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SOLDERI NG APPARATUS AND A METHOD THEREOF BACKGROUND OF THE

| NVENTI ON : Field of the Invention This invention rel ates
to a soldering apparatus and a nethod thereof and nore particularly to a
sol dévi ng apparatus and nmethod for what is called as reflow soldering that
cream solder is applied on a location to be soldered on a board and the
creamsolder is nelted for soldering. Description of Related Art
For reflow sol dering, for exanple, Japanese Patent Publication Hei 7-73790
published in Japan and corresponding U S.P. 4,847,465 discloses a

sol deri ng SOLDERING APPARATUS AND A METHOD THEREOF

BACKGROUND OF THE INVENTION

Field of the Invention

This invention relates to a soldering apparatus
and a method thereof and more particularly to a
soldering apparatus and metﬁod for what is called as
reflow soldering that cream solder is applied on a
location to be soldered on a board and the cream solder
is melted for soldering.

Description of Related Art

For reflow soldering, for example, Japanese
Patent Publication Hei 7-73790 published in Japan and
corresponding U.S.P. 4,847,465 discloses a soldering
apparatus for soldering using cream solder in which
parts are mounted on a circuit board and cream solder is
applied on soldering position for leads of the parts,
the above-mentioned cream solder is melted by hot air
spot jet for soldering. According to such soldering
apparatus, only soldering positions of a circuit board
are heated by hot air'spot jet, therefore soldering is
éossible without heating the whole board, thus it is

possible to protect boards and parts from thermal
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apparatus for soldering using creamsolder in which parts are nounted on a
circuit board and cream solder is applied on soldering position for |eads
of the parts, the above-nentioned creamsolder is nelted by hot air spot
jet f@r soldering. According to such soldering apparatus, only sol dering
positions of a circuit board are heated by hot air spot jet, therefore
soldering is possible wthout heating2the whole board, thus it is
possi bl e to protect boards and parts fromthernmal stress.

2 - It is required for such an apparatus to shorten heating tine
or conveying tine to IndLasRniired m&dttm:rmrmaa?;saﬁa/tu&oc@h@ﬁbeaehhe time
edin

required for conveying a circuit board, the fe g speed to
heating time or conveying time to increase the
production capacity. To shorten the time required for
conveying a circuit board, the feeding speed to
conveying a circuit board to the soldering position and
discharging speed after heating should be increased.
However, if a circuit board resting for heat treatment
at a soldering position is suddenly moved to the
discharge conveyer side as the solder is melted or
afterwards the speed of the discharge conveyer is
changed to a high speed to speed up the discharge speed,
the circuit board is vibrated and shocked to often
result in relative displacement of parts to the board,
slant mounting of parts, or cracking of the solder
during changing from melt to solid, these troubles may
cause reduced soldering strength.

The present invention is accomplished in view of
solving these problems, and provides a reflow soldering
in which cream solder applied on a prescribed position

'"on a circuit board is spot heated to melt the solder,
and a terminal of electronic parts, namely a lead, is
soldered on the prescribed position on the circuit
board, wherein the solder is subjected to forced cooling

by blowing a gas on the soldering position to solidify



conveying a circuit board to the soldering position and discharging speed
after heating should be increased. However, if a circuit board resting for
heat treatnment at a soldering position is suddenly noved to the discharge
conveger side as the solder is nelted or afterwards the speed of the

di scharge conveyer is changed to a high speed to speed up the discharge
speed, the circuit board is vibrated agd shocked to often result in

rel ative displacenment of parts to the board, slant nmounting of parts, or
cracking of the solder during changing fromnelt to solid, these troubles
may cause rethpidlyothersoldet remdtthe circuit bbargriesedischaegedon is
acconplished in view of solving these problens, and provides a refl ow

sol deri ng i rE%@mctherzoldevinertoeatnent oposiprencaften pbeition on a
circuit board is, spot heated to nelt the solder, and a term nal of

el ectroni c pa¥ekidhEheatien; cblaus j the sbimer EgomnsehdepiagctPbed position on

the circuit ard, erejn the sol der | subj ected to forced. coqlin
fgchargihg is shortened, dfscha%gfng speed can be %astg

and cracking of the éolder due to the shortening of the
time from soldering to discharging and due to fast
discharging speed is prevented by applying the present
invention, and the degrading of soldering strength of
leads of parts is prevented. It is also sure that the
whole time required for soldering process is shortened

and the productivity is improved.

SUMMARY OF THE INVENTION

The present invention relates to a soldering
apparatus provided with; |

a heating means for spot heating a position on a
board to be spldéred where cream solder is applied
previously, and |

a forced cooling means for cooling molten solder
melted by heating using the above-mentioned heating
means.

The above-mentioned spot heating means may be a

.hot air jetting means for spot jetting hot air on a

soldering position.



by bl ow ng a gas on the soldering position to solidify

3 rapidly the solder and the circuit board is discharged fromthe

sol dering treatnment position after the solidification, thus the tine from
soldefing to discharging is shortened, discharging speed can be fast, and
cracking of the solder due to the shortening of the time fromsoldering to
di schargi ngg and due to fast discharging speed is prevented by applying the
present invention, and the degrading & soldering strength of |eads of
parts is prevented. It is also sure that the whole tinme required for

sol dering process i s 190 ned it Hpstitidat ing irfed 1B MYE be
structured so that the above-mentioned hot air jetting
means is supported movably in‘the vertical direction by
an elevation means and a board comes near to the spot
heating means when being elevated position, and when,
hot air is jetted.

Otherwise, the above-mentioned spot heating
means may be provided with a coaxial dual cylinder, the
end of the coaxial dual cylinder is directed to a
soldering position, hot air is jetted from the inner
cylinder and cooling air is jetted from the outer
cylinder.

Otherwise, the above-mentioned spot heating
means may be provided with a coaxial dual cylinder, the
end of the coaxial dual cylinder is directed to a
soldering position, the end of an optical fiber is
inserted in the inner cylinder and energy light is
irradiated on éhe soldering position through the above-
mentioned optical fiber, and cooling air is jetted from
the outer cylinder.

The.present invention relates to a soldering
method in which cream solder applied previously on a

soldering position on a board is spot heated by a



SUMVARY OF THE | NVENTI ON The present invention relates to a

sol deting apparatus provided wth; a heating neans for spot
heating a position on a board to be sol dered where cream solder is applied
previyously, and a forced cooling nmeans for cooling nolten sol der
mel ted by heating using the above-nentioned heating neans. The

above- nenti oned spot heating neans may be a hot air jetting neans for spot
jetting hot air on a soldering positién.

4 The above-nenti oned spot heating neans nmay be structured so
that the aboweatdnig aeerhd\otardl lcedolilrig'&ir or gas is fed to cool the

solder forcedly while the solder is in molten condition.
The cooling may be applied after heating using

the above-mentioned heating means.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a plan.view of the essential portion
for illustrating the whole structure of a soldering
apparatus (a printed board 15 is not shown in the
figure).

Fig. 2 is a front view of the essential portion
of the soldering apparatus..

Fig. 3 is a perspective view of the essential
portion of the soldering apparatus (a printed circuit
board 15 is not shown in the figure).

‘Fig.. 4 is a cross~-sectional view along the line
A-A in Fig. 3.

Fig. 5 is a cross—-sectional view along the line
B-B in Fig. 3.

