2159084 1 Sol dering Systens and Met hods This invention
relates to soldering systens and nethods and nore particularly to a system -
and nethod for 5 t he vapour - phase heating of a product and separate
application of solder to the heated product. Soldering is w dely enployed
for the fabrication of many different products, especially products in t

el ectronics field, notably printed circuit poards. For the 10 producti

fabrication of prlnted circuit boards and sinilar products,
systens have been wi dely enpl oyed. These systens i'ncl ude a rQSQSégﬁéfgf

nolten sol der which is punped in a wave, with the circuit board being
transporteg in contact wth theldewind cSestsmes wehd i Mgtiddsof the intended
areas of the board. The solder wave serves as a source of heat for heating
of the circuit board and al so as the sol der source for application of
sol der to the board. Thelwhwelrwrieionppatates Fe FelderiRFysE¥shpMexandd
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der wave rs -
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being transported in contact with the wave to cause wetting

15 of the intended areas of the board. The solder wave serves
as a source of heat for heating of the circuit board and
also as the solder source for application of solder to the
board. The wave solder apparatus is relatively complex and
must be carefully designed and constructed to provide a

20 solder wave of the appropriate dimensions and
characteristics to provide the requisite heating and solder
application to the particular product being processed. The
length of the wave must be sufficient to provide sufficient

g time 6f contact to heat the surface to be soldered. The (;-

25 wave design is critical in relation to the product and
speed of the product through the wave. There is a maximum
speed beyond which a product cannot be conveyed through a
particular solder wave and still achieve sufficient
heating. For greater speeds, the wave would have to be

30 reconfigured, which would necessitate a complete system
redesign.

‘The height of the solder wave is also a critical
factor and caﬁ be a limiting factor to the size of a
product being processed. For example, in a printed circuit

35 board in which leaded components are inserted, the lead
lengths cannot be longer than the depth of the solder wave



. 2. or else a board cannot ‘be accommodated in the particul ar wave sol der
‘dppar at us because of interference with the |ong. conponent |eads. Thus,

care nust be exercised in the assenbly of conponents on a circuit board to .
assure that 5 the |ead:l engths are | ess. than the depth of the solder wave
for the particular solder apparatus to be enployed. Since the sol der wave"
servas both as t'he source of solder and sourge of heating, the dynam cs. of
t he system becane conplex in designing a wavé " sol der apparatus for
particular 10 purposes. Also, these dynamies make it difficult to alter
the characteristics of the solder wave to accommodate different types of
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Sol dering, No. 5, Autumm 13s3thesdigpe of aﬁfqgaqdéppn§°§9§Feﬁfﬁﬁemh+Eht?%e
_product s drag solder system 1n which a reservoir of solder is
15 provided into whlch a ‘product is dipped and immersed either
"'partlally or completely to apply solder to the product.
‘Here again the molten solder serves both as the source of
‘heat for heating the product. to a soldering temperature,
and as the solder appllcator. _ _
20 . o U. S, Relssue Patent No. Re. 30, 399 shows a wave
flow solderlng apparatus in which the solder wave is
provided at the bottom of a vessel contalnlng a heated,
" saturated vapour. The_product rs conveyed through the
“_g_j o _vapOur'ohamber.and is. heated bv immersion in the vapour
. 25 phase and.soldered by passage through the solder wave,
Solder is applled in an anaeroblc atmosphere prov1ded by -
_ the vapour ‘phase but there ls llttle 1mprovement in the
'_control or performance of the solderlng operatlon by
locatlon of the solder wave apparatus in the chamber._'The
30-7cr1t1ca11ty and relatlve complexrty of the solder wave
remains the same as: descrlbed above,. and the presence of
the solder wave w1th1n the heated vapour does not alter the
critical. de51gn consrderatlons of the wave apparatus.
An article entltled A New Solderlng Process," by
35 W. R. George, Brazing & Solderlng, No. 5, Autumn 1983
'_shows a drag soldering system in which the product is




21 initially placed within a heated |nert vapour phase prior to

. imersion into the nolten solder bath. U S. Patent No. 3,825,164 shows a

-.sol dering system having a tank containi.ng a pool  of nolten salder at 5
the bottom and covered by a liquid fluxing bath, with sol der spray

-~ apparatus within the fluxing bath. A printed circuit card is inserted

~wvertically into t he fIUX|ng bath for quxPng and preheating, and soldebéls
sprayed onto one or both surfaces of the printed circuit card'as the card

© is 10 withdrawn fromthe tank. The present invention provides a system for
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sol der, phase system, and solder applied by a separately controlled
15 nozzle appllcator system operatlve to. direct controlled and
defined streams of solder onto the product. A vessel is
provided for contalnlng a heated saturated 1nert vapour
into which the product is 1ntroduced prlor to solder
application and by which the product is heated to solderlng
20 temperature. One or more nozzles are prOV1ded within the
vessel for directing one or more streams of molten solder
to the heated product, the impinging solderx beihg retained
by the areas of the prdduct surfaces to which the solder
~ will adhere. 1In the case of a'ciréuit beard the solder is
25 adherent to the conductlve circuit paths, the '
plated-through holes which may be present in the circuit
" board, and to the leads or connection pads of components -
assembled on or inserted on the board. . After solder
application, the product is subject to a solder levelling
30 or debrldglng operatlon by passage passed one Or more
nozzles which are operatlve_to direct streams_of_the vapour
phase condensate onto one or more of the prodﬁct.surfaces
to drive off any excess solder and level the applied solder
" to a uniform deposited layer, to remove icicles of solder,
35 or remove solder bridges between adjacent conductive areas
of a board, or clear solder in the through-holes. The



35  or renmove sol der bridges'betmeeh“ad'aceht conduct i v fa

or clear solder in the through-holes. T%e - 4" sol der. I:vg{Fﬁzgogra board '
debri dgi ng operation is also’ acconpl i shed within the heated vapour phase of
.the vessel. Each of the operations is separately controllable and is
‘substantially independent of the coentrol of the 5 other operations.

