
TITLE OF THE INVENTION: APPARATUS AND METHOD FOR PROVIDING AN
INERTING GAS DURING SOLDERING BACKGROUND OF THE INVENTION [0001]
Described herein are an apparatus and a method for providing an
inerting gas during soldering. More specifically, described herein
are an apparatus and a method for providing an inerting gas during
wave soldering using nitrogen and/or other inerting gas, [0002] Work
pieces such as printed wiring boards or circuit boards have
increasingly smaller wettable surfaces that need to be solder coated
and joined. Typical operations for wave soldering involve a soldering
bath through which the printed circuit boards or work pieces to be
soldered are transported. A conventional automatic wave soldering
apparatus includes a flux application, a preheater, and a solder
station that is arranged 10 to process printed circuit boards. The
printed circuit boards are transported along a moving track or
conveyor with their side edges supported by gripping fingers. Flux
may be applied by contacting the board with either a foam or spray of
flux. The circuit board is then passed through a pre-heating area in
order for the flux to reduce the oxides on the metal surfaces to be
soldered. The circuit board is then contacted with single or
15multiple waves of molten solder in an air or inerting gas
atmosphere. [0003] The inerting gas atmosphere typically is nitrogen
(N2) and/or other inerting gases and is oftentimes called N2 hefting.
Soldering within an inert gas and/or nitrogen atmosphere minimizes
the formation of dross or oxides on the surface of the solder. The
presence of dross and/or an oxide layer is known to cause skips,
bridges, or other 20 defects in solder joints. Proximal to the solder
waves -which are produced by the wave soldering apparatus during
operation- are porous pipes or tubes which run parallel to the solder
wave and are used to transport the inerting gas and/or N2 gas to
provide a relatively low oxygen atmosphere, particularly underneath
the work piece to be soldered. [0004] For lead-free wave soldering,
the value of an inertino gas atmosphere 25 comprising N2 is further
increased due to the following reasons. The process temperature using
common lead-free solders is significantly higher than that of
conventional tin-lead solder due to the increased melting points of
commonly used lead-free solders. This increase in process temperature
promotes dross formation.  



Furthermore, the cost of lead-free solder is normally much higher
than that of conventional tin-lead solder, and the economy loss
associated with solder waste by dross formation is more significant
than that of lead-free wave soldering. in addition, the wetting
performance of lead-free solder is intrinsically poor compared with
that of conventional tin-lead solder. Therefore, the quality of the
formed solder joints is more sensitive to the state of oxidation on a
lead-free solder surface. [0005] It is well known that inertng in
wave soldering can significantly reduce dross formation on the molten
solder surface, Reducing dross formation not only saves solder
material and lessens maintenance requirements, but also improves
solder wetting and 10 ensures the quality of the formed solder
joints. To apply an inerting atmosphere in an existing wave soldering
machine, one common approach is to insert a cage-like protective
housing with diffusers mounted inside into the molten solder
reservoir, An inerting gas blanket across the solder reservoir can
thus be formed, reducing the tendency of solder oxidation. 15[0006]
The diffusers are commonly made of porous tubes that introduce an
inerting gas such as N2 and/or other inerting gases into the
soldering station. The porous tubes, however, become easily clogged
by solder splashing or flux vapor condensation during the wave
soldering process. Once the diffuser tube is clogged, the efficiency
of inerting will be largely reduced. Present methods of cleaning the
diffuser tubes such as, for 20 example, using ultrasonic baths filled
with cleaning solutions, are extremely difficult and time consuming.
The cleaning of these tubes must be performed on a regular basis and
can cause physical damage to the tubes. To avoid these issues, the
diffuser tubes are typically replaced once they become clogged rather
than cleaned. This increases the overall cost to the end-user.
25[0007] Accordingly, in order to promote the application of inerting
by N2 and/or other inerting gases in wave soldering, it is desirable
that the apparatus, method, or both fulfill at least one or more of
the following objectives. First, it is desirable that the inerting
apparatus and method reduces N2 or other inerting gas consumption to
a level such as, but not limited to, 12 cubic meters per hour (m3ihr)
or less for inerting a production-scale 30 solder reservoir to meet
the cost benefits of applying the technology. Second, it is desirable
that the inerting apparatus and method reduces the concentration of
02 above the molten solder surface to a level such as, but not
limited to, 2500 parts per million (ppm) or less, or 2000 ppm or
less, which corresponds to the cases in which no circuit   board is
loaded above the spider pot. Third, it is desirable that the inerting
apparatus and method uses an apparatus that is simple to install and
maintain to minimize retrofitting cost. Moreover, it is desirable
that the apparatus or method reduces or eliminates the clogging of
the porous diffuser tube to ensure a stable and long lasting inerting
performance. 



BRIEF SUMMARY OF THE INVENTION PM] The apparatus and method described
herein fulfills at least one or more of the above objectives for
inerting using nitrogen and/or other inerting gases that may be more
10  cost effective and user friendly than comparable methods and
apparatuses presently in use [0009] In embodiments of the present
invention, one or more diffuser tubes are contained within an
enclosure. In one particular embodiment, the enclosure is bottle
shaped and defines an interior volume. During operation, at least a
portion of the 15 enclosure such as, for example, the base and the
lower part of the neck, is immersed into a solder reservoir The
enclosure further has a neck which extends to an opening and a cap
which is proximal to the opening. The diffuser tube contained within
the enclosure such as in the base of the enclosure has a flow of
inerting gas therethrough. The inerting gas passes through openings
in the diffuser tube and into the interior 20 volume of the
enclosure. The inerting gas then passes through the neck and out of
the opening where it is directed into the atmosphere above the solder
reservoir. In certain embodiments, at least a portion of the
enclosure, the neck, the cap, or a combination thereof may be
comprised of a non-stick coating or material. In one particular
embodiment, the at least one diffuser tube that is enclosed comprises
the center diffuser 25 tube or the diffuser tube that resides between
solder waves. In an alternative embodiment, three diffuser tubes are
employed in a solder reservoir, and all three diffuser tubes are
enclosed. In some of these or other embodiments, the material of the
enclosure comprises titanium in order to avoid dissolution of the
enclosure material by the molten solder. 30(0010] In some embodiments
of the invention, there is provided an enclosure for providing an
inerting gas during soldering of a work piece comprising: a base
comprising an interior volume in fluid communication with an inerting
gas source, a neck comprising an interior volume in fiuid
communication with the interior volume of the base and an  