Fig. 6 is an enlarged plan view of the essential
portion of a circuit board to be soldered.

Fig. 7 is an enlarged vertical cross—-sectional
view of the essential portion for illustrating

soldering.



means i s supported novably in the vertical direction by an elevation neans
and a board cones near to the spot heating nmeans when being el evat ed
position, and when, hot air is jetted. Q herwi se, the

aboves menti oned spot heating neans nay be provided with a coaxial dual
cylinder, the end of the coaxial dual cylinder is directed to a soldering
position, hot air is jetted fromthe inner cylinder and cooling air is
jetted fromthe outer cylinder. 6 Ot herw se, the above-nentioned
spot heating neans may be provided with a coaxial dual cylinder, the end

of the coaxial dual @ignderid sa QrHeH efbrt WescsBIlef | AWagsi 6£0n, the end

of an.optical fiber is inserted in the inner cylinder and energy light is
i rradi at ed osurfiaceokemperatore bifoa idireudit board duringsdlidereichgpti cal
fiber, and cooling air is jetted from the outer cylinder. The
present invePEPGESSel ates to a soldering
Fig. 9 is.a vertical cross-sectional view of the
esseqtial portion for illustrating another embodiment of
the present invention. '
Fig. 10 is a vertical cross—-sectional view
similar to Fig. 4 for illustrating yet another
embodiment of the present invention.
Fig. 11 is an enlarged cross-sectional view of a
hot air jetting pipe.
Fig. 12 is an enlarged vertical cross-sectional
view of the es§ential portion for illustrating
soldering.
Fig. 13 is a cross-sectional view similar to
Fig. 4 for illustrating yet another embodiment of the
present-invention.
Fig. 14 is an enlarged vertical cross-sectional
view of the essential portion for illustratihg

soldering.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Fig. 1 to Fig. 8 illustrate a soldering

apparatus in accordance with the present invention, as’



met hod in which cream sol der applied previously bn a soldering position on

a boafd is spot heated by a 5 heating
nmeans, and cooling air or gas is fed to cool the solder forcedly while the
solder is in nolten condition. The cooling may be applied after
heating using the above-nentioned heating neans. BRI EF
DESCRI PTI ON OF THE DRAW NGS - Fig. 1 is a plan view of the essenti al
portion for illustrating the whole strdcture of a soldering apparatus (a
printed board 15 is not shown in the figure). Fig. 2 is a front

view of the essewhi 8h PP§Li O in the soldering apparatus, a circuit
board conveyed by a feeding conveyer 1lla and 11b (the
circuit board is not shown in Fig. 1) is preheated just
before the soldering positibn by a preheater 10, then
transferred to the soldering position, and the circuit
board 15 supported by rails l4a and 14b is heated at the
soldering position, thereby the circuit board 15 is
soldered with reflow solder. The soldered circuit board
15 is discharged by a discharging conveyer 12a and 12b.
On the outside of one rail l4a at the soldering
position, a rodless cylinder 17 is provided in parallel
to the rail 14a. On a mover 18 which is movable in the
arrow "a" direction and providéd on the rodless cylinder
17, an air cylinder 19 is mounted, and a bracket 21 is
fixed on the piston rod 20 of the air cylinder 19. The
bracket 21 is movable in the arrow "b" direction as the
piston iod 20 moves vertically. An L-shaped arm 22 one
end'of which arm extends downward at the end is mounted
on the bracket 21, The end of the arm 22 is structured
so as to push the rear end of the circuit board 15 as
shown in Fig. 2, thereby the circuit board 15 is
transferred along the rails l4a and 14b.

A surge tank 25 in a form of rectangular box is

provided at the position under the circuit board 15



of the sol dering apparatus. ‘Fig. 3 is a perspective view of the
essential portion of the soldering apparatus (a printed circuit board 15

is not shown in the figure). ' Fig..4 is a cross-sectional view
along. the line A-Ain Fig. 3. Fig. 5is a cross-sectional view
along the line B-Bin Fig. 3. Fig. 6 is an enlarged plan view of
the essential portion of a circuit board to be sol dered. Fig. 7
is an enlarged vertical cross-sectionaB view of the essential portion for
illustrating soldering. 6

Fig. 8 is aWaledfed OS¢ tHL NBafP8"9820nd 14b. The surge tank 25
is a chamber in which hot air is charged. The surge
tank 25 is supported by a plurality of mounting rods 27
with interposition of a mounting plate 26 as shown in
Fig. 2. The bottoﬁ ends of the mounting rods 27 are
fixed on a support plate 28.

A plurality of elevating rods 29 projected
downward is provided on the support plate 28. These
elevating rods 29 are supported slidably in the vert}cal
direction by respective guide cylinders 30. The bottom
ends of the elevating rods 29 are connected to a
connecting plate 31. The connecting plate 31 is
connected to a piston rod 33 of an elevating air
cylinder 32 which piston rod is movable in the arrow "c"
direction.

The surge tank 25 which constitutes a chamber
has a shape of an approximate rectangular box, the
internal is hollow (fefer to Fig. 4 and Fig. 5). In the
internal of the surge tank 25, an insulating wall 35 is
provided. One end of an air pipe 37 is connected to the
‘surge tahk 25. A heater 38 is fixed on the air pipe 37,
a valve 39 is connected at the end of the air pipe 37.

The top of the surge tank 25 has an open

structure 40, and an adapter plate 41 is mounted



surface tenperature of a circuit board during soldering process.
Fig. 9 is a vertical cross-sectional view of the essential portion for
il lustrating anot her enbodi nent of the present invention. Fig. 10
is a vertical cross-sectional view simlar to Fig. 4 for illustrating yet
anot her enbodi nent of the present invention. Fig. 11 is an
enl arged cross-sectional view of a hotgair jetting pipe. - Fig. 12
is an enlarged vertical cross-sectional ™ view of the essential portion for
illustrating soldering. Fig. 13 is a cross-sectional view simlar
to Fig. 4 focowvkkingr &hengpgatingndbher Thebadapeet platbe4lpies€ihked
I nventi on. Fig. 14 is an enlarged vertical cross-sectional view
of the essent pal tper shwgef bankl RGsaktathegpesdptierynyith clamp nails

43. On the adapter plate 41, many hot air jetting pipes

42 are provided. Each hot air jetting pipe 42 comprises

a cylinder for jetting hot air to the soldering position

respectively. At the side of the adapter plate 41, for

example, two posftioning pins 44 are fixed for

positioning of a circuit board 15..

On the outside of the above-mentioned a pair of

rails l4a and 14b and above the both sides of chamber

25, gas jetting pipes 46 are provided on both sides. On

these gas jetting pipes 46, a plurality of jetting holes

47 are provided along the longitudinal direction as

shown in Fig. 4, gas is jetted from these jetting holes

47 in the direction to the bottom side of the circuit

board 15. A valve 48 is connected to the root of each

gas jetting pipe 46.

