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while this patent specifies presures of 35-280 kPa, the energy delivered by
the liquid stream depends This invention relates to the provision of solder
on the nozzle dimensions and flow rate. While or [err] materials onto a
printed wiring board or    acceptable levelling occurs at the above
pressures, like a vice and the removal of excess solder    5    a maximally
efficient system requires analysis of therefrom.
the energy delivered to the board. Finally, for vertical board transport,
the solder films on either BACKGROUND OF THE INVENTION
side of the board are equal in thickness which As described in US. Patent
4,315,042 issued to     makes differential thickness control difficult.
Donald J. Spigarelli on February 9, 1982, incor-   10    In US Patent No. 3
866 307 is described vapor porated herein by reference and assigned to the
phase soldering apparatus for use in carrying out a assignee hereof, there
hae been several tech-        method of soldering an article. The apparatus
niques of "solder levelling" which have been         described comprises a
vessel for containing an developed for obtaining uniformly thick coatings
inert liquid, a heater for heating the contained of solder, on the order of
7.5 to 15 micrometers, on    15   liquid to generate a zone of saturated
vapor, a first parts such as printed wiring boards. As noted in     throat
communicating with said vessel and angled this patent, centrifugal forces
have been utilized to  upwardly from the vessel, a solder pot within said
remove excess solder. A second technique is to       vessel for containing
molten solder, and a trans- use hot oil jets with the hot oil being
projected onto  port system for carrying a workpiece through said the
surfaces of the pat which has been immersed    20   throat into the zone of
saturated vapor and to the in molten solder to remove the excess solder in
a    solder pot. However, the apparatus described in controlled fashion.
US Specification No. 3,866 307 is not constructed As noted in this  patent
there are various         so that the workpiece will become immersed in the
problems with the above-mentioned techniques,        molten solder the
solder pot in this US patent whereas the above-mentioned patent describes a
25   specification is a so-called wave soldering system simplified method
and apparatus for solder level-    which is not suitable for complete
immersion of a ling. In the Spigarelli patent the method of solder
workpiece into the molten solder, but only applica- levelling described
involves the maintenance of a    tion of solder to one side of a workpiece.
zone of hot saturated inert vapor at the tempera-      In accordance with
the invention, a vapor phase ture of molten solder above a molten bath of
30   soldering apparatus for soldering a workpiece solder. A part to be
treated is then moved through   comprising; the vapor at a rate such that
it will become           a vessel for containing an inert liquid, uniformly
heated to temperatures approaching           a heater for heating the
contained liquid to that of molten solder prior to immersion therein.
generate a zone of satured vapor, After initial heating the part is
immersed in the    35  a first throat communicating with said vessel molten
solder and is withdrawn from the molten       and angled upwardly from the
vessel, solder through the saturated vapor to the ambient      a solder pot
within said vessel for containing atmosphere. While withdrawing the part,
streams      molten solder, and of hot high density fluid are projected
onto the       a transport system for carrying a workpiece surfaces of the
part in directions opposite to the    40   through said throat into the
zone of saturated direction of withdrawal to sweep the surfaces of
vapor to the solder pot and away therefrom, the excess solder. In this
patent the part is         is characterized in that the solder pot
comprises; vertically lowered through the hot saturated inert     a
reservoir for containing molder solder, vapor into a solder pot and is then
removed            a second throat aligned with said transport vertically.
While this technique works adequately   45   system and said first throat,
said second throat in a large variety of situation, solder sag can occur
communicating at one end with molten solder due to the vertical orientation
of the board as it is  contained in said reservoir and communicating at
withdrawn from the solder pot. While solder sag      the other end with the
sturated vapor, may not inherently present problems in the electri-    and
and means for pumping molten solder cal operation of the board, solder sag
is oftentimes    50   contained in said reservoir through said second
unsightly.                                           throat, Moreover, the
solder removal technique in the        said reservoir being arranged to
receive molten afore-mentioned patent describes movement of         solder
discharged from said second throat and the the board in a vertical
direction which, for produc-  transport system being arranged to carry a
work- tion of the board for presolder and postsolder   55   piece through
said first throat, through the satu- processing. This change in direction
of the flow of  rated vapor and into said second throat so that the the
product requires complicated mechanical          workpiece will become
immersed in the moten repositioning apparatus and is thus somewhat
solder contained within said second throat, undesirable for high volume
production lines.          and in that the apparatus comprises nozzles for
Additionally, the Spigarelli patent describes    60   directing streams of
liquid against opposing sides fluid jets angled [err] with respect to the
board  of said workpiece as it is transported away from surface to give a
glancing flow for solder removal.  said solder pot. While these angles work
satisfactorily in most         Apparatus of this construction permits
complete instances, clearing of "thru-holes" or "via holes"   immersion of
a workpiece in molten solder so that in the board is an occasional problem.
