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(57) Abrége/Abstract:
This Invention provides a method for soldering using induction heating, which is accomplished by the use of lossy heating

particles In or on the solder and an alternating magnetic field. The lossy heating particles useful in this invention are magnetic
particles, which can be ferromagnetic particles or ferrimagnetic particles, preferably ferrites, which have a Curie temperature at
least equal to the flow temperature of the solder. These particles thereby provide a self-regulation feature which prevents
overheating of the solder In the articles being soldered. The invention also discloses the use of particles with surface properties
whereby the particles can either be wetted by the solder and remain in the solder when the solder flows or it can be nonwettable
by the solder whereby the particles separate from the solder when the solder flows. This Invention also discloses solder
compositions, systems and assemblies utilizing the above combinations of solder and lossy heating particles.
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ABSTRACT B
This invention provides a method for

soldering using induction heating, which is
accomplished by the use of lossy heating
particles in or on the sclder and an alternating
magnetic field. The lossy heatling particles
useful in this invention are magnetic particles,
which can be ferromagnetic particles or
ferrimagnetic particles, preferably ferrites,
which have a Curie temperature at least equal to
the flow temperature of the solder. These
particles thereby provide a self-regulatiocn
feature which prevents overheating of the solder
in the articles being soldered. The invention
also discloses the use of particles with surface
properties whereby the particles can either be
wetted by the solder and remain in the solder
when the solder flows or it'can.be nonwettableiby
the solder whereby the particles separate from
the solder when the solder flows. This invention
also discloses solder compositions, systems and

‘assemblies utilizing the above combinations of

solder and lossy heating particles.
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METHOD, SYSTEM AND COMPOSITION FOR
SOLDERING BY INDUCTION HEATING

Field of the Invention

This invention relates to solder

compositions adapted for use in alternating
magnetic fields.

5 Background of the Invention
The use of ferrite particles to produce

heating in alternating magnetic fields is known
in the art. As disclosed in U.S. Patent No.
3,391,846 to White, and U.S. Patent No. 3,902,940
10 to Heller et al., ferrite particles have been
used to produce heat in various systems to cause
chemical reactions, melt materials, evaporate
solvents, produce gases, and for other purposes.

PCT International Publication W084/02098
15 (Application No. PCT/US83/01851) of Derbyshire
discloses the use of ferromagnetic materials
having the desired Curie temperature in
electrically conductive layers to provide auto-

‘regulated heating to the Curie temperature of the
20 material upon application of an alternating

current to the conductive layer of ferromagnetic
material. The power applied to the ferromagnetic
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layer is in the form of an alternating current
source which produces skin effect or eddy current
heating in the continuous ferromagnetic layer.

As the ferromagnetic layer reaches the Curie
temperature, the permeabillity of the layer drops
and the skin depth increases, thereby spreading
the current through the wider area of the
ferromagnetic layer until the Curie temperature
is achieved throughout and the desired heating is
achieved.

U.S. Patent No. 5,208,443 discloses the use

of magnetic particles in combination with heat-
recoverable articles in an alternating magnetic
field systems to effect heating and recovery of
the articles. 1In some instances therein, the heat
from the article melts solder preforms present in

those articles.

It is also known that soldering can be
accomplished by induction heating in a magnetic
field. In such induction heating, the magnetic
field inductively heats the article or device
being soldered and that heat i1s transferred from
the article or device to the solder to flow the
solder. For example, see U.S. Patent No.
4,107,506 to Pelegri.
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It is an object of this invention to provide
an improved method for soldering which provides
for efficient and specific heating of the solder
itself.

flow solder and thereby reduce the risk of
ocverheating the solder or the device or article
being soldered.

Other objects and advantages of this

invention will be apparent to one skilled in the
art.

summaryvy of the Invention

I have determined that it is desirable in
many instances to provide direct heat to solder
materials through the use of an alternating
magnetic field. Consequently, this invention
provides a composition comprising in combination
a solder material and lossy heating particles
which have a Curie temperature at least equal to
the flow temperature of the solder and which are
sufficiently lossy to produce sufficient heating
for flowing the solder when subjected to an
alternating magnetic field. In one aspect, the
lossy heating particles are ferrimagnetic
particles such as ferrites, and in another
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aspect, the particles are ferromagnetic
particles.