On a plurality of positions on the circuit board

15, through holes 56 are provided as shown in Fig. 6,

and around these through holes 56, connecting lands 52

are formed, and the connecting lands 52 are connected to

wiring patterns 51. On the connecting lands 52, cream

solder 53 is applied previously by printing. A lead 55



DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Fig. 1 to Fig.
8 illustrate a soldering apparatus in accordance with the present

i nvention, as 7 shown in Fig. 1, in

t he sol dering apparatus, a circuit board conveyed by a feeding conveyer
lla and Il b (the <circuit board is not shown in Fig. 1) is preheated just
before the soldering position by a preheater 10, then transferred to the
sol dering position, and the circuit ba®rd 15 supported by rails 14a and
14b is heated at the soldering position, thereby the circuit board 15 is

sol dered wi tfer gl gyesel s, Ihecaobdengdighieubl A2blgn'd iehrdpiar ged

by a di schargling conveyer
hole 56.

When a circuit board 15, cream solder 53 is
applied on the connecting lands 52 and leads 55 of
electronic parts 54 are inserted through the through
holes 56, is transferred to the position just before the
soldering position by feeding conveyers lla and 1lb, the
circuit board 15 is preheated in a preheater in which
the atmospheric temperature is set to 200°C to 230°C,
then transferred to the soldering position where the
rails 14a and 14b are provided.

The transfer of the circuit board 15 to the rail
side l4a and 14b by the feeding conveyers lla and 11lb is
transfer to the prescribed position of the rails l4a and
14b. Afterward, the piston rod 20 of the air cylinder
19 shown in Fig. 2 is d;awn down to pull the arm 22
down, thereby the end of the arm 22 is moved to the rear
end of the circuit board 15. 1In this condition, the
mover 18 of the rodless cylinder 17 is moved toward the
discharge conveyers l2a and 12b side. The end of the
arm 22 pushes the rear end of the circuit board 15
toward the discharée conveyers l2a and 12b side along
the rails l4a and 14b, and transfers the circuit board

15 to the prescribed position on the rails 14a and 14b.



On the outside of one rail 14a at the soldering position, a rodless
cylinder 17 is provided in parallel to the rail 14a. On a nover 18 which
is nmovable in the arrow "a" direction and provided on the rodl ess cylinder
17, ap air cylinder 19 is nounted, and a bracket 21 is fixed on the piston
rod 20 of the air cylinder 19. The bracket 21 is novable in the arrow "b"
direction as the piston rod 20 noves vertically. An L-shaped arm 22 one
end of which arm extends downward at thélend is nounted on the bracket 21.
The end of the arm22 is structured so as to push the rear end of the

Crcar L PO 15, SR Bu g Ll Pyl V" bk abBaCkoCupbebiER AT IS, |
of rectangul ai A9 ¢ pod¥@®Visleshidn i doPoy hOfh WEeis £&er thg CoE trheard 15
circuit board 15-to the soldering position. This

operation is operated by the air cylinder 32 shown in
Fig. 2, that is, the piston rod'33.of the air cylinder
32 is extruded to elevate the support plate 28 with
interposition of connecting plate 31 and elevating rods
29. Thereby, the surge tank 25 supported by the support
plate 28 with interposition of the mounting rods 27 is
elevated to the soldering position. When, the position
of the end of the hot air jetting pipes 42 on the
adapter plate 41 mounted on the surge tank 25 is
prescribed to be distant 3 to 5 mm from the bottom side
of the circuit board 15.

As shown in Fig. 3 and Fig. 5, to set accurately
the relative position between the c¢ircuit board 15 and
hot air pipes 42, the positioning pins 44 with a conical
tip are provided on the adapter plate 41, When the
surge tank 25 is elevated by the air cylinder 32, the
positioning pins 44 of the adapter plate 41 on the surge
taﬂk 25 are also elevated and inserted.to positioning
engaging holes provided previously on the circuit board
15, thereby the relative position between the position

of the lands 52 where cream solder 53 is applied and the



8 transferred by the rails 14a and 14b. The surge tank 25 is a chanber in
which” hot air is charged. The surge tank 25 is supported by a plurality of
nounting rods 27 with interposition of a nounting plate 26 as shown in
Fig. 2. The bottom ends of the nounting rods 27 are fixed on a support

pl ate 28. A plurality of elevating rods 29 projected downward is
provi ded on the support plate 28. These elevating rods 29 are supported

slidably in the vertical direction bygespective guide cylinders 30. The
bottom ends of the elevating rods 29 are connected to a connecting plate

ol evat i ng airos toTPRAEF g*ilm#m%shcﬁ?é‘?%%@?né%’gpﬁéié Aok R tiellt . .

di recti on. board 15T§§ ? @153 gcﬂ@5€E19onst|tutes a chanber has a
shape of an approxi nmate angu internal is hollow (refer to

Fig. 4 and Fig. 5). hEtelethe posxtlonlng, hot air of 350°C to 360°C
is jetted from the hot air jetting pipes 42 of the
adapter plate 41 provided on the top opening 40 of the
surge tank 25 to the position of the lands 52
individually. Each hot air jetting pipe 42 ié mounted
previously on the adapter plate 41 at the position of
each land 52, therefore when hot air is jetted from each
hot air jetting pipe 42, the cream solder 53 applied on
the connecting land 52 on the bottom side of the circuit
board 15 is heated to a temperature of 180°C, namely the
melting point of solder, or higher, for example, 200 to
220°C. Thereby, solder particles in the cream solder 53
are melted, the land 52 and lead 55 are wetted with the
solder as shown in Fig. 7, the solder surrounds the lead
55, thus the solder 53a connects firmly between the land
52 and lead 55. In other words, the soldering using
reflow solder is completed in this process.

After jetting of hot air for a prescribed time
from the hot air jetting pipes 42, the wvalve 39 is
closed and the pressure in the surge tank 25 is reduced.
Thereby, hot air jetting from the hot air jetting pipes
42 is brought to a stop.



I nternal of the surge tank 25, an insulating wall 35 is provided. One end
of an air pipe 37 is connected to the surge tank 25. A heater 38 is fixed
on the air pipe 37, a valve 39 is connected at the end of the air pipe 37.

The top of the surge tank 25 has an open structure 40, and an adapter
plate 41 i s nounted ' 9 covering the

openi ng 40. The adapter plate 41 is fixed on the surge tank 25 at the
periphery with clanp nails 43. On thé3adapter plate 41, nany hot air
jetting pipes 42 are provided. Each hot air jetting pipe 42 conprises a

The side of the adarbl B hres 218 e b e R L e e 44 are
fixed for stopping of hot air jetting from the hot air jetting
pipes 42, gas is jetted from the jetting holes 47 of the
gas jettiﬁg pipes 46 toward the circuit board 15, the
jetted gas, namely cooling wind, cqols forcedly the
molten solder to a temperature below the melting point
(180°C). The gas may be air, and the temperature of the
jetted air may be a room temperature, or the jetted gas
may be chilled, for example to 0°C to 5°C, air or gas.
In the case of gas, the use of an inert gas such as
nitrogen prevents oxidation of the solder surface and-
eliminates degradation of joint strength due to
oxidation. As described herein above, it is possible to
cool and solidify rapidly molten solder by jetting gas
as described herein above.