Moreover,   65   both sides of the workpiece are exposed to molten 2  
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providing the advantages of a      ing an angled stream  which lower stream
is near-horizontal transport system and of vapor       angled against board
withdrawal. phase processing.                                      As to
the advantages of the near horizontal transport system, these advantages
are achieved SUMMARY OF THE INVENTION                     5    by providing
a vapor-filled chamber with an While the subject technique utilizes the
basic    angled throat into which the board to be coated is concept of the
above-mentioned Spigarelli patent    introduced. The throat contains a
transport is that dual phases of a heat transfer fluid, liquid  system and
a carrier for the board which trans- and vapor, are utilized to effectuate
both process  ports the board between the throat and a specially heating
and solder levelling, it has been found    10   designed recirculating
solder pot which has a that nozzle angle and energy delivered by the
throat in-line with the plane of the transport nozzle flow to the board are
critical to efficient  system. The solder pot, in one embodiment, is of
solder removal. It has also been found that a near  a recirculating design
with a sloping passage for horizontal board transport into and out of the
its throat, in which as the board enters, solder vapor chamber presents the
possibility of not   15   spills over a weir into a lower reservoir from
only producing a system more compatible with        whence it is pumped
through a centrifugal pump in-line processing but also one in which solder
back up into a standpipe which charges the sag is minimized and one in
which hole clearing is  sloping passage. Solder is added to the pot, in
readily accomplished.                               one embodiment, through
a drop tube, the lower More specifically, it has been found that by   20
end of which is immersed in the solder in the maintaining the flow from one
of the nozzles near   lowest portion of the reservoir. This provides a
normal to the board while maintaining the other     unique vapor seal so
that the solder pot may be of the nozzles at a slight angle to the board,
hole  recharged during operation. The drop tube also clearing is rapidly
and repeatably accomplished.    provides means for determining the level of
the Additionally, it has been found that effective   25   solder in the
pot. solder removal required that the energy delivered     In one
embodiment the throat for the chamber to the board be above a newly
empirically found     is water cooled to provide for vapor containment.
threshold. It has been found that jet streams       This water cooled
throat forms one of three delivering energy below this threshold do not
cooling zones which respectively provide for provide adequate hole
clearing. This threshold is   30   vapor containment, vapor levelling, and
vapor dependent upon nozzle flow, that is to say, kilog-  condensation.
rams of fluid delivered to the board surface per      Solder levelling is
accomplished with nozzles second per lineal cm of nozzlee aperture or a
positioned in the vapor filled chamber to either given liquid density and
temperature and a given    side of the board transport system between the
hole aspect ratio, with the threshold being deter-   35   solder pot and
throat of the chamber. The nozzled mined empirically by inspection of the
percent of   project streams of hot liquid maintained above holes cleared.
It is thus the operation of the solder  the solder melting temperature
towards opposing levelling nozzles above a predetermined energy      sides
of the board. The perpendicular distance threshold which permits hole
clearance in a maxi-  from the board to the nozzle, i.e. nozzle offset, is
mally efficient manner. From experimental evi-   40   adjustable, as is
nozzle angle. Nozzle angle is dence, this threshold is fairly sharply
defined such  adjustable by rotation of a sector to which each that solder
removal efficiency for hole clearing    nozzle is secured. In one
embodiment the pivot increases to a level exceeding 99% for a plateau
point for each sector is such that the impact angle region where 80 to 95%
clearing is the rule. This   of the stream on the board is adjusted about
an level of clearance (exceeding 99%, usually 100%)   45   axis passing
through this pivot point. The sector is essential to the commercial
viability of solder  is provided with a series of teeth or slots at its
levelling. Inspection, criteria and later manu-     curved outer periphery
to lock the nozzle to a facturing processes require 100% hole clearance
predetermined position by virtue of the coopera- on all boards.
tion of one of the slots with a spring loaded detent It will be appreciated
that in the near horizontal   so   bar. This makes the slot angle
adjustable to the transport of a board the vapor level in the
extent of the angle subtended by the sector chamber must be precisely set.
