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PROCESS AND APPARATUS FOR
THE WAVE SOLDERING OF CIRCUIT BOARDS

Background of the Invention

The present invention relates to methods and
apparatus for providing a non-oxidizing atmosphere at
the surface of a wave soldering bath to discourage the
formation of oxides on the ligquid solder surfaces.

Wave soldering machines have been introduced
for a long time in the industry to automatically solder
components on a printed circuit board which operation was
previously done by hand. A usual wave soldering machine
comprises at least one preheating zone to preheat the
printed circuit board, at least one soldering zone to
solder the components to the board by coating the bottom
side of the printed circuit board with molten solder
contained in a solder.pot, and at least one cooling zone
where the solder is solidified. This soldering process,
or coéting process, is usually conducted in the presence
of a fluxing agent which agent is used to improve the
wetting of the copper surface on the bottom of the printed
circuit board which surface needs to be joined or coated.
The. fluxing agents are usually corrosive and the excess or
residue of these agenfszmust be cleaned after the wave
soldering operation.

Low residue no-clean fluxes or flux-less
processes have been developed wherein it is possible
to carry out the wave soldering process without the
inconvenience of standard fluxing agents, under a
substantially oxygen-free atmosphere, such as nitrogen.

U.S. Patent 3,705,457 discloses one of the
earliest wave soldering processes, including injection of
an inert gas to avoid oxidation of the metallic surfaces

of the printed circuit board.
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printéd circuit board, at |east one soldering zone to solder the conponents
to the board by coating the bottomside of the printed circuit board with
nmol't8n sol der contained in a solder pot, and at |east one cooling zone
whereé the solder is solidified. This soldering process, or .coating process,
is usually conducted in the presence of a fluxing agent_which agent is used
to inpprove the wetting of the copper surface on the bGHI®SHBET HAs BEENN} ed
circuit board which surface needs to be fopned or cofted. REPRACEDXI ng
agents are usually corrosive and the excess or residue of these agents nust
be cl eaned after the wave sol dering operation. Low residue no-clean fluxes

or flux-less U.S. Patent 4,538,757 discloses a wave soldering
process under a reducing atmosphere comprising nitrogen

and hydrogen, and nitrogen curtains at entrance and exit
of the machine to inhibit atmosphere exchange with the
ambient air.

U.S. Patent 4,606,493 discloses a method and
apparatus for soldering printed circuit boards under an
inert gas atmosphere to prevent oxidation of the
electrical (usually copper) connections due to the heat
produced during soldering and reduce the occurrence of
thermal stress defects in the circuit carrier. To this
end, an inert gas is injected through slits to provide
a plurality of jets of high velocity which impinge the
bottom side of the printed circuit board. As a condition
of operation, the temperature of the inert gas jets is
about twice as high as the temperature of the molten
solder in the solder pot (600°C).

U.S. Patent 4,646,958 discloses a solder reflow,
or solder chip process which is carried out in a flux-less
or flux free system, under an atmosphere comprising
nitrogen and saline, or hydrogen and saline.

U.S. Patent 4,821,947 discloses a process to coat
a molten metal to a metal-comprising surface without using
a flux. This process is carried out in an inert
atmosphere in which the temperature is sufficiently low
that no damage is done to the metal-comprising surface,
and no damage is done to materials such as components
adjacent to the metal-comprising surface.

U.S. Patent 5,071,058 discloses a process for
conducting a joining/coating operation which is carried
out in a controlled oxidizing atmosphere, having an
oxidation capability greater than that required to oxidize
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processes have been devel oped wherein it is possible to carry out the wave
sol dering process without the inconveni ence of standard fluxing agents,
under: a substantially oxygen-free atnosphere, such as nitrogen. U S. Patent
3, 705, 457 discl oses one of the earliest wave sol dering processes, including

i njection of an inert gas to avoid oxidation of the netallic surfaﬁes—ff
the printed circuit board. -2- U.S. Patent 4,538, 5nusisHEED#AS BEENaye
sol deri ng -3 - - REPLACED

a metal-comprising filler material used for joining or

coating, but having less oxidation capability than that
of air. In case of a wave soldering process the oxygen
content in the inert gas atmosphere is at least 10 ppm

and preferably at least 500 ppm. '

U.S. Patent 5,121,875 discloses a short hood for
wave soldering machines, wherein preheating of the printed
circuit boards is carried out under air. In this process
a no-clean flux is used and an oxygen concentration which
'is less than 5% is recommended at the solder pot.

U.S. Patent 4,921,156 discloses an apparatus

- having a soldering chamber and comprising means to inject
a protective gaseous atmosphere in the soldering chamber
and sealing skirt means protruding downwardly into the
pool of molten metal solder. Preferably the protective
gaseous atmosphere is comprised of nitrogen and possibly
of some reducing agent;

U.S. Patent 4,746,289 discloses a process for
treating parts under a non-reactive atmosphere with
laminar flow conditions. The laminar flow conditions
disclosed in this patent usually apply for inert gas
injection in wave soldering machines.

In sum, a substantially oxygen-free atmosphere
has been achieved by a so-called fully inerted wave
soldering system, and a dross reduction boundary system.

The fully inerted wave soldering systems
currently uses a tunnel type of system. That type of
system is very expensive and time-consuming to install.
Because this type of machine uses a tunnel, the access
to the assemblies being soldered is greatly reduced.

To achieve the desired results that type of system must
operate at very high gas flow rates (over 1500 scfh).

—

en Replaced

e



procéss under a reduci ng atnosphere conprising nitrogen and hydrogen, and
nitrogen curtains at entrance and exit of the machine to inhibit atnosphere
excitanger with the anbient air. U S Patent 4,606,493 discloses a nethod and
apparatus for soldering printed circuit boards under an. inert gas

at nosphere to prevent oxidation of the electrical (usually copper)

connections due to the heat produced during solderin 1 SUBEEN
occurrence of thermal stress defects inthg circuit éP*Pgilmﬁgﬁbhls epd,
an inert gas is injected through slits to provide a pl E uu ets—of

hi gh vel ocity which inpinge the bottom side of the printed CIrCUIt board.

As a condition
By doing this, the oxygen ppm level in the inerting systenm

is kept low, thus yielding the desired results. If the
flow rate is reduced, the atmosphere becomes unstable and
benefits are lost. The primary goal of the fully inerted
system is keep the oxygen ppm level below approximately
100 ppm. This then would yield the maximum dross
reduction with the greater wettability for soldering.
The dross reduction boundary inerting system
was developed to address the problems of the fully inerted
- system. The design was such that it can be easily

. installed and is much lower in cost. The other goal of
this system was to have a reduced inerting gas flow rate.
While those goals appear to have been met, the performance
of that system is greatly reduced as compared to that of
the fully inerted system. Because the boundary inerting
system depends on a circuit board being present for the
inerting to take place, the actual inerting effect is
never fully achieved. The dross reduction of such a
system is typically at best 70% (with reference to a
solder pot operating without an inerting gas) with only

marginal if any improvements in wettability.
Examples of a dross reduction boundary
inerting system can be found in U.S. Patents 5,203,489
and 5,240,169. There is disclosed therein a system in
which solder waves are established by wave pumps in a
solder reservoir. A conveyor transports circuit boards
so that their undersides pass through the solder waves.
As depicted in FIG. 10, a cover plate (C) extends across
the top of the reservoir (R) and includes recesses to
accommodate the solder waves. On the sides of each solder
wave there is thus formed a chamber (CH) bordered on its
top by the cover, on its bottom by the solder reservoir,
one side by the solder wave, and on an opposite side by
either (i) a stationary wall (of the solder pot or solder
//
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of Operation, the tenperature of the inert gas jets is about twice as high
as the tenperature of the nolten solder in the solder pot (600[err]C). U S
Pat ént 4« 646, 958 di scl oses a sol der reflow, or solder chip process which is
carrted out in a flux-less or flux free system under an atnosphere

conprising nitrogen and saline, or hydrogen and sali T IBASERHEN
4,821,947 discloses a process to coat. a nolten met 4l Isgﬂéggkgﬁyconprlsing
surface without using a flux. This proqeﬁs_js car r ileg—ett—trmamTher {

at nosphere in which the tenperature is sufficiently |low that no danmage is

gggﬁ ;g f:gre}p gﬁ&ahoﬁeﬁla@')s' BY FUihaekotiid MpERAATS dDnethe saserials
where the chamber is situated between two solder waves)
Each chamber includes a gas outlet defined by a gap (G)
formed between the solder wave (SW) and an edge of the
cover slot.

Disposed within each chamber is a gas discharge
pipe (P) extending parallel to the length of the solder
wave. A shield gas is discharged from orifices in the gas
discharge pipe to create an inert atmosphere within the
chamber (CH). A flow (F) of shield gas exits the chamber
through the outlet. That gas flow is intended to provide
an inert blanket across the portion of the wave side which
projects above the gap (G) when a circuit board is
present. However, when no circuit board is present, the
portion (TS) of the top surface of the wave which curves
away from the gap (G) is exposed to any ambient oxygen
which may be present in the ambient atmosphere, whereupon
dross can be formed. In the case of soldering operations
in which there occurs a wide spacial gap between
successive circuit boards being conveyed to the solder
pot, it is not unusual for the solder wave pumps to be
deactivated between the soldering of successive boards in
order to minimize dross formation. _

Furthermore, the behavior of the gas flow (F)
emerging from the chamber can actually promote the
formation of dross on the solder wave. In that regard,
the pressure difference between the gas in the discharge
pipe on the one hand and the atmosphere disposed above
the chamber outlet, on the other hand, is relatively
low. As a result, the velocity of the gas traveling
within the chamber toward the outlet is relatively slow.

\
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adj acent to the netal -conprising surface. U S. Patent 5,071,058 discloses a
process for conducting a joining/coating operation which is carried out in
a tentrol |l ed oxidizing atnosphere, having an oxidation capability greater
t harr t hat required to oxidize -3- a netal-conmprising filler materia
used_for joining or coating, but having | ess oxidation capability than that
of air. In case of a wave soldering process the oxygen content in the inert
gas atnosphere is at |east 10 ppm -6 - THIS SHEET HAS BEEN
: REPLACED

Due to its slow travel, the gas will be significantly
heated by the hot solder wave. Consequently, the hot gas
flow (F) emerging from the gap (G) has a tendency to
rapidly rise and create a free swirling convection current
(cc) which draws the cooler atmosphere (and any oxygen
contained therein) downwardly toward the solder wave,
thus resulting in the formation of dross. ' '

Another region in which dross is formed in the
solder is at the place where the drive shafts for the wave
pumps enter the solder reservoir. The rotation of those
shafts produces a churning of the solder, whereby
oxidation is promoted.

It will be appreciated that the dross formed in
the solder eventually builds up to a level requiring that
the solder pot be shut-down to enable the dross to be
skimmed off the top of the solder reservoir. The
frequency at which those costly shut-downs occur is
a function of the rate of dross formation.

Therefore, it would be desirable to minimize
the rate of dross formation beyond the rates currently
achieved. It would also be desirable to minimize the
amount of solder which is exposed to an oxidizing
atmosphere in the bath.

Summary of the Invention

The present invention relates to process and
apparatus aspects relating to the wave soldering of a
member such as a circuit board. The process involves
emitting a solder wave upwardly from a solder nozzle,
and passing the member along a path so that at least an
underside of the member passes through the solder wave.
Shield gas is provided within first and second gas plenums
disposed upstream and downstream, respectively, of the
solder wave as defined with reference to the direction
of travel of the member. Each gas plenum includes a side
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and preferably at |east 500 ppm U.S. Patent 5,121,875 discloses a short
hood for wave sol deri ng nachi nes, wherein preheating of the printed circuit
boards i's carried out under air. |In this process a no-clean flux is used
and "an oxygen concentration which is Il ess than 5%is recomended at the

sol der pot. U. S Patent 4,921,156 discloses an appptatss—having a sol dering
chanper and conprising nmeans to inject a protectivg T&E%@@ﬂETHAmBEENehe I n

t he sol dering chanber and sealing skirt n?ans pr ot kudi n&REBARERr dl y {i nto
the pool of nolten netal solder. Preferably the protective gaseous

at nosphere is conprised of nitrogen and possibly of sone reducing agent.

wall disposed opposite the solder wave, with orifice means
formed in the side wall. The shield gas is pressurized
within each plenum so that the shield gas exits the
orifice means for travel toward the solder wave at a
velocity in the range of 1-30 m/s. '

In another aspect of the process, shield gas is
introduced into each plenum by conducting the shield gas
along a delivery conduit extending longitudinally within
the plenum. The gas is discharged along the longitudinal
length of the delivery conduit. The shield gas is
conducted outwardly from each plenum through the
orifice means such that the velocity of the shield gas
is substantially increased and is directed toward the
solder wave.

In still another aspect of the process, the
plenum side wall faces the solder wave, with vertically
spaced orifice means in the side wall. Each plenunm is
arranged such that an upper portion of the side wall is
spaced horizontally from the solder wave to form a gap
therebetween, with an upper portion of the top surface of
the solder wave being disposed above, and curving away
from, the gap. Pressurized shield gas is provided within
the plenums such that the shield gas is ejected from the
orifice means for travel toward the solder wave, with at
least an upper portion of the ejected gas being directed
toward and across the portion of the top surface of the
solder wave which curves away from the gap.

In still another aspect of the process, the
shield gas may be ejected from a top wall of the plenum
instead of, or in addition to, the discharging of shield
gas from a side wall. Such upwardly discharged shield
gas impinges against the underside of the member to
strip the air from such underside.
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U.S. “Patent 4, 746,289 discl oses a process for treating parts under a
non-reactive atnnsphere with amnar flow conditions. The |am nar flow
condltlons di sclosed in this patent usually apply for inert gas injection
in wave sol dering machines. In sum a substantially oxygen-free atnosphere
has been achieved by a so-called fully inerted wave sol dering system and a
dross reduction boundary system The fully inerted walVqugOiiiaiT HAs BEEN €TB
currently uses a tunnel type of system That type of >ys1e¢&§§A@gmy
expensive and time-consunmng to install” BeCause thi s-t+ype—ot—machimeUses
a tunnel, the access to the assenblies being soldered is greatly reduced.

An apparatus aspéct of the invention comprises a
solder reservoir, a solder nozzle disposed in the solder
reservoir, a pump for ejecting an upward solder wave from
the solder nozzle, and a conveyor for conveying the member
such that an underside thereof passes through the solder
wave.

First and second gas plenums are disposed
adjacent upstream and downstream sides, respectively,
of the solder wave, as defined with reference to a
direction of travel of the conveying means. Means is
provided for delivering pressurized shield gas into each
plenum. Each plenum includes a side portion opposing
a solder wave. Each side portion has orifice means
for discharging the pressurized shield gas toward the
solder wave. The orifice means is dimensioned so that
pressurized shield gas is discharged through the solder
means toward the solder wave at a velocity in the range
of 1-30 m/s.

In another aspect of the apparatus, a delivery
conduit may extend longitudinally within each plenum for
introducing shield gas into the plenum so that the plenum
is pressurized with shield gas. The side wall includes
orifice means arranged to eject the pressurized shield
gas toward the solder wave and is dimensioned to produce
a substantial increase in the velocity of the shield gas.

In yet another aspect of the apparatus, a side
portion of the plenum disposed opposite the solder wave
has vertically spaced orifices for discharging shield
gas. An upper portion of the plenum is spaced from the
respective solder wave to form a gap therebetween, with
a portion of a top surface of the solder wave disposed
above, and curving away from, the gap. Lower ones of
the orifices are arranged to direct pressurized shield

-
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To achieve the desired results that type of system nust operate at very
hi gh gas flow rates (over 1500 scfh). -4- By doing this, the oxygen ppm
| evel intthe inerting systemis kept low, thus yielding the desired
results. If the flowrate is reduced, the atnosphere becones unstable and
benefits are lost. The primary goal of the fully inerted systemis keep the
oxygen ppm | evel bel ow approxi mately 100 ppm This &hen would vield the

maxi mum dross reduction with the greater gettabll|tyﬂﬂBSHEET@Bmun¢N
REPLACED

gas toward a portion of the solder wave situated below
the gap. Upper ones of the orifices are arranged to
direct pressurized shield gas toward and across a portion
of the top surface of the solder wave curving away from
the gap.

In still a further aspect of the apparatus,
a top wall of the plenum may include orifice means
instead of, or in addition to, the orifice means provided
in a side wall. Shield gas discharged upwardly from the
orifice means in the top wall impinges against the
underside of a member to strip entrained air therefrom.

In yet another aspect of the apparatus, the
conveyor which conveys the member, is adjustable to vary
the conveyor width and accommodate members of different
widths. An enclosure overlying the solder reservoir
includes an inlet and an outlet for a member being
conveyed. An atmosphere of shield gas is established
within the enclosure. A curtain extends horizontally
across at least one of the inlet and outlet ends to cover
a portion thereof not occupied by the conveyor. One end
of the curtain is connected to the adjustable portion of
the conveyor for movement therewith when the conveyor
width is adjusted.

In still another aspect of the apparatus,
a motor-driven shaft extends downwardly into the solder
reservoir for operating the pump. A stationary hollow
sleeve extends downwardly below the solder surface, with
the shaft extending through the sleeve, in order to
restrict churning of solder to a region within the sleeve.
Pressurized shield gas is conducted into the sleeve to
inert the solder being churned therein.
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The dross reduction boundary inerting systemwas devel oped to address the
problems of the fully inerted system The design was such that it can be
easily installed and is much lower in cost. The other goal of this system
was to have a reduced inerting gas flow rate. Wile those goals appear to
have been net, the performance of that systemis greatly reduced as

compared to that of the fully inerted system Because a¥erey ting
system depends on a circuit board being gpesent for th %%
pl ace, the actual inerting effect is never fully achieved: GafEBss

reduction of such a systemis typically at best 70% (wth reference to

sol der pot operating without an inertin as) wt .
P P gAnother aspect of ghg a%paragugnH¥volves

an inerting assembly adapted for use in a wave soldering
apparatus to provide an inerting atmosphere. The assembly
comprises a plenum having a top wall and two downwardly
depending side walls extending between opposite
longitudinal ends of the plenum. At least one of the

side walls includes orifice means formed therein. A gas
delivery conduit extends longitudinally within the plenum
for introducing shield gas into the plenun.

Another aspect of the apparatus involves
providing the plenum with a bottom wall and submerging
that bottom wall into the solder in the reservoir so that
the solder situated directly beneath the bottom wall is
not exposed.

The plenums are preferably adjustable angularly
about a longitudinal axis of the plenum, and either
horizontally or vertically.

Brief Description of the Drawings
The objects and advantages of the invention will

become apparent from the following detailed description
of preferred embodiments thereof in connection with the
accompanying drawings in which like numerals designate

like elements and in which:
FIG. 1 is a vertical sectional view taken through

a solder pot as a circuit board is being passed
therethrough, in accordance with the present invention;

FIG. 2 is a fragmentary perspective view of a gas
plenum according to one embodiment of the present
invention;

FIG. 3 is a vertical sectional view taken through
the solder pot along a vertical plane oriented
perpendicular to a direction of movement of circuit boards
and passing through a drive shaft of a wave pump; '

|I\
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marginal if any inprovements in wettability. Exanples of a dross reduction
boundary inerting systemcan be found in U S. Patents 5,203,489 and

5, 240, 169. There is disclosed therein a systemin which sol der waves are
est abl i shed by wave punps in a solder reservoir. A conveyor transports
circuit boards so that their undersides pass through the sol der waves. As
depicted in FIG 10, a cover plate (C) extends across taop of the
reservoir (R) and includes recesses to a0£fnnndate t hi E%Ed%ﬁmmanassgmm t he
si des of each solder wave there is thus formed a chantier ( CREPI#gIEder ed ¢n
its top by the cover, on its bottomby the solder reservoir, one side

the sol der wave, and on an opposite side by
FIG. 4 is a view similar to FIG. 3 with the

vertical plane passing through one of the pressurized gas
plenums; '

FIG. 5 is a top perspective view of a first
embodiment of a gas plenum assembly according to the
present invention;

FIG. 6 is a view similar to FIG. 4 of a second
embodiment of a gas plenum assembly according to the
present invention; '

FIG. 7 is a view similar to FIG. 4 of a third
embodiment of a gas plenum assembly according to the
present invention;

FIG. 8 is a fragmentary schematic view showing
the direction of gas flow from a pressurized gas plenum
according to the present invention;

FIG. 9 is a view similar to FIG. 8 of a modified
plenum;

FIG. 10 is a view similar to FIG. 8 of a prior
art arrangement;

FIG. 11 is a vertical sectional view taken
through a solder pot as a circuit board is being passed
therethrough, in accordance with a fourth embodiment of
the present invention;

FIG. 12 is a top perspective view of a gas plenum
assembly according to the fourth embodiment of the present
invention;

FIG. 13 is a vertical sectional view taken
through the solder pot and a gas plenum according to the
fourth embodiment of the invention;'

FIG. 14 is a fragmentary schematic view showing
the direction of gas flow from a pressurized gas pienum
according to the fourth embodiment of the present
_ﬁ_____h____~_;‘fﬁ~_
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either (i) a stationary wall (of the sol der pot or sol der -5- pot
housing), or (ii) another solder wave (in the case where the chanber is
si t tat ed ‘bet ween two sol der waves). Each chanber includes a gas outl et
defined by a gap (G fornmed between the sol der wave (SW and an edge of the
cover slot. Disposed within each chanber is a gas discharge pipe (P)
extending parallel to the length of the sol der wave. TﬁﬂiﬁhﬁngﬁﬁshﬁgN
di scharged fromorifices in the gas - 12 - REPLACED

FIG. 15 is a cross-sectional view through a
modified gas plenum;

FIG. 16 is a view similar to FIG. 1 of a fifth
preferred embodiment of the invention;

FIG. 17 is a vertical sectional view through an
adjustable gas plenum according to the invention;

FIG. 18 is a sectional view taken along the
line 18-18 in FIG. 17; '

FIG. 19 is a view similar to FIG. 18 of a
modified adjustable gas plenum; and

FIGS. 20, 21 and 22 are cross-sectional views of
modified plenums, respectively, for use in the FIG. 16
embodiment.