Heat {pg of the product is provided subst antd .al | y by the heated vapour
phaseat nosphere within the vessel , and the establi:shment and control of
this vapour atnosphere is separately provided by the vapour phase
apparatus. Solder application is provided by the 10 applicator nozzles
whi ch, with theoddsuclevelling der ékkﬁ AinA QREFFEIMUSRIER I y provi de
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solder . levelling and/or debrldglng is separately
accomplished by the solder removal nozzles which provide
15 the lntended vapour phase condensate streams for solder
'~ 1levelling or selected removal. The system ‘can also provide
reflow soldering by means of heat supplled by the vapour
phase atmosphere. | ' - '
The product can be introduced and removed from
20 ° the processing vessel in any manner ‘suitable for ‘the -
'partlcular appllcatlon. Typlcally, for a continuous
production process, the product is carried on a conveyor
_ into the processzng vessel for heating, solder applicatlon
:&w/ - _ _"and solder levelllng and/or debrldglng, and then carrled by
' 25 conveyor out of the vessel. '
There now follows a detailed descrlptlon, to be

- read with reference to the accompanylng draw1ngs of a
solder system and method embodylng the 1nventlon. "It will
‘be realised that this system and method have been selected
30 for descrlptlon to 1llustrate the 1nvention by way of
example. '
- " In the accompanylng drawings. o
Figure 1 is a dlagrammatlc elevation view of a
' solder system embodylng the invention employlng a pair of -
35 solder application nozzles, and a pair of solder levelling
' 'nozzles all w1th1n a vapour phase containing vessel;




Figure 1 is a diagrammatic el evation view of a solder system enbodying the
i nvention enploying a pair of 35 solder application nozzles, and a pair of
sol der |evelling nozzles all within a vapour phase containing vessel;

Figure 2 is a diagrammtic elevation view of an alternative embodi nent
generally simlar to the system of Flgure51 but having single nozzles .

di sposed bel ow the product; 5 - Figure 3 is a diagrammtic ~-4:

el evation view of a further alternative enbodi nent generally simlar to the-
- systemof Figure 1 but having single nozzles disposed above the product;
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I s-shown in. Flr% r“t 1, this enbodi nent being especially suited to the
sol dering of FI6ctrdnic circuit boards. A cl osed vessel 10 defines an
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to define the upper extent of ‘'t vapour zone w-t t he chanber. Products
such as cﬁq(nﬁﬁsqﬁﬁaﬂ@s32?réﬁérEGﬁvéVEQeWﬁPBth%nchanber by means of an

entrance throat 18, andiquireof tBeacbarbenlby cesawapfitay €xew shrgras 20, -

"~ each throat 3Q _.out % xtendi_.ng fromopposite side walls of the vesséhi
- 10. A conveyorysf‘f e\fo:e &? ?ﬁr gugﬁ ghe entrance throat 18,
Flgure 6 1s a partially cutaway plctorlal view of

a solder nozzle assembly.

15 : A soldering system_embodying the invention is
shown in Figure 1, this embodiment being especially suited
to the soldering of electronic circuit boards. A closed
vessel 10 defines an interior vapour phase chamber in which
a zone of inert saturated vapour is provided at a

20 predetermined elevated temperature for heating of a product
to be soldered. Heaters_iz are disposed at the bottom of
vessel 10 and are operatiue to heat a vapour phase liquid
14 to a temperature sufficient to provide a saturated
vapour of that liquid withinrthe'chamber. Cooling coils 16

25 can be disposed around the vessel walls at a pOSltlon to
define the upper extent of the vapour zone w1th1n the
chamber, Products such as circuit boards 27 are conveyed
into the chamber by means of an entrance throat 18, and out
of the chamber by means of an exit throat 20, each throat

30 outwardly extending from opp051te s1de walls of the vessel
10. A conveyor 22 extendsrthrough the entrance throat 18,
the interior chamber of vessel 10 and the exit throat 20,
and is operative to convey or_transport the circuit boards
into and out of the vapour phase chamber. The conveyor can

35 be of any sultable form to accommodate the partlcular

o product belng processed For c;rcult boards, the conveyor
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S source may alternatively be provided. The solder pump can
- 15 alternatively be disposed external to the vessel._ A pair
of nozzles 32 and 34 is disposed downstream from the solder.
application nozzles 24 and 26 and is operative to direct
~ vapour phase 1iquid streams onto the respective surfaces of
the circuit poards for purposes of solder levelling and/ox
20 debridging; that is, for remov1ng excess solder. from the
boards and providing a unlform solder layer. For
convenience, these nozzles 32 and 34 are referred to as
. solder removal nozzles, it being understood that they are
ugﬁ/ .. . operative to provide 1eVelllng, debridging or- excess solder
25 removal as required. ‘The vapour phase. 1liquid is supplied
to the nozzles 32 and 34 by a pump 36, located ‘external to
the vessel 10, the pump drawing the condensate supply from
‘a’ sump 38 whlch recelves condensed vapour phase liguid from
a4 gutter 40 below the. c01ls 16 and pipe 41. -Heaters 39 are
.30 provided in the sump 38 to malntaln the liquid therein at
"the intended temperature. "Alternatively the pump 36 can
' draw condensate £rom the supply at the bottom of vessel 10,
" or from a separate source.’ The. pump 36 can also be '
" internal to the vessel. An. overflow pipe 43 drains excess

35 ‘condensate to the vessel 10. .

phase



- 30 provided in the sunp 38 to maintain the liquid-therein at the intended

~tenperature. Alternatively the punp 36 can draw condensate fromthe supply
at the bottom of vessel 10, or froma separate source. The punp 36 can
also be internal to the vessel. An overflow pipe 43 drains excess 35
condensate to the vessel 10. ~ 7 The entrance and exit throats are

~preferably configured in conjunction with7the vessel to mninize the ;Ei,_, ‘ 

outward flow of vapour fromthe vesseél to the atnosphere. Such
~configuration can be as shown in U .S. Patent 5 4,389,797. The present

I nvention is not limt e Wt anc and exit thro ts, as
many difaerent forns o&gﬁrSBEE?ncﬁg?géseﬁﬁg %é?%% %r%h%r?7%5? vesse
can be provi ¢edftigugeidt inheopdnnrctapar whtbdbse vessejuratnbminiarl specific

operational RIS o¥Ovapour from {:Be'§e§£§ieﬁé‘b£ﬁ’ef9£m& dfious
product processing to provide a straight-through or substantially

strai ght - t hr S4GR §F@¢éﬁPFﬁtﬁﬁPcﬁaPhEepFEdEE?WEahnb% conveyeePont i nuousl y
- through tshe y,stB@m7RAr, smhéeprageﬁpe&aveﬁﬂsonThe rotrabwbteddee@xhget hroat s

18 and 20 canhs, L. sAgsedcLn Ao ubstanhiably oLl £ontaks ppeLtien or can

be inclined u ovide an'rn nveyance path and
- the requisit onrm Pifz PEriogh cif magéas I36§569F©ﬁ$th@ @h@o&:@mtbm heessel

at nosphere. The R @ﬁbv&@@@V%b %ﬁilﬁntﬁéeﬁaé‘ﬁﬂbﬁ!&Q bﬁoavﬁ'@t 20 present
i nvention are n&e su ect 315,042, to which

0
bt tenti on | EMEAGRER RGNS, APthaPeF AoPHAPFERCIGNAL FoRI L GPERARS of | he
vapour phase condensat dtaie prefectbldeofibs tbhptinnbasepsrodudtie circuit