More particularly    Further adjustment is achieved through a vari- it will
be appreciated that a completely horizontal  ation in the attachment
mechanism of the nozzle system would be impossible without complicated
to the sector. In one embodiment this attachment vapor seals. The subject
system provides vapor   55   is accomplished by a bar which extends from
the sealing through the utilization of a cooled         pivot point of the
nozzle to a point at the periphery chamber throat which is angled upwardly
and         of the sector which carries the teeth of slots extends above
the level of the vapor maintained     mentioned above. This bar may be
secured either in the chamber. The more horizontal that the        at one
side of the sector or at the other so that the transport system can be
made, the less will be the    60   initial angle of the nozzle with respect
to the solder sag. Additionally the horizontal transport   sector may be
varied between at least two posi- system provides the opportunity for more
precise    tions prior to fine adjustment accomplished by hole clearing
with, in a preferred embodiment,     the rotation of the sector itself. the
upper nozzle providing a jet stream at or near   In a further embodiment a
spring loaded carrier normal to the board and the lower nozzle provid-   65
is utilized for the transport of printed wiring 
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spring action providing ready      aperture 22 into which a printed wiring
board is loading and unloading of the unfinished and         inserted prior
to solder coating and out of which finished boards. In one embodiment the
spring      the solder-levelled board is extracted after the [err] carrier
comprises a three sides frame, with  solder coating and levelling process
is performed the fourth side being completed by a transversed    5
within the unit. member slidable within the opposing sides of the
Referring now to Figure 2, unit 10 is dia- frame The board is inserted into
the frame which    grammatically described in which a near horizon- has
lips to retain the board. The slidable member   tal transport system 24 is
shown to include a is then urged towards its opposing side by a U-
chain drive 26 to which is secured a frame 28 shaped leaf spring which
presses the sliding   10   which carries the printed wiring board so as to
member against the top board edge.                  move the board from
loading slot 22 into and out of a recirculating solder pot 30 which has a
throat Brief description of the drawings                   32 aligned with
the direction of the transport These and other features of the subject
inven-    system. Throat 32 is spaced from a throat 34 tion will be better
understood in connection with   15   which runs from a vapor chamber 36 to
loading the detailed description taken in conjunction with  slot 22. the
drawings of which:                                Throat 34 has a liquid
colled jacket 38 disposed Figure 1 is an isometric view of apparatus for
about it to which coolant is supplied from water. solder coating an
article, illustrating the slanted  The purpose of the water-filled jacket
is to prevent near-horizontal throat for the vapor chamber   20   vapor
generally illustrated at 42 from exiting therein;
chamber 36 via throat 34. Figure 2 is a diagrammatic and sectional view
Vapor 42 is maintained at the level indicated by of the apparatus of Figure
1 showing a near-        dotted line 46 by condensation or cooling coils 48
horizontal transport system, the vapor chamber,     and 50, the top coil of
which establishes the level recirculating solder pot, adjustable nozzles
for   25   of hot high-density saturated inert vapor within solder removal,
and throat cooling means for        chamber 36. Vapor is generated from
material 52, maintaining the vapor within the chamber and        normally
Fluorinert FC-70, which is heated by throat therefor;
coils 54 at the bottom of amber 36 to a tempera- Figures 3A-3D are
schematic illustrations of the  ture above the melting point of solder.
Vapor near-horizontal transport of the board through the    30   which
reaches the level of cooling coils 48 and 50 system of Figure 2,
illustrating board insertion   is condensed and returned respectively to
the and travel into and out of the solder pot utilized in  bottom of
chamber 36 or to the bottom of a the apparatus of Figure 2;
subdivided chamber 56 which is provided with Figure 4 is a diagrammatic
view of the near       heating coils 58 at bottom thereof. These coils
horizontal transport system of Figure 2 illustrating    35   heat the
condensed vapor temperature of [err] a spring loaded frame carrier for a
circuit board to  to [err] in one embodiment. A pump 60 is be coated, also
illustrating the chain drive trans-  provided to pump the condensed vapor
in liquid port and the opposition of the solder pot throat to  form via
line 62 to nozzle 64 and 66 mounted the throat for the chamber;
astride the path of the near-horizontal transport Figure 5 is a side view
of a sector-mounted    40   system the nozzles angled in accordance with
the nozzle forming the upper nozzle of Figure 2;        orientation of the
sectors 65 and 68 to which they Figure 6 is a front view of a portion of
the nozzle  are attached. The temperature of the liquid is and sector of
Figure 5;                             maintained above the melting point of
the solder. Figure 7 is a side view of the lower nozzle for   Sectors 65
and 68 are adjustable in the direction use in the apparatus of Figure 2
showing a sector-   45   indicated by double ended arrow 70 on an carried
nozzle;                                     assembly generally indicated at
72 which includes Figure 8 is a front view of a portion of the nozzle  a
frame 73 and carriages 74 and 76 translatable on and sector of Figure 7;
the frame, with the carriages carrying the Figure 9 is a side view and
diagrammatic view     respective  sectors. The  translation  of the of the
combined mounting of the nozzles and    50   carriages on the frame serves
to vary the distance sectors of Figures 5 and 7;
between the pivot points of the nozzles and the Figure 10 is a front view
of a portion of the     plane of the near-horizontal transport system.
