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[57] ABSTRACT

I Article} An article to be soldered, fused or brazed is

placed in hot saturated vapors generated by continu- i

ously boiling @ heat transfer liquid having selected prop-
erties including ¢ boiling point at least equal to, and
preferably above, the temperature required for such
operation. Vapors condense on the article and give up
latent heat of vaporization to heat the article to the
temperature for soldering, fusing or brazing. [Heat}
The heat transfer liquid may be a fluorocarbon. Appara-
tus is shown for soldering, fusing or brazing a single
article, a batch of articles, or a continuously moving line
of articles. Specifically, mass reflow soldering and mass
wave soldering operations are described.

2 Claims, 4 Drawing Figures
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1 2
- | FREON E-5 by EI Dupont de Nemours & Co.) t0 Jacili-
METHOD FOR SOLDERING, FUSING OR tate removal and resolder of electronic components during
BRAZING - - printed circuit board rework operations. The solvent con-

denses only on areas having a temperature lower than the

Matter enclosed in heavy brackets [ ] appears in the 5 boiling point of the solvent used. This releases the heat of

original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue. |

This is a cantfhuatz'on of application Ser. No. 667,817
filed Mar. 16, 1976, now abandoned.

BACKGROUND OF THE I_NVENTION
1. Field of the Invention

Dingman, IBM Technical Disclosure Bulletin, Vol 13,
No. 3, dated Aug. 1970, describes an application of a boil-
ing solvent (such as that sold under the trademark

10 .

vaporization and enables solder network operations with
materials and components that are heat sensitive. The
rapid and selective application of heat to small areas with
high thermal conductivity is possible within a matrix of
material which is heat sensitive and cannot tolerate the high
temperatures. Such selective heating of small areas is cum-
bersome, tedious and uneconomical when applied to mass
soldering, fusing and brazing operations.

This invention relates, broadly speaking, to an im- 15 SUMMARY OF THE INVENTION
proved soldering, fusing or brazing method. More spe- One of the objects of this invention is to provide an
CIf"lc_alIy, al}d with reference_ to a preferred er_nbodlment, improved method for soldering, fusing or brazing, par-
this mvention relates to an improved soldering method o141y for rapid and economical mass operations.

- wherein the azjtlcle on which a soldering operation 1s to Another object of this invention is to provide an
be performed 1s heated to a temperature appropriate for 20 improved high-speed soldering operation for printed
the soldering operation by condensing thereon hot satu- circuit boards which prevents heat damage to the
rated vapors of specific fluids, the method being partic- printed circuit boards as well as to sensitive electrical
ularly useful for conducting a plurality of simultaneous components on the printed circuit boards.
soldering operations such as reflow soldering or wave | AP P

: : . o | specific object of this invention is to prowde an
soldering on a line of printed circuit boards. 25
2. Description of the Prior Art improved mass reflow soldering technique. |
The present invention is particularly applicable to A_Lnother specific object of thl.s' mventpn s to provide
operations such as soldering, fusing or brazing requiring an improved mass wave soldering .tet_:hmqu_e. :
the application of heat to the article upon which the Other and furthe.r objects of this nvention ‘T".“ be-
~ operation is to be performed to raise its temperature. 30 come apparent during the course of the follqwmg de-
Although the present invention is not to be construed scription and by reference to the accompanying draw-
as limited to soldering, its background is most readily ~ "&S and the appended claims.
understood in the context of soldering. Briefly, [I] we have discovered that the foregomg
Soldering operations require that the elements to be ~ CPJects may be attained by continuously boiling a liquid
soldered be heated to a temperature sufficiently high to 35 1aving a boiling point at least equal to the temperature
melt solder thereon, the said elements being protected 2t Which asoldering, fusing or brazing operation is to be
from oxidation during the soldering step. performed, thereby to establish a body of [not] hot
Conventionally, the well-known soldering iron has  Saturated vapor in equilibrium with the boiling liquid,
been used, the elements to be soldered being provided ~ bY introducing into the hot saturated vapors the article
with a coating of flux on those areas being soldered to 40 to be subjected to such soldering, fusing or brazing
prevent oxidation during the soldering step. The solder- ~ Operation, by condensing onto such article a portion of
ing iron technique is not well suited to rapid mass sol- the'hot saturated vapors to heat the said article to ‘the:
dering operations in which, for example, a single c:!esnred temperature by transfer of the l}eat- of vaporiza-
printed circuit board may have many closely Spaced tion of the condensed vapors to the article, the last step
connections to be soldered. . 45 being performed prior to or simultaneously with the
Numerous suggestions have been made to prov1de soldering, fusing or brazing operation. More specifi-
soldering methods improving upon the conventional cally, when soldering electrical components to a printed
soldering iron technique and adapted for mass soldering circuit board, a non-conducting, chemically stable and
requirements. mert liquid having a boiling point above soldering tem-
Thus, U.S. Pat. No. 3,359,132 (1967) to Wittmann 50 perature 1s chosen. The vapors of the liquid are non-oxi-
discloses a process for solder-coating printed circuit  dizing, and the condensate desirably has the property of
boards wherein a layer of peanut oil is floated on a bath flushing away any dirt or grime on the article.
of molten solder. A circuit board, which has been pro- BRIEF DESCRIPTION OF THE DRAWINGS
vided with a coating of flux, is suspended in close prox- | |
imity to the surface of the hot peanut oil and is held in 55  Referring now to the drawings in which like numer-
such position so as to be preheated by a combination of  als represent like parts in the several views:

