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about the electronic component. The foamed thermoplastic shell is formed from a thermoplastic encapsulant comprising a thermo -
plastic resin and a filler and is foamed with a foaming agent. A method of encapsulating the electronic component to form the encap-
sulated electronic assembly is also provided. The method includes the steps of melting the thermoplastic encapsulant, foaming the
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A METHOD OF ENCAPSULATING AN ELECTRONIC COMPONENT

FIELD OF THE DISCLOSURE

[0001] The present disclosure generally relates to a method of encapsulating an
electronic component to form an encapsulated electronic assembly comprising a
foamed thermoplastic shell disposed about the electronic component.

DESCRIPTION OF THE RELATED ART

[0002] Electronic assemblies typically comprise various combinations of a
substrate, a circuit board, and various electronic components, such as flip chips,
attached thereto. These electronic components typically have solder bumps/joints that
are reflowed to attach the electronic components to contact pads on the circuit board.
[0003] Given the components and structure of such electronic assemblies, they
are often delicate and vulnerable to damage during handling and use. Mechanical
shock or impact during handling and use often causes circuit board flexure which
leads to cracking at the interfaces between the substrate and the solder joints and
between the solder joints and electronic components. Once these electronic
assemblies are in use, solder bump fatigue often causes these electronic assemblies to
fail. A coefficient of thermal expansion (“CTE”) mismatch between the circuit board
and the electronic components is typically responsible for the onset of solder fatigue
and ultimately failure of these electronic assemblies during thermal cycling.

[0004] As such, under filling encapsulants were developed to improve reliability
of early electronic assemblies such as flip chip assemblies. The under filling process,
i.e., inserting a curable liquid epoxy resin between the die and substrate, dramatically
improves the reliability of the electronic assembly by distributing stress from the CTE
mismatch over an entire area of the circuit board, instead of just over the solder

bumps/joints. That is, once cured, the thermosetting under fill encapsulant distributes
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the stresses caused by the CTE mismatch over the entire electronic component and
improves the thermal cycling performance of the electronic assembly. In addition to
improving the thermal cycling performance, under fill encapsulants increase the
mechanical strength of the electronic assembly.

[0005] Despite the many problems solved by the use of under fill encapsulants in
electronic assemblies, there are many other problems associated with the use of these
thermosetting materials. Once the under fill encapsulant has been properly applied,
the electronic assembly must still undergo a bake process to cure the under fill
encapsulant. After the under fill encapsulant cures, the electronic assembly can be
handled with less concern and the electronic component itself and solder bumps
thereof are also less vulnerable to damage. However, the electronic assembly must
still be packaged in a thermoplastic shell, typically “clam shell” type packaging, to
provide durability and additional protection against environmental conditions such as
high temperatures. Clam shell packaging typically includes a shell comprising two
half shells, hence the reference to a “clam shell”, and a sealing material which is
pinched between the two half shells to exclude moisture when the electronic assembly
is encased. Of course, the process of forming clam shell packaging and encasing the
electronic assembly with the clam shell packaging is labor intensive and requires
testing to make sure that the electronic assembly is hermetically sealed.

[0006] Accordingly, there remains an opportunity to develop an improved
encapsulant which is not a thermoset but can be applied to the electronic assembly to
provide durability and increase the lifespan of the electronic assembly and which
eliminates many of the inefficiencies associated with the under filling process and the

use of clam shell packaging. To this end, there also remains an opportunity to provide
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an efficient process for forming an electronic assembly with the improved encapsulant
which is inexpensive and reliable.

SUMMARY OF THE DISCLOSURE AND ADVANTAGES

[0007] An encapsulated electronic assembly is provided. The encapsulated electronic
assembly includes an electronic component and a foamed thermoplastic shell disposed
about the electronic component. The foamed thermoplastic shell is formed from a
thermoplastic encapsulant comprising a thermoplastic resin and a filler, and is foamed
with a foaming agent.

[0008] A method of encapsulating the electronic component to form the encapsulated
electronic assembly is also provided. The method includes the steps of melting the
thermoplastic encapsulant, foaming the thermoplastic encapsulant, and injection
molding the foamed thermoplastic encapsulant about the electronic component to
form the foamed thermoplastic shell.

[0009] The method of encapsulating the electronic component to form the
encapsulated electronic assembly uses the foamed thermoplastic material to both
encapsulate and protect the electronic component. As such, the method of
encapsulating the electronic component can be conducted in an efficient, high yield,
automated process which requires a minimal amount of steps and materials.

[0010] Further, because the thermoplastic encapsulant is foamed, it can be highly
filled yet be injected molded at low injection pressures to effectively encapsulate the
electronic component without damaging various parts, such as solder joints, of the
electronic component. That is, the method allows the use of the thermoplastic
encapsulant comprising polymer and filler in amounts that would typically render a
thermoplastic encapsulant unmoldable or, if moldable, render a thermoplastic

encapsulant which would damage the electronic component during injection molding.
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Further, the use of the thermoplastic encapsulant to encapsulate the electronic
component typically results in the compression of the electronic component such that
the various parts of the electronic component are mechanically locked with one
another within the foamed thermoplastic shell. Once formed, the foamed
thermoplastic shell, which is disposed about the electronic component, provides
resistance to vibration and shock. As such, the encapsulated electronic assembly is
typically durable and reliable.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

[0011] Other advantages of the present disclosure will be readily appreciated, as
the same becomes better understood by reference to the following detailed description
when considered in connection with the accompanying drawings wherein:

[0012] Figure 1 is a top view of one embodiment of an encapsulated electronic
assembly showing an electronic component and a foamed thermoplastic shell
disposed about the electronic component;

