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
inerting gas during soldering. Mre specifically, described herein

are an apparatus and a nethod for providing an inerting gas during
wave sol dering using ni trogen and/ or other inerting gas, [0002] Wrk
pi eces such as printed wiring boards or circuit boards have
increasingly smaller wettabl e SUtEdeeIHEHAVENSHANt 0 be sol der coated
and joined. Typical operations for wave sol dering involve a sol dering
bat h t hr ough ARPARATRS ANDMETHODIFEAR PRODADHING &N bR |I9GeeAS DILRING

sol dered are transported. A convent SOn&ERNGomati ¢ wave sol deri ng
apparatus includes a flux application, a preheater, and a sol der
station that is arranged 10 to process printed circuit boards. The
printed circuit boards are BAGRSPEIN Okl Drifg IMVRWVICN track or

conveyor with their side edges supported by gripping fingers. Flux

may be apdf?®d Iiescorrcaberringarerd dmarausenh aenethed fer frodfingransipeaingdfas
flux. The r r

or der for FHaS PPl e o RIS RS T helR o R, By Bl ekl or
sol der ed. PIdieg pe inertingoasdiurieg weea seloating v mtrpge@awyp@otber inerting gas.
15nmul ti pl e waves of nolten solder in an air or inerting

at mospher 400429 0 y¥prkThHecssriaich jasgPrijéed wirmeSistaedseot Gipiud dloayds BaVKPl INEwgeingly
(N2) and/ gmAbNGE1AEIE ShidBs RS ReANE ue%o%ér%sfeﬁ%dgainkad TVRichESSdriibns
Soldering wthin an 1nert gas an ni trogen atnosphere mnimzes

t he for matferoMavsf seldejyy iprolex ipcreddesing tiheeh §u¢tﬂgiwh@h the @rigigd daicuit prards or
presence Qfords %%és ?@%@olo@?e@é?edﬁaﬁs?)ﬂﬁéd' S\ KERWRdHR S8 tlﬁlﬂlaﬂ/% sgidering
bridges, or o defects 1n solder joints. Proximal to de
waves - whiagRargtus ipflodercedubypppliivationve p@@leat@r i angl @ppldemtagordmai nsgarranged
oper athon r p b

Ve and e e R R o T ar g AL e SR =
provi de a naMing ek gf qoowmy@téﬁhat pigs phleee surpmrheﬁcmrl gitppyigdrmsefmdamq may
t he work r | r %S

t he val ue%(%]% ?Héfﬁgrﬁ?r?tﬁ{:)t atgggg %ﬂgﬁere fggmrrpgrrlsz)ji\aﬁ/\l\@f \I@ Th %HcﬁlgP oard
i ncreased l&jw@ntmssesbtﬁr@mgmwmmhe@tmmfga irrhsieprff@fctég glux é@p@d@?dhe oxisiEA@N
common | e i rit f

conventi o?ﬂ? He?ﬁ ead 5&1 gé sﬁé@g&lc{. o(??ﬁ?r?{ﬂ%gﬂgéé th&?f?ﬂg&sgmthss'g?le or
comoiPy uyeiple wades efgeoltan| spites in aThais of Nertvag@siatmpsbeess t enper at ure

pronotes dross fornmation.
[0003] The inerting gas atmosphere typically is nitrogen (N;) and/or other inerting

gases and is 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 solder. The
presence of dross and/or an oxide layer is known to cause skips, bridges, or other
20 defects in solder joints. Proximal to the solder waves -which are produced by the wave
soldering 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 N, gas to provide a

relatively low oxygen atmosphere, particularly underneath 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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Furthernore, the cost of |ead-free solder is normally nuch higher
than that of conventional tin-|lead solder, and the econony | oss
associ ated with sol der waste by dross formation is nore significant
than that of |ead-free wave soldering. in addition, the wetting
performance of |ead-free solder is intrinsically poor conpared with

that of conygriheRalthti fostesd LERY solbBETET Rdrhally NMBusH HigRer Bant et of
formed solder joints is nmore sensitive to the state of oxjdation on

| ead- f r ee GHVEEIONALHR-KRE. St 1the [eSORRMY IR§FofFFOCIFERT MR rYOMtEr| Waste by

wave sol dedrb&dfofanticy i drk eRRcYntIteshIGRt BF 1886-FEOWRRE sBRe tmeadaaidneme
sol der surface, Reducing dross formation not only saves so

material aHiinSSERENIRENPL RAIES: E8dPT éndttiesica) tp%ﬂrs@ri‘%?%\)’té@“ that of

sol der 5V\Btddn0éhtié>ﬂdl fie8n YIRS triheréwal tHeyq@diityt d¥ethé abiRd SMidtgbints is, more
joints. To ap % an inerting atnosphere in an existing wave sol dering

machi ne, Ae 8% Bhefratien op ai Iradfree goleagiacRe protective
housi ng W|th diffusers nounted inside into the nolten, sg

reservoi r,[088p)i kst VRl kgAY MhaliReting & yave shidedry gar ngé‘gﬁ??(}tjy fedugp dross

t hus be fqbﬁMbonrcﬁ‘nClHélnﬂﬁteh Reldepagteney Ffdusiab dedssayintkiionaid oA|§[sQOQ§Lo|der
The diffusers are corrrmnl made ofé&1 rous tubes that introduc

ner ting gASCURlANESIS RN ENaBeh ERUTRBRDIongUGHEBAMPRVES SIS wetling and

sol derigng ekatesARe qliBRy RPUBINERSIdeNIVRY ETo ARMOHR iRAFd éftnﬁis@ggr%dn an
by sol der spl ashi ux vapor condensation during

fl t he
sol deri ng edeSE%s‘ga‘%CﬁEQef"Pl% AR ePNG HIEME é’\F’Bﬁ)@éB 'st H’e ”?esﬁftl 8i EpRgylike

of i nerti ngotattie Ililﬁjsirfgr aph ViffuedrceduntBl asaid imBlthodsolteh slRanksgvéine An
di ffuser tubes such as, for 20 exanple, usi n ulté %[el bat hs filled

with cl eaﬁn%n%aaatblewget A esse it 8RRy r%ﬁef“fCi' MEBN EHCHY. the
The cl eanitgghedky bhesigertdrrsomust be performed on a regul ar basis and
can cause physical damage to the tubes. To avoid these issues, the

di ffuger trodms alrhféd.fmye@érlexbohﬁmrﬂ\pmdd@aﬁsorbbgwuéewmtrddqe@aﬁlufeaﬁr’rgegas
t han cl eaned Thi s increases the overall cost to the end-

25 0007]  AHEDAi MPYAI0T FNGE HSFINGGI95ES HBIodNE reldgp iSEatoron 1HE Horas [uhgs.

by N2 and/r@WeOérh‘bécérﬁ@r(ab'agchWby ol WeVp| Shirdesr Mgk vdpor béndi#n%bfcﬂbb@rlng
that the apparatus, mnetho or_both fulfill at |east OB?@%I nor e _of

the fol | odihy28®SelEpiRGRIOCRFT QNCe; the jdiTusek iyPg s S100RgY. ¢ CHEFY ohgnerting

appar at us mmnaerrsﬁgaq:drerdaséa:esvréé’er@rmah&w of a@éhuhggh@@m@@ﬂmts&n éso for
a level such as, but not Iim ic neters per hour

or |es8 f&XamRlsr LFiRg L%F%PBGJ@E“%“H"*Q@’&F%"'Q@)’“%ISB'é'FO'?Seé Foremgly d%"ét't a”d

the cost bepreidnsemafy. apl yéding Bﬁhé%fm@b@rﬂkt bS@eAbthed én b Sedfsi Rl A d
that the inerting apparatus and net hod reduces the concentration of

02 above t°A@ CABTS efhv%u' Gé'?”a%rtq Higetupes.a Tp&yald tEE%Eh'Sé%eS BR difgger tubes are

limted tepicHi)Pepasdsones tHdl|ddcome(ddBedOfatle®IBan Qlear&P0 TRRMBleases the
| ess, which corresponds to the cases in which no circuit board is

| oaded ab&veafl Kestdpiepndyeter Third, it is desirable that the inerting
apparatus and_nethod uses an apparatus that is sinple to install and

i nt 251 {9POA nAFIEING b Order 1t § BRI, thREPElASRN O inaring B Nz-asIcor other

that the aRPMAGILEsOH waRE BEdeFifs UCS HeliFal®é tHEt R Spdritas Chewel et kh fuifil
t he porous d| ffuser tube to ensure a stable and |ong |asti n% inerting

per f or mandk least one or more of the following objectives. First, it |s desirable that the |nert|ng

apparatus and method reduces N, or other inerting gas consumption to a level such as,

but not limited to, 12 cubic meters per hour (m®/hr) or less for inerting a production-scale

30 solder reservoir to meet the cost benefits of applying the technology. Second, it is

desirable that the inerting apparatus and method reduces the concentration of O, above

the molten solder surface to a level such as, but not limited to, 2500 parts per million

(ppm) or less, or 2000 ppm or less, which corresponds to the cases in which no circuit
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BRI EF SUMVARY OF THE | NVENTI ON PM The apparatus and net hod descri bed
herein fulfills at | east one or nore of the above objectives for
inerting using nitrogen and/or other inerting gases that may be nore
10 cost effective and user friendly than conparabl e net hods and
apparatuses presently in use [0009] In enbodi nents of the present

i nvention, pexe |soroaa@d abeid fHeseiiddriees Ta.rr@ i€ @NEsHirape tWat tﬂhbﬂn@dﬂn? apparatus
encl osur e. ’&g Part| cul ar enbodi nent , e encl oiure is. bott

shaped and? 4R°Y rﬂ“e?P'?ﬁ’aW&q}ﬁb's BU”?F? g°opeif tqr@nmaé[’cta'f’e?sm"éim'ze

portion of reltrbﬁttuﬁgS c@@tcl Wé@esumhs Qiésnrétﬂ’é tleataﬂnrsl@pames aseetadd rebgces or
| ower part of the neck, is inmrersed i ol der reser

encl osur e FUTPHES MHESI0401RE O henPaiRUs STERECIUPS 1 FNsWan ﬁ&%%an%?wdastmg

whi ch 55 pireihgpbrférndnde. openi ng. The diffuser tube contained wthin

t he encl osure such as in the base of the enclosure has a fl ow of
inerting gas therethrough. The inerting gas passes through openi ngs

in the diffuser tube and into the interior 20 volunme of the

encl osure. The inerting gasrifesUpnssRy arTBURVEREIONeCk and out of

t he opening where it is directed into the atnosphere above the sol der
reservoir. [0008]ceTﬂeahpspaeatbgdhdmiﬁtBod aesdribas hemeirp uifills @it lezfst bhe or more of the
encl osure, the or a.conbination thereof may.b

Compe T seq BHVE REE s atnE R0 Rl SRR anfier Stheh MRS oty 4T may be more
enbodin@entcost bifeaiVe laadsiseofiiendly fthars esmparbeletrh@hods aenaposatlise® PRFsed®S in
the center diffuser 25 tube or the diffuser tube that resides between
sol der waV®€: In an alternative enbodi rrent three diffuser tubes are
enpl oyed i e diffuser tub

I d d a
ool o e, ' BalS b EhobdiRERIR s afeinb dbibhEf cohd 42 ol BRs8 fusgs,are
enc: osure mtm‘nddsrﬂshmlatnamolmalu{m o dledé |dact|oggmbetcr)hmhdss@itutheoencn$uté1& bottle-
osure nateria molten s er nme_.enbo
ot et mBRbEd o, qRingS far BT aRirs P Bear il BBt ar ot of the
i nertileg gaslodure fighsad, daréxagnpdé, the \vask apt ebe lavnparsofnge reckasémmersed
conpri sing_an |(gt erior voI onmuni cat i inerti n%g

th
gas sour canBp RARE teBrPT o1 N RoEHEHER T fREk fTeF U rs to5R opch
comuni catanana wab hwiidte is chﬁ(i‘mairto\/tﬂlaw‘p%ntmfg. t Mee hifaseanbeatontained within the

enclosure such as in the base of the enclosure has a flow of inerting gas therethrough.
The inerting gas passes through openings in the diffuser tube and into the interior
20 volume of the enclosure. The inerting gas then passes through the neck and out of the
opening where it is directed into the atmosphere above the solder reservoir. In certain
embodiments, at least a portion of the enclosure, the neck, the cap, or a combination
thereof may be comprised of a non-stick coating or material. In one particular
embodiment, the at least one diffuser tube that is enclosed comprises the center diffuser
25 tube or the diffuser tube that resides between solder waves. In an alternative
embodiment, three diffuser tubes are employed in a solder reservoir, and all three
diffuser tubes are enclosed. In some of these or other embodiments, the material of the
enclosure comprises titanium in order to avoid dissolution of the enclosure material by