O e spon FRNRANGRSS, lihecd SepplipteLioman b abiari R 110
(about 0. 00764 iAGathaosed syptePhdnnybirksthe Bredagt spendeeh angul arly
adj ustabl e arbrdfeyed continuously through the system for soldering
operations. The entrance and exit throats 18 and 20 can be
15 disposed in a substantially horizontal position or can be
inclined upward or downward to provide'an intended
conveyance path and the requisite minimization of vapour -
loss from the throats to the atmosphere. .
‘The solder removal techniques employed in the
20 present invention are the subject of, for example U. S.
Patent 4,315,042, to which attention is directed for .
further information. _ _ _
The liquid streams of the vapour phase condensate
' are projected onto the surfaces of the circuit board to
25 remove excess molten solder therefrom and provide a
-~ levelling of the applied solder, typically to a thickness
of 0.0003 ~ 0.0006 inches (about 0.0076 to about 0.015 mm).
The nozzles 32 and 34 are each angularly adjustable and are
alsd adjustable in spacing from the confronting board
30 surface to provide the intended fluid streams. Typically,
the fluid streams are projected onto the product surfaces
‘at angles inclinéd to the surface of about 15 - 40° and at
- a pressure of approximately 5 - 40 pounds per square inch
 (about 34.5 - 275.8 KN/m2). The two nozzles 32 and 34 can
35 be at different orientations with respect to the circuit
board. The positioning of the nozzles and the fluid flow



al-so adjustable in spacing fromthe confronting board 30 surface. to provide
the intended fluid streans. Typically, the fluid streanms are projected onto
the product surfaces at angles inclined to the surface of about 15 - 40 and
at a pressure of approximately 5 - 40 pounds per square inch (about 34.5 -
275. 8, KN nR2). : The two nozzles 32 and 34 can 35 be at different orientations
wth Pﬂ%pect to the circuit board. The positg.oning of the nozzles and the
fluid flow * 8. conditions therefromare deternmined.to provide effective.
-sol der renoval , including the clearance of unwanted sol der from hol es

t hr ough t he circuit board. Hole clearance can often be nore readi
‘acconpl i shed whEAN@htienstthexefran anp Astermingdedos paovidearfiectiveear
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the 10 appl i cabEbancbe sodverreadilie dvmmpd imheduwhenandet b€ theetwong or
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chanber. Each o ese operations 1S separa contro
stbstantial l'y |Wﬁéb§nﬂkﬂt°tﬁe¥rﬂ9%ﬁﬁﬂrRﬂ°1ﬁCché-éﬁﬁ@ﬁmoﬁerapléﬁgléf the 15

overal | system oppbeipé otitiCthenteniovigl tdneaiﬁrmebﬂ theeabagdaby the vapour
‘phase at nosphere within t §ﬂ¥ esta and contgéo of the

_heat ed vapour atnnsphere 'S prOV|%éiP%n/iatem y5h§h§e3 88?5? t#r ch
i ncl udes the heheating2ofindl pegdingt ;ﬁmmgqmm yessna chemperastbei at ed

heat er cont gl £isL | § apRi or
nozzl es, and asa%-gl %ie{(:jgg{l) %ﬁfiéﬁéﬁ% t‘imeo t@élt%%pgﬁdggg cgﬁgtﬁﬁ%t ed and

puUN.
'adﬁusted to provPUB-tHRY | PF eBRILRF Qﬂﬁ@eéﬁ%aﬁ@#lﬁﬁesﬂtﬁﬂﬁctaﬁﬁ?ﬁh has
prior.to sol derwhpphi thei prodest debiedttie chanberend@dchSofethesat ure by
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| evel I'i ng -and/ or
ndependent of the control of the other operations of the

15 'overall system. The product enterlng the chamber is heated
" by the vapour phase atmosphere within the chamber. The
establishment and control of the heated vapour atmosphere
is provided by the vapour phase apparatus which includes
the heaters 12 and vapour phase liquid 14 and the
20 assoc;ated heater control. The ‘solder appllcatlon lS
provided by the applicator'nozzles, and associated solder
- supply and pump, which are constructed and adjusted to
provide the intended solder streams for the product whlch
iv) o has prior to solder appllcation been heated to an intended.
| 25 temperature by the vapour phase apparatus of the system.

'Excess solder removal or solder levelling and/or debridging
- is accomplished by the solder removal nozzles which are of
_ constructlon ‘and adjustment to separately prov1de the
_ 1ntended 1eve111ng or removal function.
300 If only one side of the circuit boards 27 is to
be processed the system can be implemented with only
- bottom nozzles 26 and 34, as shown in Figure 2, or with top
' nozzles 24 and 32 as shown in Flgure 3.
' The system of Flgure 1 is shown in typlcal
'35"imp1ementatlon in Figures 4 and 5. a palr of conveyor
~ .chains 42 and 45 are coupled to frames 44, which are



- is acconplished by the solder renoval nozzles which are of construction and
adj ustnment to separately provide the intended |evelling or renoval

function. 30 I'T only one side of the circuit boards 27 is to be
- processed, the system can be inplenented with only bottom nozzles 26 and
34, as shown in Figure 2, or with top nozzles 24 and 32 as shown in Figure
3. The system of Figure 1 IS shown in tprcaI 35 inplenentation in Flguhes
4 and 5. A palr of ~conveyor chains 42 and 45 are coupled to franmes 44,

whi ch are operatlve to retain-printed circuit boards for

transport, thr g:%t S&lo Jr%tﬁl n%%ﬁscﬁlr:ﬁ&% ggSPdSOEBLGﬂ %ﬁ é&?{r

f orward end £ |V|n by a coup and
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vessel whti ch sxs:fsam &t ivelltihyine dhien geis swilt IiOt hedlfosxallyhwbblbi@0thé\n idl er
wheel 54 is xﬁeela%% V&Me'htthech%%%%' f%eearafidshghefaeeshgogﬁlmfn

di rection of n notion as illustrated. Affer entrance of a frame and the
circuit boardﬂﬁaﬁﬁ%ﬁf%tﬁﬂ%ﬁﬂV|%ﬂﬁ@WPWér§e§§§P Sghetf FaReeBRB2RF®cui t board

foll ows the pRidtin tdE e desswif aeds then &adlaesuaeslaeanpupws&& paehi ned
Al 10" AR i lehsctl (il 1905 RNARYs L 2YCLOL DRQUONLEE che

processi ng cha circur't 'board, b i-$7vaans?y 8 convey e
i nt ended i earidt i wWhrdady 291|f@mnﬂﬁﬂ&#ewhp&étSﬁhessﬁrgﬁldﬂéz!ibblsothﬁat an

| ntended 1 el ajd 4 1Pt Iéybr%rﬁqaqmc%ncﬁqfa%gg%h@ a&&éaegénaaé thgin -
confronting nozzles can mai ntai ned wi'thin the shortest convenient vessQV

length in or & %QPrﬁ%n%ﬁ aEadengf 6 ERNE DAt OFn EFFBGi EPBoRPSY i s
subject to theiduwit tkeoqet atamrdedfthdrebyr daessithg ressel), t bhe fhemeessel .

