215 9083 .1 -- Sol dering System and Method This invention
relates to soldering systens and nethods and nore particularly to a gystem
and nethod for 5 t he vapour-phase heating of a product’ and separat'e’
application of solder to the heated product. Soldering is w dely enployed
for the fabrication of many different products, especially products in the
el ectronics field, notably printed circuit boards. For the 1§ i Arddugts on
fabrication of printed circuit boards and similar products, Wav¥ %4 det

syst ens jhave been wi dely enpggyggrixgeg%é%@ﬂfgggi@@{Hgg a reservoir of

nol ten sol der which is punpet— ; t board being
transported in contact with the wave to cause wetting 15 of the intended
areas of the board. Tieisoifeenvave FRIBEALR SOMELiAG Boakehd digating
of the circuit board and also as the.solder source for applicatiaon of

sol der Lo { RS WY, SR GBS PBFAERIERI &L | YT ET: 708 PEEBRG EPand
must be Scar efhe |wapmst griess@andeathatr odt ed grodroyiaed as@faragkeder wave of
t he appropri ' | O aracteristicgs {a gde the requisite
heati ng and & (ﬁeld{ejéra{g%% i%gt?t?)ﬁd% %ﬁegg’% ?‘Féﬁ‘iea‘{r %?%‘g%%g'bei ng processed.
The length of the waveSPiderbegsitf widedy templapediefsuf thei fabrilicat ian

contact to hgatyd er 3 sign
critical in reimat%né%éﬁﬁné%gﬁgtﬁelgﬁd %%gee(f-ﬁ(%llfxﬁep%@%gﬁgg '%'%r g&g t he
wave. Ther &iectroricsnbieltednetsbAy BFiated (FinRRit chRAbishe FOF AN
t hr ough 1@ p%ﬂddﬁ&hﬁoﬁOféﬁfi?\gﬂﬁoﬁndfsblsﬂn?%&a\i&%fﬁfﬂ)@%@&\bm _aaﬁti ngl- dFor
greater speeds,..the wav u ave t e reconfi gure I, wou ;
hecessi t at o HIEAN REPLYEtEm YRHBs PGS S VRN RAVE HREBI HafShive | s
al so a critiermpldywsd or Bunsseasybeens| ificlivdg faactagsetrwoiheofi melakna
product bei ed. . For. . ex Le, .in_a printed circuit ard. in
whi ch | eade clc%’ﬁpq%r%@?ﬁs are ?nggagé? fné Veea?{d wifh the é':.rc%?t %%arc.

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 applicaticn 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 regquisite heating and solder
application to the particular produét.being processed. The
length of the wave must be sufficient to provide sufficient L
time of contact to heat the surface to be scldered. 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 cannct ke conveved through a
particular solder wave and still achieve sufficient
heating. For greater speeds, the wave would have tc be

30 reconfigured, which weculd necessitate a complete system
redesign. '

The height of the solder wave is also a critical
factor and can be a limiting factcr to the size of a
procduct being prccessed. For example, in a printed circuit

recard in which
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eaded components are inserted, the lead

1
lengths cannct ke loncer than the depth c£ the solder cr



| engt hs cannot be | onger than the depth of the solder . or 2. 1 el se a
board canmet be accommodated in a particular wave sol der apparatus because
of interfegence with the | ong conponent |eads. Thus, care nust be exercised
in the assenbly of conmponents on a circuit board to-assure that 5 t he
lead | engths are less than the depth of theg solder wave for the particular
sol der apparatus to be enployed. Since the sol der wave serves both as the
source of sol der and source of heating, the dynam cs of the system becone
conplex in designing a wave sol der apparatus for particular 10 purposes.

Al so, these dyheeigsboake thnfbtf béUhEcbﬂlméhfaQ‘fedt he, @%{éﬂﬁmﬁéf Ggapé the
sol der wave t conmmpdate. different t oduct ther type of
production so ?dﬂé ©L PRAF FEUEHReHREG S B déPt§§§ﬁéﬂQQ?\Mﬁéﬁ1§P? Yoir of
sol der is 15 qummbmenti héadshi c'lnhasprodm‘et muus tdibep etk el sedEis eghei t her
artially or t | der _t roduct, ,Here again the

gol ten sgl deré:és)%gf}{‘/kgisy fhgmﬂsﬂﬁxnggurgge o? %ggl[l%f P%éiattl%gaﬁsh ‘?)rtolb‘ﬁfct to
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whi ch the sol der wave is provid ottom of a vess alnlng %
heat ed, sat urth®EAGRTIVaveeservascborh asntbpesommcsugf taeddempand
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passage throcglw%{;e spl der wave. Sold is_app plied in"an anaerobic
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dlfferent types of product.

