
United States Patent [191 
O’Rourke 

[54] MASS SOLDERING SYSTEM 

[75] Inventor: Harold T. O’Rourke, Milford, N.H. 

[73] Assignee: Hollis Automation, Inc., Nashua, 
N.H. 

[21] Appl. No.: 918,288 
[22] Filed: 061. 10, 1986 

Related US. Patent Documents 

Reissue of: 
[64] Patent No.: 

Issued: 
Appl. No.: 
Filed: , 

U.S. Applications: 
[63] Continuation of Ser. No. 951,052, Oct. 12, 1978, Pat. 

No. 4,401,253, which is a continuation-in-part of Ser. 
No. 897,492, Apr. 18, 1978, abandoned, which is a 
continuation-in-part of Ser. No. 856,759, Dec. 2, 1977, 
abandoned. 

[511 1111.03 ................................. "11051: 3/34 
[52] US. c1. ................................. .. 228/1801; 228/20; 

228/125 
[58] Field ofSearch .............. .. 228/20, 37, 125, 180.1, 

228/260; 118/63 
[56] References Cited 

U.S. PATENT DOCUMENTS 

3,500,536 3/1970 Goldschmied .................... .. 228/260 

3,515,330 6/1970 Bronson et a1. 3,603,329 9/1971 White et a1. 3,605,244 9/1971 Osborne et a1. 3,705,457 12/1972 Tardoskegyi .... .. 

3,724,418 4/ 1973 McLain ........ .. 

3,726,007 4/1973 Keller .. 
3,765,591 10/1973 Cook .................................. .. 228/37 

4,410,126 
Oct. 18, 1983 
409,849 
Aug. 20, 1982 

[11] E 

[45] Reissued Date of Patent: Jul. 11, 1989 

Patent Number: Re. 32,982 

3,773,261 11/1973 Helton ............................... .. 239/133 
3,841,557 10/1974 Atkinson ....... .. 118/63 

3,865,298 2/1975 Allen et al. 228/20 X 
3,948,212 4/1976 Mayer ..... .. 118/50 
4,083,323 4/1978 Rote ........ .. 228/20 

4,410,126 10/1983 O'Rourke ....................... .. 228/1802 

FOREIGN PATENT DOCUMENTS 

51-22650 2/1976 Japan . 
738874 10/1955 United Kingdom . 
967708 8/1964 United Kingdom . 
1181421 2/1970 United Kingdom . 
1446636 8/1976 United Kingdom . 
1478768 7/1977 United Kingdom . 
1483257 8/ 1977 United Kingdom . 

OTHER PUBLICATIONS 

Donovan, IBM Technical Disclosure Bulletin, v01. 5, No. 
4, Sep. 1962, pp. 19-20. 

Primary Examiner-Kenneth .1. Ramsey 
Attorney, Agent, or Firm-Hayes, Soloway, Hennessey 
& Hage 

[51] ABSTRACT 
A soldering system is described in which a ?uid stream 
is directed onto a soldered board substantially immedi 
ately following deposition of molten solder onto the 
board. Preferably, but not necessarily, the ?uid, which 
may comprise a gas or mixture of gases, is heated prior 
to contacting the board. The impinging ?uid stream 
relocates solder on, and/ or blasts excess solder from the 
bottom of the board, and any interconnections, compo 
nent leads and/or component bodies carried thereon 
before the solder solidi?es as shorts, icicles or bridges. If 
desired, liquid droplets such as soldering oil may be 
included in the ?uid stream. 

23 Claims, 3 Drawing Sheets 
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MASS SOLDERING SYSTEM 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions made 
by reissue. 

The present application is a continuation of my co 
pending application Ser. No. 951,052, ?led Oct. 12, 
1978, now US. Pat. No. 4,401,253, which application in 
turn is a continuation-in-part of my copending applica 
tion Ser. No. 897,492, ?led Apr. 18, 1978, now aban 
doned which application in turn is a continuation-in 
part of my copending application Ser. No. 856,759, filed 
Dec. 2, 1977, now abandoned. 
The present invention relates to systems for soldering 

electrical and electronic components onto substrate 
circuit boards, and more speci?cally to an improved 
apparatus and method for mass soldering electrical and 
electronic components by their leads, to printed circuit 
boards or the like. 