In a preferred aspect of this invention, the
lossy heating particles are dispersed in the
solder and in another preferred aspect, the
solder is in the form of a solder paste having
the lossy heating particles dispersed in the
paste. In another preferred aspect, the
composition further comprises nonlossy particles
which have high permeability and are capable of
providing and maintaining magnetic circuit
coupling while the lossy heating particles are at
or near their Curie temperature. In another
preferred aspect, the lossy heating particles are
present as a layer of particles in the solder or

solder paste or as a layer on the surface of the
solder or solder paste.

In another aspect, this invention is an
article suitable for connection to another
article having deposited thereon at the point of
connection a solder composition comprising in
combination a solder material and lossy heating
particles which are ferrimagnetic and have a
Curie temperature at least equal to the flow
temperature of the solder or are ferromagnetic
and have a Curie temperature in the range from
about the flow temperature of the solder to about
300°C above the flow temperature of the solder
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and wherein the lossy heating particles are
sufficiently lossy to produce sufficient heating

for flowing the solder when subjected to an
alternating magnetic field.

In another aspect, this invention is a
method for soldering an article comprising:

placing on the article a composition
comprising in combination a solder material and
lossy heating particles which have a Curie tem~
perature at least equal to the flow temperature
of the solder and which are sufficiently lossy to
produce sufficient heating for flowing the solder
when subjected to an alternating magnetic field:
and

subjecting the article and the composition
to an alternating magnetic field to cause the

lossy heating particles to heat the solder to its
flow temperature.

In another aspect, this invention comprises
a system for soldering an article comprising:

an article suitable for connection to
another article having deposited thereon at the
point of connection a solder composition
comprising in combination a solder material and
lossy heating particles which have a Curie tem-
perature at least equal to the flow temperature
of the solder and which are sufficiently lossy to
produce sufficient heating for flowing the solder
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when subjected to an alternating magnetic field;
an induction coil adapted to produce the
magnetic field; and
a power supply being adapted to provide
power to the induction coil as alternating
current at a preselected frequency effective for
heating said particles.

In another aspect, this invention comprises
an assembly comprising:

an induction coil adapted to produce a
magnetic field:

an article suitable for connection to
another article having deposited thereon at the
point of connection a solder composition
comprising in combination a solder material and
lossy heating particles which have a Curie tem-
perature at least equal to the flow temperature
of the solder and which are sufficiently lossy to
produce sufficient heating for flowing the solder
when subjected to an alternating magnetic field
positioned in said alternating magnetic field;
and

a power supply connected to said induction
coil, said power supply being adapted to provide
power to the induction coil as alternating
current at a preselected frequency effective for
heating said particles.
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Brief Desc: 0 .1. 0f the Drawi RS

FIG. 1 illustrates in cross section an
article according to the present invention having
a solder composition deposited thereon wherein

the lossy heating particles are dispersed in the
solder.

FIGS. 2a, 2b, and 2c¢ illustrate in cross
section solder articles according to this
invention having lossy heating particles
contained therein.

FIG. 3 1llustrates in cross section a system
according to this invention,

FIG. 4 illustrates in cross section an
assembly according to this invention.

Description of the Invention

This invention involves the phenomenon that
lossy magnetic particles, such as lossy ferrites,
produce heat when subjected to an alternating
magnetic field and the fact that the magnetic
permeability of such particles declines as the
Curie temperature is approached. When the Curie
temperature is achieved, permeability of the
ferrite particles drops significantly, thereby
providing a mechanism by which the particles are
self-regulating at a maximum temperature equal to
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the Curie temperature and subjected to an
alternating magnetic field.

In various applications, solder has been
heated indirectly as a part of other devices and
articles heated by various means. In U. S. Patent
No. 5,208,443, heat-recoverable devices are heated
in alternating magnetic fields, which heat-
recoverable devices may include solder components,
or preforms therein, which melt when the heat-

recoverable article is heated.

I have determined that it is desirable to
provide heat directly to the solder by using
lossy heating particles in or on the solder
itself. Heating solder according to this
invention provides certain advantages of
precision in the control of heating and flowing
the solder, as well as economic advantages in
heating only the solder and the components being
soldered instead of surrounding materials. If
desired, the surrounding materials can be
independently heated as provided in my copending
applications or the surrounding materials can be
heated from the lossy heating particles present
in the solder according to this invention.

