contacting the board with either a
foamor spray of flux. The GAGHGROLOEY OFi BHE INVENEISNd t hrough a
pre-heating area in order for the flux to reduce the oxides on the netal
surfaces tjobe] sDesleived.hefdie acé maldppatztas dnd & rhétend ttm:braaiuag ani ihhrtisfgr@se or
15rru|tip|e wave |C}O€'m|§\ﬁ en solﬁ l|n an (”1 inerti as_a &Ee&g.r
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i nerting g&eedingnth insrtind bestunmpswaad balderdvy) usiey titrogen Sad/desthagnedtindigas.an
inert gas and/or nitrogen atnosphere ininimzes the formation of dross or
oxi des 5on [0062s uWoalceieoés 1sbeh sslpdieted Wineg froassnareciiiit droasds kave/ iocreasinglyi de
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parallel to the so Jre Use trans i.nerti
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sol derlng, t he val ue .of an erting at nosph 5 o in j
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si gni fliscanhultiperwaveatof afoltbe adidér eanvave isetidgyangtmdsphaddi ti on, the wetting
performance of | ead-free solder is intrinsically poor conpared wth that of
5 convent[0003] The-hetity gabdemospeeetypicelly tsheitrmgenh i(Ny) ahd/bh@tl'iemrineming

sol der joints is nor ensitiv Q S .of 1 dat.i

sol der sur9aea. anfjdf)ﬁgfrﬁ'lme |%a"ﬁ§ '42 'ﬂ%‘ﬂﬁ% %ﬁ@?”ﬁ%gﬁﬁwn% 'P%H %\Q/é"ﬁggfg ng can
signifi carﬁthmsplee:femnﬂnzmthéwmmtlbmof dross lbeoxioed em theod uitaice shitteaoéler Rédeici ng
dross formation not only saves sol der nater

al and_| es
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formed, Ed%?wé’l? Iotw 8xytg%H% moXph%fre Spce)alrtcljc% arlc))/ gg}neaﬁ% the work piece to be soldered.

[0004] For lead-free wave soldering, the value of an inerting gas atmosphere
25 comprising N, is further increased due to the following reasons. The process
temperature using common lead-free solders is significantly higher than that of
conventional tin-lead solder due to the increased melting points of commonly used lead-

free solders. This increase in process temperature promotes dross formation.
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15[ 0006] The diffusers are commonly nmade of porous tubes that introduce an
inerting gas such as N2 and/or other inerting gases into the sol dering
station. The porous tubes, however, becone easily clogged by sol der

spl ashing or flux vapor condensation during the wave sol dering process.
Once the diffuser tube is clogged, the efficiency of inerting wll be

| argely reduced. Present nethods of cleaning the diffuser tubes such as,

for 20 exafnlermisl NeUbddiagPbsn-Ret Noiddr 1L hoMhbl) GAGANHIthe? Ohh! PP ofare

extrenely Ircult an I me consun ng he cleani'ng o ese tubes nust
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of the folsleowtlmgtmﬂbpetate weexidftionsan a leadifececkpider sbtfaca. hat t he i nerti ng
apparatus and net hod reduces N2 or other inciting gas consunption to a
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for inetti r I
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is sinpl e P8 st al ntarn to mnimze retrofirtting cost. MNoreover,
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cl oggi ng er tube to ensure a stable and I ong | asting
Mei [ i ng pg%'?‘m% oD X Ry OF THE T NVENTI ON [0008] The appar at us
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i s direct edefafitcosttthéhenemibopgier e above the sol der reservoir. In certain
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conbi B4t i @WQMerAmbrdfrmyy be ocdarpei preaotsf the anpficationcaf l@@éﬂﬂgrbg Ner ang{erepthal . | n
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base and #pm) or less, or 2000 ppm or less, which corresponds to the cases in which no circuit

-2-



opening, a cap proximal to the opening, and a tube conprising one or nore
openings for the flow of the inertino gas therethrouoh, wherein the tube
resides within the base and is in fluid conmunication with the inerting gas
source; wherein the inerting gas travels through the tube into the interior
vol ume of the base and neck and out through the 5opening, [0011] In other
enbodi nents of the invention, there is provided an apparatus for providing
an inertin s_durj soI rin f e i ng:
o e RS Sl AL 5% SRBRP o MR PhoRyab ARl Ak spamE ¥

| east one anhgemethodx wekdan appamtwoithiat ishsimpilen to hestelblamdr maerﬁanvtol mirgmizeai ns

nmol ten sold n at least 10 | | t

| east one (ﬁirlopﬁ‘gg (Eor?g jﬂf)rg%?ruét 5e9??’|'@% c'ﬁalt gﬁe\@p agli'sdepg?af‘ ﬁ LFC%Q &
reservoi r; elghink2ashe eluggopesfi thg ponousheiffusy tebe taeeswt a himbppad wlwlslassthngough
whi ch Ieaﬁt one. sol der wave emtting fromthe sol der reservoir passes
and cont act§ Pﬁé’e\ABFrﬂa'bﬁ ece; and one or nore tubes conprising one or nore
openings in fluid communication with an inerting gas source wherein at

| east one of the tubes resides 15 wthin the chanber; wherein the
apparatus is' positioned a mmﬂeb N\?ér(m?j&g underneath the work
pi ece to be soldered thereb orm ng an a{:m)sp ere 12] In further

enbodi nent t o) i an
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the molten solder.

30 [0010] In some embodiments of the invention, there is provided an enclosure for
providing an inerting gas during soldering of a work piece comprising: a base comprising
an interior volume in fluid communication with an inerting gas source, a neck comprising

an interior volume in fluid communication with the interior volume of the base and an
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15[ 0017] Figure 2c provides a side, exploded view of an enbodi nent shown in
Figure 2a. [0018] Figure 2d provides a side, exploded view of an enbodi nent
shown in Figure 2a'. [0019] Figure 3a provides a top view of an

enbodi nent of the enclosure or protective housing, which contains the
center diffuser tube enclosed in the bottle neck enclosure 20with a top
cap. [0020] Figure 3b provides an isonetric view of the enbodi nent of the

apparatus described herein in Fi - i .
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at nospher aestef atopdthbyatt lkastvonk @igec ef she fsatder tresdrgois obuke rae ¢lunaitly tofidubes f ace
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wherein the work piece and the top surface of the molten solder define an atmosphere;
passing the work piece along a path so that at least a portion of the work piece contacts
the at least one solder wave emitting through the opening of the apparatus; and
introducing an inerting gas through the one or more tubes into the atmosphere, wherein
30 at least one tube resides in an enclosure; wherein the enclosure comprises a base
comprising an interior volume in fluid communication with an inerting gas source, a neck
comprising an interior volume and an opening in fluid communication with the base, and
a cap proximal to the opening, wherein the tube residing in the enclosure is housed

within the base; and wherein the inerting gas travels through the tube into the interior
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per mllion (ppm or |less as neasured when no circuit board is | oaded above
the solder reservoir. [0031] The apparatus described herein is intended to
be placed atop a solder reservoir containing nolten solder that is

mai ntai ned at or above the solder's nelting point (e.g., up to 50 ' C higher
than the solders nelting point). The apparatus described herein has an
internal volune that sets atop of the solder reservoir thereby defining an
at nosphere het we i | pch is. j p.one
i recti on BAneRrkaTele BEito th EnneR! BRaddl i onchi R PURESTL e

sol der surhedeandceapcertai n enbodi nents, the work pieces are supported by a
nmovi ng track or conveyor fingers at side edges of the apparatus and the
fingers pass through the sol der wave(s). In other enbodi nents, the work

pi eces are supported on pallets, fixtUes, or franes as they are conveyed

t hrough the wave SHRIBEDESCRETHONOF SRYEEHLAEVYS &b Tl DRAWINSG® or nore
nozzles therein that project one cr nore solder waves that are generated by
a sol der pinep3] TRgusoliderovidaspan ssepelicaliey of earembidimepleet apd%pwhb(tbe

all ows the_end. 5 sol der fromthe sol der
wave(s) and’ rgﬁ'sﬁegeé?rggg\ﬁgrr%@ﬁ,g t%%%gé%:ﬁﬂ%@femgfeﬁ\df t he sol der wave(s) to suit
processi ng i ki I ji I el i Ng:

Ot hor ~oncl BOIAE. HEbrSra SruRies, & ibdec RoMe I AL (At Moot & Sirter

t he sol dertupampmeniding meras T prISUsTipelsieserisgl hasein Serthes composiaaea eanlopyier t
atnvsphereagg ggg at least a portion of the punp, thus mnimzing dross
formation. ? 032] The one or nore sol der waves contact the surface of the
wor Kk pifece er: ; ; d i ' ; - ce
ot hel GpplgoaehcrBEHEEs BRoliREo 0 R REec edific VRR LrBRerhBpdinEnl S Bitled
addi t i onal lupe comprisiog PorIFeOror PROKE tighef dassaped DRyel eomMising FyeMRBUGT aRdPAe
openi ngs, SRELAdH Afer AnBrivind6id IrAbeMoRes iRINPRERSIHEH ofdh€ ehélodurdl! d

comruni cation an I nerting gas source such as N2, suc at the
Inerting 9@61§}5 Pﬁﬁ%e% RISt A ehBleR IsBmeliRd WBR of binidithddithént 3R d sAivn

t hrough t he openi ng or pores OP the tubes into the atnosphere. In doing so,
t he under iplmigue@a. front edge, back edge and side edges of the work piece
are uniformy blanketed by the Meiling gas as the work piece passes through
t he sdi5der[00ATle (Eipure DOFBYIdES acide; gkplodetbyay e A esToodineend shawainikiodieda.