Various soldering systems are well known in the art 
for mass soldering electrical and electronic compo 
nents, by their leads, onto printed circuit boards. One 
technique for mass soldering components to circuit 
boards is that of dip soldering. With this technique, the 
entire side of a circuit board containing the printing 
wiring, with the leads from the components projecting 
through apertures in the board, is engaged for a certain 
period of time with the surface of a bath of molten 
solder, and then removed. Another technique for mass 
soldering components onto circuit boards is that of 
wave soldering. A typical prior art wave soldering 
system generally comprises a container adapted to hold 
a supply of molten solder and a sump partially sub 
merged in the molten solder. The sump has an intake 
ori?ce below the surface of molten solder, and an elon 
gate horizontal nozzle or slot above the surface of the 
solder. A positive displacement pump is submerged in 
the body of solder and is adapted to force molten solder 
into the sump intake orifice, where the molten solder 
then flows upward in the sump and out the horizontal 
nozzle to thereby produce a smoothly rounded standing 
wave of molten solder above the nozzle. Other tech 
niques for mass soldering electrical and electronic com 
ponents onto printed circuit boards are well known in 
the art and include cascade soldering, jet soldering and 
drag soldering. So-called “leadless” components such 
as ?at packs can also be mass soldered to circuit boards 
by ?xing the components to the bottom of a board, e.g. 
as by ?xturing or with an adhesive, and then engaging 
the bottom of the board and the components with mol 
ten solder. While known mass soldering systems have 
provided substantial manufacturing economy to the 
electronics industry and thus achieved substantial com 
mercial use, the deposition of excess solder on the board 
circuits, connections and leads has been a continual 
problem. Deposition of excess solder may result in for 
mation of shorts, icicles and/or bridges, and will in 
crease solder consumption and ?nished board weight. 
Moreover, current trends in the electronics industry to 
relatively high density electronic assemblies has in 
creased the problem of solder shorts, icicling and bridg 
mg. 
The prior art has devised various techniques to solve 

the problems of solder shorts, icicling and bridging. For 
example, for wave soldering, one technique which has 

5 

20 

25 

30 

35 

40 

50 

55 

65 

2 
become virtually universally adopted by the industry is 
to incline the travel path of the circuit boards through 
the solder wave, ie from the horizontal, to increase the 
exit angle between a board being soldered and the sol 
der wave. The art has also devised various wave geom 
etries for further increasing the exit angle and/or chang 
ing the point where a circuit board exits the wave. 
Another system for reducing the incidence of solder 
shorts, icicling and bridging, which has achieved sub 
stantial commercial acceptance, is to intimately mix 
soldering oil in the solder wave in accordance with the 
teachings of Walker et al. US. Pat. No. 3,058,441. 
While such systems have been found to reduce substan 
tially the incidence of solder shorts, bridging and/or 
icicling, such systems have not entirely eliminated sol 
der shorts, bridges and icicling, particularly in cases 
where relatively high density electronic assemblies and 
/or relatively long lead components are being soldered 
to circuit boards. 

It is thus a primary object of the present invention to 
provide a mass soldering system, ie apparatus and 
process, which overcomes the aforesaid problems of the 
prior art. 
Another object of the present invention is to provide 

an improved apparatus and process for mass soldering 
in which the problems of solder shorts, icicling and/or 
bridging are reduced. 
A more speci?c object is to provide an apparatus and 

process for mass soldering relatively high density cir 
cuit board assemblies. 