[0013] Figure 2 is a top view of another embodiment of the encapsulated
electronic assembly showing an electrical connector connected to the electronic
component and extending through the foamed thermoplastic shell to provide electrical
interconnection between the electronic component and an external device;

[0014] Figure 3A is a cross-sectional view of the embodiment of the
encapsulated electronic assembly shown in Figure 2 and taken along line 3A-3A of
Figure 2;

[0015] Figure 3B is an enlarged cross-sectional view of a portion of the foamed
thermoplastic shell of the encapsulated electronic assembly within circle 3B in Figure

3A;
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[0016] Figure 4A is a top view of a front half of a mold for forming the
encapsulated electronic assembly;

[0017] Figure 4B is an enlarged view of the front half of the mold of Figure 4A;
[0018] Figure 5A is a top view of a rear half of the mold for forming the
encapsulated electronic assembly; and

[0019] Figure 5B is an enlarged view of the rear half of Figure SA.

DETAILED DESCRIPTION OF THE DISCLOSURE

[0020] Referring to the Figures, wherein like numerals indicate corresponding
parts throughout the several views, an encapsulated electronic assembly is generally
shown at 10. The instant disclosure includes the encapsulated electronic assembly 10
and a method of forming the encapsulated electronic assembly 10. The encapsulated
electronic assembly 10 includes an electronic component 12 and a foamed
thermoplastic shell 14 disposed about the electronic component 12. Figure 1 is a top
view of one embodiment of the encapsulated electronic assembly 10 showing an
electronic component 12 and a foamed thermoplastic shell 14 disposed about the
electronic component 12.

[0021] In the embodiment of Figure 2, the encapsulated electronic assembly 10
also includes an electrical connector 16 connected to the electronic component 12 and
extending through the foamed thermoplastic shell 14 to provide electrical
interconnection between the electronic component 12 and an external device (not
shown). Figure 3A is a cross-sectional view of the embodiment of the encapsulated
electronic assembly 10 shown in Figure 2 and taken along line 3A-3A of Figure 2.
Figure 3B is an enlarged cross-sectional view of a portion of the foamed
thermoplastic shell 14 of the encapsulated electronic assembly 10 within circle 3B in

Figure 3A. The foamed thermoplastic shell 14 includes a thermoplastic encapsulant
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18 having cells (voids) 20 therein. The cells 20 are generally uniform in size and
shape and dispersed evenly throughout the thermoplastic encapsulant 18. However,
the exterior of the foamed thermoplastic shell 14 typically includes fewer, if any, cells
20, than the interior of the thermoplastic shell 14 and, if included, these cells 20 are
typically smaller than the cells 20 of the interior of the thermoplastic shell 14.

[0022] The encapsulated electronic assembly 10 of the subject disclosure may be used
in various automotive applications. Some non-limiting examples of the encapsulated
electronic assembly 10 for use in automotive applications include an air bag module, a
key fob, a seat module, an antenna module, an antenna, an electric power steering
control, a suspension control, a Yaw rate sensor, a low tire pressure sensor, a crash
sensor, a blind spot detection sensor, a wheel speed sensor, a door module, an ignition
module, a transmission control module, a temperature sensor, a crank position sensor,
a mass air flow sensor, an oxygen sensor, a cam sensor, and a power inverter
subcomponent such as a capacitor pack or an insulated-gate bipolar transistor.

[0023] However, it is to be appreciated that the encapsulated electronic assembly 10
of the subject disclosure is not limited to use in automotive applications. For
example, the encapsulated electronic assembly 10 may be used in appliances,
computers, and consumer electronics (e.g. televisions and video recorders). The
encapsulated electronic assembly 10 may even be a memory stick or jump drive.
[0024] The electronic component 12 typically includes a circuit board and
various combinations of substrates, resistors, ball grid arrays, connectors, heat sink
components, flip chips, etc. If included, the circuit board may be a thin laminate, a
printed wiring board or any other circuit carrying substrate known in the known in the
art. Further, if included, the circuit board typically has solder bumps/joints on the

bottom that are reflowed to attach various sub-components to contact pads on the
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circuit board. In one embodiment, the electronic component 12 includes a printed
circuit board.

[0025] The electronic component 12 is encapsulated with a foamed
thermoplastic shell 14 comprising the thermoplastic encapsulant 18.  The
thermoplastic shell 14 protects the electronic component 12 from environmental
conditions (e.g. temperature, humidity), provides resistance to vibration and shock,
and improves the reliability of the electronic component 12 due to more closely
matched coefficients of thermal expansion between the thermoplastic encapsulant 18
and the circuit board materials. Further, the thermoplastic shell 14 typically
eliminates the need for clam shell assemblies comprising fasteners and seals.

[0026] The foamed thermoplastic shell 14 is formed from the thermoplastic
encapsulant 18. The thermoplastic encapsulant 18 typically includes one or more
thermoplastic resins. The thermoplastic resin is typically selected from the group of
polyethylene, polypropylene, polyvinyl chloride, polystyrene, polytetrafluoroethylene,
acrylonitrile butadiene styrene, polyamide, polyphenylene sulfide, liquid crystal
polymers (e.g. aromatic polyester polymers), and combinations thereof. The
thermoplastic resin is typically present in the thermoplastic encapsulant 18 in an
amount of from 5 to 100, alternatively from 5 to 50, alternatively from 10 to 40,
alternatively from 10 to 30, alternatively from 15 to 25, parts by weight based on 100
parts by weight of the thermoplastic encapsulant 18.