met hod descri bed herein, the size 30 of the apparatus placed atop the

sol der resk9P48l r Figuren?thiprevidas @ Gidentexplofeq viemeof ae ermhaglinaenti SowAdy FAIWand

t he novi ng%asol der waves. In this or other enbodinents, the static nolten
sol der surface, or area outside of the footprint of the apparatus in the

sol der ' g Lﬁ%‘é&% BRVRRYE R iy 8 Bh HinBdRATREN S Whe ehBb&UrE BF pFdiddtivean

w t hst and erature of the nolten solder contained within the sol der
reservoi r . hqusng4 whinhecaiybaiag e serifd difeseidlybaeaciopsd i Hisr kothe P8RpLNIRSWRe or
nor e %bffqﬁﬁ{ahﬂp ~conprising an interior volunme and one or nore openi ngs
whi ch can be, but are not 5 limted to, pores, holes, slots, vents,

aper t ur es’[rqﬁ?d]f OfiglilcOBE [tbviBbd&in ERAREId DRl 8t 1w ehffodiriéntPers§RI8pratus
nitrogen and/or other inerting gas within the interior volune of the tube
and out t HfesadPed hrrepRgi She¥wndh Fgvee Babe. I n one particul ar enbodi nent, the
t ubes arelgorous_and conprise an average pore size of about 0.2 mcrons
(urn) or 108821] Fige\dcgroddesaaisidgrvigw ghthgrembasitemer te apragatus gescriBed t he
por ous t UleyreihBnkithewR'in PigRRS 38 WhERiMBRIsclost dffiee barasdifiiser ispdriallyd
communi cation wth an inerting gas source that supplies the inerting gas
such &8, fieymeasseshipicthe xpolieRy - the interior volune of the tube and out

t hrough the openings or pores of the tubes into the area defined b% t he

surface ofl0P®d nfigtierta Blayisiesia sidRe/igve Sk frofbadimeab WPeSREY throteotes; duser

[0035] By tgl'%clscbﬂcl&eéranb%@l%taspélﬁoﬁbntiéﬁiﬁlrﬁé}’é@dﬂﬁnl@id‘ §disareddtbes, the
apparatus described 15 herein satisfies one or nore of the needs in the

art by prqugsi]i Neglless brattiedth ep Viek SM@BIdMiSodihemosfethie AfpphRtudltiédodsed
tubes from sol'der splashing and flux vapor condensation. In this regard,
addr essi nd'ef¢ie ape BP WAL igEEtRi ng of a centrally located diffuser tube is
a difficult task because the center diffuser tube typically resides between
two sol der waves. Oftentinmes, the distance between the two waves is
approximately the 20 sanme as that of the dianeter of the diffuser, such
that there is insufficient space to provdde a protective shell w th open
slots around the center diffuser. One enbodi nent of present apparatus

sol ves this problem by housing the center diffuser in an enclosure. The
encl osure conprises a "bottle neck"-type shape with a cover on top of the
neck, wherein the base of the enclosure is at |east partially imrersed
within the nolten solder 25 reservoir and the neck part enmerges out of the



30 designed to allow solder to pass through the neck of the enclosure, thus
inproving flow of the solder within the sol der reservoir particularly when
the enclosure is positioned between two sol der waves. The hol es may be
circular, elliptical, square, rectangular, or any other shape provided that
solder is permtted to flow through. Simlarly, when nore than one hole is
enpl oyed, the holes may be laid out in any arrangenent, for exanple in a
hori zont al i f nt.
The one. or\99B7E FISPRISHATP RS st i B5F FrBbaibof oL ARRIC LT AROCH
sol der f| otwbesanddworsie difieszhrambwrleler@@peo\andrat fasst a\p@rtwlnl lscinmsmsadmo of

t he encl osuor(g rrg\@erggl:ta' n enbodi nents, the 5 one or nore holes in the neck
of the enc?c; ré“fay range from about 14" to about 1" in diameter, or from
about 3/8" b 7

di aneter. Pbgﬁﬁ] Pﬁ%recg? tp a?‘ﬁd%g%t@s r\{"gq{ gff {hg n%rﬁggq{ﬁ\?éﬁ?fl %’% %%%SWdlegcnbed
posi t i dnedhabimvandidhewnai kigofe bae encl osure to form an open space between
the neck and the cover and direct the flow 10 of the irierting gas as it
exits the [9P@6) nhigate & peovidss arf ispmetrivedkw oThe aptiveal qougr thet saphe ased aith

det ached ftrhgrytphgr%t%dﬁﬁ]mghotheQPr}begehe?éﬁ' xed to the neck at one or nore

points so as er 1n place. Wien the cover is separate and

det ached f h [ Versto
anot her suPPZEk PollfF provastiih, @@oﬂéwﬁ%; o RUBR RpPlrel Ll e alRa kT

or nore pomnmegaadk bgorawylcbmetwmkeolmtrm@lsoﬁ thesembodiotenbaepictdr exanpl e,
the cover may be attached to the neck, to the walls of the apparatus, or to
anot hel0 suﬁOﬂa&]e biguené pnovides e pinteasdempomsiratiog itpe , pasitione| thathyerepuspy to
anot her meghan 5w, bAO3HLIIN, GoMARLAACE Ahobhe apparatus and met hod

re o

descri bed erern inc e one or ollowing: 1) the diffuser is
encl osed opd t ithgs
by spl ashi R2a0, Haie"s bRRctL S BRATS, ddholk a8l dfe dipeliont Rl el 3REH
conpri sed meawreﬁbrcnawyrab@mmxam@e#at erial which becones hot and
elimnates the chance for flux vapor condensation and solidification of

spl ashed sol der; 3) the neck of the enclosure can, in certain enbodi nents,
be coated with a non-stick coating or material to mnimze coating by £ ux
resi ddé when cont act i ng DETAILEDESCREHIONOR REEANYENIHOYNf t he encl osure
can be made of a narrower dianeter th_an_the base that contains the diffuser
t ube in orl@830} oAk lpestianertmererefithe Rbisstives ipdisrad are fidfilles) Ryetheagtead @nd hout

bl ocking o p'afst&é tieLdried Wetdin tfmngmnerar&em\ﬁedmmb éaﬁdetnhs W%egppamu@aﬁa ain
enbodi nent § ower oxygen readi ngs, such as for exanple | ess than

parts per rneﬂhpﬁo:lesca,lm Bereine REvisEsHpeipa sIralgeian dedrg seiderieg. Pﬁi?"é"?l‘ilyfﬁoﬁser
tubes in tth@sdee ( tﬁﬁﬂﬁ&w@%ﬁé@rélBﬁﬂcQﬁrﬁb%mmeéﬁd té%ﬁmﬁgy&enwerr%a@ar RURRAG S
are conducted wth no circuit board | oaded above the solder pot. nolten
sol der0t o Seislekiaptof axorkpighes.csushrast Riinted Fircuitthaards. aporiBereasasbexisdationsof theye
portion ofg tige %?EL% wsrkt;n@ce%nmbwéwr Ch P &iloidafed it heessp;smu@laﬁe MEthEd as
heat conductor to keep part of the neck at a high tenperature. In
t he sane olesetiprst h@fﬁﬂbdiaﬁeh% suseé| fereexarualet do getoffean i aidptioe wave Iseldgeng
conductio e f LOR bibBsH 8@ th
S e e e e T
220 C, or Soidsm rgseeir 10 angder At unovng tack oor PHEM eyaYancgomechyigBoiet 200
C. Inyg0 u a
di £ 2l TREPathTRt Sor Dcd ) be FaRcicR: Ond oy Mol QHBSA: bibed HPRL ALY

t he encl odbe @ppatius Rea in fluidxeennectien MalbkamfingriRg SAg|WsiReesHth appitedsiat el y
180 C to Zfirer iddh Qéé‘@fq 1F?e|ﬁmq@oﬁegﬂg%n metos%r{myah@ce.%maﬁaxsemereme use
of hot inerting gas w n wave' sol dering apparatus is beneficial

reduci ng dointleg ioag (eef. avikkire ofiORrogsn ancdmsredes MRisHENdR &2 &t by aieight Ofl I l.

Barrel fi IHydﬁgglfeﬁgto? c@ﬁw%nrféﬁb‘ﬁseﬁwe%’oftt@gﬁﬁﬁo%téﬂ ﬁe&fn@ddtﬁ%&neré‘n@bﬂéoébjédﬁ% b ng

gas my be mnimze terrper ature gra ifents across a work pl ece
in th80X- \th%mgpezaturrsra@étm@ihgd degyribed dieraim isoheedysed centeatraiomeldyiaen (O e
appar at us ﬁ‘é‘gt %aﬁlea'bpqﬂe %H@F%céggrfsc%%soé f846BAGRd 'th@k&@édeclﬂ the
bet ween a pal ering waves his regard, the size Cr oss

secti on ofmaltes SQ&ﬂ(CaWdlnédel@Hhthséolﬁeﬁmﬁeﬂ&f %L@hésr butget bﬂmtﬁ Wé%e%rt% to
about 8 mm The di aneter of the base of the enclosure can range from about
13 to about 20 nmor about 15 mm It isgunderstood that these di nensions
may change



20 dependi ng upon the configuration of the wave sol dering apparatus, and
can be scaled up or down. Particularly, it nay be desirable to vary the

hei ght of the neck portion of the enclosure dependi ng upon the di mensions
of the soldering equipnment used. [0041] In certain enbodi ments conprising a
center diffuser tube and one or nore side diffuser tubes, only the center
di ffuser tube is encased in the encl osure described herein. 25In

al ternative enmhadi i r.: . e..side

i fuser s 5 STURCAEEH) Brebpas EiEyeStef Whbl 38 <rBAELRRE P ToddBlGBle Wasdud
previ ousl yrepemvbironed, the apparatus described herein conprises a housing
that contains one or nore diffuser tubes and an interior volunme. In certain
enbodi nent[@031heThaibpsaratug deecritedateseinbe iniersiedith de plased|ateya sbldsotagervoir
waves, at . r t 0_.si t | VOl LAt rk
pi ece exi téog‘? %@Rgfrﬁl?' ggsoo ﬁrr}gtrlgig@gﬂe,d %f‘"?%ﬁg‘?ﬁ%‘{ ?%ﬁésrsfh]g}t'ggfeowge'%
certai 5 emot 5kME Highenthaorthersoldeds melitingt pdves gy apraratue rdegorigndi hasein has
bottl| e- shape I i P pLerd | an
Mnerti ng qaCard RGP Shar et Me o A PIR R (b ah Rl

| east a pdrdativeen tfe whrk pead oshe soldert dohichds conveyedrir greddwvédtini enteheowiog t en
solder. T | e t ri j i cap
that ai | oneRry s p b sy ST e RS ERE M IRe. 3 pORAA BRI R,

def i ned bytheherkpietes aredsupaprted tly amavindtrack sropheyos fingers @ sidaiedges of the
enbodi nent - I h r o] [ of
heerdl osiraraigs ShE T By Aslrblih BRE AT wq Ry RE M ittt l o
wher e one workrpeaescdre tsipparitatbonl phliais eixduras eordrames asl theyewe dooveyerdhipiugh