An important aspect of the compositions,
methods and articles of this invention is they
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are self-regulating due to the Curie temperature
of the magnetic lossy heating particles. Thus,
the solder and solder paste compositions of this
invention can be used in an alternating magnetic
field so that the solder and the articles on or
in which the solder is used are protected from
over-heating. The lossy heating particles can be
selected as disclosed herein with appropriate
Curie temperatures to melt the solder and prevent
excessive heat. This feature of the present
invention can continue to provide the desired
benefit, such as where a device is to be
resoldered or repaired. So long as the lossy
heating particles are present in or on the
solder, it can again be melted or reflowed by
placing it in an alternating magnetic field and
the solder/lossy heating particles will continue
to be self-regulating, thereby preventing
excessive heating during soldering or
resoldering. This provides protection for heat
sensitive electronic devices or components
present.

The term "solder" as used herein is not
limited to mixtures of lead, but relates to any
conductive material which is liquified by heat
and which binds or unites when cooled. GCiven
appropriate heating temperatures, brazing can be
accomplished in much the same ways as with
solder. Aluminum is another example of a
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particularly good solder material, since it can
be made to wet other metals and forms a strong
bond when cooled. In addition to the
conventional lead-tin, lead-tin-indium angd
similar solders, other materials useful as solder
or in solder compositions and alloys include
bismuth, antimony, zinc, silver, brass, gold, and
the like, which are soldering or brazing
materials.

As used herein, the term "solder paste"
includes conventional solder paste conmpositions
and equivalents wherein the solder material is in
the form of particles dispersed in or carried by
a paste component which can be a flux, resin,
grease, or the like, which is effective in
keeping the solder particles dispersed and is
effective in evaporating or flowing away from the
solder particles when the solder is melted or
liquified to form the desired bond between the

solder and the substrate to which it is being
applied.

The term "lossy heating particles" as used
herein means any particle having particular
properties which result in the particles being
capable of generating sufficient heat for
purposes of this invention when subjected to an
alternating magnetic field having a specified
frequency. As further described hereinbelow, any
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particle having these properties and being useful
in the present invention is within the scope of
this definition. As pointed out herein, there
has been inconsistent and/or confusing
terminology used in association with particles
which respond to magnetic fields. While not
being bound by particular terminology, the lossy
heating particles useful in this invention
generally fall into the two categories of
materials known as ferromagnetic materials and
ferrimagnetic materials.

In general, the ferrimagnetic materials,
such as ferrites, are preferred because they are
usually nonconductive particles and because they
produce heat by hysteresis losses when subjected
to an alternating magnetic field. Therefore,

magnetic field, essentially regardless of whether
the particle size is large or small.

Also useful in this invention, and preferred
in some applications, are the ferromagnetic
particles which are usually electrically
conductive. Ferromagnetic particles will produce
heating dominated by hysteresis losses if the
particle size is small enough. However, since

ferromagnetic particles are conductive, larger
particles will produce significant heating by
eddy current losses. When the compositions of
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this invention comprise ferromagnetic particles,
it is preferred to select such particles which
have a Curie temperature in the range between the
flow temperature of the solder and no more than
about 300°C above the flow temperature of the
solder, more preferably no more than about 200°C
and more preferably no more than about 150°C.

It is generally preferred in the practice of
this invention to provide heating by hysteresis
losses because the particle size can be much
smaller for effective hysteresis loss heating
than with effective eddy current heating, i.e.,
for hysteresis loss heating, the smaller particle
size enables more uniform heating of the article
and does not degrade the mechanical properties of
the material, because the smaller particles can
be more dispersed than larger particles. The
more dispersed, smaller particles thereby usually
provide more efficient heating. However, the
particle size is to be at least one magnetic
domain in size in order to provide the necessary

- hysterisis losses, i.e., the particles are

preferably as small as practical but are multi-
domain particles.

The heating produced by the lossy heating
particles useful in the present invention can be
either provided by or can be enhanced by coating
the particles with an electrically-resistive
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coating. As will be recognized by one skilled in
the art, particles that are not lossy because
they do not exhibit hysteresis losses can be
converted to lossy heating particles for use in
this invention by placing such a coating on the
particles. The coating produces eddy current
losses associated with the surface effect of the
coated particles. At the same time, particles
which are lossy due to hysteresis losses can be
enhanced in their effectiveness for some
applications by such coatings, thereby providing
lossy particles which produce heating both by
hysteresis losses and by eddy current losses.