opening, a cap proximal to the opening, and a tube comprising one or
more openings for the flow of the inerting gas therethrough; wherein
the tube resides within the base and is in fluid communication with
the inerting gas source; wherein the inerting gas travels through the
tube into the interior volume of the base and neck and out through
the opening. [0011] In other embodiments of the invention, there is
provided an apparatus for providing an inerting gas during soldering
of a work piece, the apparatus comprising: at least one groove on the
bottom of the apparatus for placing onto at least one edge of a
solder reservoir, wherein the solder reservoir contains molten solder
and wherein at least 10 one side wall of the groove and at least one
wall of the apparatus define a chamber outside of the solder
reservoir; at least one opening on the top surface of the apparatus
through which at least one solder wave emitting from the solder
reservoir passes and contacts the work piece; and one or more tubes
comprising one or more openings in fluid communication with an
inciting gas source wherein at least one of the tubes resides 15
within the chamber; wherein the apparatus is positioned above the
solder reservoir and underneath the work piece to be soldered thereby
forming an atmosphere. [0012] In further embodiments of the
invention, there is provided a method for providing an inciting gas
atmosphere during wave soldering of a work piece, the method
comprising: providing a wave soldering machine comprising a solder
reservoir having 20 molten solder contained therein, at least one
nozzle; and at least one pump to generate at least one solder wave
from the molten solder bath upwardly through the nozzle; placing an
apparatus atop at least one edge of the solder reservoir wherein the
apparatus comprises at least one opening on a top surface, at least
one groove that rests atop the at least one edge of the solder
reservoir, and a plurality of tubes comprising one or more openings
in fluid communication with an inerting gas source, wherein the work
piece and the top surface of the molten solder define an atmosphere;
passing the work piece along a path so that at least a portion of the
work piece contacts the at least one solder wave emitting through the
opening of the apparatus; and introducing an inerting gas through the
one or more tubes into the atmosphere, wherein 30 at least one tube
resides in an enclosure; wherein the enclosure comprises a base
comprising an interior volume in fluid communication with an inerting
gas source, a neck comprising an interior volume and an opening in
fluid communication with the base, and a cap proximal to the opening,
wherein the tube residing in the enclosure is housed within the base;
and wherein the inerting gas travels through the tube into the
interior  volume of the enclosure and into the atmosphere through the
opening defined by the neck and cap. BRIEF DESCRIPTION OF SEVERAL
VIEWS OF THE DRAWINGS [0013] Figure 1 provides an isometric view of
an embodiment of a diffuser tube comprising pores or a porous tube
described herein, 



[0014] Figure 2a provides an exploded, isometric view of an
embodiment of a diffuser tube comprising pores or a porous tube
described herein further comprising an enclosure and a cap. 10[0015]
Figure 2a provides an exploded, isometric view of an embodiment of a
diffuser tube comprising pores or a porous tube described herein
comprising an enclosure and a cap and further comprising one or more
holes in the neck portion of the enclosure. [0016] Figure 2b provides
an assembled, isometric view of an embodiment of a shown in Figure
2a. 15[0017] Figure 20 provides a side, exploded view of an
embodiment shown in Figure 2a. [0018] Figure 2d provides a side,
exploded view of an embodiment shown in Figure 2a'.     t0019] Figure
3a provides a top view of an embodiment of the enclosure or
protective housing, which contains the center diffuser tube enclosed
in the bottle neck enclosure 20with a top cap. [0020] Figure 3b
provides an isometric view of the embodiment of the apparatus
described herein and shown in Figure 3a     [0021] Figure 3c provides
a side view of the embodiment of the apparatus described herein and
shown in Figure 3a wherein the enclosure of the center diffuser is
partially 25immersed into the molten solder. [0022] Figure 4a
provides a side view of the embodiment wherein the center diffuser
tube is enciosed and at least a portion is immersed onto a solder
reservoir.  [0024] Figure 5a provides a side view of the embodiment
wherein the center diffuser tube and two side diffuser tubes are
enclosed and at least a portion is immersed onto a solder reservoir. 



[0025] Figure 5b provides a top view of the embodiment of the
apparatus described herein and shown in Figure 5a.  [0026] Figure 6
provides an isometric view of an optional cover that can be used with
the apparatus and method described herein. [0027] Figure 7 provides
an end view of an optional cover that can be installed on the moving
track upon which the work piece travels in the embodiment depicted.
10[0028] Figure 8 provides a picture demonstrating the positions that
were used to measure 02 concentration in Comparative Example 1.
[0029] Figure 9 provides a picture demonstrating the positions that
were used to measure 02 concentration in Example 2. DETAILED
DESCRIPTION OF THE INVENTION (00301 At east one or more of the
objectives in the art are fulfilled by the method and apparatus
described herein for inciting protection during soldering. The
apparatus and method deserted herein provides ineding protection
during soldering, particularly for those embodiments where
significant movement and swirling of the solder during 20 soldering
of work pieces, such as printed circuit boards, and increased
oxidation of the surface of the work pieces may occur. it is
anticipated that the apparatus and method described herein can be
used, for example, to retrofit an existing wave soldering machine. In
operation, in certain embodiments herein the apparatus is placed over
the solder reservoir and under the moving track or other conveyance
mechanism for transporting the work pieces to be soldered. One or
more diffuser pipes housed within the apparatus are in fluid
connection with an inerting gas source such as nitrogen, another
inert gas (e.g., helium, neon, argon, krypton, xenon, and
combinations thereof), forming gas (e.g., mixture of nitrogen and
hydrogen comprising up to 5% by weight of hydrogen), or combinations
thereof to provide an inciting atmosphere. One objective of $0the
apparatus and method described herein is a reduced concentration of
oxygen (02) in the atmosphereby the work piece surface to oe soldered
and the surface of the molten soider contaned 'within the solder
reservoir such as, but not limited to, 2500 parts  