Fi gure 5a) e r S j t he
appar at s P A EGS ST PR By oY pUBiTeRpaE IS GRS pidPf pUBHEE Biefdh o

defi ned byprbjeet apparanors suidermphvesnthgb e gesarafedclsy. a 19d048imp. n Thersoilen
enbodi ment i

verti car i by YERah, g ARaHE 30eBl SUBD LA T RErdo BBRTotte 1OF SY
or norié ofsdder feintdthedididanseve(siilaed raiFher [piwec éreeapexafr coert obthensmider avave(ss er
tubes withi cl.osu nd_ i I i .puUS
probi ens. A8ssBBEefiy (el o 3pb Wi riitel hLSE GRS hefbif & Dok BF P2
por ous t ubmncthsuextay ald be plaeed Glrolend thatdvldse gaiogeort hpoddn alitfid¢ eslder pube i s

h d within I ' t. ' th
openi ngs. ot e e S RLBE sUpEH B kB il REhOgheld AR B apEs "
appar at us urtionreftthe ghuches thus vgdinfizing dross diermagiest a porti on of the base

encl osure, the neck, the cap, or a conbination thereof conprises a
non- st20ck [0032] ntheoneatrenpw solder wavespkenteét thensunfase i af khe owark rgedesto2be

| ytetraf PTE ing,: i f
Fratienar k S EhANLSE Spb G ilre b p)tH: W SackPor QUMERHURER tifbea o
of W | mi ngiesein. Deliringathis) protesso tiee eptrrdivasdditiohaltyheonapisas anasordesrerdiffiser
h in, t e i , k
other " enboiPRL Gy EB i SRERF LBFE pBellfie s e siof o forifihs, bhphisk Wit Bhe
integrity iatflua canroueicatioe winpe inertingegast saunee sudht anN2 Sucolhdethecoentiog bgs used

in | - f i :

part | &8 are Brpol Rt el hBRRBUOGTR e e i AR (RAUD 1E8050ning Br BorBRE,

non-ti ck dbattumes intmthenatngsphere( nihrooirg sbabedindevatrfavg, fthiicédges back edge
fact | : i Leh .« i ot

Mtegr i1y 40 G R A0S g bl prsrtarSy e e RR by ML S AR ok £ <

t enper at urmsce FHs8945pugmtherseldeambives).ar enbodi nent wherein the center

di ffuser tube resides within a bottl e-shaped encl osure having a C shaped,
U- shaped d0033)s hiapedtacregmbodimeot oftbe apparatus and method described herein, the size

30 of the apparatus placed atop the solder reservoir is minimized to intensify the inerting
efficiency around the moving solder waves. In this or other embodiments, the static

molten solder surface, or area outside of the footprint of the apparatus in the solder



resi des between one or nore pairs of soldering waves, the dissolved flux in

the solder reservoir can directly contact the neck of the enclosure, the

cap, or both |ocated between the ist and the 2" waves due to a conti nual

dynam c novenent of the nolten solder. Wen the liquid flux on the

encl osure neck and/or cap surface is evaporated or thernmally deconposed,

solid flux residue may be | eft behind on the enclosure neck surface and/or

cap. A non-stick coating na er efore be ap lied he encl os ase,

neck, cap,reﬁ?r"g'r'aﬁ9”c%‘h%°h§'>téfjoﬁyt%é?%’bfteTBe Lﬂﬁc@a[%@ VidteCHhd" @Q%@ﬁ % ©of

routine MeteAipeRiecof dfie inbke@ppldeadamainddwithionhs toldér resatvbing can al so be

applied to at |least a portion of the internal surface of the apparatus or

t he inter n@b3sur Tl@é:@ppératdwah@pnemu@rd,estmbai hensirf oompase ooé @l mars diffuser

[0046] In t ano apparat us and nethad descr,

herei h t nettts SARRISe SN PLPIR SR EGhRnT Sos BERoRn PRl TBbe P BEmiba ook he

novi ng &t r apkitddter pdnes f lwies, BiHts vbutsnaber&mee.t;tmfovﬂrohs pr ethes meanp disx allow for

t her et hrou tgh The 05@ nal co &1 orrgritaest a vtentl lcﬂt' on hr?l that

is in flui i r8ger\1Map ofﬁ e\/ér?ﬁ ngd{;? i8R Qﬁé? °of" Yhe mﬁ/ac{/é e

sol deri ng amtbitrtardugatth@lopenisgd of thHehtabeolih eat ipertlcofarfehmodwm)mthbrtobnstére

at nosphere underneath the cover. In one e odLgﬁ ? zp:)tl onal cover is
t“&'Pr%‘ﬁ g

made of a AKOYS AT EOMRLRS 2hAYELPIL BYESZR ¢iif BASE 1oROYIEe Phe

venti | ati oanfmdi et ofGherting o RS jaB@ut bﬂtr@qsarb@g tupab aglitive ok otﬁdﬂ%nmﬁlnﬁé‘rﬂé
cover is nade of double |ayer rret al eets, .and the doubl e er s eis
oot 400 D Cytis 418 hAGE COBRN CRipb MR T&TinG A% oW G A SUBP e e BE TP gas

trap. I'n oge AahtdsC Wraka@plo o, iotigh tHeeintiriot wgmebﬂ&wmetam duthrb@yrethe of
nmetal sheets can ra fromabout 1/8" to @’g‘%ﬁte? adj}Z/}hen \Aorkgg]aecg(ie or
20 ci r cui tORSBHIGH IrPopE Sl tHE tURRTIIRde re dotsrhy, (el suiaca phinegBAILY

i nside thenged ARENIY dMdeRdne@RdGork Pidcest ed through the boundary trap, while
air surroundi ng the solder reservoir can also be trapped in the double

{Aﬁyer fﬁaC[bmSFeB?QMcIEﬁﬁglrat RGsUO8S of m@t pidtr)élﬁls &ﬁnéé?{tm&éwﬁet Esparatoe desgeaf
ere ere i s no wor [ ece or .Cjrcui oar 0

reservioi r,N&'alE $3listes A Qéé“%'@r%rt'é\ &gefs Hhﬂ?f’né’??w Q%Y@tﬁpgﬁﬁscg?@"@n%fl H&ed
as 25 deS%pé@m@shréf epdrek Not hﬁeldﬁﬁuéernmmp&bat wdeansmasrsmg:mdj Ifmko\/ém

vol une under neat h, t he doubl e Ia ﬁ@o i) ver reh%1 f? {‘? nt%d
boundary |mdﬁp?ﬁ:}'°§as'“éﬁ'ﬁtr59?fdt gioP'e '899'8% g Gehirgy el

vol une. [ Odifdder s &ﬁ@umvagkafecange ﬂm*éf&ﬂ’fus@f taﬂeaypealguss.uubeemen

di ffuser_ t hat used in tgzt‘ea ar at us Fnd EE@QOd cri bed herein. Otﬁs
tube 10 i sV &RVES: H@’R%S 3¢ dipfansgPerugen s dvamareEs f?a%"pé?f“mﬁ%e &l

vol umeel5 ddad a8l thavef tey dametdrestt Ih@gdlﬁaé“ersuadfh asat rthéreogeinslﬁndémrsp&bao gas

such as, but not limted to, another |nert éﬂﬁ? heI|
etc.), hydP'8YeR 2 RipteghyRshelivitirPenRiRte ground 3h POweT Stk et G
fluid conmpras&mtdgparamid Borss &H]§lp§'¢ﬂlé}ngﬁ}5h§tmﬁg3@1e(mﬁersdﬁﬂw& in Iam. @itfosure.
enbodi nent_ porous tube 10 is pade of stainless steel. However

material s TR SPEPHHIE GOMEISeD a PRifleaness HPeHPecuE] 8 cvel BRJoR ©f ?I'I"Fe neck,
material s gh&eothe rb%@ébf YR driRidshife Btdedst paHRNY dhmelRed Qi theendifeni sblden

fluid conmunication with the inciting gas source throug asepus co dui t

or otHer nERYOl 7 WRARTK. pqﬂo?@i‘ﬁﬁgetstﬂg qdﬁ?d’??l}?@rsq{%‘?ﬁqr@@g SHCR a5 B Ey of

per forat i o&fibodiReRSshdin lhqffl?ﬁ?e% (Arefn%ﬁfr@dgésoblbm(e@loﬂelglﬁé%rowlek Wa@8s can be
"perforations”) that allow for the fIPW of mkt he internal volunme 15

into the seAERteHFopNR oPenag ahthertPe Pt 51<) SB’i‘est’Pf’é: encl osure (not shown)
t he at rmsphere defined by the urfac Bf t he nol t | der  (not ﬁhown%
under si de §P38he!nBP% %iBeE €0 B‘@"@std FE (tﬁﬁt”eé: ‘?‘ Srclasyres AS$G RS

t hereof . Wdrbg mﬁm@staﬁeormores heleeVvar @tReDBpétgndsy| TREIdneabr mbek hant nge a
circul ar cross-secti onal is anti ci ptﬁt ed thEI ot her ?rret ries, HCh as,
t

but not0 | | FRYEE!S, a"?‘ﬁaﬁ?mﬂé‘? Pass,ifisruah the degin ghilngr encsH G Ehsimprafing flowy

be used. [&OHhB]sdredrfvaitrd Itwsolaer %s%nﬂﬁsfﬂﬂ&ﬂaWMBﬁtthQ%hcfob@rw isSpdmrohew y
directed, for exanple, with circul ar as Shomﬂ)[ﬂl n the enbodi nent of