Detailed Description of Preferred
Embodiments of the Invention

Depicted in FIG. 1 is a solder pot (10) that
contains a solder reservoir or bath (11) in which a pair
of solder waves (12, 14) has been established by
respective wave nozzles (16, 18) and adjustable pumps (20,
22) in a conventional manner. The wave (12) can be a
turbulent wave, and the wave (14) can be a laminar wave,
although the waves could exhibit any desired flow

characteristics.

The wave (12) is disposed upstream of the wave
(14), as defined with reference to the direction of travel
(T) of circuit boards (26) that are conveyed by a
conventional conveyor (30) such that at least the
undersides of the circuit boards (26) pass sequentially
through the solder waves (12, 14). The direction of
travel (T) is inclined upwardly at an angle to horizontal,
although it could be horizontal if desired.

" This Speey Ha
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di scharge pipe to create an inert atnosphere within the chanmber (CH). A
flow (F) of shield gas exits the chanber through the outlet. That gas fl ow
is"intended to provide an inert blanket across the portion of the wave side
&ﬂich proj ects agove the gap (G when a circuit board is_present. However,

en no circuit board is present, the portion (TS) of tHEHISGHESY!
the wave which curves away fromthe gap (G is exposedjto aggﬂgaégggﬁﬁﬁ
oxygen whi ch may be present in the anbient atnosphere, whereupomdress—ean
be formed. In the case of soldering opéré?iﬁns in which there occurs a w de
spaci al gap between successive circuit boards being conveyed to the sol der
pot, it is not unusual for the sol der wave punps to be

A shield gas system is provided for resisting

the oxidation of the solder in the reservoir. That

system comprises a plurality of gas plenums (40, 50, 60).
The first gas plenum (40) is located upstream of the

first wave (12) (as defined with reference to the
direction of conveyance of the circuit boards); the second
gas plenum (50) is located between the waves (12, 14); the
third gas plenum (60) is located downstream of the second
wave (14). Each plenum is spaced from a respective solder
wave to form a horizonal gap (@) therebetween.

Each gas plenum includes three upstanding walls,
namely, one vertical end wall, two vertical side walls,
and a top wall. For example, shown in FIG. 5 are first
and second ones of the gas plenums (40, 50). The first
gas plenum (40) includes a vertical end wall (42), two
vertical side walls (44, 46), and a top wall (48).
Likewise, the second gas plenum (42) includes one end wall
(52), two side walls (54, 56), and a top wall (58).
Depicted in FIG. 1 are the side walls (64, 66) and top
wall (68) of the third gas plenum (60). The plenums (40,
50, 60) are open at their bottom sides so that each plenum
is partially immersed in the solder, and the floor of the
plenum chamber is defined by the surface of the solder.
Also, the end of the plenum (40) disposed opposite the end
wall (42) is open (see FIG. 4) and placed sealingly
against a fixed vertical wall (32) disposed within the
reservoir. One end of the plenum (40) is attached to a
wall (33) of the solder pot by means of a bracket (34),
and the other end is attached to the wall (32) by a
bracket (35). '
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deactivated between the soldering of successive boards in order to mnimze
dross formation. Furthernore, the behavior of the gas flow (F) energing
fromthe chanber can actually pronote the formati on: of dross on the sol der
wave. In that regard, the pressure difference between the gas in the

di scharge pipe on the one hand and the atnosphere disp _
chanber outlet, on the other hand, is relatively Iomﬁ-%gﬂﬁsﬁggﬁfﬁﬁsﬁﬁﬁN
vel ocity of the gas traveling within the chanber toward the RERLACED; o

rel atively sl ow

Similar brackets (nof shown) are provided
for attaching the other plenums (50, 60) to the walls
(32, 34). Extending longitudinally within the plenum (40)
is a gas delivery pipe (47). That pipe (47) is fastened
to the wall (32) and is connected to a gas supply
hose (36), the latter being connected to a source of
pressurized shield gas, such as an inert gas, for example
nitrogen, argon, carbon dioxide, a noble gas or any
mixture thereof, or a mixture of an inert gas and a
reducing gas such as H,, a hydride such as silicon
hydrides, etc. The delivery pipe (47) includes suitable
outlets for enabling the shield gas to be discharged
generally uniformly along the length of the plenum.

Each of the other plenums (50 and 60) is provided
with its own gas delivery pipe (57, 67), respectively,
functioning in a manner similar to the pipe (47).

Each of the gas plenums has longitudinally spaced
gas discharge orifices for discharging the gas. The first
gas plenum (40) includes orifices (45) formed in its side
wall (46) facing the first wave (12); the second gas
plenum (50) has gas orifices (55) formed in its side wall
(54) facing the first wave (12), and orifices (55’) in its
side wall (56) facing the second wave (14); the third gas
plenum (60) has orifices (65) in its side wall (64) facing
the second wave (14). Those orifices result in a uniform
distribution of gas along the length of the wave.

The discharge orifices (45, 55, 55’, 65) are
shown as comprising horizontally elongated slits arranged
as vertically spaced rows of horizontally spaced slits,
but they can assume any other desired configuration, such
as horizontally spaced, vertical slits. Instead of
elongated slits, the orifices could be circular, oval or
any other shape. Importantly, the area of the discharge
orifices of each gas plenum is designed in conjunction
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REPLAEENENT SHEET -6- Due to its slowtravel, the gas will be significantly
heated by the hot sol der wave. Consequently, the hot gas flow (F) energing
fromthe*gap (G has a tendency to rapidly rise and create a free swirling

convéction current (CC) which draws the cool er atnosphj - n
contai ned therein) downwardly toward the sol der mave,*Fﬁ§§$%§§5?3X§g§$§jthe
formati on of dross. Another region in which dross is flornedX LAGRD sol ddr
is at the place where the drive shafts foi t he wave punps enter the sol der
reservoir. The rotation of those shafts p 3duces a churning of the solder,
wher eby with the magnitude of the gas flow provided to each plenum
by the respective delivery pipe (47, 57, 67) to create a
pressure in the range of 0.01-50.0 inches of water in each
plenum, and such that the shield gas discharged therefrom
in laminar streanms having a high velocity in the range of
1-30 m/s, more preferably 3-8 m/s.

Furthermore, as shown in FIG. 8 the gas discharge
orifices of the plenum are arranged to direct the high
velocity ‘shield gas toward the respective solder wave from
the bottom to the top thereof. Thus, the lowermost row of
slits (45’) directs gas toward a lower portion of the wave
(either horizontally or at an angle relative to horizontal
(see FIG. 9)); the middle row of slits (45") directs gas
toward an intermediate portion of the wave; and the
uppermost row (45+) of slits directs gas toward an upper

portion of the wave.

In particular, the gas from the uppermost row of
slits (45+) is directed toward and across the portion of
the top surface (T8) of the wave located above, and
curving away from, the gap (@), as shown in FIG. 8. As a
result, high velocity gas emerging upwardly from the gap
(G) is deflected to travel across the top of that portion
(T8) of the wave top surface. The high velocity of the
deflected gas provides the gas with a relatively high
momentum which resists being displaced away from the wave
by thermally generated forces emanating from the wave.
Thus, even when there is no circuit board passing through
the wave, a substantial portion (if not all) of the top
surface of the wave will be blanketed by the gas, which
tends to follow the contour of the wave for a substantial
distance. This will not occur in the casé of slow-moving
gas which is not caused to be deflected, as shown in
FIG. 10.
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oxidation is pronoted. It will be appreciated that the dross forned in the
sol der eventually builds up to a level requiring that the sol der pot be
shut-down to enable the dross to be skimed off the top of the sol der
reservoir. The frequency at which those costly shut- S66H—LS_Q
function of the rate of dross formation. Therefore, it] mlsﬁﬁﬁﬁf@ésmmble
to mnimze the rate of dross formation beyond the rat cuPFERLACED
achieved. It would al so be desirable to_n%ﬁ|ﬂ1ze t he anount of sol der Whi ch
I s exposed to an oxidizing atnosphere in e bath. Summary of the Invention

Furthermore, the high velocity of the gas
according to the present invention minimizes the contact
time between the gas and hot solder wave, so the gas
exiting the gap (G) is relatively coocl. That means that
there will be less of a tendency for a swirling air
current to be established above the gap which could draw
cooler atmosphere (and possibly air) down toward the wave
as compared to slower moving air which is significantly
heated by the wave as previously described in connection
with FIG. 10. |

In addition, by discharging gas at high velocity
from the slits, the slits will be less likely to become
clogged by solder which may tend to splash toward the
plenum. That would not be the case if the gas were to
exit at such a slow speed that it could not effectively
push away the solder.

It will be appreciated that the side walls
(46, 54, 56, 64) need not be flat or perfectly vertical.
Instead, they could be curved in any direction (e.g.,
see the broken lines in FIG. 9) and/or angled relative
to vertical (see the solid lines in FIG. 9). It is only
necessary that they be located generally opposite the
respective solder wave so that gas streams emitted
- therefrom can éontact the wave.

The top walls of one or all of the gas plenunms
can also be provided with gas discharge orifices. 1In that
regard, attention is directed to FIG. 5 depicting the
first and second gas plenums (40, 50) having gas discharge
orifices (49, 59) in their respective side and top walls.
Gas discharged upwardly from those orifices (49, 59) bears
against the undersides of the circuit boards to strip
therefrom oxygen-containing air which may be entrained
by the circuit boards. The total area of those orifices
is designed to provide a gas velocity in the range
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The present invention relates to process and apparatus aspects relating to
the wave sol dering of a menmber such as a circuit board. The process

i nvol ves emtting a sol der wave upwardly from a sol der nozzle, and passing
t he -nenber along a path so that at |east an underside ESes
t hrough the sol der wave. Shield gas is provided wit hilnTHis SBEEREAS ngl gas
pl enuns di sposed upstream and downstream respectively,_ofREHéWEPIdpr \av e
as defined with reference to the directiqn of travel of the member. Each
gas plenumincludes a side

of 1-30 m/s, more preferably 3-8 m/s. Such a gas velocity
is able to strip entrained air, without disrupting any
solder (in the case of the second and third plenums

(50, 60)). The top walls need not be flat, but can have
other shapes, including a curved shape as shown in broken

lines in FIG. 9.

In the event that a gas plenum is provided with
discharge orifices in more than one wall thereof, it may
be desirable to independently control the velocity of gas
discharged from each wall. This can be accomplished by
providing a divider within the plenum to segregate the
gases discharged from the respective walls. For example,
attention is directed to FIG. 2 depicting a divider (70)
disposed within the second plenum (50). That divider
cfeates three chambers (72, 74, 76) which are fed by
three respective gas delivery pipes (not shown).

The gases discharged through the respective discharge
openings (55, 55/, 59) can thus have their velocities
independently controlled. In similar fashion, either or
both of the first and third gas plenums (40, 60) could be
provided with a divider which divides the plenum into two
chambers for independent control.

If desired, shield gas can be discharged solely
through the side walls, as depicted in FIG. 6, or solely
through the top walls, as depicted in FIG. 7. In FIG. 6,
gas discharge openings (45, 55, 55’) are formed solely in
the side walls of the gas plenums (40A, 50A). In FIG. 7,
discharge openings (47, 59) are formed solely in the top
walls of the gas plenums (40B, 50B).

It is preferred that an enclosure (80) be
arranged over the solder reservoir, with inlet and outlet
curtains (82, 84) being positioned over inlet and outlet
‘ends of the enclosure. In that way, the shield gas can
be better retained in the vicinity of the solder waves
(12, 14). The curtains can comprise vertical strips of

I
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- 7 - wall disposed opposite the solder wave, with orifice neans fornmed in
the side wall. The shield gas is pressurized within each plenumso that the
shield gas exits the orifice means for travel toward the sol der wave at a
velocity in the range of 1-30 m's. In another aspect Of I iEsIEIX tmel d
gas is introduced into each plenum by conducting the shiterd gggﬁaﬂ%
deli-very conduit extending longitudinally within the p

di schar ged along the |ongitudinal |ength g the delivery conduit. The
shield gas is conducted outwardly from ea pl enum t hrough the orifice

means such t?i&x&ﬁievﬁgggigﬁﬁj ﬂ?gidﬁa‘iﬁjﬁg?izontally overlapping
relationship. The strips would be attached only at their
upper ends to enable the conveyor and circuit boards to
push them aside. The enclosure preferably has a cover
(86) which includes a transparent middle section (88)
preferably formed of glass to permit the soldering
operation to be observed. The cover (80) can be hinged
at (90) (see FIG. 3) to permit the cover to be raised if

desired.

The cover (80) is hinged to a section (92) of
the solder reservoir through which pump drive shafts (94)
extend (see FIG. 3). Each pump drive shaft (94) is driven
by a respective motor (96). 1In order to inert the area of
the solder which is churned by the rotatlng action of the
drive shafts (94), there is provided a stationary hollow
sleeve (100) for each drive shaft. That sleeve (100) is
of cylindrical configuration and extends downwardly below
the upper level (102) of solder in the reservoir. Each
drive shaft (94) extends through its respective sleeve
(100). A shield gas under pressure is fed to the interior
of the sleeve (100) by a supply hose (101), and the gas
exits the sleeve (100) through a hole (103) formed in the
sleeve. Hence, the only portion of the solder reservoir
which is churned by the rotating drive shaft (94) is
disposed within the sleeve and is inerted by the shield
gas which is maintained under pressure within the sleeve
(100).

The conveyor (30) for the circuit boards (26)
travels on conventional carriers (110, 110’) (see FIG. 3).
That is, the conveyor comprises a pair of endlessly
rotating chains (30/, 30"). The chain (30’) includes
a flight (30’A) traveling into the plane of the paper in
FIG. 3 (i.e., traveling away from the observer), and a
flight (30/B) traveling out of the paper (toward the
observer). Likewise, the conveyor chain (30") includes
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is substantially increased and is directed toward the sol der wave. In stil
anot her aspect of the process, the plenumside wall faces the sol der wave,
with vertically spaced orifice nmeans in the side wall . —Each plenum.is
arranged such that an upper portion of the side wall ijsTEISRIBEETHAS BEEN ql |y
fromthe solder wave to forma gap therebetween, with jan upBEPLASED i on Qf
the top surface of the sol der wave bei ng di sposed above, and curving away

from the gap. Pressurized shield gas is preow ded within the plenuns such

that the shield gas is ejected fromthe orifice neans for travel toward the

sol der wave, #iidheé |[$684,apouppetraceling dhtohend eutedfyahdaner,

directed respectively. That conveyor arrangement is conventional.
The carrier (110) is mounted to a wall (111) which is
horizontally adjustable toward and away from the other
carrier (110’) in a conventional manner (not shown) to
vary the spacing between the conveyor chains (30/, 30")
in order to accommodate circuit boards (26) of different
widths. The carrier (110) is connected to a horizontal
curtain (112) which is separate from the aforementioned
curtains (82, 84) and is provided to overlie the portion
of the inlet and/or outlet not occupied by the conveyor
(30). One end of the curtain (112) is mounted to a
vertical roller (114) which is biased in rotation by coil
torsion springs (113). The other end of the curtain-is
connected to the carrier (110). When the carrier (110) is
horizontally adjusted in order to vary the conveyor width,
the curtain (112) is automatically rolled (or unrolled).
The curtain (112) can be disposed at the inlet and/or
outlet of the enclosure.

Instead of employing a curtain (113) which rolls

up, a collapsible curtain, e.g., a bellows-like member,
could be employed which expands and contracts in an

accordion-like manner when the carrier (110) is adjusted.
In operation, circuit boards (26) are conveyed by
the conveyor (50) to the solder reservoir. The circuit
boards may have been pre-treated with a flux and heated,
in a conventional manner. As the circuit boards travel
past the inlet curtain (82) and enter the enclosure (80),
shield gas discharged upwardly from the top slits (49) of
the first pressurized gas plenum (40) impinges against the
underside of the circuit board to strip away entrained air
as the board passes that gas flow. After passing the
first pressurized gas plenum, the underside of the circuit
board travels through the first solder wave (12) and is
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toward and across the portion of the top surface of the solder wave which

curves away

shield gas may be ejected froma top wall of the plenum.instead of ., or in

addi tion to,
di scharged s

fromthe gap. In still another aspect of the process, the

t he discharging of shield gas froma side {wahis. SHIETTHARBEEN |y
hi el d gas i npi nges agai nst the undersi de of| t he BERDS&IED 0 St rfi

©

the air from such undersi de. An appar atus aspect of The Tnventlon

conprises a

sol der reservoir, a solder nozgle disposed in the sol der

coated with solder in the customary manner. Then, the

‘underside of the circuit board sequentially travels

across: (i) an air-stripping flow of shield gas
discharged from the top slits (59) of the second
pressurized gas plenum (50), (ii) the second solder

wave (14), and (iii) an air-stripping flow of shield gas
discharged from top slits of the third pressurized gas
plenum (60). The speed of the air-stripping gas flowing
from the top slits of the second and third pressurized gas
plenums (50, 60) is not great enough to disturb or remove
solder from the undersides of the circuit boards.

The formation of dross in the solder is
minimized by the effective measures taken to keep air
away from the solder. That is, the air-stripping flows
of shield gas discharged from the top slits of the gas
plenums (40, 50, 60) minimize the concentration of oxygen
traveling in the vicinity of the solder. There is thus
achieved a shielding atmosphere which is retained by the
enclosure (80).

Furthermore, the surfaces of the solder waves
are amply protected by shield gas ejected from the side
slits (55 and 55’) of the three pressurized gas plenuns.
Those gas flows are discharged at relatively high speed
from the pressurized plenums, and are deflected by at
least an upper gas flow from the plenum so as to travel
across and in contact with the portion (TS) of the top
surface of the wave which curves away from the gap (G).
That gas produces an effective inerting of the wave
surface (TS) even in the absence of a circuit board.

The high velocity of the gas traveling toward the
gap (G) results in the gas emerging from the slot (G)
being cooler than in the case of slow-moving gas. Hence,
there is less of a tendency for circular convection
currents to be established which can pull oxygen-
containing atmosphere down toward the wave.
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reservoir, a punp for ejecting an upward sol der wave fromthe sol der
nozzl e, and a conveyor for conveying the nenber such that an underside

t her eof ‘passes through the sol der wave. First and second gas plenuns are
di sposed adj acent upstream and downstream si des, respectixely _aof the

sol der wave, as defined with reference to a di rection of | {THAS SHEEY HARBEEN
conveyi ng neans. Means is provided for delivering pressu i zed REFLACHEDgas
into each plenum Each pl enumincl udes_ 3,5 de portion opposing a solder
wave. Each side portion has orifice neans for di scharging the pressurized
shield gas toward the sol der wave. The orifice nmeans is di nensioned so that

As an example, a plenum operated in accordance
with the present invention employed orifices in a side
wall representing about one percent of the surface area of
the side wall. A flow of 100 scfh was established in the
plenum to produce about 0.06 in/water of pressure, and a
gas velocity at the orifices of about 6 m/s. For a flow
of 300 scfh, a pressure of about 0.5 inches of water and
gas velocity of about 18 m/s was established.

This can be compared to values calculated for
similar flows of an inerting system according to FIG. 10,
wherein for a flow of 100 scfh a pressure of 0.0001 inches
of water was calculated that would give a gas velocity at
the gap of about 0.24 m/s. At a 300 scfh flow rate, the
pressure was calculated to be 0.0008 inches of water and
the gas velocity at the gap about .72 m/s. It will be
appreciated that in the FIG. 10 structure, the gas
velocity increases as the gas approaches the gap (which
defines a restriction). Thus, the gas flow within the
chamber (CH) of FIG. 10 would be even lower than the
0.24 m/s and 0.72 m/s values. Those values can be
compared, respectively, to the velocities of about 6 m/s
and 18 m/s achievable in connection with the presently
claimed invention.

The relatively high pressure of shield gas within
the gas plenums serves to expel any oxygen therefrom.