It is known that ferrites can possess any
range of Curie temperatures by compounding them
with zinc, manganese, cobalt, nickel, lithium,
iron, or copper, as disclosed in two
publications: "The Characteristics of Ferrite
Cores with Low Curie Temperature and Their
Application" by Murkami, IEEE Transactions on
Magnetics, June 1965, page 96, etc., and Ferrites
by Smit and Wijn, John Wiley & Son, 19259, page
156, etc. Therefore, selection of lossy heating
particles to provide desired Curie temperatures
will be apparent to one skilled in the art.

In the past, there has been some
inconsistent usage of terminology with respect to
ferromagnetic materials. For example, compare
the nomenclature used in White, U.S. Patent No.
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3,319,846, and used in Lee, Magnetism, An

Introductory Survey, Dover Publications, Inc.,
New York, 1970, Figure 44, at page 203. The pre-

ferred nomenclature is believed to be that of Lee
and is primarily used herein. See also

Brailsford, Magnetic Materials, Methuen & Co.
Ltd., London, 1960.

The term "ferromagnetic" has frequently been
used to refer to magnetic materials generically,
regardless of their particular properties. Thus,
ferrites have usually been referred to as being
"ferromagnetic" or included in the general group
of ferromagnetic materials. However, for
purposes of this invention, it is preferred to
use the terminology shown in Figure 44 of Lee,
referred to above, wherein the magnetic particles
are classified in two groups, ferromagnetic and
ferrimagnetic. The ferromagnetic particles are
usually considered to be electrically conductive
materials which have various magnetic properties.
The ferrimagnetic materials are usually
considered to be electrically nonconductive
materials which also have various magnetic
properties. Ferrites are usually considered to
be electrically nonconductive materials and are
thus in the class of ferrimagnetic materiails.
Both ferromagnetic materials and ferrimagnetic
materials can be low-loss, or nonlossy, type of
materials, which means they do not have
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significant energy loss or heat produced when
subjected to an electric potential or magnetic
field. These nonlossy type of magnetic materials
are the kind used in various electric equipment
components, such as ferrite cores for coils,
where no or minimum energy loss/heat production
is desired. However, both these materials can
also be the high-loss, or lossy, type of
materials, which means they will have significant
eneréy loss and heat production when subjected to
an electric potential or magnetic field. It is
this class of lossy or highly lossy ferromagnetic
and ferrimagnetic materials which are useful as

lossy heating particles in the present invention.

Regardless of the labels or terminology for
magnetic particles, the magnetic particles useful
as and included within the scope of the term
"lossy heating particles" for the present
invention need merely to have the following
properties: (1) having the desired curie
temperature for auto-regulation of the
temperature when subjected to an appropriate
alternating magnetic field, and (2) being
sufficiently lossy, either by hysteresis losses,
by eddy current losses, or both, in order to
produce the desired heat when subjected to the
alternating magnetic field. These particles are
referred to as being "highly lossy." While the
size of the particles is not particularly
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important in the present invention, it is
desirable to use smaller particles since they can
be dispersed more uniformly in the material, thus
heating more efficiently and uniformly. As
recognized by one skilled in the art, the size of
the particle should be no smaller than one
magnetic domain, i.e., the particles should be
multi-domain size particles.

Similarly, regardless of labels or
terminology, the magnetic particles useful as and
included within the scope of the term "nonlossy
particles" for the present invention need merely
to have the following properties: (1) having a
sufficiently high magnetic permeability to couple
with the magnetic circuit selected for use, (2)
being sufficiently nonlossy so that the particles
do not produce a significant or an interfering
amount of heat in the system and the particular
magnetic field frequency and intensity selected
for use, and (3) have a sufficiently high cCurie
temperature so that the particles do not
significantly decrease in magnetic permeability
in the temperature ranges desired for operation.

These particles are referred to as "nonlossy high
permeability particles.®

The magnetic particles such as ferrites used
in the system of the present invention can have a
number of characteristics which perform
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differently in the various embodiments of the
solder system of the present invention. The
magnetic particles selected for use in this
invention will be selected based on their parti-
cular characteristics and properties, depending
on how the particles are desired to perform in

' the solder system of this invention and depending

on whether the particles are initially dispersed
in the solder, dispersed in the solder paste, or
whether the particles form a layer on the surface
or through the interior of the solder or solder
paste. As will be recognized by one skilled in
the art following the teachings contained herein,
the particular lossy heating particles can be
selected based on these characteristics and prop-
erties in view of how the particles are intended
to be used.