- Another type of production solder system is the
drag solder system in which a reservoir of solder is
15 provided into which a product is dipped and immersed either
' partially 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 applicator.
20 - U. S. Reissue’ Patent No. Re. 30,399 shows a wave
flow soldering apparatus in which the solder wave is
- provided at the bottom of a vessel containing a heated,
\_ saturated vapour. The product is conveyed through the
vapour chamber and is heated by immefsion in the vapour
25 phase and soldered by passage through the solder wave.
Solder is applied in an anaerobic atmosphere provided by
the vapour phase but there is little improvement in the
control or performance of the soldering operation by
~ location of the solder wave apparatus in the chamber. The
30 " criticality and relative complexity of the solder wave
remains the same as described above, and the presence of
the solder wave within the heated vapour does not alter the
critical design considerations of the wave apparatus.
An article entitled "A New Soldering Process," by
35 W. R. George, Brazing & Soldering, No. 5, Autumn 1983,
‘shows a drag soldering system in which thé product is
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.remai ns the sane as descri bed abave, and the presence of the sol der wave

wi thin the heated vapour does not alter the critical design considerations

of thé wave apparatus. An article entitled "A New Sol deri ng Proces&," by 35

W R George, Brazing & Soldering, No. 5, Autumm 1983, shows a dr ag”

sol dering systemin which the product is3.- 1 initially placed within a

heated inert vapour phase prior to imersion into the nolten solder bath.

U S. Patent No. 3 825 164 shows a sol dering systen1havhng a tagkb

cont ai |ng a. ooI Ite sol.der at 5 the bottomand covered by a
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controll ed vapour phase system. an a“separa
control | edS®3d ﬁézfﬁeaébﬁHRﬁﬁ%ﬁu%yﬁxtthmkheibeXLogdbaebL canprdMUQd and

defined steearai®f ceeldars ARceiti Wéld&'féallf]* ﬁgﬁ%hésﬁﬁm ge%afr_%r
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to sol deri bg BOtht smmfraa:teg of {ie PFidfse® ODZEheE a2aPEQYLAedcighiyy the
vessel , for_dipecting re.streans of -nolten solder to the heated
produc} tha®i onW |ﬁ§cgb Hﬁg retai ned by the areas of the product

surfaces to mhlch th@hsomdesenﬂllnxﬁnﬂxnn prbvrdesaaespstémcEb&utheboardﬁ’
the sol der sbiﬁ%% ﬁgh%rfe Ec%l@%o%@HE‘Ct4¥eo Clltler'% é?g § 1h"Ghich the

pl at ed-t hr oug s whi c may be presen
product is heated by an 1ndependently controlled vapour

phase system, and solder applled by a separately controlled
15 nozzle appllcator system operatlve to direct controlled and

L

defined streams of solder onto the product. A Vessel_ls
provided for containinq a heated saturated inert vapour
into wh1ch the product is 1ntroduced prior to solder
appllcatlon and by whlch the product is heated to soldering
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 solder being retained
by the areas of thehproduct surfaces to which the solder o,
will adhere. In the case of a circuit board, the solder is
25 adherent to the conductlve circuit paths, the
plated through holes whlch may be present in the c1rcu1t
board, and to the leads or connectlon pads. of components
assembled on or 1nserted through the board.
_ Heating of the product is provided substantlally
30 by the heated vapour phase atmosphere within the vessel,
and the establ1shment and control of this vapour atmosphere
is separately prov1ded by the vapour phase apparatus.
Solder appllcatlon is prov1ded by the applicator nozzles
_ whlch with the associated solder_pump and solder source,
35 1independently provide the intended:solder streams for the
particular product; Thus, the'heating of the prcduct and



board, and to the | eads or connection pads of conponents assenbled on or

I nserted through the board. Heating of the product is provided

substanti al}ly 30 by the heated vapour phase atnosphere within the vessel,
and-the establishment and control of this vapour atnosphere is separately
provided by the vapour phase-apparatus. Solgler application is provided by
the applicator nozzles which, with the associated sol der punp and sol der
source, 35 independently prOV|de the i ntended sol der streans for the
particul ar product. Thus, the heating of the product and 4 sol der