The surge tank 25 is moved down synchronously
with the above-mentioned stopping of hot air jetting or
starting of the forced cooling. The moving down
operation is the reverse operation of the above-
mentioned elevation operation, that is,_the moving down
ope}ation is operated by drawing the piston rod 33 of
the air cylinder 32. The surge tank 25 is moved to a

lower position by this operation.



positioning of a circuit board 15. On the outside of the
above-nentioned a pair of rails 14a and 14b and above the both sides of
chanber 25, gas jetting pipes 46 are provided on both sides. On these gas
jetti.ng pipes 46, a plurality of jetting holes 47 are provided along the

| ongi tudi nal direction as shown in Fig. 4, gas is jetted fromthese
jetting holes 47 in the direction to the bottomside of the circuit board
15. A valve 48 is connected to the rootigf each gas jetting pipe 46.

On a plurality of positions on the circuit board 15, through holes 56 are

provided as shown inpiflgd. g5 shoiad tied Wipdiatard ey d' Y% Fbrcywect i ng

lands 52 are formed, and the connecting’lands 52 are “connected to wring
patterns 51.ofnat86nfieseER 'mﬂnggﬂdsoﬁzthérBéﬁtoﬁohiﬁé 8¢ itheapplied

previously by printing. A lead
circuit board 15. 1In this figure, A region shows
temperature rising when the land is getting near to the
preheater 10. B region shows temperature rising due to.
heating by the preheater 10. C region shows temperature
rising due to hot air jetting for meltihg solder. D
region shows temperature lowering due to forced cooling
by gas jetting. E region shows temperature lowering to
a room temperature after the forced cooling {that is,
the circuit board is ready for transferring to the
discharge conveyers 12a and 12b side after E region).
In the figure, the solid line curve X represents the
temperature lowering when forced cooling is applied by
jetting cooling wind and the dotted line curve Y
represents the temperature lowering when natural cooling
is applied.

This apparatus is advantageous in that after
melting of cream solder 53 by hot air, cooling wind is
jetted from the jetting holes 47 of the gas jetting
pipes 46 for'cooling wind, thereby the moltén solder is
changed rapidly from molten state to solid state, when,
the forced cooling using cooling wind continues for

about 0.5 to 20 seconds.



10 of an electronic parts 54 is inserted through a through hole 56.

When & circuit board 15, creamsolder 53 is applied on the connecting

| ands 52 and | eads 55 of electronic parts 54 are inserted through the
through holes 56, is transferred to the position just before the

sol dering position by feeding conveyers I1a and Ilb, the <circuit board 15
I's preheated in a preheater in which the atnospheric tenperature is set to
200[err]C to 230[err]C, then transferid®d to the sol dering position.where
the rails 14a and 14b are provi ded. The transfer of the circuit

board 15 to the rail aFitée Eoacaad cbth iy, hdef @ad F chevenel 2d/a and |1b
Is transfer to the prescribed position of the rails 14a and 14b.

Afterward, thpughesobheofed® ehdtBE 8he eykcuderbodPdsheynthe EBigcudti s
drawn down to pull the arm22 down, thereby the end of the arm 22 is noved
to the rear board 15 on the rails l4a and 14b is transferred to the
discharge conveyers 12a and 12b. Solder 53a on the
circuit board 15 transferred on the discharge conveyers
12a and 12b is not molten but already solid, therefore
the solder 53a will not crack even if the circuit board
15 is vibrated and shocked despite of increased speed of
the discharge conveyers 12a and 12b.
Then, after discharging of the circuit board 15,
the mover 18, air cylinder 19, piston rod 20, bracket
21, and arm 22 return to the original position shown in
Fig. 1. .
As described herein above for the embodiment of
the present invention, in the soldering apparatus using
hot air, immediately after melting of cream solder 53
using hot air, cooling wind is blown from the jetting
holes 47 of the gas jetting pipes 46 to the solder
.surface on the circuit board 15, thereby the sélder is
solidified rapidly.
A Therefore, joints between cream solders 53 and
electronic parts 54 will not crack and will not be
degraded in joint strength. Further, the forced cooling

results in smaller crystal grains of solder comparing



end of the circuit board 15. In this condition, the nover 18 of the

rodl ess cylinder 17 is noved toward the discharge conveyers 12a and 12b
side. The end of the arm 22 pushes the rear end of the circuit board 15
toward the di scharge conveyers 12a and 12b side along the rails 1l4a and
14b, and transfers the circuit board 15 to the prescribed position on the
rails 1l4a and 14b. The surge tank 25 is elevated to
approach to the circuit board 15 synchgonously with transferring of the
circuit board 15 to the soldering position. This operation is operated by

e CYLPES SR U0 Ly GF o habidtr  ePhsLgpelof asl che ol
crystal grains leads to even strength of solder and less
change with time of joint strength, thus high quality
soldering is realized.

Next, the second embodiment is described
referring to Fig. 9.

The same structures in Fig. 9 as those of the
first embodiment are marked with the same numeralé and
detailed description is omitted.

"In the second embodiment, instead of providing
the rails 1l4a and 14b on both sides of the sbldering
position, a chain conveyer is provided for transferring.
In detail as shown in Fig. 9, U-shaped guides 61 are
provided on the top and bottom frames 60, a chain
conveyer 62 is provided so as to circulate in the U-
shaped guide 61. The chain conveyer 62 supports the
both ends of the circuit board 15. Other structures are
almost the same as Ehose of the first embodimént,
therefore detailed description is omitted.

According to the structure of the second
embodiment, the chain conveyers 62 receive the circuit
board 15 fed by the feeding conveyer 1ll, the circuit
board 15 is moved to the discharge conveyers 12 side by

the chain conveyers 62 and positioned correctly, hot air



I nterposition of connecting plate 31 and el evating rods 29. Thereby, the
surge tank 25 supported by the support plate 28 with interposition of the
nmounting rods 27 is elevated to the soldering position. Wen, the position
of the end of the hot air jetting pipes 42 on the adapter plate 41 nounted
on the surge tank 25 is prescribed to be distant 3 to 5 mmfromthe bottom
side of the circuit board 15. As shown in Fig. 3 and Fig. 5, to
set accurately the relative position between the circuit board 15 and hot
air pipes 42, the positioning pins 44 with a conical tip are provided on

the adapter piqt€eiided VWEdbmtiDSe KO 9551 oL £bnd &Y a4 2doPyLhbe air
cyl i nder 32, théﬁapositioning pi ns 4410fﬂ%he é%gﬁﬁgr plate 41 on the surge

tank 25 are ak@£peéeVlLee a4l xh@@@eé@doﬁOtws&é%om@min%ngagéﬂgthel es
provi ded previously on the circuit board 15, thereby the relative position

bet ween t he postge ovankf25 hetheneby 52t wher poss Hebe stod deold8r i Siephyi ed and
the the leads 55 of electronic parts 54 to connecting lands

52 with solders 53a which are molten cream solders 53.

After the soldering, it is possible that cooling wind

jetted from the jetting holes 47 of the gas jetting

pipes 46 coois forcedly the soldering position on the

bottom side of the circuit board 15.

Accordingly in such an embodiment as described
herein above, the fofced cooling of soldering position
is possible, thereby ghe displacement of electronic
parts 54 caused from shock due to high speed of
transferring and the degrading of joint strength due to
cracking on solder are prevented. It is possible to
form small crystal grains of solder by forced cooling,
thus the quality of soldering is improved.

Next, the third embodiment is described
referring to PFPig. 10 to Fig. 12. |

The same structures of the third embodiment
shown in Fig. 10 to Fig. 12 as those of the first
embodiment are marked with the same numerals, and

detailed description is omitted.