Figure 1 abRIWEPR{WS BelflerdivaNasr thechelas May Regrigriar gilintind! seaiererEnPWak Y oi r
(not shownyny dtRediRivReiroRaRPthalBdter Rk @ttitoswaRrotgh. [Bemilygivher inuaé

hol es or sllts In these or other enbodi nents, perforations 20 nay 15 be
chanfered or angled to further direct the f1 ow of gas fromthe internal
volune 15 into the soldering bath (not sfown) and/or gap between sol der
bath and work piece. The average pore size for perforations 20 may range
fromO,05 mcron to 100 mcron, or fromO0.1 to 10 mcron, or fromO,2 to
5.0 micron. in one particular enbodi nent, the nmean pore size of the
perforations 20 is about 0.2 microns or |ess. The size and nunmber of the 20
perforations on porous tube 10 are optim zed to pursue a | am nar flow of



30 2010. Base 2010 is in fluid communication with an inerting gas source
(not shown) and houses diffuser tube 10" and conprises an interior volune
2015 that allows for the flow of an inerting gas source into the interior
vol ume 2015 and into the diffuser tube 10' as shown by arrow 2017. It is
bel i eved that encasing the porous tube within the enclosure can m nimze
the chance of clogging of diffuser openings by flux and solder. Wile

di ffuser tybe 10" and | r ' . - j ;
cyl i nar i cal g aonel P IR B BTk, MR RR B Mpia o
ot her Geonehbiizshtaldine lalag, thé Engttodf the metledr inog stapgeredarrapgeraest, The one or

| ar, liptical . e ne| f :
conpr1 ses SRS T Al ks ST AL IR oML Boige thyt A Smisne cr
is 5 in fhnd dilczpeudiocdihé overall timens®ns nf €1d enclosorainid aftatrhembediments, the

Encl 2000 furt ' 0 ' j ' 2 Jsmut h
of “neck 2038 GHTEIT BEFF HoLPulr bt e ShBD e b aint TR REeRer: heablEr B
fl ows out wainaleterasr Stvavabolty 348 towso @028 inDliamater,operam iabnyt 2hta alesut:%7ig gas

passes froma source (not shown) into the interior volunme 2015 of base
2010, throdi§WefS%e diffuser tube 10', out through perforations 20', 10 and

2029 (sce EOgH ol SRarbEn8GmeRls dtinodiiin, B cbUS bl ¥l Rebuc v

Fi gur es 2atheamdioRdre toHernnec kp&d 2faaef batwedn ther ecRGOO thagocwmpdidiectdhe flow

nore hgl es 23 through which. d t i ovi ow
wi t hi n he°'§‘g'Fd8?ri“H% S 'éteﬁ‘g%%géﬂf@iagﬁﬁe:?psgﬁﬁb%‘hd#@% °§>‘?‘463ﬁ%yet’%

t op, i sone¢gpacateamd detalehedi fewn thes spectarvteinpy bef affidesl ontbe evdsb dit wpator afiore he
encl osure described herein. Referri Figur C Ois
pl aced ontUEFE o ogéo (?Hbe %Oﬁlgé'r aélﬁg‘gg'?g\ﬂ}eg tg?&@?%@gasgi’]%ﬁ%r?’i“ﬁgagé@éﬁ”ﬁ

at nospher ethdureick gt mawdechedd indelacenby affieingtthe covaitto @nstiied evifang, apgraasatouse 70

[ | d i h ' . I 0
o Tor o ndburgs Gl BN phpddisn Aol B Blot effieat ek Y FilarmsRRH 1,
are gener ajtegthmegna ot deamplenthe( coter n2dy béaitaihed el thernavy, toothei \wailsesf tBa

e 1 ost  oAPRRR appap A U s Byaiterd el e AP BF PRI B b,

t he end- ussiotheropechanisace 35 further conprises at | east one opening 40
t hrough which at | east one solder wave emtting fromnolten sol der 80
cont ai ned [0088] nThédredewitates ofdbe mppanatusSanphset®dt dasotiggd hergirl insludgsnard

Chown) . RaTtie (110 TR e LR B ph 5B bR R e R B bl

at | east osfehgtubevapetigebytspasbinptsoiten2)dppaeck pat 80the leatloswstis natrap andl an

edge of solder.reservoir 75 | rtaj j t ratus: Vi
conpri se Wr{sﬁgno O%Sh%rpgﬁ)(/ecoﬁ %%ﬁl@éﬁf%ﬁﬁ?ig@ﬂi[cﬁe: Eﬁ?ranggprre%ﬁt&tgf élé”ﬁg%tggttﬂg 30
at op of sadhdace fasfexwaipor ¢endemdaliatand soiitfidatiombf apldshwaicsoldirf Buthermeck3® out
of the sol der t area 30 a h 0 _Fi e nd, 3¢. i.pents
of the apptg?a?'{)f °Sa'é%c°PPbi’b Cﬁé?@i %mﬂnﬁ@%&&%u%enﬁ:?g%ﬁgwg? oag\Pg%Sg‘g% chgt?rggdto e
front dif frusterialltbominintizetoativg Isoflderesjgioe velremaconBidting lifjuid tfluer arhdboitie meck s of
t he appar at descri bed herein, d r 0 s er a
ol ur 2Bty iine FERBRUET e B4 I oiE Rap e el ol U BEAONER cBiigp bl o
sol der r esdifivaair rtulzanch looieatte filihtot the mhrfdvwuspace betsieds tivhesdlddrdeavesowittmuba
such as t enbodi nents. depi.ct in Figur 4 nd.4h a I gures .and
b, Rot er PG R a8 e Gurdd e Ryt 8Rv4el"Sr aBeaniE “orBosa s
and t he fremnibodvabhts3Bwar dagén weddings! sdelf iasefoc leaainelesleshdbaraRD0Avphds pehe
pl acenent of. porous tubes 10 w thin r - t 0. 1;S..]
fluid cor‘r'rmqu'ioga?‘?rbﬁeJ?%C%P:)qyn'bou(sg}?o tqg%)sﬁ O(%toe;{%enggrﬁ(Jr:':@ljs:%ﬁ§lﬁe§ﬁﬁéﬂ%g'fé|€sol} r% an
itrp]ert i309 ggmcsm%baetﬁﬁwhége fhrees g/ggslrr]neasgretmmﬁ:d;e ch_eiubted_rv:/itmgo gmwri]um:addd with
e apparatu od .descri bed herein nay conprise nitrogen, hydrogen,
anot her iﬂ%? edga}é’"ggh%.s?d%'é?%m argon, neon, krypton, xenon, etc.), or
conbi nat i hereof . 1n rtain. ogli t Io: [ ' s
or o- hoat eddpflorneneisar iy RsAEa S Patshp st GBI 1B Rolsed witin oo
that the anbodsereht psdtestiveiemclesgner @sl deadtraopmgtior8ef thaenvlasyrelid depersei iy
upon the configuration of the wave sol deri ng machi ne. (0051] Referring now
to Figures 3b and 3c, apparatus 30 further conprises an interior volunme 69
defined by the nolten solder surface (noj.shown), the work piece (not
shown), front wall 33, back wall 37, and side walls 43 and 47. Apparatus 30
further conprises at |east one diffuser tube 10' having a plurality of
perforations (not shown) that is housed 15 within an encl osure wherein at
| east a portion of the base 2010 is inmersed within the nolten sol der

P o N P



30 allow the apparatus to be positioned or placed on sol der reservoir.
Porous tubes 10' are in fluid comunication via piping to an inciting gas
source (not shown). As previously nentioned, the inerting gas used with the
apparatus and net hod descri bed herein nay conprise nitrogen, hydrogen,

anot her inert gas (e.g., helium argon, neon, krypton, xenon, etc.), or
conbi nations thereof. In certain enbodi nents, the inerting gas is pre-
heated prior to being . intr i nt o _poro tubes, 10" . It 1s unders
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coating selected should maintain its integrity at or above the temperature of the molten

25  solder commonly used in lead-free wave soldering process (e.g., up to about 260°C). In

a more particular embodiment, the non-stick coating is comprised of Thermolon™ non-

stick coating, an inorganic (mineral based) coating which is manufactured by Thermolon

Ltd. of South Korea, and which can maintain its integrity at 450°C and avoids generation

of toxic vapor at elevated temperatures.

30 [0045] In one particular embodiment wherein the center diffuser tube resides within a
bottle-shaped enclosure having a C-shaped, U-shaped or V-shaped cap and further
resides between one or more pairs of soldering waves, the dissolved flux in the solder

reservoir can directly contact the neck of the enclosure, the cap, or both located between
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Flow Rate, 1113/hr (left/center/right) Oxygen concentration at rneasurin
points, % Tabl e 2: Oxygen concentrations - PTFE coated tube (two rows
of slots) with internal porous diffuser as the mddle diffuser. Flow Rate,
n8/ hr (left/center/rigbt) Oxynen concentration at neasuring

the 1%t and the 2™ waves due to a continual dynamic movement of the molten solder.
When the liquid flux on the enclosure neck and/or cap surface is evaporated or thermally
decomposed, solid flux residue may be left behind on the enclosure neck surface and/or
cap. A non-stick coating may therefore be applied to the enclosure base, neck, cap, or
5 any combination thereof to reduce the time and expense of routine maintenance of the
apparatus. The non-stick coating can also be applied to at least a portion of the internal

surface of the apparatus or the internal surface of the top cover, to allow for ease of

cleaning.