- radiation and air convection. Thereafter, the board is =~ FIG. 1 represents diagrammatically a partially sec-
lowered through the layer of hot peanut oil into the tional view in elevation of an apparatus for practicing
molten solder bath in which soldering now takes place the present invention on a single article or on a batch of

Other prior art of interest is listed below: 60 articles; |
U.S. Pat. No. 2,869,497 (1959) to Lehner FIG. 2 represents diagrammatically a partlally sec-
U.S. Pat. No. 3,536,243 (1970) to Higgins tional view in elevation of apparatus for practlcmg the
U.S. Pat. No. 3,612,388 (1971) to Wegener present invention on a contlnuously movmg line of
U.S. Pat. No. 3,726,465 (1973) to Boynton articles;

An article titled “Solvent Vapor Solder Reflow” by E. G. 65 FI1G. 3 represents dlagrammatlcally a partially sec-

tional view in elevation of apparatus in which a continu-
ously moving line of articles 1s wave soldered accordmg

~ to the present invention; and
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3

- FIG. 4 represents a view 1n plan of the apparatus of
FIGS. 2 and 3.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

In the embodiment shown in FIG. 1, vessel 1 is pro-
vided with heating coils 2, advantageously electrically
operated, adjacent the lower end thereof and cooling
coils 3, receiving circulating cooling medium from a
source not shown, adjacent the upper portion thereof.
Heating coils 2 may be supplemented by an external
source of heat applied to vessel 1 such as a hot plate (not
shown). Heat transfer liquid 4 is introduced into vessel
1 to the level indicated and is brought to and maintained
at its boiling point by means of heating coils 2. The hot
saturated vapors from the boiling heat transfer liquid 4
fill the vessel 1 up to approximately the level of cooling
coils 3, as 1indicated diagrammatically by the phantom
line 5, the said cooling coils 3 condensing the vapor at
this level and the condensate draining back to the lower
portion of vessel 1. The hot saturated vapors, as will
hereinafter appear, are much denser than air and this
fact together with the action of cooling coils 3 serves to
maintain the upper level of the hot saturated vapors no
higher than about the level of the phantom line 5 and
thus to prevent the hot saturated vapors or any substan-
tial portion thereof, from escaping from vessel 1.

The embodiment of FIG. 1 (as well as the embodi-
ments of FIGS. 2 and 3) will best be understood in
relation to a specific example of a printed circuit board
6 having mounted thereon for soldering various electri-
cal components (not shown). Criteria in selecting a heat
transfer liquid 4 for this operation are:

a. It 1s necessary, for this application, that the heat
transfer liquid 4 have a boiling point at least equal
to, and preferably above the melting point of the
solder. It is highly desirable that heat transfer liquid
4 have a sharply defined boiling point for better
control over the process; for this reason, heat trans-
fer liquid 4 should be a single-component, rather
than multi-component, material.

b. It is highly desirable, for this application, that the
heat transfer liquid be electrically non-conducting.

c. It 1s highly desirable, for this application, that the
hot saturated vapors from the heat transfer liquid 4
be non-oxidizing, chemically stable and inert, non-
toxic, non-inflammable, and relatively much denser
than air.
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d. It 1s highly desirable, for this application, that the |

heat transfer liquid have a relatively high latent
heat of vaporization.

e. It 1s desirable, for this application, that the hot
saturated vapors, when condensed, have the capa-

bility to degrease an object or the capability of

carrying or flushing away from the object dirt and
grime and the like.

