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apparatus and a nethod for providi ting gas during wave sol dering

usi ng nitrogen and/or other inerti ng gas. [0003] Work pieces such as
printed wiring boards or circuit boards have increasingly smaller wettable

surfaces that need tprbssrEferEER B0 FNATED AedLichirbRgl operations 15for
wave sol dering involve a soldering bath through which the printed circuit
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f1ux. Th@r@waéis.@umpbmﬂnm B’ﬂ@ﬁa s@m@e mhmugdmaaﬁa erdeablifignar ea i n order
for the flux to red es on the netal surfaces to be sol dered. The

circuit BERIGRLPE Noh@H3§%ﬁ953'le€dgvMyr?O§pngl e or nultiple waves of nolten

solder in an air or in an inerting gas atnosphere. [0004] The inerting gas
atmosphere typically is nitrogen (N2) and/or ot her inerting 25 gases and is

oftentimes called N2 inert ﬁ L&@:ﬁ nert gas and/or
ni trogen at rmsphere m ni m%@Kg & Qggr% é}ﬂﬂg)& or oxides on the
i's
surf a5e_ YhodAS BShS nlie LLesEnce, o 18 UL ORS: AN QhaidlaPedRg AL
during soldering. More specifically, described herein is an apparatus and a method for
providing an inerting gas during wave soldering using nitrogen and/or other inerting gas.

[0003] Work pieces such as printed wiring boards or circuit boards have increasingly
smaller wettable surfaces that need to be solder coated and joined. Typical operations

15 for wave soldering involve a soldering bath through which the printed circuit boards or
work pieces to be soldered as transported. A conventional automatic wave soldering
apparatus includes a flux application, a preheater, and a solder station that are arranged
to process printed circuit boards. The printed circuit boards are transported along a
moving track or conveyor with their side edges supported by gripping fingers. Flux may

20  be applied by contacting the board with either a foam or spray of flux. The circuit board
is then passed through a pre-heating area in order for the flux to reduce the oxides on
the metal surfaces to be soldered. The circuit board is then contacted with single or
multiple waves of molten solder in an air or in an inerting gas atmosphere.

[0004] The inerting gas atmosphere typically is nitrogen (N,) and/or other inerting
25 gases andis oftentimes called N; inerting. Soldering within an inert gas and/or nitrogen
atmosphere minimizes the formation of dross or oxides on the surface of the soider. The

presence of a dross and/or an oxide layer is known to cause skips, bridges, or other
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defects in solder joints. Proximal to the sol der waves -which are produced
by the wave sol dering apparatus during operation- are porous pipes or tubes
which run parallel to the solder wave and are used to transport the
inerting gas and/or N2 gas to provide a relatively | ow oxygen at nosphere,
particul arly underneath the work piece to be sol dered. 5[0005] For

| ead-free ve so| dering, _the value of an inerting ggs at npsphere

conpri si A§T9Es ’PsSOFjGFPHESr PReemeh e galdler Waysie Wi BRPHYUFRARH RS Waike

process tsereARGbMRaldY dUshdSostafH RN dreasipibe£er iRésRRich Surshaaild ke mat | y
hi gher thap that of conventional tin-|ead sol der due to the increased

mel ting POINRT Wayt andaredsey te aeproddbe Pﬁ@@ggﬁﬁd‘i@fﬂgr Nrgas [9PUde& i n process

t enper at ye@tiv E@W&%gél’l’ Qt&ﬁ)sb@ér@aﬁar@éunarwéﬁdwﬁméwor;& piecs aste &didded.
| ead-free sol is normally much higher than that of the conventi onal

tin-1ead [e@ﬂsjerﬁormd-fteléama%cy@mévn@q&év@@é@cmmd.n@gab abdbgiPeravast e by dross
formation is m)r ficant gan that of |ead-free wave soldering. In
addi t i on,COMRESHE |‘§1fg“b%rr‘f"€f? egp the follaing reascsd| HerPrPesent ri nsi cal | y
poor conp@wneéatiré by hba@ a@bninish [e8M%e8 kbRl signfich@fcthiGidrdein thdher ef ore, the
quality of the for rre?qqewg%rdﬂ%m nts is nore 15sensitive to Lyhe state of

oxi dat i orffOBYFEOPALR-! O §15ringie@seq Heibeg PRINts A CRRIMONRHSRA

i nerting ficd SORMES. sabmrrém i procetPRhigeeaiiel promBRe Grosdiessationr mat i on on t he
rmlten S Ider sur f ducl nfg dross .fornati on not onla/ sg%\%g sol der

mat er'Pal HHemécg%’etﬁ% Cﬁ%{l féepmhtee sULRIIS BAREIRlY mish highepthia fesol der

wet ting aBAveieHkIe-Isdtes s arﬁd/thafecbﬁ@ny REgREsERtatewith @bla&r&uasT@b@ppl y an
|nert|ng atnDsPhere in an 20eX|st|ng wav e solderln mach I ne, one conmbn

appr oach F&sgmaiiea it mer Yorifianhhap 'P\ats"(f)ieégrfrereé‘%%’te\ﬁ?fqe”ag c Kpadditiqpethe
protecti W@tth@ttﬁdd@ﬂna\mddbf@ lbhdiGes go:a@gumrﬂﬁhg;my f6or AMpaned wittnthagasthbl anket
across the sol der 3%:[7 Cfll’ (;rg Te? rmed, %ﬁﬁ reduci 9 t he tendency of
sol der o¥PawYNtigRal tip §o' 9 e 'GP USe Eqéﬂ?'éty@f) pimed n%&g’ HNBEBAE t ubes to
i ntr aguceepsitivdterthé BetcdsFoxiEbe bn asedRfrened|@sr Rffhes. 1 nerting gases into the
sol dering station. The porous tubes, however, becone easily clogged by

sol der spgbeosdi mgs el khovin wmerte@nﬁle@sggbzaan@dsdrr@gmmnwml@@bﬁtsrsi ng
process. f&?ﬂ%@at he dlffEser ube is clo ed the_efficienc |ner ing wll

be | ar gel Bea e pe ldersudaee BF LHPSR RN '?Cfté?\é@rsat’%%‘g Cuch as,

for exarrp;haeenasaha@s}abmgmammr@nb@tdmurémbhteduwlédﬂqurmnsmgjesoﬁeuﬁag@aa, are
extrenely di ffl cul t ng... The cl ean ese. tubes nust
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i nerting gay biNAkatebrays thé Beltlel lRestvbingay) 86 &Fmiet, oy Gedmittethenghdanty t bs

desirabl e fdhat tt}e apparatus, method, or both fulfill at |east one or nore
of the fSPIGUPHEPES} ectives. First, it is desirable that the inerting

appar at USo G %e*h?fgus%%déjrg%%m%%n?rm‘a’éé‘g{ pdrB& LB PRR o GRIMTRLLSG g58iCh as,
25  such as N, and/or other inerting gases into the soldering station. The porous tubes,
however, become easily clogged by solder splashing or flux vapor condensation during
the wave soldering process. Once the diffuser tube is clogged, the efficiency of inerting
will be largely reduced. Present methods of cleaning the diffuser tubes such as, for
example, using ultrasonic baths filled with cleaning solutions, are extremely difficult and
30 time consuming. The cleaning of these tubes must be performed on a reguiar basis and
can cause physical damage to the tubes. To avoid these issues, the diffuser tubes are
typically replaced once they become clogged rather than cleaned. This increases the

overall cost to the end-user.



5limted to, 12 cubic nmeter per hour (nB/hr) or less to neet the cost
benefits of applying the technol ogy. Second, it is desirable that the

i nerting apparatus and net hod reduces the concentration of 02 above the

nol ten sol der surface such as, but not limted to, 2500 parts per mllion
(ppm or less. Third, it is desirable that the inerting apparatus and

met hod uses an apparatus that is sinple to install and maintain to mnimze

retrofi t tPMRP] 14C6inalb et to premete tEF‘e@PFP“&BtI'%’ P RinchY HpPa ¥t Ueeor et hod

reduces Gerfitd @Es’é@ﬁrﬁ@a@é@al@ér%gh ROHeRfrabid enp e aehthid, Wshod, WeBothduiemsur e a
stable and | ong lasting_ inerting performance. | EF SUMWARY OF THE

| NVENTI ORIt B850 Mef8 G4 KIsdPiayian abiactives hbsidbSciastedle Hgt SIsineding i 1 1s at

| east 0n%p@érafﬂ%raﬁad(}ﬁethb@re%ﬂ@é!@NQbi&ﬁéﬂ |M@‘ﬁ‘ngf; Qés ESRUFIpNEN YSdhngs, BLE Agen
and/ or ot her inerting gases t nore cost effective and user

friendly lifHgH %d%ﬁ&%ﬁ‘l‘%‘?hﬁfﬁﬁaé(néﬁ&) afdsa%f&tra%%éhep?%%éﬁﬁqubs PIARRYENS [ 0010]

I'n one emRORCARAIbgy télﬁ:'bﬁd'lﬁls@i@‘é’%tﬁ@%aﬁﬁaem@ééﬁarét% aﬁdi Qw\é'trdjdr}ﬁd@éés' nerting
gas 20duri ng sol erln pl ece conpri sing one groove on a

rk
bot t om s &RNEeBiration 9%@&%& the meiengoiier ﬁ%?@osac@ﬁséfut PeslERite, e of a

sol der r @Rk yer rﬁmllﬁi’r’nf’(ﬁbm?bﬂgsm ﬂm%ﬂ|tw&&%ébhéﬁﬁét%é‘méhmb%ééraﬁﬁearﬁﬂ de wal | of
the groove and at | east one wal paratus defines a chanber outside

of the sdM¥iaed veesanannaratyg thl%‘é@tml?]ﬁéo @5@ PRg Mantainte pinigyzedeoiBing ne

appan gt U%ogmwgbvéw BMye8iral i€ Bk RN pRRIALEr M@t‘ﬁ@d edtucks Bleiiniigges R 25sol der
reservoir passes through and contacts the work piece as it travels on a

novi ng t CRERININ EheapspiE diffussy tyre tPl?@é%re@oﬁﬁtP‘Fﬁ‘ﬂéo'@H%St@S IR&5HRG openi ngs i n
fluid comauBigaiceon Wi th an inerting gas source wherein at |east one of the
tubes resides within the chanber wherein the apparatus is positioned above
the sol der reservoir and underneath the work piece to be sol dered thereby
form ng an atnosphere and wherein there is substantially 30no gap between

the work piece to be sol dergg sudivERVReXTHE INVENBON east one sol der wave.
In one particul ar enbodi nent, the apparatus further conprises a thermally

conduset i \[80q®] onm@ss'amaramgéﬁéf mhetiod ®RRSEba rmé;hifmmsceft lddReofd 6t oSl githecont act s
the nmolten sol der g%{ | east. one tube. hi.s 'fnbo In'i;Bt or anot her
8 |H’18

enbodi meAPOVGRP JSth{VF TRy Q‘"Bg%fb%'bd’%rt‘ﬁ SldPeIRG A AN A TR PHIBIRyh

whi ch t heowdtlecicestl ldenRinglytth@r edrhpaueB dirs®l and dppacovess dredenbigm
conprises a vent which is in communication with a ventilation system
[0011] | A**&not her aspect there is provided a method for providing an

IpPg\r/;[ hp%égmat g‘r?g gm% lmen¥ tt’Qgre 1S gr%w%g(lj g%ralpggra&s for prowéingla%qger?ngngr | sing:

20 during soldering of a work piece comprising: at least one groove on a bottom surface of
the apparatus for placing atop of at least one edge of a solder reservoir comprising
molten solder wherein at least one side wall of the groove and at least one wall of the
apparatus defines a chamber outside of the solder reservoir; at least one opening on a
top surface of the apparatus through which at least one solder wave emitting from the

25  solder reservoir passes through and contacts the work piece as it travels on a moving
track; and a plurality of tubes comprising one or more openings in fluid communication
with an inerting gas source wherein at least one of the tubes resides within the chamber
wherein the apparatus is positioned above the solder reservoir and underneath the work
piece to be soldered thereby forming an atmosphere and wherein there is substantially