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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opening, a cap proximal to the opening, and a tube conprising one or
nore openings for the flow of the inerting gas therethrough; wherein
the tube resides within the base and is in fluid comunication with
the inerting gas source; wherein the inerting gas travels through the
tube into the interior volume of the base and neck and out through

t he openi ngpenif}0dkhp boxdhiias tr%Tg&éﬂild"gth§ aQfibd E@nbﬁk‘r’r@"@rﬂ@&mb nrys for

provi ded an apparatus for provi an inertin urln(P; sol deri ng
]

of a work &Bpé'ew Ofﬂ%'”aﬁ'ﬂa@%G?rE@WghsWh@e'”dPe lé%esrtes'eﬁ%wg die base taﬂ@ls

bott om of hh@i@RBANRINUSiIbP Wil Re |H&1|ﬁ@tg%saéoulrc@3ﬁhe@élﬁ tRElferBhg Yas travels
sol der reservoir, wherein the solder reservoir contains nDIten sol der

and wher ei froigh) tadube (teiee dntarenpalymefof tth bgpe e Rffd 3t Pehtrogethe
wal | ofg th@pea,mgar atus define a chanber outside of the sol der
reservoir; |'east one opening on the top surface of the apparatus

t hrough V\'h|!00|1‘1]<31tlnI SRst AR IBAUNEE of WRY nitibd | hard TP MrdviRds 8h df¥paratus for
reservoir passes and contacts the work piece; and one or npre tubes

conpri si ngP"EHEING ANBRENG §aRIHERI PAdeINg %f TYRHRIECaI® APRArAlS FomPrising: at

i nci ting gagstSMdl FEov e Bleoakon! 6@aRE aPPErafls bNBlatiHE@%td @tsbsla&;nbEedge of a
wi thin the chanber; wherein the apparatus is positioned above t

sol der r estHARSITPSEAYRY. UREEITESSRIdeh ELSRBION oNiAkS metw%fﬁﬁwqﬂa@é@yst

form ng anot 58S AREr & thé YPdle 4my Eﬂfefabﬁén@Wéﬂdifffﬁé"éaﬁp%tdsh&flne a chamber
invention, there is provided a nmethod for provid et% an inciting

gas
at nospher eXA¢ RbhReAPIAeE FSeRYaT g1 ISPSOTRPRETN AR INer AR SHERFRoBY NS abparatus

conpri si NGthrdgAMHIEM Bt RavEYe: SOHECHANY eﬁﬁﬁr(ﬁjg rremcm@pgdwrrrssav&pba@ges and
reservoir having 20 nolten sol der contai ned therein, | east one

noz2l 6: arkPMACH BEIOTEHECHA U6 QjIIRIE HRESFOMABELD SBR" EXFatePeHadRan fluid

fromthe r@UrﬁrﬁtﬁhléélloﬂQMtrbah hnaHaM@igES YsoliReOMBTe gt 1BORZARS oPIHRCILBES @kides
apparatus atop at |east one ed%e of the solder reservoir wherein the

appar afus WHlpthesgwmfer| waeingAe appaityusys ARstoneshakauerthe soldgt reseagir and
one gr ooveyddeaieatieibSvork P@Cé Reb@bolh8Raath&BBy RHaRgen dthessidrder

reservoir, and a plurality of tubes conprising one or nore openings

in fluid qopmynigatur@Br WnidbdaRedtdesft tHag irastiGOWhers isiRsBldl henesK for
pi ece and the top surface of the nolten sol der define an at nosphere;

passi ng t HEOWBINR 3Pi BN pBhaimespleTs dusing Mave s0I0PEES T 8 Wogt PiFeR b maeod
wor k- pi eceop@itsRG! provfingh wa%sgol&gmgsrﬁlaaﬁﬁe W8N BrieRd 1 4 isBdef RISRUEN Kdvehg

openln% of the apparatus; and introducing an inerting gas through the
one ornpreokanmadarpeptaes tﬁ?rﬁﬁ‘sﬁh@aét ORfh Y% 286 aé!eqs @33 Pone t? gpaerate

resides i rbtﬂ@aé%n&{é)%!a@r wWO@rﬂ%lrrﬂ tﬁé1%&t@ﬁ|éb$d€reoé¥@rﬂbWa$&§ tﬁrobgﬁﬁthe nozzle;
conprising an interior volunme in fluid communication with an inerti n(f:]1
e

gas sour cla@Nth &tk 2BRABIEsARg aln 938t GNP oRIdfo IO FRe aTifeANn S BRAI ngherRin
fluid commappieatd e&nw@é% étheaaa&ee oﬁé]ﬂngioﬁaé)tdﬁ xRl af Qearshsn@@%uvegthat

wherein the tube residing in the enclosure is housed within the base;
and wher e.rﬁstﬁh@topn@ﬁtatnljagta@n@ redael §f the GAlRT rAETYRIbedith o PlURRIty of tubes

i nteriogr
her! gg dec:cf)?r‘ndeﬁ%goénet gﬁg@gpbeéma@s Akl o rhifeARERTARNEA Sdiiyah sbhiee,

VI EWSs OF mEr@RAW Nesk pigea and ﬂwegtppesurfase Sl ihremolign pleaetsiing an awosphere;
ggsgwggh%g%lg?‘;ﬁh@wgikf Bi8&LEI0hY B BP TP EHS N @aPOK BSiBR oftHROKGH DiddR®ntacts
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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[ 0014] Figure 2a provides an expl oded, isonetric view of an

enbodi ment of a diffuser tube conprising pores or a porous tube
descri bed herein further conprising an encl osure and a cap. 10[0015]
Figure 2a provides an expl oded, isonetric view of an enbodi nent of a
di ffuser tube conprising pores or a porous tube described herein

conpri si Ngy@imens tes ehBlodite zadGAR B ttibEsHRE t1Ge bl Gﬂermf%d@fné@bye the
hol es in the neck portion of the enclosure. [0016] Figure 2b provides

an assenbl BeFK 3"¥ERt ric vi ew of an enbodi nent of a shown in Figure
2a. 15[ 0017] Figure 20 provides a side, exploded view of an
enbodi mrent shown in Figure 2a. [0018] Figure 2d provi des a side,

32" provi d6s. & ¢ op EVERDBE AP SiBb A Ve R Tup R ARNGs ™ ¢

protectjve ich contains the center diff r tube encl osed
PO he ot LA PRUeh D) GeuRES B Pl SEve ah o BOBGRMENh Of & tueer tube
provi des agbrhsHdiret gdres vi £p010fs tube desbadidndinof the appar at us

descri bed herein and shown in Figure 3a [ 0021] Figure 3c provides

a side vi ejoood] t higuenhogioness aafexbtoee@pmahuwuedxesfcad bedodiercet bf anefuser
shown in Fi 3a wherein the enc e ce%er di ffuse

ar t1 al 'y BBF GRPEUED PAES °f REOUFCUIF SoreaBre hPgBIaNh i Sging=ifg &n erclosure

provi des aargi dleapi ew of the enbodi ment wherein the center diffuser
tube is enciosed and at |least a portion is imrersed onto a sol der
reserviair. [00ﬂ5]02ﬂlbuﬂéi Z{anﬁ)vﬁiESWnCm&pdﬂed,aiSSMdﬁic\Mi@Wobén thmeodimzod ofre miffuser
wherein the center ffuser ser .t ubes

i di.f fu
el esnd S 2PmBlisify PSR T Al SylPs S Radefai LOBGficild 35 BodbSyp and a

cap and further comprising one or more holes in the neck portion of the enclosure.

[0016] Figure 2b provides an assembled, isometric view of an embodiment of a shown

in Figure 2a.

15 [0017] Figure 2c provides a side, exploded view of an embodiment shown in Figure 2a.
[0018] Figure 2d provides a side, exploded view of an embodiment shown in Figure
2a'".

[0019] Figure 3a provides a top view of an embodiment of the enclosure or protective

housing, which contains the center diffuser tube enclosed in the bottle neck enclosure

20  with a top cap.

[0020] Figure 3b provides an isometric view of the embodiment of the apparatus

described herein and shown in Figure 3a.

[0021] Figure 3c provides a side view of the embodiment of the apparatus described
herein and shown in Figure 3a wherein the enclosure of the center diffuser is partially

25 immersed into the molten solder.

[0022] Figure 4a provides a side view of the embodiment wherein the center diffuser

tube is enclosed and at least a portion is immersed onto a solder reservoir.

[0023] Figure 4b provides a top view of the embodiment of the apparatus described

herein and shown in Figure 4a.



[ 0025] Figure 5b provides a top view of the enbodi ment of the

appar atus descri bed herein and shown in Figure 5a. [0026] Figure 6
provi des an isonetric view of an optional cover that can be used with
t he apparatus and nethod descri bed herein. [0027] Figure 7 provides
an end view of an optional cover that can be installed on the noving

track uponpoolisrhrighe 59 plovRiesGEsitis 3Rl &f the dntceddiiesih tHeRiefte diffuser
10[ 0028] Fi gure 8 gr ovi des agﬁiecture qem)nst at i n%q t he, posi.tions that
vere used VBeRBLLP §IGHIEEGRE Bhes &G 6RC P?‘?ddﬂﬁ{)ﬁﬁﬁ? \FeP |igmersed onto a
[ 0029] Fi gsdi@resdropi des a picture denonstrating the positions that

were used to nmeasure 02 concentration in Exanple 2. DETAILED

DESCRI PTI Ogo26] THELieNSA=NWidEs (D &pOldievitof @RS tenddintint 0 itiee @ppdrB®is described
obj ectives in the sgrt ar F fulfilled by the nethod and apparat us
described MEPBIANIHPWD I OHEPSr ot ecti on during sol dering. The

appar at us hod deserted herein provigdes inedjn rotection .
Gor g, sof (BPPhor8yE:§ Priides 14 IFURe RGOS Shibop o, Eehur Sah 68 used witn
si gni f i cantherpemaitarantetavd tbsdiged@hetere sol der during 20 sol dering

of work pieces, such as printed circuit boards, and increased

oxi dati on mb2rherFiguref ap@vidiks tahandoridw pf ec eptioray cosguiiat dah besinstalled on the
anticipated that the apparatus apd. nethod described,. herejn can be

oed. Tor @RURGHESK FrsThERPRINE SR PiskF SRS o BT T AEPREEn ne. 1 n
operatjon, ip..cecrtain enbadi ments, herein the. apparatus is,placed over
Che. sotterObBRE AT s ot Pl eyl U5t Botifals s iR G o
mechani sm heasure @y spocdntrationt eCompdcapiecEasngl® 1be sol dered. One or

nore diffuser pipes housed within the apparatus are in fluid

connect i onf00R%]h Riguienerprovigeg as peoue cEnsunchatirgy the pogéoms #redtvee used to

inert gas (e.Q. eliu eon,-arqgon, krypton, xenon, and

conbi natio gﬁﬁ%ﬁé&f’yﬁeﬂ%ﬁ?ﬁ WgEX@gg)?? % g., mxture of nitrogen and
hydr ogen conprising up to 5% by wei ght of hydrogen), or conbinations
thereof to provide an inciting atnosphere. One objective of $0the

D e Do S e B DA ME R ERRRAT ot Lor o
o v 08 8 bk g LB SelkEaf e S R 5%t ang
apparatus described herein for inerting protection during soldering. The apparatus and
method described herein provides inerting protection during soldering, particularly for
those embodiments where significant movement and swirling of the solder during
20 soldering of work pieces, such as printed circuit boards, and increased oxidation of the
surface of the work pieces may occur. It is anticipated that the apparatus and method
described herein can be used, for example, to retrofit an existing wave soldering
machine. In operation, in certain embodiments herein the apparatus is placed over the
solder reservoir and under the moving track or other conveyance mechanism for
25 transporting the work pieces to be soldered. One or more diffuser pipes housed within
the apparatus are in fluid connection with an inerting gas source such as nitrogen,
another inert gas (e.g., helium, neon, argon, krypton, xenon, and combinations thereof),
forming gas (e.g., mixture of nitrogen and hydrogen comprising up to 5% by weight of
hydrogen), or combinations thereof to provide an inerting atmosphere. One objective of
30 the apparatus and method described herein is a reduced concentration of oxygen (O5) in
the atmosphere defined by the work piece surface to be soldered and the surface of the
molten solder contained within the solder reservoir such as, but not limited to, 2500 parts
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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 sol der reservoir containing nolten

sol der that is maintained at or above the solder's nelting point

(e.g., $up to 50t higher than the solder's nelting point). The

appar at us steseilibhesbriesabss BameaburieBt@ichalo MRJulMBafdistiofRb St ERN®Eolder
the solder reservoir thereby defining an atnosphere between the work

pi ece to UESEYPEered (which is conveyed in one direction on a movi ng

track abov ol der reservoi r and t | der surface. in
PRI Ll g A P I TR DT ¥ A R
or conveyofontdifgg heoltdh s@ld@emﬂg@maﬂﬂammaa@pé&s@b%e@erdtet@me‘ltmgg@cs.ﬁt (e.g.