After heat transfer liquid 4 meeting the foregoing
criteria has been introduced into vessel 1 and brought to
its boiling point by means of heating coils 2 thereby to
substantially maintain said vessel 1 filled with hot satu-
rated vapors, printed circuit board 6, with electrical
components (not shown) mounted thereon for solder-
ing, and which has been provided in the known manner
with solder preforms or plating as required, is sus-
pended by means of element 7 in the hot saturated va-
pors m vessel 1. Hot saturated vapors will condense on
the printed circuit board 6, giving up latent heat of
vaporization to heat the board 6 until the temperature of
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4

the board 6 reaches the temperature of the saturated
vapor which is the boiling point of the heat transfer
liguid 4, and which, as hereinbefore mentioned, is at
least equal to, and preferably above, the melting point
of solder. The board 6 will reach the temperature of the
hot saturated vapor fairly rapidly, because heat transfer
coefficients for condensation processes are among the

“highest known for any mode of heat transfer. At such

temperature, the solder will melt or reflow to effect the
soldering of the electrical components to the printed
circuit board 6.

The very high rate of heat transfer from the con-
densed vapors to the board 6, permitting the soldering
operation to be completed rapidly, results in an expo-
sure of relatively short duration of the board 6 and
attached electrical components to the elevated solder-
ing temperature and therefore prevents heat damage to
the said board 6 and electrical components which other-
wise might occur under more prolonged [ exposoure]
exposure to such elevated temperature. With adequate
vapor generating capacity of the apparatus (and it will
be understood that heating coils 2, and auxiliary heating
means such as a hot plate, i1f employed, are so sized as to
be able to maintain the level of hot saturated vapor up to
approximately phantom line 5 when board 6 is intro-
duced into such hot saturated vapor), soldering times
may range between approximately 5 seconds for typical
hight boards and components with low heat capacity to
approximately 40 seconds for typical massive boards
and components with high heat capacity. Vapors con-
densing on the printed circuit board 6 will drain back to
the body of heat transfer liquid 4 in the lower portion of
vessel 1, and, 1n so doing, may dissolve or carry away
grease or dirt or the like which may be on the printed
circuit board 6. It will be seen that heat transfer liquid 4
1s continuously being distilled, that non-volatile con-
taminants remain in the body of liquid 4, and that the
vapors which condense on the board 6 are relatively
clean. The hot saturated vapors, being non-oxidizing,
may eliminate in some instances any need for fluxing the
printed circuit board 6. After the solder has melted or
reflowed, the printed circuit board 6 may be removed
from vessel 1 and cooled.

Although the operation hereinabove described for
FIG. 1 has been based upon soldering one printed cir-
cuit board 6, it will be understood that a batch of
printed circuit boards 6 may be introduced at one time
into vessel 1 for simultaneous soldering.

For soldering electrical components to a printed cir-
cuit board 6 employing solder melting at 360° F. (182.2°
C.), heat transfer liquid 4 advantageously is selected
from the group of liquids known generically as fluoro-
carbons such as fluorinated polyoxypropylene. Such a
liquid 1s sold by E. I. Du Pont de Nemours & Co. under
the trademark “FREON ES5” and has the following
significant properties:

Boiling point at atmospheric pressure—435.6° F.

(224.2° C)) |

Electrical resistivity—greater than 4 < 1014 ohm-cm.

Dielectric constant—2.45.

Latent heat of vaporization—19.9 BTU/Ib.

Density of saturated vapor at boiling point and atmo-

spheric pressure—1.45 Ibs./ft.3

Chemically stable, inert, non-toxic, non-inflammable.

Another suitable heat transfer liquid is sold by E. L.

Du Pont de Nemours under the trademark “FREON
E4” and has the following significant properties:



-(193.8° C.).