[0046] In yet another embodiment of the apparatus and method described herein, the
10  apparatus further comprises an optional cover mounted on the moving track thereby
forming a tunnel for the work pieces to pass therethrough. The optional cover further
comprises a ventilation hole that is in fluid communication with the ventilation exhaust of
the wave soldering machine that allows for the collection of flux vapor from the
atmosphere underneath the cover. In one embodiment, the optional cover is made of a
15  single layer metal cover with a center hole connected to the ventilation exhaust of the
machine. In another embodiment, the optional cover is made of double layer metal
sheets, and the double layer space is connected to the furnace ventilation exhaust, thus
forming a boundary gas trap. In one particular embodiment, the distance between the
two layers of metal sheets can range from about 1/8" to about %”". When a work piece or
20 circuit board is passing underneath the cover, flux vapor generated inside the soldering
area can be collected through the boundary trap, while air surrounding the solder
reservoir can also be trapped in the double layer space, thereby ensuring good inerting
performance. For the case of where there is no work piece or circuit board on top of the
solder reservoir, the inerting gas generated from one or more diffusers enclosed as
25 described herein in the inerting apparatus can be sucked into the volume underneath the
double layer space of the cover, thereby forming a boundary inerting gas curtain to

minimize air from entering into the volume.

[0047] Figure 1 provides one embodiment of the porous tube or diffuser that is used in
the apparatus and method described herein. Porous tube 10 is depicted as being a
30 cylindrical tube which has an internal volume 15 that allows for an inerting gas such as
nitrogen and/or other gas such as, but not limited to, another inert gas (e.g., argon,
helium, neon, etc.), hydrogen, or combinations thereof, to flow therethrough and is in
fluid communication with an inerting gas source (not shown). In one embodiment,

porous tube 10 is made of stainless steel. However, other materials for porous tube 10
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may also be applicable as long as the materials are not reactive to the solder material.
Porous tube 10 is in fluid communication with the inerting gas source through a gaseous
conduit or other means (not shown). Porous tube 10 further comprises a plurality of
perforations, pores, or holes 20 (referred to herein generally as “perforations”) that allow
5  for the flow of gas from the internal volume 15 into the soldering bath, the interior volume
of the enclosure (not shown), the atmosphere defined by the surface of the molten solder
(not shown) and underside of the work piece to be soldered (not shown), or
combinations thereof. While porous tube 10 is shown as being cylindrical and having a
circular cross-sectional, it is anticipated that other geometries, such as, but not limited to,

10  annular, square, rectangular, elliptical, etc., may be used.

[0048] Perforations 20 are designed so that gas flow is narrowly directed, for example,
with circular holes as shown in the embodiment of Figure 1 and distributed over the
entire length of the soldering reservoir (not shown). In another embodiment, perforations
20 can be longitudinal holes or slits. in these or other embodiments, perforations 20 may
15  be chamfered or angled to further direct the flow of gas from the internal volume 15 into
the soldering bath (not shown) and/or gap between solder bath and work piece. The
average pore size for perforations 20 may range from 0.05 micron to 100 micron, or from
0.1 to 10 micron, or from 0.2 to 5.0 micron. In one particular embodiment, the mean
pore size of the perforations 20 is about 0.2 microns or less. The size and number of the
20 perforations on porous tube 10 are optimized to pursue a laminar flow of gaseous N, out
of the porous tube. In these or other embodiments, a laminar flow of N, and/or other
inerting gas is preferred for minimizing air intruding from boundaries of the soldering area

(e.g., work piece, conveyor belt, etc.) to be inerted.

[0049] Figures 2a, 2a’, 2b, 2c, and 2d provide two exploded isometric views, an
25 assembled isometric view, and two exploded side views of the enclosure 2000
comprising a diffuser tube 10’ comprising one or more perforations 20’ described
previously. As described herein, the enclosed diffuser tube can be used as a center
diffuser tube, one or more side diffuser tubes, or any combination thereof. Diffuser tube
10’ has one or more perforations 20’ and is housed within the base of the enclosure
30 2010. Base 2010 is in fiuid communication with an inerting gas source (not shown) and
houses diffuser tube 10’ and comprises an interior volume 2015 that allows for the flow
of an inerting gas source into the interior volume 2015 and into the diffuser tube 10’ as
shown by arrow 2017. It is believed that encasing the porous tube within the enclosure

can minimize the chance of clogging of diffuser openings by flux and solder. While
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diffuser tube 10’ and its surrounding base 2010 are shown as being cylindrical and
having a circular cross-sectional, it is anticipated that other geometries, such as, but not
limited to, annular, square, rectangular, elliptical, etc., may be used. Enclosure 2000
further comprises a neck 2020 proximal to base 2010 and interior volume 2025 which is
5 in fluid communication with the interior volume of the base. Enclosure 2000 further
comprises a cap 2030 which is proximal to the mouth of neck 2020 which defines an
opening 2027 through which the inerting case flows outwardly as shown by arrows 2029.
During operation, an inerting gas passes from a source (not shown) into the interior
volume 2015 of base 2010, through the diffuser tube 10, out through perforations 20,
10 and into the interior volume 2025 of neck 2020 in the direction shown by arrows 2029
(see Figures 2a, 2a’, 2¢, and 2d). In some embodiments, as shown in Figures 2a’ and
2d, the neck 2020 of enclosure 2000 may comprise one or more holes 2023 through

which solder can pass, thus improving solder flow within the soldering apparatus.

[0050] Figures 3a, 3b, and 3c provide a top, isometric, and side view, respectively, of
15 one embodiment of the enclosure described herein. Referring to Figures 3a and 3c,
apparatus 30 is placed onto wave soldering apparatus 70 to provide an inerting gas
atmosphere during a wave soldering operation. Wave soldering apparatus 70 comprises
a solder reservoir 75 that contains a molten solder 80, and one or more nozzles 185 that
project one or more solder waves (not shown) that are generated by a solder pump (not
20 shown). Referring to Figures 3a through 3c, apparatus 30 has a top surface 35 which
may be removable from the rest of the apparatus thereby making dross removal
relatively easy for the end-user. Top surface 35 further comprises at least one opening
40 through which at least one solder wave emitting from molten solder 80 contained
within the solder reservoir 75 passes through nozzles 185 and contacts a work piece that
25 passes through along a moving track (not shown). Referring to Figures 3a through 3c,
apparatus 30 further comprises at least one groove 45 on the bottom of apparatus 30
that rests atop of an edge of solder reservoir 75. In certain embodiments, apparatus 30
may comprise more than one groove that allow for the placement of apparatus 30 atop of
solder reservoir 75 and locate the front and back diffusers 155 out of the solder pot area
30 as shown in Figures 3a and 3c. Other embodiments of the apparatus described herein
may have only one groove to locate the front diffuser 155 out of the solder pot area. Still
further embodiments of the apparatus described herein do not have one or more grooves
but rather a plurality of flanges that allow the apparatus to be positioned or placed on

solder reservoir and locate all the diffusers inside the solder pot area such as the
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embodiments depicted in Figures 4a and 4b and Figures 5a and 5b. Referring again to
Figures 3a through 3c, the sidewall of grooves 45 and the front wall 33 or back wall 37
define chambers that allow for the placement of porous tubes 10’ within apparatus 30.
Porous tube 10' is in fluid communication via piping (shown in dotted line in Figure 3a) to
an inerting gas source 65. As previously mentioned, the inerting gas used with the
apparatus and method described herein may comprise nitrogen, hydrogen, another inert
gas (e.g., helium, argon, neon, krypton, xenon, etc.), or combinations thereof. In certain
embodiments, the inerting gas is pre-heated prior to being introduced into porous tubes
10'. It is understood that the embodiment shown in Figures 3a through-SC may vary

depending upon the configuration of the wave soldering machine.

[0051] Referring now to Figures 3b and 3c, apparatus 30 further comprises an interior
volume 69 defined by the molten solder surface (not shown), the work piece (not shown),
front wall 33, back wall 37, and side walls 43 and 47. Apparatus 30 further comprises at
least one diffuser tube 10’ having a plurality of perforations (not shown) that is housed
within an enclosure wherein at least a portion of the base 2010 is immersed within the
molten solder reservoir and acts to heat the base 2010 and neck 2020 in the center to a

temperature above the melting point of the molten solder.

[0052] Figure 3b provides an isometric view of an embodiment of the apparatus 30
described herein. Referring to Figures 3b and 3c, apparatus 30 is placed onto wave
soldering apparatus 70 to provide an inerting gas atmosphere during a wave soldering
operation. Wave soldering apparatus 70 comprises a solder reservoir 75 that contains a
molten solder 80, and one or more nozzles 185 that project one or more solder waves
115 that are generated by a solder pump (not shown). Apparatus 30 has a top surface
35 which may be removable from the rest of the apparatus thereby making dross
removal relatively easy for the end-user. Top surface 35 further comprises at least one
opening 40 through which at least one solder wave emitting from molten solder 80
contained within the solder reservoir 75 passes through nozzles 185 and contacts a work
piece 100 that passes through along a moving track (not shown). In other embodiments,
the apparatus described herein may comprise a plurality of flanges (not shown) that
allow the apparatus to be positioned or placed on solder reservoir. Porous tubes 10’ are
in fluid communication via piping to an inerting gas source (not shown). As previously
mentioned, the inerting gas used with the apparatus and method described herein may
comprise nitrogen, hydrogen, another inert gas (e.g., helium, argon, neon, krypton,

xenon, etc.), or combinations thereof. In certain embodiments, the inerting gas is pre-
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flux of work pieces 100 through openings in apparatus 30. An inerting gas introduced into
the enclosed porous diffuser tubes is housed in a chamber (not shown) outside of solder

reservoir 75. In the embodiment shown in Figure 3c, diffuser tubes 155 are located at

the entrance and exit of the solder reservoir 75. In a still further embodiment, one or

15  more of the diffuser tubes 10’ can be oriented perpendicular to the direction of the solder

waves (not shown). At least one of the diffuser tubes 10’ is housed within an enclosure

comprising a base 2010 having an interior volume, a neck 2020 having an interior

volume and an opening 2027, and a cap 2030 which is proximal to the opening of the

neck 2027. At least a portion of the enclosure such as the base 2010 and neck 2020 are

20 immersed in the solder 80. Inerting gas fills in the area or atmosphere shown as 120

underneath work piece 100 and above the surface of molten solder 80.