nozzles and sectors of Figure 9;                     It is a finding of
this invention that the greatest Figure 11 is an isometric view of the
solder pot  efficiency in the removal of solder from holes in for use in
the system of Figure 2; and        55   the printed wiring board is
achieved when the top Figure 12 is a sectional and schematic view of
nozzle is angled at or near perpendicular to the the solder pot of Figure
11, illustrating the recircu-  plane of the printed wiring board and thus
sub- lation of the solder within the solder pot.         stantially
perpendicular to the near-horizontal transport system plane, whereas the
bottom DETAILED DESCRIPTION                          60   nozzle is
slightly angled towards the solder pot as Referring now to Figure 1, a
vapor phase          indicated as much as [err] from the perpendicular
soldering unit is illustrated as having a cabinet 12  to the face of the
printed wiring board. Alterna- and a console 14 with various controls 16
and a     tively, the bottom nozzle is angled at or near 



display or monitor 18. Cabinet 12 is provided with  perpendicular to the
plane of the board, with the a forward projection 20 having a loading slot
or   65   top nozzle angled towards the solder pot. 4    7
0 148 650                       8 As illustrated, solder pot 30 is a
recirculating  The space between leading edge 140 and edge type solder pot
which by virtue of pump 80 and      142 of throat 32 is made less than the
length of the impeller 82 pumps solder generally indicated at     frame.
The plane of bottom portion 144 of throat 84 into a standpipe 88 whence it
flows out      32 is the same as the plane occupied by bottom through
throat 32 and over the edge of the throat    5    portion 110 of throat 34,
although this need not be down into a receptable or reservoir 86, with the
the case, with throat 32 straddling this plane. It leading edge of the
throat serving as a weir.       will be appreciated that the frame 28 could
in Solder is added to solder pot 30 via a feed or drop  alternative
embodiments be guided by slides or tube 87. The level of solder in pot 30
can be       rollers in transiting between edge 140 and edge monitored by
monitoring the height of solder in   10   142. feed tube 87 which extends
down to the lowest         Referring now to Figure 5 and 6, top nozzle 66
is portion of the reservoir. The removal of solder in  shown rotatable
about an axis passing through coating the product will cause the level in
reser-  point 150 which is on sector 68, with sector 68 voir 86 to drop.
Note that the immersion of the     being provided with notches, slots or
teeth 152 at feed tube into the molten solder reates a vapor   15   its
periphery. Sector 68 is pivoted at point 154 on seal.
a carriage generally indicated at 156 as illustrated In operation, after
the positioning of a printed  by dotted line 158. This carriage corresponds
to wiring board in frame 28 a drive unit 90 under      carriage 74 of
Figure 2. Carriage 156 is mounted control of a control unit 92 is utilized
to drive a  for translation of the frame portion of assembly sprocket 94 of
chain drive 26, with a sprocket 96   20   72 of Figure 2 to provide for a
predetermined acting as an idler sprocket for the chain drive. As  nozzle
offset from the path of the printed wiring such the two chains and
respective sprockets        board nozzle 66 is oriented on sector 68 via
constitute parallel drive members. The operation    positioning bar 160
which is attached at one end is diagrammatically illustrated in Figures
3A-3D in  to the periphery of sector 68 at either of two which in Figure 3A
a board 100 is mounted to   25   points 162 or 162' depending on the
initial angle frame 28. As illustrated in Figure 3B, the board at  desired
for nozzle 66. The other end of the bar is position 100' travels down
throat 34 and traverses  secured to the end of the corresponding nozzle the
space between throat 34 and throat 32 until     and pivots on the sector
about pivot point 150 such time as the board 100 is immersed in solder
such that the nozzle pivots relative to the sector in throat 32. As
illustrated at 100", the board is   30   with the pivoting of the bar.
Carriage 156 carries a positioned in the solder pot 30 in throat 32 for a
detent member 170 which cooperates with slots predetermined dwell time,
usually on the order of   or teeth 152 to releasably lock sector 68 into a
2-5 seconds, and is then withdrawn as illustrated   predetermined position.