The solder which is churned by the rotating drive
shafts (94) of the wave pumps will not be oxidized,
because it is blanketed by pressurized shield gas within
the sleeves (100). '
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pressurized shield gas is discharged through the sol der neans toward the
sol der wave at a velocity in the range of 1-30 mis. In another aspect of
t he. apparatus, a delivery conduit may extend |ongitudinally within each

pl eaum for introducing shield gas into the plenumso th
pressurized with shield gas. The side wall includes ori 'HGS@HEHEHﬁFr
to eject the pressurized shield gas toward the sol der ve anRERLACED

di mensi oned to produce a substantial increase in the velocity of the shield
gas. In yet another aspect of the apparatd¥s,~ a side portion of the plenum
di sposed opposite the sol der wave has vertically spaced orifices for

di scharging shield

Depicted in FIGS. 11-15 is a fourth embodiment of
the invention wherein each of the plenums includes a top
wall, a bottom wall and at least three upstanding walls,
namely, one vertical end wall, and two vertical side
walls. For example, shown in FIG. 12 are first and second
ones of the gas plenums (240, 250). The first gas plenum
(240) includes a vertical end wall (242), two vertical
side walls (244, 246), a bottom wall (243) and a top wall
(248). Likewise, the second'gas plenum (250) includes one
end wall (252), two side walls (254, 256), a bottom wall
(243), and a top wall (258). Depicted in FIG. 11 are the
side walls (264, 266), bottom wall (263), and top wall
(268) of the third gas plenum (260). The top walls (248,
258, 268) are always situated below or even with a topside
of the adjacent solder wave. The height of the solder
bath is continuously controlled so that the bottom walls
of all of the plenums are always submerged in the solder.
By thus submerging the bottom walls, it is ensured that
all solder disposed beneath the plenums will be shielded
from oxygen, thereby eliminating the need to inert the
entire surface of the solder.

The end of the plenum (240) disposed opposite the
end wall (242) can be open (see FIG. 13) and placed
sealingly against a fixed vertical wall (232) disposed
within the reservoir. One end of the plenum (240) is
attached to a wall (233) of the solder pot by means of a
bracket (234), and the other end is attached to the wall
(232) by a bracket (235). Similar brackets (not shown)
are provided for attaching the other plenums (250, 260) to
the walls (232, 234).

Alternatively, both ends of the plenums could
contain a wall, whereby the interior of the plenum is
entirely enclosed, as will be explained later in

connection with FIG. 17. ' D
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gas.* An upper portion of the plenumis spaced fromthe respective sol der
wave to forma gap therebetween, with a portion of a top surface of the
sot der wave di sposed above, and curving away from the gap Lomer ones of
the -orifices are arranged to direct pressurized shield S AYREEN
portion of the solder wave situated bel ow the gap. Upper ones %‘rg@o
orifices are arranged to direct pressurized shield gas toward—ant—across
portion of the top surface of the soldersgave curving away from

Extending longitudinally within the plenum (240)
is a gas delivery pipe (247) for pressurizing the interior
chamber of the plenum (240) with shield gas. That pipe
(247) is fastened to the wall (232) and is connected to a
gas supply hose (236), the latter being connected to a
source of pressurized shield gas. The delivery pipe (247)
includes suitable outlets for enabling the shield gas to
be discharged generally unlformly along the length of the
plenun.

Each of the other plenums (250 and 260) is
provided with its own gas delivery pipe (257, 267)
functioning in a manner similar to the pipe (247).

Each of the gas plenums has longitudinally spaced
gas discharge orifices for discharging the gas. The first
gas plenum (240) includes orifices (245) formed in its
side wall (246) facing the first wave (212), and
(optionally) orifices (245’) in the top wall (248) (see
FIGS. 12, 14); the second gas plenum (250) has orifices
(255) formed in its side walls (254, 256) facing the first
and second waves (12, 14), respectively, and (optionally)

.orifices (255’) formed in the top wall (258); the third
gas plenum (260) has orifices (265) in its side wall (264)
facing the second wave (214), and (optionally) orifices
(265’) formed in the top wall (268). The orifices (245,
255, 265) produce a uniform distribution of gas along the
length of the wave.

The discharge orifices are shown as comprising
horizontally elongated slits arranged as vertically spaced
rows of horizontally spaced slits, but they can assume any
other desired configuration, such as horizontally spaced
vertical slits. Instead of elongated slits, the orifices
could be circular, oval or any other shape.

\
This Sheet Has Bee |

iy Imll Wi



bwd ok fardar et gat e N N A R e e e e e

Bl Bl ¥ JEN YRt STOR TP BE AL LA L P

the gap. In still a further aspect of the apparatus, a top wall of the

pl enum may include orifice nmeans instead of, or in addition to, the orifice
néaps priovided in a side wall. Shield gas dlscharged upwardly fromthe
orifice means in the top wall inpinges against the unde §?ﬁ§

strip entrained air therefrom In yet another aspect of %ﬁ%ﬁfﬁgﬁgﬁgﬁ
conveyor which conveys the nenber, is adjustable to var
and ‘accommdat e menbers of different mndh? An encl osure overlying the
sol der reservoir includes an inlet and arfbutlet for a menber bei ng
conveyed. An atnosphere of shield gas is established

Importantly, the area of the discharge orifices
of each side wall facing a solder wave is designed in
conjunction with the magnitude of the gas flow provided
to each plenum by the respective delivery pipe (247, 257,
267) to create a pressure in the range of 0.01-50.0 inches
of water in each plenum, and such that the shield gas
discharged therefrom in laminar streams toward the solder
waves having a high velocity in the range of 1-30 m/s,
more preferably 3-8 m/s.

Ty Furthermore, as shown in FIG. 14 the gas
discharge orifices of the side walls of each plenum are
arranged to direct the high velocity shield gas toward the
respective solder wave from the bottom to the top thereof.
Thus, the lower row(s) of slits (245) directs gas toward
a lower portion of the wave (either horizontally or at an
angle relative to horizontal); and the uppermost row of
slits (245) directs gas toward an upper portion of the
wave.

In particular, the gas from the upper row of
slits (245) is directed toward and across the portion of
the top surface (TS) of the wave located above, and
curving away from, the gap (G), as shown in FIG. 14. As a
reéult, high velocity gas emerging upwardly from the gap
(6) is deflectéd to travel across the top of that portion
(T8) of the wave top surface.

As a result, the same advantages occur as in the
first embodiment, namely the top surface of the wave being
blanketed by the gas, there being less of a tendency for a
swirling air current to be established above the gap, and
there being less of a tendency for the slits in the plenum
to clog. -

It will be appreciated that the side walls
(246, 254, 256, 264) need not be flat or perfectly
vertical. 1Instead, they could be curved in any direction
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within the enclosure. A curtain extends horizontal |y across at |east one of
the inlet and outlet ends to cover a portion thereof not occupied by the
conhveyor. One end of the curtain is connected to the adjustable portion of

t he conveyor for novenent therew th when the convey h—-s—adidsted. In
still another aspect of the apparatus, a motor-driv FHL) 3 ig} %@F
downwardly into the sol der reservoir for operating hary

hol | ow sl eeve extends downwardly bel ow t he sol der surface, with the shaft
extendi ng through the sleeve, in order T #36&strict churning of solder to a

region W thi g pg shagyea PLeseivh7ed $0:2ida925 1 G ha Ly

that they be located generally opposite the respective
solder wave so that gas streams emitted therefrom can
contact the wave. Attention is directed to FIG. 15
wherein each of the side walls of the plenum (250B) has
upper and lower portions (254B‘, 254B", 256B‘, 256B").
The upper portions (254B’, 256B’) are angled with respect
to the lower portions to direct the inerting gas toward
the top of the respective solder wave. That is, each
upper portion faces in a direction having vertical and
horizontal components, with the horizontal component being
directed toward the adjacent solder wave.

The plenum (250B) is also provided with a non-
apertured divider (270) for dividing the plenum interior
chamber into two subchambers (250B/, 250B"), eaéh
subchamber having a gas delivery pipe (257’, 257"). By
separately regulating the gas supplied by each pipe (2577,
257"), the velocities of gases emitted from respective
sides of the plenum can be varied relative to one another,
so that those velocities can be adapted to the inerting
requirements of the turbulent and laminar solder waves,
respectively. '

The side and top walls may assume any suitable
configuration, such as convexly or concavely curved, as
long as the inerting gas is directed toward the solder
wave, _

As observed earlier, the top walls of one or all
of the gas plenums can, if desired, be provided with gas
discharge orifices. Gas discharged upwardly from those
orifices bears against the undersides of the circuit
boards to strip therefrom oxygen-containing air which
may be entrained by the circuit boards. The total area
of those top orifices is designed to provide a gas
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inert the sol der being churned therein. -10- Anot her aspect of the
apparatus involves an inerting assenbly adapted for use in a wave sol dering
apparatus to provide an inerting atnosphere. The assenbly conprises a
pl enium having a top wall and two downwardly dependi ng side malls extending

bet ween opposite |ongitudinal ends of the plenum Af- F%? OFg EN si de
wal I's includes orifice means fornmed therein. A gas fe ﬁg&ﬁ ekt ends
l ongitudinally within the plenum - 2 -

velocity in the range of 1-30 m/s, more preferably

3-8 m/s. Such a gas velocity is able to strip entrained
air, without disrupting any solder (in the case of the
second and third plenums (250, 260).

Each gas plenum (240, 250, 260) may be mounted
so as to be adjustable about a horizontal axis (280)
extending parallel to the adjacent wave (see FIGS. 17-19),
and to be further adjustable either vertically or
horizontally. In particular, the gas plenum (240) is
shown in FIG. 17 as having, in addition to the previously
described top, bottom, end, and side walls, an additional
end wall (242’) which is welded to a jamnut (282) having
an internal screw thread. Welded to the outer periphery
of the gas delivery pipe (247) is a fitting (284) which
includes a first sleeve part (284A) extending through a
vertical slot (286) formed in the wall (232) of the solder
pot, the sleeve part (284A) including an external screw
thread. The fitting further includes a polygonal nut
(284B) to which a turning tool (e.g., wrench) can be
applied, and a hose-receiving sleeve part (284C) to which
the hose (236) is attached.

The gas plenum (240) is mounted on the gas
delivery pipe (247) by threading the jamnut (282) onto the
sleeve part (284A) of the fitting (284). A free end of
the gas delivery pipe (247) is loosely received in a
support collar (287) attached to an opposite end wall
(242) of the plenum.

The plenum is then positioned at a desired
elevation within the solder pot by raising or lowering
the gas delivery pipe (247) within the slot (286). Also,
the plenum is positioned in a desired angular orientation
by being rotated about the axis (280) until the side wall
(246) is in a desired orientation relative to the solder

ThlS Sheet Has Been Replaced
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for introducing shield gas into the pl enum Another aspect of the apparatus
I nvol ves providing the plenumwith a bottomwall and subnergi ng that bottom

walt int'o the solder in the reservoir so that the solder situated directly
beneath the bottomwall is not exposed. The plenuns are preferably
adj ust abl e angul arly about a | ongitudinal axis of the Etfﬁﬂﬂﬁ—éﬂmLiﬁiimﬂ
horizontally or vertically. Brief Description of the TS ETHASOBERIN: 1| S
and advantages of the invention will becoge apparent flLaomt LASBDow ng
detail ed description of preferred enmbodi ts thereof in connection with
the wave (e.g., the side wall is oriented vertical as shown in

sold lines in FIG. 14, or at an inclination to vertical
as shown in phantom lines in FIG. 14). Then, the gas
delivery tube (247) is rotated by rotating the nut (284B)
to draw the plenum axially toward the wall (232) to
tightly sandwich a sealing washer (288) between the jamnut
(282) and the wall (232), whereby the plenum is securely
held in position. The angular orientation of the plenum
shown in phantom lines in FIG. 14 would not be performed
in connection with the second plenum (250) whose side

v walls oppose respective solder waves, because when one

' side wall thereof is inclined at a desired angle to
vertical, the other side would not be properly inclined.
If angular adjustment is desired, the second plenum (250)
would be formed of two separate plenums of similar
construction to the first and third plenums (240, 260).

In order to enable the first and third plenums to
be rotated about axis (280), a slight horizontal spacing
is provided between each of those plenums and the adjacent
wall of the solder pot as shown in FIG. 11. If no angular
adjustment is provided, the plenums would be arranged
flush with the respective walls of the solder pot.

Instead of being vertically adjustable within
a vertical slot (286), the plenums could be horizontally
adjustable within a horizontal slot (286A) as shown in
FIG. 19. Of course, the ability to angularly adjust
the plenum about the axis (280) would be maintained.

Thus, the structure of FIG. 19 would be identical to
that of FIGS. 17 and 18, except that the slot (286A) is
horizontal rather than vertical.

If it is desired to make a plenum adjustable in
three directions, i.e., vertically, horizontally, and
angularly, a suitable mounting arrangement (not shown)
could be provided.
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accoﬁbanying drawings in which Iike nunerals designate like elenents and in
which: FIG 1 is a vertical sectional view taken through a solder pot as a
citcuit ‘board is bei ng passed therethrough, in accordance with the present
invention; FIG 2 is a fragnentary perspective view of a gas plenun1 f I
according to one enbodi nent of the present invention; r'“ S—v-e+t-h Ca
sectlona? vi ew taken through the sol der pot along a Ve ég QQQﬁﬁﬁﬁﬁNemted
perpendi cul ar to a direction of nnvenentty circuit boards sing.
through a drive shaft of a wave punp;

There is also provided a cover and retractable

curtain for the solder pot as described in connection with
the first embodiment.

The operation of the fifth embodiment is the same
as that described in connection with the first embodiment.
The surface of the solder reservoir is protected against
oxidation by being isolated from air, due to the
submerging of the bottom walls of the plenums in the
solder reservoir.

Furthermore, the surfaces of the solder waves
are protected against oxidation by shield gas ejected from
the side slits (245, 255, 265) of the three pressurized
gas plenums which travel across and in contact with the
portion (TS) of the top surface of the wave which curves
away from the gap (G). That gas produces an effective
inerting of the wave surface (TS) eveh in the absence of
a c1rcu1t board.

The high veloc1ty of the gas traveling toward the
gap (G) results in the gas emerging from the slot (G)
being cooler than in the case of slow-moving gas. Hence,
there is less of a tendency for circular convection
currents to be established which can pull oxygen-
containing atmosphere down toward the wave.

Another embodiment of the invention, depicted in
FIG. 16 is similar to that disclosed in connection with
Fig. 11 except that the plenums (240, 250, 260) are not

' submerged within the solder reservoir. Rather, the bottom
wall of each plenum is spaced above the surface (B) of the
solder reservoir, and is provided with orifices (245,
2557+, 265°'’) to eject inerting'gas into a space (8)
formed between the bottom wall and the solder surface (B).
The velocity of that gas is preferably less than that of
gas emitted from the side orifices; those gas velocities
can be independently regulated by controlling the total

kol S At A E RN L BT AL LA L BHRABE v €V S mdan

areas of the respective sets of gas orifices.
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-11-"'FIG 4 is aviewsinmilar to FIG 3 with the vertical plane passing
through one of the pressurized gas plenuns; FIG 5 is a top perspective
view of 'a first enbodi ment of a gas plenum assenbly according to the
present invention; FIG 6 is aviewsimlar to FIG 4 of a second

enbodi ment of a gas plenum assenbly according to the - EQT
FIG_?lsaV|eWS|mIar to FIG 4 of a third REPLACED
- 29 -~

Alternatively, the plenums can be provided with
a gas non-permeable divider (270) as shown in FIG. 20 with
respect to the second plenum (250C). The divider (270")
divides the interior chamber of the plenum (250) into
four subchambers (272, 274, 276, 278), each of which
being provided with its own gas delivery pipe (257).

By controlling the amounts of gas supplied by the
respective pipes (257) (and/or by controlling the orifice
size as noted earlier), the velocities of gas emitted from
the respective walls can be independently regulated.

As an alternative to providing separate gas
delivery tubes for the respective sub-chambers, a single
gas delivery tube (257) could be provided for delivering

' gas to one sub-chamber. For example, with reference to
FIG. 21, an apertured (i.e., gas permeable) divider (270")
is provided which divides the interior of plenum (250D)
into two sub-chambers (272A, 276A). The gas delivery tube
(257) is situated within the sub-chamber (272A), and gas
is discharged from that sub-chamber through orifices
formed in the top and side walls and also in the divider
(270"). The total area of orifices in the divider is
designed in conjunction with the rate of gas inflow from
the delivery tube to create a desired pressure within the
sub-chamber (272A). The velocities of gases emitted from
the respective top and side walls can be controlled by the
sizes of orifices provided therein.

'The sizes of the respective orifices in the
divider (270") and bottom wall (253) of FIG. 21 can be
designed to provide a desired gas pressure within the
sub-chamber (276A) and a desired velocity of gas emitted
from the bottom wall. The velocity of gas discharged
from the bottom wall can thus be reduced to a desired

_—
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enbodi ment of a. .gas pl enum assenbly according to the present

i nventi on,

FIG 8 is a fragnentary schematic view showing the direction of gas flow
froma pressurized gas pl enum according to the present invention;

FIG 9 is
a viewsimlar to FIG 8 of a nodified plenum FIG 10 is a view similar to

FIG 8 of a prior art arrangenent; FIG 11 is a verti[ HTOfAS BEER
h a %Iss%meethr

taken through a solder pot as a circuit board is beinp pas

qggh

in accordance with a fourth enmbodi ment gf35h§ pr esent “ventTor,

FIG. 22 depicts another embodiment of a gas
pPlenum (450) comprising three subchambers (452, 454,

456), each separated from the other by a non-permeable
divider (458). Each subchamber has its own gas delivery
pipe (452P, 454P, 456P) providing an independent control
of gas flows and velocities. Particularly, the velocity
of the gas discharged through the wall of the lower '
subchamber (456) can be smaller than the velocity of the
gas discharged from other subchambers (452, 454), in
consideration of the relatively small distance between the
bottom wall (460) of the plenum and the surface (422) of
the molten solder.

Although the present invention has been described
in connection with preferred embodiments thereof, it will
be appreciated by those skilled in the art that additions,
deletions, modifications, and substitutions not
specifically described may be made without departing from
the spirit and scope of the invention as defined in the
appended clainms.
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FIG 12 is a top perspective view of a gas plenum assenbly according to the
fourth enbodi ment of the present invention;, FIG 13 is a vertical sectional
view taken through the sol der pot and a gas plenum according to the fourth
embodi ment of the invention, FIG 14 is a fragnentary schematic view
shomnng_Lhe—d++ettrU“"—T—§és flow froma pressurized gas pl enum accordi ng

to t/he fou‘\\i\“ﬂ“m \‘W“\“\Of the present |3nvent I on;

WHAT IS CLAIMED 1IS:

THIS SHEET HAS BEEN
REPLACED

1. A process of wave soldering a member (26)

" wherein a solder wave (12 or 14) is emitted upwardly from
a solder nozzle (16 or 18), the member (26) is passed
along a path so that at least an underside of the member
passes through the solder wave, and shield gas is provided
within first and second gas plenums (40, 50, 60, 240, 250,
260 or 450) disposed upstream and downstream,
respectively, of the solder wave as defined with reference
to the direction of travel of the member, characterized in
that each gas plenum includes a side wall (46, 54, 56, 64,
246, 254, 256 or 265) disposed opposite the solder wave,
with orifice means (45, 45+, 55, 55’ 245, 245", 255, 255')
formed in the side wall, and the shield gas is pressurized
within each plenum so that the shield gas exits the
orifice means for travel toward the solder wave at a

velocity in the range of 1-30 m/s.

2. A process according to Claim 1, characterized
in that the side wall extends in a horizontal direction
from one end to another of the respective gas plenunm,
pressurized shield gas being conducted along a gas |
delivery conduit (47, 57, 67, 247, 257, 257', 257", 452P,
454P) extending longitudinally witpin the plenum and
discharging the shield gas into the plenum from locations

along the delivery conduit.
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- 12°- FIG 15 is a cross-sectional view through a nodified gas pl enum
FIG 16 is a viewsimlar to FIG 1 of a fifth preferred enbodi ment of the
invention; FIG 17 is a vertical sectional view through an adjustable gas
pl enatm according to the invention; FIG 18 is a sectional view taken al ong
the line 18-18 in FIG 17; FIG 19 is a viewsimlar to FIG 18 of a

nodi f i ed adlustablp gas nLenun1 and FIGS 20, 21 and 22 are cross-sectional

enuns, respectively, fgr _use in thE g GoEB e Tm0

HII|III mnfmu i REPLACED

3. A process according to any of the preceding

claims, characterized in that an upper portion of each
plenum is spaced from a respective solder wave to form a
gap (G) therebetween, an upper portion of the top surface
of the solder wave being disposed above and curving away
from, the gap, at least an upper portion of the gas
exiting the orifice means being directed toward and across
the portion of the top surface of the solder wave which
curves away from the gap.

4. A process according to any of the preceding
claims, characterized in that the side wall extends in a
longitudinal direction from one end to another of the
respective plenum, the shield gas exiting longitudinally
spaced orifices formed in the side wall.

5. A process according to any of the preceding
claims, characterized in that the side wall extends in a
longitudinal direction from one end to another of the
respective plenum, the shield gas exiting vertically
spaced orifices formed in the side wall.

6. A‘process according to any of the preceding
claims, characterized in that the shield gas exits
orifices which are spaced apart vertically and
longitudinally.

