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Description

[0001] This invention relates to a reflow furnace ac-
cording to the preamble of claim 1 (see, for example, JP
2001-144 427 A1), for carrying out soldering by melting
a solder paste applied to a printed circuit board.

Background Art

[0002] Soldering of printed circuit boards and electron-
ic parts to each other using a solder paste is usually car-
ried out using a reflow furnace. A reflow furnace is con-
stituted by a tunnel-shaped muffle having a preheating
zone, a main heating zone, and a cooling zone inside it.
A heating means is installed in the preheating zone and
the main heating zone, and a cooling means is installed
inside the cooling zone.

[0003] Heating means used in reflow furnaces include
infrared heaters and hot air blowing heaters. With an in-
frared heater, infrared rays penetrate to the interior of
crevices in a printed circuit board and electronic parts
and melt the solder paste applied to portions to be sol-
dered. However, infrared rays travel in a straight line, so
an infrared heater has the problem that it cannot suffi-
ciently heat portions to be soldered located in the shad-
ows of electronic parts.

[0004] With a hot air blowing heater, hot air undergoes
convection inside a muffle and penetrates to portions in
the shadows of electronic parts and narrow crevices.
Therefore, it has the advantage over an infrared heater
that it can more uniformly heat the entirety of a printed
circuit board than can an infrared heater, and it is much
used today in reflow furnaces.

[0005] A hot air blowing heater installed in a conven-
tional reflow furnace has hot air discharge ports with a
large area along with hot air suction ports with a small
area formed in the vicinity of the hot air discharge ports
in the same plane. A large amount of hot air is blown out
of the hot air discharge ports having a large area toward
a printed circuit board such that a large area of the printed
circuit board is heated at the same time.

[0006] It has been thought that a printed circuit board
can be uniformly heated by blowing hot air in this manner
from discharge ports having a large area. However, in
recent experiments, it was found that a printed circuit
board cannot be uniformly heated even if hot air is blown
from discharge ports having a large area. Namely, after
a printed circuit board is heated with hot air blown from
hot air discharge ports having a large area, the printed
circuit board advances and reaches the suction ports,
where not only is the printed circuit board not struck by
hot air, but suction of hot air into the suction ports causes
the printed circuit board to cool. If the temperature profile
in a reflow furnace having hot air discharge ports with a
large area adjoining hot air suction ports having a small
area in this manner is graphed, it is found that the tem-
peraturerises at the hot air discharge ports but decreases
at the suction ports.
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[0007] If the temperature in the preheating zone and
the main heating zone fluctuates in this manner, a printed
circuit board is not uniformly heated, and local overheat-
ing or underheating may take place to such an extent
that electronic parts undergo thermal damage or solder
paste is unmelted.

[0008] In light of such problems of reflow furnaces in
which hot air is discharged from discharge ports having
a large area, reflow furnaces have been proposed in
which a large number of hot air discharge ports having
a small area are provided along with a large number of
hot air suction ports located in the vicinity of the hot air
discharge ports (Patent Documents 1 - 7).

[0009] However, in the reflow furnaces of Patent Doc-
uments 1, 2, 4, and 5, for example, although the entirety
of a printed circuit board can be uniformly heated be-
cause of discharge ports having a small area which are
scattered, hot air which is blown from the large number
of discharge ports is sucked in by suction ports in many
locations since the suction ports are also scattered. As
a result, the hot air which is discharged and the hot air
which is sucked in strike against each other, and turbu-
lence sometimes occurs in the muffle. The occurrence
of turbulence in the muffle may cause heating irregular-
ities, and in the case of an inert atmosphere using nitro-
gen gas, it may cause the oxygen concentration of the
atmosphere to fluctuate due to infiltration of oxygen from
outside the furnace.

[0010] The reflow furnace of Patent Document 3 has
a series of discharge ports and a series of suction ports
provided alongside the discharge ports, and therefore
turbulence is not caused by hot air which is discharged
from the discharge ports 5 colliding with hot air which is
sucked in:by the suction ports. However, the reflow fur-
nace of Patent Document 3 has a series of discharge
ports arranged in the shape of an X or a Z or in a zigzag
shape with respect to the direction of travel of a printed
circuit board, and there are locations in which no dis-
charge ports are present. Therefore, a printed circuit
board is not adequately heated in locations where dis-
charge ports are not present, and heating irregularities
may end up developing.

Patent Documents 6 and 7 merely disclose hot air dis-
charge nozzles which are provided so as to project from
a suction plate having suction ports.

Patent Document 1: JP H02-303674 A1

Patent Document 2: JP 2001 -144426 A1

Patent Document 3: JP 2001-144427 A1

Patent Document 4: JP 2001-326455 A1

Patent Document 5: JP 2002-198642 A1

Patent Document 6: JP 2002-331357 A1

Patent Document 7: JP 2003-332725 A1

[0011] US 5,567,151 discloses a furnace in which hot
gases are discharged from heaters to provide uniform
heating to printed circuit boards commonly used in the
electronic industry.

[0012] JP 2/137691 discloses areflow device to solder
electronic parts with a printed circuit board after the print-
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ed circuit board is heated while controlling the tempera-
ture distribution difference of the printed circuit board
small.

Disclosure of the Invention

[0013] Inaconventional reflow furnace of the type hav-
ing suction ports provided in the vicinity of hot air dis-
charge ports, even when various dispositions of the ports
were attempted, there were problems such as that tur-
bulence occurred inside the muffle and thus outside air
infiltrated to increase the oxygen concentration in the at-
mosphere of an inert gas when such a gas was used, or
that the entirety of the printed circuit board could not be
uniformly heated.

[0014] The present invention is intended to provide a
reflow furnace which can not only uniformly heat a printed
circuit board because heating irregularities of a printed
circuit board can be avoided when using a hot air blowing
heater as a heating means but which can stabilize the
oxygen concentration in an inert atmosphere when such
an atmosphere is used.

[0015] The present inventors discovered that in a re-
flow furnace equipped with hot air blowing heaters, by
installing discharge nozzles through which hot air from
hot air blowing heaters is discharged and suction ports
through which hot air is sucked both in a zigzag shape
so as to cross the direction of travel of a printed circuit
board and preferably so as to extend continuously, and
by installing hot air discharge nozzles so as to project
from the front surface of the hot air blowing heaters (re-
ferred to below as the heater surface), the entirety of a
printed circuit board can be heated without irregularities
and turbulence of hot air does not take place in the reflow
furnace after it heats a printed circuit board, and they
completed the present invention.