30 no gap between the work piece to be soldered and an apex of the at least one solder
wave. In one particular embodiment, the apparatus further comprises a thermally
conductive protrusion wherein at least a portion of the protrusion contacts the molten

solder and at least one tube. In this embodiment or another embodiment, an optional
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sol dering machi ne conprising: a solder reservoir having nolten sol der
contained therein, at |east one nozzle, at |east one punp to generate at

| east one sol der wave fromthe nolten sol der bath upwardly through the
nozzl e; placing an apparatus atop at | east one edge of the nouth of the

sol der reservoir wherein the apparatus conprises at |east one 10opening on
a top surface, at |east oneF%roove that rests atop the at | east one edge of

the sol d&PV§'d3 BIRGe RLoP LA HeLRRRIA1L thEQHIBMIVIIHEE WorhBPFS IrAtPIOIErehoHsh e

openi Ngs vierdih tHelboverktAéCaim Jﬁi@eﬂ\fatvbntam:bm@rrﬁ EOEmUBR SN B viiEsRIN t he
wor k pi ece to be sol dered and the top surface of the apparatus define an

at mospher¥$!8Md wherein there is substantially no gap between the work piece

to be sol d and an apex of the at |east one sol der 15wave; passing a
wor k- pr od8 T A% BoBa 4RER. st S rNenis Mtrparon BVONS Re USSR eco

cont agt s athespiierd @R viile soRleBiRg ofaVerieTbdd d;d}@prtshfgotdﬂi?ldirl’g&a apeni ng of the
apparatus;  introducin porous tupes and into

an _ inertin as through t
t he at mo§BW8F“é9 n\;@ﬁ@p@gﬂmawsm%ﬁoffﬁqge%w *&5’&\9 ‘f”a‘”}ﬁ?r‘ EPHAINGH thereiRer nal | y
conduct i 4@ leREOdesIzeR, Whbadt ohs puRDas hefkerbid A 18die oR®LbIGE eRledaIm Waer eby t he

at |l east one tu s heate toate ture.to is at or 20 above the
t enper at (MQ! eBFOBﬁEL%I”PWﬁ’ Ryah th‘l%%ﬁ?e PRCNSAN 2Pt aPReheasing east

one of tkegéubes rhalth bﬁﬂhe@s@lﬁ]@f le866/0R wheRsi$ tHeCdopaRald ftﬁn&fse@ apl@thUcﬁwe3| eeve
conpr,LSi r&gga nonstick materjal. BRI EF DESCRI PTI ON OF SEVERAL VI EWs OF THE

DRAW RiGs °p57io8 P22 tPP@H’F%CelaH?%‘?}|°8§§r%QYe laiesty ploniPedl Ispstaneaige af thent of a

di ffuser sbwaeres@mrrl SdWpRAligsof Alibed PRPEPglonber BRBE bhemshdirfgidn. [ 0013]
Figure 2 shows the re atl onshlé) bet ween t he ft?]ressure dro al onggt he porous

t ube Conﬁawr‘fcﬁt'?%@[t AD nsge PUf G WP @lﬂﬂ”&p'ﬁé?@r $Hesld ra”E’rrB/ hr)
as infl uene sbbfadi@bﬁhébé&r@fus%ﬁﬁ@arh atedsphéret iRy Mﬁéfélﬁ%@éreﬁsl@ﬂ)s%ﬁﬂw bed in

Exanple 1. 30[,0014 ure 3a provi vi ew of one enbodi nt of the
appar at u$'od@&8 "b%fld' E‘é é’f‘hp'ec'&tg’dﬁ Oq‘f%*"aﬁ?%‘? 3B P9 tae et lgastqpese
anot her erdvedbamemg moﬂ(%oarékﬁfgaé p@th@asnétlab%dsmb@wn of B8 Wk Eiegwe 4

rovides an isqmetri odi nen apparatus depicted in
EI gure 3&°NBPEARS ! 'P??jl?t“@ SQ"’BFW@Y%%‘ERW tih%’ﬁﬁ&’ef ePsi] "&ﬁig fdpe éﬂp%ﬁwgonal cover

t hat can whﬁ)du&ag @hhr@tar@é@e& mfou@hehérpwongtdb@aakd w{t@ﬂﬂeSdtmEewr@ whepig\gt des a

side view o di ment i ct re 3a that unted onto a
sol der r ; o ﬁjbe contacts a portio rPof a t?werm:gly %guctlve protrusion wshléT'uDas mserteg

into the molten solder whereby the at least one tube is heated to a temperature to is at or
20  above the temperature of the molten solder. In one particular embodiment, at least one
of the tubes further comprises a non-stick coating or a porous sleeve comprising a non-

stick material.

BRIEF DESCRIPTION OF SEVERAL VIEWS OF THE DRAWINGS

256 [0012] Figure 1 provides an isometric view of an embodiment of a diffuser tube

comprising pores or a porous tube described herein.

[0013] Figure 2 shows the relationship between the pressure drop along the porous
tube compared to the nitrogen (N,) flow rate cubic meter per hour (m*/hr) as influenced

by pore size or grade level of the diffuser tube described in Example 1.

30 [0014] Figure 3a provides a top view of one embodiment of the apparatus described

herein.



[0019] Figure 7 provides an isonetric view of an enbodi nent of the

appar at us l1l0descri bed herein. [0020] Figure 8 provides an isonetric view of
t he enmbodi nent depicted in Figure 7 that further conprises a plurality of
tubes (shown in dotted Iine) wherein at |east one of the plurality of tubes
conprises a fin-like protrusion wherein at |east a portion of the fin-1ike
pr ot rusi ?QQ/di in contact with the nolten sol der. 15 0021%} Fi gure 9 provides
a side vileUS Figire ABRERVIRES 18P VIEWET PPRIPRETSOFIBe N N aPRA RS descr i bed

her ei n cerp&ritsdm@ran.pl urality of tubes conprising one or nore openings
wherein at |east one of the tubes conprises a fin-like protrusion in

contact \e9s]t Feyuid b tordvidl AEEemetric view d@R2embb@tneat FAnpredraies a si de view
of an enbodi gent of t?e apparatus for N2 20inerting described herein.
[0023] FidGHCEY PR PHes a side view of an enbodi ment of the apparatus for

N2 inerti escribed herein.. [0024]. Fiqure 12 provides a side vjew of an
ebodpredDPH S S P e T BIMRBC Vissh S pra oY T 28 R TsHe80 )

Fi gure 13ty sithaledvingdiade vi ew of an enbodi ment of the apparatus for N2
inerting described herein. [0026] Figure 14 provides a side view of an
enbodi neno018] tHigir@ppadviddssa $ige vididr df ey érmbeditiesiaddphesl Ieligird 3a that is [ 0027]

Fi gure 15 r?v' d%s anl end view of an optional cover that can be installed
on the 3(5’?’?@\/” @rdgori?ﬁc,stﬁbE?ﬁerrch the work piece travels in the enbodi nent
depi ct ed. 0 FLgure 16 provides. a side view of enbodi ment descri bed
P gur 20080 Eurs v e eSS BR Riel e estoin it e AR B oar d passt ng
undengeatdesdrivedtewss. [ 0029] Figure 17 provides a side view of an

enbodi ment described in Figure 15 where there is no circuit board passing

under neaffd020fe Figwe 8.prdfidHR3M0 isémefuic eiekbofihowindedsimenpieticiee indtonwestthat | ng

tEQSWS: ghgur%%% b BRSs ArafE F 1R 8%t R JTRES IS WIer&iR BERAL SE Ptk
plurality of tubes comprises a fin-like protrusion wherein at least a portion of the fin-like

protrusion is in contact with the molten solder.

15 [0021] Figure 2 provides a side view of an embodiment of the apparatus for N, inerting
described herein comprising a plurality of tubes comprising one or more openings
wherein at least one of the tubes comprises a fin-like protrusion in contact with the
motten solder.

[0022] Figure 10 provides a side view of an embodiment of the apparatus for N,
20  inerting described herein.

[0023] Figure 11 provides a side view of an embodiment of the apparatus for N,

inerting described herein.

[0024] Figure 12 provides a side view of an embodiment of the apparatus for N,

inerting described herein.

25 [0025] Figure 13 provides a side view of an embodiment of the apparatus for N,
inerting described herein.

[0026] Figure 14 provides a side view of an embodiment of the apparatus for N,
inerting described herein.

[0027] Figure 15 provides an end view of an optional cover that can be installed on the

30  moving track upon which the work piece fravels in the embodiment depicted.



[0031] Figure 19 provides the results of 02 concentration for positions 1

t hrough 8 shown in Figure 18 for the apparatus having a plurality of porous
di ffuser tubes wherein one of the plurality of tubes had a netal protrusion
in contact wwth the solder bath 10descri bed in Exanple 2 and wherein the
optional cover is not in place atop of the apparatus and work piece on

novi ng tr, 032] .Figure 20, provides the results of 02 .concentration for
oot t D ond0t2 PRI 18 PLRBIES oSN pESR srPER AL s p B LS R i

pl ural i t yiluefrates aausk gicté ub giintbdibiesitwoarepassmpanabrriche thé yowdri ty of tubes
had a nmetal protrusion in contact wwth the solder bath 15described in
Exanpl e 206G29) Whereln ptdviies pitdidendbw @b ¥e embblimenedéddinéd prrigoenéciiesei s in

I d f th t us. and i i t k. [0033] Fi
2,000 o008 nd L ORI IR Sl 58,1, oV 19 1 rack, (0055 Haure

met hod a paratus_descri bed herein. [0034] Fiqures,. 22 nd. 22b provi des
o enBoat iRl ® Sidtis e RS HeR AU Frbrairier b bESE e uddiarB S ftel e
and di f f usereabar O reespattativeinyExamyes ¢i n the di ffuser tube conprises slots
and is placed within a diffuser box conprising openings to allow the
passage @00 iFigend 8 @rayaies thereatity o@hconcOtddipn Forgusitisn? 3éhrangh 23b

provi des si de-.vi e nd,, cross-sectional .view .respectivel of ., an.

Bl ter nat U8V THTH el S0P 2PRr AR e e poRlrally qopsiklE el BELtpe PH SR THE
| NVENTI Ong 008@]plvktlity eésbeo had ameatairpeotaisidrna cobijaetwithvids sollet bagthart are

ful filled by.the pethod.and aratus described herein for inerting

brot 481 § SRSy EERTRE G A B S ERALC RS sBFbH By e PBed her ei n
provi des appamtusrepdwok eEice on ncwirignigackol dering, particularly for those
enbodi nents where significant novenent and swirling of the solder during

sol der i n§oag2] whidur@ Pé pesvides die esults offDecbncentcatiot firgaosdisnam throough 8ased

oxi datio [ rf cur. . Lt | ti.Cl ar at us
and et noioH Lt oydafs B BeFBba B vz bRTOLS ERTS B oot ofndRly
exi sti ng onevétheqdelity ogtuas hada mdtal rerdssominenbiadi witnths, sotdeebathpar at us
descﬁéb?%egﬁrb%hﬁ‘n EQarR@ﬁrzaatr{dov’@nérém bEES BV et \F‘uﬁh %ﬂn‘i’a‘?{on%%ﬁﬁerc‘{é’ gnd under
the novi ng track or otnér conveyance chanismtor transporting

placed atop of the apparatus and work piece on moving track.

I .
I3 1

[0033] Figure 21 provides an embodiment of the gas curtain that can be used with the

method and apparatus described herein.

[0034] Figures 22a and 22b provides an embodiment of an embodiment of the diffuser

20  tube described herein and diffuser box, respectively, wherein the diffuser {ube comprises
slots and is placed within a diffuser box comprising openings to allow the passage of an
inerting gas therethrough.