application t@oﬂ.ﬁérpkwmka&&%nswrﬁiéﬂp'rd‘dﬁﬁi car&ls Oper ate disconldolhege
operations are_substanti al I,ndependent .of each oth The duct can be
i ntroduced anfP Fé'ﬁ%\}é’éasf' &ﬂydt e&PeO QREFHY R e |%e%ﬁ§a%ﬁ%ig

sui tabl e for thdepanhtent arf ap@h(uﬁherL Thanpx&ductf@anabeomntnudused
production prgggs Fm%%dprf‘%%%tt eé;& pg? geel YR ftrﬂaLHSr

processi ng vessel Reatin i cat1on, hencarried by
conveyor but sfithblecsoa thEh@@@hmnuHaﬁIammizpaki@mledTﬂpscalbYuoﬁprte be

10 read with pghes ‘ﬁ%%st% dd¥s dr% \%91?\ od®dt 2 §%QE£‘%E §Shem

enbodyi ng the 1 nvention. e acconpanyi ng gs: - ures are
di agrammatic FP@W@YPFIG@ﬁﬂaﬁhﬁggﬂﬂ9%ﬁ5#ﬂ9[ﬂ%ﬁ%ﬂltfﬁilm%%ﬁ%nﬁnabﬁtSﬁﬂ@ﬁﬁut

15 incl uding abgmea&aofnor a\ﬁ@rwm t- st rb&ivéf@rr@aélsfneaasxzessel

thereof. Figure 1 shoms ranmat.i_c elevatlon derin
system and Figures 2 am g@b"mcgtﬁ QMRS hARtRY %i?%’f)bEEH°BeI 5% gﬁd

above a piodugead2@ith referenda 3y ele laﬁc@orﬁbawﬂwsdrswfhgyatoﬁnaw ew of
a peeferred sysham euHOAVINA! NGHIRANd Hhe invention.

In the accompanying drawings:-

Figures 1 to 3 are diagrammatic views
illustrating the principle of the invention but without

15 including the means for varylng the position of the nozzle
means thereof.

Figure 1 shows a diagrammatic elevatlonal view of
a soldering system, and Figures 2 and 3 respectively show
nozzles disposed below and above a product;

20 ' Figure 4 is a diagrammatic elevation view of a
pre&erred system embodying the invention; _

Figure 5 is a partially cutaway top view of the

ky/ system of Figure 4; and

Figure 6 is a part:.ally cutaway pictorial view of

25 a solder nozzle assembly.

Figure 1 shows a soldering system suitable for
electronic circuit boards. A closed vessel 10 defines an
interior vapour phasé chamber in which a zone of inert
saturated vapour is provided at a



Figure 5 is a partially cutaway top view of the system of Figure 4; and
Figure 6 is a partially cutaway pictorial view of 25 a sol der nozzle
assenbly. Figure 1 shows a soldering systemsuitable for electronig; circuit
boards. A closed vessel 10 defines an isnterior vapour phase chanbef” i n -
whi ch a zone of inert saturated vapour s provi ded at a 30 35 '
predeterm ned el evated tenperature for heating of a product to be sol dered.
Heaters 12 are di sposed at the bottom of vessel 10 and are operative to
heat a vapour ghase liquid 14, typically Fluorinert . FC 70,

(" Fl uor i neredeterningdredievediedd temparatine K5or hgating: @fper aprpduct

sufficiento be PEOMiEked, hegbadetat WAL gfeVaRYosd thEL theqWdat téd hbe the
chanber . CDOli ﬁ coils 16 can be d Posed around the vessel wal

posi ti on Y8S8eti 1@ t3IRdippEr SPERAtiNe (ke DP&ASu ZBAROWFt I ?%elh%%ﬁﬁer
Products sdgh asygicg£liy beauts Afedd arf\e-cmw,veyqdmlmro@:ﬂd&w'apours pha.se
chanbes b ne S 05 egtr ce Lhro t 18, and.out Q neans -
of an exi 285? agra aTkht 0a -d%tvkﬁ@ﬁ?ra5§f%nd?“§ 1??8ﬂ$0p585|te=
si de malI§roV1deeav@sadeduhathxarméywapdﬁrepfemmattﬁﬂqgﬂdtWEtkmmrahee
throal  1onanh@Ler| EpofIAEPELIE 1RC At B8 Q08! 4h5u6X 1 {nd hygaL 20,
and is opérativé to co TOr transport CIFCUIt oar ds o and out of
t he vapouvabhasétcﬁa?ﬁé#tlonh¢ocd#@@%@'tEF(RPPQﬁaQﬁt%#W %ﬁuth@lﬁapgunmto