[0016] In addition, the present inventors found that if
the hot air discharge nozzles which are provided together
with suction ports in this manner are arranged in parallel
in a plurality of zigzag-shaped strips in a direction cross-
ing the direction of travel of a printed circuit board and
discharge holes constituting each nozzle are arranged
in astaggered shape with respect to the direction of travel
of a printed circuit board, i.e., if they are arranged such
that the discharge holes of nozzles in adjoining strips are
not aligned but are arranged such that the discharge
holes of nozzles separated by at least one strip are
aligned, uneven heating of a printed circuit board does
not take place and turbulence does not occur, and they
completed the present invention. According, the present
invention is a reflow furnace according to claim 1.
[0017] In another mode, the present invention is a re-
flow furnace comprising a preheating zone, a main heat-
ing zone, and a cooling zone, characterized in that a plu-
rality of hot air discharge nozzles which project from a
heater surface are provided in the upper portion or the
upper and lower portions of the preheating zone and the
main heating zone and are arranged in a plurality of zig-
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zag-shaped strips which cross the direction of travel of
a printed circuit board, hot air suction ports are formed
in the heater surface between the discharge nozzles and
extend so as to cross the direction of travel of a printed
circuit board, a large number of hot air discharge holes
are formed at intervals in each strip of the discharge noz-
zles, and the large number of discharge holes in the dis-
charge nozzles are not aligned in the direction of travel
of the printed circuit board with the large number of dis-
charge holes in the adjoining strip but are aligned with
the discharge holes in a discharge nozzle separated by
at least one strip.

[0018] - According to the present invention, nozzles
are formed in a zigzag shape, preferably in a plurality of
strips, crossing the direction of travel of a printed circuit
board, so hot air always contacts any portion of a printed
circuit board traveling within a reflow furnace and the
printed circuit board is uniformly heated.

[0019] In addition, when a reflow furnace according to
the presentinvention employs discharge holes with a fast
blowing velocity as hot air discharge ports, rapid heating
of a printed circuit board can be accomplished, thereby
improving the productivity of soldering.

[0020] In the reflow furnace according to the present
invention, by utilizing discharge holes of small area with
which unheated portions can easily develop, the loca-
tions in which the discharge holes are formed are not
aligned with the locations of the discharge holes in the
adjoining discharge nozzle but are aligned with the loca-
tions of the discharge holes in a discharge nozzle sepa-
rated therefrom by at least one strip. Therefore, even if
the nozzle in afirst strip produces unheated portions, the
nozzle in the next strip heats the unheated portions pro-
duced by thefirst strip, and as a whole, unheated portions
can be eliminated overall and uniform heating is made
possible.

[0021] Also, in a reflow furnace according to the
present invention, since the hot air in the heating regions
undergoes self-convection, infiltration of outside air does
not occur, and a low oxygen concentration can be stably
maintained.

[0022] Furthermore, in a reflow furnace according to
the present invention, the suction ports have the same
zigzag shape as the hot air discharge nozzles and are
formed in the vicinity of the hot air discharge nozzles.
Therefore, the hot air which is blown from the discharge
nozzles contacts a printed circuit board and heats the
printed circuit board, and then all of the hot air is sucked
into the suction ports, so it does not cause turbulence.
[0023] Accordingly, thereis almost noinfiltration of out-
side air when a reflow furnace according to the present
invention uses an inert gas, and a low oxygen concen-
tration can be stably maintained.

[0024] In a reflow furnace according to the present in-
vention, heating of a printed circuit board is made even
more uniform when zigzag-shaped discharge nozzles
are erected inside zigzag-shaped suction ports, or when
suction ports and discharge nozzles are alternatingly dis-
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posed adjoining each other in a zigzag shape.

[0025] Also, in a reflow furnace according to the
presentinvention, zigzag-shaped discharge nozzles may
have a continuous shape, but fabricating the discharge
nozzles in a continuous zigzag shape is time-consuming.
Therefore, a plurality of discharge nozzles having a rec-
tangular transverse cross section can be assembled to
form a zigzag shape.

[0026] In the present invention, hot air discharge noz-
Zles are installed in the upper portion or the upper and
lower portions of a preheating zone and a main heating
zone. Thus, they may be installed in just the upper por-
tion. Usually a printed circuit board has solder paste ap-
plied to its upper portion, and in many cases electronic
parts are mounted on the portions to which paste is ap-
plied. Therefore, the solder paste can be melted by heat-
ing just the upper portion of the printed circuit board with
hot air. However, in order to uniformly heat the entirety
of a printed circuit broad, it is preferable to also heat the
lower portion of the printed circuit board. In this case,
instead of using hot air blown from zigzag-shaped noz-
zles employed in the present invention, it is possible to
use hot air blown from nozzles used in a conventional
reflow furnace, or heating may be performed with far in-
frared rays.

[0027] Even more uniform heating becomes possible
if the multiple strips of nozzles arranged in azigzag shape
which are used in the present invention are installed in
both the upper and lower portions.

[0028] In another mode of the present invention, dis-
charge nozzles of a hot air blowing heater used in a reflow
furnace may be nozzles provided in the end surface of a
plate or plates which projectin the form of a wall (referred
to below simply as a plate-shaped nozzle). This type of
plate-shaped nozzle may be a slit nozzle formed by two
opposing plates with its top end being opened, or the
open top end may be covered with a suitable perforated
plate or slotted plate to constitute a hot air discharge noz-
Zle.

[0029] Of course, in these cases as well, suction ports
are formed in the heater surface between adjacent strips
of the plate-shaped nozzles. The suction ports may be
formed in a zigzag shape alongside the plate-shaped
nozzles, or they may be formed in a zigzag shape ap-
proximately midway between adjacent strips of the plate-
shaped nozzles. Suction ports formed in the heater sur-
face preferably have a zigzag shape with the same pitch
as the plate-shaped nozzles, but other shapes are pos-
sible. For example, suction ports may be formed by a
punched plate having a large number of holes formed in
the heater surface, or they may have the shape of adrain-
board having alarge number of slits formed in. A punched
plate or a drainboard-shaped plate may be a commer-
cially available one, thereby saving the labor required to
form suction ports when manufacturing a hot air blowing
heater.