pass through t er wave(s jn other e i ment s the

P ees Par oA Blahgr DA s der et g oDy P anae 2 ssySeg berein has
conveyed tdH pughaltvdrRinBIEt S6tb dﬁfp aghéraslhemseﬁbie tmb@teaeﬂrﬁ@érvatmoslp%re
one Or nore nozz es t erein l}%ﬁed one or nor.e sol der.. wav

that are J&HEFSR a?'es°8|t8 °*‘s'6|°88YeV68r+B ons dtr9ﬁl°6‘a<?’1 ? mpving
vari abl e Stmdabbu@metéweraédemﬁr) bhe tmﬁok@ﬁéold@ sofatd. oh dehginfdrovyddhents,

15 solder fromthe sol der and. rai se or | ower
ot o e B RErSyRE S apoTe Bla fauinGdisek of EoRaNT TR e Sass s the
nor e embodigpardtss Bed menfmgaarétpa@d fAebuh tBé tserdeewab@(spr B GfBYr &hBediRents, the

pl aced aroun t he sol rtion of t so| der pu an
e e, SR pisFes e Smpaad aropalBtd St o8 Irafnas rarthon prb ey through
around at thea»fetve%omhhg ﬁﬂacﬁfnet heeomRr réddmioinhddl cAezZdMBodr Sles therein that
formati on. L0032 The onia or nore sol der wave cont ct t he su_ht: ace

of the worRCFeERE 106 MREe SBIdgerEreE AhHRIR BWETPd Mer SBH%PWBQ & Rg/der

top surfacgungd ist @pucanp@wamMe dpssd phrag tharsibWs thdlehd @séhioScamtror 8esflow of
ri ses one or nore diffuser

t he ap ar at dd| 0 ubes

conpr i 'Sj ngs ﬁ’l@bg’ﬁ ?@Ta“daf?é?% Qfylgwer Wp GPex °b8rfePb?fatE‘? Shiger wave(s)

por es thattoasi@ prace‘slsmgctoﬁ@mml GAbh®Br WMdrd eafbobiifedntd ﬁereqa% ISEUICor other

such as N2, such that the inertin gas 25 Easses t hr ou P?ﬁl nterior
65’2‘ g °'bP {

vol une of $HPSHRBKRFORR PER? Hee SpYRT RYMBOT FoP SR EYMP
into the adfwOiaEMAYGas |nﬁhyd&! BiGhpHed sb e tyReRRe SHITRCAMIspPéte £LEER) athasd a

edge and si de edfqes of the work piece are uniformy blanketed by the
i nerting %T'%Pso he PABPKINEP BREMFZG:EEST IVl t he sol der wave(s).

[0033] In enbodi nent of the apparatus, and neth describ

herei 10 t h@séé] 06? F HROgpPATeAt VRVES| CROGRFT dPo S LTRSS &bl q?FeP’mF"eQ@FGdPrbe

is mnim wbetr@d tHYb@dYS bhy of Meork RERINGY iretHd f‘dpesiﬁﬁécardwml an@rameVdé%gnbed
sol der waves. P g:)thl s or other enbodi nents, static nolten sol der
e

St ace TG DU raFese e GUER I BOUHO T CRpAReR BRS oh Mo duser

sol der 1 esp&y Bbhprisid)loMeoCABRY @ébrh'}gsaafiérﬂheé. &S Hriof &iofBt @rrpoaés thlaabre
can w thstand. t he tengerature of the nolten sol der contained with

the sol der’n flEEieramyMYNICRtigHINTh %@eﬁb‘ﬁaﬂaétﬁé'm&rﬁ!‘cﬁ@tsﬂ‘&ds%stﬁ?ﬁ tB%éPe”'”g gas

her ei rpsco slsé@tr@mgrpthenmteﬁomdutrﬁé@f trteUimgé a@uarawtltrﬁb@gh R dpEneigl & ores of
vol une and one or nore openi hgs which can be, but are not limte

pores, hollB8 uRgsgito th@eatmgsp%%rt'w@m Herthe MAFFoHETAGR t&?fﬁe%dgﬁeaﬁ% sdge

that al | owrddodidd Begdeast siR0RoR pidid sredpfon@dbrikeeh el tMeinkHMg d38%s the work
within the interior volune of the tube and out through the openings

of the tul¥ecy ﬁ’?s@ﬁ%”ﬁ%ght@ﬁlsalpeé%\(ﬂf?hent the tubes are porous and

conpri se verage pore size of about 0.2 mcrons or |ess
provi de aa[pgﬁ?]najf' YertgiRy BPRPGHRERY ‘i’fdh%PPRE'aE}@saWeWP&Q?é”W&%e'PuW@ size

I'n thizgy orofah&eppaaRRIbIEESY Stop 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



10 the tubes are in fluid communication with an inerting gas source
that supplies the inerting gas such as, for exanple, N2 through the
interior volune of the tube and out through the openings or pores of
the tubes into the area defined by the surface of the nolten sol der
in the reservoir and conveyed work pieces. {0035} By enclosing at

| east one bei/be EQrﬁQiéScG!/érEG'SW al H@ﬂStenwbeata&Oa{aaém &S ehh bpthsland the
herein satjsfies one or nore of the needs in the art by preventing

the cl oggi REPSFatYRE! Si5eRPiRIsSAversoraegwithiethgispidgs ersetv@bes from
sol der spl [%?)hl ng_and flux vapor condensation. In this regard,
addr essi ng '&?olaeﬁ?ré?usc?’gbme%)dofje%?r@@%t hesgin \PompEiae eledp’ mese diffuser

tube is a wWoéd b@ﬁbmsmgaakum;bauélamte%dmt@rm&bfoiouﬁlags e chM WeC Bl afe not
bet ween two soi der waves. Oftentines, the di stance bet ween

resi de
t he tw% wallited 19, RYSBP giisrabletsy VEHe %r@éﬁ?epé@rﬁh%ﬁs foOt"t‘?{é“%ﬁerFB%#”Otﬁ‘rfOF

the diffusee,passsde éﬂﬂ&oééﬁé@/hﬁoth@ﬁ%%f‘tin@'g%l@tw@ﬂ@ﬂ% fneeripF OMIUQ\% & the tube
protective I1554;1el Il with sl ots around the center dffuser
ks

enbodi ment 2 OrtBOsRR t WqFsOidBE Wieke: t i %”ep?%‘f"é?ﬁ%? ‘Pﬂyﬂgntnﬁ‘ec fges are
center di fdts@d ahd\cARprRREOSMFRe JNE sBBGE A84Lt®. £AMPEASES) 2r (8t bRvide a
neck"-type shape with a cover on top of the neck, wherein the base of

t he encl os'am@arélowwfumrﬂg pale pas Pyt e Peewsibhi I hiseorRiNeresmbesiiments,
25 1 esgy Vohe 1@l 486 MRS KomRTuhicai wmaﬁw{enﬁi‘g éé&"so”R!ettﬁQt SRS the inerting

surface such as in the enbodi nent shown in ure 3c. An inerting

bl anket oV&4S Y458 %of%éramal@eﬁlz &ﬁw%\ethgérﬁewt@ e ewﬁﬁ@b%@r%pwgh@pgh the
the top ofoddngRng! ?éérﬁtﬁeﬂ.ﬁfé;k,mtBQPg’Q]ea'ébfiﬂQ@b9rthér9ur?ac%r@(?iqé FRMES solder
herein, the neck of the enclosures describ herei n conpri ses one or
mor e hol esindpe BEREPIr GPe FPARYed TiRsk Bigeeor rmre hol es are $0 desi gned

to allow solder to pass through the neck of the enclosure, thus

i mpr ovi ng IOP3% oBY eREosey akleasli ansi ¢f thaeomes diffuspebre.dhe apartlusdescriged
when tixe ermb.ﬁsgm.gf.éssomsr HoPORE tRe hy&aNint e aﬁpb%fevéﬁyﬁgsmemsga%%?me
may be circular, elliptical, square, rectangular, or any other sh

provi ded t3RANINGS| QerPAres pelr the tdiilses bes IR oBeHer Siptas @Gy?n%@lﬁ( Vapor
nore thancRendidbe. 118 tﬁwééaf&daddr&% rQ;OEh%SprSme& dl&%g%gowa b@nt?&ﬁl¥ logated

arrangenent for exanp lein hori zontal |'ine al on eng

neck or i rAiuser élwe'ﬁ@dd'ﬁlﬁwm@é#eﬁ@useﬁhe cener Q'rffuﬁ@frtébﬁﬁipé@”}'réﬁﬁ'clﬁé betyeen
si ze such {Rajided 2908 ORENtEY BV Mi6taned B&inebh M ivid @sﬁ&n’ehbﬁﬂaﬁ%eﬂw the

wi |l depend on the overall dinensions of the enclosure. In certain
enbodidPentme Ge tBateobihendip@etis| @sthe iffuser.nwtck At these énisedigiest sagee to

range fromahgeh prétective @Qﬂ%th%peh@{jﬁé Qf%?ﬁ@fhe & érroqﬁﬂs%poéhe %%odfn%nt of

about 718" in dianeter, or froma out in dianet
[0037] | n RIEPEMAiapPardisdpoieer thioPrabipen |bb1\}fm§ingrtheapeat§\mffu8§r pogh tenglneuzre

above the ﬂe&bnaésdr@%gﬁ@ﬁg&sar sﬁ&@ e%m{g@ s?@?ﬂﬁ V\ﬁtﬂa&%op@rt&‘?ﬁfsb Bihfﬁe neck,

neck and the cover a irect t e Inertin

exits the WpREAINHGe &pse Rbthedmclosurehe aheskt parhalydmmrs%yntble t@%pmltavn @older
and detsachgded b0k hﬁe rh%%lé pgﬂr %ﬁ\éré;gsyo&%f @ﬁs]r negdn ts%loteIF' %uHSEé< s@dh 986 the

or nore pOIntS SO as er 1n ace. he cover Is
separ at e aﬁmb%maetmmwmmrﬁlgwﬁe Sged, memnmﬁs théarvret qvqrﬁh®|sald@r Wwyves can be

af fixing t eF§f¥§froﬁ1Qhé‘Bg{:Moé]atSt'HEfté‘;?Gfthé\éﬁ&oé’tﬁe%gnewe housi ng or

wal | s of t'he apparatus e or nore points and by any suitable
met hod of [0036] In one or more embodiments herein, the neck of the enclosures described

herein comprises one or more holes or other openings. The one or more holes are
30  designed to allow solder to pass through the neck of the enclosure, thus improving flow
of the solder within the solder reservoir particularly when the enclosure is positioned
between two solder waves. The holes may be circular, elliptical, square, rectangular, or

any other shape provided that solder is permitted to flow through. Similarly, when more
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15 attachnent. For exanple, the cover may be attached to the neck, to

the walls of the apparatus, or to another surface by one or nore

screws, pins, clips, by welding, or by another nechanism [0038] The

advant ages of the apparatus and net hod descri bed herein include one

or nore of the following: 1) the diffuser is enclosed, thereby

avloiddi n92§ h@rr:pmbemei ialencﬁld;?gj tﬂg h%stfﬁ]a)I belsidibea i@aﬁmngggdmerﬁ,pﬂpaaiéérﬁ?e in

sol der: e_nec art e enclosure i.s narrow and conpris 0

2t her i | § TOORUTAATE BloRa B edBaR (o B a8 SRACCIELPIEAORTRAY oL AR or

chance f or nfokdiXolapRly beoitensadicanhade §ohl dirhpeainganidef flsplieiabetnplished
sure can_jin certain enbodi nen

sol der; 3) the.neck of the enc . [ ts, b
ont et w1 A iaEDEnd bp ML B EnSaba Pt hP RgoReTR i B8 e FibRg rasge, the
fl UIX resi duge bhﬁi@ré:ﬁdiléﬁ;ﬁ ihathelck @Bt éddlbéhre’imdyﬂ%ngd'ﬂ@oh mebkut25 tobbdlhe” in
encl osure can e nagde o a Ifro r I aneter than e as1,,at 35 3
oot aone fiBMeter Betom ogtt SR [ Bt TR bt B b oA Re e R about %4 in
bet ween t waiasetgter waves w t hout bl ocking or interfering wth the

dynam ¢ novenent of the waves, in certain enbodi nents, |ower oxygen

readi ngs, poch] ak devtairesraibgliehte 2$ tHeiaven2oN0a pavel & pitioned bbove theateck of
be reached nore, di ffuser tubes in

by housi t | t th
encl osure 5 CHBSHE A &P Bpen SR REFR BR PEEh NG e PYRRAT TS the flow
Iconduc'c(}ad o lhbl inertiadg rg@g!ds ib?aitsitrie?mmt ghore tbP&f&bd_a ]Eﬂ?bk.pdmf %&eaa]ay be
n one arti cul.ar | , eas ne o e | user upes 1s
houceq ot HIr T BerHERraRad o Blenfdebr Bitnobs pEkel0 1HE Fhat oG bPmore
portion of péihe sere vSisictheScavenr@sask. | Whedhd edves ¢ sigyardte dne degqdhedtirom
hi gh t enpeyat ur enbodi nents, . the ortui£P