per million (ppm) or less as measured when no circuit board is loaded
above the solder reservoir. [0031] The apparatus described herein is
intended to be placed atop a solder reservoir containing molten
solder that is maintained at or above the solder's melting point
(e.g., $ up to 50 t higher than the solder's melting point). The
apparatus described herein has an internal volume that sets atop of
the solder reservoir thereby defining an atmosphere between the work
piece to be soldered (which is conveyed in one direction on a moving
track above the solder reservoir) and the molten solder surface. in
certain embodiments, the work pieces are supported by a moving track
or conveyor fingers at side edges of the apparatus and the fingers
pass through the solder wave(s), in other embodiments, the work
pieces are supported on pallets, fixtures, or frames as they are
conveyed through the wave soldering machine. The solder reservoir has
one or more nozzles therein that project one or more solder waves
that are generated by a solder pump. The solder pump is typically a
variable speed pump that allows the end user to control the flow of
15 solder from the solder wave(s) and raise or lower the apex or
crest of the solder wave(s) to suit processing conditions. In one or
more embodiments herein, a housing or other enclosure may also be
placed around the solder pump or a portion of the solder pump and
inerting gas may be supplied so as to create an inert atmosphere
around at least a portion of the pump, thus minimizing dross
formation. 20[0032] The one or more solder waves contact the surface
of the work piece to be soldered through one or more openings in the
top surface of the apparatus described herein. During this process,
the apparatus additionally comprises one or more diffuser tubes
comprising one or more openings, apertures, slots, perforations, or
pores that are in fluid communication with an inerting gas source
such as N2, such that the inerting gas 25 passes through the interior
volume of the tube and out through the opening or pores of the tubes
into the atmosphere. In doing so, the under surface, front edge, back
edge and side edges of the work piece are uniformly blanketed by the
inerting gas as the work piece passes through the solder wave(s).
[0033] In certain embodiment of the apparatus and method described
herein, the size 33 of the apparatus placed atop the solder reservoir
is minimized to intensify the inerting efficiency around the moving
solder waves. In this or other embodiments, the static molten solder
surface, or area outside of the footprint of the apparatus in the
solder  reservoir, can be covered by a high temperature material that
can withstand the temperature of the molten solder contained within
the solder reservoir, [0034) The apparatus and method described
herein comprise one or more diffuser tubes comprising an interior
volume and one or more openings which can be, but are not limited to;
pores, holes, slots, vents, apertures, perforations or other means
that allow for the passage of nitrogen and/or other Meiling gas
within the interior volume of the tube and out through the openings
of the tube. In one particular embodiment, the tubes are porous and
comprise an average pore size of about 0.2 microns (m) or less to
provide a laminar flow of inerting or N2 gas out of the porous tube.
In this or other embodiments, 



10 the tubes are in fluid communication with an inerting gas source
that supplies the inerting gas such as, for example, N2 through the
interior volume of the tube and out through the openings or pores of
the tubes into the area defined by the surface of the molten solder
in the reservoir and conveyed work pieces. {0035} By enclosing at
least one of the porous diffuser tubes, the apparatus described 15
herein satisfies one or more of the needs in the art by preventing
the clogging of the openings or pores of the diffuser tubes from
solder splashing and flux vapor condensation. In this regard,
addressing the problem of clogging of a centrally located diffuser
tube is a difficult task because the center diffuser tube typically
resides between two soider waves. Oftentimes, the distance between
the two waves is approximately the 20 same as that of the diameter of
the diffuser, such that there is insufficient space to provide a
protective shell with open slots around the center dffuser One
embodiment of present apparatus solves this problem by housing the
center diffuser in an enclosure. The enclosure comprises a "bottle
neck"-type shape with a cover on top of the neck, wherein the base of
the enclosure is at least partially immersed within the molten soider
25 reservoir and the neck part emerges out of the molten solder
surface such as in the embodiment shown in Figure 3c. An inerting gas
blanket over the solder waves can be generated from the opening at
the top of the enclosure's neck. [0036] In one or more embodiments
herein, the neck of the enclosures described herein comprises one or
more holes or other openings. The one or more holes are $0 designed
to allow solder to pass through the neck of the enclosure, thus
improving flow of the solder within the solder reservoir particularly
when the enclosure is positioned between two solder waves. The holes
may be circular, elliptical, square, rectangular, or any other shape
provided that solder is permitted to flow through. Similady, when
more  than one hole is employed, the holes may be la d out in any
arrangement, for example in a horizontal line along the length of the
neck or in a staggered arrangement. The one or more holes may be any
size such that the goal of improving solder flow is accomplished and
will depend on the overall dimensions of the enclosure. In certain
embodiments, the one or more holes in the neck of the enclosure may
range from about 'A" to about 1" in diameter, or from about 3/8" to
about 718" in diameter, or from about 1 /2" to about X" in diameter.
[0037] In certain embodiments of the invention, a cover is positioned
above the neck of the enclosure to form an open space between the
neck and the cover and direct the flow 10 of the inerting gas as it
exits the opening at the top of the neck. The cover may be separate
and detached from the neck, or it may be affixed to the neck at one
or more points so as to hold the cover in place. When the cover is
separate and detached from the neck, it may be held in place by
affixing the cover to another surface: such as to the housing or
walls of the apparatus, at one or more points and by any suitable
method of 