12 position of the hot air jetting pipes 42 of the circuit board 15 is
positioned accurately. After the positioning, hot air of 350[err]C
to 360[err]C is jetted fromthe hot air jetting pipes 42 of -the adapter

pl ate 41 provided on the top opening 40 of the surge tank 25 to the
position of the lands 52 individually. Each hot air jetting pipe 42 is
nmounted previously on the adapter platg 41 at the position of each |and
52, therefore when hot air is jetted fromeach hot air jetting pipe 42,
the cream sol der 53 applied on the connecting |land 52 on the bottom side

of the circuit boargnlThes th¥E éridA P IRitte pesldf err] C, nanely
the nelting point of solder, or higher, for exanple, 200 to 220[err]C.
Thereby, sol iirvenbidngl @8 sRowheiar ealnggederibds of Fig. 11 and

Fig. 12, the hot air pipes 42 of the adapter plate 41

mounted on the top opening 40 of the surge tank 25 are

structured with dual coaxial cylinders comprising the

inner cylinder 68 and outer cylinder 69, hot air is

jetted from the inner cylinders 68 and gas is jetted

from the outer cylinders 69.

In this case, the surge tank 25 is partitioned
at the intermediate position in the height with an
thermal insulation partition wall 65 as shown in Fig.
10, the space under the partition wall 65 is fed with
heated air heated by the heater 38 through the air pipe
37. The inner cylinders 68 extend downward through the
partition wall 65 so that the space under the partition
wall 65 communicates to the inner cylinders 68.

On the other hand, the upper space of the
partition wall 65 is connected to the air pipe 66. The
air pipe 66 is provided with a cooling unit 67, the
cooling unit provides cooled gas, namély cooling wind.
For switching between feeding and shutting off, a valve
48 is connected to the air pipe 66. The upper space of
the partition wall 65 communicates to the outer

cylinders 69.



are nelted, the land 52 and |l ead 55 are wetted wth the solder as shown in
Fig. 7, the solder surrounds the lead 55, thus the solder 53a connects
firmy between the land 52 and |ead 55. In other words, the sol dering
using. reflow solder is conpleted in this process. After jetting
of hot air for a prescribed tine fromthe hot air jetting pipes 42, the
valve 39 is closed and the pressure in the surge tank 25 is reduced.
Thereby, hot air jetting fromthe hot aa jetting pipes 42 is brought to a
st op. 13 The val ves 48 is

opened synchronously whigh st@ctar@RPioFd thfe helird embodimeatf odReihe hot air
jetting pipes 42, gas is jetted fromthe jetting holes 47 of the

than those shown in Fig. 10 to Fig. 12 are almost the

same as those of the first embodiment, therefore

detailed description is omitted.

In this structure, when the circuit board 15 is
traﬁsferred above the surge tank 25, the surge tank 25
is elevated by the elevation mechanism, first the valve
39 is opened, hot air is fed to the lower space of the
partition wall 65 through the air pipe 37. As the
pressure in the lower space of the partition wall 65
increases, hot air is jetted through the inner cylinders
68 of the hot air jetting pipes 42, and cream solders 53
applied on the circuit -board 15 are heated and melted.
The temperature of hot air may be the same as that in
the first embodihent, hot air of 350 to 360°C is jetted
to heat the cream solders 53 at 200 to 220°C, thereby
the solder is melted.

After the completion of melting of the solders
by hot air, the valve 39 is closed and the valve 48 is
opened synchronously with the closing of the valve 39,
gaé cooled by the cooling uniﬁ 65 is fed to the upper
space of the partition wall 65. As the pressure in the
upper ‘'space of the partition wall 65 increases, cooled

gas is jetted'to the soldering positions through the



gas jetting pipes 46 toward the circuit board 15, the jetted gas, nanely
cooling wind, cools forcedly the nolten solder to a tenperature bel ow the
melting point (180[err]C). The gas may be air, and the tenperature of the
jetted air nmay be a roomtenperature, or . the jetted gas may be chilled,
for exanple to O[err]Cto 5[err]C, air or gas. In the case of gas, the use
of an inert gas such as nitrogen prevents oxidation of the solder surface
and elimnates degradation of joint s@Oength due to oxidation. As
described herein above, it is possible to cool and solidify rapidly nolten

sol der by jeéﬁtgg g nﬁ%r@e%gr'Qﬁghﬂﬁh d¥ers are cooled!® Surge tank

25 is noved down sy ronously ove ment i one stopplng of hot

air jetting ggrcgaggt:g%ygfp?ﬁglg%rgﬁgﬁng|ém$°é?m§nmpV| operation

is the reverse oper ove-  mentioned el evation operatlon t hat

IS, the novi ggedewn asORBER! 0¥ embodifleditad dascHiDUA hertd beddye iyl 33 of
the air cylinder 32. The surge tank 25 is aned to a

obtained.

The fourth embodiment is described referring to
Fig. 13 and Fig. 14.

The same structures of the fourth embodiment
shown in Fig. 13 and Fig. 14 as those of the first
embodiment are marked with the same numerals as those of
the first embodiment, and detailed description is
omitted.

In the fourth embodiment of the present
invention, instead of hot air for melting cream solders
53, laser beam is irradiated. 1In detail, in this
embodiment as shown in an enlarged figure of Fig. 14,
the end of an optical fiber 72 for irradiating laser
beam is inserted in the inner cylinder 68 located inside
the outer cylinder 69, and the other end of the optical
fiber 72 is connected to a laser beam generator 73
provided under the surge tank 25 shown in Fig.13, high
power laser beam generated from the laser beam generator
73 is guided through the optical fiber 72. The numeral

70 represents a support provided on the inside wall of



| ower position by this operation. . 14
Fig. 8 shows the tenperature change of a portion of a connecting |and 52
on the bottomside of the <circuit board 15. In this figure, A region shows
tenperature rising when the land is getting near to the preheater 10. B
regi on shows tenperature rising due to heating by the preheater 10. C
regi on shows tenperature rising due to_hot air jetting for nelting sol der
D region shows tenperature | owering duelto forced cooling by gas jetting.
E region shows tenperature lowering to a roomtenperature after the forced

G kol hanthe oubde SELEML: DO ol Sigagc LAy Ufensisct! oaidatbe
68 by the outer cylinder 69.

In this embodiment, the surge tank 25 is used
for only feeding cooling wind. In detail, the air pipe
66 provided with the cooling unit 67 is connected to the
surge tank 25, and the space of the internal of the
surge tank 25 communicaies to the outer cylinders 69.

Therefore in this case, the surge tank 25 is
elevated to the soldering position by the elevation
mechanism, high power laser beam generated by the laser
beam generator 73 is irradiated to the cream solders 53
applied on the connecting lands 52 of the circuit board
15 through the optical fibers 72. Thefeby, the cream
solders 53 are spot melted. When the cream solders 53
are melted completely, irradiation of laser beam through
the optical fibers 72 is brought to a stop, and the
valve 48 is opened simultaneously, then the pressure in
the surge tank 25 is increased to jet cooling wind from
the outer cylinders 69 to the molten solders on the
connecting lands 52, thus molten solders are cooled
forcedly.