[0054] Figures 4a and 4b provide the side and top view of an embodiment of the
apparatus 930 described herein wherein the first porous tube 955, second porous tube
955’, and center diffuser tube 10’ are inside the solder reservoir 975, and center diffuser
25 tube 10’ is housed within an enclosure wherein at least a portion of the enclosure is
immersed within solder reservoir 975. Apparatus 930 does not have grooves to locate
the front and back or the first and second diffusers out of the solder reservoir 975 such
as those depicted in Figures 3a through 3c. Instead, apparatus 930 has a plurality of
flanges 967 that allow apparatus 930 to be placed atop solder reservoir 975. Apparatus
30 930 is shown as being constructed of a double wall of material such as metal which
defines at least one chamber 950 that houses at least one of the porous tubes such as
955 and 955' shown. Work piece 923 travels above apparatus 930 in the direction
indicated by arrow 925 and is contacted with a plurality of molten solder waves that are

emitted from nozzles 985. The plurality of porous tubes are in fluid communication with
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the first porous tube 555, second porous tube 555, and third porous tube 555" are inside
the solder reservoir 575, and each porous tube is enclosed in an enclosure wherein at
least a portion of the base of enclosure 2020" is immersed within the molten solder 580
and heats the enclosure to a temperature above the solder's melting point. Apparatus
530 does not have grooves to locate the first and second diffusers out of the solder
reservoir area 575. Apparatus 530 has a plurality of flanges 567 that allow apparatus

530 to be placed atop of solder reservoir 575.

[0056] Figure 6 provides an isometric view of optional cover 90 that is placed over the
apparatus 30 and moving track (not shown) such that the work piece travels
therethrough. Optional cover 90 is shown having a glass window 95 that allows for
viewing. Optional cover 90 further has a vent 97 that is in fluid communication with the
ventilation exhaust (not shown) of the wave soldering machine to remove any flux vapor

within the atmosphere of the soldering station.

[0057] Figure 7 provides an embodiment of apparatus 830 further comprising an
optional cover 890 atop the solder reservoir 880 thereby forming a tunnel for the work
pieces (not shown) held on moving track 900 to pass therethrough. Figure 7 provides an
end view of apparatus 830. In certain embodiments, optional cover 890 is in fluid
communication with the ventilation piping of wave soldering machine (not shown)
Optional cover 890 is constructed of a double layer of metal sheets or other suitable
material, and the double layer space is connected to the furnace ventilation exhaust pipe
897, which forms a boundary gas trap. In certain embodiments, the distance between
the two layers of sheets can range from, but is not limited to, 1/8" to 1/4". In the
embodiments shown in Figure 7, optional cover 890 may comprise an inerting gas inlet
895 that is in fluid communication with an inerting gas source (not shown) to further
assist in purging flux vapor and air out of the soldering area. In certain embodiments,
when a circuit board is passing underneath cover 890, flux vapor generated inside the
soldering area can be collected through the boundary trap, while air surrounding solder

-17 -
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d2 6/6/6 0,18 0.19 1 0.20 0.23 0,16F0.190.20 0.23 0.18 4/6/6 0.16 0.43
0.21 0.17 10.2110.25 0.23 0.21 0.16

reservoir 870 can also be trapped in the double layer space underneath cover 890,
which aids in ensuring a good inerting atmosphere. In instances wherein the solder
reservoir 870 is not covered by a work piece, the inerting gas generated by the plurality
of porous tubes (not shown) can be sucked in the double layer space of the cover 890
5 thereby forming a boundary inerting gas curtain to minimize air from entering in from the

external environment into the atmosphere 920 above the solder reservoir 870.

[0058] While the apparatus and method has been described in detail and with
reference to specific examples and the embodiments thereof, it will be apparent to one
skilled in the art that various changes and modifications can be made therein without

10  departing from the spirit and scope thereof.
EXAMPLES
Comparative Example 1: Initial Designs of Center Diffuser

[0059] As shown in Figure 8, oxygen (O,) concentration measurements around the top
space of a solder reservoir without a circuit board loaded above the solder reservoir and
15  without a top cover (such as that shown in Figure 6) were obtained. Referring to Figure
8, measurements were taken at the following positions: point a (close to the left edge of
a 1% solder wave); point b (close to the middle surface of the 1% wave); point ¢ (between
two solder waves); point d (close to the middle surface of a 2" solder wave); and point e

(close to the right edge of the 2" solder wave).

20 [0060] Two different designs for the center diffuser were evaluated based on
measuring the oxygen concentrations as shown in Tables 1 and 2. Table 1 is the result
related to the first design. In the first design, the center diffuser was enclosed inside a
metal protective tube. The protective tube contains multiple rows of open slots to allow
inert gas flow and is coated by PTFE coating to provide the non-sticking nature. In Table

25 2, the center diffuser tube was also enclosed into a slotted and coated protective tube
but, rather than having a multiple rows of slots on its surface, the diffuser tube had two

longitudinal slots which faced in a downward direction.

Table 1: Oxygen concentrations — PTFE coated tube (multiple rows of slots) with internal
porous diffuser as the middle diffuser.

30
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4/6/8 0.16 0,62 0.45 0.16 0.24 0.41 0.420.200.16 4/5/6 0.16 0.48 0.28
0.16 j0.210.62 %O0.240.210.16 4/5/8 0.17 0.59 1.431 0.17 LO22
1. 1F0. 47L0. 200. 17

| Flow Rate, Oxygen concentration at measuring points, %

m/hr a b c d e
(left/center/right) . |

6/6/6 0.25 0.62 0.22 1.36 0.50
6/4/6 0.29 2.80 0.75 2.07 0.95
6/4/8 0.23 2.60 0.32 1.58 1.10

B 5/6/6 0.32 0.72 0.20 1.58 0.50
5/5/5 0.35 1.60 0.30 2.98 0.40
5/6/5 0.40 1.80 ~_0.16 2.60 0.26
4/6/4 0.58 2.40 0.17 2.40 0.17
4/6/6 0.35 0.60 0.21 1.28 0.35
4/6/8 0.28 1.80 0.28 1.26 0.70
4/5/6 0.37 1.20 0.27 1.56 0.75
4/5/8 0.26 2.10 0.25 1.45 0.90

Table 2: Oxygen concentrations — PTFE coated tube (two rows of slots) with internal

porous diffuser as the middle diffuser.

Flow Rate, Oxygen concentration at measuring points, %
me/hr a b c d e
(left/center/right)

6/6/6 0.43 1.35 0.60 1.20 0.19
6/4/6 0.48 2.89 0.80 0.50 0.20
6/4/8 0.70 2.30 0.76 0.65 0.18
5/6/6 0.38 1.14 0.45 1.08 0.26
5/5/5 0.55 1.81 0.42 0.80 0.18
5/6/5 0.38 1.28 0.50 0.75 0.19
4/6/4 0.27 1.90 0.46 1.15 0.20
4/6/6 0.31 1.08 0.67 1.32 0.25
4/6/8 0.41 1.20 0.73 1.15 0.22
4/5/6 0.43 1.15 0.75 1.40 0.24
4/5/8 0.42 1.51 0.93 1.30 0.20

5 [0061] In Tables 1 and 2 above, the flow rate is provided in cubic meters per hour
(m®fhr) and the three flow rate readings are for the left/center/right or front/center/back
diffusers. The measured oxygen concentrations are expressed as a percentage. During
the oxygen measurements, the solder reservoir temperature was maintained at 260°C
with two solder waves generated and ventilation fully open. As indicated in Tables 1 and

10 2, the oxygen concentrations for both cases were significantly above the targeted level of
2000 ppm or 0.2%. The reason for these high oxygen readings is that the space between
the two waves was too tight, such that the center diffuser’'s location could not be
optimized. A short time flux testing (1 to 2 hours) was conducted. It was found that the

PTFE coated protective tube was effective for reducing contamination by flux and solder,
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but it could not completely eliminate contamination because the protective tube was not

heated.
Example 2: Inventive Center Diffuser Design

[0062] The present example demonstrates the results for housing the center diffuser
tube in an enclosure according to the invention, similar to that depicted in Figures 2a
through 2c and designed to reduce oxygen concentration and prevent diffuser clogging.
In the present experiment, the center porous tube was housed within an enclosure and
located between two solder waves. It is believed that this arrangement can avoid
clogging problems such as by solidification of solder splash and condensation of flux
vapor on diffuser surface. As in Example 1, the oxygen concentration measurements
were conducted without a work piece or cover over the solder reservoir. O,
concentrations at nine positions around the solder reservoir were measured at different
N, flow arrangements in the positions designated in Figure 9. In Example 2, positions by
and d, in Figure 9 are comparable to positions b and d in Figure 8. During the O,
measurements, the solder reservoir temperature was maintained at 260°C with two
solder waves generated and the ventilation through the furnace pipe line fully open. The
flow rate is provided in cubic meter per hour (m*hr) and the three flow rate readings are
for the left/center/right or front/center/back diffusers. The measured data are oxygen
concentrations expressed as a percentage. As shown in Table 3, in most cases, the
oxygen concentrations were below the targeted level, e.g., 2000 ppm or 0.2%. In
addition, based on a two-day test using flux, there was no observed diffuser clogging.
The results for the oxygen concentration measurements are provided in the following

Table 3.