[0030] A plate-shaped nozzle of a hot air blowing heat-
er used in a reflow furnace according to the present in-
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vention may also be formed using a solid thick-walled
plate having a large number of discharge holes bored
therethrough. In order to uniformly heat the entirety of a
printed circuit board, it has been thought better to use
long continuous slits instead of holes as hot air discharge
ports. This is because slits have no gaps where hot air
is not discharged, so uniform heating of the entirety of a
printed circuit board can be carried out without causing
unheated portions. However, not only uniform heating
but also productivity are demanded of recent reflow fur-
naces, and slits have problems with respect to produc-
tivity. This is because slits have a large open area, so
the speed at which hot air is blown from the slits is slow.
Ifthe blowing speed of hot air is slow, rapid heating cannot
be performed. Therefore, with slits, heating must be car-
ried out using a slow conveyor speed. As a result, prob-
lems develop with respect to productivity.

[0031] Discharge ports in the form of discharge holes
have a small open area, so the speed of discharge of hot
air is extremely fast compared to that for slits. To that
extent, rapid heating becomes possible, and they provide
excellent productivity. Discharge holes provide sufficient
heating immediately below the discharge holes, but in
regions which are not immediately below the holes, the
temperature is lower than immediately below the holes,
and thus nonuniform heating occurs. Accordingly, it has
been thought to be difficult to perform uniform heating
with hot air blowing heaters using discharge holes.
[0032] However, a hot air blowing heater used in the
present invention can achieve uniform heating in spite of
using discharge holes, which provide excellent produc-
tivity. To that end, each plate-shaped nozzle in multiple
strips of nozzles has a large number of discharge holes
bored therein, and preferably, the discharge holes in ad-
jacent strips of plate-shaped nozzles are not aligned with
each other in the direction of travel of a printed circuit
board, but discharge holes in plate-shaped nozzles
spaced by at least one strip are aligned with each other.
Thus, by arranging the discharge holes in adjacent strips
of the plate-shaped nozzles so as not be aligned with
each other, even if low temperature portions develop in
regions which are not immediately below the discharge
holes in a first strip of the plate-shaped nozzle, the dis-
charge holes in the next strip of the plate-shaped nozzle
strike the low temperature portions with hot air and raise
their temperature.

[0033] In the present invention, plate-shaped nozzles
of a hot air blowing heater project from a heater surface,
so a region which is surrounded by a pair of adjacent
plate-shaped nozzles, the heater surface, and a printed
circuit board becomes a heating region of a constant tem-
perature. In the heating region, hot air which is blown
from the discharge holes of the projecting plate-shaped
nozzle strikes the printed circuit board, and when the hot
air returns to the suction ports formed in the heater sur-
face, the heat in the heating region is confined and be-
comes a constant temperature. Each heating region ex-
tends lengthily in the transverse direction with respect to
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the direction of travel of a printed circuit board, and the
heating regions are present in succession as a printed
circuit board advances. Accordingly; a printed circuit
board which is transported by a conveyor is successively
heated over its entirety by heating regions which are elon-
gated in the transverse direction with respect to the di-
rection of travel.

[0034] The discharge holes which are formed in the
plate-shaped nozzles of the hot air blowing heater used
in the present invention can have any shape, such as
circular, elliptical, or rectangular. Discharge holes are ba-
sically used in order to increase the blowing speed of hot
air, and their shape can be suitably selected in view of
the ease of fabrication and the region to be contacted by
hot air. A circular shape is easy to form, while an elliptical
or a rectangular shape expands the region which is con-
tacted by hot air and thus further reduces unheated por-
tions.

Brief Description of the Drawings
[0035]

Figure 1 is a front cross-sectional view of a reflow
furnace according to the present invention.

Figure 2 is a front cross-sectional view of a hot air
blowing heaterinstalled in arreflow furnace according
to the present invention.

Figure 3 is a side cross-sectional view of Figure 2.
Figure 4 is a perspective view of a portion of a hot
air blowing heater installed in a reflow furnace not
covered by the present invention.

Figure 5 is a plan view of Figure 4.

Figure 6 is a cross-sectional view taken along line
A-A of Figure 5.

Figure 7 is perspective view of a portion of another
mode of a hot air blowing heater installed in a reflow
furnace not covered by the present invention.
Figure 8 is a plan view of Figure 7.

Figure 9 is a cross-sectional view taken along line
B-B of Figure 8.

Figure 10 is an enlarged plan view of a portion of a
mode in which the hot air discharge nozzles of Figure
5 are formed from rectangular pipes.

Figure 11 is an enlarged plan view of a portion of a
mode in which the hot air discharge nozzles of Figure
8 are formed from rectangular pipes.

Figure 12 is a plan view of a portion of a mode in
which the rectangular pipes of Figure 11 are replaced
by a large number of round pipes.

Figure 13 is an enlarged view of a portion of Figure
12.

Figure 14 is a perspective view of a portion of a hot
air blowing heater installed in a reflow furnace ac-
cording to the present invention.

Figure 15 is a plan view of Figure 14.

Figure 16 is an enlarged view of a portion of Figure
15.
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Figures 17(A), (B), and (C) are schematic explana-
tory views explaining heating of a printed circuit
board.

Best Mode for Carrying Out the Invention

[0036] Below, a reflow furnace according to the
present invention will be explained based on the draw-
ings.

[0037] Figure 1 is a front cross-sectional view of a re-

flow furnace according to the present invention, Figure
2 is afront cross-sectional view of a hot air blowing heater
installed in a reflow furnace according to the present in-
vention, Figure 3 is side cross-sectional view thereof, Fig-
ure 4 is a partial perspective view of a hot air blowing
heater installed in a reflow furnace according to the
present invention, Figure 5 is a plan view of Figure 4,
Figure 6 is a cross-sectional view taken along line A-A
of Figure 5, Figure 7 is a partial perspective view of a hot
air blowing heater having a different structure installed
in a reflow furnace according to the present invention,
Figure 8 is a plan view of Figure 7, Figure 9 is a cross-
sectional view taken along line B-B of Figure 8, Figure
10 is a partial enlarged plan view of a mode in which the
hot air discharge nozzles of Figure 5 are formed from
rectangular pipes, Figure 11 is a partial enlarged plan
view of a mode in which the hot air discharge nozzles of
Figure 8 are formed from rectangular pipes, Figure 12 is
a plan view of a mode in which hot air discharge nozzles
are formed from round pipes, and Figure 13 is a partial
enlarged plan view thereof.