and circuit board follows the path of the guide surfaces

15 and assumes an upwardly ;ncllned.orlentatlon as shown in

Fig. 4 for linear upward travel through the processing

~ chamber. The circuit board, by this means, is conveyed
into an intended orientation for uniform travel past the
solder nozzles so thap an intended relative position

20 Dbetween the board surfaces and the confronting nozzles can
be maintained within the shortest-convenieﬁt_véssel length
in order to minimize the length of time that the circuit
‘board. is subject to the high temperatures of the processing
zone within the vessel. _ :

25 - A pair of hold-down plates 74 is disposed above
the conveyor to resiliently urge the 51de skids 48 of the
conveyor frame into engagement with guide surfaces 50 and
hold the frame and circﬁit,bbard ¢ontained by'the frame
down against the guide surfaces. The circuit board is thus:

30 maintained in an accurate guided position and orientation
along its path past the solder_hozzles.

The solder nozzles 24 and 26 are provided on
respective sides of the board transported therebetween
astride the travel path and each nozzle is adjustable in

35 the angular orientation of the nozzle orifice with respect
to the circuit board and in theubffset;of spacing of the



25" i A pair of hol d-down pI at es 74 is di sposed above the conveyor |

to resiliently urge the side skids 48 of the conveyor frame into engagenent_--x

with guide surfaces 50 and hold the frame and circuit board contained by
the frame down against the“guide surfaces. The circuit board is thus 30
mai nt ai ned i n an accurate guided position and orientation along its path
past the sol'der nozzles. The sol der nozzles 28.and 26 are provi ded on
respective sides of the board transported therebetween astride the travel
path-.and each nozzle is adjustable in 35 the angular orientation of the
nozzle orifice with respect to the circuit board and _in the offset_or
spacing of the nozgje fromghe copfsRntABIcBRAFENELREAEBEY d SYPIERELY the

Typically, the nozzdies are angulatrily adjgustabua over a range of 45 defrans
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in offset in the rang
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cylindrical menber |s rotata
adj ustment of the -‘cﬂlteﬁrcé"%f@a%I’C@ct‘:htehénrgrlenb@ﬁaédwaﬁﬁhe ok lhlélrnl%!ﬁk%f di4
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coupled to the, ¢ gilcal nber 60 ﬁF gm%r g downwar % ment
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ori entation. I's supplied to the nozzles Vvia
_ - prov1de for angular adijustment of the orifice to select the

15 intended angle of incidence of the solder stream applied to
the confronting board surface. A linkage 68 is coupled to
- the .cylindrical member 60 for upward and downward _
adjustment of the cylindrical member to select the intended
spacing between the nozzle and the confronting board
20 surface. The upper nozzle 24 is similarly adjustable in
- offset from the confronting board surface and angular
orientation. Molten solder is supplied to the nozzles via
piping 70 which is coupled to a supply manifold 72 which in
\s ' turn is coupled to the molten solder source or sump within
25 the vessel 10. .
Each of the solder nozzles 24 and 26 is
.adjustable_to provide a selectable angular orientation of
* the nozzle with respect to the~coﬁfroﬁtingsboard'surface,_
-and - to select.the_gap-or.distance-betweén the nozzle and -
.30 the Confrontinguboard surface."The'angular adjustability
of each solder.nozzle'provides an angle of incidence for
 the impihging solder stream which can be normal to the
3bbard surface or at an angle with or against the travel
direction of the board. The angular orientation of each
.35 nozzle and the distance between the nozzle and board
. surface is determined to provide the intended gquantity of



~ piping 70 which is coupled to a supply manifold 72 which in turn is coupled
to the nolten solder source or sunp within 25 the vessel 10. Each of the
sol der-nozzles 24 and 26 is adjustable.to provide a sel ectabl.e angul ar
orientation of the nozzle with respect to the confronting board surface,
and to select the gap or distance between-the nozzle and 30 the
confronting board surface. The angul ar. aﬂ@ustablllty of each sol der nbﬁzle
provi.des an angl e of i nci dence for the i mpi ngi .ng- sol der stream which can be
normal to the board surface or at an angle with or against the travel
direction of the board. The angular orientation of each 35 nozzle and the
di st ance lbet Redfderhanfodefénahdonoaf dthar $ateer sSeetat nigedh® provi de the

itﬂtendefl qU?@TaE:ElcQﬁ.aE: iodu&ﬁ|ﬂ§in§ngr66éé§@dj gnrtoétédsm&plﬂﬁfeaﬁﬁsr%&{a }‘or
e particular _pro se er_s ar-& separately
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board. The pptfdaoﬂ.dlaastbe&heSClrheateuomydtheTlvammdtprmsfeaswhdﬂm t he :
vessel and '%efat&ga Bl %ﬁEd@ébBQrt ﬁﬂaséawwlﬁpmew@é@éiy%mg Qe 30! der

application nozzles. “The sol der renoval _nozzles 32 and 34 are al so
adj ust abl e | §C3AGHILAT SPMRREAEFER ERAN oL REEPIRAEEPRY *f%rtffb RAARIT to the
sol der nozzl eppllacptdvndackhtedesi red incident streans of levelling liquid

onto the board surface ghgoigg;eggﬁévgfeﬁngigsS?id§§§r§hE% J%%are

circuit board types. Tﬁe S em can oyed for so- ca
boar ds mhlchadﬂasﬁﬁbﬂ?edncﬁnguﬂﬁrbeﬁiésthh¥¢nga@dr@ﬁf%eba&neﬁ#ﬂ#lﬂr1:he

board surfgac gpniet Wo! Raut sémMeQOHBQEQEEStéh f@@ﬂdeaﬂ%vﬁéﬁké@y i ncl ude
t hr ough- hol es i nt.erconnecti ng Uit ns can al so be.
enpl oyed for 3CREEAE 55§F8§sc8%ti? 1§§r$é%%l%ﬁ%%Y ‘5H%%nents on Owé
or both surf awefaickeer eof, | eaded conponents having Ieads whi ch ext end '
through the anfdf Or The system is useful in soldering a variety of
‘circuit board types. The system can be employed for
15 so-called.bare-boards which are printed circuit boards
" having circuit patterns on the board surfaces but without
any cbmponents thereon, and which may include through-holes
interconnecting the circuit patterns. The system can also
be employed for circuit boards containing surface mounted
20 components on one or both surfaces theréof, leaded
components having leads which extend through the board, or
a mixture of leaded and surface mounted components. The
apparatus of the illustrative embodiment can be employed _
with either or both solder nozzles operative for a - g-;
25 particular processing run. In some cases, solder need only
be "applied to one board surface, in which case the other
solder nozzle can be- deactlvated by approprlate valv1ng of
the solder supply to that nozzle.
' The system can also be ehployed for solder
~ 30" application by a solder nozzle to one board surface, with
"reflow soldering provided on the opposite board surface.
In some types of circuit boards, it is preferable to attach
components on a board surface by reflow solder techniques
in which, ‘for example, a solder paste applied.to the board
35 prior to its enfrance into the solder system, is heated to
cause the solder paste to reflow and form a bond between