Still other objects will in part appear obvious and in 
part will appear hereinafter. 
The invention accordingly comprises the processes 

involving the several steps and relative order of one or 
more of such steps with respect to each other and the 
apparatus possessing the features, properties and rela 
tions of elements which are exempli?ed in the following 
detailed description and the scope of the application of 
which will be indicated in the claims. 
The instant invention overcomes the foregoing and 

other problems by providing a method and apparatus 
for removing excess solder from mass soldered boards 
before the solder solidi?es as shorts, icicles or bridges. 
The method comprises the step of directing a ?uid 
stream onto the bottom of a soldered board substantially 
immediately following mass deposition of the molten 
solder onto the board. The ?uid stream impinges onto 
the bottom of the board, and relocates excess solder on, 
and/or blasts excess solder from the bottom of the 
board and any interconnections, component leads and 
/or component bodies carried thereon before the solder 
solidi?es as shorts, icicles or bridges. The fluid may 
comprise a gas such as an inert gas, or a mixture of gases 
such as air. If desired, liquid droplets such as soldering 
oil may be included in the ?uid stream. Preferably, but 
not necessarily, the fluid stream is pre-heated prior to 
contacting the board. 

In the following description the term “solder re 
moval” is used to denote actual displacement of solder 
from a circuit board, and any interconnections, compo 
nent leads and/or component bodies thereon, as well as 
relocation of solder on a circuit board, and any inter 
connections, component leads and/or component bod 
ies thereon. 
The instant method is implemented with a mass sol 

dering apparatus which essentially comprises a solder 
ing station in which a quantity of molten solder can be 
mass deposited onto the bottom of the board to remove 
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a portion of the solder deposited on the bottom of the 
board, and any interconnections, component leads and 
/or component bodies carried thereon before the solder 
cools below liquidus temperature. 
For a fuller understanding of the objects of the pres 

ent invention, reference should be had to the following 
detailed description taken in connection with the ac 
companying drawings in which: 

FIG. 1 is a side elevational view, diagrammatically 
illustrating a mass soldering system according to the 
present invention; 
FIG. 2 is a side elevational view, partly in section, of 

the soldering apparatus portion of the soldering system 
of FIG. 1; 
FIG. 3 is a top plan view of the soldering apparatus 

portion of FIG. 2; 
FIG. 4 is a schematic diagram of the electrical and 

pneumatic control means of the same apparatus; 
FIG. Sis an enlarged, side elevational view in section, 

of a portion of the apparatus of FIG. 2, showing a cir 
cuit board assembly at an intermediate stage in the pro 
cess of the present invention, and showing how excess 
solder is removed in accordance with the present inven 
tion; 
FIG. 6 is a view similar to FIG. 5 illustrating an 

alternative soldering apparatus according to the present 
invention; 
FIGS. 7 and 8 are top plan and cross-sectional views, 

respectively showing one form of fluid stream directing 
nozzle structure useful in the soldering apparatus of the 
present invention; 
FIG. 9 is a side elevational view in perspective show 

ing another and preferred form of ?uid stream directing 
nozzle structure in the soldering apparatus of the pres 
ent invention; and 
FIG. 10 is a side view in cross-section of the nozzle 

structure of FIG. 9. 
In the following detailed description of the present 

invention, the term “component" refers to leadless com 
ponents as well as components having conventional 
metallic conductors or leads. The term “component 
lead" refers to that part of metallic conductor of an 
electrical or electronic component that is joined to the 
printed circuit board pattern, i.e. the component leads, 
terminals, lugs, pins, etc. The term “land" as used herein 
refers to that part of the metallic pattern on the printed 
circuit board to which a component or component lead 
is joined by solder. The term “?uid" is to be understood 
to refer to a gas or mixture of gases. If desired, the gas 
or mixture of gases may also contain liquid droplets 
dispersed therein. The term “mass soldering” as used 
herein is intended to refer to any of the several soldering 
techniques known in the art in which liquid solder is 
applied to a circuit board from a reservoir of liquid 
solder, including, by way of example but not limitation: 
wave soldering, touch or dip soldering, pot soldering, 
jet soldering, cascade soldering and drag soldering. 