Referring to Figure 6 the at 100"' via the actuation of the near-horizontal
pivot points 150 and 154 while shown offset may transport system.
35   be made to coincide for easy adjustment of nozzle The near-horizontal
transport system described    66. Referring to Figures 7 and 8 the bottom
nozzle is set forth in more detail in Figure 4 in which like  64 is
positioned in the same manner as top nozzle apparatus of Figures 2 and 4
carry like reference   66 in that it is pivoted about a point 150' on
sector characters. Here it can be seen that throat 34      65, with a bar
160 determining the initial angle of includes a flat bottom portion 110
which supports   40   this nozzle vis-a-vis sector 65. Detent 170' com-
frame 28 as it moves downwardly. Throat 34 also     municates with slots
152' in the same manner as includes channels 112 and 114 on either side of
described in connection with Figures 5 and 6. bottom portion 110 to
accommodate chain drive       Here carriage 156' corresponds to carriage 76
of 26. As illustrated, the leading edge 116 of frame   Figure 2. Referring
to Figures 9 and 10, nozzles 64 28 rests on the flat bottom portion which
supports   45   and 66 are mounted in spaced adjacency by virtue not only
the frame but the printed wiring board,    of the coaction of portions 180
and 182 of their here illustrated at 120 which is carried within the
respective carriages 156 and 156'. This spacing frame. The back of the
frame is joined at points    can be preadjusted by the  movement of butting
122 and 124 to chain 26, with frame 28 being        portion 180 along
extension 184 of carriage 156', provided with a movable transverse member
126   50   with the angular orientation of the nozzles being which is urged
in a downward direction by leaf      adjusted as described above. spring
128 which is joined at one end 130 to side     It has been found, as
mentioned above, that the member 132 of frame 28. The other end 134 is
clearing of solder from the holes in the printed demountably secured to
frame side member 136        wiring boards is accomplished more readily
when at the end thereof to permit removal of the    55   one of the two
nozzles projects a stream at or near transverse member 126 for insertion of
a printed    normal to the board, whereas the other nozzle wiring board
into the frame. In general, the side   projects a stream slightly off this
normal in a and bottom  members of the frame contain            direction
opposite to the removal direction of the grooves for the holding of board
120 so that        board. In one embodiment, the spacing between board 120
is secured therein.                 60   the nozzle tip and the board for
each of the In operation, frame 28 and board 120 are          nozzles is on
the order of 6-12 mm whereas the 



cantilevered over the leading edge 140 of bottom    angle of the non-normal
nozzle is on the order of portion 110 between nozzles 64 and 66, which as
25 with respect to the normal to the board. can be seen are elongated
transverse to the           The opportunity to place the nozzle projecting
a direction of the near horizontal transport system.   65   stream at or
near normal to the board above or 5    9                    0148  650
10 below the plane of the board provides an ability to   200 moves in the
direction of arrow 210 towards regulate the thickness of solder deposit
placed on    the bottom right hand side. The bottom 212 of the surfaces.
Solder thickness tends to be heavier    solder pot 30 is also angled
downwardly and or the lower surface of the board where surface
rearwardly to a reservoir 214 into which is posi- tension and gravity
counter each other. On the    5    tioned impeller 82 of pump 80. Throat 32
is here top surface, surface tension and gravity work         illustrated
as including top and bottom walls 216 together to reduce the thickness of
deposit. Thus,    and 218, with edge 200 of wall 218 forming the it is a
feature of the near-horizontal transport      aforementioned weir. system
that the solder thickness on the bottom          In operation, solder is
pumped by impeller 82 side of the board is greater than the thickness on
10   up throat 32 as illustrated by arrows 220, with the the top side of
the board and that this thickness     return illustrated by arrows 222. As
illustrated in can in part be controlled by the angle of the
Figures 11 and 12 it will be appreciated that solder nozzles involved. For
instance, for a top nozzle      pot 30 has an additional throat 230 which
serves a perpendicular to the board and a bottom nozzle at     stand-pipe
and through which the shaft 232 of 25 with respect to the normal, almost
all of the    15   motor 80 and impeller 82 project. In one embodi- solder
is removed from the top board surface          ment, the level of the
solder in throat 230 is whereas the thickness of the solder on the bottom
maintained by the stand-pipe through which board surface is on the order of
10 micrometers. It   additional solder is added to the solder pot, which
can therefore be seen that there is a differential in  standpipe regulates
the level 234 of the solder. In thickness of the solder initially deposited
on the    20   the Figure 2 embodiment, the afore-mentioned board and that
this thickness can be even further     drop tube is used to add solder.