a'nrxture of.. Ieaded and surface nDunted co
nponents The appar at
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h case the other sold
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source
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o ntal s :n mg)lst gfgg_tsgéate }Qémég ﬂ:’?ca Ii;Qﬂ{fE&ltrané’lldfthe vessel .
{ernatively, f ®h&a Can rOV|dEgy

mai At ai n 1dér - L %] sunp to
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_boards to solderlng tenpera?gre I g¢ or Thgusqkpqquykghaﬂ“t
sump 30 is malntalned in molten state’by the heated
15 environment within the vessel. Alternatively, separate
‘heaters can be provided in-or around the sump to maintain
the solder at the intended temperature. The vapour phase -
‘atmosphere is therefore at a temperature sufficient for
_heating the circuit boards to soldering- temperature so
" 20. that, prior to solder stream appllcatlon by the solder
" nozzles, the product is already at the’ solderlng
- temperature. The- solder stream of each solder nozzle is
determined in relation to the viscosity of the molten
‘solder, the pressure. prov1ded by the pump 28 and the
25 orifice dimensions of the nozzle to produce the intended
stream configuration for the proper impingement of solder
upon -the board. The product is conveyed through the system
at a speed sufficient to provide heating of the Yoard by
‘the vapour phase atmosphere within vessel 10 and proper
30.-appllcatlon of solder to the heated product. In typical
-lmplementatlon, the c1rcu1t boards are conveyed through the .
vessel at a speed of 4 - .10 feet per minute (1. 20 - 3.05

. ‘metres per minute).

.35



:7520 - that, prior to solder stream application by the sol der nozzles, the

'3:product is already at the soldering tenperature. The sol der stream of - each

. solder nozzle is determined in relation to the viscosity of the nolten

sol der, the pressure provided by the punp 28 and the 25 orifice dinensions
of the nozzle to produce the intended strgan1conf|gurat|on for the proper _
| mpi ngenent of solde r upon the board. TH *pr oduct—s——conveyed Lnrougﬁ -

- systemat a speed sufficient to provide heating of the bo e vapour
" .phase atnosphere within vessel 10 and proper 30 aﬂwl m 'ﬁl |H der to
the heated product. | iy |nplenentat|on are

- conveyed through the vesse at a speed-of 4 - 10 feet per mnute (1.20 -
~3.05 netres per mnute). 35 13. dains:-- cLMS1.

A cont i nuous solderln91sysmemdauﬂMwaSngolaetaagugygaaﬁecsﬁpﬁbginguth|n a
vessel; 5 means for nerati ted saturated inert
vapour within said chanmber % z?qﬁﬁnggg§tufgapggrhgé 3 B?%ﬁ%%t prior to

. sol der . application; and nemﬁsarfqrr aenerating ﬁhbeptedusatmmbeémd out of

- the vapour piaser GRagdiey 1w£¥hin said chamber a@! |€@ﬁ£e99€uf@'§@f nozzl e
di sposed in sald chanber f confrontlngﬂthe ath, of 'the product through

" the chanber :neatRg R oS 5OLAETAEPPLASREIAR! sBPYer nozzle, the
sol der nozzle bei ng opereu|msaﬁs)ﬁwrremhnsﬁo&tihgeaneoﬁroahder1ﬁﬂ@Jiﬁd the .

'_heated produgh ﬁﬂﬂﬁf Likgd through the vapour phase
chanber; and a%q?e SO &%r rean kdzzle di sposed in said vapour
phase chi®ber and confrontlﬁkngﬂ§tp&Pﬁ erldert nezpleddispeneduim said
chanber and eR&iwét Vand (bdiifﬁﬁ{tiihg the path of the product through the
chamber;

a solder source coupled to the at least one
solder nozzle, the - solder nozzle belng operative to direct
15 a stream of solder against the heated product as the
product is transported through the wvapour phase chamber;
and |
at least one solder removal nozzle disposed
- in said vapour phase chamber and confronting the path of
20 the product through the chamber and operative'to.direct a
liquid stream of vapour phase liquid against the product
after the product has been conveyed past the solder stream.

, 2. A system for soldering circuit boards
25 comprising: ' _ o
a vessel defining a vapour phase chamber; .

_ means for prov;dlng a heated saturated lnert
vapour wzthln the - chamber at a temperature for heatlng the
circuit boards to solderlng temperature prior to solder

30 application;. ' _ ) |
means for conveylng the circuit boards
through the vapour phase chamber; _
at least one solder appllcatlon nozzle
coupled to a solder source and disposed within the vapour
35 phase chamber for directing a stream of molten solder onto
the heated circuit boards; and '



l'i qui-d Stréan1of'vapour phaselquuid'against the pr uot
has been conveyed -past the solder stream 2.. A systemfor solden

circuit boards 25 conprising: a vessel defining a vﬂlﬂ““ II H

means for providing a heated saturated inefé- svapour HML uﬂm r at a
tenperature for heating the circuit. boards to solderlng tenperature prior
Eﬁesggoer 30h appILc§%|on neans for - conveylng the circuit boards through

pour phase chanber st_. ne soI o} I éﬁggg

a sol der source and di sposed %'I ?"r?l §gour§gggn8ﬂ£i o % o or
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glt ; g;'mt goér dscﬁi-éfittﬂfwaﬁdicalﬂﬁelﬂoaﬂfeds:ﬂraﬁtbbeardenheyedbpestctDWeeysQfl der

: stem for e SO I ng of a product conprising: 10

a vessel defi nPﬁét tk}%p%?ﬂr Phat %redaﬁ'gnber neans for providing g heat ed

'ﬁaturated i nert. vapour in.the chanber at a controlled tenperature for
eating the product priog to golfereriRy Gid Wolderdngeatsal progacyeyi ng

_the product through_the 15 vapour phase chanber; a source of nolten

'sol der; one or cABPELSLPGer nozzles coupled to the sol der source and

d;sposed Wwigohi n t he vapour phaseesdsbhtibefirihg @ viapowr phaser chamkextreans
© nDlten sol der to the 20 hﬁéﬁ&? f5£"5¥3v1éﬁﬂﬁ a heated saturated inert
_ | _ vapour ln the chamber at a controlled temperature for
W, heating the product prior to solder appllcatlon, and
' means for conveying the product through the

15 ;vapour phase chamber, _
C a source of molten ‘solder; _
: one or more solder nozzles coupled to the
solder source and disposed within the vapour phase chamber
. and to direct one or more streams of molten solder to the
20 heated product, and
' | at least one solder removal nozzle dlsposed
in said vapour phase chamber ‘and confronting the path of
the product through the chamber and operatlve to direct a
llquld stream of vapour phase liquid against the product
. 25 after the product has been conveyed past said one or more
-  solder nozzles. o '

4, A system according to claim 3, wherein the
solder source ls dlsposed within the vapour phase chamber.