[0038] As shown in Figure 1, a reflow furnace 1 ac-
cording to the present invention has a tunnel-shaped
muffle 2 extending in the lengthwise direction of the fur-
nace. The muffle is divided into a preheating zone 3, a
main heating zone 4, and a cooling zone 5. A plurality
(three pairs) of hot air blowing heaters 6 is installed in
the upper and lower portions of the preheating zone 3,
and a plurality (two pairs) of hot air blowing heaters 7 is
installed in the upper and lower portions of the main heat-
ing zone 4. The hot air blowing heaters 6 installed in the
preheating zone 3 and the hot air blowing heaters 7 in-
stalled in the main heating zone 4 have nearly the same
structure as each other, but the hot air blowing heaters
7 installed inthe main heating zone have a narrower width
in the direction of transport than the hot air blowing heat-
ers 6 installed in the preheating zone. A pair of cooling
mechanisms 8, 8 of unillustrated structure is installed in
the cooling zone 5. They carry out cooling by, for exam-
ple, blowing a cooling gas at a printed circuit board which
has been soldered. A conveyor 9 which transports a print-
ed circuit board P in the direction from the preheating
zone 3 towards the cooling 5 (arrow X) runs inside the
muffle 2.

[0039] Next, the hot air blowing heaters installed in a
reflow furnace according to the present invention will be
explained. Since the hot air blowing heaters installed in
the preheating zone and the hot air blowing heaters in-
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stalled in the main heating zone have essentially the
same structure, an explanation will be given of the hot
air blowing heaters installed in the preheating zone. The
hot air blowing heaters are installed in the upper and
lower portions of the muffle, so the hot air blowing heaters
do not have a top or bottom, but in explaining the hot air
blowing heater shown in the drawings, it will be assumed
that the heater is installed in the lower portion of the muf-
fle, with top and bottom being as shown in the drawings.
[0040] As shown in Figures 2 and 3, each hot air blow-
ing heater 6 is box-shaped and is divided in the vertical
direction into four chambers. From the bottom, these four
chambers are a blowing chamber 10, a heating chamber
11, a hot air chamber 12, and a suction chamber 13.
[0041] Afan 14isinstalled in the center of the blowing
chamber 10. This fan is a sirocco fan which is connected
to a motor 15 disposed on the exterior. Partitions 16 (one
of which is not shown) are provided on both sides of the
blowing chamber 10. An opening 17 is formed in one end
of each partition. The openings in the partitions are not
positioned opposite each other but instead are at oppo-
site end portions.

[0042] Passageways 18, 18 are formed on both sides
of the heating chamber 11, and a plurality of electric heat-
ers 19 is installed inside the heating chamber. A suction
hole 21 is formed in a partition 20 separating the heating
chamber 11 from the blowing chamber 10. The suction
hole is immediately above the fan 14, and its diameter is
slightly smaller than the diameter of the fan in the form
of a sirocco fan.

[0043] The hot air chamber 12 communicates with the
above-described openings 17 in the blowing chamber
10, and hot blown air is sent to the hot air chamber 12
from the blowing chamber 10. A partition 22 extends be-
tween the hot air chamber 12 and the suction chamber
13, and the suction chamber 13 communicates with the
heating chamber 11 via the passageways 18. The top of
the suction chamber 13 forms a surface, i.e., a heater
surface 23.

[0044] A large number of zigzag-shaped discharge
nozzles 24 are erected atop the partition 22 and extend
through the surface 23. Hot air from the hot air chamber
is blown upwards through these nozzles as shown by the
arrows. Thus, the discharge nozzles 24 communicate
with the discharge side of the fan 14. The discharge noz-
zles 24 project upwards beyond the top of the surface
23. Suction ports 26 for hot air are provided in the vicinity
of the discharge nozzles 24. The suction ports 26 are
located in the same plane as the surface 23.

[0045] The hot air blowing heater shown in Figures 4
- 6 is a mode not covered by the present invention and
having plate-shaped nozzles constituted by two oppos-
ing plates. The two plates forms a discharge port, i.e., a
nozzle, in the shape of a groove to constitute a type of
slit nozzle.

[0046] In the illustrated example, zigzag-shaped suc-
tion ports 25 in the form of a plurality of strips are provided
in locations adjacent to the discharge nozzles 24 project-

10

15

20

25

30

35

40

45

50

55

ing from the surface 23, i.e., in locations slightly separat-
ed from the discharge nozzles 24. See Figure 4.

[0047] As shown in the partial enlarged plan view and
the cross-sectional view in Figure 5 and Figure 6, respec-
tively, the suction ports 25 and discharge nozzles 24 are
installed so as to extend across the direction of travel of
a printed circuit board (shown by the hollow arrow X in
the drawings). As also shown in the drawings, the dis-
charge nozzles 24 and suction ports 25 are formed to as
to alternate with each other. Each zigzag-shaped dis-
charge nozzle 24 has the same period as the adjoining
zigzag-shaped discharge nozzles 24, i.e., the distance
between respective peaks and the distance between re-
spective valleys are the same. The suction ports 25 are
connected to the heating chamber 11 and the suction
hole 21 by means of the passageways 18 shownin Figure
3. Thus, the suction ports 25 communicate with the suc-
tion side of the fan 14.

[0048] The surface 23 of the hot air blowing heater 6
is a metal plate made of aluminum, stainless steel, steel,
or the like, and its top surface may be coated with a black
ceramic 27. See Figures 2 and 3. If the surface 23 of the
suction plate is covered with a black ceramic, when the
suction plate is heated by hot air, far infrared rays are
irradiated from the black ceramic, and a printed circuit
board is heated by the heat of hot air as well as by far
infrared rays, so heating is more uniform than with just
hot air heating.

[0049] Next, discharge and suction of hot air in a reflow
furnace having the above-described structure will be ex-
plained while referring to Figures 1 - 4.