Table 3
FIowsRate, b c d
m>/hr a e
(left/center/right) b bo b, ds do d

6/6/6 018 | 0.19 | 020 | 0.23 | 0.16 | 0.19 | 0.20 | 0.23 | 0.18
4/6/6 0.16 | 0.43 0.21 0.17 | 0.21 0.25 | 0.23 | 0.21 0.16
4/6/8 0.16 | 0.62 045 | 0.16 | 0.24 | 0.41 042 | 0.20 | 0.16
4/5/6 0.16 | 0.48 | 0.28 | 0.16 | 0.21 062 | 0.24 | 0.21 0.16
4/5/8 0.17 0.59 143 | 0.17 | 0.22 1.1 047 | 0.20 | 0.17
6/4/6 0.16 | 0.17 0.21 049 | 016 | 0.20 | 0.21 0.20 | 0.16
6/4/8 0.17 0.27 | 0.40 | 0.16 | 0.17 029 | 0.24 | 0.18 | 0.17
5/6/6 0.16 029 | 024 | 018 | 0.16 | 0.20 | 0.19 | 0.18 | 0.17
5/5/5 0.19 | 0.19 0.18 | 040 | 016 | 0.29 | 0.20 | 0.20 | 0.18
5/6/5 0.17 0.25 | 0.17 | 0.31 0.16 0.24 | 0.21 0.20 | 0.16
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0.16 0.200.19 0.1810.17 5/5/5 0.19 0.19 0.18 0.40 0.16 0.29 0.20 0.20
0.18 5/6/5 0.17J0.25 0.17 0.31 0.160.24 0.21 0.20

4/6/4 017 | 047 | 018 | 0.29 | 0.17 | 0.30 | 0.19 | 0.22 | 0.17
4/4/4 022 | 1.16 | 046 | 1.21 | 0.17 | 044 | 040 | 0.22 | 0.23
- 4/5/4 022 | 127 | 0.32 | 043 | 0.18 | 0.38 | 0.24 | 0.20 | 0.22

Example 3: Inventive Center Diffuser Design with Holes in Neck of Enclosure

[0063] Oxygen concentrations were also measured for center diffuser designs having
holes along the neck of the enclosure, similar to those depicted in Figures 2a’ and 2d.
5 Results were measured with a top cover and both with and without a work piece.
Oxygen concentrations were in the desired range of approximately 2000 ppm (0.20%)
without a work piece loaded, and were approximately 500-600 ppm (0.05-0.06%) with a
work piece. Additionally, good solder flow around the center diffuser was observed.

Example 4. Dross Formation - Inventive Center Diffuser Design

10 [0064] The present example demonstrates reduction in dross formation as a result of
housing the center diffuser tube in an enclosure according to the invention. The
apparatus was run at nitrogen flow rates of 6 mhr in the left, center, and right diffuser
tubes and at a nitrogen pressure of 4.0 bar. Dross formation was determined by
measuring the amount of dross collected each day (with a running time of 6 hours) with

15  and without a work piece and with and without a cover over the solder reservoir. The
work piece employed was a board having dimensions of 350 mm by 450 mm. The dross
collection results are reported below in Table 4, and compared against a baseline in
which no apparatus was employed to provide inerting gas. As shown in Table 4, dross

formation was significantly reduced in most cases.

20
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0.16 - 20 - 4/ 614 4/414 4/5/4 0.22 0.47 1.16 1.27 0.18 0.46 0.32
0.29 1.21 0.43 0.17 .17 0.18 10.30 0.44 0.38 0.19

Table 4
Operating Conditions o Dross Collection, kg Reduction
Inerting Top Work Middle F'(?m?;%sosn
Apparatus | Cover Piece Diffuser Day 1 Day2 | Average % '
no no no no 8.6 8.1 8.35
baseline
no no yes no 7.6 - 7.6
yes no no yes 1.3 1.2 1.25 -83.6%
yes yes no yes 0.85 0.90 0.88 -88.4%
yes no yes yes 0.25 -- 0.25 -96.7%
yes yes yes yes 0.15 0.10 0.13 -98.4%
yes no no yes* 24 -- 24 -68.4%
yes yes no yes* -- - -- N/A
yes no yes yes* 0.95 -- 0.95 -87.4%
yes yes yes yes* 0.60 - 0.60 -92.1%

*Diffuser clogged and was removed for at least part of testing

[0065] Further benefits of apparatuses and methods according to the present invention
include reduction in manufacturing and material costs, improved solder joint quality, and

5 simplified transition to lead-free soldering technology. With regard to manufacturing and
material costs, reductions of 20-40% in solder consumption, 40-90% in dross formation,
10-30% in flux consumption, and 70-80% in equipment maintenance have been
observed, along with lower costs for post assembly board cleaning, reduced board
defects and reworking, and higher productivity uptime. A further benefit of the

10 apparatuses disclosed herein is that they can easily be scaled up or down and can be
configured to fit solder pots having a variety of different dimensions. In particular, the
neck of the enclosures described herein is small enough to fit in very narrow spaces
between two solder waves, and the overall diffuser enclosure design may be adjusted

horizontally, vertically, or in both dimensions to fit a desired application.

15 [0066] Various terms have been defined above. To the extent a term used in a claim is
not defined above, it should be given the broadest definition persons in the pertinent art
have given that term as reflected in at least one printed publication or issued patent.
Furthermore, all patents, test procedures, and other documents cited in this application
are fully incorporated by reference to the extent such disclosure is not inconsistent with

20 this application for all jurisdictions in which such incorporation is permitted.
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0.40 0.24 0.22 0.22 0.20 2 0.22 Exanple 3: Inventive Center Diffuser
Design with Holes in Neck of Enclosure [0063] Oxygen concentrations were

al so neasured for center diffuser designs having holes al ong the neck of
the enclosure, simlar to those depicted in Figures 2a and 2d. Results were
measured with a top cover and both with and without a work piece. Oxygen
concentrations were in the desired range of approximately 2000 ppm (0. 20%
wi t hout a [
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may be contemplated by those skilled in the art without departing from the intended spirit
and scope thereof. It is intended that the present invention only be limited by the terms

of the appended claims.
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10 apparatuses disclosed herein is that they can easily be scaled up or
down and can be configured to fit solder pots having a variety of different
di rensions. In particular, the neck of the enclosures described herein is
smal| enough to fit in very narrow spaces between two sol der waves, and the
overall diffuser enclosure design nmay be adjusted horizontally, vertically,
or in both dinensions to fit a desir@dippEplication. 15[0066] Various terns
have been defined above. To the extent a termused in a claimis not
defined, above, it should be given the broadest deffnLtionéferagns in the
pertineht arf" EAGOSHiS/ R RIRYEING AThINsEiNGe 9% AHERY SRIY5ENG ©h& WEHe PP niEd
publ i cati on @fclésspaledpsé @ntbeinguidused M@, agaratp@ienplacerh@gtinpelatedw as,
and ot her docwnents cited in this %EELLcation are fully incorporated by

reference t oSUHRE rEXRUNE 1RGEPFIAUR PYBBYYNS s not inconsistent with this
application for all jurisdictions in which such incorporation is permtted.
[ 006&7] Cert ah bagstmsipreingsaraimerice alolunes irofluidheormmurinatiopnwitiaee ibeding gas
described using a set of nunerical upper lirnits and a set of numeri cal
lower |initsS°Y¥%r the sake of brevity, only certain ranges are explicitly
di scl osed herein. However, it should be appreciated that ranges from any
lower limt &aeanyorupiedtig bn mtéri@nelutoningigid adrechunichtaswith iter intesier voldmeat ed.
Simlarly, rqqﬂeg fro ané lower limt may be conbined with any ot her | ower
linmit to rec?t8® a?%ﬁ%%a% PeUShlicitly recited, and ranges from any upper
limt may be conmbined with any other upper limt to recite a range not
explicitly racapedxintaltd trerqgpeaingaage | ncl udes every point or individual

val ue between its end points even though not explicitly recited. Thus,

evely point i.ndi Vi I i .

Y Comi raspt F Al s HorBbeRRby fors 1o pPHR MM ol blutB0, .,
or upper | i nmvheretnotheettibeeresideangthimdie éree iaodtibyin rfieéd cemualidation méthi thal

val ues are " "oQr. "approxi mately" the indicated value, and take into
account expe@?ﬁ@hﬁggsg?@gk and variations that woul d be expected by a
person having ordinary skill in the art [0068] Wile the foregoing is
directed to whereth thefitke isfcontiguredicealtonothe arriting gas tedtayellthraughbdioe Hivetigto

t hereof, varj -QaQﬂﬁﬁ £ i fwﬂ' ' om t he invention
may be conteﬁ%ﬁ@?g by t%gg@gééFfﬁg%H?ﬁq? e é??%géfﬁﬁgﬁéaggarting fromthe
intended spirit and scope thereof. It is intended that the present
inviéntion only be linmited by the terns of the appended clains. CLAI M5 An
encl osure for providing an inerting gas during soldering of a work piece,
the encp osure,LaRaBL G AshNY, BABSROtH NGk RRABYF BEMBridedr o BE &R holed
relation to a solder reservoir, the enclosure conprising: a base conprising
an interior #6NYfeS¥FA®I uid comunication with an inerting gas source, a
neck conprising an interior volume in fluid conmunication with the interior
vol une of the base and an opening, a cap proximal to the opening, and 10a
tube conprising one or nore openings for the flow of the inerting gas

t heret hr ough, wherein the tube resides within the base and is in flujd
comuni ®at i oAMAPPAMat farpYiding Yudegiig 685 dFRG SPiveInR of FWOrks PESHI NGur ed
to & | ow t hegpestls B8mPASng:0 travel through the tube into the interior

vol une of the base and neck and out through the opening. 15 The encl osure

of claim1l, erein the neck further conprises one or nore holes alo its
Qurfmae b A1EES oRe G e PR g T B e Tkl e 5t B arer e
sol deri ng of ofaa ¥8Mids rpsE0E, viHegeiR theafddrabsvalOftains M@lten solder and wherein

at least one side wall of the groove and at least one wall of the apparatus define a

chamber outside of the solder reservair;