[0035] Figures 23a and 23b provides a side view and cross-sectional view,

respectively, of an alternative embodiment of a diffuser tube.
25
DETAILED DESCRIPTION OF THE INVENTION

[0036] At least one or more of the objectives in the art are fuifilled by the method and

apparatus described herein for inerting protection during soldering. The apparatus and
30  method described herein provides inerting protection during soldering, particularly for

those embodiments where significant movement and swirling of the solder during

soldering of work pieces such as printed circuit boards and increased oxidation of its
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5the work pieces to be soldered. In certain enbodinents, there is
substantially no gap between the work piece to be sol dered and the apex of
the at | east one sol der wave. In other enbodinents, there is a gap between
the work piece to be soldered and the apex of the at |east one sol der wave.
The plurality of diffuser pipes housed within the apparatus are in fluid
connection to an inerting z%%% source such as nitro inert gas 10(e.g.

hel i um SEBRCE BAYBFCUrk itypadisiPalad{bat th%ﬁepfﬁé%ﬁ@atm%md torsrieest herengiai ng gas

(e.9., Mpstydes, f@Feﬂinﬁ&é’%?etﬁiﬁ%@¥ﬁ§t@@%&%&fémﬁg RehcHPel th &4dpy wei ght  of
hydrogen), or conbi nat i ons t her eof provide an inerting atnosphere. One

obj ecti v@neﬁpdtrmﬁé\t%;ﬁ'ﬁammtuaﬁasq«@?ﬁBarea“e@&pief?é!an eRlated 9ver ersoifieE ed
concent r ﬁ‘éééﬁbnoinoqmﬁgﬁfhe(lﬂ@mg fadi\@ o%ﬁé?@%Nb%éﬁc@ﬂ%anb%r%ﬁsWﬂ@ pi ece

surface to be soldered and the surface of the 15nplten sol der contai ned
withi A t HRe YBIkquecesda Bp veidpregy dhoertain plibodients; Hiefel§ substatialy ng&iePs per

mllion (bléﬁrmen%e Weas |e$@@wso]_d@$e@9&ﬁfh%ta%§x %ﬂ@e@@é@ﬂor@e&ﬁdérmehﬁ{ einis

intended to be placed atop of a solder reservoir containing nolten sol der
that is reiieresbednents, &eran'ﬁoa/@arq Betyeen fig warkpipce)to f)ﬁéo%ieileé@ndéh%m ng

poi nt . Trb?t?%pé?@éaﬁ Y% dassnifed T*E%rpﬁ!rélhtﬁéﬁdlﬁu”sér'ﬂtp%é%hséﬁq}uMﬂf?tr%Ot hat sets
atop of the solder reservoir thereby defining an atnosphere between the
wor k pi e @@PR@tUSare §) i eennestien fosandBeriiag gas poHrem BUE 3STET PG, BRtdakovi ng

trackoabqy@ ‘h@ﬁm’iq{e‘éﬁrarb@ﬁ%yﬂbﬁ x%HS‘n the c%ﬁib?r?aﬂo:%@ﬂh@?éof)ﬂ%%%%as' &g certal n
enbodi nents, the work pieces are sup orte %/7 a noving track or conveyor

fingers anixtyredef niteges anddvetegen Pﬁ@éﬁ%”%&%@@ Ay HORt 196 NEBPERID. Yave(s). In

ot her enbgahiciaNbSs thbR\f erﬁva@é §ﬁ %nﬂ{geat%'éﬁ’;ﬁ}@ré ethnanpRend draks apddrxtyr es, or
franmes as they are conveyed th gc? g he wave sol dering machi ne.” The sol der
$ag

r eser voi PNA&EtREdesCrined rﬁ@é%laé ceneentiaten prayeet (@& e more sol der

waves t h%ﬁm@ép@ue&%@fn@&%?ﬂ%’w@rk%ﬁédé%ur@% bel 404 @RE tHRUEIPrabs of thRi cal |y a
vari abI e spee ows the end user to control the flow of sol der

fromiPhe ”%‘quaépﬁﬁb‘&%’(t%')’e%\'?dh'ﬁéh%‘éo‘%?r TERRIKITT SUFE aspByt Nt “’@I"%‘%fto 6P0% patss ol der

wave(s) tRrfilidn PhR§EFRLEY conditions. 30 The one or nore sol der waves
contact the surface of the work piece to be sol dered through one or nore

openi ngs [04B7Y hﬂ"hb%{)&lélf&a&% Réthbl GeahiPal Abksn Besehdded aéem&!e@ atéyéfiag this
process, the appara houses a plurality of diffuser tubes con%)r|5| ng an

openi ng, SQ&F 'Eelﬁﬁ@o"'§P6tta’”"19emf”éﬁ"h~°tqi‘é?r‘i§hatdﬁmﬁtS‘Faé@eqfl’iaﬁr APV (ol £ YRy

comuni cath i stdels AbIAYRIdintNThe @ pSatlsR 8k ReeiNhab Batnteaasvdilmough the
|nter|or vol une of the tube and out thrqugh the openi ng@or pores of the

t ubed¥i ntPtSRE APRBSIHREPIEET TeReBir ipraky. dﬁf’ﬁé‘gmm‘)%mqr% tween it Weilge, back

edge and psdceeo ﬁ@@@@e@‘d this Ve yHd ﬁﬁ&e&!ﬂ%ch’cﬁﬂ bPE i tedtkebede by t he
e work piece passes through the solder wave(s). [0038] In

inerting gas as
certain ég‘gﬁﬂfeﬁﬁwp""@f‘dFW%mQB%?%@?ISSUQCﬁEP n‘ét%&ﬂ'”ﬁ%tiﬂdi”ﬁ%'ﬂs HB$ Work PigdRs si ze

Sof the appaisiorsd I@B/%Qﬁ@lm@g} @@cm}%oﬁ@éy@ennge%@f 4@k Bddds dHdthaFizgsts bss
i nt ensi f the |j neri efflciency around the novi nq%lsol der waves. In this

or ot her @H%M Melskt IRtqther gpogdimerys. 4ee Wetir Pieeas arg sURRERd St si de of

t he bgot pailds, f&iurémr&aﬁ@é%tﬂﬁey arelcbBvesRl debugeieIwilelsoldeARg BficaREer ed by a
hi gh ten%ﬁrature material that can withstand the tenperature of the nolten
c

sol der £ SPEHTSRENMAIT Naf KBE OF MPES Nozzigsthgiein that project one or more solder

waves that are generated by a solder pump. The solder pump is typically a variable
speed pump that allows the end user o control the flow of solder from the solder wave(s)
and raise or lower the apex or crest of the solder wave(s) to suit processing conditions.
30  The one or more solder waves contact the surface of the work piece {o be soldered
through one or more openings in the top surface of the apparatus described herein.
During this process, the apparatus houses a plurality of diffuser tubes comprising an
opening, aperture, slot, perforations, or pores that are in fluid communication with an

inerting gas source such as Ny that pass through the interior volume of the tube and out

-7 -



10[ 0039] The apparatus and net hod descri bed herein conprises a plurality of
di ffuser tubes conprising an interior volunme and one or nore openi ngs which
can be, but is not limted to, pores, holes, slots, vents, apertures,
perforations or other means that allow for the passage of nitrogen and/or
other inerting gas within the interior volume of the tube and out through

t he openlngs of the tube. In gne particular enbodinent, the tubes are

15por ous %rﬁag%ﬁﬁ;ﬂqeg@’g&apa%roéahe tHeeeinky the aBposphsiR: *Gdﬂmﬁ]seﬂ’)"ﬁéméﬁf m or

| ess to RuENEdEont éc@@ Padk dd g@\/éin@fsade@fgteb BEthafwdN2 pas a@@mi@fml‘&;%rﬂ@fe@us
tube. In this or other enbodi nents, the tubes are in fluid communi cati on

with an iPHdPe iNREING 489S &6 HILWORKPRCHASHES WEOUTRENG PRifeTWRYefs such as, for
exanpl e, N2 through the interior volume of the tube and out throug h the

openi ngs B8 oreseEin REOdiMsEs of the sreHatused neRiheherpcHhed lﬁ%fe@up"ﬁa?é?@ of the

nol t ep S drrappidiud PBcdELREH YR doldRTeePIHIQY Aniiek tBirfsaFy tr{é)iﬁé%%
previously mentioned, the apparatus described herein conprises a housing

that contSHiGRNCK aRUIAANG Mpving Saider wavas. (i Hus oueiferamiadiaentsr thegitalice. | n
certain enhedisoRRF SurfdcBeot b8 SuisRYE JPend R6PRFAHIRRE YRRt M tBE Wbk ty of

sol der waves, at the board entrance side of the sol der reservoi r, at the

wor k  pi e CESSEYGIR, CqN . CeYerethay 3 highdemperatyr Giateriad sk ear dhtandibet o t he

di recti oRe@peraiife SOEAoltdR BIdePECEAREY RAkih BNSsdIaredvoid N these
enbodi nents, there is substantially no gap between the surface of the work

pi ecapto [mﬁolmr@ga@m driterhe@bd bBScribel Hefei\BRSHisek B Meblitiohdiguhgedi nent s,

one or nore of the tubes, such as those enbodi nents wherein one or nore of

the tubedUheSSoNUEISHEPARAERNS YDIURR PTG GNP TBBIERAENINGS WANFBSANRgy DS Phfer

conpri se Iuﬁut@@k@'polﬁ&sohélésslsﬁbk Qfenfs! Qpé&lﬁé@lp@ﬁaﬁatn&% @(ﬁﬁheran@éﬂstthé’crhﬂ@\fv fbhe
protru5|on contacts the nmolten solder and in thernal, cond ucth%n with the

tube. | nhP3SSEERABRAIPYH AW HRrraTeHrGeFLLiim ey interinr yqiype a1 N6 dR he

t emper at &he oRf thkdiyhtti® 8pdhiads dftthé ﬁJb@OIlHl@ﬁé eghit RatignRlment! e tomdstdrag poi nt
of the solder to avoid cl oggi ng caused aéo for exanpl e, sol dering splashing
H

and/ dP f IPRIOUSAIGICOBBHER AS ét’?réﬁe PPI® Sizgepft t%ﬁﬁﬁﬁoﬁﬁﬁfrﬁ) ortlpRe tRpraude a
protrusi @imikr fﬁdv!i‘oftshéﬁm&8PN§$£§o&t%¢tr@}%r9&s {UBE E1rf HRES oA ehitRaiinken sol der

may be a part of the vertica he apparatus. In this or other
enbodi medt&tubgs aedaifitidaeamynigrtionyithine ingréiag ges $RIEPRIahpItARieS hGHRSTHAY of t he

sol der bafah sudigs, Wsex@mpR &1, Yiro Y BreRbAbr WIRhd U5theRbhel S o iiBolidtan Bl |y
conducti ve between at | east ‘5one tube and the nolten sol der bath avoi ds the

pr obl ens CRERIBEF af RAeT A PA&LESI P the eregidefinethieing syragmefl toe MATARP 48'ehg t he

por oyg tmb@]e%gé}vé,hgn§@5r@§pecp@5m i¢Q41] In one particul ar enbodi nent of
t he apparatus and net hod descri bed herein, one or nore of the plurality of

di ffuser [podugs Assruéxno@éiy miHfiorRAL thel dﬁpb%%st @eschib®l K@BhonfPrEédIa buditgpe 1N
between & e?tlcgzgtams F= plu;ailtsy%lf g%tsg\ﬁ\dggs ar?dogrP lrnltesrlec'\ﬁvg‘[urrr]agn Ins E:ér?alin gr%%gclit%gentsAn
the tubes may be located between the plurality of solder waves, at the board entrance
side of the solder reservoir, at the work piece exit side of the solder reservaoir,

25  perpendicular to the direction of the solder wave, or combinations thereof. In these
embodiments, there is substantially no gap between the surface of the work piece to be
soldered and that of the solder waves. In certain embodiments, one or more of the
tubes, such as those embodiments wherein one or more of the tubes resides between a
plurality of soldering waves, may further comprise a metal protrusion or fin wherein at

30  least a portion of the protrusion contacts the molten solder and in thermal conduction
with the tube. In this connection, the metal protrusion or fin that allows the temperature
of the tube that it is connected to be above the meiting point of the solder to avoid

clogging caused by, for example, soldering splashing and/or flux vapor condensation. In
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10exanpl e of a non-stick coating is polytetrafluoroethylene (PTFE) coati ng,
whi ch may be found under the trademark Teflon(r) non-stick coating (Teflon
i s manufactured by DuPont, Inc. of WIimngton Del.). To maintain the
passage of an inert gas through diffuser tube's surface, a porous Teflon
non-stick sleeve can be applied onto at |east a portion of the tube
surface. In these or other enbodi nents, the non-stick coating sel ected

shoul d 15%EPREIIRYINRENts. e metal prokiusign oa b et Fariarts theednesy| IE tubasamSer at ur e

commonl y ks R@IteMsdi8adnay K& p‘éﬁ%ﬁth%@eﬂ@:‘él wg[ HHRE ﬁﬁ@aré@sg in thidhorigghebout
260C). In a npre particul ar enbodi nent he non-stick coating is conprised

of Ther mATHPIMEND ANAddEiRNRIWhe WgY barlpqat?&rla%m anq/aq eidside Obtagéabdee bathi ng
whi ch i s TReRIsE 3F bre BEmBY: BEY ﬁf@h@@or&é fat £ t1RHHally KsHRRtvARIWBE ShesaN

mai nt ai n |ts integrity at 450C and avoi ds generating toxic vapor at

el evaPed 998t tpg,nggten saldenbRbiEHeidt tharuPlpms pRerdaied BYthparieaTt wilibe

resi des hakergsh MBoUonfBRlify PRl dofo i tuBOWAR tHIbig e, the dissolved flux in
the sol der reservoir can directly contact the center diffuser surface

| ocat ed hegaetn bhe phlibuianeint Simentbr 1R asaiies b roRRldeateddinan ¢

novenent of the nolten solder. Wen the l'iquid flux on diffuser surface is

evapor at €#e&F M PhHAP Ipi}ir%i%%%@és@éit“t’%i ﬁbﬁhfaﬁuautrnéki”ﬂ'&ﬁ iRaipe|ceai®e on t he