accomdaggné Ngi PRL AT EHEALNBRBEYC! RRIGMIVLARRIED s F@ir&ﬁiﬁ%éa?@é” g, the
conveypg can include frames for holdlng 20 the bhoard edges, leaving the

board sur?E@eSRVSISY ipk? §BEJSIARAPT Ph2pE; Fh@F“brﬁj’:zzlPlésmféns f jan
di sposed éftiffice throat 18, and out of the chamber by means of an ~/

exit throat 20, each throat outwardly extending from

opposite side walls of the vessel 10. A conveyor 22 extends

through the entrance throat 18, interior chamber of the
15 vessel 10 and the'exit throat 20, and is operative to convey
~or transport the ci;cuit boards into and out of the vapour
phase chamber. The conveyor 22 can be of any suitable form
to accommodate the particular product being processed. For
circuit boards, the'bonvéyqf_can include frames for holding
20 the board edges, leaving the board surfaces exposed for
soldering. A pair of nozzles 24, 26 is disposed in the
vapour phase chamber, each in a position to apply a stream
of solder onto respective opposite surfaces of the circuit &_J
boards which are conveyed past the nozzles along the product
25 travel path within the chamber. _

A solder pump 28 is disposed within the vessel 10
in a sump 30 contaln;ng_yolten solder to provide solder to
nozzles 24, 26. The sﬁmp 30 collects excess solder which
falls or drains from the bbards after solder application by
30 the nozzles. The sump also serves as a solder supply or
source for the pump 28 and the nozzles. A separate solder
source may alternatively be provided. The solder pump can

alternatively be disposed external to the vessel.
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vapour phase chanber, each in a position to apply a stream of sol der onto
respective.opposite surfaces of the circuit boards which are conveyed past
the nozzl &g -al ong the product travel path within the chanber. A solder punp
28 ts disposed within the vessel 10 in a sunp 30 containing nolten sol der
to provide solder to nozzles 24, 26. The gunp 30 collects excess sol der
which falls or drains fromthe boards after sol der application by 30 the
nozzl es. The sunp al so serves as a sol der supply or source for the punp
28 and the nozzles. A separate solder source may alternatively be

provi ded. 1 The sol der poH® &édtrah&er 8nli ¥RkY b.ﬁrdla%I%O&Qfé pefdralblw t he

vessel . e entranc nd exit t ats ar.e ref rab
Cont T our od | PO TS o W PRI TRGES BBoBE Ehg thEr VASSE & A8 BURVIANES S of
vapour from tdhwetwassdeflow ofevapouspliieos. tBachessaﬂignrameomtmnsﬂhems

shown in U. t& T nt i pvegti ot limted
to use with gﬁgﬁ? @ﬁan %r%%gg Z%Ztﬁ?og gﬁgggngﬁyad ?fe?%tt%ggrns of
product iSngr ebe3&hd? £gr esEhe cprmsent oinvaBtiessés oat Bimited ded use suit

particul ar prvPﬁH?ts&@l’i‘féﬂ{:‘fé’ﬁéé’”§né‘”9x§ee€h§:bﬁt9per%t kn‘&'i‘x?t JiGHdSGENt S. |t

is preferable 10 for_continuous processing to provi ralgﬁt t hrough or
subst ant i al | yE@¥Mai ¢ht P¥edecHhingsessm pRAWRPERSShECpRBGUET Vﬁﬁﬁﬁ%‘yed

conti nuously &4y %@prdsrelédétem é@itsgaéeibamaep ﬁ:éau@r&s cohf RItdEsss and
exit throats 18, 20 ¢

n a sybstanti al herzon Qsition
or 15 can be FHLI SPREL DRAPRe SR CUOIRhAF ATRETRPBOEGe. aft AceRIGE AR ance
path and tthe f@ruient tnuwows nbzotessing roppuoviides af sematilyd ti-vatwyt @ he

at hagphere. -QH%£¥§%{fglfy §e Pl EgﬁgltﬁPéﬁéhngy%Q%mV§%?%%1ch the product
can be conveyed continuously through the system for
soldering operations. The entrance and exit throats 18, 20
can be disposed in a substantially horizontal position or
15 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 heating of a product éntering the vessel
chamber, and the appliéation of solder to the heated
" 20 product, are separately controllable and are each
substantially_independent of the control of the other. The
| product entering the chamber is heated by the vapour phase
\“j atmosphere within the chamber. The establishment and
control of the heated vapour atmosphere is provided by the
25 vapour phase apparatus which includes the heaters 12 and
vapour phase liquid 14 énd the associated heater control.
'~ The solder application is provided by the applicator
'nozzles'24, 26, and associated source e.g. sump 30 and pump
28, which are constructed and adjusted to provide the
30 intended solder streams for the product which has, prior to
solder application, been heated to an intended temperature
by the vapour phase apparatus of the system.
If only one side of the circuit boards 27 is to
be processed, the system can be implemented with only a