The magnetic particles themselves can be
conductive or nonconductive. In some
applications, it may be desired to use conductive
particles, particularly where they remain in the
solder and the solder is to form a conductive
contact or joint. Nonconductive particles may be
preferred when the particles are not to remain in
the solder after heating or where the solder is
not forming an electrical circuit and electrical
conductivity is not an important consideration.

Another characteristic to be considered angd
utilized in this invention is whether the surface
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of the lossy heating particles is wettable or not
wettable by the solder when it melts and flows.
If the surface of the particles is wettable by
the solder, the particles can be selected so that
they will remain in the solder when the solder
flows and then cools. When the surface of the
particles is not wettable by the molten solder,
the particles will generally separate from the
solder and appear on the surface of the molten
solder. If a particular desired magnetic
particle is not wettable by the molten solder, it
can be made wettable by coating the magnetic
particle with a compatible coating, such as a
thin metal coating which is wettable by the
solder. Whether the surface of the particle is
wettable or nonwettable by the molten solder is
also an important consideration in some instances
where the magnetic particle produces heat from
eddy current losses on the surface of the
particle. Such eddy current losses are generally
induced from the skin effect or surface layer
which produces the eddy current losses. If the
surface of such a particle is wetted by the
molten solder, the skin effect or surface eddy
current losses may be lost when the solder wets
the surface of the particle which, in effect,
increases the thickness of conductive layer at
the surface of the particle. If such a

particular magnetic particle exhibiting surface
eddy current losses is desired and it is not
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desired to lose the heating effect when the
solder is melted or reflowed, the surface of the
particle can be protected by a thin coating of a
nonconductive material, such as a polymer, which
would protect the particle surface eddy current
path from interference from the molten solder.

On the other hand, there may be systems designed
according to the present invention where it is
desired to have the molten solder essentially
shut off the surface eddy current heating losses,
for example, where the interior of the particle
itself will continue to produce heating from
hysteresis losses or, for example, in a mixture
of particles where the skin effect or surface
eddy current heating losses on part of the
particles assist in rapid heating of the solder
and continued heating can be provided by other
particles in the mixture which continue to heat
from hysteresis losses while the solder is
moiten. In yet other embodiments of the present
invention, it may be desired to have particles
which are wettable by the solder or particles
which have coatings thereon which are wettable by
the solder in order to produce the finighed
solder connection or joint which has enhanced
strength and better appearance. As mentioned
above, another consideration is particle size,
particularly smaller particle size in particles
which heat by hysteresis losses. 1In such small,
hysteresis-type lossy heating particles, the heat
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generation will continue to be provided whether

or not the surface of such particles is wetted by
the moliten solder.

Another consideration in the selection of
particles is the relative density of the
particles compared to the density of the solder.
For example, the magnetic particles can be of a
lower density than the solder, in which event
they can be designed to rise to the surface of
the solder when the solder is reflowed and is in
the liquid state. Particles which are dispersed

in a solder paste, and are not wettable by the
solder, can be floated to the surface and

separated from the solder to a degree that the
magnetic particles can then be removed from the
solder after the solder has reflowed and
solidified. 1In other embodiments, the magnetic
particles can have a higher density so that they
do not tend to separate from the solder and if
the magnetic particles are wettable by the
solder, for example, by being coated with
metallic coating which is wettable by the solder,
the magnetic particles will stay in the solder
while the solder is reflowed and allowed to
solidify. This enables heating at a later time

by again placing the solder in an appropriate
alternating magnetic field.
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As is apparent to one skilled in the art
from the above, the present invention enables the
selection of solder and particle materials to
satisfy a wide range of requirements and produce
desired results in a number of different
applications and configurations. From the
following description and illustration of
particular embodiments of this invention, it will
further be apparent to one skilled in the art
that the methods, compositions and systems of
this invention can be adapted to and designed
into numerous articles and in-use applications.

In certain embodiments of the present
invention, it may be useful to provide means for
heating the surface of the substrate to be
soldered. This can be accomplished by providing
a layer of the magnetic particles on the surface
of the solder which is placed in contact with the
substrate so that the magnetic particles heat the
substrate on which the solder body is placed at

the same time that the magnetic particles heat
and melt the solder onto the substrate surface.