This Sheet Has Been Rep
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enbodi ment. Detailed Description of Preferred Enbodi nents of the Invention
Depicted in FIG 1 is a solder pot (10) that contains a solder reservoir or
bath. (1) in which a pair of solder waves (12, 14) has been established by

resﬁec{L;g_#@xg_gg;;Lgs_Llﬁ, 18) and adj ustable punps (20, 22) in a

conventional nmanner. The wave (12) can be a turbul ent w-e a.;_i'x ¥

(14) can ‘ “mﬂl\“ml‘e al t hough the waves coul d exhiT53 S5 k\_‘.[lA%%ﬁi reg

fIOW/cha4 ﬁMlﬁ wave (12) is digposed upstreamof -t wer-e—(4),
Wi

as define ict htrefertnde to the direction of trave

7. A process according to any of the preceding
claims, characterized in that the orifice means
constitutes first orifice means, and further comprising
the step of discharging shield gas from second orifice
means (49, 59, 69, 249, 259, 269) formed in a top wall
(48, 58, 68, 248, 258, 268) of at least one of the gas

plenums which opposes the underside of the member to -
remove entrained air from that underside.

8. A process according to Claim 8, characterized
in that shield gas is discharged from the second orifice

means of both of the gas plenums.

'9. A process according to any of the preceding
claims, characterized in that the solder wave constitutes
a first solder wave, and further comprising the steps of
emitting upwardly a second solder wave at a location
downstream of the first solder wave, as defined with
reference to the direction of travel of the member, such

~that the second gas plenum is situated between the first
and second solder waves, discharging pressurized shield
gas from orifice means of a side wall of the second gas
plenum so that such discharged shield gas travels toward
the second solder wave at a velocity in the range of

1-30 m/s, pressurizing shield gas within a third gas
plenum disposed downstream of the second solder wave, and
discharging shield gas from orifice means formed in a side
wall of the third gas plenum so that such discharged
shield gas travels toward the second solder wave at a

velocity in the range of 1-30 m/s.
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(T) of circuit boards (26) that are conveyed by a conventional conveyor
(30) such that at least the undersides of the circuit boards (26) pass
sequentially through the sol der waves (12, 14). The direction of travel
is inclined upwardly at an angle to horizontal, although_it could be

(T)

hori zont &t
resisting
conpfi ses

—f—destred: =—13 - A shield gas system i q THIS\SHEET HAS BEEN

' ' the solder in the reservoir.}] That REBIACGED
AR > oo’ .55 657
* [ L [ s

*

10. A process according to any of the preceding
claims, characterized in that shield gas is provided
within a plenum having at least one additional wall in
addition to the side wall, the additional wall being
provided with orifice means for emitting shield gas, and
the velocities of shield gases fed to the different
orifice means are independently controlled.

11. A process according to Claim 1, characterized
in that said velocity range is 3-8 m/s.

12. An apparatus for wave;soldering a member,
comprising a solder reservoir (10), a solder nozzle (16,
18) disposed in the solder reservoir, a pump (20, 22) for
ejecting an upward solder wave from the solder nozzle; a
conveyor (30) for conveying the member such that an
underside thereof passes through the solder wave, and
first and second gas plenumé (40, 50, 60, 240, 250, 260 or
450) disposed adjacent upstream and downstream sides,
respectively, of the solder wave as defined with reference
to a direction of travel of the conveying means, and means
(47, 57, 67, 247, 257, 257', 257", 452P, 454P) for
delivering pressurized shield gas into each plenun,
characterized in that each plenum includes a side portion
(46, 54, 56, 64, 246, 254, 256 or 264) opposing the solder
wave, each side portion having orifice means (45, 45%, 55,
557, 245, 245", 255, 255’) for discharging the pressurized
shield gas toward the solder wave, the orifice means being
dimensioned so that pressurized shield gas is discharged
through the orifice means toward the solder wave at a

velocity in the range of 1-30 m/s.
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The first gas pl enum (40) is located upstreamof the first wave (12) (as

defined with reference to the direction of conveyance of the circuit
boards) ;» t he second gas pl enum (50) is |ocated between the waves (12, 14);

theZIhLLd_gas_pngggliggl_is | ocat ed downstream of the second wave (14)
Each plenumis spaced froma respective sol der wave t o form-a—hert

(G they
one ver
exanpl e,

50) .

verti cal

( 'A§ BEE!
O ORI 2icpim et ces iree unstshams s S

_mﬁ'iﬁ FEG *5 are first and second ones of the gas plenuns (40,
The first gas plenum (40) includes a vertical end wall (42), two
side walls §4, 46), and a top wall

sho

9%

C

. Apparatus according %%gélaim 12,
characterized in that an upper portion of each plenum is
spaced from the respective solder wave to form a gap (G)
therebetween, with a portion of a top surface of the
solder wave disposed above, and curving away from the gap,
lower ones (45', 45") of the orifices being arranged to
direct pressurized shield gas toward a portion of the
solder wave situated below the gap, upper ones (45") of
the orifices arranged to direct pressurized shield gas
toward and across the portion of the top surface of the

solder wave curving away from the gap.

14. Apparatus according to any of the preceding
claims characterized in that a motor driven shaft (24)
extends downwardly into the solder reservoir and operably
connected to the pump; and a stationary hollow sleeve
(100) extends below the solder surface with the shaft
extending therethrough to restrict churning of the solder
to a region within the sleeve, and further including means
(101) for conducting pressurized shield gas into the
sleeve to inert the solder being churned therein.

15. Apparatus.according to any of the preceding
claims charactéfized in that an enclosure (80) overlies
the solder reservoir, the enclosure having inlet and
outlet ends for enabling the conveyor to pass through the
enclosure, a portion of the conveyor being adjustable
to vary the conveyor width and accommodate members of
different widths, a curtain (112) extending horizontally
across at least one of the inlet and outlet ends to cover
a portion thereof not occupied by the conveyor, one end
of the curtain being connected to the adjustable conveyor
portion for movement therewith when the conveyor width is

adjusted.
This Sheet Has Been Replaced
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Li kew se,

t he second gas plenum (42) includes one end wall (52), two side

wal |'s (54, 56), and a top wall (58). Depicted in FIG 1 are the side walls -
(64“66) and top wall (68) of the third gas plenum (60). The plenuns (40,
50, “60) "are open at their bottom sides so that each plenumis partially
imersed in the solder and the floor of the plenum chanber is defined by

t he surfac

oppdsite th
agai nst a f
of the plen

Al so, the end of the plenum éﬁd'dLsucscd

am\mnmmr onen (soe B 1) and o bt bRETIAG o0

istattached to a wall (33) of the solder pot by nmeans of

a bracket (34), and the other end is attached to the wall (32) by a

16. Apparatus according to Claim 15,
characterized in that the opposite end of the curtain is
mounted on a biased roller (114) to be rolled up or
unrolled, depending upon the direction of movement of the
end thereof connected to the adjustable conveyor portion.

17. Apparatus according to any of the preceding
claims, characterized in that the plenum includes a
plurality of walls, one of the walls defining the side
portion, at least one other of the walls including some of
the orifice means for emitting shield gas; and means for
independently controlling the veloclty of gas fed to the

different orifice means.

18. Apparatus according to any of the preceding
claims, characterized in that each plenum includes a
bottom wall (243, 253, 263, 460).

19. Apparatus according to claim 18,
characterized in that the bottom wall is closed and is

submerged within the solder in the reservoir.

20. Apfaratus according to any of .the preceding
claims, characterized in that the plenum has two orifice-
containing side wall portions, and a divider (70, 270,
270’) dividing the interior of the plenum into subchambers
bordered by respective side wall portions, and gas
delivery pipes (257; 257") extending into respective
subchambers for delivering shielding gas thereto.

—_—
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bracfét (35).

- 14 - Simlar brackets (not shown) are provided for

attaching the other plenuns (50, 60) to the walls (32, 34). Extending

| ongi ¢udi nal

ly within the plenum (40) is a gas delivery pipe (47). That

pi pe~(47) is Tastened tothe wall (32) and is connected to a gas su

hose” (SEHI“H I ng connected to a source of
gas Mﬂ '"ﬂ for exanple nitrogen, argo

oble ‘gas of

: ABEEN
“ig%?ﬁumxlde

any
- 37 -

21. Apparatus according to Claim 20,
characterized in that each side wall portion includes an
orifice~containing upper portion (254B’, 256B’) inclined
relative to both the vertical and the horizontal for
discharging shield gas toward and across the top of the

solder wave.

22. Apparatus according to any of the preceding
claims, characterized in that an orifice-containing part
of the side wall portion is inclined relative to the
vertical and the horizontal for discharging shield gas
toward and across the top of the solder wave.

23. Apparatus according to any of the preceding
claims, characterized in that the gas plenum includes a
top wall portion (48, 58, 68, 248, 258, 268) having
orifice means for discharging shield gas upwardly against
the underside of a member to strip entrained air
therefrom, and further including a divider (70, 2707)
disposed within the plenum for dividing the plenum

interior into sub-chambers communicating with the side

wall portion and top wall portion, respectively.

24. Aﬁparatus according to Claim 23,
characterized in that the means for introducing
pressurized gas into the plenum introduces separate gas
flows into respective sub-chambers, the divider being gasé

impermeable.

25. Apparatus according to Claim 23,
characterized in that the means for introducing
pressurized gas comprises gas delivery conduits disposed
within respective sub-chambers and extending substantially

parallel to an adjacent solder wave.
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m xt'ure thereof, or a nmixture of an inert gas and a reduci ng gas such as
H err], a hydride such as silicon hydrides, etc. The delivery pipe (47)

i ncl"udes suitable outlets for enabling the shield gas t L

genérally uniformy along the I ength of the plenum EadhTBIiS SHEETGATBEEN
pl enuns (50 and 60) is provided with its own gas delivegry pLﬁE@Qﬁ?ﬁ’GY)
respectively, functioning in a manner simlar to the pipe (47). Each of the
gas pl enuns has | ongitudinally spaced ga§8dLscharge orifices for

di scharging the gas. The first gas plenum (40) includes orifices (45)

formed in its side vy (ﬁﬁﬁafé@ﬁégaégéﬁﬁiﬁéFt$ﬂ&fﬁiﬁ2i' the second gas
e

pl enum (50) has gas orifices (55% formed 1n"its side wa f
that the divider is gas permeable.

characterized in

.27. Apparatus according to any of the preceding
claims, characterized in that the plenum is adjustable

vertically. _

28. Apparatus according to any of the preceding
claims, characterized in that the plenum is adjustable

horizontally.

29. Apparatus according to any of the preceding
claims, characterized in that the plenum is rotatably
adjustable about an axis (280) extending substantially
parallel to an adjacent solder wave.. '

_ 30. Apparatus according to Claim 28,
characterized in that the means for introducing
pressurized shield gas comprises a gas delivery pipe (247)
defining said axis.



(54)facing the first wave (12), and orifices (55) inits side wall (56)
facing the second wave (14); the third gas plenum (60) has orifices (65) in
i tswgjde wall (64) facing the second wave (14). Those orifices result in a
uni f;orm di stribution of gas along the Iength of the wave. The discharge
orifiices (45, 55, 55, 65) are shown as conprising horizontally elong

slits arranged as vertically spaced rows of horizontally spmmEdHEEﬁﬁé§BﬁﬁF\
t hey can assunme any ot her desired conngqﬁpLjon, such as hori z REPAALCED
spaced, vertical slits. Instead of elongated slits, the orifices could be

circular, oval or any other shape. Inportantly, the area of the discharge
orifices of each gas plenumis designed in conjunction '

Abstract of the Disclosure

A circuit board (26) is wave soldered as it is
carried by a conveyor (30) through a solder wave (16)
established in a solder reservoir. Disposed on both sides
"of the solder wave are gas plenums (240, 250) which -
discharge shield gas. Each gas plenum includes a top wall
(245, 255), a side wall (246, 254), and a bottom wall
(243, 253). The side wall is spaced horizontally from the
wave, and the bottom wall is submerged within the solder
(11). The side and (optionally) top walls include
orifices (245, 255) for directing shield gas: (i) at high
velocity toward the solder wave to protect the solder wave
with an atmosphere of shield gas, and (ii) upwardly toward
an underside of the circuit board to strip entrained air
therefrom. Instead of being submerged within the solder,
the bottom wall could be spaced above the solder and
provided with orifices to emit shield gas downwardly
between the plenum and solder reservoir to create an inert
atmosphere above the solder. A divider (70, 270) disposed
within the plenum forms sub-chambers communicating with
orifices in respective walls of the plenum so that
different gas velocities can be entitled from the
orifices. The gas plenums can be rotatably adjustable and
further adjustable either vertically or horizontally.

This Sheet Has Been Replaced:

Wi



- 15 - with the magni tude of the gas flow provided to each pl.enum by the
respective delivery pipe (47, 57, 67) to create a pressure in the range of
0.01-50.0 inches of water in each plenum and such that the_shielq gas

di scharged therefromin | am nar streans having a high velo 1
of ¥-30 m's, nore preferably 3-8 m's. Furthernore, as sho 'ﬂﬂsﬁ_',
gas discharge orifices of the plenumare arranged to direct| the DiEgh
velocity shield gas toward the respective sol der/ipave from

FIG. | 6
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the bottomto the top thereof.
directs gas toward a | ower
an angle relative to horizontal
(45™) directs gas toward an intermedi ate portion of the wav
row (45[err]) of slits directs gas toward an uppel

the gas fromthe uppernost row g slits—€

upper nost

In particular,

Thué,

t he | ower nost
portion of the wave (either
(see FIG 9));

row of slits (45")
hori zontal |y or at

the mddle row of slits
P THIS SHEEP HAS BEEN
 POT LR ARED t he

qula

wave.
directed toward and across the portion of t®d2top sufface (TS) of the wave

| ocat ed above,

result,
to travel

across the top of that port

and curving away from he gap (G,
hi gh velocity gas emergi ng up@ardly |

shown in FIG 8. As a
is deflected

L

110"

i

FIG. 3
112

L -

1

96
90 {43

103

i’/ 7/

T

Vard

v/’

QA
m\/:

!
H

Thls Sheet Has B

102

5%\\ X \\\;\\:\ N cplced
SN i



(TS) of the wave top surface. The high velocity of the deflected gas
priovides the gas with a relatively high nmomentum which resists being

di spl aced away fromthe wave by thernmally generated forces enmanating from

t he"™wave. Thus, even when there is no circuit board passing through the
wave, a substantial portion (if not all) of the top surfadBypk sHreT WASEBEEN
wi |l be blanketed by the gas, which tends to follow the cqntour rRgfLACED wave
for a substantial distance. This will not ogflp in the ce of—STOW novi ng
gas which is not caused to be deflected, as shown in FIG 10.
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-16- Furthernore, the high velocity of the gas according to the present

i nvention mnimzes the contact tinme between the gas and hot sol der wave,

so the gas exiting the gap (G is relatively cool. That neans that there
wilI” be Iess of a tendency for a swirling air current to be established
above the gap which could draw cool er atnosphere (and possibly air) down
towgrd the wave as conpared togslower noving air which is s

heated by the wave as previ ous¥y dRseribefhin dddBection wi %wll—'gl’ ﬁ%gégr?EEN

addi tion, by dischargi n%gas at '!”ci ty
(4Y]
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fromthe slits, the slits will be less | i kely to become cl ogged by sol der
which may tend to splash toward the plenum That would not be the case if
the gas were to exit at such a slow speed that it could not effectively
pusir away the solder. It will be appreciated that the side walls (46, 54,
56, 64) need not be flat or perfectly vertical. Instead, they could be

curved in any direction (e.g., see the/Aokan lines in FIG 9) and/or
angl'ed relative to vertical (see the g es i FIG 9). 3jMm2is only
OPPGY te,Thegespective sol der

Jgmrcapofnt act—the wave.

necessary that they be |ocated gener g
THIS SHEET HAS BEEN
' ' REPLACED

wave so that gas streans eniﬁged t he
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The'top walls of one or all of the gas plenuns .can al so be provided with
gas discharge orifices. In that regard, attention is directed to FIG 5
depicting the first and second gas plenuns (40, 50) havi ng gas di scharge
orifices (49, 59) in their respective side and top walls. Gas discharged
upwardly fromthose orifices (49, 59) bears agai nst the undersides of the
circuit boards to strip therefrom oxygen-containing air which my be
enttained by the circuit boards. The total area of those orifices is
designed to provide a gas velocity in thegfiange
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- 1772 of 1-30 ms, nore preferably 3-8 m's. Such a gas velocity is able
to.strip entrained air, wthout disrupting any solder (in the case of the.
second and third plenuns (50, 60)). The top walls need _not be flat, but can
have "ot her shapes, including a curved shape as shown i npHi§ @HBET ka8 GfizENN
FIG 9. In the event that a gas plenumis provided w th di sgirageporifiges
in more than one wall thereof, it may be desirable to Tmdependentty comtr ol
the velocity of .gas discharged from each Wzgz This can be acconplished by

S e

88

providing a divider within the plenumto gate the gases di scharged

fromthe respective walls. For exanple, o 80 84
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attehfion is directed to FIG 2 depicting a divider (70) disposed within
the second pl'enum (50). That divider creates three chanbers (72 74, 76)

whi'ch are fed by three respective gas delivery pi pes (not .hc ”ﬁQPQ
di scharged 't hrough the respective discharge openings (55, Hﬁ tBEEN
have their velocities independently controlled. In 5|n1la ~ ERt her

or both of the first and third gas plenuns (40, 60) could be prOV|ded wth
a divider which divides the pl enuminto two c8dbers for independent

control. If desired, shield gas can be discharged solely through the side
wal I s, as depicted in FIG 6, or solely thr@bgh Che t?g wal I' s, as depicted

in FIG 7. In FIG 6, m <r CU _ _\ o
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gas ’di‘scharge openi ngs (45, 55, 55') are formed solely in the side walls of

tthe gas pl enuns (40A, 50A).

In FIG 7, discharge openings (47, 59) are
formed solely in the top walls of the gas plenuns (40B, SOB)

It is

preferred that an enclosure (80) be arranged over the sol
with-inlet and outlet curtains (82, 84) being positioned

outlet ends of the enclosure. In that way, the shield gas—ea
retained in the vicinity of the solder waves (12, 14).

conprise vertical strips of 9/12
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~183.Fl exi bl e materij al arranged in horizontally overlapping rel ationship.
The strips would be attached only at their upper ends to enable the

cohveyor and circuit boards to push them asi de.

The encl osure preferably

has ‘a cover (86) which includes a transparent m ddle section (88)
preferably formed of glass to permt the soldering operation to be

observed. The cover (80) can be hinged at (90) (see F

cover to be raised if desired. The cover
of the solder reservoir through which pu
FIG 3). Each punp driveyshaft (94) is d

18
=
284 [y 288,04

| 2’82/”“/

S TFlS SHREDHASREENh

80) is hinged to arER®ACEDN (92

1)

néoﬂrz ve shafts

riven

240

245

(oA extend (see
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FIG. 18
[

en Replaced.

"




by a'\respectlve notor (96). In order to inert the area of the solder which
is churned by the rotating action of the drive shafts (94), there is

provi ded a stationary hollow sl eeve (100) for each drive shaft. That sleeve
(10Q) is of cylindrical configuration and extends downwardly bel ow t he
uppes | evel (102) of solder in the reservoir. Each drive shaft (94) extends
through Its respective sleeve (100). A shield gas under pressure is fed to
" the interior of the s eve (100) by a supptip hose (101), and tg gas exits

the sl eeve (100) thro gh %@L 03) fornmed in thR sl eeve. nce, the only
portion of the solgi;fx'rh ch is cﬁnur_ned y ating drive

shaft (94) is dispdsed wt 1 n t/1e slgesve /ed’by the shield

\ [ THIS SHEET HAS BEEN
: REPLACED
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s _ : .
gas whi ch is maintained under pressure within the sleeve (100). The
conveyor- (30) for the ci'rcuit boards (26) travels on conventional carriers
(110 110') (see FIG 3). That is, the conveyor conprises a pair of

endl essly rotating chains (30", 30 ). The chain (30") includes a flight
(30" 3) traveling into the plane of the paper in FIG 3 (i.e., traveling
away‘fromthe observer), and a flight (30'B) traveling out of the paper
(toward the observer). Likew se, the conveyor chain (30") includes

12/12
THIS SHEET HAS BEEN
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: ]QMENPS Fing into and out of the padﬂ?os'*g\ t|-

- 19 flights (J

respectlveiy Th RE aflgement is conventional. The carrier (110)
It 1 éllﬁé whi ch}i horizontally adjustable-toﬁﬂfﬁ;and away

I e 51?9& n conventional manner (not shown) to vary

is mounted to a [
a

t he- spaci ng betwen the conveyorjchains (30", 30") in order to accommopdate
W
-l

fromthe other car

circui t-hoards (36) of different dt hs- iThe carrier (110) is connected to
a horizontal curftain (112) which-i$§ separate fromthe aforenentioned
curtains (82, 84) and is prOV|ded to overlie the portion of the inlet

and/or outlet not occupi ed bPROGESSoAND FPEIRATUSIRORND of the curtain
(112) is mounted to a THE WAVE SOLDERING OF CIRCUIT BOARDS

Background of the Invention
The present invention relates to methods and

apparatus for providing a non-oxidizing atmosphere at
the surface of a wave soldering bath to discourage the
formation of oxides on the liquid solder surfaces.