“Electrical remstmty—greater thau 4% 1014 ohm—cm

Dlelectrlc constant—2.50.

* Latent: heat of vaporlzatlon——-22 5 BTU/ Ib.

‘Density of saturated vapor at boiling pomt and at

_atmospheric pressure—1.40 Ibs./ft.3

Chemlcally stable, inert, non-toxic, non-mﬂammable
 Apparatus generally as shown in FIG. 1 was success-
‘fully operated according to-the present invention. A

Re 30, 399

Bolhng pomt ‘at’ atmOSpherlc pressure—380 8“ F. B

10

Pyrex jar approximately 12 inches in diameter and 18

inches high was provided with two 500-watt immersion
. heaters. supplemented-by a 1,600-watt hot plate, and a

water-cooled copper coil of six-turns, was placed inside

‘the jar around the circumference at the top to condense
vapors, the coil having .a::temperature in the: range
120°-160° F, thereby providing a vapor zone.above the

15

" bottom of the:jar of approximately ;124 inches. Liquid

FREON ES5 was introduced-into the jar to cover the
immersion -heaters to -a suitable depth, and was then
brought to its boiling point, thus filling the jar with hot

saturated vapors:of FREON E35. A multilayer printed

¢ircuit board,: with . electrical -components mounted
thereto for scldenng, with solder preforms and suitably
fluxed, was lowered into the: hot saturated vapors and
held'in sich pesition until the solder preforms melted
and effected a soldering .of the electrical components to
the multilayer board. Soldered connectlons of excellent
quality were obtained. - : |

It will be understood that the embodlment cf FIG. 1
can, without modification, be used to effect solder fus-
ing on a board. The board with the solder coating to be
~ fused is fluxed and then simply inserted into the hot

ZOI 3,726,465 (1973) to Boynton. It will be understood that

3 of the heat transfer liquid 4’ and ‘the desired soldermg,
fusing or brazing operation occurs, after which the

articles 14 are conveyed out of vessel 8. The velocity of

" conveyor means 13 is chosen so that the dwelling time -
of articles 14 in vessel 8 is sufficient to permit the de-

sired soldering, fusing or brazing operation to take

place. The embodiment of FIG. 2 is particularly suited

for rapid mass reflow solderiﬁg [opeations] operations

‘on a continuously mowng Ilne of printed c1rcurt boards

or the like.

‘The embodiment of FIG. 3, which is partlcularly
suited for mass wave soldering operations on a continu-
ously moving line of printed circuit boards or the like, is
similar to that of FIG. 2, with the addition of a wall or
weir 15 bounding a conventionally ‘generated solder
wave or fountain as indicated diagrammatically. Exam-
ples of solder waves or fountains are shown, for exam-
ple, in U.S. Pat. No. 3,536,243 (1970) to Higgins, U.S.
Pat. No. 3,612,388 (1971) to Wegener and U.S. Pat. No.

- in a solder wave or fountain, a wave 16 of molten solder
| pro_]ects upwardly beyond adjacent structure as shown

25

diagrammatically in FIG. 3. |
In operating the embodlment of FIG: 3, a wave 16 of

‘molten solder is established and mamtamed preferably

- at a temperature above the bolllng point of the heat

30

transfer liquid 4 which, in turn, IS above ‘the melting
point of solder. Conveyor means 13 is ‘driven in the
direction indicated by the arrows, and articles 14 to be
wave soldered are placed thereon. Each article 14 en-

- ters vessel 8 through inlet conduit 9 at ambient tempera—

saturated vapors and held there until heated by conden-

“sation thereon of the vapors, the solder coating fusing at
the temperature of the hot vapors, ..

It will further be understood that the embodlments of
 FIG. 1 can, without modification other than in selecting
. a suitable heat transfer liquid 4, be used for brazing, the
heat transfer liquid 4 being chosen with a boiling point
at least equal to, and preferably above, brazing tempera-
ture.. The parts to be brazed are lowered into the hot
‘saturated vapors untll brazmg occurs. |
In the embodiment of FIG. 2, vessel 8 is provrded

- with inlet and outlet conduits 9 and 10 at opposrte ends

thereof Cooling coils 11 and 12 are prov1ded in con-
duits 9 and 10, respectwely, as shown, and receive cir-
culatmg cooling medium from a source not shown.
Conveyor means 13, adapted to carry artlcles 14 to be
soldered, fused or brazed into and out of vessel 8, ex-
tends through coolmg coil 11 and inlet conduit 9 mto