The structures of the fourth embodiment other

than those shown in Fig. 13 and Fig. 14 are almost the



In the figure, the solid line curve X represents the tenperature |owering
when forced cooling is applied by jetting cooling wind and the dotted |ine
curve Y represents the tenperature | owering when natural cooling is

appl i ed. Thi s apparatus is advantageous in that after nelting of
cream sol der 53 by hot air, cooling wwind is jetted fromthe jetting hol es
47 of the gas jetting pipes 46 for cooling wnd, thereby the nolten sol der
is changed rapidly fromnolten stateto solid state, when, the forced
cooling using cooling wind continues for about 0.5 to 20 seconds.

15 it ad HHsek SRR £§ 1St CMbOaihdie 2T Bhéfefore

detailed description is omitted.

In this embodiment of the present invention,
because laser beam is used for melting cream solder 53,
cooling wind may be jetted continuously from the outer
cylinders 69 during irradiation of laser beam. The
energy source of melting solder is not limited to laser
beam, but other energy light such as halogen light may
be irradiated for melting cream sq}der 53.

In all embbdiments.described hereinbefore, the
surge tank 25 is moved vertically by the air cylinder
32, and the surge tank 25 is moved upward for soldering.
However, such elevation mechanism is not necessarily
required, may be omitted depending on the case. |

There are projections on the bottom side of the
circuit board iS which are formed by soldering of leads
55 of electronic parts 54 on the bottom side where the
connecting lands 52 are formed for sbldering, if the
height of these projections is lower than 3 to 5 mm from
the bottom surfaée of the circuit board 15, the elevated
position of the hot air jetting pipes 42 of the adapter

plate 41 does not disturb the transfer of the circuit

board 15.



pushes the rear end of the circuit board 15, the circuit board 15 on the
rails“14a -and 14b is transferred to the discharge conveyers 12a and 12b.
Sol der 53a on the «circuit board 15 transferred on the di scharge conveyers
12a and 12b is not nolten but already solid, therefore the solder 53a wll
not crack even if the circuit board 15 is vibrated and shocked despite of
I ncreased speed of the discharge conveyers 12a and 12b. Then
after discharging of the circuit board , the nmover 18, air cylinder 19,
pi ston rod 20, bracket 21, and arm 22 réturn to the original position

shown in Fig. 1 . 1 tneAsdesghdbodobEl STy EREVEs  Pietbe enberrent of

the present invention, he sol deri ng  apparatus usin

i medi ately af 80 Jﬁﬁ:‘a“ m%ﬁq M@L e THolut g,m; pﬂ&n HdTwe W nd

i's bl own fron1the jetting e gas | tlng to the

fg:oidglry. surf gge o thee Od1GHd W Yeltrind PiPes Wee ax0liderene £ix8e dified
embodiment and second embodiment, the hot air jetting
pipes 42 rising ﬁp on the adapter plate.41 can disturb
the flow of the cooling wind, therefore it is preferable
that the adapter plate 41 having the hot air jetting
pipes 42 is moved down, on the other hand, in the case
that cooling wind is jetted from the outer cylinders 69
of the dual cylinder type hot air jetting pipes 42 as
shown in the third embodiment, and in the case that
cooling wind is jetted from the outer cylinders 69 of
the pipes having the inner cylinders 68 through which
optical fibers 72 are inserted as shown in the fourth
embodiment, it is not necessary that the serge tank 25
is moved dowh, therefore an apparatus does not need a
mechanism for moving vertically unless the adapte; plate
41 disturbs transfer of the circuit board 15, and the
adapter plate 41 may be fixed.

If the surge tank 25 is fixed, the time required
for‘vertical motion is eliminated, thereby the tact time
is shortened to improve the productivity. Otherwise, a
switch is provided on the apparatus, and the operation

mode may be selected by switching between the movable



Therefore, joints between cream solders 53 and electronic parts 54 wl|

not crack and will not be degraded in joint strength. Further, the forced
cooling results in smaller crystal grains of solder conparing

16 wth slow cooling of nolten solder, the solder of small crystal grains
| eads to even strength of solder and | ess change with tinme of joint
strength, thus high quality soldering is realized. Next, the
second enbodi nent is described referring to Fig. 9. The sane

structures in Fig. 9 as those of the 24 r'st enbodi ment are marked with the
same nureral e %o UM 1LY SR L P ehE Q1¢é%unk 25 and the
fixed mode. '

As described hereinbefore, the present invention
relates to a soldering apparatus provided with a heating
means for spot heating the position which is the
soldering position and 6n which position cream solder is
previously applied, and a cooling means for cooling
forcedly the molten solder heated by the heating means.
Also, the present invention relates to a soldering
method in which é;eam solder applied previously on the
séldering position of the board is spot heated by a
heating means and .cooling air or gas is fed to the
molten solder to cool forcedly the solder.

According to the preseﬁt invention, it is
possible to solder with minimized heating load to boards
and parts, and the forced cooling of molten solder
allows the time required for solidifying to be
shortened, thereby the tact time is shortened and thus
the productivity is improved. The forced cooling
results in fine crystalline structure of solder thus the

quality of soldering is improved.



I n the secondenbodi ment, instead of providing the rails 14a and 14b on

both Ssi ring position, a chain conveyer is provided for
transferqﬂ‘ﬂ.m’yl i!lLas shown in Fig. 9, U shaped guides 61 are
provi de c ottomframes 60, a chain conveyer 62 is provided

so as to circulate in the U shaped guide 61. The chain conveyer 62
supports the both ends of the circuit ggard 15. O her structures are

al nrost the sane as those of the first efbodinent, therefore detailed
description is omtted. According to the structure of the second
enbodi ment, the chain g eive the circuit board 15 fed by the
f eedi ng conveyer 11, the éf%gtﬁFs“ ggﬁd 15 is noved to the discharge

conveyers 12 side by tfhe ghaidFicRN\Idet Gy Appatatiud Preiigud ectly, hot
ir
? . with;

feeding means for feeding a printed board,
that cream solders are applied on lands at the position
where leads of electronic parts are to be soldered and
the leads of the electronic parts are provided to said
lands, to the soldering position,

means for spot heating said cream solders of
said printed board fed by said feeding means to said
soldering position, and for melting said cream solder to
solder the leads of said electronic parts on said lands,

forced cooling means for cooling and
solidifying molten solders, and

discharge means for discharging said printed
board on which the leads of said electronic parts are
soldered to said lands with solidified solders.

2. The reflow soldering apparatus as claimed
in claim 1, wherein said heating means is a hot air
jetting means for jetting hot air from ducts provided at
the'corresponding positions to lands applied with said
cream solder at the positions where leads of said

electronic parts are to be soldered of said printed

board at said soldering position.

This Sheet Has Been Re'placed
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17 is-j-etted froemthe-hot air jetting pi pes 42 of the adapter plate 41

nmounted on the top o en| g 40 of the surge tank 25, thereby it is possible
to sold ﬂuu ‘ ﬂ ds 55 of electronic parts 54 to connecting | ands
52 with are nolten cream sol ders 53. After the
solderlng, |t 'S p055|ble that cooling wind jetted fromthe jetting hol es
47 of the gas jetting pipes 46 cools forcedly the soldering position on

the bottomside of the circuit board 2% Accordingly in such an
enbodi nent as described herein above, the forced cooling of soldering
position is possible, sl hefgbyrd ol sl tagiba A €64 ' 981 E1aPAEES 54

caused from shock due to high speed of trans errlng and t he degradi ng of
joint strendih olisin 0, Gieekd 110 K S NS iRg nddey e)d egn dptigapossible to

formsmall crystal grains of solder by forced cooling, thus the quality of
sol dering | sheatpimy akkans for hed€inig épeic¢dlily Ipybenergypt Lighdescri bed
emitted from ends of optical fibers provided at the
corresponding positions to lands applied with said cream
solder at the positions where leads of said electronic
parts are to be soldered of said printed board at said
soldering'position.