[0027] The thermoplastic resin typically includes a polyamide. The polyamide is
typically selected from the group of polyamide 6 (polycaprolactam), polyamide 66
(polyhexamethyleneadipamide), polyamide 610 (polyhexamethylenesebacamide),
copolyamide 6/66, and combinations thereof. In one embodiment, the thermoplastic

resin includes polyamide 6. In one particular embodiment, the thermoplastic resin is
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polyamide 6. In another embodiment, the thermoplastic resin includes polyamide 66.
In another particular embodiment, the thermoplastic resin is polyamide 66. In yet
another embodiment, the thermoplastic resin includes polyamide 6/66. In yet another
particular embodiment, the thermoplastic resin is copolyamide 6/66.

[0028] The thermoplastic resin is not limited to the polyamides described above. For
example, the thermoplastic resin may include polyamides which are obtainable via
condensation of 1,4-diaminobutane with adipic acid at elevated temperature
(polyamide 4,6). As another example, the thermoplastic resin may include
polyamides which are obtainable via copolymerization of two or more of the
abovementioned monomers, or a mixture of two or more polyamides, in any desired
mixing ratio.

[0029] Specific suitable polyamides include, but are not limited to, polyamide 26
(ethylenediamine, adipic acid), polyamide 210 (ethylenediamine, sebacic acid),
polyamide 46  (tetramethylenediamine, adipic  acid), polyamide 66
(hexamethylenediamine, adipic acid), polyamide 69 (hexamethylenediamine, azelaic
acid), polyamide 610 (hexamethylenediamine, sebacic acid), polyamide 612
(hexamethylenediamine, decanedicarboxylic acid), polyamide 613
(hexamethylenediamine, undecanedicarboxylic acid), polyamide 1212 (1,12-
dodecanediamine, decanedicarboxylic acid), polyamide 1313 (1,13-diaminotridecane,
undecanedicarboxylic acid), polyamide MXD6 (m-xylylenediamine, adipic acid),
polyamide TMDT (trimethylhexamethylenediamine, terephthalic acid), polyamide 4
(pyrrolidone), polyamide 6 (epsilon-caprolactam), polyamide 7 (ethanolactam),
polyamide 8§ (capryllactam), polyamide 9 (9-aminononanoic acid), polyamide 11 (11-
aminoundecanoic acid), polyamide 12 (laurolactam), and

polyphenylenediamineterephthalamide (p-phenylenediamine, terephthalic acid).
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[0030] Suitable polyamides are commercially available from BASF Corporation
under the ULTRAMID® brand of polyamides. In one embodiment, polyamide is
typically present in the thermoplastic encapsulant 18 in an amount of from 5 to 100,
alternatively from 5 to 50, alternatively from 10 to 40, alternatively from 10 to 30,
alternatively from 15 to 25, parts by weight based on 100 parts by weight of the
thermoplastic encapsulant 18.

[0031] The thermoplastic encapsulant 18 typically includes one or more fillers.
Specific fillers suitable for use in the thermoplastic encapsulant 18 include, but are not
limited to, particulate fillers such as: silicates such as wollastonite, zeolite, sericite,
kaolin, mica, clay, silica (fumed, precipitated, etc.), pyrophillite, bentonite, asbestos,
talc, alumina silicate and the like; metal compounds such as alumina, silicon oxide,
magnesium oxide, zirconium oxide, titanium oxide, iron oxide and the like;
carbonates such as calcium carbonate, magnesium carbonate, dolomite and the like;
sulfates such as calcium sulfate, barium sulfate and the like; hydroxides such as
magnesium hydroxide, calcium hydroxide, aluminum hydroxide and the like; and
other non-fibrous fillers such as glass beads, ceramic beads, boron nitride, silicon
carbide and silica. The filler may be hollow, fibrous, or plate-like. It is also possible
to use two or more types of fillers as indicated above.

[0032] The thermoplastic encapsulant 18 may also include one or more fibrous fillers.
Some non-limiting examples of fibrous fillers include potassium titanate fibers, zinc
oxide fibers, aluminum borate fibers, alumina fibers, silicon carbide fibers, ceramic
fibers, glass fibers, asbestos fibers, plaster fibers, metal fibers, polymer fibers, fibrous
calcium carbonate, and fibrous wollastonite. Of course one or more of these fibrous

fillers may be included in the thermoplastic encapsulant 18.
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[0033] Although the filler may be of any size or shape, the filler typically has a
particle size distribution of from 1 to 1,000, alternatively from 5 to 500, alternatively
from 5 to 100, pm. Particles having such particle sizes allow for more filler to be
used and for efficient foaming of the thermoplastic encapsulant 18.

[0034] If present, the filler is typically included in the thermoplastic encapsulant 18 in
an amount of from 15 to 95, alternatively from 25 to 90, alternatively from 35 to 90,
alternatively from 45 to 90, alternatively from 55 to 90, alternatively from 60 to 90,
alternatively from 25 to 75, alternatively from 35 to 75, alternatively from 45 to 75,
alternatively from 55 to 75, alternatively from 65 to 75, alternatively from 60 to 85,
alternatively from 5 to 70, alternatively from 50 to 70, alternatively from 60 to 70,
alternatively from 65 to 85, alternatively equal to or greater than 50, alternatively
equal to or greater than 60, alternatively equal to or greater than 70, parts by weight
based on 100 parts by weight of the thermoplastic encapsulant 18.