25di f f usefiffsbF fuBE th bdthiEsn 8 MMBAINGYotldiddi SRV S| REPBEs a ?F@nfs%l@ﬂiétsﬁ@l An A
non-stick coati n% or a porous non-stick sl eeve or a slotted netal shell

coat 48 wisrAMRER F-nOnrikK septtne g PeiptralicspRinyIRne o HER SOHBGoYEICh MY RS nay

cover at fh@rsindar PRrtiddematd TéRRERIINOIRK todtg (TEfidrSis ARInufiéRfled BRDUPBS,
addition of a non-stick coating, or a porous non-stick sleeve, or a slotted

met al  shéld CEHAMIPIGH PRMa Tr?dﬁa@fﬁ”bweé’@éﬁ%g‘?’fta@ ingrt gastbrough&ifbieet B Bor ous

di ffuser sgRhaaspoi®s THeM @Bh- sh&l@sléé\%n% it entB Gt R4St 4 UG0S BEteas the
center tube by solid flux residu The non-stick coating can al so be

appl i ed t¥Peaturiaggst!n 18560 PR Embf’ﬂ'g‘ei”m Bienan-«igk cagtivasrelacke shiopldr at us or

t he KBt empahtamUisiiRegrit9fat bh@odv@@h&ﬁ%ﬁén séi@era:,' teRefire @BFM Py *HeBaNicRE-
[0042] In yet anot her enbodi nent of g&)ar atus and net hod descri bed

herein, t1§8WaYB&PKIEURI PlRcESRRe- G OfRDIG %%t °Gpt |noa1@pr%ar&¢ulmmﬁc@an@ﬁ t he
movi ng t k@eKor- &&&%ﬁn@.& %H\%rlé’e& mf}@rma@rﬂwt héh-¥RkIcoRiIRE &R

.ﬁ
t her et hrough. The optional Cover further conprises a ventil ?I on hoI e that

isin fl &mw%rhaﬁ@ﬁ)@@twwbm I marufgerted byt Thermalen Atk of Sputhtieeeanand
sol der i ngH@CNRaihtat |t e Ve JtQ%O‘I@Qn&QVd rgscf%ér%?at% téilgéaafo@a%letét@@ the

at nosphere underneath t over. tional cover is
rrade2af dergpergiusey. éiy@mbm;mht wb&xem twe phntar wnu%wbh@e%dmm\eeerewet@r t he

ventil at if}e @xhabslol@rink Maves, the dissolved flux in the solder reservoir can directly

contact the center diffuser surface located between the 1% and the 2™ waves due to a
continual dynamic movement of the molten solder. When the liquid flux on diffuser
surface is evaporated or thermally decomposed, solid flux residua may leave on the

25  diffuser surface, thus causing diffuser clogging. To remedy this, a non-stick coating or a
porous non-stick sleeve or a slotted metal shell coated with a non-stick coating may be
applied to the porous tube or may cover at least a portion of the porous tube. It is
believed that the addition of a non-stick coating, or a porous non-stick sleeve, or a
slotted metal shell coated with a non-stick coating to at least one of the porous diffuser

30 tubes may prevent the clogging of the porous tube such as the center tube by solid flux
residua. 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.



machi ne. In another enbodi ment, the optional cover is made of double |ayer
netal sheets, and the double | ayer space is connected to the furnace

ventil ation exhaust, thus 10form ng a boundary gas trap. In one particular
enbodi nent, the distance between the two | ayers of netal sheets can range
fromabout 1/8" to about "A". Wien a work piece or circuit board is passing
under neath the cover, flux vapor generated inside the soldering area can be

col I ect ed994fodghetanetss armbarinant aifhe prpaatugianddngrthei ARicHed herckofhter

reser voi rappaitdl feah&eohipAbeesh bRtidnBEcH@HRbEntea¥Ahs RRCIAg thBiefRbyensuri ng
good inerting loperformance, For the case of there is no work piece or

Sircuit EENGE BRNEHopihenrRTk SRl 98é§éfa%thfougbha e oBienah Eo¥PA &G or at ed

from the phigriadd & YefatdhfolsBess trnﬂaldneomﬁ@hfcbm @Mé%ﬁ@ammuﬁt&ked
into vol une underneath the double | ayer space of the cover, thereby form ng

2 boufidarye WA $9Ie] NgAeaeng Rakaloys RhaTelecken of ek ypBot (T H# into the

vol une. ?a%QQﬁ%}e Ehc&lﬂﬁe%tlgrtri%r&%nd% oPBnyrbRaAL o&foﬁah&:v@?fs%%éé&’%e or
diffuser that is used in the apparatus and net 'hod descri bed herein. Porous

tube 10 |5§“9&Fe‘6V%‘th%Fab%°VBéYV%a@?’ﬂ‘?hﬁ?’?@ﬁ!‘“%ﬁ%‘om ventiaiion #xhaust eFhal vol ume

15 that ahdwe. flﬁ’%néth@réﬂw@dﬂa@%n@ﬁe‘db‘%ﬁél%v&%nﬁa‘d@%é@ukﬂ'é lay/&a8Btapnd/ or
ot her gas such but not limted inert gas (e argon, helium

neon, etd ?efswuﬂrfbgéfﬁuble aYeHAPAGTdE PQfﬁ?Cfelﬁ’éP&ﬁfur‘ia&ef"%‘\%ﬂtt%&@?%toﬁh‘gﬁ and is

in 250f| brhiSP EBH O Sy | bé’é‘tréﬁﬁ R R phimBLIE é’rﬁb&ﬁf%eﬁtomeccﬁstéﬁ@be‘m@ém%e I'n one
enbodi ment of porous tube 10, porous tube is made of stainless steel.

However, fWp ﬂ?d?r%%ftr@?tﬁfaﬂhgeﬁscﬂanwwgom @Beutde i pbayiss - BAhehAMCEaBIFES 85 | ong

as the najegi Boatd & SasiPh Jn@én%beQhé QodeNEuXQaBBr gdRFREN MsideR9E 9i8erdrigpe 10 is
in fluid communi cation with the inerting gas,  source through a gaseous

condui t GFedEHErE F@‘&ﬁ*@d(‘WBPQ@ﬁ@vwnd%ﬁﬁﬁswﬁ‘ifo%r TRRFIANe SUYnpri ses a

plural i t Yesdrvdiesdrosi8d bOREPER in BRY §sublPaydlase tharbb @bhQWink ool fRriidgow of
gas fromthe internal volume 15 through perforations 20 fromthe sol dering

bat h-15at RESPREASSAEPRT e85 Of HeTasis MPALRSk Biece RE CHANIROA a1 GBI {fotoldown)

and Underr@ééﬂ@ou@ﬁhé;h@rt%?@&s Qé@@r@teﬁ%dﬁ?th&cﬂnﬂ@ﬂ?@f6tﬁ9§er§hﬂ%)ner@f conbi nations
t her eof or Qus is shown as being cylindrical and havi ng a

ci rcul ar a@%@&ss(@&heo%ked info yaurga LPeerpaRtadhy H%Hb*%labi%rrsp%j@eﬁ@ﬁrq%%f such

as, but ngdreby frhed 4 BoundBAUhSHiIng §841&IrR N ORnAMSs bidfromBdrtéitd iRl the €t C., MaYy
be used. 0044] Perforations 20 are designed so that gas flowis elther

narrow y v lur”@cted for exanple, with circular holes as shown in the

enbogl nme B ure 1 and distrjbuted 50ver the entire Iength of the
sol déPi n39 e 18 1 (ROISHRGREMPIIMEH A s PRRBDYPRERETTUBRI R SEPEHE 20 can

be | ongi tiklbpsdratdelags nthdd ddssrinddhdrbis @ opdusatiben 0 ardpatiteend §em@$r for a}] i ons
gas romthne

20 may be chanfered or angled to further direct the flow

i nt er nal YHIAIRR tyle WﬁFB%%@”é’HP@@IY%ﬂ“ﬁé?ﬁ“a@ﬁgﬁ?w%%mﬁ%ﬁf By NHAHPY B8t ween
sol der baubh agditrgek aRd/BESthel §is ANARBISULROE mniséczt@ fﬂ@ﬁg@@l(é gr akgoans 20 may
range frc%]u(j)mOS mcrqon 10to 100 m cron, or n, or from

Fr
0.2 to 5 %A S{5alr PYXRISLr CbFIBRINASRE tharpef. T?efg}’f’ %Feéh‘?il%a? i

per f gpat lf@ﬂﬁco&ﬂnu:ﬁceﬁbﬁlﬁlth@rﬁn@ﬂnﬁg Q§s@ﬁrcé€ﬁ3$sha'm PO bBe 8MmBBdiATRAt HOr osi ty of
t he perforatlo dporous t ube are o to pursue a_ |l am nar flow

of gaseol¥'H tghR ?%f FHS tHBT maqug‘estamlﬁ% ﬁ@%'e%%’rw‘%ytehé’lmeér%%ﬁ ELNC Y

| am nar fdoesQlind\20 a3 040 t%é’m:cam&éé long BaBe hiatdHaaf @rterr@dré‘a@rvembmhén Zl ng
iroi fro 15bound of the sol dering vvorkepi ece,

glornvlegt): usgkile?maée(r@ ) Prous B I1er;§ Ifluid communication wit H the iéeeriiigg das sourc
through a gaseous conduit or other means (not shown). Porous tube 10 further
30  comprises a plurality of perforations 20, pores, or holes that aliow for the flow of gas
from the internal volume 15 through perforations 20 from the soldering bath, 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
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[ 0045] As an alternative enbodi nent to the porous diffuser tube, the one or
nore of the plurality of diffuser tubes, such as, but not limted to, the
center diffuser tube between a plurality of sol der waves, can be nade of
concentrically slotted tubes. An exanple of such an enbodi nent is provided
in Figures 23a (side view) and 23b (cross-sectional 20view). In this

enbodi nent, diffuser tube 1100 has one or nore slots 1110 and i s surrounded
by a con@EAMEITEscBirEas1agt@ot ipilectigyannuiar pRsiURER; reftanasiar ngiRkicaln 816 MRy or
slots 113 Jshat are facing dowmward and all ow for the passage of an
inerting gas therethrough. It is believed that the downward configuration

of the slieds4]CaRratdloRd 26 at @ sidhRAGE 1Rt glab BB G &itHex ng@tww agedtBy Got he tube
and cl ogging the one or nore openings. In 25certain enbod i ments, concentric

cover 112%2HAS. té('“h&'ﬁﬁ%atrl'l?lgsﬁfiaﬁhpt"t’@ "aﬁﬁlqnétd’dtr@eréto‘c Flose T angeietioniedor its

surfage siefthasntiYeith bhtﬁe%@@bhﬁ%ﬁasé%ﬁr (hredoRRY. ah Anothbi ébéllifbHser tube
1100 and its surroundl ng, cover i's shown as being cyllndrlcal and

havi ng a PEIfPEtiPRy 2@ pasiee wagitydiighholes or slgs. JRttheseRIttRETERICIBI9ES. geonet ri es,

such as, papbrafefs b0 ﬁ?aEz%@ cthfe@é@Hr‘@fgleost%Lf@ﬂ%r SR Sol of gasStrdrh i cal ,
etc., may be used. 30[0046] Figures 3a and provi de a top and |sorretr|c

vi ew of (bfﬁéméh%ﬁﬂ%ﬁﬂnt%fhet??@%*ﬁ%&?ﬁ‘t(ﬂgt %@“@é@ﬁ‘?lpb@? *PF@W@W]SO'T-[@ft@Wl ng to

Fi gure 3andarpepatesSTROaletagd 9&8@12@%1%%\’&10&@|2d%dyﬂﬁné’@ﬁé¥h@@5m70@oﬁ 0
provi de an inerting gas atnosphere during a wave sol deri ngﬁoperatl on. Wave

sol ddPi ng° é%avca%sor oMY inte 1 Q Bucran. < figet 0.2 & ady di pPre Bagtif contains a

ol ten s@hdRHiNRh, tA8theRR®oRd siPDfR pBASAlSS ﬂﬁstalﬁatn 032 ﬂit@t@ﬁs SNBsHI THEDT €
sol der waves (not shown) that are generated g%a sol unp (not shown).