4. The reflow soldering apparatus as claimed
in claim 1, wherein said heating means is hot air ducts
or optical fibers for emitting light energy facing to
lands applied with said cream solder at the positions
where leads of said electronic parts are to be soldered
of said printed board at said soldering position, gas
jetting ducts are provided to said forced cooling means,
-said gas jetting ducﬁs ére provided adjacent to said hot
air ducts or.optical.fibers. .

5. The reflow soldering apparatus as claimed
in claim 4, wherein cylindrical gas jetting ducts
surrounding said hot air ducts or optical fibers are
provided outside the peripheriéé of said hot air ducts
or optical fibers for heating.

6. A reflow soldering method comprises a

series of steps of;

—_——
— .
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referrfﬁg-fd“Frg'"le to-Fig. 12. The sane structures of the third
enbodtnﬂyww |n Fig. 10 to Fig. 12 as those of the first enbodi nent

are mar nunerals and detailed description is omtted.
In the thlrd of the present invention, as shown in enlarged
vi ews of Fig. 11 a ﬁlg 12, the hot air pipes 42 of the adapter plate 41
nmounted on the top opening 40 of the surge tank 25 are structured with
dual coaxial cylinders conprising the Z7ner cylinder 68 and outer cylinder
69, hot air is jetted fromthe inner cylinders 68 and gas is jetted from

the outer cylinders 69¢eeding step for feeding a printed board, that
cream solders are applied on lands at the position where
leads of electronic parts are to be soldered and the
leads of the electronic parts are provided to said
lands, to the soldering position,
heating and melting step for spot heating and
melting said cream solders of said printed board fed
from the preceding step,
soldering step for soldering leads of said
electronic parts to said lands,
solidifying step for solidifying thereafter
the molten solders by forced cooling, and
discharging step for discharging said printed
board, on which leads of said electronic parts are fixed
to said lands with the solidified solders, from said

soldering position.



In this case, the surge tank 25 is partitioned at the internediate
position in the height with an thermal insulation partition wall 65 as
shown in Fig. 10, the space under the partition wall 65 is fed with
heated air heated by the heater 38 through the air pipe 37. The inner
cylinders 68 extend downward through the partition wall 65 so that the
space under the partition wall 65 comunicates to the inner cylinders 68.
On the other hand, the upper space of the partition wall 65 is connected
to the air pipe 66. The air pipe 66 i88provided with a cooling unit 67,

bet ween 1 eodi ng. anceOHRERENG B PARETs) BRB"A2MFEROR RalkBi o Che'ai r bl po
66. The upper space of the partiti orAB@IRAGS conmmuni cates to the outer
cylinders 69.
A soldering method and apparatus in which a
printed board, that cream solders are applied on lands
at the position where leads of electronic parts are to
be soldered and the 1eadé of the electronic parts are
provided to the lands, is fed to the soldering position,
the cream solders of the fed printed board are spot
heated and melted to solder the leads of the electronic
parts to the lands, the molten solders are solidified by
forced cooling to fix the leads of the electronic parts
to the lands, and the printed board on which the leads
of said electronic parts are fixed to the lands with the
solidified solders, is discharged from said soldering

position.,

Figure 1



The structures of the third enbodi nrent other than those shown in Fig. 10
to Fi-g. 12 are alnpbst the sane as those of the first enbodi nent, therefore
detailed description is onmtted. In this structure, when the
circuit board 15 is transferred above the surge tank 25, the surge tank 25
is elevated by the el evation mechanism first the valve 39 is opened, hot
air is fed to the | ower space of thel/éartition wall 65 through the air
pipe 37. As the pressure in the |ower space of the partition wall 65
increases, hot air is jetted through the inner cylinders 68 of the hot air
jetting pipes 42, and cream solders 53 applied on the circuit board 15 are
heated and nelted. The tenperature of hot air nmay be the sane as that in

the first enbodiment, hot air of 350 to 36Q[err]CisJjetted to heat the
.cream sol ders 53 at 200 to 220[err]C, thergby the s# der is melted.
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After the conpletion of nelting of the solders by hot air, the valve 39 is
cl osed and the valve 48 is opened synchronously with the closing of the
valve 39, gas cooled by the cooling unit 67 is fed to the upper space of
the partition wall 65. As the pressure .in the upper space of the partition
wal | “ 65 increases, cooled gas is je&ygg to the soldering positions through
t he 20 outer cylinders 69, the nolten
sol ders are cooled forcedly. By applying such an enbodi nent, the sane
effect as that of enbodi ments descri bed hereinbefore is obtained.

The fourth enbodi nent is described referring to Fig. 13 and Fig. 14.
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The sanme structures of the fourth enbodi nent shown in Fig. 13 and Fig. 14
as those of the first enbodinment are marked with the sane nuneral s as
those of the first enbodinent, and detailed description is omtted.

In the fourth enbodi ment of the present invention, instead of hot air for
melting cream solders 53, |aser beard/l2 irradiated. In detail, in this
enbodi nent as shown in an enlarged figure of Fig. 14, the end of an
optical fiber 72 for irradiating |laser beamis inserted in the inner
cylinder 68 |ocated inside the outer cylinder 69, and the other end of the
optical fiber 72 is connected to a | aser beam generator 73 provided under
the surge tank 25 shown in Fig.13, high power |aser beam generated from
the | aser beam generator 73 is guided through the optical fiber 72. The
nuneral 70 represents a support provided on the inside wall of
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21 the outer cylinder 69 for supporting the inner cylinder 68 by the
outer cylinder 69. In this enbodi nent, the surge tank 25 is used
for only feeding cooling wind. In detail, the air pipe 66 provided with

the cooling unit 67 is connected to the surge tank 25, and the space of
the-internal of the

surge tank 25 communi cates to the outer cylinders 69.
Therefore in this case, the surge tamh225 is elevated to the sol dering
position by the elevation nechanism high power |aser beam generated by
the | aser beam generator 73 is irradiated to the cream solders 53 applied
on the connecting |ands 52 of the circuit board 15 through the optical
fibers 72. Thereby, the cream solders 53 are spot nelted. Wen the cream

solders 53 are nelted conpletely, irradiation of |aser beamthrough the
optical fibers 72 is brought to a stop, and the
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val ve 48 is opened sinultaneously, then the pressure in the surge tank 25
Is increased to jet cooling wind from the outer cylinders 69 to the nolten
solders on the connecting |ands 52, thus nolten solders are cool ed
forcedly. The structures of the fourth enbodi nent other than
those shown in Fig. 13 and Fig. 14 arféﬁ%nnst t he