15 attachment. For example, the cover may be attached to the neck, to
the walls of the apparatus, or to another surface by one or more
screws, pins, clips, by welding, or by another mechanism. [0038] The
advantages of the apparatus and method described herein include one
or more of the following: 1) the diffuser is enclosed, thereby
avoiding the potential clogging 20 of the tube openings by splashing
solder: 2) the neck part of the enclosure is narrow and comprised of
a thermally conductive material which becomes hot and eliminates the
chance for flux vapor condensation and solidification of splashed
solder; 3) the neck of the enclosure can in certain embodiments, be
coated with a non-stick coating or material to minimize coating by
flux residue when contacting liquid flux; and 4) the neck 2.5 of the
enclosure can be made of a narrower diameter than the base that
contains the diffuser tube in order to fit into the narrow space
between two solder waves without blocking or interfering with the
dynamic movement of the waves, in certain embodiments, lower oxygen
readings, such as for example less than 2000 parts per million, can
be reached by housing at least one or more diffuser tubes in the
enclosure 30  described herein, where the oxygen measurements are
conducted with no circuit board loaded above the solder pot. [0039]
In one particular embodiment, at least one of the diffuser tubes is
housed within the base of a protective enclosure and at least a
portion of the enclosure is immersed in  molten solder to be kept at
high temperature. In this or other embodiments, the portion of the
neck of the enclosure closest to the base can also work as heat
conductor to keep the upper part of the neck at a high temperature.
In the same or other embodiments, either due to pre-heating or to the
heat conduction of the base and neck of the enclosure, the inerting
gas exiting the enclosure is hot, such as for example from about 160
C to about 220 C, or from about 170 C, to about 210 C, or from about
180 C to about 200 C. In some embodiments, the inert gas (such as
nitrogen) is supplied to a diffuser tube at ambient temperature and
is heated as it travels through the enclosure such that it exits the
neck of the enclosure at approximately 180 C to 200 C. In other 10
embodiments, the gas may be pre-heated. The use of hot inciting gas
within the wave soldering apparatus is beneficial for reducing
soldering defects, such as incomplete or inconsistent barrel fill.
Barrel fill defects are caused by temperature gradients, and hot
inciting gas may be employed to minimize temperature gradients across
a work piece in the X-Y and Z directions. 15[0040] In one particular
embodiment, the apparatus and method described herein addresses the
space limitation between a pair of soldering waves. In this regard,
the size of the cross section of the neck and cap can be minimized to
a range of from about 5 to about 8 rm. The diameter of the base of
the enclosure can range from about 13 to about 20 mm or about 15 mm.
It is understood that these dimensions may change 



20 depending upon the configuration of the wave soldering apparatus,
and can be scaled up or down. Particularly, it may be desirable to
vary the height of the neck portion of the enclosure depending upon
the dimensions of the soldering equipment used.  [0041] In certain
embodiments comprising a center diffuser tube and one or more side
diffuser tubes, only the center diffuser tube is encased in the
enclosure described herein. 25  In alternative embodiments, the
center diffuser and one or more of the side diffusers are encased in
the enclosure described herein. [0042] As previously mentioned, the
apparatus described herein comprises a housing that contains one or
more diffuser tubes and an interior volume. in certain embodiments;
the tubes may be located between the plurahty of solder waves, at the
board entrance 30 side of the soMer, reservoir, at the work piece
exit side of the solder reservoir;or combinations thereof, n cedain
embodiments, one or more of the tubes may further comprise a
bogle-ehaged enclosure having an interior volume to allow the flow of
an inerting gas into the diffuser tube and out into the volume
wherein at least a portion of  the enclosure contacts or is immersed
within the molten solder. The enclosure further comprises a neck
having an opening and a cap that allows the inerting gas to flow
through the neck out the opening defined by the mouth and cap and
into the atmosphere. In certain embodiments. the cross-section of the
cap over the opening of the neck of the enclosure is an inverted U,
V, or C shape. In other embodiments such as where one or more of the
side diffusers are enclosed (see, for example, Figure Ea), the
enclosure does not have a cap because the underside of the apparatus
provides direction for the nerting gas into the atmosphere defined by
the apparatus and molten solder surface. 10[0043] In certain
embodiments, at least a portion of the enclosure may be a part of the
vertical wall of the apparatus such as, for examples, the enclosure
for one or more of the      iffuser tubes, The placement of one or
more diffuser tubes within an enclosure and into the soldering bath
avoids the previous problems associated in the prior art with
immersion and/or contacting the porous tube directly with the solder
bath because the 15  diffuser tube is housed within the enclosure
which prevents molten solder from clogging the openings of the porous
tube. 



[0044] In one particular embodiment of the apparatus and method
described herein, at least a portion of the base enclosure, the neck,
the cap, or a combination there.ol comprises a non-stick coating or
material. An example of a non-stick coating is 20
polytetrafluoroethylerie (PTFE) coating, which may be found under the
trademark Teflon(r) non-stick coating (Teflon is manufactured by
DuPont, Inc. of Wilmington, Delaware). In one embodiment of the
apparatus described herein, the enclosure comprises a base, a neck,
and a cap. In these or other embodiments, the non-stick coating
selected should maintain its integrity at or above the temperature of
the molten 25 solder commonly used in lead-free wave soldering
process (e.g., up to about 260C). In a more particular embodiment,
the non-stick coating is comprised of ThennolonTm nonstick coating,
an inorganic (mineral based) coating which is manufactured by
Thermolon Ltd. of South Korea, and which can maintain its integrity
at 450C and avoids generation of toxic vapor at elevated
temperatures. 30[0045] In one particular embodiment wherein the
center diffuser tube resides within a bottle-shaped enclosure having
a C-shaped, U-shaped or V-shaped cap and further resides between one
or more pairs of soldering waves, the dissolved flux in the solder
reservoir can directly contact the neck of the enclosure, the cap, or
both located between   the 1s1 and the 2nd.waves due to a continual
dynamic movement of the molten solder. When the liquid flux on the
enclosure neck and/or cap surface is evaporated or thermally
decomposed, solid flux residue may be left behind on the enclosure
neck surface and/or cap. A non-stick coating may therefore be applied
to the enclosure base, neck, cap, or any combination thereof to
reduce the time and expense of routine maintenance of the apparatus.
The non-stick coating can also be applied to at least a portion of
the internal surface of the apparatus or the internal surface of the
top cover, to allow for ease of cleaning. [0046] In yet another
embodiment of the apparatus arid method described herein, the 10
apparatus further comprises an optional cover mounted on the moving
track thereby forming a tunnel for the work pieces to pass
therethrough. The optional cover further comprises a ventilation hole
that is in fluid communication with the ventilation exhaust of the
wave soldering machine that allows for the collection of flux vapor
from the atmosphere underneath the cover. In one embodiment, the
optional cover is made of a 