Wave soldering'machines have been introduced
for a long time in the industry to automatically solder
components on a printed circuit board which operation was
previously done by hand. A usual wave soldering machine
.Comprises at least one preheating zone to preheat the
printed circuit board, at least one soldering zone to
solder the components to the board by coating the bottom
side of the printed circuit board with molten solder
contained in a solder pot, and at least one cooling zone
where the solder is solidified. This soldering process,
or coating process, is uéually conducted in the presence
of a fluxing agentAwhidh agent is used to improVe the
wetting of the copper surface on the bottom of the printed
circuit board which surface needs to be joined or coated.
The. fluxing agents are usually corrosive and the excess or
residue of these agents.must be cleaned after the wave
soldering operation. '

Low residue no~clean fluxes or flux-less
processes have been developed wherein it is possible

- to carry out the wave soldering process without the

inconvenience of standard fluxing agents, under a
substantially oxygen-free atmosphere, such as nitrogen.

U.S. Patent 3,705,457 discloses one of the
earliest wave soldering processes, including injection of
an inert gas to avoid oxidation of the metallic surfaces
of the printed circuit board.



vertical roller
(113). The ot her
the carrier (110)

1 | | —ased in rotation by coil torsion springs
REPLﬂEEhﬂﬁWﬁGHEEI -is connected to the carrier (110). Wen
_ | (s—RottrZzomtar djusted in order to vary the conveyor
wi dth, the curtailn (1%2¥skﬁ.@§60'atically rolled (or unrolled). The curtain
(112) can be di sposjed*a e’i'nl 4t jand/ or outlet of the enclosure. |nstead
of enploying a curtipin (113) whigh |rol Lsaup, a collapsible curtain, e.g., a
bel | ows-1ike menber, could be enpldyed which expands and contracts in an
accordi on-1ike mak ef—ttre~TarrTier (110) is adjusted. In operation,
ciroult boards (26) gre cgIYeNEds %abn5s3OWB Y odel)a (fab b =848ELng
process under a reducing atmosphere comprising nitrogen

and hydrogen, and nitrogen curtains at entrance and exit
of the machine to inhibit atmosphere exchange with the
ambieﬁt air. '

U.S. Patent 4,606,493 discloses a method and
apparatus for soldering printed circuit boards under an.
inert gas atmosphere to prevent oxidation of the
electrical (usually copper) connections due to the heat
produced during soldering and reduce the occurrence of
thermal stress defects in the circuit carrier. To this
end, an inert gas is injected through slits to provide
"a plurality of jets of high velocity which impinge the
bottom side of the printed circuit board. As a condition
of operation, the temperature of the inert gas jets is
about twice as high as the temperature of the molten
solder in the solder pot (600°C).

U.S. Patent 4,646,958 discloses a solder reflow,
or solder chip process which is carried out in a flux-less’
or flux free system, under an atmosphere comprising
nitrogen and saline, or hydrogen and saline.

U.S. Patent 4,821,947 discloses a process to coat
a molten metal to a metal-comprising surface without using
a flux. This process is carried out in an inert
atmosphere in which the temperature is sufficiently low
that no damage is done to the metal-comprising surface,
and no damage is done to materials such as components
adjacent to the metal-comprising surface.

U.S. Patent 5,071,058 discloses a process for
conducting a joining/coating operation which is carried
out in a controlled oxidizing atmosphére, having an
oxidation capability greater than that required to oxidize



boards may have been pre-treated with a flux and

been nd et P e Aoy |
As the circuit boards travel past the |n|khﬁE&@EMENT?&H,, nd enter

e T

I -

a metal-comprising filler material used for joining or

coating, but having less oxidation capability than that
of air. 1In case of a wave soldering process the oxygen
content in the inert gas atmosphere is at least 10 ppm

and preferably at least 500 ppm. '

U.S. Patent 5,121,875 discloses a short hood for
- wave soldering machines, wherein preheating of the printed

nti onal

manner . v

t he encl osure (80), shield gas discharged upwardly fronfthe top Bl|ts (49)

of the first pressurized gas plenum (40) inpinge hgygunter si de of
"the circuit board to strip away entrained air as|th oarJipasses [ hat gas

flow After passing the first pressurizegl gas pl ¢ntmr—+he—ardersi dp of the

circuit board travel s through the first sol der ve (12) and is -

20 -

circuit boards is carried out under air. In this process

a no-clean flux is used and an oxygen concentration which
"is less than 5% is recommended at the solder pot.

U.S. Patent 4,921,156 discloses an apparatus

having a soldering chamber and comprising means to inject

a protective gaseous atmosphere in the soldering chamber
and sealing skirt means protruding downwardly into the

. pool of molten metal solder. Preferably the protective

gaseous atmosphere is comprised of nltrogen and pos51b1y
of some reduc1ng agent.

U.S. Patent 4,746,289 discloses a process for
treating parts under a non-reactive atmosphere with
laminar flow conditions. The laminar flow conditions
disclosed in this patent usually apply for inert gas
injection in wave soldering machines.

In sum, a substantially oxygen-free atmosphere
has been achieved by a so-called fully inerted wave
soldering system, and a dross reduction boundary system.

. The fully inerted wave soldering systems
currently uses a tunnel type of system. That type of
system is very expensive and time-consuming to install.
Because this type of machine uses a tunnel, the access
to the assemblies being soldered is greatly reduced.

To achieve the desired results that type of system must
operate at very high gas flow rates (over 1500 scfh).



A ]

coated with solder in the customary manner. Then, tit Al - e
citcuit board sequentially travels across: (i) an ai tAﬁﬁ@ﬁﬂﬁfﬁ f
shiel d gas discharged fromthe top slits (59) of thg decond pressurijzgd gas
pl enum (50), (ii) the second sol der wave (-14), and (ji}) 4anhS&Pr1996rijpgdi ng
flow of shield gas discharged fromtop slits of the ghird pressurizgd jgas
pl enum (60). The speed of the air-strippipg_gas flow ng—fromrrhe Top Its
of the second and third pressurized gas plenuns (50,{60) is. not _great

enough to di

sturb or renove solder fromthe undersi désS of the circuit

"boards. The forpation of dross in the solder is nininized by the effective
measur es t alB¥h q%lq&eiipnéﬁ g the oxygen ppm level 1in the inerting _system

is kept low, thus yielding the desired results. If the
flow rate is reduced, the atmosphere becomes unstable and
benefits are lost. The primary goal of the fully inerted
system is keep the oxygen ppm level below approximately
100 ppm. This then would yield the maximum dross
reduction with the greater wettability for soldering.

The dross reduction boundary inerting system
was developed to address the problems of the fully inerted
system. The design was such that it can be easily '
installed and is much lower in cost. The other goal of
this system'was to have a reduced inerting gas flow rate.
While those goals appear to have been met, the performance
of that system is greatly reduced as compared-to that of
the fully inerted system. Because the boundary inerting
system depends on a circuit board being present for the
inerting to take place, the actual inerting effect is
never fuliy achieved. The dross reduction of such a
system is typically at best 70% (with reference to a
solder pot operating without an inerting gas) with only
marginal if any improvements in wettability.' '

Examples of a dross reduction boundary
inerting system can be found in U.S. Patents.5,203,489
and.5,24o,169.- There is disclosed therein a system in
which solder waves are established by wave pumps in a
solder reservoir. A conveyor trahsports circuit boards
so that their undersides pass through the solder waves.
As depicted in FIG. 10, a.cover plate (C)'ektends across
the top of the reservoir (R) and includes recesses to
accommodate the solder waves. On the sides of each solder
wave there is thus formed a chamber (CH) bordered on its
top by the cover, on its bottom by the solder reservoir,
one side by the solder wave, and on an opposite side by
either (i) a stationary wall (of the solder pot or solder



away fromt
di schar ged
concentrati

t hus achi eved a shi el ding atnosphere which is retjai
(80). Furthernore, the surfaces of the sol der wayed

shi el d gas

pressuri zed gas plenuns. Those gas flows are disc

- speed from
gas flow fr

he sol der. That is, the air-stripping |REBLACEMENT SHEEG:s

fromthe top slits of the gas plenuns|(40, 50, ©60) m hifize the

f

on of oxygen traveling in the vicinit 5
ned

O

heseplges - | T

by the engl

ejected fromthe side slits_(g5_and 59') of the three

M so o travel across and in contact with the

portion (TSyheretthetehamber is situated between two solder waves).

Each chamber includes a gas outlet defined by a gap (G)
formed between the solder wave (SW) and an edge of the
cover slot. '

Disposed within each chamber is a gas discharge
pipe (P) extending parallel to the length of the solder
wave. A shield gas is discharged from orifices in the gas
discharge pipe to create an inert atmosphere within the
chamber (CH). A flow (F) of shield gas exits the chamber
through the outlet.  That gés flow is intended to provide
an inert blanket across the portion of the wave side which
projects above the gap (6) when a circuit board is
present. However, when no circuit board is present, the
portion (TS) of the top surface of the wave which curves

away from the gap (G6) is exposed to any ambient oxygen

which may be present in the ambient atmosphere, whereupon
dross can be formed. 1In the case of soldering operations
in which there occurs a wide spacial gap between
successive circuit boards. being conveyed to the solder
pot, it is not unusual for the solder wave pumps to be
deactivated between the soldering of successive boards in
order to minimize dross formation. _ _
Furthermore, the behavior of the gas flow (F)
emerging from the chamber can actually promote the
formation of dross on the solder wave. In that regard,
the pressure difference between the gas in the diécharge
pipe on the one hand and the atmosphere disposed above
the chamber outlet, on the other hand, is relatively
low. As a result, the velocity of the gas traveling
within the chamber toward the outlet is relatively slow.

E vely high
%%@t’ﬁ%‘f%?*éﬁ Zegrpggey@noﬁa@f@,«m@fﬂ sehRd (Obh And e@stean upper



surface of the wave which curves away fromthe ga
an effective inerting of the wave surface (TS) evg

circuit board. The high velocity of the gas trave|ig—toward—the

results in the gas energing fromthe slot (G beipg cqo#;;ﬁcfb?gu: n

of - sl ow- novi ng gas. Hence, there is |less of a tenfepcy
convection currents to be established Mhécb can ppl Laxygen- cont

at nrosphere down toward t he wave. - 21 -

Due to its slow travel, the gas will be significantly

heated by the hot solder wave. Consequently, the hot gas

flow (F) emerging from the gap (G) has a tendency to

rapidly rise and create a free swirling convection current

(cc) which draws the cooler atmosphere (and any oxygen
contained therein) downwardly toward the solder wave,
thus resulting in the formation of dross. '

Another region in which dross is formed in the

solder is at the place where the drive shafts for the wave

pumps enter the solder reservoir. The rotation of those

shafts produces a churning of the solder, whereby

oxidation is promoted.

It will be appreciated that the dross formed in
the solder eventually builds up to a level requiring that

the solder pot be shut-down to enable the dross to be
skimmed off the top of the solder reservoir. The o
frequency at which those costly shut-downs occur is
a function of the rate of dross formation.
Therefore, it would be desirable to minimize
the rate of dross formation-beyond the rateé'currently
achieved. It would also be desirable to minimize the .
amount of solder which is exposed to an oxidizing
atmosphere in the bath.
Summary of the Invention
The present invention relates to process and
apparatus aspects relating to the wave éoldering of a
member such as a circuit board. The process involves
emitting a solder wave upwardly from a solder nozzle,

and passing the member along a path so that at least an

underside of the member passes through the solder wave.

Shield gas is provided within first and second gas plenums

disposed upstream and downstream, respectively, of the
solder wave as defined with reference to the direction

of travel of the member. Each gas plenum includes a side



As an exanpl e, a plenum operated in accordance with-the.

enpl oyed orifices in a side wall representing about REFEA@EM SHEET e
surface area of the side wall. A flow of 100 scfh Jya n{t he
pl enumto produce about 0.06 in/water of pressure, janid g SE vlg&%mt at
the orifices of about 6 mis. For a flow of 300 scfh, re E f latpout
0.5 inches of water and gas velocity of .about 18 ni]s s-established] This
can be conpared to values calculated for simlar fl

system according to FIG 10, wherein for a flow of e of

0. 0001 inches of water was cal culated that would give a gas velocity at the
gap of aboHPid sS4 spasedyoRpogite cibe f $elfeR Kavepewith orifice means

formed in the side wall. The shield gas 1s pressurized
within each plenum so that the shield gas exits the
orifice means for travel toward the solder wave at a
velocity in the range of 1-30 m/s.

In another aspect of the process, shield gas is
1ntroduced into each plenum by conducting the shleld gas
along a delivery conduit extending longitudinally within
the plenum. The gas is discharged along the longitudinal
length of the delivery conduit. The shield gas is
conducted outwérdly from each plenum through the
orifice means such that the velocity of the shield gas
is substantially increased and is directed toward the
solder wave.

In still another aspect of the process, the
plenum side wall faces the solder wave, with vertically
spaced orifice means in the side wall. Each plenum is
arranged such that an upper portion of the side wall is
spaced horizontally from the solder wave to form a gap
therebetween, with an upper portion of the top surface of
the solder wave being disposed above, and curving away
from, the gap. Pressurized shield gas is provided within
the plenums such that the shield gas is ejected from the
orifice means for travel toward the solder wave, with at

. least an upper portion of the ejected gas being.directed
toward and across the portion of the top surface of the
solder wave which curves away from the gap.

In still another aspect of the process, the
shield gas may be ejected from a top wall of the plenum
instead of, or in addition to, the discharging of shield
gas from a side wall. Such upwardly discharged shield
gas impinges against the underside of the member to
strip the air from such underside.
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pressure was cal cul ated to be 0.0008 inches of water
at.the gap about .72 mis. It will be appreciated t EEPL
structure, the gas velocity increases as the gas a

defines a restriction). Thus, the gas flow wi thin t{h
10~woul d be even lower than the 0.24 ms and 0.72 n
can be conpared, respectively, to the velocities of
achi evabl e in connection with the presen?ly cl ai med| i nventi.on. The

city

whi ch

FI G
al ues
8 nis

relatively high pressure of shield gas within the gas—plertmsSETVES
expel any oxygen therefrom The solder which is churned by the rotati
drive An apparatus aspect of the invention comprises a

solder reservoir, a solder nozzle disposed in the solder
reserv01r, a pump for ejecting an upward solder wave from

to
ng

the solder nozzle, and a conveyor for conveying the member

such that an under51de_thereof passes through the solder
wave. _
First and second gas plenums are disposed

adjacent upstream and downstream sides, respectively,

of the solder wave, as defined with reference to a
direction of travel of the conveying means. Means is
provided for delivering pressurized shield gas into each
plenumn. ‘Each plenum includes a side portion opposing
" a solder wave. Each side portion has orifice means

for discharging the pressurized shield gas toward the
solder wave. The orifice means is dimensioned so that
pressurized shield gas is discharged through the solder
means toward the solder wave at a velocity in the range
of 1-30 m/s. | .
| In another aspect of the apparatus, a delivery .
conduit may extend longitudinally within each plenum for
introducing shield gas into the plenum so that the plenum
is pressurized with shield gas. The side wall includes
orifice means arranged to eject the pressurized shield
gas toward the solder wave and is dimensioned to produce
a substant1a1 increase in the velocity of the shield gas.
In yet another aspect of the apparatus, a side

portion of the plenum disposed opposite the solder wave
has vertically spaced orifices for discharging shield
gas. An upper portion of the plenum is spaced from the
respective solder wave to form a gap therebetween, with
a portion of a top surface of the solder wave disposed
above, and curving away from, the gap. Lower ones of
the orifices are arranged to direct pressurized shield



shafts (94) of the wave punps will not be oxidize fanket ed
by. pressurized shield gas within the sl eeves (100)REPEAEEE SHEE@ﬁ in
FIGS. 11-15 is a fourth enbodi nent of the inventidgn erein each ¢f |the

pl enuns includes a top wall, a bottomwall and at asfh 19Epepqgstarding
wakls, nanely, one vertical end wall, and two vert}i dal-'side wall For
exanple, showmn in FIG 12 are first ang §egond ongs nyns
(240, 250). The first gas plenum

gas toward a portion of the solder wave situated below
the gap. Upper ones of the orifices are arranged to
direct pressurized shield gés toward and across a portion
of the top surface of the solder wave curving away from
the gap. ' ,

In still a further aspect of the apparatus,
a top wall of the plenum may include orifice means
instead of, or in addition to, the orifice means provided
in a side wall. Shield gas discharged upwardly from the
orifice means in the top wall impinges against the
underside of a member to strip entrained air therefrom.

In yet another aspect of the apparatus, the
hconveyor which conveys the member, is adjustable to vary
thée conveyor width and accommodate members of different
widths. An enclosure overlying the solder reservoir
includes an inlet and an outlet for a member being
conveyed. An atmosphere of shield gas is established
within the enclosure. A curtain extends horizontally
across at least one of the inlet and outlet ends to cover
a portion thereof not occupied by the conveyor. One end
of the curtain is connected to the adjustable portion of
the conveyor for movement therewith when the conveyor
width is adjusted.

In still another aspect of the apparatus,
a motor-driven shaft extends downwardly into the solder
‘reservoir for operating the pump. A stationary hollow
sleeve extends downwardly below the solder surface, with
the shaft extending through the sleeve, in order to
restrict churning of solder to a region within the sleeve.
Pressurized shield gas is conducted into the sleeve to
inert the solder being churned therein.



(240) includes a vertical end wall (242), two verti.cal side walls
246), a bottomwall (243) and a top wall. (248). LikRPR NTsSH
pl enum (250) includes one end wall (252), two side|Ws
bottomwall (243), and a top wall (258). Depicted
wal | s (264, 266), bottomwall. (263), and top wall =
pl enum (260). The top walls (248, 258_ 268L are al jays_si | bel
even with a topside of the adjacent sol der wave. t he $ol der
bath is continuously controlled so that the bottom 'Ee

pl enuns are al ways subnmerged in the solder. By thus subnerging the bottom
wall's, it is ensurednathier Agpect dof %P%p%&%%rBEHEaFHVP ¥%§Ignuns will be

shiel ded - an inerting assembly adapted for use in a wave soldering
apparatus to provide an inerting atmosphere. The assembly

b sj de
gas
WV or

comprises a plenum having a top wall and two' downwardly
depending side walls extending between opposite
longitudinal ends of the plenum. At least one of the
side walls includes orifice means formed therein. A Qas
delivery conduit extends longitudinally within the plenum
for infroducing shield gas into the plenum.

Another aspect of the apparatus involves
'providing the plenum with a bottom wall and submerging
that bottom wall into the solder in the reservoir so that
the solder situated directly beneath the bottom wall is
not exposed. . _

The plenums are preferably adjustable angularly
about a longitudinal axis of the plenum, and either
horizontally or vertically. |

Brief Description of the Drawings

The objects and advantages of the invention will
become apparent from the following detailed description
of'pﬁeferred embodiments thereof in connection with the
accompanying drawings in which like numerals designate
like elements and in which:

FIG. 1 is a vertical sectional view taken through
a solder pot as a circuit board is being passed
therethrough, in accordance with.the present invention;

FIG. 2 is a fragmentary perspective view of a gas
plenum according to one embodiment of the present
invention;

FIG. 3 is a vertical sectional view taken through
the solder pot along a vertical plane oriented '
perpendicular to a direction of movement of circuit boards
and passing through a drive shaft of a wave pump;



from oxygen, thereby elimnating the need to inerg-

the solder. The end of the plenum (240) disposed

(242) can be open (see FIG 13) and placed sealifg
vertical wall (232) disposed within the reservoir.

(240) is attached to a wall (233) of the sol der g
(234), and the other end is attached to,uhe wall
Simlar brackets (not shown) are provide&'for att
(250, 260) to the walls (232, 234). Alternatively
could contain a wall, whereby the interior of the

plenumis

FIG. 4 is a view similar to FIG. 3 with the
vertical plane passing through one of the pressﬁrized gas
plenums;

FIG. 5 is a top perspective view of a first
embodiment of a gas plenum assembly according to the
present invention; |

FIG. 6 is a view similar to FIG. 4 of a second
'embodiment of a gas plenum assembly according to the -
present invention; _

FIG. 7 is a view similar to FIG. 4 of a third
embodiment of a gas plenum assembly according to the
present invention; '

FIG. 8 is a fragmentary schematic view showing
the direction of gas'flow from a pressuriéed'gas plenum
according to the present invention; | '

FIG. 9 is a view similar to FIG. 8 of a modified
plenum; _

FIG. 10 is a view similar to FIG. 8 of a prior
art arrangement; |
' " FIG. 11 is a vertical sectional view taken
‘through a solder pot as a circuit board is being passed
‘therethrough, in accordance with a fourth embodiment of
the present invention;

FIG. 12 is a top perspective view of a gas plenum
assembly according,to-the fourth embodiment of the preseht
invention; | |

FIG. 13 is a vertical sectional view taken
through the solder pot and a gas plenum according to the
fourth embodiment of the invention;

FIG. 14 is a fragmentary schematic view showing
the direction of gas flow from a pressurized gas plenum
according to the fourth embodiment of thelpresent
invention; |



entirely enclosed, as will be explained |ater in gcopreett+on—wriiI-ENG 17.