.. ln tbhis r Cfther n of Bhe
neck of th eéﬁé‘ﬁd%ﬁ‘?é EI*I‘?é"g%‘tp?Q? by, afERg deeQYeh 14 BNURT IS USECResch @s to the
fon?ECt or h@smetfr wile déglpﬁ_épmslmspét_ ﬁeeomgade @dinte aln'u%iv a:rgrmﬁaalb?ﬁ@tthod of
n tne _sang, or ot her enpodl nents, el er due (o .pre-neat| r
hoat | i BB eE  FAE SRARae e cuek M e aahere dPe Febh A8 R el o! The
gas exi ti ngogdigtuene! todhother Suliate b baB casndrerscexapire, thimnbaboeltind 66r by

C to about 220 C ?{é fromabout 170 C, to about 210 C, or from about
180 C to aBRerSBRF ey some enbodinents, the inert gas (such as

nitrogen) | pplied to a diffuser tube at anbient tenperatur nd

T ogr oy loBsft P Phe Sidrtadks i bt BRteraie B et e i Sl th fudd e or
nﬁgkdpf t h@oener ths tallewaiy: gpmecuﬁﬂ{]&tcé %nc]r&ﬁdﬁhbﬁéb&?ﬂoﬁinq the lobeitiall&logging
e odl nts, t asS m e re-neal ed. e use O ot|C|t|ng as
oo St LbetRalet oY 2aBsfing S3EE 2 IfCretkiar 97dhe padfaih Aondif and
sBol delri ?glftﬁfg@]{csbﬂ,ofswmrﬁl&”)i ragmuﬁtb ied enalériélmmasibsg@més (05§ raeg dlinlihates the

alre | e ct are caus te erat ure r lents, (0]

O A A o A S G R o R SR
a work pieee éntidsiee XaX, andedaidli e@pbdigrsts, el 004BH Wwith @neopaftitk evhtdly or
enbodi ment, the appar at us atnd_ net hod descri bed he .eir a&ﬂr esses tge
space | i mi T BHoBBN e 3@ Pai by Yx g8 H‘éﬁ"ﬁ‘?ﬁ GRAPEENI 'HUIE [HE Wg@rt e neck
the sizse off thBenelbese &echd aadefofthRamesd EABEeARhAAheDBadd MbNTIREINE Ghe
a range o

he- oncl oSl S 4% IhaB Hot ABBUne THEY S, PBbERmP SHSLLASSrfihou
It is undefisdkad drhattefdipge withmemsi @rani@ymefEsng® of the waves. In certain
embodiments, lower oxygen readings, such as for example less than 2000 parts per

million, can be reached by housing at least one or more diffuser tubes in the enclosure

30 described herein, where the oxygen measurements are conducted with no circuit board

loaded above the solder pot.

[0039] In one particular embodiment, at least one of the diffuser tubes is housed within

the base of a protective enclosure and at least a portion of the enclosure is immersed in
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20 dependi ng upon the configuration of the wave sol deri ng appar at us,
and can be scaled up or down. Particularly, it nmay be desirable to
vary the height of the neck portion of the encl osure dependi ng upon
t he di nensions of the sol dering equi pnent used. [0041] In certain
enbodi ments conprising a center diffuser tube and one or nore side

di ffuser tupgen sQI'E!Eb/tot tfhek@&réﬁ ﬁfgh%ﬁwﬁé'r%ﬁfret whenid & &Héraérﬁgodnﬂehﬂethe portion
encl osure describ herein In alternati ve enbodi nents,

center dif ph@emea'haf @ﬁ@”SIPSWBrC@SSFt to e BIPeCai F§qWRkaseat eﬂ%@éﬁa tp Keep
the encl osyfee,dRs paitRadndaesl B a hPAehpbeatieeVhaes k¥maedtdtedtesnbdd@ents,

apparatus descri bed herein conprises a housing that contains one or
nor e di ff uséiert dusedo amerhgainanPed? dhe Visiat rRondyqiop e9ft Hien Pasfh GAF nBefks of the

the tubes aﬁdomeltﬁem%dogéy\@@tmgtths ks @BLy hef, sa@A deworvmﬁﬁne ﬁbmt:nfbut
board entrance 30 sid soler, reservoir

exit side 680 fhéo abPed20Es e ffonrabept Eohilr FPa?*?%@Wh@r Ebﬁr°mr?beéﬂé$91°c to

enbodi Ment §po @NROCC. MR e efBBdikdRRS tHERVeft Wak R@Lﬁchcégrﬁﬂhbgaw)&s squlled to a
bogl e- ehaged encl osure having an interior volume to allow the ow of

an inertingffged tHhe gt A quﬂ%?tuf%ﬂﬁd ahbedad asdt bavaetyeyqinhe enclosure

wher ei n at su&latﬁbt @el@i@y fheQiacRof tHehéhcRRGIOSUEDr&MNARAT fB0TC toSZ(DGWGV $E6ther
within the nolten solder. The enclosure further conprises a neck

havi ng'Gin epeATiAgnieniheadasapay RaPraneeife. (The Yshet tohegRg 435 WiHthe wave

through thgygafly MPardihe iLpERREI AR fbARShPYolbidrthg @aibsts anithcaPindbshplete or
into the atnosphere. In certain enbodinents. the cross-section of

t he
cap over t REORTRIPNIRATGS! fill hBaralill dafeeinare fRYSSetempesivienyar eats. gnd ot

V, or C sh@pfingldashdehe smpra?emﬁqﬁmﬁueheraﬁemé QraMtOBCrEBE 8 vfrk blRee in
side diffusers_are enclosed (see, for exanple, Figure Ea), the

encl osur e WeesY e hdilastiantap because the underside of the apparatus
provides direction for the nerténﬂ gas into the atnosphere defined by

t he apfPar at040kntl RDF tRAVIYET P fricdhe FOPBGAL ang rBelnpg; gpscribed hefein

enbodi ment syqrédseksaas tspacd Ml @étwb&e aChHil O588I8erRYWARSsa Pathls Ratdiehe
vertical wall of the apparatus such as, for exanples, the enclosure

for one or su;ﬁ)p@thgfcrqqq;esectlon ofi the (e af“élﬁé% canrhe MyNAMSER 198 96 Tem about

mor e di ff uses abala@smi. trhk RiAkteneH 1A BESe aﬂmeléhh@saﬁ@ecmlaﬁ@é frog b 13 to
avoi ds the previous probl ens_ associated in prior art with

i mrer si on 2yt 0 ©EheaePPYg!t RENpdt &JE“@QJE@%W%‘C@"F? WEENSIHS gy gbpnge

bat h becauggehBfigiPon@hd wﬁ.gnraw.%f t'hé vha%%%iae%g BbParbfie, SNEEASY Ecaled up
whi ch prevents nolten sol from cl oglg t he oh)enl ngfs of the porous
t ube. or down. Particularly, |t may be desirable to vary the height ot the neck portion of the

enclosure depending upon the dimensions of the soldering equipment used.

[0041] In certain embodiments comprising a center diffuser tube and one or more side
diffuser tubes, only the center diffuser tube is encased in the enclosure described herein.
25 In alternative embodiments, the center diffuser and one or more of the side diffusers are

encased in the enclosure described herein.

[0042] As previously mentioned, the apparatus described herein comprises a housing
that contains one or more diffuser tubes and an interior volume. In certain embodiments,
the tubes may be located between the plurality of solder waves, at the board entrance
30 side of the solder reservoir, at the work piece exit side of the solder reservoir, or
combinations thereof. In certain embodiments, one or more of the tubes may further
comprise a bottle-shaped enclosure having an interior volume to allow the flow of an

inerting gas into the diffuser tube and out into the volume wherein at least a portion of
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[0044] In one particul ar enbodi nent of the apparatus and net hod
described herein, at |least a portion of the base enclosure, the neck,
the cap, or a conbination there.ol conprises a non-stick coating or
material. An exanple of a non-stick coating is 20

pol ytetrafl uoroethylerie (PTFE) coating, which nay be found under the

trademark fafdRisile Saci bels GRAdESIWtTIBItheMdien el aghere@idavire further
DuPont, Inc. of WIlmngton, Delaware). |In one enbodi mnent of the

appar at us BRIBRYISERERI NREF BPHNT ANeCRATMIDH ST & efmpiat sewg tB%léréertnag gag Ko flow

and a cap. thkdughhese etk %Jﬂ%eeabadrhm.ﬁed tHye RO inddth Cénc @abi BAJ into the
sel ected should maintain its integri at or above the tg(g})erature of

the ol t en?PSEEPEer!N CERABANPIFLBEN, e GisSrsecion Al bodP ief g opening of

processs ( eind-necklBf the eﬂbl@%re%gﬁ)nveh@d 8, YD6EC BRGd. CHlotrer @MRAIn@NE such as
the non-stick coating is conprised of Thennol onTm nonstick coati

an i nor ganVEererANSe dNos R i Sied SfUsg sy GRCIPSeHrERTE K tSiP@RIepfigure ga) the

Ther nol on éﬁdﬂosueé oﬁeytﬁbtlﬁ%@aa @ipd e manumrﬁa@lcﬂl thESamrragélﬁer.des
at 450C and avoid gener ation of toxic vapor at elev

t enper at ur @?Ct'g@[f‘Ud 8]naringAes b"%ﬁ fhec%fﬂ'é’ﬁpﬁfﬁdiﬂf'%%f’ym%ﬁ’?fat‘ﬁea”d molten
center difiysarsytfyge resides within a bottl e-shaped encl osure having
a C-shaped, U-shaped or V-shaped cap and further resides between one

or norg) pajond3pPf InseiHder e ABoINAYES, atl|BSst A S@drvethé Ieuasnosuretnlm/ tSé)b(i)%Ft of the
reservoir can di rectly contact the neck of the encl osur

bot h | ocat WdlGF& IR &hthe qRRarates sughPs; s esAMPIRaNVIES e&ﬁ'Qs‘t"S%%r ‘Prl ’HE@I of the

dynam c nosigéeiHuser tubBe Mkt BcerRdril @f on¥R MméleditigdyitGodsl W%hn@%nté}ﬂ:losure
encl osure neck and/or cap surface is evgé)orat ed or ther

deconposed®"%Biq @‘efqolﬁ@”%Q?Hh%"oﬁpe?ythBé’r?V Y4s HekeRg %?ﬁo?'ﬁt@ }:/rleo%riﬂr @rt with

neck surf a.ﬁﬁn&@@h@ndﬁﬂ&on&cnﬁgnrﬁt b&Ku€ adel MeeciRithnBEe ebriee bag Béddlusednhe
to the encl osure base, neck conbi nati on thereof to

reduce' X hediffisas t‘ét?ﬁj'sé)%é?%é"tﬁ'f‘ tg%ﬁf‘?'ﬂ%“rﬁﬁ‘m'ﬁrbﬁ’féﬁ%s SolteR SOKisp HPak §legging

The non- stinglopeRinls BOthE PBralsde applied to at least a portion of
the internal surface of the apparatus or the internal surface of the

top cover, [ob@4pR! InWMef QitiRAFEnHodih@RYf ik adfP403 ahdl mEoPdedchBEd herein, at
embodi ment of the apparatus arid nethod descri bed herein, the 10

appar at us 'E8¥it AROIBHBF R Sa%h HFIPWRalNE GFer ISuFRe P oR TORPITAYEN fjereof

track t her&ﬁdprfs@é% ﬂﬂ)nast’bk'r%%hné or ﬁna%rnapr kA@'e&ﬁﬁﬁ)let @f RAS®N-stick coating is
t her et hr ough. i onal cover furth nprises a ventilation hole

that % | rPQ"Ytﬁ‘if?I'L@fﬁﬁ#M?%t(FBﬁEWCPH“rtéheW'O'é'ht'P’P)ét*?%rfmé%élﬁ‘g‘?r d&re ttf?é’emafk
wave sol derdfReeMBshishiek cBaingaltamws fsomanbfictptd ast Daroaf HEUxf V@RAKgton,

from the atnosphere underneat h the cover. In one enbodiment, the
opt i onal cefavaied. nHy&ngsegbodiment of the apparatus described herein, the enclosure
comprises a base, a neck, and a cap. In these or other embodiments, the non-stick
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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15 single layer netal cover with a center hole connected to the

ventil ation exhaust of the machine. in another enbodi nent, the

optional cover is nmade of double |ayer netal sheets, and the double

| ayer space is connected to the furnace ventilation exhaust, thus
form ng a boundary gas trap. In one particul ar enbodi nent, the

di stance betawveeand e pavdvayeis tefa B@{tﬁhalsd'yfh@hﬁc Fanemanger the aviaOsdIder.
1/ 8" to abpyt V% X&fn a work ece ;). circuit board is passing
under neat ha‘klr?é‘ Dliad fli a&thﬁa‘%mosaenr@cgta@a/qrﬁgwa %S SHTREEP Hd’ré!?eé%&’a”y
can be col beedngsbsthr aig Muk P&.dwmal;aby S Behind\bH e édiclosaty fisunidirfage bR&/or

sol der reservoir can also be tr ed in th oubl e | ace,
t her eby enSifti Adogotiak cRRNG Mgy g@ §1BenkeRP |eg(59 ”ien%n@%sé‘ée B SGuiECk cap, or

there is nany\@édﬁbmﬁs‘reth@reo@ltd fddiute Baafide amdtexpe e dheus BRINntenance of the
reservoir, the | neé_i] 6‘88% ener ated fromone or nore diffuse
S

encl osed agp%awé aﬁmg Kap RS0 t}eceqqh %todﬁtds?sét%gorg%obée internal

sucked i nt gufdte ofahemppURERr etehintehtal doHhte of aietopsqpace tofallbiefor ease of
cover, ther eb%/pform ng a boundary inciting gas curtain to mnimze

air from effaql %g into the vol une. [0047] Figure 1 provides one

enmbodi nent rou ub r dif ser that is used

appar at us m%ésfrefrhé B@&g'ﬁéﬁnéf’ thepppg(Alus AR OLd‘?féBP%‘i agreiy the
ble: ng H% 30apdriatod rfuiciedr édnhﬁlswﬁmhodﬂmmaﬁbveﬁtm%h?éd valteendbng Iﬂabk thereby
allows for_an.incitin such as n en and/or, o as su