(V8]
n

bottom nozzle 26, as shown in Figure. 2, or with a2 top
nozzle 24, as shcecwn in Fig. 3.



chanber, and the application of solder to the heated 20 product, are
separately controll abl e and are each substantially independent of the
control of the other. The product entering the chamber is-heated Ry the
vapour phase atnosphere wi thin the chanmqer. The establishnment and control *
of the heated vapour atnosphere is provi‘ded by the 25 vapour phase
apparatus which includes the heaters 12 and vapour phase liquid 14 and the
associ.ated heater control. The sol der application is provided by the
applicgtor nozzl es 2

2 i ated s . and punp 28,
whi ch are constructe “Sngyé’g%g‘s{%zfz%fi 'p?lovﬁ%;gtfﬁ'éﬁs%-i?\ﬁgﬁgg sol der
streans foimphempnsdadonwiinck igss, dprargt J.0 Jolplkr aphl ceavepar phahnkeat ed
to an integgded,feRpeLatu i lgh& o QU SPRad f et bect m |f
only one s?geggélgﬁegg%rgﬁﬁ ggé?ﬁ% 27-f?pPgﬁgz_procgigi%€_¥hg géé?%%1can
be inpl eneAR@dWRich 8RBy ORSFS NG A F AN B inked HoWFCHAt FPRaFES 2, or

W’hth astOFfBQZE}:Qn%ﬁFrQSt?E?W@d !%e@éél 31-04.' 'Ithe5 Tf‘@arﬁé/A stem ?)ie':égchl i's
shown in i C i mpl eprent'ati on iin Figs. and 5. . A pair, of conveyor .
chains 31 SHHDSSAARE EBEPFodORY AR B &R Lo T HES cHBF s and whi ch
are operat dy¥eviagr enaiaspsilnt 8@ Ciandiindiofidlss fde manbéransposkifbraggh
vessel 10._ .The franes_34_are_ each caoupl ed thei.r. formward end, by.a

coupl i ng 38h%88tﬁil§§i9i889bﬁ§i_$.§ﬁ££%£e%£3 i%&ﬁ%&ﬁeé?%evﬁgﬁ%%r¥00r ski ds
36 whi ch sThdegulidrgsygurifdeesunfiddan Ihenivdesel holbewed dGwnWaedgpatib
surfac i b Di : f.ol. a..d 0) O.@at..t rance
portioﬁéorﬁ?héevg§§e¥ﬁ§§§hfﬁeHﬁ%ﬁ#ﬁ%&%?ﬁ%ﬁ_cgéﬁéﬁskﬁ%ﬁbgﬁﬁntﬁ§%§g ?he .
vessel whi epifermyppvand paith ddinansdy the vesselkxhielrdat 20. A pair W_

i dler wheekgpdRantdalyPeotided Wil dhe eseatnfSdetP@. A pair of
idler wheels 42; 44 is provided within the vessel fot the
respective chains 31, 32 to éhange the'direction of chain

15 motion}'as illdStratgd. After entrance of a frame and the
circuif'board darfied'théreby into the vessel, the frame
and circuit board follow the path of the guide surfaces 38
and assume an upward inclined 6rientation'as shown in
Fig. 4 for lineai ﬁpward travel through the processing

20 chamber. The circuit board, by this means, is conveyed in
an intended orientation-for_uniform travel past the solder
nozzles so that an intended relative pbsition between the
board sprfaces'and the.confronting'nozzles can be <
maintained within the shortest convenient vessel length in

25 order to minimize the length of time that the circuit board
is subject to the high temperatures of the processing zone
within the vessel. | _