[0050] When electric current is passed through the
electric heaters 19 installed in the heating chamber 11
and the motor 15 is driven to rotate the fan 14, which is
a sirocco fan, the gas contained in the heating chamber
11 is heated by the electric heaters 19 and becomes high
temperature hot air, which is sucked by the fan 14 into
the blowing chamber 10 from the suction side of the fan.
The hot air which is sucked into the blowing chamber 10
is sent by the fan 14 from the discharge side of the fan
through the openings 17 into the hot air chamber 12, and
it is discharged from the zigzag-shaped discharge noz-
zles 24 which are provided in multiple strips or rows in
the direction crossing the direction of travel of a printed
circuit board. A printed circuit board P is moved inside
the muffle 2 by the conveyor 9. Hot air blown from the
discharge nozzles 24 contacts the traveling printed circuit
board P, and the printed circuit board is heated. On the
printed circuit board which is heated by hot air, solder
paste which was applied to portions to be soldered melts,
and the printed circuit board and electronic parts are sol-
dered to each other. The zigzag-shaped discharge noz-
zles 24 rise above surface 23, so there are no portions
whatsoever of the printed circuit board which are not con-
tacted by hot air, and all portions thereof are uniformly
heated by hot air. Accordingly, localized overheating or
failure of the solder paste to melt does not occur.
[0051] The hot air which is discharged from the dis-
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charge nozzles is robbed of heat by the printed circuit
board, so its temperature decreases. Hot air which has
decreased in temperature in this manner is sucked into
the suction ports 25 in the vicinity of where the discharge
nozzles 24 are erected and enters the heating chamber
11 through passageways 18. The hot air which enters
the heating chamber 11 is heated and raised in temper-
ature to a prescribed temperature by the electric heaters
19, anditis sucked by the fan 14 into the blowing chamber
10. The hot air is then sent from the openings 17 to the
hot air chamber 12, and it is again discharged from the
discharge nozzles 24 to heat a printed circuit board.
[0052] In a reflow furnace according to the present in-
vention, after hot air which is discharged from the dis-
charge nozzles which project from the suction plate heats
a printed circuit board, it is sucked in through the suction
ports in the immediate vicinity of the discharge nozzles,
so it does not interfere with the hot air discharged from
other discharge nozzles. Accordingly, there is no turbu-
lence inside the muffle and the oxygen concentration is
stable in a reflow furnace according to the present inven-
tion.

[0053] Next, the hot air blowing heater, not covered by
the present invention, and shown in Figures 7 - 9 will be
explained. In this example as well, a plate-shaped nozzle
formed by two opposing plates constitutes a type of slit
nozzle.

[0054] As canbe seen from the partial enlarged partial
plan view in Figure 8, the hot air blowing heater shown
in Figures 7 - 9 has zigzag-shaped suction ports 25 ar-
ranged in a plurality of strips in a surface 23, and dis-
charge nozzles 24 are erected inside the suction ports.
Namely, as can be seen from Figure 9, open gaps are
present on both sides of discharge nozzles 24, and these
gaps form suction ports 25.

[0055] The suction ports 25 and the discharge nozzles
24 are arranged in a zigzag shape which crosses the
direction of travel of a printed circuit board (shown by the
hollow arrow X). Of course, the zigzag-shaped suction
ports 25 have the same period as the zigzag-shaped dis-
charge nozzles 24, i.e., the distance between respective
peaks and the distance between respective valleys are
the same between the ports and the nozzles. The suction
ports 25 are connected with the suction hole 21 through
the passageways 18. See Figure 2 and Figure 3. Thus,
the suction ports 25 communicate with the suction side
of the fan 14.

[0056] The hot air blowing heater shown in Figures 7
- 9 operates in the same manner as the hot air blowing
heater shown in Figures 4 - 6, so a detailed explanation
on operation will be omitted.

[0057] The reflow furnace has been explained with re-
spect to examples in which discharge nozzles and suc-
tion ports are continuously arranged in a zigzag shape
in a direction crossing the direction of travel of a printed
circuit board, but the discharge nozzles need not be con-
tinuous. Namely, as partially shown in the enlarged plan
views of Figures 10 and 11, the heating effect is not ad-
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versely affected if zigzag-shaped discharge nozzles are
each divided into a plurality of nozzles. Figures 10 and
11 show variations of Figure 7 and Figure 4, respectively.
A nozzle can be divided into a plurality of nozzles by
combining a large number of rectangular pipes 26. Their
length, size, and other features can be suitably selected.
As shownin the figures, forming a zigzag shape in divided
discharge nozzles from a large number of rectangular
pipes is easier than forming a continuous zigzag-shaped
discharge nozzle. In this specification, such divided-noz-
zle mode is encompassed by the term "plate-shaped noz-
zle".

[0058] Figures 12 and 13 show an example of a vari-
ation of Figure 10 in which round pipes are used instead
of the above-described rectangular pipes. A plurality of
discharge nozzles 24 in the form of round pipes are dis-
posed in series in each of suction ports 25 which are
provided in a zigzag shape in the direction crossing the
direction of travel of a printed circuit board. Figure 13 is
an enlarged view of a portion of Figure 12. In the illus-
trated example, the arrangement of the discharge noz-
zles 24 constituted by round pipes with respect to direc-
tion of travel of a printed circuit board is the same for
each strip of suction port 25a and 25b.

[0059] As shownin Figure 12, a plurality of the zigzag-
shaped suction ports 25 are formed. The zigzag shape
of the suction ports 25 crosses the direction of travel of
a printed circuit board (shown by the hollow arrow X).
Each zigzag-shaped suction port is arranged such that
its peaks and valleys fit into the valleys and peaks of the
adjoining zigzag-shaped suction ports. As shown in the
enlarged view of Figure 13, the peaks 25ay of one strip
25a of the zigzag-shaped suction ports 25 interfit with
the valleys 25bt of the adjoining strip 25b of the zigzag-
shaped suction ports 25, and the peaks 25by of the ad-
joining strip 25b of the zigzag-shaped suction ports 25 fit
into the valleys 25at of the first strip 25a of the zigzag-
shaped suction ports 25. Accordingly, the discharge noz-
zles 24 which are erected within a suction port 25 are
positioned so as to overlap the discharge nozzles within
the adjoining suction ports in the direction of travel of a
printed circuit board. The suction ports 25 are connected
tothe suction hole 21 through the passageways 18. Thus,
the suction ports 25 communicate with the suction side
of the fan 14.