Ref er ri n@ofosEOAM RYTGEREY thapeiiialons gharesisPg a0 ﬁa@so%{‘f‘t%@ﬁj LQUPYTEeR235 which

nmay be r gimvabicy b gH¥ebieNS 8&tlof Bfe fdiSuPRBaNIAtMS et RERPEMBBHIN St KOS S
r enoval reI atively easy for the end-user. Top bsurface 35 further conprises

at | east ‘¥ngacivnpiiy w/qrmttﬁtwww'apqu@a%ctm&ﬁw@mwe@f REYENS PR | ng
f'r om gl 1e0n&pled th%%o‘l?dé'ﬁh?'al’t%d(e‘@ IR plcd®, SAVERST HeRSQEY B Be ifert@@sSSes
through nozzles 85 and contacts a wor k pi ece that passes through along a

novi ng tr{m](m@,tansmvwatwe Betb@aumemgtdtﬂe bQidi"SQﬁfﬂ.@ér 1ape, the oa@@aﬁ@w@f 30
further conprises at one groaqve t he bottomlg rat us 30

(shown i AN %IB‘P'E%EY qf dﬁ%‘s?rntup?@&#‘%h 3y: ttUFta‘?t ’t”?é‘?[déo 162 FFPeot Ve der

reservoi ra pifralithy df SQBERBVAveRBRIRAHS of ERBAALAIS sﬁﬁtemééoﬁﬁtemrﬂplﬁwe t han
one groove that allow for the Cgil acenent_of appar at us .30 atop of sol der

reser voi PUFEAR EMOREMENE $ REPYIREE Frehaca (sidg i) (wresesegionghe

appapat USned@SM!hliseéinlB@:ﬂﬂb:ﬁt bmaerqmem mmq@rda@vae r2dke suc Y @saridne enbodi nent
depicted in Figures iments of the apparatus

r e
descri bed"Hey¥led Y ?Rﬂceﬂté‘%%?té”é’i) %@%P d"?@@a%%m At d%hral ity

of flangesmtd Inﬂto tabl W idicy araRE WHd o GorRes badsagedf a1 inghage@dson sol der
reserv0|r su a the nbodi nent s depicted.in Fi {tﬁgséﬁ%and 14. Rferrln

again to ﬁ ' eyed PREMEAeMRRTY Snfigral C%@’”FF’B%{ &nal | 33
or back \&ﬁérhceﬁcﬂ‘hd@ﬁﬁiﬂﬁgéftn&?ﬁﬂbﬂw&t@béEﬂ@ c@bgmmhet@teMﬁor@I@@aaﬁg@t iof  porous
I n

t ube shown dot t ed e in Fi ar at us 30, Porous
tUne28s e S i GaREAT Rt (2as DA Bt BB HIBR (o AYeRRE Sour ce

65. hAZ g@mm«at&ttyﬁmﬁe QR Gs a’h?@f ma%tmm GRsrivisetkraint viilelifageatatus and
t
et ho e%% gﬂs sSrrrgtlmdmréa over Wzo is 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.

30 [0046] Figures 3a and 4 provide a top and isometric view of one embodiment of the
apparatus 30 described herein. Referring to Figure 3a, 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
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nitrogen, hydrogen, an inert gas (e.g., helium argon, neon, krypton,

xenon, etc.), or conbinations thereof. In certain enbodinents, the inerting
gas is pre-heated prior to being introduced into porous tubes 55. It is
understood that the enbodi nent shown in 25Figures 3a and 4 may vary
dependi ng upon the configuration of the wave sol dering machi ne. Referring
now to Figure 4, apparatus 30 further conprises an interior volune 69

defined BYNERE amPiersadsar 88 a%?ﬁea?fé“?rﬁdpzélﬁ%ﬁﬁ}hatpf%e%%%i”@ﬁeesct’ﬁiﬁft
shown) , fwRBE (WRRhowd, thixask gé\@érbtea%w aaélﬂhe'i }]adﬁlpv(ﬁbtl shofd). aRéfertihg 16BBAT at us 30

further conprises at |east one netal fin 57 that is in contact wth the
mol t en sOTHERS P23RY dANPAEHKS a0 hpalar Biiecadpafiiidnelbe ranyePedtan i heat

the poroysstlopbr appatdiud Mered Wiﬁ(fngtd?oés lefpierakiivay abaver thaenimlskt Ngopoi nt
of the nolten solder. [0047 gure 3b provide a top view of an enbodi nent

of thé aﬁaaa%ﬁ%éfugtbermwﬁﬁéﬁfeﬂar%\ier?pﬁmgémhrﬁasfb Waichiof legslene AR 55' are

oriented \nﬂa%l%ﬁﬂt@hﬁﬁbﬁ‘armbi%ntslb%éﬁﬁsdtcbn@fnebNﬁthﬁﬂh@%bid@ﬁt‘é@ewﬁ?fis glébélﬁ to Figure
onto wave sol dering apparatus 7 provi de

3b, appar at us 30 S a
an i nert ithigugi %@@”&ﬁﬁﬁ PR RigGANAPRREFT HEOWherad %H‘OV\M\;@CK

sol deri n%@t%lﬁ@%ﬁ} L!%ef@@mg &® P?g'(jfe%eﬁa %@@'a@ﬁéraf@sﬁ Mﬂhér cB%pszélﬂét IE8AbaLNS a
nol t en sol der , one or nore nozzles 85' th proj ect one or nore

sol der w@\/@ye(%aﬂ t@ﬁ@meﬁaPpadaf@s&Qr@m@a d@iie%"wnd:é@urﬁawat i#8tS shown) .
Appak gt Usitcof dmesigd catf@@idex5re§ém.a¢§ FPcertii &hbdtYieRe, sEPMadbenfdyom the rest

of the apparatus thereby mak ma dross removal relatively easy for t he
end- user comﬁS%mOF%@nz@ge gfepveriat 3@%‘P+E)9f|t%%@’aa?mP'étégtapB?fé“@&Qrﬁt%o40

through \M@la@hr@terdo@a%tas%ewﬁ% AR UredeseearRi. t@lh@ﬂefﬁqb@dﬂﬂﬁéﬁis’£&%é&$¢$@étu§o
contained within the solder reservoir 75" passes through nozzles 85 and

cont act s 9§SGiER rﬁ%’& Bayaily pa’ wove Bio SN a8 B EMPodte T gepicledin Figstesshown) .

I n ot her 714endogiiMaAks: enttitRiAERS bRt pdetls d%%dntf’&ﬂﬂérélnmywo@ﬁéﬂ%%rﬁaeora
plurality of flanges that allow the apparatus to EOSI tioned or placed on

sol déP r SRYEPHIVES pEtiGter ppyEalits Sf ﬂ%gés thetpliey & PRt heRPSIAeHPhI ng

60" to ampiddagichisdtied AsehRiIEEn B5the e‘?ﬁbcﬂf :ﬁ&ht@@%bﬁété&iﬁﬁﬁg@m't alter4.nerting
gas used vmth he appar atus_ and net hod describ her ei n %ntc nprise

ni trogen, E’rWHF‘%@éﬁ” t%lﬁ’QPF?éreta Yt (e ﬁdewﬁbq’fl%?ﬁ"eér“écﬂﬁ’d the BANt Wit dn,

xenon,  KaceWal B7 def n@@fﬁ%tﬁb@é b0 Bat bigiLRf thelﬂﬂa&@ﬁér@bﬂpﬁaw&bgga‘é s, the
inerting gas is heated prior to being introduced into Qus t ubes 55'

It is und Cé"f’b‘ﬁdjooftﬁ%f'“et R IGHB GAVHRIREPRRAGIHS Tth FTgYs —IPSSO ot ity dependi ng

upon sthe ceaivhirgdstiah VRapishg b0 Meirertmel 36 sbiite BEC msr;ﬁev;bwﬂ&]en%r@urm&
provi des ,an isonetric view of o ti onal covgr 90 th pl aced over the

20appar at"?ﬂ*'%g%@eﬁd’k’/imaeta%%’ﬁ USiFEE nagtBomslesstierd f‘ﬁ@f” ’f“ﬂ)éc%i’rlksepl ece
travel s triedgehhihiiedsn, aaudeetngﬁs @@vefem% é@oﬁh@@ﬁ kKraptoROkehol] @63, oM ndow 95

that allows for wevmrg)? i t1onal cover 90 further has aveél 97 that is in
h

fluid coffirineipioiess AP IUTEER. R NEIIS 93708 PEHDRHTY BF (e wave

sol deri nq:emqm;rcstﬁmb@lm@ @s &ibesasUXit saRRerstbddthBt the @nlodPsdnier@voh t he
sol dering station. 0049] Figure 6 prow%&s a Si d vi ew of an enbodi nent

of tK& appdies B%a'i‘éé Y%é‘éie RgrHPopdheFepfiouragion o W&W@ég ldedpdar at us 130
is pl acedn@drmne cﬁef@@wag n&@t6 ETdung 4 aapaFaALLISO ﬂu?mebuorﬁ;b@e@brag igtearesiubdd ont o
at | east on{% 6‘26 of sol der reser vm@ 175 a;ﬁs qu Sol der res rv0| r 175
has nol t &9 SHNEEPY NSoMe/tin SaldrE §UERRS BPhShowmidde MG PiSE 'XOF\B*EO
t ranspor tygives kadd RSIES7, 1A st Weissel gier£d Aﬁpaaétuyewrmedwrﬁprﬁse@rat |eraeﬂ cated
one metal fin 57 that is in contact with the molten solder reservoir and at least one
30  porous tube that acts to heat the porous tube 55 in the center to a temperature above the

melting point of the molten soider.

[0047] Figure 3b provide a top view of an embodiment of the apparatus 30’ described
herein wherein porous diffuser tubes 55 are oriented perpendicular to the width of the
solder wave. Referring to Figure 3b, apparatus 30’ is placed onto wave soldering
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30in the arrow 105 shown.. At | east one or nore solder punps (not shown) are
used to generate a plurality of solder waves 115 through nozzles 185. The
plurality of sol der waves 115 contact the underside of work pieces 100

t hrough openings 107 in apparatus 130. An inerting gas is introduced into
porous tube 155 that is housed in chanber 150 outside of solder reservoir
175. In the enbodi nent shown in Figure 6, porous tubes 155 are |ocated at

the ent r SRE& TS Gia ROGHE PREHINLAS FBEBRARD? FUNES WRYE $PIdR1IN0| oRetAticRer

enbodi MenaydlQing apSrafkRT 0 8Bl Hl RIMp e RBTdReHtratibdHtaih® atiigtedli 1 ection
of the sol der waves (not shown). At |east one of the porous tubes 155 is in

connect i GRIGRN B, #rst Alle YrBRENSRERS 35 Ahalnraiact s I%e ﬁﬂﬁ?’e‘ﬁa‘@él gelr  180.
| nerting s@asny thbd &e g@néﬁéﬁéd%ﬁ@s&&er panft (FBEEHRINS Abgavatuasom dier neat h

wor k pi ece 100 and depicted cross- hat chi n%] and ab ove t he surface of
nol t eA séHdase %%@’h’qhﬁ“?h@ @W&Pﬁéﬂngﬁdﬁﬁ qf heprRpFF B therehy Mg at us has

essent i algryssNtomaaR rO8hivBLEas)IbKNE bﬁ@%séfooro%%rfhb@ 38REhR omplisky atwave 115.
[0050] Figures 7 and 8 provide an alternative embodi nent of apparatus 230

wher ei n i@ﬁshe?%owreﬁﬁ@ tfefﬁ@g*gwalab@t 2 aeoldes EpYe apEHNG iem deRi€nof sol der
reser vol iso@oto sad it #a%bIcENRsOoK S BisdevalbfonBeoeye S and the

front wall 233 of apparatus 230 define a chanb t hat contai ns porous

t ube 255 CPBIRERP wwkdpeﬁOPéeﬁnnaﬁmiﬁfqt@a FBIH) MOVIRG HAGH (RSt Sy .ur brfther