"jS.'- A system accordlng to elther one of clalms 3
and 4, wherein the vessel 1ncludes an ‘entrance throat and
an exit throat each outwardly extendlng from opp051te side

_ walls of the vessel, the product being conveyed into the

35. vapour phase chamber through the entrance throat for
‘heating and solder appllcation and out of the vapour phase
chamber through the exit throat after sa1d heating and
solder application.



at | east one sol der renoval nozzle disposed in sala vapour phase chanber

u.and confronting the path of the product throug operative
to direct a liquid stream of vapour phase quu wm % oduct 25

~after the product has been conveyed past said o
4. A systemaccording to claim3, wherej

r nozzl es.

the sol der source is disposed

- W thin the vapour phase chanber. 30 5. AQSystenlaccordlng to elther'hﬁe

~of clains 3 and 4, wherein the vessel

‘exi't throat each outwardly extending fron1opp03|te side walls of the
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vessel ,

through the entrance throat for heat
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ath lpasiteataater @ondetrangl aleﬁsparauheéeoﬁ the product prior
to solder appllcatlon. o

8. A system according to any one of claims 3 to

5 and 7, comprising means for maintaining the product in a

predetermined orlentatlon during its travel past the one or

more solder nozzles.

9. A system according to claim 8, wherein the
maintaining means includes guide means disposed in the
vessel and means for urglng the product into engagement
with the gulde means durlng product conveyance through the
vessel. '

- 10. A system according to claim 8, wherein said
maintaining means includes guide means disposed in the
vessel having a downwardly'inclined path at the entrance
portion of the vessel and a linear upward path through the
remaining portion of the vessel, said one or more solder
nozzles and at least one solder removal nozzle being
disposed along the linear upward path.

11. A system according to any one of'ciaims_B to
5 and 7 to 10 wherein, the'convejing means includes a pair
of conveyor chalns dlsposed along a conveyor path through

- the vessel, and

>



20 mai ntai ning neans includes guide nmeans di sposed in-the vessel and neans
for urging the product into engagenent with the gui de neans during product -
conveyance through the vessel. 25 A system according to
claim 8, wherein said nmaintaining means i ncl udes ed in
the vessel having a downwardly incli-ned path at tﬁymumim”ﬂﬂnmEn of the:
vesse\,and a linear upward path through t he iénalnlthpontlmn 5}

vessel , said-one or nore solder 30 nozzles and at |east one sol der renoval
nozzl e being di sposed along the linear upward path. 11. A system according
to-any one of clains 3 to 5 and 7,t.0_10 wherei.n, the conveyi.ng, nea

i ncludes a pair 35 of conveyoF 8&3Fﬁ§15V5885 ﬁaﬂfﬁnﬁaﬁ c§% € gﬁﬁ{

- through the . vesswinveysd chai®s dnpbpegeidt ppettf rabtetieacho | adij@zento t he
conveyor chains {hrtACRhMPUe chel #rafids! Boadhagent el ABESin Ak sndie
frames operative to retain a product therein. 5 A system according to
any one of clai fg*¢¥&3®5 and 7 to 11 wherein, sald sol der’ nozzl es are each
adjustabl e it di stance fromthe confronting. surface of t he product conveyed
through the vapour phase nber n apgl o) t m
: pI‘Oj ected onto the product rb{;ur ac?;%’fg' aégorﬁgﬁgmggcgﬁgdmw %%ﬁail’%% geﬁ%
clains 3 to 5 arfl and ¢ 1P, Whethereisai ¢addl aeidﬁeznpeeleaseaeecﬁaqts

adj ustable in dlasaﬁmeaﬂl@mr; Iaﬁse%fc@om:bmgtaerfzaﬁer@ﬁtm@ PhPehled sonMRYed
t hrough the vapourOf{) a{_:se chanba h gg\éstem accor % a}e?\;ronedof
claims 3 to 5 aRFFY9 P F r?éi‘g Pd&PPRYZ ZP §S r® Rpad 1in

adj ust abl e_ i ¥0 t hehearegiglenfo itélacsloddlersslteaamppmpgeceedoonbottllme [0 chweichivedd
surface

surface.

13, A system according to any one of claims 3 to
5 and 7 to 11, wherein:said solder nozzles are each
15 adjustable in distance from the_confronting-sﬁrface of the
product conveyed through the vapour phase chamber.

14. A system according to any one of claims 3 to
"5 and 7 to 11 wherein, said solder nozzles are each
20 adjustable ‘in the angle of the. solder stream progected onto
the product surface.

_ _ - 15.. A system for soldering circuit boards
A .~ comprising: ' :
25 s ‘a vessel defining a vapour phase chamber;
means for providing a heated saturated inert
- vapour within. the chamber at a temperature for heating the
circuit boards to solderlng temperature prlor to solder
appllcatlon, _ '
30 - - . . an entrance throat and an exit throat each
outwardly extending from opposite-side walls of the vessel;
_ ‘means for conveying circuit boards through
the entrance'thrOat, vapour phase chamber of vessel and
exit throat; = o '
35 Lo . a source of molten solder;




'_saturated i nert vapour within the chanber at a’

';;15 A system for sol dering circuit boards conpr.a...8 25 a
" vessel -defining a vapour phase chanber; means for ﬁ vidin heat ed

- mul mHU eatlng t he
- circuit boards to soldering tenperature prior t |on

" an entrance throat and an exit throat each outmardly extendlng from AU“-
- opposite side walls of the vessel; means’er conveying circuit boards=%
"through the entrance throat,'vapour phase chanber of vessel and exit

~throat; 35 a source of nolten sol der; one or nore sol der

nozzles coupl ed to the sol der_ squrce and.di sposed mnthl vapgur phase
chanber  and operative to diFEe® oﬁ?ﬁﬁ‘%ﬂ& r PP&§%§50?°HB#?§n r to the
~ heated circusoldearsmremdril disposed within tbaevopounrBhasedehamhmnval

- nozzl es disp Olbéké@ixﬂa V@%ﬂre@@%‘ié'&@%&@@@r&&ﬂfsrBftﬁaﬁt&he pat h -of

the circuit through he chanber, and operative to direct a liquid
st ream of vaﬁ%ﬁ#eﬁh cthe fparedy Sirsuithboarigsi #MBoards after the circuit