' A pair of hold-down plates 64 is disposed above

the conveyor to resiliently urge the side skids 36 of the

30 conveyor frame into engagement with quide surfaces 38 and
hold the frame and circuit board contained by the frame
down against the Quide'surfaces. The circuit board is thus
maintained in an accurate guided positiqn and orientation

along its path past the solder nozzlés.
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The solder nozzles 24, 26 are provided on

respective sides cf the board transporteé therebetween



respective chains 31, 32 to change the direction of chain 15 notion, as
illustrated. After entrance of a frame and the circuit board carried

t hereby in the vessel, the frane and circuit board follow the path of the
gui de surfaces 38 and assune an upward inclined orientation as shown in
Fig. 4 for linear upward travel through the processing 20 chanber. The
circuit board, by this neans, is conveyed in an intended orientation for
uniformtravel past the solder nozzles so that an intended relative
posi ti on between the board surfaces and the confronting nozzles can be

mai ntai ned within_the _shortest. convenient_vessel |length in 25 order to
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t enper at ur esthé heuliaac ensiagt 2ohen Wotthithd hoyeséebrifipe with hpédpdown

| ates 64 i [ ed. abhove the_conveyor, to, resilientl rge_the sid id
Boror the 30tR0INE AT PAERaen SN b thEr R Afiam <t PREELRgS Siath! o
t he franesaq_doztleuifu:ohgarht coont fromting bberflr swer fdoes .agdlymsica hky gutbe

f . h LGUI rdlqi | i ned.,] n [
surfaces.5> Thg,ghLEULLe %g\g;ﬁr}asﬁlygta;aﬁ%%ggt & anAGEY ¢ fgsg"?)cgggrees

position and orientation { e So
The sol der nb9zed&her sigieref papviadds germshetei ¢hesbgardofsurtiagmarand

transported hbgrgadhwesdBle i oFFstdG it tH\KlaRfldur e £ILH 19872t £ngé

adj ustable in_the angular orientatjon of the nozzle orifice with _respect™to
the circuit BSaHdF andli AnfRe Gt or-SfadMg of ThhelAUSE| 8OR2dM t4fe 1s
confronting PastHeguriBhestrdyed call yFighe goarbesconipr gl anl Yebohysted! e
SunLAce, - and98PET BT dar BT LARREGHF S LR { MEMSRR o SOLr PaKERS: e [PRoF e
of 1/4 - 1 ihthegd. ®rifixé&452malonkhethewelemyidz| éh2geiof and of length
' sufficient to provide a solder stream across the entire
circuit board width. The member 50 has a 1lip 54 adjustable
with respect to a lip 56 to provide an adjustable orifice.
15 Typically, the orifice has a gap in the range of 10 -~ 30
mils (about - 0.254 - 0.762 mm). The cylindrical member 50
is rotatable about its axis to provide for angular
adjustment of the orifice 52 to the intended angle of
incidence of the solder stream applied to the confronting
board surface. A linkage 58 is coupled to the member 50 for

upward and downward adjustment of member 50 to select the

20

‘ spacing between the nozzle and the confronting board
~— surface. The linkage 58 is connected to means for raising
and lowering said linkage by means 66 including a horizontal
shaft 68, a yoke 70 secured at one end to the shaft 68, and
a pin 72 secured to the other end of the yoke 70 and
entering a slot 74 in the linkage 58. The slot 74 inclines
downwardly from an cpen end thereof. The upper nozzle 24 is

25

similarly adjustable in offset from the confronting board
30 surface and angular orientation. Molten solder is pumped to
the nozzles via piping 60 which is coupled to a supply
manifold 62 which in turn is coupled to the molten solder
source Or sump.

Each of the nozzles is adjustable to provide a
35



further illustrated in Fig. 6 and conprises an elongated 10 generally
cylindrical tubular menmber 50 having elongated |inear orifice 52 along the
length thereof and of length sufficient to provide a solder stream.across
the entire circuit board width. The nenber 50 has a lip 54 adjustable with
respect to alip 56 to provide an adjustable orifice. 15 Typically, the
orifice has a gap in the range of 10 - 30 mls (about - 0.254 - 0.762 mm)
The cylindrical menber 50 is rotatable about its axis to provide for
angul ar adjustnent of the orifice 52 to the intended angl e of incidence of
t he sol deselectableapphgudiaroorhientetioanicifndh20 nozale surflaceespedt nkage 58
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solder streams are separately controlled to provide the

intended application of solder. Since the product prior to

solder application has 'been heated by the vapour phase
15 within the vessel to soldering temperature, the solder
application nozzles need be controlled only to provide the
desired solder application; and not to heat the product'

The system is useful in solder1ng a. 'varlety of
c1rcu1t board types. The system can be employed for
so-called bare boards which are printed circuit boards
having circﬁit patterns. on one or both board surfaces
without any components thereon, and which can lnclude
through-holes interconnecting the circuit patterns. The W
system can also be employed for circuit boards containing
25 surface mounted components on one or both surfaces thereof,
leaded components having 1leads which _ektend through the
board, or a mixture of leaded and surface mounted
components. The apparatus of the illustrative embodiment
can be employed with eithef or both solder nozzles operative
30 for a particular prooesSing run.' In some.cases, solder need
only be applied to one _board surface, in which case the
other solder nozzle can be deactivated by appropriate

valvirg of the solder supply to that nozzle.