[0035] In one embodiment, the filler includes talc. In another embodiment, the filler
is talc. The thermoplastic encapsulant 18 can include loadings of greater than 50
percent by weight filler based on 100 parts by weight thermoplastic encapsulant 18.
Talc typically disperses well in, and improves the physical properties of, the
thermoplastic encapsulant 18. When filled with talc, the thermoplastic encapsulant 18
typically possesses excellent processability and can be efficiently foamed to form the
foamed thermoplastic shell 14. In one embodiment, talc is included in the
thermoplastic encapsulant 18 in an amount of from 15 to 95, alternatively from 25 to
90, alternatively from 35 to 90, alternatively from 45 to 90, alternatively from 55 to
90, alternatively from 60 to 90, alternatively from 25 to 75, alternatively from 35 to
75, alternatively from 45 to 75, alternatively from 55 to 75, alternatively from 65 to

75, alternatively from 60 to 85, alternatively from 50 to 70, alternatively from 60 to
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70, alternatively from 65 to 85, alternatively equal to or greater than 50, alternatively
equal to or greater than 60, alternatively equal to or greater than 70, parts by weight
based on 100 parts by weight of the thermoplastic encapsulant 18.

[0036] The thermoplastic encapsulant 18 may include one or more chemical foaming
agents. The terminology chemical foaming agent refers to foaming agents which
chemically react, e.g. decompose, to release a gas which foams the thermoplastic
encapsulant 18. One specific, non-limiting example of a chemical foaming agent is
hydrazo dicarbonamide.

[0037] In one embodiment, the thermoplastic encapsulant 18 includes a chemical
foaming agent selected from the group of azo compounds, nitroso compounds,
hydrazines, hydrazine derivatives, hydrogen carbonates, and combinations thereof.
Specific non-limiting examples of such chemical foaming agents include, but are not
limited to, azodicarbonamide (ADCA), N,N-dinitroso pentamethylene tetramine
(DPT), 4. 4’-oxybis benzenesulfonyl hydrazide (OBSH), hydrazo dicarbonamide
(HDCA), and sodium hydrogen carbonate (NaHCOs). If included, the chemical
foaming agent is typically included in the thermoplastic encapsulant 18 in an amount
of from 0.1 to 25, alternatively from 0.1 to 10, alternatively from 1 to 25, alternatively
from 1 to 20, alternatively from 1 to 10, alternatively from 1 to 5, alternatively from 1
to 7, alternatively from 5 to 15, alternatively from 5 to 10, parts by weight based on
100 parts by weight of the thermoplastic encapsulant 18.

[0038] The thermoplastic encapsulant 18 may optionally include one or more
additives. Suitable additives for purposes of the instant disclosure include, but are not
limited to, catalysts, chain-extenders, crosslinkers, curatives, chain-terminators,
compatibilzers, elastomers, thermoplastic elastomers, impact modifiers, processing

additives, lubricants, adhesion promoters, anti-oxidants, defoamers, anti-foaming
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agents, water scavengers, molecular sieves, plasticizers, ultraviolet light stabilizers,
flame retardants, thixotropic agents, silicones, colorants, inert diluents, and
combinations thereof. If included, the additive can be included in the thermoplastic
encapsulant 18 in various amounts.

[0039] The components of thermoplastic encapsulant 18, e.g. the thermoplastic resin,
the filler, etc., are typically compounded on a single-screw extruder, a twin-screw
extruder, a Banbury mixer, a kneader, a mill/mixing roll, or the like to form the
thermoplastic encapsulant 18. After compounding, the thermoplastic encapsulant 18
is typically pelletized, diced, or granulated. In a typical embodiment, the components
of the thermoplastic are compounded on a twin-screw extruder and pelletized upon
discharge. Of course, the thermoplastic encapsulant 18 of the subject disclosure is not
limited to thermoplastic encapsulants formed via the methods described above.

[0040] The thermoplastic encapsulant 18 of the subject disclosure typically has: a
density of from 0.9 to about 3.0, alternatively 1.0 to 2.5, alternatively 1.1 to 2.5,
alternatively 1.4 to 2.5, alternatively from 1.6 to 2.2, alternatively from 1.8 to 2.0,
g/cm3 when tested in accordance with ISO 1183; a coefficient of linear thermal
expansion of less than 80, alternatively from 10 to 60, 10%°C when tested in
accordance with ISO 307; a viscosity (VN) of from 50 to 65 ml/g at 260°C when
tested in accordance with ISO 307; a melting point of greater than 200, alternatively
greater than 230, alternatively greater than 260, °C; a heat deflection temperature of
greater than 150, alternatively from 160 to 200, °C when tested in accordance with
ISO 75, Method A; a tensile modulus of greater than 10,000 MPa, a tensile stress at
break of greater than 25 MPa, and a tensile strain at break of less than 5%, when
tested in accordance with ISO 527 at 23°C; and a flexural strength of greater than 150

MPa and a flexural modulus of greater than 10,000 MPa, when tested in accordance
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with ISO 178 at 23°C; a Charpy notched impact of greater than 0.5 KJ/m?* at 23°C and
greater than 1 KJ/m?” at -30°C, alternatively greater than 1 KJ/m?” at 23°C and greater
than 1.3 KJ/m” at -30°C, alternatively greater than 1.5 KJ/m” at 23°C and greater than
1.4 KJ/m® at -30°C, alternatively greater than 1.6 KJ/m” at 23°C and greater than 0.5
KJ/m” at -30°C, when tested in accordance with ISO 179; a Charpy un-notched
impact of greater than 3 KJ/m2 at 23°C and greater than 3 KJ/m® at -30°C,
alternatively greater than 4 KJ/m® at 23°C and greater than 4 KJ/m* at -30°C,
alternatively greater than 5 KJ/m” at 23°C and greater than 5 KJ/m* at -30°C,
alternatively greater than 6.5 KJ/m® at 23°C and greater than 5.2 KJ/m* at -30°C,
when tested in accordance with ISO 179.