In other embodiments of this invention, the
solder composition comprising lossy heating
particles can be used in various combinations and
configurations. For example, the solder
compositions of this invention can be placed in
heat-shrinkable tubing to form heat-recoverable
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solder connectors, whereby the solder composi-
tions of this invention provide the heat in the
alternating magnetic field to not only melt the
solder but to also provide all or at least a
portion of the heat to recover the heat-
recoverable sleeve or tubing. Of course, the
heat-recoverable sleeve or tubing can also
contain, or have a coating thereon, of magnetic
particles in accordance with my copending
applications which would separately provide
heating, for example, at a different Curie
temperature, self-regulated level, for recovery
of the sleeve and/or to provide heating to other
elements in such a heat-recoverable connector

assembly, such as hot melt adhesives, sealers,
and the 1like.

FIG. 1 illustrates in cross section an
article according to the present invention where
article 1 has electrical interconnect pad 2 on
which a quantity of solder composition 3 has been
deposited. Solder composition 3 contains lossy
heating particles dispersed in the solder
material. 1In such an embodiment, the solder can
be either solid solder having the particles dis-
persed therein or can be a solder paste with the
lossy heating particles dispersed in the solder
paste. Similarly, but not illustrated in the
drawing, solder material 3 can be conventional
solder or conventional solder paste having a
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layer of lossy heating particles on the surface
thereof. In a similar embodiment, the lossy
heating particles can be present as a layer on
interconnect pad 2 with the solder deposited on
top of the lossy heating particle layer.

FIGS. 2a, 2b, and 2¢ illustrate an example
of embodiments of the present invention. FIC. 2a
1llustrates a cored solder wire 10 which
contains, in the core space thereof, lossy
heating particles 11 according to the present
invention. FIG. 2b illustrates a solder ribbon
according to this invention which is the solder
wire of FIG. 2a, which has been flattened to form
ribbon 15, which contains the lossy heating
particles 11 in the interior core thereof. FIG.
2c illustrates a solder preform which has been
formed from ribbon 15 of FIG. 2b. Solder preform
16 likewise contains the lossy heating particles
11 on the interior portion thereof. Solder
preform 16 can be used, for example, in an
electrical connector or in a heat-shrink tubing
connector. As discussed herein, the solder wire,
ribbon or preform, as illustrated, can be heated
and reflowed in an alternating magnetic field
wherein the heat is generated from the lossy
heating particles 11 present in those articles.

FIG. 3 1illustrates an embodiment of a system
according to this invention which is a heat-
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shrink connector having a layer 21 of lossy heat-
ing particles on the outside and solder preform
16 of FIG. 2¢c on the inside. Heat-shrink tube 20
contains solder insert 16 and is adapted for
connecting wires 79 when tube 14 recovers and
solder insert 16 melts. Solder insert 16
contains a core 11 of lossy heating particles.
This connector is adapted for placement into
induction coil 73 (shown in section view), which
1s connected to alternating current power

supply 74 by leads 75. Preferably, the power
supply is a constant current power supply as
known in the art, for example, see U.S. Patent
No. 4,789,767 to Doljack, incorporated herein by
reference. The induction coil, which is adapted
for receiving article 20, generates an alternat-
ing magnetic field in the area of connector 20,
causing the lossy heating particles in solder
preform 16 to generate heat, thereby heating and
melting the solder. Simultaneously or
sequentially, the external heating particles in
layer 21 also generate heat to shrink-tube
connector 20. 1In the absence of layer 21, the
lossy heating particles in core 11 may be used to
heat shrink-tube 20, as described above.

FIG. 4 1llustrates an embodiment of an
assembly according to this invention and
illustrates another embodiment for generating the
alternating magnetic field for use in this
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invention, split toroid core 81 generates a
magnetic field in the area adapted for receiving
article 20. Coil 82 is connected to alternating
current power supply 83 to produce the desired
alternating magnetic field. In view of the above
general description and the description of
particular embodiments, it will be apparent to
one skilled in the art following these teachings
that numerous variations and embodiments of this

invention can be adapted for various desired
uses.

The following examples are set forth to
illustrate particular preferred embodiments of
the system of the present invention. It is to be
understood that the above description and the
following examples are set forth to enable one
skilled in the art to practice this invention and
the scope of this invention is defined by the
claims appended hereto.