CONPADSeSntfddinidries, ities ay;sarsm@ d@@bﬁ?abd@iqumay cérlasngwé b@ﬁahﬁ%fd@hgéélﬂhﬁﬁce (not
shown), the work piece (not shown), front and side

15 wal | s 2oy thmapranatus fdhepositiaged 6F piaged & BO’d%rpfﬁé?%{?'ﬁsp?@Bs fqheﬁ ﬁérare

conpri sesn Aid h@@ﬁ{un%ﬁomb%ﬁpﬁd 60 254n tr#éﬁtnglg%slseufc@rﬁsacztxs wewauéaze nol t en
sol der reservoir (not shown) and_at |east one of [Ogorous t ubes 255

(shown | METPPRS te MENNGIGRE Used With H‘W@’%t%a%’f“éﬁ‘é’d BRIDSS4IETEN MY cent er
to a terﬂ%@fn@hb’é ﬁit@?@\’%yaﬂb@eﬁﬁm ih&9 gBO| é;% ﬁ’éltuh‘l"%rgi’ﬂh' h@éh KBJpER, xehdHS1]
e

Fi gur,es hr ou rovi de vari ous odi ments of the apparat us descrl bed
20her'&i n eé‘ehﬁf F@P’?f@a*&’”ﬁlﬂﬂﬁrﬁﬁ tly ceftaip sFbadimante dhe ’ﬁ?'@'ﬂg 839y Vicaes a

enbodi Merioaeiefidin®@Bducel irth BoRRE Autiestgspe R iSBRddrStob@ Bt 81 dutbcHidentt he
sol der reservoir 375 in cavity 350, the second porous tube 355 between the

sol der w&0RY" FbhigHiessmay Yy ﬁﬁ?ﬂ"i’“%ﬁ?ﬂﬂf@?ﬁ%ﬂ%ﬁt@ﬁ%ﬁf‘h%‘ﬂ?"@s%#f%ﬁe a met al
fin that n¢sutrects the nolten sol der 380 and the second porous tube 355" and
heats the second porous tube to a tenperature above the solder's 25nelting

poi nt, angodd)e Fidlirs 8 ReNiddsSar i8bBeBaYentomnipashs cbiie otehbt i9blabbe® odgips at us
330 Whl ch is ther qw}r%econductlve or extent% i nto | ten S%| der 380.

Apparat u€PBaEsuY WRe HRAS(NQt shoyry suesablie PraPEse "AVEDsi ti oni ng
aggag at U$lge"’r§?rcﬁlg@p @ﬁnoﬁﬁxldéeér?,g(ﬁa%w@n ha?ﬁ@afgﬂé%@?ﬂﬂ‘ddﬂ gwg(t) t&%gm@wi des an
e odl nen Q A ratu ereln e |1Irs I ous upe
ot e Mauag CefREESih B0 Airihet hak S wli i inab TLie St R r R R ReE Repor ous
t ube 455 veﬁﬂdtldrfhﬂhduﬂ%@tt%otm})@f th Hiave eBBElREmMachife fomehldve GBR UL VapLe
mat eri al %ch as a taI 37 that .contacts the nolten sol der 480 and

t he seconft %fhgﬁlgﬂ? gre4gf egﬂ ering station.

25  [0048] Figure 6 provides a side view of an embodiment of the apparatus 130 defined
herein. As Figure 6 illustrates, apparatus 130 is placed atop of wave soldering
apparatus 170 by placing groves 145 onto at least one edge of solder reservoir 175 as
shown. Solder reservoir 175 has molten solder 180 contained therein. A moving track
(not shown) transporis work pieces 100 to be soldered in an upward direction indicated

30  inthe arrow 105 shown. At least one or more solder pumps (not shown) are used to
generate a plurality of solder waves 115 through nozzles 185. The plurality of solder
waves 115 contact the underside of work pieces 100 through openings 107 in apparatus
130. Aninerting gas is introduced into porous tube 155 that is housed in chamber 150

outside of solder reservoir 175. In the embodiment shown in Figure 6, porous tubes 155
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third porous tube 455" and heats the porous tubes to a tenperature at or
above the solder nelting point. [0053] Figure 11 provides an enbodi nent
wherein the first porous tube 555, second porous tube 555', and third
porous tube 555" are inside the solder reservoir 575, and 5 each porous
tube conprises a thermally conductive material such as netal fin 557 that
contacts the nplten sol der 580 and heats eaﬁgggorous tube tg a tenperature

above t hér@Graier a8 eetntianee pod At of AR ariderusserser does Mot e gr ooves to

posi ti on dniddmaAr srtiss RbOR5SLas @é @ﬁénté@ﬁ@t’fpéﬁdséu@ﬁt% thd BirdcBiadl of Bpar at us 530
has a pl ura| Ig{g)/ of flanges 567 that allow apparatus 530 to be rﬁ\gaced atop

of sol derSOlAEEWRYRS Q“O‘szﬁ’wniof‘bﬁéﬁt]onﬁCédTeePOIQUSptPBW (e isdm cUMsEHe of an

appar at usn&dGrbRydidio 57 \mh:urﬁ @brﬁths afolteh @@M@§1 @45nwﬂﬁg Eb@f:l&tm kiasa Qe
sidewal | of the groove and e front wall or 37 of the

appar at uStPeeeet ?W%%%V@WtW@M'?P%W&N dﬁ qo%laa %8I resi de.

Appar at Usine3 ol iHe@ 260 BIRRbIERSsoRI P ABOUR thil RehtRandiakowdindagira®l thal th a
thermal |y conductive material such as netal fin 657 that contacts the

nol t en scﬂpaéﬁa“@éiﬁsﬁéﬁ'ﬁ'aﬂéaf’§%8F’M‘?‘§”t"¥%’ép'§5%10@ Bn%tﬁeeﬁPﬁéPéﬁng%f‘ﬁﬂj’éve t he
sol der's gl ting point. [0055] Figure 13 provides an enbodi nent of an
apparatus 730 having a plurality of grooves 745 wherein at |east one

si deval | [of5d] heFigllreOY @anaBhréide A afdrdkl enfsbdirféntRRakparadub 238 Wwhefeid he
apparatus 730 define chamhers 750 wherein porous pes 755 and 755" reside.

Appar 8t udher8 s erly PReBradypst» s rqsit 'é?%‘aiheﬁfj%%@fe%o"%ﬁe%el’i“aq'r BRLRUWM r 8m t he

20si devalidast @ﬁe o e \RBwWAADof dibSve 15 S tHe frohBRAr X3 of apBBratlRat30edcink A
posi ti oni ng @ aratus 730 atop of salder reservoir 77 %0056] Figure 14

provi des 4 hahtonding H%’OS%B%?P%%SW in&SHES ReohEBEISBlwher ei n t he
first ppgwta%étw.@:?fg@ﬁhew@e@@g QiSﬂé’tdrugI@m%%Q%de?tﬁQd bwrredn@ferrﬁé,bﬁjetrub&g;%
are inside the sol der servoi r and ope o es, ar
urther ZSEBHBIPLEON) (TRl PFog ARUSERTT e eruoeH e, BRI SForsl 78 057
that 1§0tntw?em§243 Aad mayt R@Te’i’@{gi@rﬁ@?t@ samshargas QB@MMS?ém@g??Q%ieabﬁbr%t ]
enper at ur e so meltin ar at us es, not have
gr ooves tr?)etﬁ@ %q%cf%att'ﬁé”‘ %Pﬁ‘f)aﬂa’ﬂtﬂéheaWSgerg 0'%“’%@"‘%@8??}'&9 9'7%5“ eAglt ead,
appar at usn83f teasoréudubenb s &h@%nfd aétwaslnafimat 8@ tahd R MeApRanSfuls 2880 to be
pl aced atrg& of solder reservoir aratus. 930 is sthvn as being

const r uctRHEHAEEH ° B LRMBPEalKEF pPYE tﬂ%(‘éﬁ “Hlpoéﬂﬁé’ﬁt ENAHENSCIURAI ch define at
| east on r 95 t hat, houses, at .| east o oro s tube uch as
bee ang SREPCE R 62 HRs YoragesboalEens o B APk len e bed o
di Ireczt:)i orhleéemdb@mbmng)y p&rrélmy\bﬂﬁﬁmﬁﬂdb?§ F@gmé aqirmbe@ atrherabqsdammlwﬁefelaf
mol t en sol der.. waves ro es 985.. The
porous t (HEST Gigpor tugﬁ%géggg ag‘?cgoﬁ‘tﬁ'd? %%m%a% C%)’tjhsaéa) nert| ng
gas sour (S%c@u{:dibraﬁs NBe(3ﬁetbadv@@mt}ae\&hld©hwpr/@/¢dim;sal altn@mtanylgorg:&&nﬁ nmospher e
or N2 atrm t hr.ou n chanbers 95 in t he vol ume
Gt aed. DOREIA B S eas Agiid R oplais e PSS sa fan 4 Re SEFay ol urre
969 defi neebsptubdressmaht @atsahsescopdporne tAdio Dlehperarule pbeeehd2ddednd
wal | ‘ZSOf n\alg{inkg gcljigt?gnc?%%'third porous tube 355" contacts the wall of the apparatus 330

which is thermally conductive or extends into molten solder 380. Apparatus 330 further

contains a flange 367 which aids in positioning apparatus 330 atop of solder reservoir

375.

[0052] Figure 10 provides an embodiment of an apparatus 430 wherein the first porous
30  tube 455 is outside the solder reservoir 475 in cavity 450 and both the second porous
tube 455" and third porous tube 455" comprise a thermally conductive material such as a

metal fin 457 that contacts the molten solder 480 and the second porous tube 455’ and
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[ 0057] Figures 15 through 17 provide an enbodi nent of apparatus 830 further
conprising an optional cover 890 atop the solder reservoir 880 thereby
formng a tunnel for the work pieces 905 (shown in Figure 16) held on
noving track 900 to pass therethrough. Figure 15 provides an end view and
Figures 16 and 17 provide a side 10view of apparatus 830. In certain
enbodi nent.s, optiopal,.cover. 890.is in fluid communi cation with.the
venti | at R BRI EPE oSy et ek e A RBPoihA) SHIBH cover 890
i s const suieeshetihg @odoubl e | ayer sheets, and the double | ayer space is
connected to the furnace ventil ati on exhaust pipe 897, which fornms a
boundar y [0E3]t Fagqure Thercvjaies @naimbwairgsnt 8SQramshelfestmmenisalibasifubtend ayer of
netal sheets or, 0 r syitable 15materjals. .In, certain enmbodipents, the
i st ance PRBLALUE Yo FidnTEpupus GPR oRbLfe Tisite WERGkRt RsRoBar Srale be
limted teach poBus tubelodipriséna tHeemeltbaadidostve snstbdainrutmadingtat @s 535 thdar ough
17, optiagnal cover 890 rise an jnertin s inlet 895 that is in
1 i o coRArE Sbe BRTeR solod EO TR Al et PO AP ok BB 5T Fehor
assi st i sojergmaginglpokt.vapsiraed3aidoeonbt efve ghoveotdsgditing tae agpar&sisshown i n
Fi gure 16 en . a circuit_board is 20passi under neat h. cover ., Flux
vapor - gentap aaPrGenEy 525 Bisthatt AePhnia SAdntha PLERLAL BRUERABORt  ho
boundar y atisvapppavhivs&3aits bs praced atdipng sslabideseneiseryoi r 870 can al so be
trapped in the double | ayer space underneath cover 890, which aids in
ensund ng [@O5gPodrigunen 2 brgidat rpsplieidenerit of amspearaies 680 éneho atpgheakpbtier
reservoir 870 i.s.not covered b wor k. pi ece 905 as shqwn .in.Figure 17, the
| hert 1 ng d6Y%s BTE MR HER o el SR Sugare TR P Re B cucked
in the dewbls87 lbajrerapppetes &30 ddiee chmabe8FB0WIerab pofonl pipey 685 @odB887T v
inerting _gas curtain 1nimze air fromenterl i,n fromthe externa
envi r onmdrass Al Ba TelrERETaBet ansoBke o dat s LB WF 550°" [o0se)
| n anot hétereaiochimentiveofiatehial sapipas atetid fiaBé7 tiedt kodtadiztles robteh beld&ig80such as
1010, such as a N2

h di h : : > . :
1;;mg/ ggbgﬁgggg%i%r%oﬁvﬁ\’grtw%gé%gaeEeé‘i%eif%@@ehanﬁo&t%ﬁ%?o'ﬁ%rrsgrﬁlﬁlﬁf‘%80'8% t he entrance,
t th i . bot h.t he. ent d it of t | de. it 1020 t
further - 0oy it} o bEIRE BT RSRIEuE oh aBrarglLR aP0HEna G aER b er vor r