Referring now to the accompanying drawings, a 
preferred embodiment of the present invention will be 
described in combination with a wave soldering system. 
Referring first to FIG. 1, a printed circuit board 20 is 
loaded at an insertion station 22, with a plurality of 
electrical or electronic components 24 at predetermined 
positions on the board. The board comprises an insu 
lated wiring board having one or more printed metallic 
conductors on the board underside, and a plurality of 
apertures 25 which extend through the board. Compo 
nents 24 are loaded onto the top side of the board with 
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4 
their leads 26 protruding downward through the board 
apertures 25 in juxtaposition to the circuit lands to 
which they are to be joined. The components may be 
inserted in the board by any method known in the art 
which may include manual assembly, semi-automatic, 
or automatic assembly which may comprise single-sta 
tion of multiple-station pantagraph or numerically con 
trolled machines all of which are well known in the art 
and need not be described further. 
The next step involves treating the surfaces to be 

soldered with a so-called flux at a fluxing station 30. The 
flux may be any flux well known in the art and may 
include, for example, a water-white rosin flux, an acti 
vated rosin ?ux or a water soluble ?ux. The ?ux may be 
applied in ?uxing station 30 by any manner well known 
in the art, for example, by spraying, foaming, brushing, 
or from a ?ux wave. 
The board is then passed from fluxing station 30 to a 

preheating station 32 where the board is preheated to 
mobilize the flux and also drive off the bulk of the flux 
solvent to form an active flux layer on the board and 
leads. Preheating station 32 may comprise infrared or 
convection heaters or a combination of infrared and 
convection heaters as are well known in the art. Prefer 
ably, but not necessarily, preheating station 32 is ex 
tended as compared with conventional preheating sta 
tions, and/or preheating station 32 may be operated at 
higher than normal temperatures so that the board 20 is 
heated to higher than normal top side temperatures. 
Thus board 20 will be preheated to a minimum top side 
temperature of about 66° C.; preferably however, the 
board will be preheated to a top side temperature in the 
range of about 100° C.—l25° C. or higher. The purpose 
of preheating the board to higher than normal top side 
temperatures is to increase the time the solder on the 
board remains molten after the board emerges from the 
solder wave. The reason for this will become clear from 
the description following. 
The ?uxed preheated board is then passed to a mass 

wave soldering station 36. Referring also to FIGS. 2 
and 3 the wave soldering station includes a container of 
conventional design, indicated generally at 40, for hold 
ing a supply of molten solder 42. Conventional heating 
means (not shown) may be secured to the bottom and 
/ or side walls of container 40 or immersed in the solder 
to heat and maintain the supply of solder 42 in molten 
condition. 
A sump and nozzle assembly indicated generally at 44 

is disposed interiorly of container 40. The sump and 
nozzle assembly 44 is of conventional design and typi 
cally comprises a rounded bottom wall 46, a pair of 
substantially vertically opposed end walls 48 and 50, 
and a pair of inclined side walls 52 and 54. The upper 
ends of end walls 48 and 50 and side walls 52 and 54 are 
spaced from one another to form a narrow elongated 
rectangular nozzle or slot 56 which extends above the 
molten solder level in container 40 for a suitable dis 
tance e.g. one inch above the molten solder level. 