In the following examples, the power supply
used was an RFG30 model available from Metcal,
Inc., Menlo Park, California. The butterfly type
coil was made of 0.025 hml wire with 4 turns on
each wing of the coil. A matching network was
used as is known in the art.
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Example T
In this example, a ferrite particle TT1-

1500, available from Trans-Tech, Inc., Adamstown,
Maryland, having a Curie temperature of 180°C was
mixed 50/50 by volume with a solder paste alloy
SN63 available from Kester Solder, Chicago,
Illinois. A l4-turn solenoid coil was used with
the above power supply. The solder paste~ferrite
particle mixture was placed in a 0.254 cm (0.100
inch) diameter Kapton tube. The filled tube was
placed into the solenoid coil, the power rose to
approximately 30 watts and, almost immediately,
melted solder was expelled from the end of the
tube due to the solder flux boiling within the
tube and forcing the solder out of the tube.

Exanmple IT
In this example, a butterfly coil (as

described above) was placed against a fresh lump
of the 50/50 Example I solder paste-~ferrite
particle mixture on an aluminum surface. The
power increased to approximately 20 watts and,
upon a visual examination, melten nodules of
solder could be seen. The solder nodules formed
in the mixture did not wet the ferrite particles.

The ferrite particles floated to the top of the
solder.
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Exanmple ITI
The 50/50 solder paste-ferrite particle

mixture of Example I was placed in a 0.476 cn
(3/16~-inch) diameter polyolefin heat-shrink tube
having a recovery temperature of 120°C. A
striped wire was inserted in each end of the tube
and then the tube containing the solder and wires
was inserted into a 0.51 cm (0.200-inch) inside
diameter, 15-turn, solenoid-type coil. The power
increased to approximately 30 watts and the
solder melted and the tube shrank in about 5
seconds, terminating the wires together.
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WHICH AN EXCLUSIVE

TION IN

THE EMBODIMENTS OF ‘
ROPERTY OR PRIVILEGE IS CLAIMED ARFE

P

1. A method for soldering an article

comprising:
placing on the article a composition

comprising in combination a solder material and
lossy heating particles which have a Curie tem~
perature at least equal to the flow temperature
of the solder and which are sufficiently lossy to
produce sufficient heating for flowing the solder
when subjected to an alternating magnetic field;

and
subjecting the article and the composition

to an alternating magnetic field to cause the
lossy heating particles to heat the solder to its

flow temperature.

2. A method according to claim 1 wherein
the lossy heating particles are dispersed in the

solder material.

3. A method according to claim 1 wherein
the solder material comprises a solder paste.

4. A method according to claim 2 wherein
the solder material comprises solder paste.

5. A method according to claim 1 wherein
the lossy heating particles comprise a layer of
particles.
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6. A method according to claim 1 wherein
the lossy heating particles comprise
ferromagnetic particles.

7. A method according to claim 1 wherein
the lossy heating particles comprise
ferrimagnetic particles.

8. A method according to claim 7 wherein
the lossy heating particles comprise ferrite
particles.

9. A method according to claim 8 wherein
the lossy heating particles comprise ferrite
particles having a conductive coating on the
surface thereof.

10. A method according to claim 1 wherein
the lossy heating particles are such that the
surface thereof is wetted by the solder when the

solder flows.

11. A method according to claim 1 wherein
the lossy heating particles are such that the
surface thereof is not wetted by the solder when
the solder flows.

12. A method according to claim 1 wherein
the composition further comprises nonlossy
particles having a high permeability and being
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capable of providing magnetic circuit coupling
through the lossy heating particles.

13. A method according to 61aim 1 wherein
the article comprises a heat recoverable member
and wherein the heat produced by the lossy
heating particles at least in part causes the

member to recover.

14. A solder composition comprising in
combination a solder material and ferrimagnetic
lossy heating particles which have a Curie tem-
perature at least equal to the flow temperature
of the solder and which are sufficiently lossy to
produce sufficient heating for flowing the solder
when subjected to an alternating magnetic field.

15. A composition according to claim 14
wvherein the lossy heating particles are dispersed
in the solder.

16. A composition according to claim 14
wherein the solder comprises solder paste.

17. A composition according to claim 15
wherein the solder comprises solder paste.

18. A composition according to claim 14
wherein the lossy heating particles comprise a
layer of particles.
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19. A composition according to claim 14
wherein the lossy heating particles comprise
ferrite particles.