Bt ot | 11 S BinnarisP s WhopEcemls peserdiiaben g enalcgrer firther
et Cf I) . gydc@gmes@rmmhbnnﬁbleqna i§ nemmtommnfolam ivhie rres \ku;]rmwgubn @RBaulss of
in uid communi cation with an ipert as sour not own

e, orbad: TEnMavS oG saciate RSt ol Jo1s 15 whBELoR are X Mahis, £m the
ot her nat eatnsphérerurpereds thelkevd0 in on@Eemﬁdd‘ﬁﬁelheth@mﬂtlbﬁﬁbioee@S rh&gof a
as the#]raterlals are not reathl:veto e sol der eri al PoroHs t ube

n'a
10 is 1% 7098 'RGHAMPCIRVEDN G Fenife h‘ir’\ﬁéFPf‘P?@efbé& heoYtilatioR e 0gyst of the
gaseous comgthibe. OrlnCéHW’ferf@ﬁmﬁjlrﬁ&ﬁtt tishepiinal Beverus rhadne owoﬁufétlbpe'r metal
res, or re

conpri ses | uralit rforatiaqns 0

to herein %@%& é‘PP;}h%Q %‘g%ﬁ’@? %Q%CSd%C?“’F é&dtalth%vb‘m?%r"et"ﬁl@ 'y GW‘%HSt thus
gas from tfaemingt£bo@dav0 hbs®rapdin i pbhueulapleﬁhbbumfenbahb dls;tbra:el Bét%e@rthe
vol unme of the encl Fé‘%{aié not shown)

surf ace of VEHR/HHSP Tt oGOk G SO PN e, Jnem e WReF Rece or

pi ece 20 barcsRldareid daRoihg Shavhkathothe @OUEH Nat La&Ns dehersead ms}Ablth@ solderlng

porous tube 10 i s, sho as being cylindri cal and havin Ci

cross- sect i'6Rafan PE ‘?‘iyn‘éiﬁflltef%‘gge@‘et 'Pn%H”deMéergé"é‘H%ﬁ” ggrfowﬁw é'%e solder

but not |imkéedirican akdannubsded if AN HBubIE @flerRPMARerEby bﬁédrﬁg|g1oo§tlr‘?ertlng
may be used. [ 0048 Perforatl ons 20 are designed so that ?m; flowis

narrow y di$EETBRCEfitT ek &A% & WAGTE AP TP 4PTMBIPEs CaS IHARAT on taRedf the

enmbodi ”BntscﬂﬂerFr'egéer/QIr1th%n|ﬂeﬂlh§tg’dsbg'élféﬂal@&efforﬁ heheetit hoee l0FREBER BhcldRe as
sol der | ng reser voi rrﬁ&not shown). I n another enbodi nent, perforations

20 cartobe J55REPELREREIN K IBETAR agppiadus qan li%%%e%fnt%fh?e\foltéﬂ%aﬁ’%%ta the
per f orati agibR0I78Y spdcdoef ﬂ’(ea%\ﬂsrre%e@é Ened mofuuaaﬁgeihe.dmgeg"és thgin to

flow of gas fromthe internal volune 1ga| nto the sol dering not
shown) ar i "BNBPIZg 2P Mot SRIBTINEBIEE VBRI and vvork pi ece. The aver age
pore size for perforations 20 may range fromO0.05 mcron to

m cron, orl®P#@m 09uret bPrpyidgs opg ﬁmb&d'"F‘?'B i 6‘92%‘8“55“@9 rﬂré’ffﬁﬁer tIhr’=lt i§rvged in

parti cul arth@rﬁp@drdﬁw&md trﬁah&eaesdr)oeaene'ie.ﬁe péroweutseeﬂb% bRty Z0bkig a
about 0.2 m.crons or The size and nunb of perforations on

por ous¥t utfé(“’lqj"cél'%‘bSd’(r?’?ﬁ bawap Ntk veugel %ﬁhﬁhf“”wsow é‘f‘ Iap{lRg gas ppch as

out of theip&yePusnd/IPBthel Bat NRBE A 1ot h@f lieitb@db NBidtRer Mehagdsn@lg.f bRYdn,
of N2 and/or other inerting gas is preferred for mnim zi

i nt rudi ng BT PEARARF) QY BPIFh L SAMYINtRgs dhergof do dlow %Fqghrﬁi‘%'&é”d is in
conveyor hbeid co@bfunlcation RatH BRTih&Hng [(H249durkd GHEECSNE). 28 ondmEsdiment,

porous tube 10 is made of stainless steel. However, other materials for porous tube 10
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25 assenbl ed isonetric view, and two expl oded side views of the
encl osure 2000 conprising a diffuser. tube 10 conprising one or nore
perforations 20" described previously. As described herein, the
encl osed di ffuser tube can be used as a center diffuser tube, one or
nore side diffuser tubes, or any conbination thereof. Diffuser tube

10" has onma@raldtDse apSichiBE alsi 1OR$ ag the ﬁh@(briiaﬁs_&@m%aﬁtiflé’limt%%ﬂ&ﬁ&ﬁat@fial
n wt an

t he encl os 210 ﬁase 2010.is in, EI uid conmuni cat i

nor £ 1 ng. gaerous dhee  at TORGRRYT AV o LB Pe QRS copiee 1o0aha Saseous
conpri ses ahdulte®@rdtedr M@brhmoz(%ﬂ\&/vh)f‘lal’oﬁiuquﬁe forfutther édr@mfs@fs @Plurality of
i nerting gas, source

into th or volunme 2015 and in
U T sy DRSS ook Rl 2 FithrTon 5 e diitalh i, B TPRNS") that allow
epcafl g tf@etrﬂ@??f gasbmmﬁehh@rﬁdneolgr:ﬁél1@sutbah@agdéﬂmy usatﬁethé g&?fd}%ﬁﬁne
0 C oggln | us enlt Ngs ux n sol | user
Cube 167 DRE eBUETHR Tt SRR, At toote Botnaihy BE SUERIRSI0F MAPn salder
and havi ng(rat CdHoQuh adindC rudgisrsarC tof onnal workt piscead i 64 plReed habt &hBeR), or
geonetries, suc [imt annul ar,

Fect angul 4 omfaiope tatper. Akl pils fusts”lp BEhopRas I CbEtea! apdaving a

conpri ses @rcuee Icro%e%@cwr@xntnalanﬁcipd@@csmaeether GEEtNEE ISB a¥ MU Bt I2RiER to,
whi ch S|anU|d commu thelnterl vol une of the base.

Encl os FYOP ¢ SR e ptgatgt; JOBOOGHIE i s pr OXI mal to the
th of 020 .wh ef 027 th
ner ti ng gde? oagora{ﬁ%%d?f'ﬁ”%%@ﬁ%%ﬁ?%}%gﬁ oiids 5884 SIEFiRg. Tor Sxample,

oper at i on, wigh cirfil@st hélgs 38 SsHRABSIASthE redidciirientr sfeFignet 1 Salmdvmatnbmbe dvbe the

interior volu se 2010, thr h the diffuser
thr ough pe?rf%nﬁemghé SRR hRETVAL vk AEOWRK dp BB FDRESIBE PaSiations
neck 2020 Imcérhl@e mwgmdmabholéb@v\/@htbylrﬂthé%r &A@ %eris@PMEhtg Upe fordns 28 may

2c, an s sho Fi gures 2a a

0 e ot R el Ty sTHar 68 Tt g ST e s yalime 1 into

t hlr gug_h whthe hso&iélndgrbaﬂﬁg%dg%ﬁl&:wnﬁ anus'o% o ggtmnzsﬂldberbam awd WidrkipiedeheThe

SO ering a rat us | a, an oVvli

et 1 1o SRPIRMR sipedul PiobHEEE EDaTS rappe TBMIN DS SO SiTe misrod s from

ggcl osulr e @g&@ﬁlobmd:ré]frcﬁlffbén Bef &f5|ong|cmw FIrggﬁ@%aﬁﬁulaﬂgn%dmﬁ?ﬂaﬂh_étrﬂéan
IS place onto (0] eri ar us 1 e an nertin

oos st mbasie Sk Gy M Sertoaires 2Bk BP0 0% M dis e Rt fygoer of the

apiogr aogg p?é@fogazrms loﬁ%r@s&qbéleolar@s%ng@ﬁ tq{ﬂ&;r&@@b Ifrﬁmbﬁfldw oBgd8blLEN, out

SO er one or nore nozzl es a ro C on

col dor wavRiae (EFOUSHiSRR) Int 1EEe SF Olhss Aavbatimetys. & IRBINGBAOW RV Astiomether

shown) . Reh&ting B8s IsprEfetiet €5 rdiaintibing YghntdBinPP@raatiigari28 dnaw bldPRg area

surface 35 whi chkgaé% be renovabl e from the rest of the apparatus

t her eby neRi%g'd r%‘?ﬁY@é‘?r hed) gie) \P%P?/'%Q for the end-user. Top

surface 35 r co s_at | east one o 40 t hrqugh whi ch at
Conerano 0BG Fiiuee B 21 RB: RRoANhIa BrPVER MU SHDIOEGh SR W e

t he solbderassesereidomEiridasses ahdr g RxpiBaad esdd Bhewd thfc tat aatiss@e 2000
work piece that 25 pa,%ses tgr Oﬁ(?h al ong a novi ng track not show@>s
S fig cglped

Ref er ri ng ©OAESHEr 8sd184s& h 3eemiy| 80830 Y & r R AtoFRpFY <

| east one Geaovgy 4 AsofedchBed Bbicpn thé e@@l@@é@tdwmsaﬂtdbbaéarr sétuSe@ta@na eénter
an edge of sol der reservoir 75. In certain enbodi

may conpr | H&SEHIELE ﬁ%obﬁ@r‘ﬁﬁ'SSMLtsﬁthbﬁFl‘H\ﬁ'\‘ydionl t'ﬁf‘é’&%'p ntD'gT"ser tube

appar at us 130 hat QeOdr Sotedpérféraidisven rantbisaislisk@Gathh tHebhgeobt thér%closure
back dlffusers 155 out .of the sol der FOt area as shown in Fi

and 3c? ovéP- &AsediOnErt & 61d FHAMARISAHAR WEh @edReTTIBR 82hEPEIR (f?f?:\;?hﬂwoband

onl'y one gicog¥€diffas@ctabe 1bhend Eprissf Smesriol 981UAIEL 2015 thBealBAsdeF tHéoﬂow
area. Still further enbodi nents of the apparatus described herein

not have SHENIPETHDY §28 588 adNtBUDe BRI VCAHTRE P AP PR P the Sifyesr tt‘h%ﬂo as
al | ow t he sappRanatatiovt 20V ROSbhéIicABE thAlenRhARG theOPors0s €8t WiBHE e rciosure

can minimize the chance of clogging of diffuser openings by flux and solder. While
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[ 0051] Referring now to Figures 3b and 3c, apparatus 30 further
conprises an interior volunme 69 defined by the nolten sol der surface
(not shown), the work piece (not shown), front wall 33, back wail 37,
and side wails 43 and 47. Apparatus 30 further conprises at |east one
di ffuser tube 10" having a plurality of perforations (not shown) that

i's housed difuyrtinhbe 1@” aﬂBQIsC’&HFcﬁm%?rl%s@ @(§1d ﬁr%sﬁh@wrpgétbém’g efliddieal and
base 2010 js imrersed within the nmolten s%ﬁitter reservoir and acts to

heat the bBRENDDEOCUNLTABCREHOND, it 15 INEIPatastBat ¢tBer0q08iRYisa fUs!e aa v @ot

the neltingmipel ¥ s@hulbheqiBlid e@ctérqjlm&r ellipRp 2tc. F'nﬂ%’@e 3Bedr ®HcHRSrP000
i sonetric view of an embodi ment of t he appar.at us descri bed herein.