35

45

50

vessel 8 and out through coollng coil 12 and outlet

conduit 10. Drmng means, not shown, are provided to

_ continuously move conveyor means 13 into and out of

vessel 8, and conventlonal gulde means, not shown, are
- prowded to gulde conveyor means 13 in -the desrred

‘path. | |
. In operatmg the embodlment of FIG. 2, heat transfer
"llqu1d 4, selected accordmg to the criteria and desider-

-ata previously enumerated in connection wrth the em-

bodiment of FIG. 1, is introduced into vessel 8 to the
level indicated and is brought to and maintained at its

. borhng point by means Of ‘"heating coils 2, thereby main-
taining vessel 8 filled with hot saturated vapors up to a
‘level generally as indicated by phantom line 5. Articles. .

14 are placed on conveyor means 13, which is driven in
the direction indicated by the arrows. The articles 14
are brought into the hot saturated vapors, are heated by

condensation thereon of the vapors to the boiling point

5’5

ture, and is then preheated by the latent heat of vapori-

zation of the hot saturated vapors condensmg thereon
to a temperature in excess of the melting point of solder.

This preheating causes any solder coating on the article
14 to melt so as to effect solder fusing which is desir-
able. The preheated article 14 then enters wave 16 of
molten solder and is soldered thereln It will be seen that
the solder wave or fountain is employed to provide
solder to the article 14 and not heat, which allows better
control over the process because heating and solder
supply are separate processes. After the article 14 leaves
the wave 16, the solder thereon mcludlng that supplied
by the solder wave or fountain remains molten and thus
can flow due to surface tension thereby to minimize

solder defects. The artrcle leaves vessel 8 through cool-

ing coil 12 and outlet 10, whereupon the solder thereon
freezes and solidifies. |

Alternatively, heat transfer 11qu1d 4 could be selected
with a boiling point lower than the melting point of the

solder. In operating the embodiment of FIG. 3 with

such a heat transfer liquid 4, the article 14 would be

preheated by hot saturated vapor and then further

heated to the desired temperature by the solder wave 16
in. which soldering takes place.: ' ~

It will be seen from FIGS. 1-4 that the operatlons
hereinabove described are, in the preferred embodi-

-ments, conducted at, or substantially at, atmospheric

pressure. The present invention is not limited to opera-

- tion at atmospheric pressure, and may be conducted at
- pressures below or above atmospheric pressure, the

" heat transfer liquid 4 being chosen so as to have a boil-

65

ing point at the selected operating pressure at least equal

‘to the temperature at which the operation is to be per-
- formed.

What is clatmed 1s:
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[1. Method for performing on an article at elevated
temperature an operation comprising_ the melting of
material, said method comprising: .

a. continuously boiling substantially at atmOSpherlc
pressure a heat transfer liquid having a boiling
point equal to the said elevated temperature and at
least equal to the melting point of said material,
thereby generating a body of saturated vapor of
said heat transfer liquid at said elevated tempera-

ture;
. inserting said article into sald body of saturated

vVapor;

. condensing saturated vapor dlrectly on and in
contact with said article thereby to heat said article
to said elevated temperature by transfer of latent
heat of vaporization from said condensed vapor to
said article; |
d.. performing said operation on said article. J |
[ 2. Method as in claim 1 wherein:

e. the operation performed on the article is soldenng
with solder, |

f. the boiling point of sald heat transfer liquid is at
least equal to the melting point of said solder. }

3. Method as in claim 1 wherein:

e. the operation to be performed on the article is
fusing a coating of solder thereon, o

f. the boiling point of said heat transfer hquid 1s at
least equal to the melting point of sald solder. ]

[4. Method as in claim 1 wherein:

€. the operation to be performed on the artlcle is
brazing,

f. the boiling point of said heat transfer llquld 1S at
least equal to the melting pomt of the materlal
being brazed. ] |

[S. Method as in claim 1 wherein:

e. said saturated vapor is chemically inert.}

[ 6. Soldering a printed circuit board accordmg to the
method of claim 1 wherein:
e. said heat transfer liquid is eleetncally non- conduc-
tive,

f. said saturated vapor is chemically inert. ]
[7. Method as in claim 1 wherein:
e. said body of saturated vapor overlies said heat