[0060] Next, the present invention will be explained
while referring to Figures 14 - 17. In this mode, a plate-
shaped nozzle is formed by a solid plate having nozzle
holes bored therein. The structure is otherwise the same
as that described above.

[0061] Figure 14 is a perspective view of a portion of
a hot air blowing heater in another mode of a reflow fur-
nace according to the present invention. Figure 15 is a
partial plan view of Figure 14, Figure 16 is a partial en-
larged view of Figure 15, and Figures 17(A), (B), and (C)
are schematic explanatory views for explaining the heat-
ing of a printed circuit board.

[0062] In this example, as shown in Figures 14 and 15,
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a number of zigzag-shaped plate-shaped nozzles 24 are
erected on a partition 22 and projectupwards from a heat-
ersurface 23. As shownin Figures 14 and 15, the nozzles
are disposed so as to extend in a zigzag shape in a di-
rection crossing the direction of travel of a printed circuit
board (shown by the hollow arrow X). Through holes 27
are provided in the interior of the nozzles 24 so that a
large number of discharge holes 28 are formed in the top
surfaces of the nozzles. Suction ports 25 are formed
alongside the nozzles 24 on both sides thereof. As is the
case in Figure 4, it is also possible for each suction port
25 to be provided between one plate-shaped nozzle 24
and another plate-shaped nozzle 24.

[0063] The discharge holes bored in the nozzles, ac-
cording to the present invention, are positioned so as not
to be aligned with the discharge holes in the adjoining
plate-shaped nozzle in the direction of travel of a printed
circuitboard. The discharge holes 28 are not aligned with
the discharge holes 28 of the plate-shaped nozzle of the
adjoining strip but are aligned with the discharge holes
of the plate-shaped nozzle one strip away. Thus, as
shown in Figure 16, if the plate-shaped nozzles are suc-
cessively Ny, N,, N3, and N, in the direction of travel of
a printed circuit board (the direction shown by the hollow
arrow X), the positions of the discharge holes in the plate-
shaped nozzles are such that the discharge holes F
bored in plate-shaped nozzle N are not aligned with the
discharge holes F, of the adjoining plate-shaped nozzle
N, in the direction of travel of a printed circuit board but
are aligned with the discharge holes F in plate-shaped
nozzle N5 separated by plate-shaped nozzle N, (as
shown by the two-dash lines in Figure 16). Similarly, the
discharge holes F, in plate-shaped nozzle N, are bored
so as to be aligned with the discharge holes F, in plate-
shaped nozzle N, which is separated by one nozzle (as
shown by the one-dash lines in Figure 16). In this figure,
the hollow arrow X indicates the direction of travel of a
printed circuit board.

[0064] Next, heating of a printed circuit board in a re-
flow furnace according to the present invention will be
explained with respect to Figures 17(A), (B), and (C).
[0065] As shown in Figures 17(A), (B), and (C), the
zigzag-shaped plate-shaped nozzles which are arranged
in multiple strips in the direction of travel of a printed
circuit board P (shown by arrow X) are Ny, Ny, N3, Ny,
etc. These plate-shaped nozzles project from a heater
surface H, so after hot air which is blown from plate-
shaped nozzles N, and N, strikes a printed circuit board
P and heats the printed circuit board, it is deflected from
the printed circuit board and sucked into suction ports S
in the heater surface H. Accordingly, when a printed cir-
cuit board arrives below plate-shaped nozzles N4 and N,
as shownin Figure 17(A), the region surrounded by plate-
shaped nozzles N4 and N,, the heater surface H, and the
printed circuit board P is formed into a heating region K,
by the hot air which is deflected from the printed circuit
board. As shown in Figure 17(B), when the printed circuit
board arrives below plate-shaped nozzles N, and N3, the
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region surrounded by plate-shaped nozzles N, and N,
the heater surface H, and the printed circuit board be-
comes a heating region K,. Similarly, when the printed
circuit board arrives below plate-shaped nozzles N5 and
N4, the region surrounded by plate-shaped nozzles Ng
and Ny, the heater surface H, and the printed circuit board
becomes a heating region Ks.

[0066] The printed circuit board P is transported by an
unillustrated conveyor, and its temperature before the
printed circuit board is heated by the plate-shaped noz-
zZles is T;. When the front of the printed circuit board P
reaches plate-shaped nozzle N,, the front portion of the
printed circuit board is heated in the heating region K,
formed by the hot gas discharged from plate-shaped noz-
zles N4 and N,, and the temperature of the front portion
increases from T to T4. Next, when the front portion of
the printed circuit board reaches plate-shaped nozzle N5,
the front portion of the printed circuit board is heated in
heating regionK,, and the temperature of the front portion
increases from T, to T,. Similarly, the front portion of the
printed circuit board is heated in heating region K5 and
the temperature of the front portion increase from T, to
Ts. Thus, in a reflow furnace according to the present
invention, heating regions are formed between plate-
shaped nozzles, and the temperature of a printed circuit
board successively increases in the heating regions.
[0067] Atthis time, the discharge holes bored in plate-
shaped nozzle N, are separated from each other, so the
temperature increases immediately below the discharge
holes, but the temperature becomes lower in portions
between the holes. However, the discharge holes bored
in plate-shaped nozzle N, are between the discharge
holes bored in N4, so when the front portion of a printed
circuit board reaches plate-shaped nozzle N, the por-
tions which were not adequately heated by N, are heated
to the same temperature as those portions which were
increased in temperature by heating by N4. Accordingly,
a printed circuit board which passes plate-shaped noz-
zles Ny, Ny, N3, Ny,...N, is uniformly heated over its en-
tirety when it passes the last nozzle N,,.

[0068] Figure 17 was explained with respect to plate-
shaped nozzles having discharge holes, but it can be
readily understood that the manner of heating is nearly
the same in other modes of the present invention.