20. A composition according to claim 14

wherein the lossy heatiné particles conprise a
conductive coating on the surface thereof.

21. A composition according to claim 14
comprising nonlossy particles having a high

permeability and being capable of providing

magnetic circuit coupling when the lossy heating
particles are at or near their Curie temperature.

22. A composition according to claim 14

wherein the lossy heating particles are such that
the surface thereof is wetted by the solder when

the solder flows.

23. A composition according to claim 14
wherein the lossy heating particles are such that
the surface thereof is not wetted by the solder

when the sgolder flows.

24. A solder composition comprising in
combination a solder material and ferromagnetic

‘lossy heating particles which have a Curie

tenperature in the range between about the flow
tenperature of the solder and up to about 300°C
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above the flow temperature of the solder and
which are sufficiently lossy to produce
sufficient heating for flowing the solder when
subjected to an alternating magnetic field.

25. A composition according to claim 24
wherein the lossy heating particles are dispersed

in the solder.

26. A composition according to claim 24
wherein the solder comprises solder paste.

27. A composition according to claim 25
wherein the solder comprises solder paste.

28. A composition according to claim 24
wherein the lossy heating particles comprise a

layer of particles.

29. A composition according to claim 24
wherein the lossy heating particles comprise a
nonconductive coating on the surface thereof.

30. A composition according to claim 24
comprising nonlossy particles having a high
permeability and being capable of providing
magnetic circuit coupling when the lossy heating
particles are at or near their Curie temperature.
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31. A soldered article having, at a point of connection,

a solder composition comprising a solder material and

lossy heating particles which are ferrimagnetic
and have a Curie temperature at least equal to
the flow temperature of the solder or are
ferromagnetic and have a Curie temperature in the
range from about the flow temperature of the
solder to about 300°C above the flow temperature

- of the solder and wherein the lbssy heating

particles are sufficiently lossy to produce suf-
ficient heating for flowing the solder when
subjected to an alternating magnetic field.

32. An article according to claim 31
comprising a heat recoverable cover thereon
adapted for recovering onto the article.

33. A cored solder wire comprising lossy
heating particles in the core thereof wherein the

lossy heating particles have a Curie temperature

at least equal to the flow temperature of the
solder and which are sufficiently lossy to
produce sufficient heating for flowing the solder
when subjected to an alternating magnetic field.

34. A cored solder wire according to claim
33 comprising a flux in the core.
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35, A solder ribbon which comprises the
cored solder wire of claim 33 which has been
flattened to form a solder ribbon.

36. Solder preforms which comprise segments
of the solder ribbon of claim 35 which have been
cut and shaped to form a solder preform.

37. An autoregulating system for soldering
an article comprising:

an article suitable for connection to
another article having deposited thereon at the
point of connection a solder composition
comprising in combination a solder material and
lossy heating particles which have a Curie tem~
perature at least equal to the flow temperature
of the solder and which are sufficiently lossy to
produce sufficient heating for flowing the solder
when subjected to an alternating magnetic field:

an induction coll adapted to produce the
magnetic field; and

a power supply being adapted to provide
power to the induction coil as alternating
current at a preselected frequency effective for

heating said particles.

38. A system according to claim 37 wherein
the power supply comprises a constant current

power supply.
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.39. A system according to claim 37 wherein
the article comprises a heat recoverable member
which is heated by the lossy heating particles.

40. An aséembly. for soldering an article comprising:

5 an induction coil adapted to produce a
magnetic field;
an article suitable for connection to
another article having deposited thereon at the
point of connection a solder composition '

10  comprising in combination a solder material and
lossy heating particles which have a Curie tem-
perature at least equal to the flow temperature
of the solder and which are sufficiently lcssy to
produce sufficient heating for flowing the solder

15 when subjected to an alternating magnetic field
positioned in said alternating magnetic field;
and

a power supply connected to said induction
coil, said power supply being adapted to provide
20 power to the induction coil as alternating
current at a preselected frequency effective for
heating said particles.

41l. An assembly according to claim 40
wherein the power supply comprises a constant
25 current power supply.




42, An assembly according to claim 40
wherein the article comprises a heat recoverable
member which is heated by the lossy heating
particles.
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