[0041] The encapsulated electronic assembly 10, whether it is stand-alone (e.g. a flash
drive) or a part of a whole (e.g. an automotive part), is typically exposed to a wide
range of temperatures. The thermoplastic encapsulant 18 of the subject disclosure
exhibits consistent physical properties over a broad range of temperatures. For
example, the thermoplastic encapsulant 18 typically has a Charpy notched impact at -
30°C which is at least 80% the Charpy un-notched impact at 23°C and a Charpy un-
notched impact at -30°C which is at least 70% of the Charpy un-notched impact at
23°C, alternatively a Charpy notched impact at -30°C which is at least 85% the
Charpy un-notched impact at 23°C and a Charpy un-notched impact at -30°C which is
at least 78% of the Charpy un-notched impact at 23°C, when tested in accordance
with ISO 179. As such, the thermoplastic encapsulant 18, more specifically, the
foamed thermoplastic shell 14 formed therefrom protects the electronic component 12
over a broad range of temperatures.

[0042] The thermoplastic encapsulant 18 is foamed with a foaming agent. The

foaming agent may be a chemical or a physical foaming agent. If foamed with a
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physical foaming agent, the physical foaming agent is typically added after the
thermoplastic encapsulant 18 is compounded, typically during the formation of the
encapsulated electronic assembly 10, as is discussed in greater detail below. The
terminology physical foaming agent refers to foaming agents that do not chemically
react to foam the thermoplastic encapsulant 18. The physical foaming agent used can
be a gas or liquid. The physical foaming agent is typically a liquid that evaporates
into a gas which foams the thermoplastic encapsulant 18. One specific, non-limiting
example of a physical foaming agent is liquid nitrogen.

[0043] The physical foaming agent may be a hydrocarbon (e.g. pentane, isopentane,
and cyclopentane), halogenated hydrocarbon, or an inert gas in the liquid phase
(liquid COy). The physical foaming agent is typically an inert gas in the liquid phase.
The physical foaming agent is typically selected from the group of liquid carbon
dioxide, liquid nitrogen, and combinations thereof. In one embodiment, the physical
foaming agent is liquid nitrogen. In another embodiment, the physical foaming agent
is liquid carbon dioxide. If used to foam the thermoplastic encapsulant 18, the
physical foaming agent is typically used in an amount of from 0.01 to 5, alternatively
from 0.015 to 2.5, alternatively from 0.1 to 0.8, alternatively from 0.1 to 0.5, parts by
weight based on 100 parts by weight of the thermoplastic encapsulant 18.

[0044] Regardless of whether the thermoplastic encapsulant 18 is foamed with a
chemical foaming agent or with a physical foaming agent, the foamed thermoplastic
shell 14 typically has a density of from 1.9 to 2.1, alternatively 1.8 to 2.1,
alternatively 1.7 to 2.1, alternatively 1.6 to 2.1, alternatively 1.8 to 2.0, alternatively
1.7 to 2.1, alternatively 1.8 to 1.9, alternatively 1.7 to 1.9, alternatively 1.6 to 1.9,
g/cm3 when tested in accordance with ISO 1183. The foamed thermoplastic shell 14

typically has a density from 2 to 40, alternatively from 2 to 25, alternatively from 2 to
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15, alternatively from 4 to 25, alternatively from 4 to 15, alternatively from 4 to 8,
percent less than the density of the thermoplastic encapsulant 18 when tested in
accordance with ISO 1183. Typically, a minimal amount of thermoplastic
encapsulant 18 is required to encapsulate the electronic component because the
thermoplastic encapsulant 18 is foamed.

[0045] The instant disclosure also provides a method of encapsulating the electronic
component 12 to form the encapsulated electronic assembly 10. The encapsulated
electronic assembly 10 includes the foamed thermoplastic shell 14, which is formed
from the thermoplastic encapsulant 18 and disposed about the electronic component
12. The electronic component 12 as well as the thermoplastic encapsulant 18 and the
foamed thermoplastic shell 14 formed therefrom are just as described above.

[0046] The method includes the step of melting the thermoplastic encapsulant 18. To
melt the thermoplastic encapsulant 18, compounded pellets of the thermoplastic
encapsulant 18 are typically fed through a feeder into an injection molding machine
having a barrel and a mold 30 attached thereto. The barrel and screw(s) thereof
impart shear to the thermoplastic encapsulant 18. Heating media are housed around
the barrel and establish temperature zones in the barrel that are varied according to
processing conditions known to those of skill in the art. As the thermoplastic
encapsulant 18 is transported through the barrel it melts, typically at a temperature of
from 230 to 320, alternatively from 280 to 290, °C, thereby transforming from a rigid
pelletized state to a molten state.

[0047] The method also includes the step of foaming the thermoplastic encapsulant
18. As described above, the thermoplastic encapsulant 18 can be foamed with a
chemical and/or a physical foaming agent. In a typical embodiment of the method,

the thermoplastic encapsulant 18 is foamed with a physical foaming agent such as
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liquid COg, liquid Ny, etc. Such physical foaming agents are sometimes referred to in
the art as supercritical fluids. In this embodiment, the step of foaming the
thermoplastic encapsulant 18 may be further defined as injecting the physical foaming
agent into the thermoplastic encapsulant 18 during the step of melting the
thermoplastic encapsulant 18. Of course, the steps of melting the thermoplastic
encapsulant 18 and foaming the thermoplastic encapsulant 18 can be conducted
separately. The physical foaming agent is typically injected trough a pressurized
injector port which meters the amount of foaming agent injected relative to the
amount of the thermoplastic encapsulant 18 which is being transported through the
barrel to ensure the desired amount of foaming agent is injected. As described above,
the physical foaming agent is typically injected through the pressurized injector port
and into the thermoplastic encapsulant 18 in an amount of from 0.015 to 2.5,
alternatively from 0.1 to 2.5, alternatively from 0.1 to 0.8, alternatively from 0.1 to
0.5, alternatively from 0.2 to 2.5, alternatively from 0.2 to 0.8, alternatively from 0.2
to 0.5, parts by weight based on 100 parts by weight of the thermoplastic encapsulant
18.