Preferably, the sump also includes a pair of adjustable 
sluice plates 58A, B spaced from the sump side walls 52 
and $4 for controlling solder overflow from the nozzle 
56, e.g. in accordance with the teachings of US. Pat. 
No. 3,398,873 to Kenneth G. Boynton. Completing the 
soldering station is a variable speed pump (not shown) 
which communicates through an intake ori?ce 59 in the 
lower end of sump and nozzle assembly 44 for pumping 
solder into the sump where it then rises and over?ows 
the nozzle 56 as a standing solder wave. 
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An important feature and critical requirement of the 
present invention is the ability to relocate excess solder 
on, and/ or remove excess solder from the bottom of the 
circuit board, and from any interconnections, compo 
nent leads and/or component bodies carried thereon 
before the solder can solidify as shorts, icicles and/or 
bridges. This is accomplished by treating the soldered 
circuit boards and depending component leads at an 
excess solder removal station 60. Excess solder removal 
station 60 follows soldering station 36 immediately in 
line and is designed to relocate or blow off excess solder 
from the board underside before the solder solidi?es as 
shorts, icicles and/ or bridges. Solder removal station 60 
comprises one or more ?uid jets, ?uid knives, slots, 
nozzles or the like indicated generally at 62, from which 
a ?uid stream can be directed onto the underside of the 
board. If desired, a baf?e plate 64 may be disposed 
under the path of travel of boards 20 at an angle of 
approximately 45° from the horizontal and serves as a 
de?ector for the ?uid stream issuing from the nozzle 62. 
Desirably, but not necessarily, the ?uid is pre-heated 
prior to impinging on the board. Fluid ?ow rate, ?uid 
pressure, and ?uid temperature and the time elapsed 
between circuit board emersion from the solder wave 
and beginning of contact by the ?uid stream may vary 
widely depending on the board temperature, ambient 
temperature, melting point of the solder, speci?c heat of 
?uid and heat transfer coefficient of ?uid to the board, 
board size and shape, component density, amount of 
solder deposited and to be removed, conveyor speed, 
and distance between the soldering station and the ex 
cess solder removal station. Preferably nozzle 62 is 
disposed proximate the path of travel of the boards. 
Nozzle 62 of course must be spaced sufficiently below 
the path of travel of the boards to permit clearance of 
the longest depending lead, etc. inert gas may be used as 
the ?uid, but preferably the impinging ?uid comprises 
air. The ?uid may be at ambient temperature preferably 
however, the ?uid is pre-heated to a temperature in the 
range of about 93° C. to 350° C., preferably about 290“ 
C. to 300° C. (measured at the outlet of nozzle 62). For 
63/37 solder alloy, the preferred ?uid preheat tempera 
ture is about 290° C. (measured at the outlet of nozzle 
62). 
The ?uid stream impinging on still molten solder 

contained on the underside of the circuit board, the 
interconnections, and the component leads and/or bod 
ies relocates excess solder on, and/ or blasts excess sol 
der from the underside of the board, interconnections, 
leads, and bodies, and in doing so also minimizes the 
possibility of solder bridging or icicling or short forma 
tion upon solidi?cation. 
FIG. 4 illustrates a preferred form of electrical and 

pneumatic control means in accordance with the pres 
ent invention and is particularly adapted to the use of 
hot air as the ?uid stream in accordance with the pres 
ent invention. Referring to FIG. 4, nozzle 62 is con 
nected via supply line 66 to one side of solenoid actu 
ated valve 68. Valve 68 is connected via a line 70 to the 
outlet of a heater 72 which is adapted to heat air (or 
other gas) to a desired elevated temperature. Valve 68 is 
actuated by a photoelectric cell 74 connected through 
suitable relay means 76 to provide a blast of heated air 
when a printed circuit board 20 passes through the 
solder wave and the board leading edge interrupts a 
light beam from light sources 78 disposed above the 
path of travel of the printed circuit board. The flow of 
heated air continues until the trailing edge of the printed 
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6 
circuit board passesiand permits the beam of light from 
light source 78 to fall once again upon the photoelectric 
cell 74, at which time the valve 68 is closed or nearly 
closed. Preferably valve 68 is prevented from closing 
fully, i.e. so as to allow at least a small ?ow of heated air 
through the nozzle so that the nozzle will be maintained 
at the desired elevated temperature and thus eliminate 
thermal lag. 
Completing the soldering system is a circuit board 

conveyor 80 of conventional construction. The latter 
comprises a pair of spaced conveyor rails 82 and 84 and 
suitable drive means (not shown) for carrying a circuit 
board from the inserting station 22 through the ?uxing 
station 30, wave soldering station 36 and excess solder 
removal station 60. 
FIG. 5 shows a printed circuit board in the excess 

solder removal station 60 and illustrates how the hot 
?uid ?ow removes molten solder 86 from a circuit 
board, interconnection and component leads in accor 
dance with the present invention. 
One skilled in the art will be able to determine experi 

mentally the preferred operating parameters for achiev 
ing icicle-, bridge- and short-free mass soldering for the 
particular board being soldered. 
For example, to eliminate solder icicles, bridges and 