It i s belgreves7¢hathegasatdeadt ana siiedall bf ibe kysodveangdipe onttwedl A38mr back t he
bot t , f,4h ' » 1005
Dot o a3 be b SR AR B BB Q7 b bR 5005 boks: 1005
and t he raad. | Appecatan@dd aurthehcarhphides irdednet feshges 762 beat extead &dmithel e it

t t d i 2 ith th US 30 i t f
ol ady 1 SBeR Forb SRR g Ml et ARPARP TS L P ©
enbodi nedB0 stopvad spideFregarveirZI5or ot her enbodi nents, the gas curtain can be

generated by one or nore diffuser tube containing one or nore openings 5
cont ai ni PRP5S] otf-guoe 14 erdvateattinambosireerdiohthe dppbegtua®Hbogscabed hemigl e shape,
or a compj.nat | LIRS W ' ﬁpg% |k £ - Woli he

sol der m\?ggeﬁ%ﬁ% f\f?\%tt% an t%éeg?gl‘;%c%as rp%%)vﬁ%«?gmgoﬁé@gxﬁﬂﬁv%ﬂ%ggge%ﬁe narr ow
sl ot s or agnmabide fer $adetreskrimt 5, ahtl one bbthepostusdnigesgarPadhiugoei on, t her eby

or 50 BB kBRIl SO AR Y 1 OPH ooh b et R BEe, o,
t ube or aoltiep@itoars] hepyeporons tube Ahetotateempemtuierdboie theproddss'ameeltihgomigl ong
the | eng%@p&lratt}s%osdo%tstlﬁghﬂe grooves to position the apparatus atop of solder reservoir

975. Instead, apparatus 930 has a plurality of flanges 967 that allow apparatus 930 to

be placed atop of solder reservoir 975. Apparatus 930 is shown as being constructed of

30  a double wall of material such as metal which define 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 885. The plurality of
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perforated diffuser. Referring nowto Figure 22a, a slotted diffuser tube
1050 contains one or nore openings or slots 1060, which can be used al one
(as shown) or inserted within a porous diffuser (not show) to generate gas
curtain. As an alternative exanple, Figure 22b shows a cross section of a
di ffuser box 1070 with its top surface 1075 nmade 150f a porous plate and

the other th f , f soljd.plates. 1078. . Fi _22p al h
L oss! Corpian iy AR Se8! g Gyt B AR IoA e WAL e GE ROUGRE o e
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along_.the length of the diffuser. [005 Wil e the apparatus and net hod has
been éesgf?q e 9"??909@1:3&??‘?‘%' aEk L@F%géﬁce to specific exanples and the

enbodi ne hereof, it wll _be apparent to one, skilled_in the art that

vari ous 2@1@?@& 'GP h%@‘ircflig@aﬁj%ﬂ‘gg‘g%eB@OW@?Pfh%péf%uW%dl%'GFeﬁeparti ng
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Dubes i (o EhMet s en & s dPLneld ob MEVEl YaH<ERR% Bi%out ng t abt ¢
V\Brﬁ tgs?t};@lethfbdga)r/]\ﬁtgu% aﬂﬂrdvai@éeg@nﬁwéew srlimﬂ:f ib&respﬁ[]@dsii‘fzmoﬁmiapmosihty of
30t iffuser. T t est .was . conducte _OW N e N2 into eac
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own The
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tube can 1%8 optional cover 890 may be made of a double layer of metal sheets or other suitable
15 materials. In certain embodiments, the distance between the two layers of sheets can
range from, but not be limited to, 1/8" to 1/4”. In the embodiments shown in Figures 15
through 17, optional cover 880 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. As shown in Figure 16, when a circuit board is
20  passing underneath cover 890, flux vapor generated inside the soldering area can be
collected through the boundary trap, while air surrounding solder 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 905 as shown in Figure 17, the inerting gas generated by the plurality of
25  porous tubes 855 can be sucked in the double layer space of the cover 890 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 880.

[0058] In ancther embodiment of the apparatus and method described herein such as
the embodiment shown in Figure 21, an inert gas curtain 1010, such as a N, and/or

30  another inerting gas described herein, is applied at the entrance, at the exit, or both the
entrance and exit of the solder reservoir 1020 to further minimize air intrusion from
surroundings of the solder reservoir. [t is believed that gas curtain 1010 blocks the gap
on the top, or the bottom, or both the top and the bottom of the work piece 1005 (Note:
1005 should point on the straight line which is the side view of the work piece and the
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5considered as in a lamnar flow pattern. In contrast, when AP/ Pave is

close to 1, a turbulent gas flowis normally dom nant. For certain

enbodi ments, it is preferred that the porous tube provides a | am nar gas

flow pattern. [0061] As indicated in Table | and Figure 2, at the

interested N2 flowrate the AP/P," of 0.2 grade diffuser or porous tube is
1. Based on the 10res t he rade

the smal | est and i c el o ) [t, the 0.2

di f f user r%“é?'&’faéggo%geé’@gﬁ%@ew Grieatgd gt ?%@Sghezsﬂ?%{dgs?ﬂ’?’ user is
alta)ouE g. ao?o W;'tia E%?éﬁ;%ra&uih\minéé}%d aa%p gr@r:]d‘é? rédepWsin HI2e ol tot@eesbad e. ]9. -
abou ns r | user ), e porouys u . havin n aveyr age or Sl ze O .
e hasalsd gniton o Brthe, el RRE iR o 6y 2L BraAe T Sahodloena, NBgEs Ny

6, 234, 38Quitginche BelgBaératddaly driveor @b arffuee tN6E EorkbiaRgIoRBAR nidfre bpéniss f user
used for N2 jnerti ng in wave sal deri umor 0.4

whi choi s CBURLTSSRAST BRTATARAN JhIeE 8 AP SO o AP G or agfogntpseton” T
Conpar i sentHef Wer BSlehythipaFallBrioats widih 85thBisbibs®avde ardevildreihbaihg Ghgnet er
Quter D ?lg\.?vtfreo% Io_neen rt tpvo%%&g.sTif;[eynagrsor\}veselé S olragrrng[? Lé%org%eg%%)es allow for a strong
gas injection, thereby forming a gas curtain comprising the inerting gas. In this or other
embodiments, the slotted or perforated diffuser tube may comprise a porous tube or a
10 porous layer inside the tube to minimize pressure drop along the length of the slotted or
perforated diffuser. Referring now to Figure 22a, a slotted diffuser tube 1050 contains
one or more openings or slots 10680, which can be used alone (as shown} or inserted
within a porous diffuser (not show) to generate gas curtain. As an alternative example,
Figure 22b shows a cross section of a diffuser box 1070 with its top surface 1075 made
15 of a porous plate and the other three surface made of solid plates 1078, Figure 22b also
shows a cross section of a gas director 1080 in a triangle shape, which contains open
slots on the bottom surface and the top edge 1090 of the triangle 1080. The bottom
surface of the triangle shaped gas director 1080 is directly contacted with the pores
contained within the surface 1075 to allow fluid communication with diffuser box 1070

20  and inject gas uniformly along the length of the diffuser.

[0059] 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

departing from the spirit and scope thereof,
25
EXAMPLES
Example 1. Effect of Pore Size of Porous tube on Gas Flow Pattern

[0060] Three diffusers or porous tubes with three different grade levels as listed in the
following table were tested. A lower grade represents a smaller pore size and porosity of
30 the diffuser. The test was conducted by flowing house N, into each seamless porous
tube and measuring pressures at the upstream (P,,;) and downstream (Pgouns) Of €ach
diffuser for a given N, flow rate. The pressure drop (AP) along the diffuser is determined

as follows:
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0.2 0. 25"
0. 375" 18" -

10

15

0. 375" 18" 0. 375" 18"

36% - 36.7

17% - 24.5 0.5 0. 25"

AP = Pup - F’down
The average pressure along the diffuser was then calculated as:
Pave = (Pup + Pdown)/2

When AP/P,,. is much less than 1, the gas flow out of the diffuser tube can be
considered as in a laminar flow pattern. in contrast, when AP/P... is closeto 1, a
turbulent gas flow is normally dominant. For certain embodiments, it is preferred that the
porous tube provides a laminar gas flow pattern.

[0061] As indicated in Table | and Figure 2, at the interested N, flow rate the AP/P,,, of
0.2 grade diffuser or porous tube is the smallest and is much below 1. Based on the
result, the 0.2 grade diffuser was selected. The average pore size of the 0.2 grade
diffuser is about 0.2 um. Figure 2 shows that at the N, flow rate of interest (e.g., about 6
m*/hr/diffuser), the porous tube having an average pore size of 0.2 ym or the 0.2 diffuser
grade was optimal. By comparison, U. S. Pat. No. 6,234,380 teaches that that the
preferred pore size range of its diffuser used for N inerting in wave soldering is 0.3 to 2

um or 0.4 to 0.6 um, which is outside the optimal pore size for laminar flow.

Table t: Comparison of Porosity for Porous tubes

-26% -287 2.0 0. 25"

Diffuser Internal OQuter l.ength Porosity Porosity

Grade Diameter Diameter (sheel) {tube)
0.2 0.25" 0.375” 18" ~17% ~24.5
0.5 0.25" 0.375” 18" ~ 26% ~ 287
2.0 0.25" 0.375” 18" ~ 36% ~38.7

Note: Stainless steel of porous tubes compared was density 9 grams/ cubic centimeter

20  Example 2. Effect of Heated Diffuser for N, inerting in Wave Soldering

[0062]

In this example, at least one of the porous tubes is located between the two

soldering waves and has a metal fin that is inserted into the molten soider reservoir, so

that the temperature of the porous tube diffuser can be maintained above the solder’s

melting point. This heated diffuser can avoid potential clogging problems such as by

25  solder splashing/solidification and by flux vapor condensation on diffuser surface. An

example of the configuration used for this experiment is shown in Figure 9.




Not e: Stainless steel of porous tubes conpared was density 9 grans/ cubic
centineter 20Exanple 2: Effect of Heated Diffuser for N2 Inerting in Wave
Sol dering [0062] In this exanple, at |east one of the porous tubes is

| ocat ed between the two sol dering waves and has a nmetal fin that is
inserted into the nolten sol der reservoir, so that the terrperature of the

por ous tttge 33i user can_be mai nt ai ned above the sold tin oi nt.
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Sl eeve to _Center Diffuser Tlflbe 20[ 0064] In this exanple, at |east one of

t he poroﬁge?tUSé’é‘rg”égP HPE@ '§%5&'Ywo sol dering waves and has a netal
fin that is inserted into the nol ten sol der reservoir, so that the
tenperature of the porous tube diffuser can be naintai ned above the

sol der’s Example 3. Application of Non-Stick Porous Sleeve to Center Diffuser Tube

20 [0064] Inthis example, at least one of the porous tubes is located between the two
soldering waves and has a metal fin that is inserted into the molten solder reservoir, so
that the temperature of the porous tube diffuser can be maintained above the solder's
melting point. This heated diffuser can avoid potential clogging problems such as by
solder splashing/solidification and by flux vapor condensation on diffuser surface. An

25 example of the configuration used for this experiment is shown in Figure 9.