" boards hgve been conveyed Idhepant nidre sollder remeeal AbdzIeSr&ispdded

~ vessel includes cool i ngh& QS AR Mhel 031 ¢CEREbaRE! biodiad a

entrance and V. ti II ghi -t hr h.
conveyance pa hé%"'h aﬁé%gh\%eésese %m%% ?r&ancre’f%ﬁgﬁgét Q{’ﬁ %%g}gg? r
~heat'i ng . of thbec¢qunxtthnﬂnﬁ$aﬂhrqyﬂhdémeaspambarlendmppnrnt;ne t@pour 15
phase chambegirdde & Bichlidn s”LCx?éHnﬂldigvTa otiraipRlta. 1!)'&65.&'9 ADRs¥ apgalr

provi di ng neans i ncl.udes_ he t bott e vessel o ratlve to

heat a vapouf+hfkkk BoafAs & e2"0 \‘n‘lﬁ'é’“%&l °§£fiﬁrgﬁ§ﬁ Pﬂﬁ?tc PR wi t hi n
“the vapol® pbase thendekder &treamsy sndnmwhereddi ng to claim 16, wherein said
N
substantially straight-through conveyance path through the '
vessel and entrance and exit throats for heating of the
circuit boards and solder application within the vapour
15 phase chamber,

16. A system according to claim 15, wherein the
vapour providing means includes heaters at the bottom of
the vessel operative to heat a vapour phase liguid to _

20 provide said saturated inert vapour within the vapour phase
chamber.

17} A system according to clalm 16, wherein said
vessel 1ncludes cooling coils around the vessel walls at a ;,)
25 position to define the upper extent of the vapour within

the vapour phase chamber.

18. A system according to'any-one.of claims 15

to 17, wherein each of the solder nozzles.includes:

.30 . an elongated tubular member having an

| elongated linear orifice of-é length sufficient to provide

a solder stream across the entire width of the circuit
board; and ' o

piping means coupling said tubular member to

35 the solder source for supplying molten solder to the
tubular member and orifice. o



25 position to define the upper extent of the vapour wthin the vapour
phase chanber. 18. A systemaccording to any one of clains 15 to 17,

wherei n each of the sol der nozzles includes: 30
el ongat ed tubul ar nmenber having an el ongated |linear orifice of a Ienﬂth

sufficicent to.provide a sol der stream across the entmmuumﬁ‘mum
ci rcuft~board; and pi pi ng neans coupling sai dgtubul a

sol der source for supplying nolten solder to the'tubuVarcnehber and
orifice. 1 19. A systemaccording to claim 18, wherein
each elongated. linear orifice is adjustable in a direction normal to its
length to prbvide further ¥bnt folsuftamhacssirddingstoegdnin 28, whergineasch
aclcgr.dl ng to Fl-t@%?@@&&%ﬁ@e{ﬂ?ﬂiﬁ%dﬁst a‘@j%rs?;'arfbl%?hﬁ.ﬁ at.a]gteaéra;@ﬂe

sol der renoval nozzle is ust a i.n distance fr e confronti

surface of the protRt '%%n’v‘le'i/:](f’iqﬁqb@ Hrr?é’l&fpﬁﬁf_ ﬁﬁs&"&‘ﬁﬁﬁ‘ﬁ!e?%aﬁgei n 10
t he angl e of thesdldenr dststeaamn projected onto the product surface. 21. A
system accorgding to any one of clainms-3 to 5 and 7 to 14, wherein said at

| east: one solder renmoval 15 'nozzle is adjustable in distance framthe
confronting surface of the2droducty oW AREPTHNGUER CREDEEPBDE PhaStaims 1
chanber and in t&edang| evtdrdire dd gt SdapRAMANDjseaGed eanovhlenpeoliecis

surface. 20 . . A system accordi tg a ne_of ' tp, 5

and 7 to 14, \Ahé?’%?%s%%llede at® I%’assftanocfe és)"{ﬂmdeq-'g‘er ecr%\r/%f) ﬁ'&?gl gﬁ'lkgag%j %gtgg?e
in distance fronpré@uecbnéoniryed) urdugle tfe (Mapawrodbesecchasped ahdoigh

:he vapour pigsecgdaghéie &P ik 1ANSNE IKPAGF YrdREte@ BREORBeOproaaLET 3
q\*) o surface. R o - '

e

21. A system according to any one of claims 3 to
5 and 7 to 14, wherein said at least one solder removal
15 nozzle is adjustable in distance from the confronting
surface of the product conveyed through the wvapour phase
chamber and in the angle of the 1iquid stream projected '
onto the product surface. -

20 . . 22, A system according to any one of claims 3 to
“5-and 7 to 14,_whefein_said at least one solder removal
nozzle is.adjustable in distance from the confronting
surface of the prodﬁct conveyed through the vapour phase
\/ ' chamber. ' ' ' '
oD _ 05
23. A system according to any one of claims 3 to
5 and_7.£0_14,-whérein-said'at least’onefsolder removal
-n6221e iéradjustable inythé~angle of'the-liquid'stream
projected onto ‘the product surface. ' '
30 - . S | .
24, A sYstem for the soldering'of'a product
. comprisihg: | ' _
a vessel defining a vapour phase chamber;
- means for providing a zone of saturated
35 .inert vapour within the chamber at a selected elevated




. '5.and 7 to 14, wherein said at |east one SOldEL\LﬁﬂQ!%LﬁﬂgéiLﬁelz‘
j 1 i i qui ) ' r oduct

adjustable in the angle of the |iquid stream projecte

saturated 35

- surface. 30 24. A systemfor the soldering ofl conpr|5|ng a
vessel defining a vapour phase chanber; neans f !Mﬂq glm)ne of

1

i nert vapour w thin the chanber at* afse vat ed

tenperature to heat the product to a predéderm ned t enper at ur é prlor o

““sol der application; and neans for conveying the product into and ‘out of the

~'vapour zone along a travel path; 5° : a source of nolten

7 sol der; one or nore solder nozzles coupled to the sol der source and
d|sposed3hmttﬁQ$Hﬁ§§t@é§bGP »ea& Ahe BECAUSHerat AvBredelrFRERred stream of

:'mol ten sol dercdnpdrauirRapad ol &d»uesblaeraapbh&atdeﬁ ;t anéhe product;

| east one
operatlve to

-renoval nozzl

h liquid streans onto opp05|t€n§UPFéE@§eoF°9%SrSBPa§ €8 b
.26, A systennamﬂarwkdu;cboamd:hamp@medohl&hannmha4vapdu25zOmbeandneamhIeast

~one pair of t
to direct the

and 10

sol der renoval _nozzl | ed_w h p zon n
direct a I|qU|Ee§PFe o F%%§§X&ng %|§ﬁ¥g ?gé?h%ngo %gred
product to refovdeeveeonrsaioger afloom ah@rpvgdugathw 25. A
system aagording to claim 24, gshecd Bfahoheast seNgepair of the sol der

es is disposed astride the prqduct tr vel Bath o dlrect

BaLRE. he
Sery Idar °7dzs]'r%%r1]: Solg $aged raghh ik dg EB?dQ{:OQHC\Eh{e {i‘%ﬂ:

reans o er onto opposite sur

t he

ath -
%med

| product.. 25- Z’F@M%sﬁ%rﬂ%&oﬁ@iw@r{ Goalwleoﬁéoéﬂcéllaﬁﬁ@ 24 to 26, wherein
the heatimg of the product Rt Qledls® SRledeblarp! keabkal, nbhelappdispgbseq of

15

" “the sol der and the s

ithin éhe Vapour zone and operative to direct a liquid
stream of vapour phase liquid to the soldered product to
remove excess solder from the product.