15 single layer metal cover with a center hole connected to the
ventilation exhaust of the machine. in another embodiment, the
optional cover is made of double layer metal sheets, and the double
layer space is connected to the furnace ventilation exhaust, thus
forming a boundary gas trap. In one particular embodiment, the
distance between the two layers of metal sheets can range from about
1/8" to about W. When a work piece or ?(;) circuit board is passing
underneath the cover, flux vapor generated inside the soldering area
can be collected through the boundary trap, while air surrounding the
solder reservoir can also be trapped in the double layer space,
thereby ensuring good inerting performance. For the case of where
there is no work piece or circuit board on top of the solder
reservoir, the inerting gas generated from one or more diffusers
enclosed as 25 described herein in the inciting apparatus can be
sucked into the volume underneath the double layer space of the
cover, thereby forming a boundary inciting gas curtain to minimize
air from entering into the volume. [0047] Figure 1 provides one
embodiment of the porous tube or diffuser that is used in the
apparatus and method described herein. Porous tube 10 is depicted as
being a 30 cylindrical tube which has an internal volume 15 that
allows for an inciting gas such as nitrogen and/or other gas such as,
but not limited to, another inert gas (e.g., argon, helium, neon,
etc.). hydrogen, or combinations thereof, to flow therethrough and is
in fluid communication with an inerting gas source (not shown). In
one embodiment, porous tube 10 is made of stainless steel. However,
other materials for porous tube 10 -  may also be applicable as long
as the materials are not reactive to the solder material. Porous tube
10 is in fluid communication with the inerting gas source through a
gaseous conduit or other means (not shown). Porous tube 10 further
comprises a plurality of perforations: pores, or holes 20 (referred
to herein generally as "perforations") that allow  for the flow of
gas from the internal volume 15 into the soldering bath: the interior
volume of the enclosure (not shown), the atmosphere defined by the
surface of the molten solder (not shown) and underside of the work
piece to be soldered (not shown), or combinations thereof. While
porous tube 10 is shown as being cylindrical and having a circular
cross-sectional, it is anticipated that other geometries, such as,
but not limited to: 10annular, square, rectangular, elliptical, etc.,
may be used. [0048] Perforations 20 are designed so that gas flow is
narrowly directed, for example, with circular holes as shown in the
embodiment of Figure 1 and distributed over the entire length of the
soldering reservoir (not shown). In another embodiment, perforations
20 can be longitudinal holes or slits. In these or other embodiments,
perforations 20 may 15 be chamfered or angled to further direct the
flow of gas from the internal volume 15 into the soldering bath (not
shown) arid/or gap between solder bath and work piece. The average
pore size for perforations 20 may range from 0.05 micron to 100
micron, or from 0.1 to 10 micron, or from 0.2 to 5.0 micron. In one
particular embodiment, the mean 1)ore size of the perforations 20 is
about 0.2 microns or less. The size and number of the perforations on
porous tube 10 are optimized to pursue a laminar flow of gaseous N2
out of the porous tube. In these or other embodiments, a laminar flow
of N2 and/or other inerting gas is preferred for minimizing air
intruding from boundaries of the soldering area (e.g., work piece,
conveyor belt, etc.) to be inerted, [0049] Figures 2a; 2a', 2b, 2c,



25 assembled isometric view, and two exploded side views of the
enclosure 2000 comprising a diffuser. tube 10 comprising one or more
perforations 20' described previously. As described herein, the
enclosed diffuser tube can be used as a center diffuser tube, one or
more side diffuser tubes, or any combination thereof. Diffuser tube
10' has one or more perforations 20' and is housed within the base of
the enclosure '30 2010. Base 2010 is in fluid communication with an
inerting gas source (not shown) and houses diffuser tube 10; and
comprises an interior volume 2015 that allows for the flow of an
inerting gas source into the interior volume 2015 and into the
diffuser tube 10' as shown by arrow 2017. It is believed that
encasing the porous tube within the enclosure can minimize the chance
of clogging of diffuser openings by flux and solder. While  diffuser
tube 10' and its surrounding base 2010 are shown as being cylindrical
and having a circular cross-sectional, it is anticipated that other
geometries, such as, but not limited to, annular, square,
rectangular, elliptical, etc., may- be used. Enclosure 2000 further
comprises a neck 2020 proximal to base 2010 and interior volume 2025
which is in fluid communication with the interior volume of the base.
Enclosure 2000 further comprises a cap 2030 which is proximal to the
mouth of neck 2020 which defines an opening 2027 through which the
inerting case flows outwardly as shown by arrows 2029. During
operation, an inerting gas passes from a source (not shown) into the
interior volume 2015 of base 2010, through the diffuser tube 10, out
through perforations 20', 10 and into the interior volume 2025 of
neck 2020 in the direction shown by arrows 2029 (see Figures 2a, 2a',
2c, and 2d). In some embodiments, as shown in Figures 2a and 2d, the
neck 2020 of enclosure 2000 may comprise one or more holes 2023
through which solder can pass, thus improving solder flow within the
soldering apparatus. [0050] Figures 3a, 3b, and 3c provide a top,
isometric, and side view, respectively, of 15 one embodiment of the
enclosure described herein. Referring to Figures 3a and 3c, apparatus
30 is placed onto wave soldering apparatus 70 to provide an inerting
gas atmosphere during a wave soldering operation. Wave soldering
apparatus 70 comprises a solder reservoir 75 that contains a molten
solder 80, and one or more nozzles 185 that project one or more
solder waves (not shown) that are generated by a solder pump (not 20
shown). Referring to Figures 3a through 3c, apparatus 30 has a top
surface 35 which may be removable from the rest of the apparatus
thereby making dross removal relatively easy for the end-user. Top
surface 35 further comprises at least one opening 40 through which at
least one solder wave emitting from molten solder 80 contained within
the solder reservoir 75 passes through nozzles 185 and contacts a
work piece that 25 passes through along a moving track (not shown).
Referring to Figures 3a through 3c, apparatus 30 further comprises at
least one groove 45 on the bottom of apparatus 30 that rests atop of
an edge of solder reservoir 75. In certain embodiments, apparatus 30
may comprise more than one groove that allow for the placement of
apparatus 30 atop of solder reservoir 75 and locate the front and
back diffusers 155 out of the solder pot area as shown in Figures 3a
and 3c. Other embodiments of the apparatus described herein may have
only one groove to ocate the front diffuser 155 out of the solder pot
area. Still further embodiments of the apparatus described herein do
not have one or more grooves but rather a plurality of flanges that
allow the apparatus to be positioned or placed on solder reservoir