[0048] During the step of foaming, the foaming agent forms cells 20 in the
thermoplastic encapsulant 18. Typically, as an amount of foaming agent used
increases, number the cells 20 increases and the average diameter of the cells 20 tend
to decrease. In one embodiment, 0.3 to 0.9, alternatively from 0.2 to 0.8 parts by
weight liquid nitrogen based on 100 parts by weight of the thermoplastic encapsulant
18 is used to form cells 20 having a diameter of from 10 to 300, alternatively 10 to
250, alternatively 10 to 200, alternatively 10 to 150, pm.

[0049] As size of the cells 20 increases, it typically becomes more difficult to obtain

uniform cell structure (cells 20 of consistent size and distribution) throughout the
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foamed thermoplastic shell 14. As such, the amount of foaming agent used and
processing parameters should be adjusted to obtain cells 20 of consistent size and
distribution. If an amount of foaming agent is not enough or if the processing
parameters are not adjusted, fewer, larger cells 20 may form in low pressure areas of
the thermoplastic shell 14 (as opposed to the formation of cells 20 of consistent size
and distribution). In such a situation, a decrease in the viscosity of the thermoplastic
encapsulant 18 may not occur and the electronic component 12 may be damaged
during injection molding and/or the foamed thermoplastic shell 14 may have minimal
density reduction and, consequently, the encapsulated electronic assembly 10 may
have minimal weight savings.

[0050] The decreased material viscosity typically allows for: injection molding
speeds of from 0.5 to 7, alternatively from 0.5 to 5, alternatively from 1 to 5,
alternatively from 1 to 2, seconds; shorter holding times of from 5 to 10 seconds
(relative to typical holding times of from 15 to 20 seconds); and lower pack and
holding pressures of from 4 to 6,000 psi (relative to typical pack and holding
pressures of from § to 10,000 psi). The mold 30 typically has a temperature of from
70 to 120, alternatively from 80 to 100, °C.

[0051] The step of foaming the thermoplastic encapsulant 18, if a physical foaming
agent is used, includes the sub-steps of: (1) injecting the physical foaming agent into
the thermoplastic encapsulant 18 via the pressurized injector port in the barrel of the
injection molding machine to form a single-phase solution comprising a mixture of
the thermoplastic encapsulant 18 and the physical foaming agent; (2) subjecting the
single-phase solution to a large pressure drop in the injection molding machine to
facilitate nucleation and formation of cells 20 of the physical foaming agent within

the thermoplastic encapsulant 18; (3) heating and pressurizing the thermoplastic
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encapsulant 18 such that the physical foaming agent therein diffuses out of the molten
thermoplastic encapsulant 18 thereby expanding cells 20 of the physical foaming
agent within the thermoplastic encapsulant 18; and (4) injecting the foamed
thermoplastic encapsulant 18 into the mold 30 at a pressure drop to form and dispose
the foamed thermoplastic shell 14 about the electronic component 12.

[0052] In a typical embodiment, the method of encapsulating the electronic
component 12 to form the encapsulated electronic assembly 10 uses the foamed
thermoplastic shell 14 to encapsulate the electronic component 12. Because the
thermoplastic encapsulant 18 is foamed, it can be highly filled yet be injected molded
at low injection pressures, which results in lower cavity pressures, to effectively
encapsulate the electronic component 12 without damaging various sub-components,
such as solder joints, of the electronic component 12. Said differently, the
composition of the thermoplastic encapsulant 18 including the physical foaming agent
injected therein has a viscosity over a range of processing parameters (e.g.
temperatures and pressures) that allows the foamed thermoplastic encapsulant 18 to
flow into cavities within the electronic component 12 and encapsulate the electronic
component 12 without damaging the electronic component 12. Further, the method
allows for the use of polymers and fillers that would otherwise render the
thermoplastic encapsulant 18 unmoldable or, if moldable, render the thermoplastic
encapsulant 18 that would actually damage the electronic component 12 during
injection molding. Once the foamed thermoplastic shell 14 is formed around the
electronic component 12, the electronic component 12 is compressed such that the
various parts are mechanically locked with one another within the foamed
thermoplastic shell 14 and are therefore less likely fail, e.g. to experience solder joint

failure.
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[0053] In a one embodiment of the method, the thermoplastic encapsulant 18 is
foamed with a chemical foaming agent such as hydrazo dicarbonamide. In this
embodiment, the chemical foaming agent is typically compounded into the
thermoplastic encapsulant 18 as described above. As such, the thermoplastic
encapsulant 18, typically in pellet form, is fed into the injection mold machine having
the chemical foaming agent compounded therein. In this embodiment, the step of
foaming the thermoplastic encapsulant 18 may be further defined as heating the
thermoplastic encapsulant 18 to a temperature sufficient to decompose the chemical
foaming agent included therein.

[0054] The method also includes the step of injection molding the foamed
thermoplastic encapsulant 18 about the electronic component 12 to form the
encapsulated electronic component 10. The encapsulated electronic component 10 is
formed in the mold 30.