25 at least one opening on the top surface of the apparatus through which at least one
solder wave emitting from the solder reservoir passes and contacts the work piece;

and
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at | east one groove on the bottom of the apparatus for placing onto at

| east one edge of a solder reservoir, wherein the sol der reservoir contains
nol ten sol der and wherein at | east one side wall of the groove and at | east
one wall of the apparatus define a chanber outside of the solder reservoir:
at | east one opening on the top surface of the apparatus through which at

| east one sol der wave emtting fromthe sol der reservoir passes and
contacts the wobks Bl fisfs 1A cofifisif JIR'G hifRCSoerRIRIih ALIGANRLALatER in
openings in flurda comrunication wth an 1nerting gdas source ereln at

| east one of t han tiodrtisg rigssi slescaiwhisreint #teleehtanberol thaeubes residespythinatngs i s
posi tioned abovgh%mersol der reservoir and underneath the work piece to be
sol dered thereby torm ng an at nosphere. 4The apparatus of claim3 further
conprising a cover that is placed on a noving track whereby the work
pi ece i s transpohereih the apraratosds pasitioes abevet g solder deservdir Bne uagpmeathus
and wherein the i i s tn fluid

1000nm€j°{1i cati onth\%glycﬁkgf#%t&??%astgfagﬁgds@gt%gglfg@%% eagﬁ%@gt@us of claim4
wherein the cover conprises a plurality of sheets that define an interior
vol une and wherein the interior volume is in fluid communication with the
ventil ati on exhaust of a soldering furnace. 15 6. The apparatus of claim5
wherein the covepe bUpAAR SUMF $8HRR oMpBbingh Eduér GhRAEHHRES &nl £ hotingh
the inerting gas source. 7The enclosure of claim1 wherein the opening in
the tubes are pér@swheigbwiies work Pigeh s taanspaged hyrtee spyas 3c£0sy. the o syrfacess.
The apparatus OBf%%pﬁb%tN@Eﬁ@WﬂeQﬂ?tr@Wéﬁ?dﬂﬁlef bbthBRdesC YRt ivaAesh RNE Aok
nmore grooves and wherein the grooves define one or nore chanbers in which
one orltore si deorampnigaiéan witthayepidaticfesystaynThe apparatus of claim 3 wherein
the sol der reservoir generates a plurality of solder waves and an encl osure
conprising a center diffuser tube is interposed between the sol der waves.
10. The apparatus of claim3 wherein the inciting gas conprises nitrogen.
The apparatus of claim 10 wherein the inertin as further comp%b i ght
or |ess of2hydr HRRAPPAGYS ofidrimhH USSR th cey i’:??l’@”mﬁ'éﬁwa{‘t%g is?i%%/tﬁ;,t\% gas

conpri ses a gasd&flee@drednfefi®M volume and wherein the interior volume is in fluid

communication with the ventilation exhaust of a soldering furnace.

15

6. The apparatus of claim 5 wherein the cover further comprises an inlet in fluid
communication with the inerting gas source.

(5 The enclosure of claim 1 wherein the opening in the tubes are pores and wherein

20 the average pore size is 0.2 ym or less.

8. The apparatus of claim 3 wherein the apparatus further comprises one or more
grooves and wherein the grooves define one or more chambers in which one or
more side diffuser tubes reside.

25
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the group consisting of nitrogen, hydrogen, helium neon, argon, krypton,
xenon, and conbi nations thereof. A method for providing an

i nerting gas atnosphere during wave sol dering of a 15work piece, the nethod
conprising: providing a wave sol deri ng machi ne conprising: a sol der
reservoir having nolten sol der contained therein, at |east one nozzle, and
at |l east one punp to generate at |east one solder wave fromthe nolten

sol der bath up dl u : ; -20, i . u
| east one SS;dge 0 e?ﬁé%&)ﬁd%&'?@ié?\%&? i hér%@%%%@%ﬁ%? 'tr?gésc%r%éﬂ%@ég&at
| east one openi swdenwavesoand an feaclsur@t cdreprsing Aecegten alifeuseh aitber issinteradsep t he

at | east one ed%fg(wggnM'éeso%)érqlgvegeser voir, and a plurality of tubes
conpri sing one nore openings in fluid communication with an inerting gas

source, wherein the work piece and the top surface of the nolten sol der
25defi ne an at nosphere; passing the work piece along a path so that at
| east a portion of the work piece contacts the at |east one sol der wave

emtilng U 0udfud B Laeliongah 3‘%1\;?1%«539ﬂﬁiﬂEHﬁgggg@om@émH%é}g an inerting

gas throug e one or nore tubes Into e at her refn at |east one
tube resides in an enclosure; wherein the enclosure conprises a base
conprising an interior volunme in fluid communication with an inerting gas
source, a neck conprising an interior volume and an opening in fluid

conmuni cat{on Wi ahB&RASEs ciaifl 18 GREeR Me MBHingOgd RirPRERbAGris¥dI8lEL t he
tube residing in the enclosure is housed wthin the base; and wherein

the inerting ga¥eightzrdess afkydiegent he tube into the interior volune of the
encl osure and into the atnosphere through the opening defined by the neck
and 10cap. 14. 15 15. 16. 20

10 12. The apparatus of claim 3 wherein the inerting gas comprises a gas selected from
the group consisting of nitrogen, hydrogen, helium, neon, argon, krypton, xenon,

and combinations thereof.

13. A method for providing an inerting gas atmosphere during wave soldering of a
15 work piece, the method comprising:
providing a wave soldering machine comprising: a solder reservoir having molten
solder contained therein, at least one nozzle, and at least one pump to generate
at least one solder wave from the molten solder bath upwardly through the

nozzle;

20 placing an apparatus atop at least one edge of the solder reservoir wherein the
apparatus comprises at least one opening on a top surface, at least one groove
that rests atop the at least one edge of the solder reservoir, and a plurality of
tubes comprising one or more openings in fluid communication with an inerting
gas source, wherein the work piece and the top surface of the molten solder

25 define an atmosphere;

passing the work piece along a path so that at least a portion of the work piece
contacts the at least one solder wave emitting through the opening of the

apparatus; and
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17. 25 18. The nethod of claim 13 wherein at | east a portion of the
encl osure, the neck, the cap, or a conbination thereof conprise a non-stick
coating or material. The nethod of claim 13 wherein the at |east one tube
resides proximal to the at |east one sol der wave. The nethod of claim 13
further conprising a cover that transports the work piece across the
appar atus, wherein the cover further conprises a vent which is in fluid
conmuni cati on w - il at fcl.ai i.n the
cover conpri se\é\ﬂnlggg drggﬁlht'@%?é)?ﬁ%é@éﬁﬂgigﬂlgré?i%%@%g%?lfbnet%eﬂogb é%éﬁ@@%%}%é%d
wher ei n t he i ntehérein atdéastene dubervetidas th aoancieswati on with the ventilation
exhaust of a soldering furnace. The nethod of claim 17 wherein the cover
further conpri sekerain thel enclosuré [caimgrisesmrenldseatdnaprisiigr &n dneligrciciume i fgid
source. 19. Th : Lm 153 ' uhe: i se
pores and wher e?onnqﬁhﬁggt\'/ﬁ Vé’g}]églﬁgnreéﬁnsq,\g% ?63&8&}6 B%kgﬁoq'lq%gg{g%ﬁg%%{agﬁenﬁﬁod
of cl ai5m 13 whear an oheniag pa flaidieonmronpeativaswitintheopaseoaed grazpveraximaeteihe t he
grooves define - J ' : ; .
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plurality of soldmkr waves and wherein the at | east one tube residing in the
encl osure i s 10i nterposed between the sol der waves. 22. The nethod of claim
13 wherei n t he wherein thg igerding @®prtiayels thraugbdbe tulsintaiiee imtarieo dolofnecofathem 22
wherein the inegtd ' 0 i Ay

hydr ogen. 24. idldr%gl{%gﬁd E)#Ugfbglétnﬂﬁ%gﬂ %zﬁéuﬁﬁttﬁééop%@%?ﬁg gabgJ @%ﬁj&%ggg a
gas sdlected framthe group consisting of nitrogen, hydrogen, helium neon,
argon, krypton, xenon, and conbi nations thereof.

14. The method of claim 13 wherein at least a portion of the enclosure, the neck, the

cap, or a combination thereof comprise a non-stick coating or material.

15 18. The method of claim 13 wherein the at least one tube resides proximal to the at

least one solder wave.

16. The method of claim 13 further comprising a cover that transports the work piece
across the apparatus, wherein the cover further comprises a vent which is in fluid

20 communication with a ventilation system.

17. The method of claim 16 wherein the cover comprises a plurality of sheets that
define an interior volume and wherein the interior volume is in fluid

communication with the ventilation exhaust of a soldering furnace.

25

18. The method of claim 17 wherein the cover further comprises an inlet in fluid

communication with an inerting gas source.
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20 25. The method of claim 13, wherein the neck further conprises one or
nore holes along its surface.

19. The method of claim 13 wherein the one or more tubes comprise pores and

wherein the average pore size is 0.2 ym or less.

20. The method of claim 13 wherein the apparatus comprises one or more grooves

5 wherein the grooves define one or more chambers in which one or more of the

tubes reside.

21. The method of claim 13 wherein the solder reservoir generates a plurality of
solder waves and wherein the at least one tube residing in the enclosure is

10 interposed between the solder waves.

22. The method of claim 13 wherein the inerting gas comprises nitrogen.

23. The method of claim 22 wherein the inerting gas further comprises 5% by weight

15 or less of hydrogen.

24, The method of claim 13 wherein the inerting gas comprises a gas selected from
the group consisting of nitrogen, hydrogen, helium, neon, argon, krypton, xenon,

and combinations thereof.

20

25. The method of claim 13, wherein the neck further comprises one or more holes

along its surface.
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