[0051] Referring now to Figures 3b and 3c, apparatus 30 further
comprises an interior volume 69 defined by the molten solder surface
(not shown), the work piece (not shown), front wall 33, back wail 37,
and side wails 43 and 47. Apparatus 30 further comprises at least one
diffuser tube 10' having a plurality of perforations (not shown) that
is housed 15 within an enclosure wherein at least a portion of the
base 2010 is immersed within the molten spider reservoir and acts to
heat the base 2010 and neck 2020 in the center to a temperature above
the melting point of the molten solder. [0052] Figure 3b provides an
isometric view of an embodiment of the apparatus 30 described herein.
Referring to Figures 3b and 3c, apparatus 30 is placed onto wave 20
soldering apparatus 70 to provide an inerting gas atmosphere during a
wave soldering operation. Wave soldering apparatus 70 comprises a
solder reservoir 75 that contains a molten solder 80, and one or more
nozzles 185 that project one or more solder waves 115 that are
generated by a solder pump (not shown). Apparatus 30 has a top
surface 35 which may be removable from the rest of the apparatus
thereby making dross 25 removal relatively easy for the end-user Top
surface 35 further comprises at least one opening 40 through which at
least one solder wave emitting from molten solder 80 contained within
the solder reservoir 75 passes through nozzles 185 and contacts a
work piece 100 that passes through along a moving track (not shown).
In other embodiments, the apparatus described herein may comprise a
plurality of flanges (not shown) that allow the apparatus to be
positioned or placed on solder reservoir. Porous tubes 10' are in
fluid communication via piping to an inerting gas source (not shown).
As previously mentioned, the inerting gas used with the apparatus and
method described herein may comprise nitrogen, hydrogen, another
inert gas (e.g., helium, argon, neon, krypton, xenon, etc.), or
combinations thereof. in certain embodiments, the inerting gas is
pre-  heated prior to being introduced into porous tubes 10.It is
understood that the embodiment shown in Figures 3a through 3c may
vary depending upon the configuration of the wave soldering machine.
[0053] Referring to Figure 3c, or the side view of an embodiment of
the apparatus 30 defined herein, apparatus 30 is placed atop of wave
soldering apparatus 70 by placing grooves 45 onto at least one edge
of solder reservoir 75 as shown. Solder reservoir 75 has molten
solder 50 contained therein. A moving track (not shown) transports
work pieces 100 to he soldered in an upward direction indicated in
the arrow 105 shown. At least one or more solder pumps (not shown)
are used to generate a plurally of solder 10 waves 115 through
nozzles 185. The plurality of solder waves 115 contact the underside
of work pieces 100 through openings in apparatus 30. An inerting gas
introduced into the enclosed porous diffuser tubes is housed in a
chamber (not shown) outside of solder reservoir 75. In the embodiment
shown in Figure 3c, diffuser tubes 155 are located at the entrance
and exit of the solder reservoir 75. In a still further embodiment,
one or 15 more of the diffuser tubes 10' can be oriented
perpendicular to the direction of the solder waves (not shown). At
least one of the diffuser tubes 10' is housed within an enclosure
comprising a base 2010 having an interior volume, a neck 2020 having
an interior volume and an opening 2027, and a cap 2030 which is
proximal to the opening of the neck 2027, At least a portion of the
enclosure such as the base 2010 and neck 2020 are 20  immersed in the
solder 80. Meiling gas fills in the area or atmosphere shown as 120



[0054] Figures 4a and 4b provide the side and top view of an
embodiment of the apparatus 930 described herein wherein the first
porous tube 955, second porous tube 955', and center diffuser tube 10
are inside the solder reservoir 975, and center diffuser 25 tube 10'
is housed within an enclosure wherein at least a portion of the
enclosure is immersed within solder reservoir 975. Apparatus 930 does
not have grooves to locate the front and back or the first and second
diffusers out of the solder reservoir 975 such as those depicted in
Figures 3a through 3c. Instead, apparatus 930 has a plurality of
flanges 967 that allow apparatus 930 to be placed atop solder
reservoir 975. Apparatus 30 930 is shown as being constructed of a
double vvall of material such as metal which defines at least one
chamber 950 that houses at least one of the porous tubes such as 955
and 955' shown. Work piece 923 travels above apparatus 930 in the
direction indicated by arrow 925 and is contacted with a plurality of
molten solder waves that are emitted from nozzles 985. The plurality
of porous tubes are in fluid communication with  an inertino gas
source such as N2 (not shown) which provides an inerting gas
atmosphere or N2 atmosphere through the tubes, into chambers 950,
into the volume defined by the double layers of material of 930 and
into interior volume 969 defined by the surface of the molten solder
in solder reservoir 975, the work piece 923, and the walls of
apparatus 930. [0055] Figures 5a and 5b provide the side and top
views of an embodiment wherein the first porous tube 555, second
porous tube 555', and third porous tube 555' are inside the solder
reservoir 575, and each porous tube is enclosed in an enclosure
wherein at least a portion of the base of enclosure 2020" is immersed
within the molten solder 580 10 and heats the enclosure to a
temperature above the solder's melting point. Apparatus 530 does not
have grooves to locate the first and second diffusers out of the
solder reservoir area 575. Apparatus 530 has a plurality of flanges
567 that allow apparatus 530 to be placed atop of solder reservoir
575. [0056] Figure 6 provides an isometric view of optional cover 90
that is placed over the 15 apparatus 30 and moving track (not shown)
such that the work piece travels therethrough. Optional cover 90 is
shown having a glass window 95 that allows for viewing. Optional
cover 90 further has a vent 97 that is in fluid communication with
the ventilation exhaust (not shown) of the wave soldering machine to
remove any flux vapor within the atmosphere of the soldering station.
20[0057] Figure 7 provides an embodiment of apparatus 830 lurther
comprising an optional cover 890 atop the solder reservoir 880
thereby forming a tunnel for the work pieces (not shown) held on
moving track 900 to pass therethrough. Figure 7 provides an end view
of apparatus 830. In certain embodiments, optional cover 890 is in
fluid communication with the ventilation piping of wave soldering
machine (not shown) 