5 an angl e of incidence for the inpinging solder stream which can be nornal
to the boaxd surface or at an angle with or against the travel direction of
t he board.\_. The angul ar orientation of each nozzle and the distance
between the nozzle and board surface is determined to provide the
10 intended quantity of solder and definitjijpon of the solder stream for the
particul ar product being processed. The "'sol der streans are separately
confrolled to provide the intended application of solder. Since the
product prior to solder application has been heated by the vapour

phase 15 within the;vesBeI_to solderig%#tenperature, t he sol der application
nozzl es need be controFPEdSEFtE™ S A4R BPeceBRIPYEd fordscldny i stream,

and not to hepplibatpondist.a Thezayet &b i Sneseodrd NeePESSE | NGidny aFd £y Of

circuit bo . Th syste can_be, enployed far 20 sq-called
batre boar dgég%%%ggéa &Y, (raieﬁlt g g%’?cﬁ?tposﬂﬁ"&r (rj%#gi ﬁljrgFF‘éui t IPat SRS
on  one or_botype®ar dfsuciaxcud twi thomrndsny tonpbaenpseifeeadde, aw vdt€dcran

i ncl ude thr < inter cLi h i rGul tterns. ._.The system
can al so be errpﬁ %@ée‘gé?oéraﬂc?\r%glg?gb%g?ggc%o% al‘C‘Jr% ng%“éf%?'éefr;g:ee%ﬁ%%s Yin
conponent s OfhdfR: ofOBoeKaBRALac &s adidanfpastaidisl spppdednte Ithe rwpardads

whi ch ext endahdrendhbohpe ag ofe 4 f ed
conmponents. ;| The ﬂg@%ratugﬁg?g?ﬁgérlﬁﬁg?%g?%sekghggﬁgﬁ%ﬁ?g%gﬁf%%ﬁgﬁ%¥%§%d

with either ¥ BBEROYWoPRE TRIFY| 2sbEpEr Batineesn the asparipéedarcomranant ng
run. In soneamdsesnduetilee agedsoskythe BBRkECEurFaeRe b RHIdARridd

whi ch caskl t%gnog%]er §0| der o{gzle ggn be dg%cti%at% eb r%pproprl ate -

vaku¥ ng of tHe soT det %%%ﬁ%?ﬂ? tRatPREZ anngE by sent system by

introduction of the circuit board into the heated saturated

vapour within the vessel. The opposite board surface can be

soldered by the solder stream from the associated nozzle.

The present system is therefore versatile in providing both

15 solder stream and reflow solder capability within a single

apparatus, all within the environment of the heated vapour
phase.

The vapour phase atmosphere within vessel-lo is

heated to a temperature typically in ‘the range of 415 -

20 450°F., (213 - 232°C). The solder source is maintained

typically in the same range. The solder within sump 30 is

_ maintained in molten state by the heated environment within

-~/ the vessel. Alternatively, separate heaters can be provided

in or around the sump to maintain the solder at intended

25 temperature. The vapour phase atmosphere is therefore at a

temperature sufficient for heating the circuit boards to

soldering temperature so that, prior to solder stream

application by the solder nozzles, the product is already at

- the soldering temperature. The solder stream of each nozzle

30 is determined in relation to the viscosity of the molten

solder, the pressure provided by the pump 28 and the orifice

dimensions of the nozzle to produce the intended stream

configuration for proper impingement of solder upon the

35 board. The product is conveyed throuch the system at a



10. The system can al so be enpl oyed for sol der stream application by a
nozzle to one board surface, with reflow soldering provided on the opposite
board surface. In some types of circuit boards, it is-preferable {Q attach
conponents on a board surface by reflow sol der techni ques in which, “for -
exanpl e, a solder paste is applied to thé.board, and the board thereafter
is heated to cause the solder paste to reflow and forma bond between the
associ at ed conponent and conductive areas of the board surface. Reflow
sol dering 10 can be acconplished in known manner by the present system by
i ntroduct ispeed ERE Faicientt bearplrdnni@ethearﬁa{@do&atuhat esba/@dpowaa& dhin