- 23 - Extending longitudinally within the plenu Nﬁ Y livery
pi pe (247) for pressurizing the interior chanber pfftteprenum (44Q) with
shield gas: That pipe (247) is fastened to the wa (%3 E@n@95s cannect ed
to-a gas supply hose (236), the latter being conngcied t sourcF f
pressuri zed shield gas. The delivery pipg (247) i1c.udas—&ur%ab+e
for enabling the shield gas to -2 =

outl ets

FIG. 15 is a cross-sectional view through a
modified gas plenum; _ ,

FIG. 16 is a view similar to FIG. 1 of a fifth
preferred embodiment of the invention;

FIG. 17 is a vertical sectional view through an
adjustable gas plenum according to the invention;

FIG. 18 is a sectional view taken along the
line 18-18 in FIG. 17;

FIG. 19 is a view similar to FIG. 18 of a
modified adjustable gas plenum; and

FIGS. 20, 21 and 22 are cross-sectional views of
modlfled plenums, respectively, for use in the FIG. 16
embodiment.

Detailed Description of Preferred
Embodiments of the Invention

Depicted in FIG. 1 is a solder pot (10) that
contains a solder reservoir or bath (11)'in which a pair
of solder waves (12, 14) has been established by
respective wave nozzles (16, 18) and adjustable pumps (20,
22) .in a conventional manner. The wave (12) can be a

turbulent wave, and the wave (14) can be a laminar wave,
although the waves could exhibit any desired flow |
characteristics.

The wave (12) is disposed upstream of the wave
(14), as defined with reference to the direction of travel
(T) of gircuit boards (26) that are conveyed by a.
conventional conveyor (30) such that at least the
undersides of the circuit boards (26) pass seguentially
through the solder waves (12, 14). The direction of
travel (T) is inclined upwardly at an angle to horizontal,
although it could be horizontal if desired.



be di scharged generally uniformy along the Iength 44 cqanely) ;r\h of
the ot her plenuns (250 and 260) is provided mﬁth'itkEBLAEB&Eﬂﬁ%S Yy pipe
(257, 267) functioning in a manner simlar to the gige (247). Eachl]off the

gas plenuns has |ongitudinally spaced gas dischargg ari%icsgpfods
di scharging the gas. The first gas plenum (240) indlydes orifices (245)
formed in its side wall (246) facing the _first wavg (Z¥2—eard—opii pnally)
orifices (245') in the top wall (248)'(§ée'FIGS. 13, 14); the second|gas
pl enum (250) has orifices (255) formed in its side WalTs (254, 2Z506) 1acing
the first and second waves (12, 14), respectively, and (optionally)

A shield gas system is provided for resisting

the oxidation of the solder in the reservoir. That

system comprises a plurality of gas plenums (40, 50, 60).
The first gas plenum (40) is located upstream of the

first wave (12) (as'defined with reference to the

direction of conveyancé of the circuit boards); the second
gas plenum (50) is located between the waves (12, 14); the
third gas plenum (60) is located downstream of the second
wave (14). Each plenum is spaced from a respective solder .
wave to form a horizonal gap (@) therebetween.

-Each gas plenum includes three upstanding walls,
namely, one vertical end wall, two vertical side walls,
and a top wall. For example, shown in FIG. 5 are first
and second ones of the gas plenums (40, 50). The first

L
i

gas plenum (40) includes a vertical end wall (42), two:
vertical side walls (44, 46), and a top wall (48).
‘Likewise, the second gas plenum (42) includes one end wall
(52), two side walls (54, 56), and a top wall (58).
Depicted in FIG. 1 are the side walls (64, 66) and top
wall (68) of the third gas plenum (60).. The plenums (40,
50, 60) are open at their bottom sides so that each plenum
is partially immersed in the solder, and the floor of the
plenum chamber is defined by the surface of the solder.
Also, the end of the plenum (40) disposed opposite the end
wall (42) is open (see FIG. 4) and placed sealihgly '
against a fixed vertical wall (32) disposed within the
reservoir. One end of the plenum (40) is attached to a
wall (33) of the solder pot by means of a bracket (34),
and the other end is attached to the wall (32) by a
bracket (35).



orifices (255 ) fornmed in the top wall (258); the third gas—p
has orifices (265) inits side wall (264) facing tm§ N& 4), and
(optionally) orifices (265) formed in the top wal | oriffilces
(245, 255, 265) produce a uniformdistribution of ga: alqmgp Ie ot h of
t he wave. The discharge orifices are shown as conpfi § |zonta
el ongated slits arranged as vertically spaced rows|ol hnr|7nn+~|,y sbaced
slits, but they can assune any other dE€si fed confi guration, such as
hori zontal |y spaced vertical slits. Instead of el olgated o:.to, the
orifices could be circular, oval or any other shape.

Similar brackets (not shown) are provided

for attaching the other plenums (50, 60) to the walls

(32, 34). Extending longitudinally within the plenum (40)
is a gas delivery pipe (47). That pipe (47) is fastened
to the wall (32) and is connected to a gas supply

hose :(36), the latter being connected to a source of
pressurized shield gas, such as an inert gas, for example

ph-entmT1260)

nitrogen, argon, carbon dioxide, a noble gas or any
mixture thereof, or a mixture of an inert gas and a
reducing gas such as H,, a hydride such as silicon
hydrides, etc. The delivery pipe (47) includes suitable
outlets for enabling the shield gas to be discharged
generally uniformly along the length of the plenum.

'Each of the other plenums (50 and 60) is provided
with its .own gas delivery pipe (57, 67), respectively,
functioning in a manner similar to the pipe (47).

Each of the gas plenums has longitudinally spaced
gas discharge orifices for discharging the gas. The first
gas plenum (40) includes orifices (45) formed in its side
wall (46) facing the first wave (12); the second gas
plenum (50) has gas orifices (55) formed in its side wall
(54) facing the first wave (12), and orifices (55’) in its
side wall (56) facing the second wave (14); the third gas
plenum (60) has orifices (65) in its side wall (64) facing
the second wave (14). Those orifices result in a uniform
distribution of gas along the length of the wave.

The discharge orifices (45, 55, 55’, 65) are
shown as comprising horizontally elongated slits arranged
as vertically spaqéd rows of horizontally spaced slits,
but they can assume any other desired configuratidn, such
as horizontally spaced, vertical slits. 1Instead of
elongated slits, the orifices could be circular, oval or
any other shape. Ihportantly, the area of the discharge
orifices of each gas plenum is designed in conjunction



REPLACEMENT SHEET -24- Inportantly, the area of BﬁPLACEEE%DESHEETiiceS of

each side wall facing a solder wave i s designed M th the

magni tude of the gas flow provided to each plengmjby t cliye
delivery pipe (247, 257, 267) to create a pressyre ih'ﬁﬁgﬁﬁgﬁge

0.01-50.0 inches of water in each plenum and sdch_that the shi¢ld gas

di scharged therefromin |am nar streaQ§:ﬁpw@rd the sol der waves having a

hi gh velocity in the range of 1-30 m's, 'nore préferably—3—8—H5-
with the magnitude of the gas flow provided to each plenum
by the respective delivery pipe (47, 57, 67) to create a
pressure in the range of 0.01-50.0 inches of water in each
plenum, and such that the shield gas discharged therefrom
in laminar streams having a high velocity in the range of
1-30 m/s, more preferably 3-8 m/s.

Furthermore, as shown in FIG. 8 the gas discharge

orifices of the plenum are arranged to direct the high

velocity shield gas toward the respective solder wave from
the bottom to the top thereof. Thus, the lowermost row of
slits (45’) directs gas toward a lower portion of the wave
(either horizontally or at an angle relative to horizontal
(see FIG. 9)); the middle row of slits (45") directs gas
toward an intermediate portion of the wave; and the
uppermost row (454) of slits directs gas toward an upper
portion of the wave. .

In particular, the gas from the uppermost row of
slits (45+) is directed toward and across the portion of
the top surface (TS) of the wave located above, and
curving away from, the gap (G), as shown in FIG. 8. As a
résult, high velocity gas emerging upwardly from the gap
(G) is deflected to travel across the top of that portion
(TS) of the wave top surface. The high velocity of the
deflected gas provides the gas with a relatively high
momentum which resists being displaced away from the wave
by thermélly generated forces emanating from the wave.
Thus, even when there is no circuit board passing through
the wave, a substantial portion (if.not all) of the top
surface of the wave will be blanketed by the gas, which
tends to follow the contour of the wave for a substantial
distance. This will not occur in the case of slow-moving
gas which is not caused to be deflected, as shown in
FIG. 10. '



Furthernore, as shown in FIG 14 the gas discharge_orjfices of the—si de

wal | s of each plenum are arranged to direct the hi (ggﬁﬁ éﬁﬂﬁi gas
toward the respective solder wave fromthe bottom }0; A NI Thus,
the lower row(s) of slits (245) directs gas towardjall oweredd i.onf of the
wave (either horizontally or at an angle relative {o hd*ﬁf%ﬁf§¥¥; t he
uppernost row of slits (245) directs gas;goward anjupper partion of the
wave. In particular, the gas fromthe uppéer row of |slits (245) is difected
toward and across the portion of the top surface (1 at ed

above, and curving away from the ga G, as shown in FIG 14. As a
g Fu%thermqre, t é)éigh velocf%y of the gas

according to the present invention minimizes the contact
time between the gas and hot solder wave, so the gas
exiting the gap (G) is relatively cool. That means that
there will be less of a tendency for a swirling air
current to be established above the gap which could draw
cooler atmosphere (and possibly air) down toward the wave
as compared to slower moving air which is significantly
heated by the wave as previously described in connection
with FIG. 10.

In addition, by discharging gas'at high velocity
from the slits, the slits will be less likely to become
clogged by solder which may tend to splash toward the
plenum. That would not be the case if the gas were to
exit at such a slow speed that it could not effectively
push away the solder.

It will be appréciated that the side walls
(46, 54, 56, 64) need not be flat or peffectly'vertical.
Inétead, they could be curved in any direction (e.g.,
see the broken lines in FIG. 9) and/or angled relative
to vertical (see the solid lines in FIG. 9). It is only
necessary that they be located generally opposite the
respective solder wave so that gas streams emitted

~ therefrom can éontact the wave.

The top walls of one or all of the gas plenums
can also be provided with gas discharge orifices. In that
regard, attention is directed to FIG. 5 depicting the
first and second gas plenums (40, 50) having gas discharge
orifices (49, 59) in their respective side and top walls.
Gas discharged upwardly from those orifices (49, 59) bears
against the undersides of the circuit boards to strip
therefrom oxygen-containing air which may be entrained

" by the circuit boards. The total area of those orifices
is désigned to provide a gas velocity in the range



result, high velocity gas energing upwardly from|REPLAGEMENT SHEETH! ect ed
to.travel across the top of that portion (TS) of ' dce. As a
result, the same advantages occur as in the first elly the
top surface of the wave being bl anketed by the ga egs of a
tendency for a swirling air current to be establi dag, and
there being less of a tendency for thq;%;t§ in tlhe plenumto clog.] It wll
be appreciated that the side walls (246,” 254, 256264 Teed—Tot—b0e flat or

perfectly VestiChh myBStfide bPEY¥eLABhY BEsCHLE] iSucdMa UdELTdPocity
is able to strip entrained air, without disrupﬁing any '
solder (in the case of the second and third plenums |
(50, 60)). The top walls need not be flat, but can have
other shaﬁes, including a curved shape as shown in broken

lines in FIG. 9.

' In the event that a gas plenum is provided with
discharge orifices in more than one wall thereof, it may
be desirable to independently control the velocity of gas
discharged from each wall. This can be accomplished by
providing a divider within the plenum to segregate the
gases discharged from the respective walls. For example,
attention is directed to FIG. 2 depicting a divider (70)
disposed within the second plenum (50). That divider
creates three chambers (72, 74, 76) which are fed by
three respective gas delivery pipes (not shown).

The gases discharged through the respective discharge
openings (55, 55/, 59) can thus have their velocities
independently controlled. In similar fashion, either or
both of the first and third gas plenums (40, 60) could be
provided with a divider which divides the plenum into two
chambers for independent control.

_ If desired, shield gas can be discharged solely
through the side walls, as depicted in FIG. 6, or solely
through the top walls, as depicted in FIG. 7. 1In FIG. 6,
gas discharge 6penings (45, 55, 55’) are formed solely in
the side walls of the gas plenums (40A, S0A). In FIG. 7,
discharge openings (47, 59) are formed solely in the top
walls of the gas plenums (40B, 50B).

' It is preferred that an enclosure (80) be
~arranged over the solder reservoir, with inlet and outlet
curtains (82, 845 being positioned over inlet and outlet
ends of the enclosure. In that way, the shield gas can
be better retained in the vicinity of the solder waves’
(12, 14). The curtains can comprise vertical strips of



- 25 - and/or angled relative to vertical. It H@pﬁﬁﬁﬁﬁfthat t hey
be | ocated generally opposite the respective s at| gas
streans emtted therefromcan contact the wave ttenti 'g irlected to
FIG 15 wherein each of the side walls of the pl ndhﬂ@ﬁﬁ%ﬁ? h upper and

| ower portions (254B', 254B", 256B', 256B"). Thejupper porti 254B' ,
256B') are angled with respect to the | 2r_ poftions to direct the inerting
gas toward the top of the respective solder wavte. That is—eacirUupper

portion fagas,iihik ddestion Lp¥iRgedcihi fidki38dtal1y overlapping

relationship. The strips would be attached only at their
upper ends to enable the conveyor and circuit boards to
push them aside. The enclosure. preferably has a cover
(86) which includes a transparent middle section (88)
preferably formed of glass to permit the soldering
operation to be observed. The cover (80) can be hinged
at (90) (see FIG. 3) to permit the cover to be raised if
desired.

The cover (80) is hinged to a section (92) of
the solder reservoir through which pump drive shafts (94)
extend (see FIG. 3). Each pump drive shaft (94) is driven
by a respective motor (96);' In order to inert the area of
the solder which is churned by the rotating action of the
drive shafts (94), there is provided a stationary hollow
sleeve (100) for each drive shaft. That sleeve (100) is
of cylindrical configuration and extends downwardly below
the upper level (102) of solder in the reservoir. Each
drive shaft . (94) extends through its respective sleeve
(100). A shield gas under pressure is fed to the interior
of the sleeve (100) by a supply hose (101), and the gas
exits the sleeve (100) through a hole (103) formed in the
sleeve. Hence, the only portion of the solder reservoir
which is churned by the rotating drive shaft (94) is
disposed within the sleeve and is inerted by the shield
gas which is maintained under pressure within the sleeve
(100).

The conveyor (30) for the circuit boards (26)
traveis on conventional carriers (110, 110’) (see FIG. 3).
That is, the conveyor comprises a pair of endlessly
rotating chains (307, 30"). The chain (30’) includes
a flight (30’A) traveling into the plane of the paper in
FIG. 3 (i.e., traveling away from the.observer), and a
flight (30'3) traveling out of the paper (toward the
observer). Likewise, the conveyor chain (30") includes



Tiil

hori zontal conponents, with the horizontal conp REELACENm%ﬂhSHE:Tad toward-

t he adj acent sol der wave. The plenum (250B) is &l $o0 provided w th}ja non-
apertured divider (270) for dividing the plenum|i it et i1oSERAMébef [nto two
subchanmbers (250B', 250B"), each subchanber haviing a gas delivefy]pipe
(257", 257"). By separately regulating the gas gupplied by each pjpe (257",
257"), the velocities of gases emtted-faom-respective sides of t he pl enum
can be varied relative to one another, so that those velocities can be

adapt ed to tRdghter t(i304 &, @0 YEErtsvel indieihtio bah@nbutndfl aRenpapedd, der

waves, respeetibuehyvelie St @UbiPRl I dSr IRy RERE s 2BYntRhtiRNS1 .
The carrier (110) is mounted to a wall (111) which is
horizontally adjustable toward and away from the other
carrier (110’) in a conventional manner (not shown) to

vary the spacing between the conveyor chains (307, 30%)

in order to accommodate circuit boards (26) of different
widths. The carrier (110) is connected to a horizontal
curtain (112) which is separate from the aforementioned
curtains (82, 84) and is provided to overlie the portion
of the inlet and/or outlet not occupied by the conveyor
(30). One end of the curtain (112) is mounted to a
"vertical roller (114) which is biased in rotation by coil
torsion springs (113). The other end of the curtain-is
connected to the carrier (110). When the carrier (110) is
horizontally adjusted in order to vary thé conveyor width,
the curtain (112) is automatically rolled (or unrolled).
The curtain (112) can be disposed at the inlet and/or
outlet of the enclosure.

Instead of employing a curtain (113) which rolls
up, a collapsible curtain, e.g., a bellows-like member,
could be employed which expands and contracts in an
accordion-like manner when the carrier (110) is adjusted.

In operation, circuit boards (26) are conveyed'by
thelconveyor (50) to the solder reservoir. The circuit
boards may have been pre-treated with a flux and heated,
in a conventional manner. As the circuit boards travel
past the inlet curtain (82) and enter the enclosure (80),
shield gas discharged upwardly from the top slits (49) of
the first pressurized gas plenum (40) impinges against the
underside of the circuit board to strip away entrained air

- as the board passes that gas flow. After passing the
first pressurized gas plenum, the underside of the circuit
board travels through the first solder wave (12) and is



configuration, such as“convexly-or concavel y- cu REELAGBNEQMESHEET e

inerting gas is directed toward the sol der wave observed eall|er, the
top walls of one or all of the gas plenuns can, |i| deqiSERI1998c prpvi ded
~with gas discharge orifices. Gas discharged upwarfily fromthosef ofifices
bears against the undersides of the circuit boafdS=to-strrp—therefrom
oxygen-contai ning air which may be entraibped byjthe circuit boards. The

t ot al

area of those top orifices is designed to provide a gas

coated with solder in the customary manner. Then, the.
underside of the circuit board sequentially travels
across: (i) an air-stripping flow of shield gas
discharged from the top slits (59) of the second
pressurized gas plenum (50), (ii) the second solder

wave (14), and (iii) an air-stripping flow of shield gas
discharged from top slits of the third pressurized gas.
plenum (60). The speed of the air-stripping gas flowing
from the top slits of the second and third pressurized gas
plenums (50, 60) is not great enough to disturb or remove
solder from the undersides of the circuit boards.

The formation of dross in the'solder_is
minimized by the effective measures taken to keep air
away from the solder. That is, the air-stripping flows
of shield gas discharged from the top slits of the gas
plenums (40, 50, 60) minimize the concentration of oxygen
traveling in the vicinity of the solder. There is thus
achieved a shielding atmosphere which is retained by the
enclosure (80). _

Furthermore, the surfaces of the solder waves
are amply protected by shield gas ejected from the side
slits (55 and 55’) of the three pressurized gas plenums.
Those gas flows are discharged at relatively high speed
from the pressqrized plenums, and.are deflected by at
least an upper gas flow from the plenum so as to travel
across and in contact with the portion (TS) of the top
surface of the wave which curves away from the gap. (G).
That gas produces an effective inerting of the wave
surface (TS) even in the absence of a circuit board.

The high velocity of the gas traveling toward the
gap (G) results in the gas emerging from the slot (G)

- being cooler than in the case of slow-moving gas. Hence,

there is less of a tendency for circular convection
currents to be established which can pull oxygen-
containing atmosphere down toward the wave.



-26 - velocity in the range of 1-30 m's, nore preferably 3-8 m's. Such a
gas velocity is able to strip entrained air, wthout [t ' der
(in the case of the second and third plenuns (250, 2
(240, 250, 260) nmay be nmounted so as to be adjustabl pbout a—hort
axts (280) extending parallel to the adjacent wave (fpep R ﬁﬂ’lﬁgﬂig)’
to be further adjustable either vertically or horizopthlly. Th ti
the gas pl enum (240) is shown in FI G "17%s$ having, | nledditiento th
previ ously .descri bed top, bottom end, and side wall}l, an additional
vial | (242') which is welded to a jamut (282). having '

- V) D

As an example, a plenum dperated in accordance
with the present invention employed orifices in a side
wall representing about one percent of the surface area of
the side wall. A flow of 100 scfh was established in the
plenum to produce about 0.06 in/water of pressure, and a
gas velocity at the orifices of about 6 m/s. For a flow
of 300 scfh, a pressure of about 0.5 inches of water and
gas Velocity of about 18 m/s was established.

This can be compared to values calculated for
similar flows of an inerting system according to FIG. 10,

wherein for a flow of 100 scfh a pressure of 0.0001 inches
of water was calculated that would give a gas velocity at
the gap of about 0.24 m/s. At a 300 scfh flow rate, the
pressure was calculated to be 0.0008 inches of water and
the gas velocity at the gap about .72 m/s. It will be
appreciated that in the FIG. 10 structure, the gas
velocity increases as the gas approaches the gap (which
defines a restriction). Thus, the gas flow within the
chamber (CH) of FIG. 10 would be even lower than the

0.24 m/s and 0.72 m/s values. Those values can be
compared, respectively, to the velocities of about 6 m/s
and 18 m/s achievable in connection with the presently
claimed invention. '

The relatively high pressure of shield gas within
the gas plenums serves to'expel any oxygen therefrom.