25 Optional cover 890 is constructed of a double layer of metal
sheets or other suitable material, and the double layer space is
connected to the lumace ventilation exhaust pipe 897, which forms a
boundary gas trap. In certain embodiments, the distance between the
two iayers of sheets can range from, but is not limited to, VT to
1I4" in the embodiments shown in Figure 7, optional cover 890 may
comprise an inerting gas inlet 30 895 that is in fluid communication
with an inerting gas source (not shown) to further assist in purging
flux vapor and air out of the soldering area. In certain embodiments,
when a circuit board is passing underneath cover 890. flux vapor
generated inside the soldering area can be collected through the
boundary trap, while air surrounding solder  reservoir 870 can also
be trapped in the double layer space underneath cover 890, which aids
in ensuring a good inerting atmosphere. In instances wherein the
solder reservoir 870 is net covered by a work piece, the inerting gas
generated by the plurality of porous tubes (not shown) can be sucked
in the double layer space of the cover 890 5thereby forming a
boundary ineding gas curtain to minimize air from entering in from
the external environment into the atmosphere 920 above the solder
reservoir 870. 10058] While the apparatus and method has been
described in detail and with reference to specific examples and the
embodiments thereof, it will be apparent to one skilled in the art
that various changes and modifications can be made therein without
10departing from the spirit and scope thereof, EXAMPLES Comparative
Example 1: Initial Designs of Center Diffuser [0059) As shown in
Figure 8, oxygen (02) concentration measurements around the top 



space of a solder reservoir without a circuit board loaded above the
solder reservoir and 15 without a top cover (such as that shown in
Figure 6) were obtained. Referring to Figure 8, measurements were
taken at the following positions: point a (dose to the left edge of a
Is' solder wave); point b (dose to the middle surface of the -Ist
wave); point c (between two solder waves); point d (dose to the
middle surface of a 2nd wider wave); and point e (close to the right
edge of the 2nd solder wave). 20[0060] Two different designs for the
center diffuser were evaluated based on measuring the oxygen
concentrations as shown in Tables 1 and 2. Table 1 is the result
related to the first design. in the first design, the center diffuser
was enclosed inside a metal protective tube. The protective tube
contains multiple rows at open slots to allow inert gas flow and is
coated by FT% coating to provide the non-sticking nature. In Table 25
2, the center diffuser tube was also enclosed into a slotted and
coated protective tube but, rather than having a multiple rows of
slots on its surface, the diffuser tube had two longitudinal slots
which faced in a downward direction. Table 1: Oxygen concentrations -
RIFE coated tube (multiple rows of slots) with in nal porous diffuser
as the middle diffuser.    but it could not completely eliminate
contamination because the protective tube was not heated. Example 2:
Inventive Center Diffuser Design [00623 The present example
demonstrates the results for housing the center diffuser tube in an
enclosure according to the invention, similar to that depicted in
Figures 2a through 2c and designed to reduce oxygen concentration and
prevent diffuser dogging. In the present experiment, the center
porous tube was housed within an enclosure and located between two
solder waves. It is believed that this arrangement can avoid dogging
problems such as by solidification of solder splash and condensation
of flux 



10vapor on diffuser surface. As in Example 1, the oxygen
concentration measurements were conducted without a work piece or
cover over the solder reservoir. 02 concentrations at nine positions
around the solder reservoir were measured at different N2 flow
arrangements in the positions designated in Figure 9. In Example 2,
positions bo and do in Figure 9 are comparable to positions b and d
in Figure 8. During the 02 15 measurements, the solder reservoir
temperature was maintained at 260C with two solder waves generated
and the ventilation through the furnace pipe line fully open. The
flow rate is provided in cubic meter per hour (rn'athr) and the three
flow rate readings are for the left/center/right or front/center/hack
diffusers. The measured data are oxygen concentrations expressed as a
percentage. As shown in Table 3, in most cases, the 20 oxygen
concentrations were below the targeted level, e.g., 2000 pprn Of
0.2%. In addition, based on a two-day test using flux, there was no
observed diffuser dogging, The results for the oxygen concentration
measurements are provided in the following Table 3. Table 3  4/6/4
0,17 0.47 [ 0.18   
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0,32  0.43 0.18  0.24   Example 3: Inventive Center Diffuser Design
with Holes in Neck of Enclosure  [0063] Oxygen concentrations were
also measured for center diffuser designs having holes along the neck
of the enclosure, similar to those depicted in Figures 2a! and 2d.
Results were measured with a top cover and both with and without a
work piece. Oxygen concentrations were in the desired range of
approximately 2000 pprn (0.20%) without a work piece loaded, and were
approximately 500-600 ppm (0.05-0.06%) with a work piece.
Additionally, good solder flow around the center diffuser was
observed. Example 4: Dross Formation - Inventive Center Diffuser
Design 10[0064] The present example demonstrates reduction in dross
formation as a result of housing the center diffuser tube in an
enclosure according to the invention. The apparatus was run at
nitrogen flow rates of 6 m3/hr in the left, center, and right
diffuser tubes and at a nitrogen pressure of 4.0 bar. Dross formation
was determined by measuring the amount of dross collected each day
(with a running time of 6 hours) with 15 and without a work piece and
with and without a cover over the solder reservoir. The work piece
employed was a board having dimensions of 350 mm by 450 mm. The dross
collection results are reported below in Table 4, and compared
against a baseline in which no apparatus was employed to provide
inerting gas. As shown in Table 4, dross formation was significantly
reduced in most cases. 



20  *Diffuser doved for atpart of Listing (0068] Further benefits of
apparatuses and methods according to the present invention include
reduction in manufacturing and material costs, improved solder joint
quaiity, and simplified transition to lead-free soldering technology.
With regard to manufacturing and material costs, reductions of 20-40%
in solder consumption, 40-90% in dross formation, 10-30% in flux
consumption, and 70-80% in equipment maintenance have been observed,
along with lower costs For post assembly board cleaning, reduced
board defects and reworking, and higher productivity uptime. A
further benefit of the apparatuses disclosed herein is that they can
easily be scaled up or down and can be conlioured to fit solder pots
having a variety of different dimensions. In particular, the neck of
the enclosures described herein is small enough to fit in very narrow
spaces between two snider waves, and the overall cfiffuser enclosure
design may be adjusted horizontally, verticaily, or in both
dimensions to fit a desired application, [0066] Various terms have
been defined above. To the extent a term used in a claim is not
defined above, it should be given the broadest definitlon persons in
the pertinent art have given that term as reflected in at least one
printed publication or issued patent. Furthermore, all patents, test
procedures, and other documents cited in this application are fully
incorporated by reference to the extent such disclosure is not
inconsistent with this application for ail jurisdictions in which
such incorporation is permitted.  100671 Certain embodiments and
features of the invention have been described using a set of
numerical upper limits and a set of numerical lower limits. For the
sake of brevity, only certain ranges are explicitly disclosed herein.
However, it should be appreciated that ranges from any lower limit to
any upper limit are contemplated unless otherwise 5 indicated.
Similarly, ranges from any lower limit may be combined with any other
lower limit to recite a range not explicitly recited, and ranges from
any upper limit may be combined with any other upper limit to recite
a range not explicitly recited. Further, a range includes every point
or individual value between its end points even though not explicitly
recited. Thus, every point or individual value may serve as its own
lower or 10 upper limit combined with any other point or individual
value or any other lower or upper limit, to recite a range not
explicitly recited. All numerical values are "about or
"approximately" the indicated value, and take into account
experimental error and variations that would be expected by a person
having ordinary skill in the art. NOM While the foregoing is directed
to embodiments of the invention and alternate 15 embodiments thereof,
various changes, modifications, and alterations from the invention
may be contemplated by those skilled in the art without departing
from the intended spirit and scope thereof, it is intended that the
present invention only be limited by the terms of the appended
claims.  CLAIMS 