Industrial Applicability

[0069] A reflow furnace according to the present in-
vention does not have turbulence of hot air, so it provides
excellent effects in an inert gas reflow furnace having a
muffle filled with inert gas. However, since the present
invention can uniformly heat the entirety of a printed cir-
cuit board, it can of course be utilized in a reflow furnace
operating in air.
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Claims

A reflow furnace (1) comprising a preheating zone
(3), a main heating zone (4), and a cooling zone(5),
and having at least one heater(6, 7) provided in the
upper portion or the upper and lower portions of the
preheating zone (3) and the main heating zone (4),
wherein the hearter (6, 7) is a hot air blowing heater
having a fan (14) and an electric heater (19) inside
it and having a plurality of hot air discharge nozzles
(24) on its front surface (23), wherein the hot air dis-
charge nozzles (24) form a plurality of strips and
project from the front surface of the hot air blowing
heater, characterized in that the hot air discharge
nozzles (24) are arranged in a zigzag shape crossing
the direction of travel (X) of a printed circuit board
(P), wherein hot air suction ports (25, 26) which ex-
tend across the direction of travel(X) of the printed
circuit board (P) are provided in the vicinity of the hot
air discharge nozzles (24), wherein the hot air suc-
tion ports (25, 26) communicate with the suction side
of the fan (14), and the hot air discharge nozzles
communicate with the discharge side of the fan (14),
wherein a large number of spaced hot air discharge
holes (28; F4-F4) having small area are formed in
the hot air discharge nozzles (24; N1-N4), the dis-
charge holes (28, F1-F4) of the hot air discharge
nozzle (24, N1-N4) in each strip are not aligned in
the direction of travel of a printed circuit board (P)
with the discharge holes (28, F1-F4) in the hot air
discharge nozzle (24, N1-N4) in the adjoining strip
but are aligned with the discharge holes in a hot air
discharge nozzle separated by at least one strip.

The reflow furnace of claim 1, characterized in that
the hot air suction ports(25) are provided in a zigzag
shape crossing the direction of travel of a printed
circuit board (P).

the reflow furnace of claim 1, characterized in that
the hot air suction ports (25) are continuously pro-
vided in a zigzag shape crossing the direction of trav-
el of a printed circuit board, and a series of hot air
discharge nozzles (28) are erected inside the zigzag-
shaped hot air suction ports.

The reflow furnace of any of claims 1 - 2, charac-
terized in that the hot air suction ports (25) are ar-
ranged in a zigzag shape adjacently to the hot air
discharge nozzles (24).

The refow furnace of any of claims 1 - 2, character-
ized in that the hot air suction ports (25) are provided
in a zigzag shape extending parallel to the hot air
discharge nozzles (24).

The reflow furnace of any one of claims 1-2, char-
acterized in that the hot air suction ports (25) are
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formed in zigzag shape approximately midway be-
tween hot air discharge nozzles (24)

The reflow furnace of any of claims 1 - 6, charac-
terized in that the surface (23) of the hot air blowing
heater (6, 7) are coated with a black ceramic (27)
which radiates far infrared rays at a high tempera-
ture.

The reflow furnace of any of claims 1 - 7, charac-
terized in that the hot air discharge nozzles (24) are
formed as a series of pipes (26) having a rectangular
transverse cross section.

The reflow furnace of any of claims 1-8, character-
ized in that the suction ports (25) are slits formed
in the heater surface.

Patentanspriiche

1.

Schmelzofen (1), der eine Vorheizzone (3), eine
Hauptheizzone (4) und eine Kiihlungszone (5) um-
fasst und der im oberen Abschnitt oder dem oberen
und unteren Abschnitt der Vorheizzone (3) und der
Hauptheizzone (4) mit wenigstens einer Heizvorrich-
tung (6, 7) ausgestattet ist, wobei die Heizvorrich-
tung (6, 7) eine HeiRluft-Heizvorrichtung ist, in deren
Innerem sich ein Geblase (14) und eine elektrische
Heizvorrichtung (19) befinden und die auf ihrer
Frontflache (23) mehrere HeiRluft-AusstoRdisen
(24) umfasst, wobei die HeiRluft-AusstoRdiisen (24)
mehrere Linien bilden und von der Frontflaiche der
HeiRluft-Heizvorrichtung hervorstehen, dadurch
gekennzeichnet, dass die HeiRluft-AusstoRdusen
(24) in einer Zickzackform angeordnet sind, die die
Befoérderungsrichtung (X) einer gedruckten Leiter-
platte (P) kreuzt, wobei in der Nahe der Heilluft-
AusstoRdisen (24) HeiRluft-Ansaugéffnungen (25,
26) angeordnetsind, die sich quer zur Beférderungs-
richtung (X) der gedruckten Leiterplatte (P) erstrek-
ken, wobei die HeiRluft-Ansaugéffnungen (25, 26)
mit der Ansaugseite des Geblases (14) in Verbin-
dung stehen und die HeiRluft-AusstoRRdiisen mit der
AusstoRseite des Geblases (14) in Verbindung ste-
hen, wobei in den Heilluft-Ausstol3diisen (24; N1-
N4) eine groRe Zahl von in Abstdnden angeordneten
HeiBluft-AusstoRléchern (28; F1-F4) mit kleinen F1&-
chen ausgebildet sind, wobei die AusstoRldcher (28;
F1-F4) der HeiBluft-AusstolRdiise (24; N1-N4) in je-
der der Linien in der Beférderungsrichtung einer ge-
druckten Leiterplatte (P) nicht mit den AusstoR3I6-
chern (28; F1-F4) in der HeiRluft-AusstolRdise (24;
N1-N4) in der benachbarten Linie ausgerichtet sind,
sondern mit den AusstoBl6chern in einer HeiBluft-
AusstoRdise ausgerichtet sind, die durch wenig-
stens eine Linie getrennt ist.
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2. Schmelzofen nach Anspruch 1, dadurch gekenn-
zeichnet, dass die HeiRluft-Ansaugéffnungen (25)
in einer Zickzackform ausgefiihrt sind, die die Befor-
derungsrichtung einer gedruckten Leiterplatte (P)
kreuzt.

3. Schmelzofen nach Anspruch 1, dadurch gekenn-
zeichnet, dass die HeiRluft-Ansaugéffnungen (25)
kontinuierlich in einer Zickzackform ausgefiihrt sind,
die die Befoérderungsrichtung einer gedruckten Lei-
terplatte kreuzt, und dass innerhalb der zickzackfér-
migen HeiBluft-Ansaugéffnungen eine Reihe von
HeiRluft-AusstoRdisen (28) aufgestellt ist.