controlled by adjustment of the nozzles. On the other hand, with the bottom
nozzle normal to the      Claims board and the top nozzle at [err] the
thicknesses on top and bottom can be made more nearly the    25        1. A
vapor phase soldering apparatus for same.
soldering a workpiece comprising; It has also been found that until the
energy of       a vessel for containing an inert liquid (52), the jet
stream delivered by the nozzles exceeds a       a heater (54) for heating
the contained liquid predetermined level, solder levelling is uneven
(52) to generate a zone (46) of saturated vapor and sometimes without
effect. For a given set of    30   (42), a first throat (34) communicating
with said conditions, this maximally efficient levelling        vessel and
angled upwardly from the vessel, occurs  above  a  predetermined  flow
rate             a solder pot (30) within said vessel for contain- measured
in terms of kilograms of material            ing molten solder, and
delivered to the board surface per second per linal     a transport system
(24) for carrying a workpiece inch of nozzle aperature. For a nozzle of
17.8 cm in   35   (28) through said throat (34) into the zone (46) of
length and an inert fluid of specific gravity 1.6 at  saturated vapor (42)
to the solder pot and away [err] such as Fluorinert FC-70, the flow rate is
therefrom, adjusted to be above a threshold of 0.040 kg/sec-
characterized in that the solder pot (30) com- cm, computed as follows:
prises a reservoir (86, 214) for containing molten QTOT=442 [err]/sec, for
a 17.8 nozzle (experi-   40   solder, mental data)
a second throat (32) aligned with said transport [err] = 442 [err]/sec-17.8
cm = 24.85 [err]/sec.cm        system (24) and said first throat (34), said
second 0.001 kg/[err] H20 density x 1.6 sp.gr.               throat (32)
communicating at one end with mol-. FC.70 x 24,85 [err]/sec-cm = 0.040
kg/sec-cm =        ten solder (220) contained in said reservoir (86, M.
45   214) and communicating at the other end with the i.e. the mass/cm flow
rate                          saturated vapor (42), and necessary to
reliably produce 100% hole clear-        means (80, 82) for pumping molten
solder ance for aspect ratio 2 holes, e.g. holes which are   contained in
said [err] (86, 214) through said twice as deep as their diameters.
second throat (32), For each solder levelling system, while theoreti-   50
said reservoir (86, 214) being arranged to cal flow rate calculations yield
unacceptable hole    receive molten solder discharged from  said clearing
results, it has been found that there        second throat (32) and the
transport system (24) exists a flow rate of energy level which results in
being arranged to carry a workpiece (28) through reliable greater than 99
percent hole clearing and    said first throat (34), through the saturated
vapor that this can be determined empirically by    55   (42) and into said
second throat (32) so that the increasing the flow  rate and corresponding
workpiece (28) will become immersed in the energy level until greater than
99% hole clearing     molten solder contained within said second is
achieved.                                          throat (32), Referring
now to Figures 11 and 12, a dia-            and in that the apparatus
comprises nozzles (64, 



grammatic view of solder pot 30 is illustrated in   60   66) for directing
streams of liquid against oppos- which throat 32 is shown as illustrated,
with edge    ing sides of said workpiece as it is transported 200 forming
the aforementioned weir. The solder      away from said solder pot (30).
pot in general includes a chamber with a slanted        2. Vapor phase
soldering apparatus according gutter 202 supported on struts 204. 206 and
208 as    to claim 1, characterized in that the solder pot illustrated,
such that the solder dumped over weir   65   (30) comprises a vertioal
standpipe (88, 230). 6    9                    0  148 650
10 below the plane of the board provides an ability to   200 moves in the
direction of arrow 210 towards regulate the thickness of solder deposit
placed on    the bottom right hand side. The bottom 212 of the surfaces.