shorts from a circuit board which measures 6.35 and 
15.24 cm. and includes a net circuit plan area of approxi 
mately 96.75 sq. cm., l50 plated through apertures of 
0.0762 cm. diameter, and including 150 component 
leads of 0.0508 cm. diameter (50% steel leads, 50% 
copper leads), solder alloy of 63/37, solder bath temper 
ature 252° C., preheat temperature of about 125° C. (top 
side) conveyor speed of 0.018 m/sec., and employing 
hot air (290° C. measured at the outlet of nozzle 62), at 
a Pitot tube pressure (measured approximately 0.6 cm 
from the outlet of nozzle 62) of about 22.5 mm Hg, and 
a ?uid velocity (measured at the outlet of nozzle 62) of 
about 76 m/sec., as the impinging ?uid, the distance 
between the point where the circuit board emerges 
from the solder wave and begins to pass the hot air 
stream should be in the range of about 19 to 25 cm. One 
skilled in the art will recognize that the various afore 
said parameters are interrelated and may be varied to 
achieve the foregoing objects of the present invention. 
Moreover, the present invention has a number of 

advantages. For one, contacting the underside of a cir 
cuit board with a ?uid stream in accordance with the 
present invention has been found to level the solder 
coating on the board conductors. Moreover, eyelets and 
unloaded plated through holes may be cleared by the 
?uid stream. Another advantage is that a solder board 
may emerge from the system somewhat cooler as com 
pared with conventional mass soldering systems. This 
latter advantage results primarily from the removal of 
excess solder which is a major heat sink on convention 
ally soldered boards. Moreover, the ?uid stream, if 
cooler than the solder on the board, may further speed 
cooling. Cooling the board facilitates handling of the 
board subsequent to soldering and also may result in 
reduced incidence of pad lift in solder-cut-solder sys 
tems. Cooling the board also may result in production 
of solder joints of ?ner grain. 

Various changes may be made in the foregoing inven 
tion without departing from the inventive features de 
scribed herein. For example, one or more banks of heat 
ers, similar to construction to the preheaters may be 
incorporated into the excess solder removal station 60 
to extend the time the solder remains molten on the 
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board. Moreover, where the ?uid comprises a gas or gas 
mixture, a minor amount, e.g. up to about 20% by 
weight of liquid droplets may be dispersed in the gas 
stream, for example, by aspirating the liquid into the gas 
stream from one or more aspirator nozzles 98 as shown 
in FIG. 6. Aspirator nozzle 98 are connected through 
conduit means 100 to a supply 102 of the liquid to be 
dispersed into the gas stream. Obviously, the liquid 
droplets could be injected into the gas stream using one 
or more atomizing nozzles. The liquid should comprise 
a material which is compatible with the soldering opera 
tion. By way of example, the liquid may comprise a 
conventional soldering oil or mixture of oils. The liquid 
droplets increase the fluid ?ow mass of the gas stream 
and thus in turn may result in an increased rate of solder 
removal from the board and leads. Also, employing a 
soldering oil as the liquid may facilitate postaoldering 
clean-up and may also produce shinier solder joints. If 
desired, conventional wetting agents and/or ?uxing 
agents may also be dispersed in the ?uid stream. Also, 
one or more heater elements may be incorporated inte 
grally with nozzles 62, e.g. as shown in FIGS. 7 to 10 to 
supplement and/or in place of heater 72. 

Referring in particular to FIGS. 7 and 8, the illus 
trated heater/nozzle combination comprises a manifold 
in the form of a ?at, elongate trapezoidal hollow cham 
ber indicated generally at 104. An intake ori?ce 106 is 
formed in the short side wall 108 of manifold 104, and is 
coupled through conduit means (not shown) to a source 
of pressurized air (not shown). One of the long walls 
110 of manifold 104 is tapered to form an elongate knife 
edged ori?ce 112. The latter de?nes the nozzle outlet 
for directing a ?uid stream onto a circuit board in ac 
cordance with the present invention. Manifold 104 is 
formed of a heat resistant material such as welded steel 
plate. Mounted in the interior of manifold 104 is a heat 
ing means such as one or more electrical resistance 
heater elements 114. Electrical resistance heater ele 
ments 114 are known in the art and are available com 
mercially. If desired, the manifold walls may be ther 
mally insulated in known manner. In operation the ?uid 
stream is heated by passing over the resistance heaters 
114. 
Another and preferred embodiment of heater/nozzle 