Ref erri ng HEhe; gunRiisess nasl 2880 pepraslde @@sg@m% apf Huepr yRtEanaReS which is

sol derisng @ApMad abkenuration RIi®Vindeintiol RBIkeNeF waﬁaeuewedwommnﬂer
wave sol dering operation. Wave sol dering apparatus 70 conBrl ses

sol der r es®YVISES A5C3MAP3C Yhichi aPraximgl Pethesppidbrof gpck 294 cWhécer’efﬂﬁﬁsean

nozzl es 185péﬁli§2@7%%bh%\%h0che Wﬂﬁwgfé&s@@lbw%%%r&l %sts'ﬁéi}vn%ry%rrows 2029.
gener at ed by a sol der punmp (not shown aratus 30 has a

surface 35 m%ﬁp?fayorbeaw lﬂ?ﬂiﬂ@b%ﬁ P?%ﬁ?ﬁtfﬁ@“r?’eﬂuré? ﬂ%smr'ﬁﬁou@e interior

t her eby mafdiige B0a8 Sf 2asé Qmathrdu.@hafﬁé Viffukeeas¥ T0orodk h‘l@ro@@@'ﬁéﬁ@r@tﬂﬁﬁozo
surface 35 further conprises at | east one openi ng '40 throu whi ch

| east Uhe 3¥ tﬂ‘é‘?thﬁa‘OEer'éFrNi"tJmﬁngZ|5o?ﬁrlﬁ‘jkt?@ﬁos!'?ol”éj% 'rgzsloe@ﬁpwnr%awwqw?w

the sol der(se@$ejued Da, 72 PAS B ddr OV96MB RAM RS a%nghmmha%&eg 2a’ and
wor k piece 100 that passes through along a noving track (not Shown

I'n ot her effbdbf meRk Q%ZQH% eaplaYs 1RO0IBIE ICPBREHShENBi 4f erg 2eiPP% thyough
plurality @hichkangesangrat, $NOWMrotingsoRk! W &vhmnmednaéﬂfg dopakfius.

positioned or placed on sol der reservoir. Porous tubes are in

fluid compobept F@Ore‘é'ﬁﬁ Bbﬁbrﬁw% Ore¥itid £ e, it dAS a'i\‘éLél"d‘é?vnéWOFes‘éBélW@)y of
As preV| ously nentione e inerting gqqz used with the apparatus and

met hod des®1d BEROHEIES! ﬁf Hhe CROMIIE SESHTREAJRREAIN. hpategdsnto RbteReta and 3.

inert gas f@haatus 138l ik Yihcedl 898, wi\ROSo|d&ingPhShrat€ M@Nio Flto%d)e »aPlinerting gas
conbi nations thereof. in certain enbodi nents, the iner as i s

pre- heat 3A19SPIE AUENG BivvRYeisRideHaY eBeralipn o \sue @e@ef"eaaaepamtuwolcgmprlses

under st 0od; khiakr ﬁeB@rvSuWQ@héf%%taﬁﬁ%oltéh EbIGéF &5 238 ohBPUdie %Szﬂ@é’ 185 that
vary dependi ng upon the configuration of the wave sol dering nmachi ne.

[ 0053] RefRPIEChe® 8 BPEfUsAdeIVavgp (Meshgwabthﬁ 81F GFneaped iy Gas HRsitPuUsTP (not

the appar aHéwn$O F@#érhﬁ@% h@{u?ésniﬁa anea R Z@Qrdﬁs Bb %@qa %)Osﬂlrf@i:e WaMghich
sol deri ng apparatus 70 aci ng grooves onto at |east one ed

of sol der mexéeh%?mowleaér%dm sl phidhe rapeatals herebyaraking egss removal

sol der 50 eemtal %@Q)(]?d?@:ﬁ@leﬂd -ufeMMOVANELHdRCS {(RREr SIMOWMRLS tat %%P&ﬁet 8pening
wor k pieces 100°to he soldered in an upward direction indicated in

t he arr ow 405 rauBWWhicht at| laagit ongngolder waye egwitiae fropumsdie( etdes Bowgpntained
are used tQitGeRRY Hiderefriliald Maé%t—:-s b A& ndL i8S 1R ntdMOH ARk piece that

nozzl es 185. The plurality of solder waves 115 contact the underside

of worde piRaseses fougmalengis @Bélhg Hgsk (et spperat Gefestng tarFipwep Sarigrayas 3c,
intr oduceda,sdamus he fsﬁlﬁé %%reeé %wea@t Bﬁya%ovtewtseén e Bos R aBofratus 30
chanber (not shown) outsid der resérvoir . t he enbodi nme

shown i n Hhguiestsxiop af am Gd@? Of %ﬂi@%r resgvair é5) dma@réajn &mbloﬁ@%’ﬁﬁ mﬁer@tus 30
and exit ofa§ B&n?@éé*ﬁBrétﬁﬁﬁBH@bFoo@é1ha|t'&|lé\/v$6r'th pfaﬁé%@ﬁfof%’ﬁﬁ%i%atop of

one or 15 nore o ffuser "t ubes can be oriented

per pendi cuioferresaryr &% pediacate the foRkard e difiesess 15h ot @faaagidengot area
| east sone Qf sid difi %@rBaté%e& 18thek nitRHRGh Wb menap%réré?ﬁ‘scb%r'if)@d herein

conpri si ng a base 2010 havi ng(han Interior volune, a neck 2020 having
an i nt eri gnayBRYmenlnABe arPaypéniosgtebe ronbeitiuser d&p cpbgbthatsolder pet area.  Still

proxi nal tfgdﬁé}eerﬁ’rﬁ&fmgﬂs ok tﬁeg%gaﬁa(h‘fs g&%ﬂbed\herleﬁ?éé n& HQE ey FH(oré Bﬁ)oves

encl osure such as the base and neck 2020 are I mersed i n
sol der 80.bPutspihehg Ryaslityiafifienges thaé aa<p\eath@|apa@rﬁts§pq¢ebeap§ﬁm¢da§ plac@d on

solder reservoir and locate all the diffusers inside the solder pot area such as the
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[ 0054] Figures 4a and 4b provide the side and top view of an

enbodi ment of the apparatus 930 descri bed 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 |east a portion of the

encl osure bmbbmn&e@émtédunmg@ﬂegewa arr@sﬁf yﬁu Flgal7e§ 5%&@5@ RefI3%Y Qeﬁﬁ to

not have grooves to |locate front and first and second

di ffusers bGHrEst3a Meoush Q‘felther %%W@)b?frgrgwsﬁtﬂn%ﬁﬂetmévadéﬁ 1t leapkj wall 37
Fi gures 3adéiHeOtidmnzes tHaNSl&R%r megﬁé@mt 98Lobas tadl WWlﬂJtrVa;%aratus 30.

fl anges 967 t hat al | ow apparatus 930 aced ato
reservoir @Usﬁkﬂﬁ%}%ﬂ%@ figis! spnyRicaivpw? @B'“BéW{-ﬂV%'B teddnetn gurg 3a) to

doubl e s/vahh |ﬁ€nlrﬁ$bﬁé 's@hrc?-.eb&f1 as pruBLsiMhEdicded | hesinating @ast uQa'&ewnh the

chanber 950 that houses at |east one of the porous tubes such as
and 955' sRARRHAUGEIR "ﬂﬁt%%d??fﬁb?qi ae@nrsmabev@paiﬁaalfrag% hy3®oeR. @rhcgher inert

direction hagdicat REiURY arddrOWe &2 Xr@ish, ix@n 6@ @ s R GomiolnatignPineredr! 1Y c&ain

nmol ten sol der waves that are emtted fromnozzles 985. The plurality
of porous ElibeYMentS: m? INeing 988 AT eAtF b RNR tp fpeln@ﬁn’qr%pﬁpﬁra}og)ggous fubes

sour ce suchgas N (naestcdioma) tHahéfBodieMi beﬁvnaiﬁ Fl@@rrets'%gthg&fgh 3c may vary

at nosphere or N2 atnosphere through the tubes, into chanbers
into tHe VB‘FRﬁ?Q'n@éfpioﬁérée B‘V‘f'ﬂH@t'ﬂ%Gf)qhé wayp sPKIeERg macRinal of 930 and
into interjor volune 969 defined by the surface of the nolten sol der

in sol der (098} vBEETMEENOW HeFigeiaR 3h k3o 2pparait $hairar Femefises an interior
appar at us @sime b@%ﬁhe&b@meeﬁolm sib'lHér SbrfdeOibsh tﬁé deriapidcd @rrbt shown),

vi ews of ment wherein t first porous tu 555, second

porous t ub@mﬁw” 33 hack Wl & p?d}doiﬁe vkt 588 22, AopRglusalt Waheorgises at

reservoir A&, oran@feashuRon QUsaingds phﬁalﬁ;n@f Qéﬁ&aild)’hsagho?ﬂ%vﬂ%bth@t is housed
wher e|1nEt at |east a portion of the base of encl osure is imersed

wi t hi heWiiN ParErsisHe: WBg§IMm e aas %B%ﬁ'@” PhEeebReodileistigmersed within the

t enper at ur @oRiO¥QdEMBs&ObIHR] SctdRb hbRGhB®aBE 201 PRAd aé&&z@ﬁﬂndﬁééemeﬁ to a
have grooves to |locate the first and second diffusers out of

sol der resEMPSTFUgaReve e malipapaintief tBa0Hes saldgf-ural ity of fI anges
567 that al I ow apparatus 530 to be placed atop of sol der reservoir

575. [0056@0 Prlyurigus ph NGVHSS 3 ISO8tRR View Of eeTPoeptee ipAIthe Gpasrats 30
that is pl@sedo@yaerdhe REeraRPas &iduses38b ahd S@‘éagigraidsa% id pRked *&ﬂw%ve

such that the work piece_travels therethrou tional cover 90

shown 4Yavi ?f&d%{mglac@grwsnaw PEPURaEN mqrw;ssg%?tmsewﬁgdur@gta WAKE soldering

cover 90 faddritein. hasvasH88Hngahpahdls i '7@ cbﬁhpflééé' Qs&@@ﬂﬁé@éﬁ@ﬁ'?grih’w&htamsa
the ventilatjion exhaust (not shown) wave sol dering machine to

remove anyTPEIKSY/EHH0 AEHRNG th@orz?c ’P%Iﬂﬁew@ iHAt PINESCE BNBISF iMye SPRIEr ¥iaves
20[ 0057] F@uihat rePiensiAAes b ﬁl@cﬂuﬁﬁﬁﬁo%h&ﬂgar@édé%tﬁé’@olﬁé tRp surface

conprising an optlonal cover 890 ato der reservoir
t her eby f ofiMiéf a"taun%wemevattl%ér%rt ﬂ?@c@%tﬁ%épp%rﬁt&\ﬁn')hefﬁgydm@hmg dross

movi n@st 1 agko9Q0el@vdasasy RR1tRE BRWEE: TdOsieacé wfanh&e&r%hs%e%t Yda8Wone
of apparatus 830. In certain enbodi nents, optional cover 890 is in

fluid conARENES: FRANTRILER WHEh wehrast AeosPIRpVAY @fmma@ér%mréﬁenn@lder 80
machi ne (n@ntaMWithin 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
30 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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25 Optional cover 890 is constructed of a double |ayer of netal
sheets or other suitable material, and the double | ayer space is
connected to the |lunmace ventil ati on exhaust pipe 897, which forns a
boundary gas trap. In certain enbodi nents, the distance between the
two iayers of sheets can range from but is not limted to, VT to

114" in thﬁe&@@QﬁbF“?@%”m@ﬁ%db&firﬂé’rp!%rc?us Rk ol qu@hn@@r@td&Ythat the
conpri se an |nert|g% gas inlet 30 895 that is in fluid comrunication

with an i n@nPPHgeghsadBUR EEUrP08a Yrena) 3¢ Bay yrYIsiepeadiag 8pon hegangawgtion

fl ux vaporo@nd walvé sedkrief mbB@nsol dering area. In certain enbodi ments,
when a circuit board is passing underneath cover 890. flux vapor

gener at ed IUOSBFeRbfé@m@Oﬂod’%urBEBcab?ﬂqecﬁdb biewcst dreshestihBROsfdhe taBBaratus 30
bounda% ‘?E‘ while air surrounding solder reservoir 870 can al so
ed

be tra SEHETRIBuRRRT Aty &P 1S BB‘&%O' et EAMESALRTER appeTatihi @ ft,)yaplggng

i N ensuri ngrodvé&asl ohtdedtidd8 oad BRSP BEESder! Bsdrisit AHGESHYRET Solel I‘r‘@servonr 75
sol der reservoir 870 is net covered by a work piece, the inerting

gener at ed B3 Medepsgidsr BPyeostRingsy Wﬁée”ﬂ ulfeg‘oé’wettr%qlio(\ﬂﬁt) shayy) H@@B@R%(‘J"Ofk

in the doupkesd ayelo I5P3S8erRl ih BR PWET dR&ioRtiMBEREY inf mérarm @05 shown At
boundary i nedl ng gas curtain to mnimze air fromenterin

the ext ar nBRStERI POMRENEOIFH RITAG(S FOHNEAE L528 1B IEVTANE RGPl solder

reservr 85’% 1O0B&ugMiokBed N85 apRapiatas @@dldarewa% hEScdpefA the underside
descri bed |fn tail and with reference to specific exanples and the

enbodi nment & WVH&rRiees 140 wqqghweawgaﬁ%ﬁppara U§ned- SQPI'W‘%H”Q Ha% HBrOQPFed into

that vari oms «pdRBEEBodNE diREES tuBad IsAbRsE@ M Dendraska (hbedreivi) wliisReUr solder
10departi n%ﬁf rom.he Sﬁl rit and scope thereof EXAI\/PLES Conpar ati ve