5

10
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transfer liquid and is denser than air at ambient 45

temperature and atmospheric pressure.}
- [[8. Method for performing on an article at elevated
- temperature an operation eomprlsmg the meltlng of
material, said method comprising:
a. establishing substantially at atmospheric pressure a
body of saturated vapor at said elevated tempera-
ture extending to a predetermined height over a

heat transfer liquid having a boiling point equal to

- said elevated temperature and at least equal to the
meltmg point of said material by continuously boil-
ing said heat transfer liquid,

b. applying a cooling medium to said body of satu-
rated vapor at said predetermined height to con-

>0

55

~ dense saturated vapor at said predetermined height .

and to substantially prevent said saturated vapor
from rising above said predetermined height,

c. inserting said article into said body of saturated
vapor below said predetermined height,

d. condensing saturated vapor directly on and in
contact with said article thereby to heat said article
to said elevated temperature by transfer of latent

60

65
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heat of vaporization from said condensed vapor to
said article, |

e. performing said operation on said article,

f. removing said article from said body of saturated
vapor. }

[9. Method as in claim 8 further comprising:

g. returning to said heat transfer liquid condensed
vapors resulting from steps (b) and (d).] -

[10. Method as in claim 8 wherein:

g. the operation performed on the article is soldering
with solder,

h. the boiling point of the heat transfer liquid is at
least equal to the melting point of said solder.]

[11. Method as in claim 8 wherein:

g. the operation to be performed on the article is
fusing a coating of solder thereon,

h. the boiling point of said heat transfer liquid is at
least equal to the melting point of said solder.}

[12. Method as in claim 8 wherein:

g. the operation to be performed on the article is

- brazing,

h. the boiling point of said heat transfer liquid is at

~ least equal to the melting point of the material

being brazed. ]
- [13. Method as in claim 8 wherein:

g. said saturated vapor is chemically inert.}

[14. Soldering a printed circuit board according to

the method of claim 8 wherein:

g. said heat transfer liquid is electrically nonconduc-

tive;

h. said saturated vapor is chemically inert.]
 [15. Method as in claim 8 wherein:

g. sald saturated vapor is denser than air at ambient
~ temperature and atmospheric pressure.}

16. [Wave soldering an article according to the
method of claim 8, further comprising:} 4 method of
wave soldering an article, comprising:

a. establishing, substantially at atmospheric pressure, a
body of saturated vapor at an elevated temperature
extending to a predetermined height over a heat trans-
fer liquid having a boiling point equal to said elevated
temperature and at least equal to the melting point of
solder but below the melting point of the article, by
continuously boiling said heat transfer liquid,

b. applying a cooling medium to said body of saturated
vapor at said predetermined height to condense satu-
rated vapor at said predetermined height and to sub-
stantially prevent said saturated vapor fromt rising
above said predetermined height,

c. immersing said article into said .body of saturated
vapor below said predetermined height,

d. condensing saturated vapor directly on and in contact
with said article thereby to heat said article to said
elevated temperature by transfer of latent heat of
vaporization from said condensed vapor to said article,

[2.} e generating a solder wave extending into the
lower portion of said body of saturated vapor,

[h.] f passing said article through said solder
wavel[.].

g. removing said article from said body of saturated
vapor.

17. Method according to claim 16 wherein:
[i.] 5. the temperature of said solder wave is higher

than the temperature of said body of saturated

Vapors.
SR ¥ % X% | x %
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INVENTOR(S) : H. H. Ammann, R. C. Pfahl, Jr.

It is certified that error appears in the above—identified patent and that said Letters Patent
IS hereby corrected as shown below:

Section [73] on the front page of the patent, "Assignee: Western
Electric Co., Inc., New York, N.Y." should read --Assignees: Bell
Telephone Laboratories, Incorporated, Murray Hill, N.J.; Western
Electric Company, Incorporated, New York, N.Y.--

Signcd and Scaled this

Tenth Day Of February 1981
|ISEAL]J
Arest:

RENE D. TEGTMEYER

Attesting Officer Acting Commissioner of Patents and Trademarks
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