An enclosure for providing an inciting gas during soldering of a work
piece comprising:            a base comprising an interior volume in
fluid communication with an inerting gas 5source; a neck comprising
an interior volume in fluid communication with the interior volume of
the base and an opening, a cap proximal to the opening, and       a
tube comprising one or more openings for the flow of the inerting gas
10therethrough, wherein the tube resides within the base and is in
fluid communication with the inerting gas source wherein the inerting
gas travels through the tube into the interior volume of the base and
neck and out through the opening. 152.The enclosure of claim I,
wherein the neck further comprises one or more holes along its
surface. 3.An apparatus for providing an ineing gas during soidering
of a work piece, the apparatus comprising: 20at least one groove on
the bottom of the apparatus for pacing onto at ieast one edge of a!,
solder reservoir, wherein the solder reservoir contains mdten solder
and wherein at ieast one side waii of the groove and at least one
wall of the apparatus define a chamber outside of the solder
reservoir. 



one or more tubes comprising one or more openings in fluid
communication with an inerting gas source wherein at least one of the
tubes resides within the chamber; wherein the apparatus is positioned
above the solder reservoir and underneath the work piece to be
soldered thereby forming an atmosphere. 4.The apparatus of claim 3
further comprising a cover that is placed on a moving track whereby
the work piece is transported by the cover across the top surface of
the apparatus and wherein the cover further comprises a vent which is
in fluid communication with a ventilation system. The apparatus of c
aim 4 wherein the cover comprises a plurality of sheets that define
an interior volume and wherein the interior volume is in fluid
communication with the ventilation exhaust of a soldering furnace. 15
The apparatus of claim 5 wherein the cover further comprises an inlet
in fluid communication with the inerting gas source. 7. The enclosure
of claim 1 wherein the opening in the tubes are pores and wherein
20the average pore size is 0.2 pm or less. 8. The apparatus of claiim
3 ,,,herein the apparatus further co rnses one or more grooves and
wherein the grooves define one or more em era in which One or more
side diffuser tubes res:de.  



The apparatus of claim 3 wherein the solder reservoir generates a
plurality of solder waves and an enclosure comprising a center
diffuser tube is interposed between the solder waves. 10. The
apparatus of claim 3 wherein the nerting gas comprises nitrogen. 11.
The apparatus of claim 10 wherein the inerting gas further comprises
5% by weight or less of hydrogen. 1012.The apparatus of cla m 3
wherein the inerting gas comprises a gas selected from the group
consisting of nitrogen, hydrogen, helium, neon, argon, krypton,
xenon, and combinations thereof, 13.A method for providing an
inciting gas atmosphere during wave soldering of a 15work piece, the
method comprising: providing a wave soldering machine comprising: a
solder reservoir having molten solder contained therein, at least one
nozzle, and at ieast one pump to generate at ieast one solder wave
from the molten solder bath upwardly through the nozzle; 20placing an
apparatus atop at least one edge of the solder reservoir wherein the
apparatus comprises at least one opening on a top surface, at !east
one groove that rests atop the at least one edge of the solder
reservoir, and a plurality of tubes comprising one or more openings
in fluid communication with an inerting gas source, wherein the work
piece and the top surface of the molten solder 25define an
atmosphere; passing the work piece along a path so that at least a
portion of the work piece contacts the at least one solder wave
emitting through the opening of the apparatus; and 
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introducing an inerting gas through the one or more tubes into the
atmosphere, wherein at least one tube resides in an enclosure:
wherein the enclosure comprises a base comprising an interior volume
in fluid communication with an inerting gas source, a neck comprising
an interior volume and an opening in fluid communication with the
base, and a cap proximal to the opening, wherein the tube residing in
the enclosure is housed within the base; and wherein the inerting gas
travels through the tube into the interior voiume of the enclosure
and into the atmosphere through the opening defined by the neck and
cap. The method of claim 13 wherein at least a portion of the
enclosure, the neck, the cap, or a combination thereof comprise a
non-stick coating or material. The method of claim 13 wherein the at
least one tube resides proximal to the at :east one solder wave. The
method of claim 13 further comprising a cover that transports the
work piece across the apparatus, wherein the cover further comprises
a vent which is in fluid communication with a ventilation system. The
method of claimwhere the cover comprises a plurality of sheets that
define an interior volume and wherein the interior volume is in fluid
communication with the ventilation exhaust of a soldering furnace.
The method of claim 17 wherein the cover further comprises an md
communication v;ithaninerting gas source.  19. The method of claim 13
wherein the one or more tubes comprise pores and wherein the average
pore size is 0,2 pm or less. 20. The method of claim 13 wherein the
apparatus comprises one or more grooves wherein the grooves define
one or more chambers in which one or more of the tubes reside. 



21. The method of claim 13 wherein the solder reservoir generates a
plurality of solder waves and wherein the at least one tube residing
in the enclosure is 10interposed between the solder waves. 22. The
method of claim 13 wherein the inerting, gas comprises nitrogen. The
method of claim 22 wherein the inerting gas further comprises 5% by
weight or less of hydrogen. 24. The method of claim 13 wherein the
inciting gas comprises a gas selected from the group consisting of
nitrogen, hydrogen, helium, neon, argon, krypton, xenon, and
combinations thereof. 25. The method of claim 13, wherein the neck
further comprises  one or more holes along its surface. 