Solder thickness tends to be heavier    solder pot 30 is also angled
downwardly and or [err] lower surface of the board where surface
rearwardly to a reservoir 214 into which is posi- tension and gravity
counter each other. On the    5    tioned impeller 82 of pump 80. Throat 32
is here top surface, surface tension and gravity work        illustrated as
including top and bottom walls 216 together to reduce the thickness of
deposit. Thus,    and 218, with edge 200 of wall 218 forming the it is a
feature of the near-horizontal transport      aforementioned weir. system
that the solder thickness on the bottom         In operation, solder is
pumped by impeller 82 side of the board is greater than the thickness on
10   up throat 32 as illustrated by arrows 220, with the the top side of
the board and that this thickness     return illustrated by arrows 222. As
illustrated in can in part be controlled by the angle of the
Figures 11 and 12 it will be appreciated that solder nozzles involved. For
instance, for a top nozzle      pot 30 has an additional throat 230 which
serves a perpendicular to the board and a bottom nozzle at     stand-pipe
and through which the shaft 232 of 25[err] with respect to the normal,
almost all of the    15    motor 80 and impeller 82 project. In one embodi-
solder is removed from the top board surface          ment, the level of
the solder in throat 230 is whereas the thickness of the solder on the
bottom     maintained by the stand-pipe through which board surface is on
the order of 10 micrometers. It   additional solder is added to the solder
pot, which can therefore be seen that there is a differential in  standpipe
regulates the level 234 of the soldar. In thickness of the solder initially
deposited on the    20   the Figure 2 embodiment, the afore-mentioned board
and that this thickness can be even further     drop tube is used to add
solder. controlled by adjustment of the nozzles. On the other hand, with
the bottom nozzle normal to the      Claims board and the top nozzle at 25
the thicknesses on top and bottom can be made more nearly the    25
1. A vapor phase soldering apparatus for same.
soldering a workpiece comprising; It has also been found that until the
energy of       a vessel for containing an inert liquid (52), the jet
stream delivered by the nozzles exceeds a       a heater (54) for heating
the contained liquid predetermined level, solder levelling is uneven
(52) to generate a zone (46) of saturated vapor and sometimes without
effect. For a given set of   30   (42), a first throat (34) communicating
with said conditions, this maximally efficient levelling        vessel and
angled upwardly from the vessel, occurs  above  a  predetermined  flow
rate             a solder pot (30) within said vessel for contain- measured
in terms of kilograms of material           ing molten solder, and
delivered to the board surface per second per linal     a transport system
(24) for carrying a workpiece inch of nozzle aperature. For a nozzle of
17.8 cm in   35   (28) through said throat (34) into the zone (46) of
length and an inert fluid of specific gravity 1.6 at  saturated vapor (42)
to the solder pot and away [err] such as Fluorinert FC-70, the flow rate is
therefrom, adjusted to be above a threshold of 0.040 kg/sec-
characterized in that the solder pot (30) com- cm, computed as follows:
prises a reservoir (86, 214) for containing molten QTOT=442 [err]/sec, for
a 17.8 nozzle (experi-   40   solder, mental data)
a second throat (32) aligned with said transport Qin = 442 [err]/sec-17.8
cm = 24,85 [err]/sec.cm        system (24) and said first throat (34), said
second 0.001 kg/[err] H20 density x 1.6 sp.gr.              throat (32)
communicating at one end with mol- FC-70 x 24.85 [err]/sec-cm = 0.040
kg/sec-cm =        ten solder (220) contained in said reservoir (86, Mi.
45   214) and communicating at the other end with the i.e. the mass/cm flow
rate                          saturated vapor (42), and necessary to
reliably produce 100% hole clear-        means (80, 82) for pumping molten
solder ance for aspect ratio 2 holes, e.g. holes which are   contained in
said [err] (86, 214) through said twice as deep as their diameters.
second throat (32), For each solder levelling system, while theoreti-   50
said reservoir (86, 214) being arranged to cal flow rate calculations yield
unacceptable hole    receive molten solder discharged from  said clearing
results, it has been found that there        second throat (32) and the
transport system (24) exists a flow rate of energy level which results in
being arranged to carry a workpiece (28) through reliable greater than 99
percent hole clearing and    said first throat (34), through the saturated
vapor that this can be determined empirically by    55   (42) and into said
second throat (32) so that the increasing the flow  rate and corresponding
workpiece (28) will become immersed in the energy level until greater than
99% hole clearing     molten solder contained within said second 



is achieved.                                          throat (32),
Referring now to Figures 11 and 12, a dia-            and in that the
apparatus comprises nozzles (64, grammatic view of solder pot 30 is
illustrated in   60   66) for directing streams of liquid against oppos-
which throat 32 is shown as illustrated, with edge    ing sides of said
workpiece as it is transported 200 forming the aforementioned weir. The
solder       away from said solder pot (30). pot in general includes a
chamber with a slanted        2. Vapor phase soldering apparatus according
gutter 202 supported on struts 204. 206 and 208 as   to claim 1,
characterized in that the solder pot illustrated, such that the solder
dumped over weir   65   (30) comprises a vertioal standpipe (88, 230). 6
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Revendications ^t_,Dampfphasenloteinrichtung  zum  Loten           1.