Exanpl e 1: CPRVPIAP. DB Setofinessh SBPWRYT Figser 3¢ GHELET Mbeshiamareriocated at
Figure 8, O%YgfRRNEHIhd XNk abienNrd¥RASHI BITEM § sBll B tdhebdd@Rent, 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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space of a solder reservoir without a circuit board | oaded above the
sol der reservoir and 15 without a top cover (such as that shown in
Figure 6) were obtained. Referring to Figure 8, neasurenents were
taken at the followi ng positions: point a (dose to the left edge of a
Is' solder wave); point b (dose to the mddle surface of the -Ist

wave); poi Bh iBefigt yReRolive S@hdas NAVRS) sh@eh)Ntvhith( drsRiekOak hiﬂe_rtinﬁ gas
m ddl e surface of a 2nd w der wave); and point e gcl ose éo the right
edge of t h&MF@NEs el aEnesPhersoh D] thaliePssi 1R CBATPEEsT YhdntPdhe teaime

center diffemRey vyethe o@makua{rcﬁgl obaestiaP Bf OBREHd il irltéreor GEUBRNI69 defined by
concentrati ons r%% shown in S

ables 1 and 2. Table 1 .is taﬁi resul t
rel ated tothendrEce X R SIRN Soef ik Selfeistesgealr 9997,5 thfe WOENPIEFE #i2Pf AR@the
was endf osgdid erdpparaud®ical protective tube. The protective tube
contains multiple rows at open slots to allow inert gas flow and is

coat ed by FOD¥SFORIGURG SDaRd BYiH6vild eNsiBe Shil Gkp RBwRAIUHEembBditbt &hdRein
2, the center, diffuser tube was al so en%I %%S,d |nEo a slottgd\ﬁgg,,d o
coat ed pr ot EdtFHRITUFHEDLSOPO: SEERHERCTPHRINPR 2PP ngNS G| R HSUPBRED ofre inside
\?\AI1 _otf] ]gn i g@_ mérgés?ervdih?%ia‘naw{@h ﬁdd@r& tlfuad f é%(lbsﬁ”@gihtaidérﬁtﬂ?s@% herein at

iC aced in a downwar i rection. e 1. n.concentrati ons -
RUFE coat CEaEAmEORRML TR Ao eGP de e i Y e S A R Bt FPASEs80
as theign dghceheth ftkes @hclosure Bbita teinperithrd abole teiTpbIeéd Meling rPoat Apparatus
cont am nati on because the prot ecﬁlv was not h

e tub eated. Ex le 2:
venti ve SANEBES BPF PRNLBOBST G I qcA56H% TTAbARH GSERTY BHRRIP UL OF the Solder
denonst r at esetvbr dr€sBYS.S AgfarliOyTB0hakheploritest fingksiser thatkalownaparatus
encl osure accordi g to the |n(¥ent| on, simlar to that depicted in
Fi gur es 2a5:fQ1tt°dCl?g‘ﬂ ond AR OLRATY ALY Y 8Huce oxygen concentration and
prevent diffuser_dogging..]n the present experinent ent er
Por ous. t ubl9OREE " FEHECR Plhvidss eraroBAER St & Sl fiockbeid et Rudrbacprer the
sol der1anvav@sparatlis i 80 beld en@shd hadckt (Mas aidvangenentihglathavosd geedi figvels
probl ens su}l‘ch as bﬁ/ soljdificati %n_ of sol der spl alsh and co&c’i%nsatl on
of fl ux therethrough. Optional cover 90 is shown having a glass window hat 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.

20 [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)

25  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

30 895 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
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10vapor on diffuser surface. As in Exanple 1, the oxygen
concentration nmeasurenments were conducted w thout a work piece or
cover over the solder reservoir. 02 concentrations at nine positions
around the sol der reservoir were measured at different N2 flow
arrangenents in the positions designated in Figure 9. In Exanple 2,

posi tions keeddl 810 tdh EisHUie trApBdcE irC HEPAS N GayleP sPQ@é hh@é‘rﬁebthad%i/e‘ﬂ 890,
in Figure 8 ring the 02 15 neasurenents, the solder reservoir

t enper at ur $NEALIFaMNERUHEE HECVBHEHL AMRBNSE! dBY INRRPesS &’@ﬁ@?‘%tﬂé‘ﬁ solder

and the versehalrisgo id AstadtgBrednsy iWoﬂaﬁléc@ltﬁ@ idert®y §ad ééhe%lgdltb% lurality
an ree

flowrate| rovjded in cubic neter per t

flow rate ?e%Fg é’ i énqtéﬁo‘f"ﬂbc?’bf’? Flﬂg‘rﬂde'l“/t?"? GﬁTb'%?afo 59’1‘9%%“&!‘&90}’1@ £90
di f fusers. th@l‘@yﬁ@r&ﬁw §(d>odﬁda-?ty afeeu@g@eéur@@ﬂ@eﬁwrmﬁe @msroﬁxaﬁtéﬁrsgfm fddmdhe
per cent age. %ﬁgaﬁﬁg}v able 3, in nost cases 20 oxy

concent r at? gO'B’BF%t\APtPH%e lmeseheig 92 above g‘egso des s rWOO‘

0. 2% 0, ed on t wo-day test usjn t here S no
obse(; ved gﬂ%ﬁs Wh&%g‘EFn@OP r%’?ul"%/eéh?cgrhalshée%kdﬁé?f'b@gn@eﬁﬁ}f@t ARH with
measur enmenteterafie @rwélclﬁe(éXBMpteB%nHth @M badintétd ehedeof TRRNIIELS apfa®héito one
0,17.0.47 lk”%dllg 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 internai

porous diffuser as the middie diffuser.

30
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10.19 4/4/4 0.9? 1.16 0,46 O .44 0.40 4/5/4 0.22 1.27

Flow Rate, Oxygen concentration at measuring points, %
m’/hr b q
 (left/center/right) s < _ -

6/6/6 0.25 0.62 0.22 1.36 ~ 0.50
6/4/6 0.29 2.80 0.75 207 0.95
6/4/8 | 0.23 2.60 0.32 1.58 1.10
5/6/6 0.32 0.72 0.20 1.53 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 0.26 210 |  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, %
m%hr b q
(left/center/right) a e e

6/6/6 0.43 1.35 0.60 1.20 019 |
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 1.156 0.20
4/6/6 0.31 1.08 0.67 1.32 0.25
4/6/8 0.41 1.20 073 1.156 0.22
4/5/6 0.43 1.1 0.75 1.40 0.24
4/5/8 0.42 1.51 093 1.30 - 0.20

5 [0061] In Tables 1 and 2 above, the flow rate is provided in cubic meters per hour
(m*/hr) 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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0,32 0.43 0.18 0.24 Exanmpl e 3: Inventive Center Diffuser Design
with Holes in Neck of Enclosure [0063] Oxygen concentrations were

al so neasured for center diffuser designs having holes along the neck
of the enclosure, simlar to those depicted in Figures 2a! and 2d.
Results were neasured with a top cover and both with and without a

wor k pi ecep k888 nﬁp&ﬁﬁﬁlét%gtéh%té‘%éﬁah%a&nbﬁ b@@é]s'éQﬂe bed8&iveftube was not
approxi mately 2000 pprn w t hout a work piece | oaded, and were

appr oxi mat 8£3t€800- 600 ppm (0. 05 0.06% with a work piece.

Addi ti onal | y, good sol der flow around the center diffuser was
observed. EX@mpre: 4nvantiye episr Rtusemlesigthvent i ve Center Diffuser
Desi gn 10[ 006 The present exanpl e denonstrates reduct| on in dross

formation 96 3] r 68%IPfeSSNt REATRRIRGeMBsERRt die EfRspie X NusHE thi cgRter diffuser

encl osus e ﬁﬁb@%fﬂnn&dld%utfé@cédﬂ&ﬂ@ttb@ﬁb inVBstichD BRIkt US twmsjerpwteoatn Figures 2a
mtrogenflowrateso /hr 1n the left, center, %
di ffuser t tpeghatrgang d%ﬁ'gﬂqdrtedéﬁ’f“i?r%%rﬂ goqﬂenga@prbgn?d pr@,vggtsd beretaoging:

was det er nimngd d?é(séméﬁbé’rlnﬂg\ttthé céméb'ﬁbro@ﬁ t66OREs BOLSRCHREIN @AChclRYire and
(wtharunnlnatlmso hour s 15 and wi thout a work Plece and
t

with and woeREHt beAwWeey dwo cﬁ%’rert"}‘%’e%l HeP Beiswrd, 8iat thiphar it ¢@g avoid

enpl oyed “@ISg@n?%&erﬁéﬁ\éU&Q aglbgewlkiﬁ’lﬁ&ldhf of3&fderR dhysAafl aBhdeHRaticH 86 Bux
collection results are reported below in Table 4, and conpared

agai nst0 a ¥RRSEIAMEMTHSEr BHITEPP- n OSSP FaPERs T ke %’?YEF'&)?@BCQW oGRS Urements
inerting g@gre ASN&IAIM itholifkd evdtk piees Sorf @bt bodr Wes soldihi fdseanirl Y O,

reduced i n nost cases.
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,
15 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
20 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
FlowaRate, b d
m°/hr a - ¢ e
(left/center/right) b b | b, ds do d2
~ 6/6/6 018 | 0.19 | 0.20 | 0.23 | 0.16 | 0.19 | 0.20 | 0.23 | 0.18
4/6/6 1 016 | 043 | 0.21 | 0.17 | 021 | 025 | 0.23 | 0.21 | 0.16
4/6/8 0.16 | 0.62 | 0.45 9_16 | 0.24 | 041 | 042 ___020 ' 0.16
4/5/6 016 | 0.48 | 028 | 0.16 | 0.21 | 0.62 024 | 0.21 | 0.16
4/5/8 017 | 059 | 143 | 017 | 022 | 1.1 | 047 | 0.20 | 0.17_
6/4/6 | 0.16 | 0.17 | 021 | 049 | 0.16 | 0.20 | 0.21 | 0.20 | 0.16
6/4/8 017 | 027 | 040 | 0.16 | 0.17 | 0.29 024 | 0.18 | 0.17
5/6/6 0.16 | 0.29 | 0.24 | 0.18 | 0.16 | 0.20 | 0.19 | 0.18 | 0.17
5/5/5 0.19 | 0.19 | 0.18 | 040 | 0.16 | 0.29 | 0.20 | 0.20 | 0.18
5/6/5 017 | 025 | 017 | 031 | 0.16 | 0.24 | 0.21 | 0.20 | 0.16
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20 *Diffuser doved for atpart of Listing (0068] Further benefits of
apparatuses and net hods according to the present invention include
reduction in manufacturing and material costs, inproved sol der joint
quaiity, and sinplified transition to | ead-free sol dering technol ogy.
Wth regard to manufacturing and material costs, reductions of 20-40%

in sol der [consympfion,| 40790% kn [dpass| fosdret pan, | B3B0%k0 fldx | 0.17
consunpt i on, —apd;40- 80%yiF EGi HNELGTAI 15 £1ange h@/@te@.aogb%ﬁggéw
G50 | 0.22

along with 1o osts hHol p as argqele d,
board def t—sy;{%&r em‘r%;% h?? e'mpr ocug't1?v ?{/‘383 t??rg A
further benefit of the apparatuses disclosed herein is that they can
easily be Examneld Jupvent temlaiffasar Oesionovith ldeleeth NeckfafEnslobder pot s
having a variety of different dinmensions. In particular, the neck of

t he encl os{083] dexreerbeanchetraionsivere misiol meaiieth fareenter diffsgedgsiang having
spaces bet ygeg agd;ﬁa tﬁé"n@ﬁ{ of"ﬁ\\éeéncllo%ﬂ%,tsnﬁla‘w@ﬁ@sle défpiciédlﬁqeffi%@r%%'ﬁs‘éhé‘ 2d.
design may be adjusted horizontally, verticaily, or in bot

di mensi‘onsResultsi weeg deapyred Wigplai ot FOier Jro0BBN Wit iaodswithauirsa Weprle piece.
been defin ' hajdm, i 0
dof i ned abogSe Lo SRaT g e T I b Siom AaES o Jofrosidl 2000 dom (0:20%)
t he perti n@itfoud et Werkwiecgi loaded; Bad weee aprroximsatele SP@§00 prat (0 @806 avith a
printed pubhi i t