combination is shown in FIGS. 9 and 10. In the illus 
trated preferred embodiment the nozzle comprises a 
generally rectangular block 116. Block 116 is formed of 
a heat resistant material such as steel. A plurality of 
blind holes 118 are formed in one side wall 120 of block 
116 and accommodate a like number of cartridge heat 
ers 122. Cartridge heaters are well known in the art and 
are available commercially. A hollow chamber 124 is 
formed in the interior of block 116, and an inlet ori?ce 
125 is formed in one end wall of block 116 and connects 
hollow chamber 124, through conduit means (not 
shown) to a source of pressurized air (not shown). The 
nozzle outlet ori?ce is formed in the side wall 126 oppo 
site the wall 120 in which cartridge heaters 122 are 
mounted. As seen in FIG. 10 wall 126 is believed so as 
to form a pair of parallel end edge surfaces 128 formed 
at the intersection of inclined surfaces 130 with elongate 
passageway 132. The latter communicates with hollow 
chamber 124. Edge surfaces 128 should be substantially 
?ush with one another, and may be substantially knife 
edges as shown or may have a more substantial width as 
would be produced by truncating the end of the nozzle 
outlet along a plane as represented by dotted line 134. 
An interesting feature and advantage of truncating the 
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nozzle outlet to give it a substantial width is that the 
working gas stream emerging from the nozzle is found 
to be especially smooth. Also, with a nozzle outlet of 
this type secondary air streams have been observed to 
form to either side of the working gas stream. These 
secondary air streams provide ?uid insulating sheets for 
the working gas stream and may also directly assist in 
relocating or removing solder. 
While the solder removal station in accordance with 

the present invention has been illustrated in conjunction 
with a mass wave soldering system one skilled in the art 
will recognize that similar advantages may be achieved 
by employing a solder removal station in conjunction 
with other types of mass soldering systems such as dip, 
cascade, jet and drag soldering systems. Still other 
changes will be obvious to one skilled in the art. Ac 
cordingly, it is intended that all matter contained in the 
above description or shown in the accompanying draw 
ings shall be interpreted in an illustrative and not in a 
limiting sense. 
What is claimed is: 
1. A method of mass joining with solder printed cir 

cuit boards having mounted thereon components with 
leads protruding downward through holes in said 
board, said method comprising the steps of: 

. depositing a quantity of molten solder onto the under 
side of said board and said downward protruding 
leads by passing the bottom surface of the board 
over a solder wave and substantially immediately 
following said depositing impinging a stream of 
heated air directly onto the molten solder depos 
ited on the underside of said board and said pro 
truding leads by means of an air knife blast directed 
towards the solder wave and impinging on the 
bottom surface of the board suf?ciently soon after 
it leaves the solder wave so that the solder is still 
molten, the air stream being heated to a temperature 
above that of the molten solder, the air knife blast 
having sufficient velocity to remove essentially all 
bridges and shorts but not sufficient velocity to 
adversely affect properly wetted joints. 

2. A method according to claim 1, wherein said air 
stream is heated to a temperature in the range of [93°] 
290° C. to 350' C. 

3. A method according to claim 2, wherein said air 
stream is heated to a temperature in the range of about 
290° C. to 300' C. 

4. A method according to claim 1, further including 
the step of dispersing liquid droplets in said air stream, 
and directing the resultant dispersion onto said board 
and leads. 

5. A method according to claim 4, wherein said liquid 
droplets comprise soldering oil. 

6. A method according to claim 4, wherein said liquid 
droplets comprise a wetting agent. 

7. A method according to claim 4, wherein said liquid 
droplets comprise a flux agent. 

8. A method of reducing the incidence of solder 
shorts, icicling and/or bridging in a mass soldering 
process in which a quantity of molten solder is depos 
ited onto the underside of a component-carrying 
printed circuit board and onto those parts of said com 
ponents which extend below said board underside and 
at least partially ?ll with molten solder any holes in said 
board, said method comprising the steps of: 