Appareil a 6tamer en phase vapeur, ser- einos'erkstuicks, umfassend;
5    vant a 6tamer une piece et comprenant: einen Behilter, der eine inerte
Flussigkeit           une enceinte contenant un  liquide ineoie (52)
enthalt,                                        (52), eine Heizvorrichtung
(54), die die enthaltene         un dispositif de chauffage (54) pour
chauffer Flussigkeit (52) erhitzt unter Bildung einer Zone    ce liquide
afin de creer une zone (46) de (46) gesittigten Dampfs (42). wobei eine
erste   10   vapeur saturee (42), Verengung (34) mit dem  Behilter in
Verbin-             un premier couloir (34) communiquant avec dung steht
und davon unter einem  Winkel              l'enceinte et incline vers le
haut a partir de nach oben verlbuft,
celle-ci, e inen geschmolzenes Lot aufnehmenden Lot-              un bac
d'etamage (30) place dans l'enceinte tiegel (30) innerhalb des Behilters,
75   et contenant de la soudure fondue et ein  Transportsystem  (24) zum
Transport             un systeme de transport (24) pour porter la eines
Werkstucks (28) durch die Verengung             piece (28) A travers le
couloir (34) dans la zone (34) in die Zone (46) gesittigten Dampfs (42)
(46) de vapeur satur6e (42) et dans le bac zum Lottiegel und davon weg,
d'etamage, ainsi quo pour l'en evacuer, dadurch gekennzeichnet, dal der
Lottiegel   20        caracterise en ce que le bac d'etamage (30) (30) ein
Reservoir (86, 214) zur Aufnahme von        comporte: geschmolzenem Lot
umfaBt,                               un reservoir (86, 214) pour la
soudure fon- eine mit dem Transportsystem (24) und der           due,
ersten  Verengung  (34) ausgerichtete zweite            un second couloir
(32) prevu en alignement Verengung (32) vorgesehen ist, die am  einen    25
avec le systeme de transport (24) et le premier Ende mit im Reservoir (86,
214) befindlichem         couloir (34), ce second couloir (32) communi-
geschmolzenem  Lot (220) und am  anderen             quant A une extremit6
avec la soudure fondue Ende mit dem gesittigten Dampf (42) in Ver-
(220) contenue dans le reservoir (86, 214) et a bindung steht. und
I'autre extremite' avec la vapeur saturee (42) Mittel (80, 82) vorgesehen
sind, die im    30   et, Reservoir (85, 214) befindliches geschmolzenes
un dispositif (80, 82). pour pomper de la sou- Lot durch die zweite
Verengung (32) pumpen,          dure fondue depuis le reservoir (86, 214) A
tra- wobei das Reservoir (86, 214) so angeordnet         vers le second
couloir (32), ist, daB es aus der zweiten Verengung austre-          le
reservoir (86, 214) etant agence pour tendes geschmolzenes Lot aufnimmt,
und das    35   recueillir la, soudure fondue d6chargee du Transportsystem
(24) so angeordnet ist, daB es        second couloir (32) et le systeme de
transport ein Werkstuck (28) durch die erste Verengung          (24) etant
agence pour porter la piece (22) A (34), durch den gesattigten Dampf (42)
und in        travers le premier couloir (34) et a travers la die zweite
Verengung (32) fordert, so daB das        vapeur saturee (42) jusque dans
le second ,_)Werkstuck (28) in das in der zweiten Veren-   40   couloir
(32), de maniere que la piece (28) soit gung (32) befindliche geschmolzene
Lot ein-          immergee dans la soudure fondue contenue taucht.
dans ce second couloir (32), und daB die Einrichtung Dusen (64, 66) auf-
et en ce quo l'appareil comporte des buses weist. die Flusgleitsstrome auf
entgegenge-          (64, 66) pour diriger des jets de liquide contre
setzte Seiten des Werkstucks richten, wahrend    45    des c6tes opposes de
la piece pendant son dieses vom Lottiegel (30) weggefordert wird.
evacuation du bac d'etamage (30). 2. Dampfphasenloteinrichtung nach
Anspruch            2. Appareil selon la revendication 1, caracte- 1.
dadurch gekennzeichnet, daB der Lottiegel         rise en ce quo le bac d
;tamage (30) comporte (30) ein vertikales Steigrohr (88, 230) aufweist.
un tube de montee vertical (88, 230). 50 55 60 7    