25. A system according to claim 24, wherein at
least one pair of the solder removal nozzles is disposed

astride the product travel path to direct the liquid

20

25

streams onto opposite surfaces of the soldered product.

26. A system according to either one of claims:
24 and 25, wherein at least one pair of the solder nozzles
is disposed astride the product travel path to direct the
streams of molten solder onto‘opposite surfaces of the
heated product.

27. A system-acbording to any one of claims 24 .

~ to 26, wherein the heating of the.product_prior'td solder

30

35

application, the_applicatioh_of the solder. and the solder
removal are separately controllable and are each
substantially independent of the control of the other.

’ 28. A system according to any one_of claims 24
to 27, wherein each solder nozzle is separately

-controllable to provide the desired application of the

solder.

V.



r enoval

T- e

t he :so

to 29,

the product to a predeterm ned tehperature

are separately controll.able and are each 30 substantially _
I'ndependent of the control of the other. 28. "A system according to y one .
of clains 24 to 27, wherein each sol der nozzle is separatef?’fGﬁfrar?gble

to provide the deS|red appl i cation of the 35 sol der.

der.

)

29. A systemaccording to any one of claims 24 to “\“X&ﬁ “\sol der

nozzle is separately controllable to@rovid

removal of
30. . A systemaccording to any one of claims 24

conprising neans to return excess sol der not .adhering to the product
to the sol der
to 30, wherdin the sol der 28eurBesystemspocerding Hih ame anpaf cAgdas 24, A

'[SKSt em Scc?r di ngot Qse;nymeaelﬁf e&tni gsléért,@eﬁavamz@me tihe §erpa\£%dter1@t h Of
e produc

A net hod for solF&& ?FﬁgRS%& ?ogﬁegggéa t%s# %1 ht thrgy pr

"saturated inert 20 vapour at a selected el evated tenperature conveyi ng

the product sal ong a travehgpatf i EQeﬁch&B%dfo Lhe HaP Qe 201 diGal 100

source. 31. A system.according to any one of clainms 24 10

is al

posing it to the vapour in

- the vapour 25 zGﬁe293uS§@&Eéﬁ%P9 Tﬁaﬂéaanﬁe p?%ﬁﬁﬁﬁ ftdefe not
pr.edet er m ned t e@pRTAhYr €cagdepprodute EONVRYi sgldde spwthet out of t he
appl yi ng solder to the product by directing one or nore
~streans of nolten solder 30 to the heated product; and subsequently to
appl yi ng solder to the prééuctAaﬁmspﬁmoaccgr@bm®e9¢rﬁpxrﬂmQNQﬁhﬂﬁaiMﬁ 24

vapour

t he

|

—

zone,

10

15
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to 30, wherein the solder source is disposed within the
vapour zone. '

-'32. A system according to any one of clalms 24
to 31, wherein the travel path of the product is a
continuous, substantially straight-through path.

33. A method for soldering of a product
“comprising: o '
_ | ' establishing a zone of saturated inert
vapour at-a’ selected elevated temperature, '
conveying the product along a travel path
into and out of the vapour zone; | |
'heating the'product to'a_predetermined '
temperature by exposing it to the vapour in the vapour"
zone; ' | ' _
‘subsequently to heating the product to the
predetermlned temperature and prior to conveylng the
product out of the vapour zone, applylng solder to the
product by dlrectlng one or more streams of molten solder
‘to the heated product; and |
subsequently to’ applylng solder .to the
product and prior to conveying the product out of the
vapour zone, remeving excess solder from the product. by
dlrectlng .one or more liquid streams of vapour phase liquid
to the soldered product



."vapour zone, renoving excess sol der fromthe product by directing one or
nore |iquid streams of vapour phase |iquid 35 tothe sofderedproduct. o

C L M S*21. 1 ' 34. A neth cl ai m 33,
wherein the travel path .is a continuous, substtﬂ lglig MIHM t hr ough
path. 5 ' 35. A method accordin I s 33/~and

34, wherein the predeterm ned tenperature?to which the product i's heatef is
at or above the reflow tenperature of sol der applied to the product prlor
to conveying the product into the vapour zone and further conprising the 10

step of &eflowi ng the y;eapglljngghgglggéopal SXPES| ixﬁ 3t30’3§nteervegg‘o%r in the

vapour -zone. 36. A net od according to an e of

conpri si ng tﬁéa§?éppéthséEaﬁaF@F?l%@ﬁ@$oI$¢b§ﬁ%ﬁ&#ﬁh¥¥sﬁﬁ#ﬁﬂgﬁﬁﬁﬁhﬂﬂﬂgh
provide the dashred application of the solder. 37. A nethod according to
~any -one of clains 33 to 36, conprising the step of separately controlling
. each 20 liquid streamto provide the desired solder renoval. 38. A

- sol dering system const BEct el methodedcaodd augptedeithapernt e distiangt i al | y

as her ei nbef gpe ,ggsgyi b@ﬁe%&ﬁ Eﬁée%?égé*ﬁ%?rg%{ﬂ?% a%/'ﬁ)%gs% Y | IS 25

39. A nethod for sol derln rodu efore
descri bed mﬁﬁﬁerEF@ﬁBﬁéelﬁoh?ﬂ edceBnPhng¥ niAPeY vk By ste Bipvgstemperature

of solder applied to the product prior to conveying the
. product into the vapour zone and further comprising the
10 step of reflowing the preapplied solder by exposing it to
the vapour in the vapour zone. \,J

- 36. A method according to any one of claims 33
to 35, comprising the step of separately controlling each
15 solder stream to provide the desired application of the
solder.

37. A method according to any one of claims 33
to 36, comprising the step of separately controlling each
20 liquid stream to provide the desired solder removal.,

38. A solderlng system constructed arranged and
_adapted to operate substantially as hereinbefore described
~with reference to the accompany;ng drawings.

25 |
- 39. A method for solderlng a product
_substantlally as hereinbefore descrlbed with reference to
the accompanying drawings.
30

- 35