depositing a quantity of solder onto the underside of 
said board and component parts by passing the 
bottom surface of said board over a solder wave 
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and substantially immediately following said de 
positing impinging a stream of heated air directly 
onto the molten solder deposited on the underside 
of said board and said component parts by means of 
an air knife blast directed towards the solder wave 
and impinging on the bottom surface of said board 
sufficiently soon after it leaves the solder wave so 
that the solder thereon is still molten, the air stream 
being heated to a temperature above that of the mol 
ten solder. the air blast having sufficiently low ve~ 
locity to leave a solder coating in said holes and 
sufficiently high velocity to remove solder shorts, 
bridges and icicles remaining on said board as it 
leaves the solder wave, the air blast increasing 
forces tending to remove the solder shorts, bridges 
and icicles. 

9. A method according to claim 8 wherein said air 
stream is heated to a temperature in the range of [93"] 
290‘ C. to 350° C. 

10. A method according to claim 9, wherein said air 
stream is heated to a temperature in the range of about 
290‘ C. to 300‘ C. 

11. A method according to claim 8, further including 
the step of dispersing liquid droplets in said air stream, 
and directing the resultant dispersion onto said board 
and leads. 

12. A method according to claim 11, wherein said 
liquid droplets comprise soldering oil. 

13. A method according to claim 11, wherein said 
liquid droplets comprise a wetting agent. 

14. A method according to claim 11, wherein said 
liquid droplets comprise a flux agent. 

15. Apparatus for mass joining with solder electrical 
and electronic components assembled in a circuit board 
wherein said components have leads which protrude 
downward through apertures in the board, and com 
prising in combination: 

a wave soldering station adapted to provide a wave of 
molten solder; 

means for transporting said circuit board across said 
solder whereby a quantity of molten solder may be 
deposited onto said circuit board underside and 
said protruding lead; and 

an excess solder removal station adjacent said wave 
soldering station, said excess solder removal station 
comprising at least one hot air knife disposed below 
the travel path of said board and adapted to direct 
a blast of heated air directly onto the molten solder 
deposited on said board underside, a source of 
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pressurized air, means connecting said source and 
said hot air knife, and means for heating said air 
knife blast to a temperature above that of the molten 
solder prior to directing the latter onto said board 
underside, the air knife blast being directed 
towards the solder wave and impinging on the 
bottom surface of the board sufficiently soon after 
it leaves the solder wave so that the solder is still 
molten, the air knife blast having sufficient velocity 
to remove essentially all bridges and shorts but not 
suf?cient velocity to adversely affect properly 
wetted joints. 

16. Apparatus according to claim 15, and further 
including means for introducing liquid droplets into said 
air stream. 

17. Apparatus according to claim 16, including a 
source of said liquid, and wherein said means for intro 
ducing comprises at least one aspirator connected to 
said source of said liquid. 

18. Apparatus according to claim 16, including a 
source of said liquid, and wherein said means for intro 
ducing comprises at least one atomizing nozzle con 
nected to said source of said liquid. 

19. The apparatus of claim 15, wherein said air knife 
is provided with valve means to give a continuous small 
?ow of air through the knife; and means for detecting 
the presence of a board over the solder wave to open 
the valve and provided a full air blast to the board as it 
leaves the wave. 

20. A method according to claim 3, wherein said solder 
comprises 67/3 7 solder alloy, and said air stream is heated 
to a temperature of about 290° C. to 300° C. 

21. A method according to claim 10, wherein said solder 
comprises 67/37 solder alloy, and said air stream is heated 
to a temperature of about 290‘ C. to 300° C. 

22. Apparatus according to claim 15 wherein said hot air 
knife comprises an elongate hollow chamber having an 
inlet adapted for connection to a source of pressurized air, 
and an elongate outlet, and including resistance heaters 
mounted in the interior of said hollow chamber for heating 
said air to a temperature above that of said molten solder. 

23. Apparatus according to claim 15 wherein said hot air 
knife comprises a hollow elongate block having an inlet for 
connection to a source of pressurized air and an elongate 
outlet, and including a plurality of cartridge heaters 
mounted in said block and adapted to heat said air to a 
temperature to above that of said molten solder. 

I t l l i 
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