[0055] Referring now to Figures 4A, 4B, 5A, and 5B, the encapsulated electronic
component 10 is formed in the mold 30 comprising a front half 32 and a rear half 34
which are drawn together to form a mold cavity 40, 56. The front half 32 typically
includes a front insert 36 having a front inner surface 38 which defines a front mold
cavity 40. The front half 32 also typically includes locating pins 42 and/or a locating
block(s) 44 on which the electronic component 12 is secured within the front mold
cavity 40. The front half 32 also typically includes a sprue 46 and defines a front
runner 48 and front gate 50. The molten thermoplastic encapsulant 18 is introduced
into the mold 30 through the sprue 46. The sprue 46 abuts the barrel nozzle (not
shown) of the molding machine and regulates/allows the flow of molten thermoplastic

encapsulant 18 from the barrel into the front runner 48.
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[0056] Still referring to Figures 4A, 4B, 5A, and 5B, the mold 30 also includes the
rear half 34. The rear half 34 of the mold 30 typically includes a rear insert 52 having
a rear inner surface 54 which defines a rear cavity 56. The rear half 34 also typically
includes rear locating pins 58 on which the electronic component 12 is secured within
the rear cavity 56 along with the rear ejection pins 60 which eject the encapsulated
electronic assembly 10 from the mold 30. The rear half 34 also defines a rear runner
62 and rear gate 64.

[0057] During the step of front molding, the front and rear halves 32, 34 are typically
drawn together (closed) to form a mold cavity 40, 56, a runner 48, 62, and a gate 50,
64. More specifically, the mold cavity is typically defined by the inner surfaces of the
front and rear halves 32, 34 and includes the front and rear cavities 40, 56 and has a
specific geometry depending on the particular electronic component 12 and
dimensions of the encapsulated electronic assembly 10. Of course, the front half 32
and the rear half 34 also form a runner 48, 62 as well as a gate 50, 64 when drawn
together. When the front and rear halves 32, 34 are drawn together, the molten
thermoplastic encapsulant 18 typically flows through the runner 48, 62 and enters the
gate 50, 64 and is injected into the mold cavity 40, 56 to encapsulate the electronic
component 12 and form the encapsulated electronic assembly 10.

[0058] At the onset of the step of injection molding the encapsulated electronic
assembly 10, the electronic component 12 is typically placed in the mold 30, which is
open. 'The front and rear halves 32, 34 of the mold are drawn together (closed) to
form a mold cavity 40, 56 and the foamed thermoplastic encapsulant 18 is injected
into the mold cavity 40, 56 to form the thermoplastic shell 14 around the electronic
component 12. The mold 30 is opened and the encapsulated electronic assembly 10 is

removed. The molding process may be an automated process and may also include the
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use of multi-cavity molds, robotics, and other injection molding technologies known
to those skilled in the art. As such, the method of encapsulating the electronic
component 12 can be conducted in an efficient automated process which requires few
steps and minimal amounts of material (e.g. thermoplastic encapsulant 18).
[0059] The foamed thermoplastic shell 14, which is disposed about the electronic
component 12, is typically from 0.5 to 10, alternatively from 1 to 5, alternatively from
1 to 2.5, mm thick. Further, the foamed thermoplastic shell 14 typically includes the
cells 20, which are uniform in size, and a skin on its exterior surfaces, which is
relatively dense and durable (substantially free of cells 20). Accordingly, the foamed
thermoplastic shell 14 provides resistance to vibration and shock.
[0060] The following examples are intended to illustrate the instant disclosure and are
not to be viewed in any way as limiting to the scope of the instant disclosure.
EXAMPLES
[0061] In accordance with the subject disclosure, the compositions of
Thermoplastic Encapsulants 1-19 are set forth in Tables 1-a and 1-b below, with all
amounts is in parts by weight based on 100 parts by weight of the thermoplastic

encapsulant.
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Table 1-a

TE

TE1 | TE2 | TE3 | TE4 | TES | TE6 | TE7 | TE8 | TE9 | |

Thermoplastic | 3 | 199 | 189 | 23.0 | 23.9 | 239 | 23.9 | 189 | 189 | 189

Resin A

Filler A 700 | 700 | - | - e | o ] = 500 | 375 | -

Filler B S N 2% T I N e | e | - ] 188
Filler C e | = 700 | - | - |
Filler D e | ] 700 | = | | ] |
Filler E e | ] e 700 | | ] |
Filler F e | 700 | -

Filler G o | e e | | = | 250 | 375 | 563

Impact
Mo 40 | 80 | 40 | 40 | 40 | 40 | 40 | 40 | 40 | 40
Plasticizer | 15 | 15 | 15 | 15 | 15 | 15 | 15 | 15 | 15 | 15
LubricantA | 04 | 04 | 04 | 04 | 04 | 04 | 04 | 04 | 04 | 04
Heat 03 | 03 ] 03] 03 03| 03] 03] 03] 03] 03
Stabilizer
100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0
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Table 1-b

TE TE TE TE TE TE TE TE TE
11 12 13 14 15 16 17 18 19

18.9 | 189 | 18.9 --- -- | 234 - | 189 | 13.9

Thermoplastic
Resin A
Thermoplastic
Resin B

Filler A 375 | 375 | 375 | 700 | 37.5 | 70.0 | 70.0 | 75.0

Filler B 37.5 80.0

Filler C S . 72 T AN [ [ -

Filler E SN IR I 7% IS A R R

Filler G | 375 | —

Impact
Modifier

Plasticizer 1.5 1.5 1.5 L5 L5 L5 L5 L5 L5

4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0

Lubricant A | 04 | 04 | 04 | 04 | 04 | 04 | — | 04 | 04

Lubricant B | --- O O I I 1Y T A

Heat 03 | 03 |03 | 03| 03] 03] 03] 03] 03
Stabilizer

Colorant 0.5

100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0

[0062] Thermoplastic Resin A is low viscosity polyamide 6.
[0063] Thermoplastic Resin B is moderate viscosity polyamide 6.
[0064] Filler A is talc.