[0065] The center diffuser tube was covered with a sleeve made of ePTFE
(expandable polytetrafluoroethylene). The eFPTFE was formed in a tube shape and white
color made by Phillips Scientific inc. with item number TB3000. The porous tube is
expandabile only along the length of the tube, but non-expandable along the diameter

30  direction. The material can survive 315°C and has an average pore size around 2 to 10

micron meters. The wall thickness of the tube can range from 0.001” to 0.002",

[0066] The ePTFE sleeve on the porous diffuser tube was dipped in the molten solder

pot at 260°C. The sleeve exhibited no visible change.
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melting point. This heated diffuser can avoid potential clogging problens
such as by sol der splashing/solidification and by flux vapor condensation
on di ffuser surface. An 25exanple of the configuration used for this
experinment is shown in Figure 9. [0065] The center diffuser tube was
covered with a sleeve made of ePTFE (expandable polytetrafluoroethylene)
The ePTFE was forned in a tube shape and white col or made by Phillips
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S5installed as a center diffuser inthe apparatus described herein with a N2

f1 ow r at difigpers ANigiidHluxomas sratiesily sirayef ondies eP Tk seiffrerdtesceii® t hen
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whi ch t ouched hermal f1n of the center diffuser. Aliquid flux was

cont {1 ®uastigki @dpé%m%ﬂqwdémmlt@nﬁp@@@smww beePdFESIgvasttne 1t was
found thewehd;ﬁa@%bulemmde%le% ahh@tthé beIueRIgE was conpl etely non-
10sticking to the liquid flux an he nolten sol der sprayed on the ePTFE
sl eeve of the center diffuser could drip down easily into the sol der potA
CLAIMS 1. An apparatus for providing an inerting gas during soldering of a
wor k pi ece, the apparatus conprising: at |east one groove on a bottom of
the apparatus for placing onto at | east one
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5edge of a solder reservoir having nolten sol der contained therein wherein
at | east one side wall of the groove and at |east one wall of the apparatus
defines a chanber outside of the sol der 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 through and contacts
the work 10piece; and a plurality of_ tubes conprising one or nore openings
in fluid comunication with an inertYdgMgas source wherein at Ieast one of
the tubes resides within the chanber wherein the apparatus is positioned

above the sol geragpasisfr proaiithglirdesmiegyhs tiengsvideripy @€ e wotk piecs aheler ed

t hereby form ng an atnosphere and wherein there is 15substantially no gap
bet ween t he V\Drka‘?ﬂaé%t%s?@“%rés'%l dered and the apex of the at |east one
sol der wave. 2. The apparatus of claim1 further conprising: a
thermal | y condtizhbivehedrodveusi botidiebeing adbala@astr plaging bhiorat (fast bres

protrysion contacts the nolten solder and at .| east one tube, 203. The

D bpar &t 1S3 oLt SFHETeRFP h it BOLERoIaR o Heite B P SR AL PR  ses
a metal fside.wal. of Thegrappasmd stSedst opk alaholthelphatdiud dedinad alchambeonasitieibe

resi des pr%i rrfcj to the at |east one sol der wave. 5. The apparatus of
claim 1 PUFEROIEEEREN i ng a cover that is placed atop of the 25noving
track whereby the work piece travels therethrough wherein the cover further
conpri ses a vahieasfvretopesingronabamapewciats oftheisbba@tusghtouliaihah & yskem 6.
The apparatus, of claim.y5 wherein e cover conprises a pluraljty of sheets
hat "ot 118 S8 wEs + Blma TR Behad e SRy ey i e st e SRS o
conmui catdcenad t h t he ventil ati on exhaust of a sol dering furnace.

7. The apparatus of claim6 wherein the cover further conprises an inlet in

fluid 5commniacp%riaﬁ{9 owutbgs tc&%péis'?r?gr Baj\engr A8 osp%Hrn%g“:n fluid communication with

an inerting gas source wherein at least one of the tubes resides within the chamber

wherein the apparatus is positioned above the solder reservoir and underneath
the work piece to be soldered thereby forming an atmosphere and wherein there is
15  substantially no gap between the work piece to be soldered and the apex of the at least

one solder wave.
2. The apparatus of claim 1 further comprising:

a thermally conductive protrusion wherein at least a portion of the protrusion

contacts the molien solder and at least one tube.

20 3. The apparatus of claim 2 wherein the thermally conductive protrusion comprises

a metal fin.

4. The apparatus of claim 2 wherein the at least one tube resides proximal to the at

least one solder wave.

5. The apparatus of claim 1 further comprising a cover that is placed atop of the
25 moving track whereby the work piece travels therethrough wherein the cover

further comprises a vent which is in communication with a ventilation system.
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8. The apparatus of claim1 wherein the opening in the tubes are pores and
wherein an average pore size of the porous tube is 0.2 pns or |ess. 9.
The apparatus of claim 1l wherein the apparatus conprises a plurality of
grooves wherein the grooves define a plurality of chanbers wherein the
porous tubes 10reside. 10. The apparatus of claim1 wherein the sol der

reservoir generates a,plurality of solder waves. and at | east, one tube is
|t er posed ot hecrDr Ak Rl St T8 v SR ALY CLPEE Dobier e n
the inerting gasdefipaphiiseSomniclun®gem wherein the interio? voilie i@ppan@t us of claim
11 wherein the inertin as fuyrther. conprijse % by 15wei ght or |ess of
hydr ogen. 13. Th@%bﬁgﬁgﬂs"w%‘fﬂ“&i"%’\‘i’tmt’fn\ﬂ’fb?ﬁ?H??ﬁ%’}g?r V\ﬁ‘%ﬁegas conpri ses a
gas selected fromthe group consisting of nitrogen, hydrogen, helium neon,
argon, KrypI.ofThex@panatusaridlairo Blvhasin dnscdvieefletbbr comprises an inldtdn fiéidmet hod f or
provi ding an inerting .gas at. here during wave sol dering of a 20work
BT g RS Mg G g

pi ece’ the net hod %*wave sol dering nachine
conprising: a solder reservoir having nolten sol der contained therein, at

| east one n&z7he,appiratieasiclaime wyhengin tiee geamingaih ¢haatfubbe ast pooeeasbivileEeinnay e
fromthe nolten sol der bath gnggdla/ throgghé e noz%l e; placing an
apparatus atop 8" PR Y& S g0 'Baf O[rﬂLéSté’ der < HEESHVHIr wherein the
apparatus 25conprises at | east one opening on a top surface, at |east one
groove t hat9.r §sesppiapustdielaat 1lvdasein dneagoigaus tormprisesa plemrlityes grooges , and a

o a1 Ly of Ui, GOTRELAL0G, 8060 B, S0R0 005 b HhFOTUILERL T on

with an inerting gas SOUPC
top 40rface of tiesidaol ten sol der define an atnosphere and wherein there is
substantially no gap between the work piece to be sol dered and the apex of

the at |easf, aig a%?%!%ﬁfs Rl 1 wherein 1235589 it &atr%ié&gfa%'ld?&gy g path so

that at least ap ion pi eCce conta I"east” one sol der
wave enmitting thsadaghvavhe aopehieag) ank tulbeeis appaoatdisgtwsentheothidsr mgvas
inerting gas through the tubes and into the atnosphere wherein at |east one

of the tUbeﬂ.%gLa?ﬁéz%u% d?%faﬁriwqmﬁreiﬁ tl’ié‘%@ﬁ%%sg?ﬁﬁ%éé Hod¥nOt rusi on whi ch

is inserted Int nmol ten sol wher eb east one tube is heated
to a tenperature that is above the nelting point of the nolten sol der.
1015. The nt%HoE agpar@tusi ahcrim i avherein theeineies gas fuitheberIISES &7pPYt r usi on
conpiises a Net aleibhibr IdR- of F)&rogBh hod of claim 14 wherein the at |east one
tube resides proximal to the at | east one sol der wave.

13. The apparatus of claim 1 wherein the inerting gas comprises a gas selected from
the group consisting of nitrogen, hydrogen, helium, neon, argon, krypton,
xenon, and combinations thereof.

14. A method for providing an inerting gas atmosphere during wave soldering of a
20 work piece, the method comprising:

providing a wave soldering machine comprising: a solder reservoir having molten
solder contained therein, at least one nozzle, at least one pump to generate at least
one solder wave from the molten solder bath upwardly through the nozzle; placing an
apparatus atop at least one edge of the solder reservoir wherein the apparatus
25 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 to be soldered and the top surface of the molten solder define an
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17. The method of claim 14 further conprising a cover that the work piece
travel s 15t heret hrough wherein the cover further conprises a vent which is
in conmunication with a ventilation system 18. The nethod of claim 17
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 ation exhaust of sqol dering furnace. 2019. The thod of claim 18
Wher ei n t neBSBRPSE A ISR BaUbSANTAl S0 GAR BePUASH BoMAIPEER 1odHe w ¢
the inertingoigesd 204 tHLape®f thEng |diRt beds@iflerilaiem 14 wherei n the openi ng
conprises pores and wherein an average pore size of the porous tube is 0.2

pns or |ess. . 1. The nethod o | ai m 14 erein the apparatus
Conpr i ses s pRAFENG Ak Baroae8 smithes behotTheb Grratlfoe i vAg SE ur el ty
of chanbenataslzahebhlebstonksbier wasd gaittindzhroligh tmeddurthgodf tied appardidswher ei n
the sol der reservoir generates a plurality of solder waves and at | east one

tube i.s interpose etween. t he sol der es., 23., .The nethod of claim 14
wherePn the | her BRGGCE BrA e 988 HiprdDbE T bes A omig LR BROTec oy m 23
wherein the inerting gas further conprises 5% by weight or |ess of
hydrogen. 25. Thwbeneitdidehsdbne bidhantubéswhetaeisra pdrion ofer themgaligasnduwotipei ses a

gas selected from bthe group. consi st of .nitrogen. hydrogen el ium
neon, argon, kry%rto rH§:oga(gqug S 'Qﬁ%'%%@ﬁtﬂqﬁgm%tﬁrs‘ SP@%P%‘?@X&%{EQBX#Q&?BB%‘? atus for
provi di ng an i netubemnghemsd tur fengesalidahatrig abdveahwarditingi peire of tHeenalf@par at us

conpri si ng: ol at | east one opening on the top surface of the
appar at us througﬁ %ﬁich at | east 10one sol der wave emtting fromthe sol der
reservoir passes through and contacts the work piece; a plurality of

t ubedOconpr I3iTihg ngtbodof dmel opleteingse therhbily cbndodiverpirctatsiancomprisean
inerting gas sou%%%lsmer ein at | east one of the porous tubes resides within
t he chanber; and a thermally conductive protrusion wherein at |east a

portion of the protrusion contacts the nolten solder and at | east one tube
16. The method of claim 14 wherein the at least one tube resides proximal to the at

least one solder wave.

17. The method of claim 14 further comprising a cover that the work piece travels
15 therethrough wherein the cover further comprises a vent which is in

communication with a ventilation system.

18. The method of claim 17 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.

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

communication with the inerting gas source.

20. The method of claim 14 wherein the opening comprises pores and wherein an

average pore size of the porous tube is 0.2 yms or less.

21. The method of claim 14 wherein the apparatus comprises a plurality of grooves
25 wherein the grooves define a plurality of chambers wherein the tubes reside.

22. The method of claim 14 wherein the solder reservoir generates a plurality of

solder waves and at least one tube is interposed between the solder waves.
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wherein the apparatus is positioned above the sol der reservoir and
underneath the work piece to be soldered thereby form ng an atnosphere and
wherein there is substantially no gap between the work piece to be sol dered
and the apex of the at |east 20one sol der wave. 27. The apparatus of claim
26 wherein at |east a portion of one of the porous tubes conprises a

n-stick I al . .
no n% q'rhe method of claim 14 wherein the inerting gas comprises nitrogen.

24. The method of claim 23 wherein the inerting gas further comprises 5% by weight
or less of hydrogen.

25. The method of claim 14 wherein the inerting gas comprises a gas selected from
5 the group consisting of nitrogen, hydrogen, helium, neon, argon, krypton,
xenon, and combinations thereof.

26. An apparatus for providing an inerting gas during soldering of a work piece, the

apparatus comprising:

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

a plurality of tubes comprising one or more openings in fluid communication with
an inerting gas source wherein at least one of the porous tubes resides within the

chamber; and

15 a thermally conductive protrusion wherein at [east a portion of the protrusion
contacts the molten solder and at least one tube

wherein the apparatus is positioned above the solder reservoir and underneath
the work piece to be soldered thereby forming an atmosphere and wherein there is
substantially no gap between the work piece to be soldered and the apex of the at least

20 one solder wave.

27. The apparatus of claim 26 wherein at least a portion of one of the porous tubes

comprises a non-stick material.
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