22 sane as those of the first enbodi , therefore detailed description
is omtted. In this enbodi ment of the present invention, because
| aser beamis used for nelting cream solder 53, <cooling wind my be jetted

continuously fromthe outer cylinders 69 during irradiation of |aser beam
The
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energy source of nelting solder is not limted to |aser beam but other
energy |ight such as halogen light may be irradiated for nelting cream
sol der 53. In all enbodi nents described hereinbeforer the surge
tank 25 is nmoved vertically by the air cylinder 32, and the surge tank 25
is moved upward for soldering. Howe®ék2 such el evation mechani smis not
necessarily required, may be omtted dependi ng on the case. There
are projections on the bottomside of the circuit board 15 which are
formed by soldering of leads 55 of electronic parts 54 on the bottom side
where the connecting |ands 52 ach‘rnﬁfo(rSol dering, if the height of
these projections is |ower than to B fr the bottom surface of the
circuit board 15, the elevated position of the hot air jetting pipes 42 of
the adapter plate 41 does not disturb the transfer of HB@ circuit board
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23 In the case that cooling wind is jetted in the horizonta
direction fromthe cooling wind jetting holes 47 of the cooling w nd
jetting pipes 46 as in the first enbodi nent and second enbodi nent, the hot
air jetting pipes 42 rising up on the adapter plate 41 can disturb the
flow of the cooling wind, therefore it7412 preferable that the adapter
plate 41 having the hot air jetting pipes 42 is noved down, on the other
hand, in the case that cooling wind is jetted fromthe outer cylinders 69
of the dual cylinder type hot air jetting pipes 42 as shown in the third
enbodi ment, and in the case that cooling wind is jetted fromthe outer
cylinders 69 of the pipes having the inner cylinders 68 through which
optical fibers 72 are inserted as shown in the fourth enbodinent, it is
not necessary that the serge tank 25
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I's nmoved down, therefore an apparatus does not need a nechanismfor noving
vertical |y unl ess the adapter plate 41 disturbs transfer of the circuit
board 15, and the adapter plate 41 nay be fixed. If the surge
tankr 25 is fixed, the tine required for vertical notion is elimnated,
theréby the tact time is shortened tq.inprove the productivity. O herw se,
a switch is provided on the apparatﬂé}zand the operation node nay be

sel ected by sw tching between the novable

24 node for nmoving vertically the surge tank 25 and the fixed node.

As described hereinbefore, the present invention relates to a soldering
apparatus provided with a heating
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means for spot heating the position which is the soldering position and on
whi ch position creamsolder is previously applied, and a cooling neans for
cooling forcedly the nolten sol der heated by the heating neans. Also, the
pregent invention relates to a soldering nethod in which cream sol der
appl‘ied previously on the soldering position of the board is spot heated
by a heating neans and cooling air or gas is fed to the nolten solder to
cool forcedly the sol der. According to the present invention, it
is possible to solder with mnimzed heating |oad to boards and parts,
and the forced cooling of nolten sg%@s: allows the tine required for
solidifying to be shortened, -ther he tact tinme is shortened and thus
the productivity is inproved. The forced cooling results in fine
crystalline structure of solder thus the quality of soldering is inproved.
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25 VWHAT | S CLAI MED: .1. A reflow sol deri ng apparat us
provieded wth; feeding neans for feeding a printed board, that
cream sol ders are applied on lands at the position where | eads of

el ectronic parts are to be soldered and the leads of the electronic parts
are provided to said |ands, to the sdl0dd2i ng position, heat i ng
means for spot heating said cream solders of said printed board fed by
said feeding neans to said soldering position, and for nelting said cream
solder to solder the |l eads of said electronic parts on said |ands,

forced cooling neans for cooling aFﬂ' iol inynq nol ten sol ders, and
di scharge neans for discharging safd pwNi d _
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board on which the |l eads of said electronic parts are soldered to said
| ands with solidified solders, wherein said heating nmeans is a hot air

jetting nmeans for jetting hot air fromducts provided at the correspondi ng
positions to |l ands applied with said cream sol der at the positions where

| eatls of said electronic parts are ta/Be sol dered of said printed board at
sai d sol dering position.

REPLACEMENT SHEETS SG
26 2. The reflow sol dering apparatus as claimed in claiml
wherein said heating neans is an optical heating nmeans for heating
optically by energy light emtted fromends of optical fibers provided at
the corresponding positions to | ands applied wth.said cream sol der at

the positions where |l eads of said electronic parts are to be sol dered of
said printed board at said soldering position, '
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3. The reflow sol dering apparatus as claimed in claim1, wherein said
heafing nmeans is hot air ducts or optical fibers for emtting |ight energy
facéng to lands applied with said cream solder at the positions where

| egds of said electronic parts are to be soldered of said printed board at
said soldering position, gas jetting ducts are provided to said forced
cooling neans, said gas jetting du§&§1§re provi ded adjacent to said hot
air ducts or optical fibers. 4. The refl ow sol deri ng appar at us
as claimed in claim3, wherein cylindrical gas jetting ducts surrounding

said hot air ducts or optical fibers are provided outside the peripheries
of said hot air ducts or optical fibers for heating. 5 A

refl ow sol deri ng nethod conpri sFal SG es l)f4t eps of;
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27 , . feeding step for feeding a printed board, that creantsolders
are appti-et—on tands at the position where |eads of electronic parts are

to be soldere | eads of the electronic parts are provided to said
| ands, HE position,‘ heating and nelting step for
spot he g said cream sol ders of said printed board fed
fromthe precedlng step s@bdering step for soldering | eads of
said electronic parts to said | ands, solidifying step for
solidifying thereafter the nolten solders by forced cooling, and
di schargi ng step for WHASC TS @LAFMERI:d printed board, on which | eads of
said electronic parts are fixed to said lands with the solidified sol ders,
fromsaid solderinglposi& ireflow soldering apparatus provided
with;
feeding means for feeding a printed board,
that cream solders are applied on lands at the position
where leads of electronic parts are to be soldered and
the leads of the electronic parts are provided to said
lands, to the soldering position,
heating means for spot heating said cream solders of
said printed board fed by said feeding means to said
soldering position, and for melting said cream solder to
solder the leads of said electronic parts on said lands,
forced cooling means for cooling and
solidifying molten solders, and
discharge means for discharging said printed

board on which the leads of said electronic parts are

soldered to said lands with solidified solders, wherein said
heating means is a hot air jetting means for jetting hot air
from ducts provided at the corresponding positions to lands
applied with said cream solder at the positions where leads of
said electronic parts are to be soldered of said printed board
at said soldering position.
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2. The reflow soldering appératus as claimed
in claim 1, wherein said heating means is an optical
heating means for heating optically by energy light
emitted from ends of optical fibers provided at the
corresponding positions to lands applied with.said cream
solder at the positions where leads of said electronic
parts are to be soldered of.said printed board at said
soldering position.

3. The reflow soldering apparatus as claimed
in claim 1, wherein said heating means is hot air ducts
or optical fibers for emitting light energy facing to
lands applied with said cream solder at the positions
where leads of said electronic parts are to be soldered
of said printed board at said soldering position, gas
jetting ducts are provided to said forced cooling means,
said gas jetting ducts are provided adjacent to said hot
air ducts or optical fibers.

4. The reflow soldering apparatus as claimed
in claim 3, wherein cylindrical gas jetting ducts
surrounding said hot air ducts or optical fibers are
provided outside the peripheriéé of said hot air ducts
or optical fibers for heating.

5. A reflow soldering method comprises a

series of steps of;
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