The solder which is churned by the rotating drive
shafts (94) of the wave pumps will not be oxidized,

- because it is blanketed by pressurized shield gas within
the sleeves (100). '



an internal screw thread. Wl ded to the outer per r T :S

pi pe (247)
ext endi ng
sol der pot

is a fitting (284) which includes a fi} . .
through a vertical slot (286) formed infthe wall (232) [of] the
, the sleeve part (284A) including an ektprrial SEf 996t

—

fitting further includes a polygonal nut (284B) tp hich a turning ftool
(e.g., wench) can be applied, and a hogg-receiving STeeve part (2840 to

whi ch the

hose (236) is attached. The gé$ plenum{240) is nounted

gas delivery pipe (247) by threading the jamut (282) onto the sleeve part

(284A) of

the fitting (284). A free end of the gas delivery pipe (247) is

| oosel y received i nDe@picted in FIGS. 11-15 is a fourth embodiment of

the invention wherein each of the plenums includes a top

wall, a bottom wall and at least three upstanding walls,

namely, one vertical end wall, and two vertical side
walls. For example, shown in FIG. 12 are first and second
ones of the gas plenums (240, 250). The first gas plenum
(240) includes a vertical end wall (242), two vertical
side walls (244, 246), a bottom wall (243) and a top wall

- (248). Likewise, the second gas plenum (250) includes one

end wall (252), two side walls (254, 256), a bottom wall
(243), and a top wall (258). Depicted in FIG. 11 are the
side walls (264, 266), bottom wall (263), and top wall
(268) of the third gas plenum (260).  The top walls (248,
258, 268) are always situated below or even with a topside
of the adjacent solder wave. The height of the solder
bath is continuously controlled so that the bottom walls
of all of the plenums are always submerged in the solder.’
By thus submerging the bottom walls, it is ensured that.
all solder disposed beneath the plenums will be shielded
from oxygen, thereby eliminating the need to inert the
entire surface of the solder.

The end of the plenum (240) disposed opposite the
end wall (242) can be open (see FIG. 13) and placed
sealingly against a fixed vertical wall (232) disposed
within the reservoir. One end of the plenum (240) is
attached to a wall (233) of the solder pot by means of a
bracket (234), and the other end is attached to the wall
(232) by a bracket (235). Similar brackets (not shown)
are provided for attaching the other plenums (250, 260) to
the walls (232, 234).

' Alternatively, both ends of the plenums could
contain a wall, whereby the interior of the plenum is
entirely enclosed, as will be explained later in '
connection with FIG. 17.



support collar (287) attached to an opposite end wall
The plenumis then positioned at a desired el evation
by raising or lowering the gas delivery pipe (247) wifh
Al'so, the plenumis positioned in a desired angular ofik
rottat ed about the axis (280) until the side wall (246)
orientation relative to the sol der - gg’- wave (e.
oriented vertical as shown in -

‘Extending longitudinally within the plenum (240)
is a gas delivery pipe (247) for pressurizing the interior
chamber of the plenum (240) with shield gas. That pipe
(247) is fastened to the wall (232) and is connected to a
gas supply hose (236), the latter being connected to a
source of pressurized shield gas. The delivery pipe (247)
includes suitable outlets for enabling the shield gas to
be discharged generally uhiformly along the length of the
plenﬁm.

Each of the other plenums (250 and 260) is
provided with its own gas delivery pipe (257, 267)
functioning in a manner similar to the pipe (247).

Each of the gas plenums has longitudinally spaced
gas discharge orifices for discharging the gas. The first
gas plenum (240) includes orifices (245) formed in its
side wall (246) facing the first wave (212), and
(optionally) orifices (245’) in the top wall (248) (see
FIGS. 12, 14); the second gas plenum (250) has orifices
(255) formed in its side walls (254, 256) facing the first
and second waves (12, 14), respectively, and (optionally)
orifices (255’) formed in the top wall (258); the third
gas plenum (260) has orifices (265) in its side wall (264)
facing the second wave (214), and (optionally) orifices
(265’) formed in the top wall (268). The orifices (245,
255, 265) produce a uniform distribution of gas along the
length'of the wave.

The discharge orifices are shown as comprising
horizontally elongated slits arfanged as vertically spaced
rows of horizontally spaced slits, but they can assume any -
other desired configuration, such as horizontally spaced
vertical slits. Instead of elongated slits, the orifices
could be circular, oval or any other;shape. |



sold lines in FIG 14, or at an inclination'to ver
lines in FIG 14). Then, the gas delivery tube (24

(232),

hant om
bt at i ng

the nut (284B) to draw the plenumaxially toward the tfghtly

sandwi ch a sealing washer (288) between the jamut {( 82‘) aiﬁ,n% wal
whereby the plenumis securely held in posif{i ?

orientation of the plenum shown in phantomlines i noy be

performed in connection with the second Bfefum (250) Wwhose si de mall
oppose respective sol der waves, because when one si

inclined at a desired angle to vertical, the other side would not be
properly inclined. | fImputtianthy] usieeateasofesheedisthargyec end filamaum

(250)

of each side wall facing a solder wave is designed in
conjunction with the magnitude of the gas flow provided
to each plenum by the respective delivery pipe (247, 257,
267) to create a pressure in the range of 0.01-50.0 inches
of water in each plenum, and such that the shield gas
discharged therefrom in laminar streams toward the solder
waves having a high velocity in the range of 1-30 m/s,
more preferably 3-8 m/s.

Furthermore, ae shown in FIG. 14 the gas
discharge orifices of the side walls of each plenum are
arranged to direct the high velocity shield gas toward the
respective solder wave from the bottom to the top thereof.
Thus, the lower row(s) of slits (245) directs gas toward
a lower portion of the wave (either horizontally or at‘an
angle felative to horizontal); and the uppermost row of
slits (245) directs gas toward an upper pbrtion of the
wave.

In particular, the gas from the upper row of
slits (245) is directed toward and across the portion of
the top surface (T8) of the wave located above, and

| curving away from, the gap (G), as shown in FIG. 14. As a

result, high velocity gas emerging upwardly from the gap
(G) is deflected to travel across the top of that portlon
(TS) of the wave top surface.

As a result, the same advantages occur as in the
first.embodiment, namely the top surface of the wave being
blanketed by the gas, there being less of a tendency for a
swirling air current to be established above the gap, and
there being less of a tendency for the slits in the plenum
to clog. o :
It will be appreciated that the side walls
(246, 254, 256, 264) need not be flat or perfectly
vertical. 1Instead, they could be curved in any direction



woul d be formed of two separate plenuns of siml ﬂdﬁiﬁﬁﬂ%ﬂﬂﬁﬁSﬂEﬁp t he

first and third plenuns (240, 260). In order to bte—tte—frrstyahd third

pl enuns to

provi ded between each of those plenuns and the ajjace
pot as shown in FIG 11. If no angul ar adjustnen s—provided _thel pl enuns

woul d be a
| nst ead of
pl enuns co

| | 286A
shown in FI%&%/% r%dlééc))&ubgeia%ﬂ‘ééu%‘%’ﬁ?'{afltf'ﬁagnguiﬁr%l §§ té'gf’e?ﬁ?%tsﬁ ) =

about the

be rotated about axis (280), a slight h)rl Qﬁﬁ?1 ng is

rranged flush with the respective wallp of the sol der p

being vertically adjustabl & #PthRin a , the

dhat (180 heulecdkedugeneraklly opposite the respective
solder wave so that gas streams emitted therefrom can

contact the wave. Attention is directed to FIG. 15
wherein each of the side walls of the plenum (250B) has
upper and lower portions (254B’, 254B", 256B‘, 256B").

The upper portions (254B‘, 256B’) are angled with respect
to the lower portions to direct the inerting gas toward
the top of the respective solder wave. That is, each
upper portion faces in a direction having vertical and
horizontal components, with the horizontal component being
directed toward the adjacent solder wave.

The plenum (250B) is also provided with a non-
apertured divider (270) for dividing the plenum interior
chamber into two subchambers (250B’, 250B"), each
subchamber having a gas delivery pipe (2577, 257"). By
separately regulating the gas supplied by each pipe (2577,
257"), the velocities of gases emitted from respective
sides of the plenum can be varied relative to one another,
so that those velocities can be adapted to the inerting
requirements of the turbulent and laminar solder waves,
respectively. '

The side and top walls may assume any suitable
configuration, such as convexly or concavely curved, as
long as the inerting gas is directed toward the solder
wave.

As observed earlier, the top walls of one or all
of the gas plenums can, if desired, be provided with gas
discharge orifices. Gas discharged upwardly from those
orifices bears against the undersides of the circuit
boards to strip therefrom oxygen-containing air which
may be entrained by the circuit boards. The total area
of those top orifices is designed to provide a gas

th sol der



17 and

L}t\mmmm it
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Thus, the structure of FIG 19 would be identical
18, except that the slot (286A) is horizontal rat

is desired to make a pl enum adjustable in three re ;
vertically, horizontally, and angularly, a suitabl g noun gndenent
(not shown) could be provided. - 28 - There ig| 4l s8 b%g§g@§@ 4 dqover and
retractable curtain for the sol der pot %% descri ed in connectloﬁ With

veloéity in the range of 1-30 m/s, more preferably _
3-8 m/s. Such a gas velocity is able to strip entrained
air, without disrupting any solder (in the case of the
second and third plenums (250, 260).

Each gas plenum (240, 250, 260) may be mounted
so as to be adjustable about a horizontal axis (280)
extendihg parallel to the adjacent wave (see FIGS. '17-19),

and to be further adjustable either vertically or
horizontally. In particular, the gas plenum (240) is
shown in FIG. 17 as having, in addition to the previously
described top, bottom, end, and side walls, an additipnal
end wall (242')~which is welded to a jamnut (282) having
an internal screw thread. Welded to the outer periphery
of the gas delivery pipe (247) is a fitting (284) which
includes a first sleeve part (284A) extending through a
vertical slot (286) formed in the wall (232) of the solder
pot, the sleeve part (284A) including an external screw
thread. The fitting further includes a polygonal nut
(284B) to which a turning tool (e.g., wrench) can be
applied, and a hose-receiving sleeve part (284C) to which
the hose (236) is attached.

The gas plenum (240) is mounted on the gas
delivery pipe (247) by threading the jamnut (282) onto the
sleeve part (284A) of the fitting (284). A free end of
the gas delivery pipe (247) is loosely received in a
support collar (287) attached to an opposite end wall
(242) of the plenum.

The plenum is then positioned at a desired
elevation within the solder pot by raising or lowering
the gas delivery pipe (247) within the slot (286). Also,
the plenum is positioned in a desired angular orientation
by. being rotated about the axis (280) until the side wall
(246) is in a desired orientation relative to the solder



the first enmbodi ment. The operation of the fif Rﬁmts n
that described in connection with the first enpogrreRrt—the—sar .
sol der reservoir is protected agai nst oxidatio y bigﬁg,%ﬁglat d fromair,
due to the subnerging of the bottomwalls of the pﬂe t e |sol der
reservoir. Furthernore, the surfaces of the sof der_waves_are grdtected
agai nst oxidation by shield gas ejected 5 omthe side slits (244, 255, 265)

of the three pressurized gas plenuns whicC tra cont act

with the poghyen(eTg) ,0knkhe i i ace fifi dited @y gD sS4 ¥ES,AVgY from
the gap (G . That ,gas produces an- effective L .
sold lines 1n FIG. 14, or at an inclination to vertical

as shown in phantom lines in FIG. 14). Then, the gas
delivery tube (247) is rotated by rotating the nut (284B)
to draw the plenum axially toward the wall (232) to
tightly sandwich a sealing washer (288) between.the jamnut
(282) and the wall (232), whereby the plenum is securely
held in position. The angular orientation of the plenum
shown in phantom lines in FIG. 14 would not be performed
in connection with the éecond plenum (250) whose side
walls oppose respective solder.waves, because when one
side wall thereof is inclined at a desired angle to
vertical, the other side would not be properly inclined.
If angular adjustment is desired, the second plenum (250)
would be formed of two separate plenums of similar
construction to the first and third plenums (240, 260) .

In order to enable the first and third plenums to
be rotated about axis (280), a slight horizontal spacing
is provided between each of those plenums and the adjacent
wall of the solder pot as shown in FIG. 11. If no angular
adjustment is provided, the plenums would be arranged -
flush with the respective walls of the solder pot.

| Instead of being vertically adjustable within
a vertical slot (286), the plenums could be horizontally
adjustable within a horizontal slot (286A) as shown in
FIG. 19. Of course, the ability to angularly adjust
the plenum about the axis (280) would be maintained.
Thus, the structure of FIG. 19 would be identical to
that of FIGS. 17 and 18, except that the slot (286a) is
horizontal rather than vertical. '

If it is desired to make a plenum adjustable in
three directions, i.e., vertically, horizontally, and
angularly, a suitable mounting arrangement (not shown)
could be provided.



Inerting of the wave surface (TS) even in the abj .S 'T boar d.
The high velocity of the gas traveling toward the¢ SLH n the
gas energing fromthe slot (G being cooler than|ip the case of El pw noving

gas. Hence, there is less of a tendency for circll ar t cufrents to
be* est abl i shed whi ch can pull oxygen- containing arnnsphere downf t pward t he
wave. Another enbodi ment of the inventiap, depic ed in FIG 16 is pimlar
to that disclosed in connection with Fig.” 11 exc _ s (240,
250, 260) are not Supfgr@edsWallonoblas MG dRREI Vlld - xERHAGEap1® PO tO
acqéé of the
1

wal | of each plepnumis spaced above the sur
curtain for the solder pot as descr

—+

in connection with
the first embodiment. |

The operation of the fifth embodiment is the same
as that described in connection with the first embodiment.
The surface of the solder reservoir is protected against
oxidation by being isolated from air, due to the
submerging of the bottom walls of the plenums in the
solder reservoir.

Furthermore, the surfaces~of the solder waves
are protected against oxidation by shield gas ejected from
the side slits (245, 255, 265) of the three pressurized
gas plenums which travel across and in contact with the
portion (TS) of the top surface of the wave which curves
away from the gap (G). That gas produces an effective
inerting of‘the wave surface (TS) even in the absence of
a circuit board. _ :

The high velocity of the gas traveling toward the
gap (G) results in the gas emerging from the slot (G)
béing cooler than in the case of slow-moving gas. Hence,
there is less of a tendency for circular convection
currents to be established which can pull oxygen-
containing atmosphere down toward the wave.

Another embodiment of the invention, depicted in
FIG. 16 is similar to that disclosed in connection with
Fig. 11 except that the plenums (240, 250, 260) are not
submerged within the solder reservoir. Rather, the bottom
wall of each plenum is spaced above the surface'(B) of the
solder reservoir, and is provided with orifices (2457,
255¢77, 265''') to eject inerting gas into a space (8)
formed between the bottom wall and the solder surface (B).
The veiocity of that gas is preferably less than that of
gas emitted from the side orifices; those gas velocities
can be independently regulated by controlling the total
areas of the respective sets of gas orifices.



sol der reservoir, and is provided with orifices (pd5l-'' 255" 65" ' ")

ta eject inerting gas into a space (S) fornmed bet E?LAEEhﬂﬂﬁﬁSHEEE | and
the sol der surface (B). The velocity of that gas |s t han
‘that of gas emtted fromthe side orifices; thosejgas ¥3 §&2¢ :a1 be
‘i ndependent|ly regul ated by controlling the total ar f Th reSfe:tive
sets of gas orifices. -29- Alternatively, the pl oyi ded
wi th a gas non-perneabl e divider (2707.5? Shown i FIG 20 with

Alterﬁatively, the plenums can be provided with
a gas non-permeable divider (270) as shown in FIG. 20 with
respect to the second plenum (250C). The divider (270")
divides the interior chamber of the plenum (250) into
four subchambers (272, 274, 276, 278), each of which
being provided with its own gas delivery pipe (257).

By controlling the amounts of gas supplied by the
respective pipes (257) (and/or by controlling the orifice
size as noted earlier), the velocities of gas emitted from
the respective walls can be independently regulated.

As an alternative to providing separate gas
delivery tubes for the respective sub-chambers, a single
gas delivery tube (257) could be provided for delivering
gas to one sub-chamber. For example, with réfgrence to
FIG. 21, an apertured (i.e., gas permeable) divider (270")
is provided which divides the interior of plenum (250D)
into two sub-chambers (272A, 276A). The gas delivery tube
(257) is situated within the sub-chamber (272A), and gas
is discharged from that sub-chamber through orifices
formed in the top and side walls and also in the divider
(270"). The total area of orifices in the divider is
designed in conjunction with the rate of gas inflow from
the delivery tube to create a desired pressure within the
sub-chamber (272A). The velocities of gases emitted from
the respective top and side walls can be controlled by the
sizes of orifices provided therein.

The sizes of the respective orifices in the
divider (270") and bottom wall (253) of FIG. 21 can be

'designed to provide a desired gas pressure within the
sub-chamber (276A) and a desired velocity of gas emitted
from the bottom wall. The velocity of gas discharged
from the bottom wall can thus be reduced to a desired
low value. |



respect to the second plenum (250C). The divider (270") diVEdes-%hej
interior chanber of the plenum (250) into four sub ENﬂﬂWTZﬂﬂﬂYﬁ, 276,
278), each of which being provided with its own ga ' (2b7). By

controlling the amounts of gas supplied by the respe tivq éﬁpm(b? _
(and/or by controlling the orifice size as noted earlieh) °%h elfc ties

of gas emtted fromthe respective maILs3 an be independe ated. As
an alternative to providing separate gas~delivery tlubes for the respgctive
sub-chanbers, a single gas delivery tube (257) coulld_bep~evi-eded—forT
‘delivering gas to one _sub-chanber. For exanple, with reference to FIG 21,
an apertured (i.e., §a§-pé2msgRictsiianeihey empgdiment of a gas

plenum (450) comprising three subchambers (452, 454,
456) , each separated from the other by a non-permeable
divider (458). Each subchamber has its own gas delivery
pipe (452P, 454P, 456P) providing an independent control
of gas flows and velocities. Particularly, the velocity
of the gas discharged through the wall of the lower:
subchamber (456) can be smaller than the velocity of the
gas discharged from other subchambers (452, 454), in

consideration of the relatively small distance between the
bottom wall (460) of the plenum and the surface (422) of
the molten solder. '

Although the present invention has been described
in connection with preferred embodiments thereof, it will
be appreciated by those skilled in the art that additions,
deletions, modifications, and substitutions not '
specifically described may be made without departing from
the spirit and scope of the invention as defined in the

appended claims.



i s provi ded which divides the interior of plenum (250D) into two ] .
' i thin

sub- chanmbers (272A,. 276A) —The gas delivery éu?e ( a ]
t he sub- chanber and gas i s discharge ro [} roug
orificeMand side walls and al so E%Ammmgﬁg]”gmf).
The total ar mw& i'n the divider is desighe |nc u,‘ bn{ Wi t h
the rate sfrdm t he dellver t ube to cleat el Si Dr essur e
within th chhnber (272A). The velocfkles of gasés enltted fromthe
respective top and side walls can be controlled by|the sizes of ‘orif}ces
provided therein. The sizes_of the respective orifi '

(270") and AT ofS \eMAIMEB3ISsf FI G 21 can be

1. A process of wave soldering a member (26)
wherein a solder wave (12 or 14) is emitted upwardly from
a solder nozzle (16 or 18), the member (26) is passed
along a path so that at least an underside of the member
passes through the solder wave, and shield gas is provided
within first and second gas plenums (40, 50, 60, 240, 250,
260 or 450) dispbsed upstream and downstrean, '
respectively, of the solder wave as defined with reference
to the direction of travel of the member, characterized in
that each gas plenum includes a side wall (46, 54, 56, 64,
246, 254, 256 or 265) disposed opposite the solder wave,
with orifice means (45, 45+, 55,.55' 245, 245", 255, 2557)
formed in the side wall, and the shield gas is pressurized-
within each plenum so that the shield gas exits the
orifice means for travel toward the solder wave at a-
vélocity in the range of 1-30 m/s.

2. A process according to Claim 1, characterized
in that the side wall extends in a horizontal direction
- from one end to another of the respectiﬁe gas plenun,
pressurized shield gas being conducted along a gas
‘delivery conduit (47, 57, 67, 247, 257, 257/, 257", 452P,
454P) extending longitudinally within the plenum and
discharging the shield gas into the plenum from locations
along the delivery conduit.



'de5|gned to provide a desired gas pressure within the sub-chamber (276A)

and a desir
gas di schar
value -

ed velocity of gas emtted fromthe bottxnmmaLL*—Jhe—¥eLee
ged fromthe bottomwall can thus be red{REPACE NLﬂEBSHEET

30 - FIG 22 depicts anot her enbodi ment jo
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-t hree subchanbeis (452, 454, 456), each ge argﬁg%}ﬁagjsgd
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3. A process according to any of the preceding
claims, characterized in that an upper portion of each
plenum is spaced from a respective solder wave to form a

gap (G) therebetween, an upper portion of the top surface

of the solder wave being disposed above and curving away
from, the gap, at least an upper portion of the gas

exiting the orifice means being directed toward and across

the portion of the top surface of the solder wave which

- curves away from the gap.