4. Schmelzofen nach einem der Anspriche 1 bis 2, da-
durch gekennzeichnet, dass die Heilluft-Ansau-
goffnungen (25) in einer Zickzackform benachbart
zu den HeiBluft-AusstoRdlisen (24) angeordnet sind.

5. Schmelzofen nach einem der Anspriiche 1 bis 2, da-
durch gekennzeichnet, dass die Heilluft-Ansau-
goffnungen (25) in einer Zickzackform ausgefiihrt
sind, die sich parallel zu den Heilluft-AusstoR3diisen
(24) erstreckt.

6. Schmelzofen nach einem der Anspriiche 1 bis 2, da-
durch gekennzeichnet, dass die Heilluft-Ansau-
g6ffnungen (25) in einer Zickzackform in etwa in der
Mitte zwischen HeilRluft-AusstoRdiisen (24) ausge-
bildet sind.

7. Schmelzofen nach einem der Anspriiche 1 bis 6, da-
durch gekennzeichnet, dass die Oberflache (23)
der Heilluft-Heizvorrichtung (6, 7) mit einer schwar-
zen Keramik (27) beschichtet ist, die bei hohen Tem-
peraturen ferne Infrarotstrahlung aussendet.

8. Schmelzofen nach einem der Anspriiche 1 bis 7, da-
durch gekennzeichnet, dass die Heilluft-Aus-
stolRdiisen (24) als eine Reihe von Réhren (26) mit
rechteckigem Querschnitt ausgebildet sind.

9. Schmelzofen nach einem der Anspriiche 1 bis 8, da-
durch gekennzeichnet, dass die Ansaugéffnun-
gen (25) Schlitze sind, die in der Flache der Heiz-
vorrichtung ausgebildet sind.

Revendications

1. Four de refusion (1) comprenant une zone de pré-
chauffage (3), une zone de chauffage principale (4),
et une zone de refroidissement (5), et comportant
au moins un élément chauffant (6, 7) prévu dans la
partie supérieure ou les parties supérieure et infé-
rieure de la zone de préchauffage (3) et la zone de
chauffage principale (4), dans lequel I'élément
chauffant (6, 7) est un élément chauffant a soufflage
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d’air chaud comportant un ventilateur (14) et un élé-
ment chauffant électrique (19) a l'intérieur de celui-
ci et comportant une pluralité de buses d’évacuation
d’air chaud (24) sur sa surface avant (23), dans le-
quel les buses d’'évacuation d’air chaud (24) forment
une pluralité de bandes et font saillie a partir de la
surface avantde I'élément chauffant a soufflage d’air
chaud, caractérisé en ce que les buses d’évacua-
tion d’air chaud (24) sont agencées en forme de zig-
zag traversant la direction de déplacement (X) d’une
carte de circuit imprimé (P), dans lequel des orifices
d’aspiration d’air chaud (25, 26) qui s’étendent sur
la direction de déplacement (X) de la carte de circuit
imprimé (P) sont prévus dans le voisinage des buses
d’évacuation d’air chaud (24), les orifices d’aspira-
tion d’air chaud (25, 26) communiquent avec le coté
aspiration du ventilateur (14), et les buses d’évacua-
tion d’air chaud communiquent avec le coté évacua-
tion du ventilateur (14), dans lequel un nombre im-
portant de trous d’évacuation d’air chaud espacés
(28 ; F4-F,4) possédant une faible superficie sont for-
més dans les buses d’évacuation d’air chaud (24 ;
N1-N4), les trous d’évacuation (28 ; F,-F,) de la bu-
se d’évacuation d’air chaud (24 ; N1-N4) dans cha-
que bande ne sont pas alignés dans la direction de
déplacement d’'une carte de circuitimprimé (P) avec
les trous d’évacuation (28 ; F4-F,) dans la buse
d’évacuation d’air chaud (24 ; N1-N4) dans la bande
contigué mais sont alignés avec les trous d’évacua-
tion dans une buse d’évacuation d’air chaud séparée
par au moins une bande.

Four de refusion selon la revendication 1, caracté-
risé en ce que les orifices d’aspiration d’air chaud
(25) sont prévus sous forme de zigzag traversant la
direction de déplacement d’une carte de circuit im-
primé (P).

Four de refusion selon la revendication 1, caracté-
risé en ce que les orifices d’aspiration d’air chaud
(25) sont prévus de fagon continue sous forme de
zigzag traversant la direction de déplacement d’une
carte de circuitimprimé, et une série de buses d’éva-
cuation d’'air chaud (28) sont construites a I'intérieur
des orifices d’aspiration d’air chaud en forme de zig-
zag.

Four de refusion selon une quelconque des reven-
dications 1 a 2, caractérisé en ce que les orifices
d’aspiration d’air chaud (25) sont agencés sous for-
me de zigzag de fagon adjacente aux buses d’éva-
cuation d’air chaud (24).

Four de refusion selon une quelconque des reven-
dications 1 a 2, caractérisé en ce que les orifices
d’aspiration d’air chaud (25) sont prévus sous forme
de zigzag s’étendant parallélement aux buses d’éva-
cuation d’air chaud (24).
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Four de refusion selon une quelconque des reven-
dications 1 a 2, caractérisé en ce que les orifices
d’aspiration d’air chaud (25) présentent une forme
de zigzag approximativement a mi-chemin entre les
buses d’évacuation d’air chaud (28).

Four de refusion selon une quelconque des reven-
dications 1 a 6, caractérisé en ce que la surface
(23) de I'élément chauffant a soufflage d’air chaud
(6, 7) est enduite de céramique noire (27) qui fait
rayonner des rayons infrarouges a haute tempéra-
ture.

Four de refusion selon une quelconque des reven-
dications 1 a 7, caractérisé en ce que les buses
d’évacuation d’air chaud (24) présentent la forme
d’une série de tuyaux (26) possédant une section
transversale rectangulaire.

Four de refusion selon une quelconque des reven-
dications 1 a 8, caractérisé en ce que les orifices
d’aspiration (25) sont des fentes formées dans la
surface de I'élément chauffant.
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