Dt ocedur bs TRt kel 6loR SRR fon WobPIEch e Ao BAMEDbSseri e

I ncor por at eda Byle e REENES IR0k DinBXER CerbichitiGPagy e is not

i nconsistent wth this application for ail jurisdictions in which

such ipgor ;b%af | PR bRasBRT Sdni (58 dembAQPAds FIucRbM reaBed kdBRLiSn 38 result of
features of the invention have been described using a set of _

numeri cal UPEE9 thericerter giffuges dgbepfn minerglesdre |asgeiding A the im@ntiphe The
sake of brgydd-ytus QRYuR & hRioBeh ADWSaeR'E 62 BhH [ thbYertliBlepsSeh AGHRlifuser
However, it 'should be appreciated that ranges fromany lower limt to
any upper Wbgstangrat aotitesmi afasauignpedd seherlirse fgmaiign cupsedetermined by
Sim larly, meadaRg thé QMoBRYofl VS collcBlel dBRYK 3§ (AR rDRSInYik2 &BnAlBEWith
lower |imt to recite a range not explicitly recited, and ranges from
any upter anchyvitheriya werkcings Aed Withtandawifhast Regovappear the siotder sesesdin eThe
a range n i ;

ol Vi G e e o e LR F s
reci ted. TeRWSCticavE@sylty aienterortedl mglaw dudpbeat uRndhagmeaied eagainst sbaggtine in
| ower or lxphib'lﬁ’ﬂgrarp}p?fﬁ‘tﬁs H95TRhBRA WIS Br e iﬂahﬁg_g{a@! s Howrdi Meti2! gross
val ue or any other |ower or upper limt, to reCite a range not

expl i ci t | yforreafianewas ignifiganiie reasgpd Vamgelscagee " about or

"approxi matel y" the indicated value, and take into account

experid®ental error and variations that woul d be expected by a person
having ordinary skill in the art. NOM Wile the foregoing is directed
to enbodi ments of the invention and alternate 15 enbodi nents thereof,
various changes, nodifications, and alterations fromthe invention

may be contenplated by those skilled in the art w thout departing
fromthe intended spirit and scope thereof, it is intended that the
present invention only be limted by the terns of the appended

clainms. CLAIM
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An encl osure for providing an inciting gas during soldering of a work

pi ece conpri sing:
fluid conmunication with an inerting gas 5source;

a base conprising an interior volune in
a neck conpri sing

an interior volune in fluid communication with the interior vol ume of

t he base and an openi ng,

a cap proximal to the opening, and a

t ube conprising one or nore openings fpy,dhe flow of the inerting gas
10t her et hrough, wherein the tube resides within the base and is in

fluid communi cati oppapsfi

gas trave
neck and

wherein t
sur f ace.

of a work
the botto
sol der re

and where
wal | of t
reservoir

10

15

20

EBRHIIRT L1 NG gaF SOUBBEs we%cﬁbﬂ kfghe I NeEddBbn
S 'rhrmmh the tube | nt he inferior volune of he_basﬁ] @r’&gs
Julnetrﬁrrgough Tolpe Opékiomg. Miadlihe ncl.osu O!a Lﬁ Formation
néppaekust urCher ¢oMides esDifueen! ﬁﬁ d Ho [gag I \éer?g% %
3. An_apparatus for provilding anlineingi|gas during soidering
pi €&, the Bpparat 8 conpriing: B6at || edst oneB@boo eon.
m of nd he appggat Us §& paci g ontozat ijeast one edge of il
servolr, wherein thn sollder reservoir gontainsl ndten sol der
n &ESi east @he si d8owai|li ofSthe gidove arfd at| | &t one83.6%
e gppar atrusdefine g chamhgr outsf ge of §bg sol defg -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* 2.4 - 24 -68.4%
yes yes no yes* B - - N/A |
yes no yes | yes* | 0.95 - 095 | -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
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
A further benefit of the
apparatuses disclosed herein is that they can easily be scaled up or down and can be

defects and reworking, and higher productivity uptime.
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.

[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

this application for all jurisdictions in which such incorporation is permitted.
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one or nore tubes conprising one or nore openings in fluid

comuni cation with 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 formng an atnosphere. 4.The apparatus of claim3

further copgyghpi @grté'ln%%’cﬁ)'alrﬁé}ﬁ‘é ahPeBILRAELE AR irRe AR Hb@etb"eéﬁ @e%‘ﬂi’e@%mg a
the work prece is transported by the cover across the top surface of

t he appar abe>f aHEISVRRLEPH iits Fsha petial umerical dempsi Iguls. £ A it Sae fprety,

in fluid coApuBit&AtARRsWrd BxdliclifBistlbadd Hé‘re?ny %%Verﬂﬂ%h@tn@ﬁé%bHﬁaoQJte&that
aim4 wherein the cover conprises a plurality of sheets that define

an i nt eri ofanges e a0y \RMEF diMit th@ny nHReer dlfmtvarqmenqempiqﬁeq |Ypiegs otherwise

communigat jaRadt r'Sanl‘]ErIW ‘?mdeISQFanQn)em\"ﬁﬁthﬁa)ﬁbé ebiBinkd withU i@ Ber IbRer
The apparatus of cl ai m'5 wherein the cover further conprises an Inlet

in fluid chitnipiredie @Manga Aok ﬁ@hplﬁww'lﬁ-g §ad rargascEom ANy THIPES b §1ayebe

of claim 1.Msh&d WithhéhyoRas G;%bérnm{lthﬁ) tehes l%"nge PRI @KpIRAE BEELI FUrther, a
20t he average pore sizé is m or | ess. he apparatus of claiim

3 ,,, her ei ANgRENAHIPSr Ml PPt Phé\d'vtdé'aP K2l bGH\éee@r'tsnﬁfﬂfé PEEoSN Hgygh not

wherein t h@x;ﬂl&iﬂ?‘f@éte@efrhﬁ’@ QRE BEINTBF MafMBLRT dalll MA) SBrENR B oWRI Bwer or
side di ffuser tubes res:

10  upper limit comblned WIth any other point or individual value or any other lower or upper

limit, to recite a range not explicitly recited. All numerical values are "about" or

"approximately" the indicated value, and take into account experimental error and

variations that would be expected by a person having ordinary skill in the art.

[0068] While the foregoing is directed to embodiments of the invention and alternate

15  embodiments thereof, various changes, modifications, and alterations from the invention
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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The apparatus of claim3 wherein the solder reservoir generates a
plurality of solder waves and an encl osure conprising a center

di ffuser tube is interposed between the sol der waves. 10. The
apparatus of claim 3 wherein the nerting gas conprises nitrogen. 11.
The apparatus of claim 10 wherein the inerting gas further conprises
5% by wei ght or |ess of hydrogen. 1012, Ahgsapparatus of cla m3
wherein the inerting gas corrpri ses a gas selected fromthe group
conS|st|ng of nltro% , drogen, heli um neon, n, Kkrypton, .
xenon, and!conbPR&TCHREe ﬁ’ér%r yiding 3arn ingsting, gas &“r'Bgﬁﬂ1qﬂr'ﬁé qna work piece
inciting gas atgspiaeige during wave sol dering of a 15work piece, the
met hod conprising: providing a wave sol dering machine conprising: a

sol der reservoir having nolten sol der contajned therein | east, . one
nozste, and ot A% CBRRRIEE ISt ARk Y gttt Rt AR dERare Sas
fromthe noltens@ptgler bath upwardly through the nozzle; 20placing an
apparatus atop at | east one edge of the soI der reservoi r wherein the
appar at us corrprlses at | east one enln sur f ac at !t%as.t ,
o6 gr cove ¢ hat ® TESE COMPIINEHE QUOTL iR dh QHgelapiunGaty) Hitp H&hterior
reservoir, and wl@hebédhetiasebintl ahepesiagpri si ng one or nore openi ngs

in fluid comruni cation with an inerting gas source, wherein the work

pi ece and the to surfaﬁ% {P sol der 25define an

at nospher e; pas% %pr[o%én t epque'é'ga?'b g a path so that at |east a
portion of the work piece contacts the at |east one sol der wave
emtting through tube aypgmising ofie tdtemappapanings fandhe flow of the inerting gas

10 therethrough, wherein the tube resides within the base and is in fluid
communication with the inerting gas source;

wherein the inerting gas travels through the tube into the interior volume of the
base and neck and out through the opening.

15 2. The enclosure of claim 1, wherein the neck further comprises one or more holes
along its surface.

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

20 at least one groove on the bottom of the apparatus for placing onto at least one
edge of a solder reservoir, wherein the solder reservoir contains molten 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 reservoir;

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

piece; and
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14.

15 15.
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4.
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5.

15
6.
7.

20
8.

25

16. 20 25 | a.

one or more 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.

The apparatus of claim 3 further comprising a cover that is placed on a moving
track whereby the work piece is transported by the cover across the top surface
of the apparatus and wherein the cover further comprises a vent which is in fluid

communication with a ventilation system.

The apparatus of claim 4 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.

The apparatus of claim 5 wherein the cover further comprises an inlet in fluid

communication with the inerting gas source.

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

the average pore size is 0.2 um or less.

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.
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introducing an inerting gas through the one or nore tubes into the

at nosphere, wherein at | east one tube resides in an encl osure:
wherein the encl osure conprises a base conprising an interior volune
in fluid communi cation with an inerting gas source, a neck conprising
an interior volunme and an opening in fluid comunication with the

base, and g capTRé %bmtust& R Qnméréua thaRelRt Reddi@it Yoeratesi fbR@alit of
the enclosure is housed within the base; and wherein t inertin

travel s throughSYRY Watsé 3t 8" EREOPHE SIOMBYISig) 31 ARNIBR d'FfH%eretHE?d%dﬁ%fposed
and into the atpmepbeif dULHLu@hes he openi ng defined by the neck and
cap. The nmethod 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 method of claim 13 wherein the at

| east one tube resides proxinmal to the at :east one sol der wave. The

met hod ©f c¢d.ai NTASappHr&idE bf €GPS WheRGh thelMdBg Haatorhbrasrs pardoent he
wor k pi ece across the apparatus, wherein the cover further conprises
a vent which is in fluid conmunication with a ventilation system The
met hod of cl ai mvhere the cover conprises a plurality of sheets that
define an interior volune and wherein the interior volune is in fluid
comuni cat 1dn witdr apheratensfi tlaim a0 eixdransthe ohering ajadefuither Eemp@ses. 5% by
The net hod of c| ai 13 mhgreln t he cover further conprises an nd
comuni cati on VW?@H% inert ’°§8§ source. 19. The nethod of claim 13
wherein the one or nore tubes conprise pores and wherein the average
pore size is 0,2 pmor less. 20. The nethod of claim 13 wherein the
apparatus conprises one or nore grooves wherein the grooves define

one oryqmre, € ha?peeéﬁpd-rgtu%i‘ SIQin‘? g%vh%?eiﬁr?r{eeing?fﬁnb rb%sthpﬁ)ﬁsése§ 'ggg selected from

the group consisting of nitrogen, hydrogen, helium, neon, argon, krypton, xenon,

and combinations thereof.

ilEs. 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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21. The nethod of claim 13 wherein the solder reservoir generates a
plurality of sol der waves and wherein the at |east one tube residing
in the enclosure is 10i nterposed between the sol der waves. 22. The
nmet hod of claim 13 wherein the inerting, gas conprises nitrogen. The
met hod of claim?22 wherein the inerting gas further conprises 5% by

wei ght or |ess mfro&)’dﬂﬁg)gﬁrhertzrfb Jé“ﬁrd&’(@hhtﬁﬁ Pk &l b tlBesvhed eidatitRphere,

inciting gas co ri ses gas se ected fromthe group consisting of

ni trogen, hydr oY We“"l”%l"?

N BbR, resifeilR, aNGNFIBE  xenon, and

conbi nati ons theéeof 25. The nethod of c¢laim13, wherein the neck

further conpris¥

5

10
14.
15 15.
16.

20
17.

25
18.

ere@nté\eoqncll%PEe ROTREsEs| B asq f:gmg[ﬁ,nﬁ%@g 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 volume of the
enclosure and into the atmosphere through the opening defined by the neck and

cap.

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.

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

least one solder wave.

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

communication with a ventilation system.

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.

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.
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22.

23.

24.

25.

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

wherein the average pore size is 0.2 pym or less.

The method of claim 13 wherein the apparatus comprises one or more grooves
wherein the grooves define one or more chambers in which one or more of the

tubes reside.

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

interposed between the solder waves.

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

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

or less of hydrogen.

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.

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

along its surface.
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