4. A process according to any of the precedinq
claims, characterized in that the side wall extends in a
longitudinal direction from one end to another of the
respective plenum, the shield gas exiting longitudinally
spaced orifices formed in the side wall. '

5. A process éccording to any of the preceding
claims, characterized in that the side wall extends in a
longitudinal direction from one end to another of the
respective plenum, the shield gas exiting vertically .
spaced orifices formed in the side wall.

6. A process according to any of the precedlng
claims, characterized in that the shield gas exits
orifices which are spaced apart vertically and

- longitudinally.

ty of
oW
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pi pe (452P, 454P, 456P) providing an i ndependent cor p—gF—eas—i4-ows.- and
velocities. Particularly, the velocity of the gas dikEREAEA DHFSHEETIhe
wal | of the | ower subchanber (456) can be smaller tHa t he
gas discharged—++@ﬂLQLngL_%E$§2anbers (452, 454), i )f t he
rel-atively s | St ance en the bottomwall (460) im and
the surface @m n sol der -~ Alkt kough the | oph has
been descri be g ith preferred enbodi mgnts thereof, it Wll be

appreci ated by t hose §k|FIe

in the art that additions, deretiors:

mdi £ cati ons, and supst i Ut gngs8ohcEBEELACRb! ¥ngeBE" kRRd FRC IR IR de

W t hout departlng fro
clains, characterlzed in that the orifice means

constitutes first orifice means, and further comprising
the step of discharging shield gas from second orifice
means (49, 59, 69, 249, 259, 269) formed in a top wall
(48, 58, 68, 248, 258, 268) of at leaSt one of the gas

plenums which opposes the underside of the member to
remove entrained air from that underside.

8. A process according to Claim 8, characterized
in that shield gas is discharged from the second orifice

means of both of the gas plenums.

9. A process according to any of the preceding
claims, characterized in that the solder wave constitutes
a first solder wave, and further comprising the steps of

"emitting upwardly a second solder wave at a location

downstream of the first solder wave, as defined with
reference to the direction of travel of the member,

such-

that the second gas plenum is situated between the first
and second solder waves, discharging pressurized shield
gas from orifice means of a side wall of the second gas
plenum so that such discharged shield gas travels toward
the second solder wave at a velocity in the range of

1-30 m/s, pressurizing shield gas within a third gas
plenum disposed downstream of the second solder wave, and
discharging shield gas from orifice means formed in a side
wall of the third gas plenum so that such discharged
shield gas travels toward the second solder wave at a
velocity in the range of 1-30 m/s.



the spirit and scope of the invention as def i ned |n§§gfzappended_£La'ns.
-31- WHA AIMED | S: 1. A process of wave s¢ OBMENTe 26)
mherein Ider (12 or 14) is emtted upwardlyfrom=a su.ggﬁErazzle
(16 or I s passed al ong a path s pzkﬁg ilég s pan
underslde passes t hrough the sol der paye, S 1 df gps is
prOV|ded mﬁthln | | second gas pLegyns (40, pOL-80_ 240, 250

10. A process according to any of the preceding
claims, characterized in that shield gas is provided
within a plenum having at least one additional wall in
addition to the side wall, the additional wall being
provided with orifice means for emitting shield gas, and
the velocities of shield gases fed to the different
orifice means are independently controlled.

11. A process according to Claim 1, characterized
in that said velocity range is 3-8 m/s.

12. An apparatus for wave soldering a member,
comprising a solder reservoir (10), a solder nozzle (16,
18) disposed in the solder reservoir, a pump (20, 22) for
ejecting an upward solder wave from the solder nozzle; a
conveyor (30) for conveying the member such that an
underside thereof passes through the solder wave, and
first and second gas plenums (40, 50, 60, 240, 250, 260 or
450) disposed adjacent upstream and downstream sides,
respectively, of the solder wave as defined with reference
to a direction of travel of the conveying means, and means
(47, 57, 67, 247, 257, 257', 257", 452P, 454P) for
delivering pressurized shield gas into each plenunm,
characterized in that each plenum includes a side'portion
(46, 54, 56, 64, 246, 254, 256 or 264) opposing the solder
wave, each side portion having orifice means (45, 45", 55,
557, 245, 245", 255, 255’) for discharging the pressurized
shield gas toward the solder wave, the orifice means being
dimensioned so that pressurized shield gas is discharged
through the orifice means toward the solder wave at a |
velocity in the range of 1-30 m/s.



260 or 450) disposed upstream and downstream respectd . er

wave as d ed with reference to the direction of tr _
characteri zed:in as ‘pl enumincludes a sidg 6, 64,
246, 254, ans

(45, 45 ,
shield gas i's pres
the orifice means for travel toward the solder wave a

im’” i sposed opposite the sol der wav
#'ﬁw tﬁm 1255, 255') formed in the sid |
S thin each_pl@num so that fh Xift s

[ a velocity in the

range of 1-30 m's. 2. A process accordlng to Caim1l frar-arcteT T Zed | n
that the side wall &gg I n horlzon dLregalon fron1one end to
another of the res ﬁ? Bn ﬁ?°r 1ng © Claim 12,

characterlzed in that an upper portion of each plenum is
spaced from the respective solder wave to form a gap (G)
therebetween, with a portion of a top surface of the

_Solder wave disposed above, and curving away from the gap,

lower ones (45/, 45") of the orifices being arranged to
direct pressurized shield gas toward a portion of the
solder wave situated below the gap, upper ones (45+) of
the orifices arranged to direct pressurized shield gas
toward and across the portion of the top surface of the
solder wave curving away from the gap. -

14. Apparatus according to any of the preceding

claims characterized in that a motor driven shaft (94)

extends downwardly into the solder reservoir and operably
connected to the pump; and a stationary hollow sleeve

(100) extends below the solder surface with the shaft
extending therethrough to restrict churning of the solder
to a region within the sleeve, and further inéluding means.
(101) for conducting pressurized shield gas into the
sleeve to inert the solder being churned therein.

15. Apparatus according to any of the preceding
claims charactéfized in that an enclosure (80) overlies
the solder reservoir, the enclosure having inlet and
outlet ends for enabling the conveyor to pass through the
enclosure, a portion of the conveyor being adjustable
to vary the conveyor width and accommodate members of
different widths, a curtain (112) extending horizontally
across at least one of the inlet and outlet ends to cover
a portion thereof not occupied by the conveyor, one end
of the curtain being connected to the adjustable conveyor
portion for movement therewith when the conveyor width is
adjusted.



pressurized shield gas being conduct ed along a gas delivery conduit (47,

57, 67, 247, 257, 257', 257", 452P, 454P) extend|n}JJqu44ﬂh+ﬁHﬁ§§ﬁmtrnn
t he plenun1and dlscharglng t he shleld gas |nt0_th3REPHAEENEmﬁhS | oNns

al ong the delivery conduit. 32 - 3. A process}ag of t he
precedlng*cfarﬂs——characterrzed i n that an upper pbriiaq hum i s
spaced fro | der wave tg ggrn1a gap (3 {ﬂqﬂgﬁgﬁ@be an
shvroor AT A I =

16. Apparatus according to Claim 15,
characterized in that the opposite end of the curtain is
mounted on a biased roller (114) to be rolled up or
unrolled depending upon the direction of movement of the
end thereof connected to the adjustable conveyor portion.

17. Apparatus according to any of the preceding
claims, characterized in that the plenum includes a
plurality of walls, one of the walls deflnlng the side
portion, at least one other of the walls 1nclud1ng some of
the orifice means for emitting shield gas; and means for
independently controlling the velocity of gas fed to the
different orifice means.

18. Apparatus according to any of the preceding
claims, characterized in that each plenum includes a
bottom wall (243, 253, 263, 460).

19. -Apparatus according to claim 18,
‘characterized in that the bottom wall is closed and is
submerged within the solder in the reservoir.

.

20. Apbaratus according to any of .the preceding
claims, characterized in that the plenum has two orifice-
containing side wall portiohs, and a divider (70, 270,
270’) dividing the interior of the plenum into subchambers
bordered by respective side wall portions, and gas
delivery pipes (257, 257") extending into respéctive
subchambers for delivering shielding gas thereto.
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. : A : ey
of the solder wave being di sposed above and curvi%g Y A tdy yp, at
| east an upper portion of the gas exiting the or;fl ﬁLAQENEﬁHx$ cted

toward a oss the portion of the top surface of |t he sol der wave i ch
curves a fron1 4. A process according {olaty o SERNeckd] ng

cl ai s, [n that the side wall extendls|in a |ongitudingl
dlrectlon another of thgr;espective plterum—TNe shlel: gas
exiting Ionglﬁud1na ced orifices formed in thd side wall. 5. __A

process according to any of the preceding clains, Icraracterized in that the

side wall extends in a |ongitudinal direction fromone end to another of
t he 21. Apparatus according to Claim 20,

characterized in that each side wall portion includes an
orifice~containing upper portion (254B’, 256B’) inclined
relative to both the vertical and the horizontal for

discharging shield gas toward and across the top of the

solder wave.

22. Apparatus according to any of the preceding
claims, characterized in that an orifice-containing part
of the side wall portion is inclined relative to the
vertical and the horizontal for discharging shield gas
toward and across the top of the solder wave.

23. Apparatus according to any of the preceding
claims, characterized in that the gas plenum includes a
top wall portion (48, 58, 68, 248, 258, 268) having
orifice means for discharging shield gas upwardly against
the underside of a member to strip entrained air
therefrom, and further including a divider (70, 2707)
disposed within the plenum for dividing the plenum
interior into sub-chambers communicating with the side
wall portion and top wall portion, respectively.

24, Aﬁparatus according to Claim 23,
characterized in that the means for introducing
pressurized gas into the plenum introduces separate gas
flows into respective sub-chambers, the divider being gas-
impermeable. ' '

25. Apparatus according to Claim 23,
characterized in that the means for introducing
pressurized gas comprises gas delivery conduits disposed
‘within respective sub-chambers and extending substantially .
parallel to an adjacent solder wave.



respective plenum the shield gas exiting vertically spaced orifices fornmed
in the sLde_m@LL;_Q;_f%ﬁéggﬁss according to any of the preceding clains,
characterized in that ield gas exits orifices which are spaced apart
verticall ﬂﬁl"”uﬂ -33- 7. A process according to any of the
pr ecedi ng nﬂw |zed in that the orifice neans constltutes first
orifice neans® ahd ﬁur Conpr|5|ng 28 - .

26. Apparatus according to Claim 23,
characterized in that the divider is gas permeable.

27. Apparatus accordlng to any of the preceding
clalms, characterized in that the plenum is adjustable

vertically.

28. Apparatus according to any of the preceding
claims, characterized in that the plenum is adjustable

horizontally.

29. Apparatus acéording to any of the preceding
claims, characterized in that the plenum is rotatably
adjustable about an axis (280) extending substantially
parallel to an adjacent solder wave. '

30. Apparatus according to Claim 28,
characterized in that the means for introducing
pressurized shield gas comprises a gas delivery pipe (247)

defining said axis.
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s~the step of di schargi ng shield gas fron1second orifice nmeans (49, 59, 69,
249, 259, 269) fofrmed in a top wall (48, 58, 68, 248, 258, 268) of at |east
one of the gas plenuns which opposes the underside of the nenber to renove
entrained air fromthat underside. 8 A process according to Caim 8,
characterized in that shield gas is dirs8Barged fromthe second orifice
nmeans of both of t-he gas plenuns. 9. A process according to any of the
precedi ng clains,- characterized in that the sol der wave constitutes a first

sol der ‘wave, " and furt her conpr RirEE ng upwardly a second
bCls gﬂ A fé

sol der wave at a Tocation’ domnggregn$o ?h irst so d%r mave as defined
with o THE WAVE SOLDERING OF CIRCUIT BO

Abstract of the Disclosure

A-circuit board (26) is wave soldered as it is

carried by a conveyor {(30) through a solder wave (16)
"established in a solder reservoir. Disposed on both sides
of the solder wave are gas pleﬁums (240, 250) which
discharge shield gas. Each gas plenum includes a top wall
(245, 255), a side wall (246, 254), and . a bottom wall
(243,-253). The side wall is spaced horizontally from the
wave, and the bottom wall is submerged within the solder
(11). The side and (optionally) top walls. include
orifices (245, 255) for directing shield gas: (i) at high
velocity toward the solder wave to protect.the solder wave
with an atmosphere of shield gas, and (ii) .upwardly toward
an undérside of the circuit board to strip entrained air
therefrom. Instead of being submerged within the solder;
the bottom wall could be'spaced above the solder and
provided with orifices to emit shield gas downwardly
between the plenum and solder reservoir to create an inert
atmosphere.above-the solder. A divider (70, 270) disposed
within the plenum forms sub-chambers communicating with
orifices in respectlve walls of the plenum so that
'dlfferent gas veloc1t1es can be entitled from the
orlf;ces. The gas plenums can be rotatably adjustable and
further adjustable either vertically or horizontally.

FIGURE 1
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reference to the direction of travel of the nenber, such that the second
gas plenumis situated between the first and second sol der waves,’

di schargi ng pressurized shield gas fromorifice nmeans of a side wall of the
second gas plenum so that such discharged shield gas travels toward the
second sol der wave at a velocity in tg? ange of 1-30 m's, pressurizing
shield gas within a third gas plenum i&%osed downstream of the second

sol der wave, and di scharging shiF;i‘gas romorifice means fornmed in a side
wal | of the third gas plenum so such di scharged s8iel d gas travel s

toward the second sol der wave at a velo%Sty insgpe rafige of 1-30 nis.
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-34- 10. A process according to any of the preceding clai
in that shield gas is provided within a plenumhaving at |e
additional wall in addition to the side wall, the additiona ' ‘
provided with orifice means for emtting shield gas, and th elpqigépqg%f_
shireld gases fed to the different orifice nmeans are independlentl|y

controlled. 11. A process according tp/@Raim1, ch cteri z¢dbi-pt-hat—said

velocity range is 3-8 m's. 12. An apparatus for .vvavi‘ sol der§ng a nenber,
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conprising a solder reservoir (10), a solder nozzle (16, -18) disposed in__
the sol der reservoir, a-punp (20, 22) for ejecting an upward-SetHEr-VRWET
fromthe solder nozzle; a conveyor (30) for conveying th s
an_underside thereof passes through the sol der wave, and T—and secon
gas plenuns (40, 50, 60, 240, 250, 260 or 450) disposed adjjpcenq SEP1996a
and downstream si des, respectively, oB/iRBe sol der wave as| defined with

reference to a direction of travel of the conveying neans
57, 67, 247, 257, 257', 257", 452P, 454p) fo© defg vering

=8
ﬁ%

gas into each plenum characterized insfthat i)achﬂﬁl enum i odes a side
op

portion (46, 54, 56, 64, 246, 254% 256 ‘)r 26 osi ng the sol der

O N NN\
(19 NAREALKE
\ r
A N N
- g \ﬁﬂ'r- '
O 1
ag— o
Lo ¥ N
N N |
: ®|
N g .
] N —p—
N M . -
1 H |
i-Q {
] < 1 |
N \~ o
H N
N N o,
1| o  f§I
) qt\_:,
O | 1 |
w i N
\\ N !
N
N ::
I N
N N o
o | ~
— N N *
—-— 1 N
3 I
N N
I ( [
X »
\ |
. N :
O y [
NN N |-
A o ¢
L ‘ i
o | N "
N M
o \ ‘
»
N 3 1.
& N
N N I°
I ‘..
N @
N Ny |
d N
N :'
A 1 |
N '
N
R y |
N (To) \
o ro_(;:
m o —_ :'
m g— @ A e A T

36

AT ARTRRAYTALATEYSR
NSNS NN ANV AN\
NMOANN AUNAVNNN SN AN A\M
NNNS VN O ONSN NSNS NG

sl r S/’




wave, each side portion having orifice neans (45, 45", 55 55
255, 255') for discharging the pressurized shield gas to! ELAC@&E%Nﬁ@HEET
wave, the orifice nmeans being di nensioned so that pressufté Sh+eta—gas] | p
di scharged through the orifice neans toward the sol der ve at a.vslacity
in the range of 1-30 n's. -35- 13. Apparatus according to tﬂa?ﬁ?l 4
characterized in that an upper portion 87 18ach pl enumis|spaced fromth
respective solder wave to forma 9aP (G
T!

' 245 _ 245"

w
9—'




t herebetween, with a portion of a top surface of the solder wave di sposed. . ..
above, and curving away fromthe gap, |ower ones (45, 45")_of the—ors f'm
being arranged to direct pressurized shield gas toward a p%E?]gXCEMENWeS
sol der wave situated bel ow the gap, upper ones (45 '') of —orTfTCes
arranged to direct pressurized shield gai% toward and acrosg fhe Ro Ep agoef
the top surface of the sol der wave cu_rs\/i g away fromthe gdp. 1&. g\pparat USs
according to any of the preceding clains characterized in tihdi _atoter
driven shaft (94) extends downwardly int0 sol der reservoir and operably
connected to the punp; and a stationar Lextends—Del ow
the sol der surface with the shgt
Tel




extending therethrough to restrict churning of the solder to a region
within the sleeve, and further including nmeans (101) for conducting
pressuri zed shield gas into the sleeve to inert the solder being churned
therein. 15. Apparatus according to any of the preceding clains
characterized in that an enclosure (80) overlies the solder reservoir, the
encl osure having inlet and outl et ends &/dr enabling the conveyor to pass

t hrough the enclosure, a portion of the conveyor being adjustable to vary
t he conveyor wi dth and accommobdate nenbers of different widths, a curtain
(112) extending horizontally across at | east one of t nl et and outl et
ends to cover a portion thereof 4QA occupied by t conveyor, one end

:_T-_;—_“_:% TS REPLACEMENT SHEET

11 SEP 1996

(PRIOR ART)




of the curtain being connected to the adjustable c ey [ r
novenment therew th when the conveyor width is adj( %ﬁENHﬁ{ES

Appar atus according to Caim 15, characterized in t Hat t he o_ﬁosité end of
|s&ﬁJ96

the curtain is nmounted on a biased roller (114) tq Mol or
unrol | ed, dependi ng upon the direction of novenent| of the end therjedf
connected to the adjustable conveyor port{bh. 17. Wppararus accordiﬂF to
any of the preceding _
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clainms, characterized in that the plenumincludes a plurality of walls, one
of _.the walls defining the side portion, at |east one othef.of. the walls
i ncluding some of the orifice means for emtting shield d CEMENTD SHEBT
i ndependently controlling the velocity of gas fed to the rge
means. 18. Apparatus according to any g of, .t he precedi ng cljaiins,

characterized in that each plenumi nclsu/c}e-?s a bottomwal | |( 3,1'E§§,P 1?8@
460) . 19. Apparatus according to claim 18, characterized ]

t hat the hottlom

wal-l is closed and is submerged withingjhe gpl derpgn the freservoir. 20.
r rdin ny of _th r i ng T .
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clainms, characterized in that the plenumhas two orifice- containing side
wal.| portions, and a divider (70, 270, 270') dividing the interior of the

N Okt

pl enum i nt o subchanbers bordered by respective side b O F-t-0M ﬁE as
delivery pipes (257, 257") extending-into respective @ﬁﬁﬁﬁ&ﬁ%ﬂﬁ@?&ﬁ

delti vering shielding gas thereto. - 37 - 21.° Apparat ccordi ng tlo
Claim 20, characterized in that each sitel4wal | portion| i clyufl &EP1996
orifice-cont.aining upper portion (254B', 256B') inclinkd
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relative to both the vertlcal and the horlzontal
toward and across the top=gf=

any of the preceding cl ai
part of the side wall porki . .
hori zontal for discharging shiel d gas tovvard an

sol der wave. 23. Apparatus according t o of the preceding

claln

characterized in that the gas plenumincludes a
68, 248, 258, 268) having orifice nmeans for di schargl ng shi el

7 ENENT SHEET bhi el d gas
BEEN ll n t_at an oggp@? _ n1
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therefrom and further including a divider (70, 270') dispg %' )y _fE
pl enum for dividing the plenuminterior into sub-chanbers ' HEET
with the side wall portion and top wall portion, respectivelly. 24.
Appar atus according to Claim 23, characterized in that the} neanstfiSEP 1996
I nt'roduci ng pressurized gas into the pl enfm | ntroduces sepprpte gas flows
I nto respective sub-chanbers, the divide}.bé#ng gas- i nper pegbte—25;
Apparatus according to Caim23, characterized in that the|nmeans for

i ntroduci ng pressurized gas conprises gas delivery conduits disposed wthin

respective sub-chanbers and28®©endi ng substantialiy 288
! o _ ) 232
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Fid

parallel to an adjacent sol der wave. -38- 26. Apparatus according to
Claim 23, characterized in that the divider is gas perneable. 27. Apparatus
according to any of the preceding clains, characterizeddothat.the plenum

i sradj ustable vertically. 28. Apparatus according to an KEPLAMWE@HBH

clainms, characterized in that the plenumis adjustabl e horgzentatty:
11 SEP 1996
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29. JApparatus according to any of the preceding clains}). ggp[mﬂ\hﬁNﬂz%EEiTn
tthat the plenumis rotatably adjustable about an axis (|2 g
substantially parallel to an adjacent sol der wave. 30. |Apgpatat a rao
to Claim 28, characterized in that the neans for introduc| n@a‘pﬁggsmzed
shiel d gas conprises a gas delivery pipe (247) defining} shi | !
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