t he vessel . The opposi.te boargd. surface Idered b sol der stream
fromthe XG5S AFPTRESTR W ﬁ’é"ﬂr SEEFE M sPTRRPET PBHSP&% ©fn

provi di ng sedideriSteoldler séatad prbawit ow sal leypi?@a)ﬁbllhipu)ém@riﬁaﬁlcﬁl

si ngl e appayat enV|ronne h vapo ase. ;
The va oulr%1 agzrgtﬁ%swﬁ%%%g\smt i%h 58?%’3?‘%0 glgrﬂg Pe}qﬁ) getséﬁgerg{g :
t ypi caI |y Sime;ﬁ”leofar'ﬂge- ofl041feet 2@ererminute (The0 sel der05S swetres iper i
mai nt ai neghityicdal |y in the same range. The solder within sump 30 is

mai ntained in nolten state by the heated environnent within the vessel.
Alternatively, separate heaters can be provided in or around the sunp to

mai ntain the solder at intended 25 tenperature. The vapour phase atnosphere
is therefore at a tenperature sufficient for heating the circuit boards to
solderiﬁg tenperature so that, prior to solder stream application by the

sol der "nozzl es, the product is already at the soldering tenperature. The.
sol der stream of each nozzle 30 is deternmined in relation to the viscosit

of the nolten solder, the pressure provided by the punp 28 and the orifice
di rensions of the nozzle to produce the intended stream configuration for
proper inpingenent of sol der upon the board. The product is conveyed

t hrough the systemat a -

15

s

20

25

30

(VS ]
(91



35 ‘speed sufficient to provide heating of the board vapour phase

at nosphere.w thin vessel 10 and proper application of solder to the heated
product. ,Jln typical inplenentation, the circuit boards are conveyed

t hrough the vessel at a speed of 4 - 10 feet per nminute (1.20 - 3.05
nmetres per mnute). 10 15 20 25 30 35 12y Caims: 1. A conti nuous

sol dering system conprising: a vessel for containing an inert saturated 5
vapour, neans for heating a vapour phase |iquid contained within said
vessel to establish a zone of inert saturated vapour, nmeans for conveying

wor k product through t 10 saturated vapour zone, horizontally extending
nozzle mneans for dir ‘a stream of nolten sol der against a surface of

work product as it is conveyed through the saturated vapour zone, and 15

ne?ns for varying the HRS'thp%égtfﬁﬂéﬁéugg%é%rinq system comprising:

a vessel for containing an inert saturated
) vapour,
means for heating a vapour phase liquid
contained within said vessel to establish a zone of inert
saturated vapour,
means for conveying work product through the
W, 10 saturated vapour zone,
horizontally extending nozzle means for
directing a stream of molten solder against a surface of
work product as it is conveyed through the saturated vapour
zone, and
15 means for varying the position of said nozzle
means including
piping for supplying molten solder to said
nozzle means,
link means connected at one end to said
20 piping, and '
means for raising or lowering said link means
whereby the vertical location of said nozzle means can be
N - changed.
25 2. A soldering system according to claim 1
‘wherein said link means is connected to said means for
‘raising and lowering said link means by means including:
a horizontal shaft;
a ycke secured at one end to said horizontal
; 30 shaft, and a pin secured to the other end of said yoke, and

entering a slot in said link means.
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means i ncl uding piping for supplying nolten solder to said nozzle neans,

| i nk means connected at one end to said 20 piping, and neans for raising or
| owering said |ink means whereby the vertical |ocation-of -said nom;,e means
can be changed. 25 2. A solggiing system according

claim 1 wherein said |link neans is connected to said nmeans for ra|5|ng and
| owering said |ink nmeans by neans including: a horizontal shaft; a yoke
secured at one end to said horizontal 30 shaft and a pin secured to the

ot her end of said yok an nterin in said.in 13.

3. A sol dering syst%h1adgo§8£§§rﬁggcfg °2 %ﬂﬁﬁéé I%?iéi%&mlhcllnes
downwar dl y wheseim spbdh sehdtthacéohesSdownwardly from arA cpprdesndig system
subst anti aldpeas,ferei nbefore described with reference to and as shown in
Figures 4 to 6 of the acconpanylng dramnngs 10 15 20 25 30 35

5 ' 4, A soldering system substantially as
hereinbefore described with reference to and as shown in -
Figures 4 to 6 of the accompanying drawings.
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