[0065] Filler B is fumed silica.

[0066] Filler C is calcium carbonate.

[0067] Filler D is magnesium oxide.

[0068] Filler E is barium sulfate.

[0069] Filler F is kaolin clay.
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[0070] Filler G is glass spheres.

[0071] Impact Modifier is maleic anhydride functionalized polyethylene.

[0072] Plasticizer is triethylene glycol.

[0073] Lubricant A is N, N’ ethylene bis-stearamide wax.

[0074] Lubricant B is zinc stearate.

[0075] Heat Stabilizer is a hindered amine.

[0076] Colorant is nigrosine.

[0077] Thermoplastic Encapsulants 1-19 are compounded on a twin-screw extruder
(Berstorff ZE 40). The twin-screw extruder includes two screws that rotate at a
certain speed (RPM) in a barrel to transfer the mixture of components through the
barrel. The barrel provides a bearing surface where shear is imparted from the two
screws to compound the components and form each thermoplastic encapsulant.
Heating media are housed around the barrel and establish temperature zones in the
barrel that are varied according to processing conditions known to those of skill in the
art. Once compounded into a molten form, the thermoplastic encapsulant is pushed
through a strand die head and into a water bath and pelletized. The pellets are then
stored for later use.

[0078] After compounding, Thermoplastic Encapsulant 1 is injection molded about
the electronic component on an Arburg 88-ton Injection Molding Machine
(commercially available from Arburg) which is outfitted with a MuCell Modular
Upgrade (commercially available from Trexel Incorporated) to form the foamed
thermoplastic shell.

[0079] More specifically the pellets of Thermoplastic Encapsulant 1 are fed into the
Arburg 88-ton Injection Molding Machine having a general purpose barrel and a mold

attached thereto. The injection unit comprises a barrel and screw which provides a
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bearing surface where shear is imparted to the Thermoplastic Encapsulant 1. Heating
media are housed around the barrel to establish temperature zones in the barrel that
are varied according to processing conditions known to those of skill in the art. As
Thermoplastic Encapsulant 1 is transported through the barrel it melts, transforming
from a rigid pelletized state to a molten state.

[0080] Once in a molten state, Thermoplastic Encapsulant 1 is foamed with liquid No.
More specifically, the N, is injected into the molten Thermoplastic Encapsulant 1
through a pressurized injector port in an amount of in an amount of 0.4 parts by
weight based on 100 parts by weight of the thermoplastic encapsulant. The injector
port is designed to meter the amount of foaming agent injected given the amount of
Thermoplastic Encapsulant 1 which is being transported through the barrel to ensure
the desired amount of foaming agent is injected and works in conjunction with a
screw configuration and processing parameters (temperature and pressure), and is
designed to ensure that the liquid N, forms a single-phase solution with the molten
Thermoplastic Encapsulant 1.

[0081] Referring now to the mold, the electronic component is typically placed
in the mold, which is open. In this particular example, the electronic component is a
circuit board. The mold is then closed to form a mold cavity. Thermoplastic
Encapsulant 1 having the N, therein is injected into the mold cavity to form the
thermoplastic shell around the circuit board. The mold is opened and an encapsulated
electronic assembly is removed comprising the circuit board having the foamed
Thermoplastic Encapsulant 1 disposed thereon.

[0082] For comparative purposes, Thermoplastic Encapsulant 1 having no N,
therein is injected into the mold cavity to form a thermoplastic shell around a circuit

board. The mold is opened and a comparative encapsulated electronic assembly is
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removed comprising the circuit board having the unfoamed thermoplastic encapsulant
disposed thereon.
[0083] The processing parameters used to form the encapsulated electronic

assembly and the comparative encapsulated electronic assembly are set forth in Table

2 below.
Table 2
Encapsulated Comparative
Electronic Electronic
Assembly Assembly
Molding Conditions
Temp Rear Zone (° C) 540 550
Temp Rear Zone (° C) 550 560
Temp Middle Zone (°C) 560 570
Temp Front Zone, (°C) 560 570
Temp Nozzle, (°C) 560 570
Actual Melt (°C) 560 570
Injection Presgure — actual 6,000 10,000
(psi)
Hold pressure (psi) 0 8,000
Hold time (sec) 5-10 15-20
Cure time (sec) 15-20 20-25
Mold Temperature A (°C) 85 100
Mold Temperature B (°C) 85 100
Test Results
Shell Density 1.82 1.92
Coverage (% fill based on
100% of the free volume 100 30
in the mold)
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Solder damage (Y/N) No Yes

Board Warpage (Y/N) No Yes

Thermal Cycling Results Pass Fail
[0084] Once molded, the encapsulated electronic assembly and the comparative

encapsulated electronic assembly are X-rayed to determine the amount of solder
damage. The comparative encapsulated electronic assembly exhibits solder damage
as determined by a visual examination of the solder joints. In contrast, the
encapsulated electronic assembly exhibits no visible solder damage.

[0085] Further, the encapsulated electronic assembly and the comparative
encapsulated electronic assembly are cut in half and a cross-section of each particular
assembly is examined to determine if the circuit board warped during the injection
molding process. The circuit board of the comparative encapsulated electronic
assembly (non-foamed assembly) is warped while the circuit board of the
encapsulated electronic assembly is not.

[0086] It is to be understood that the appended claims are not limited to express and
particular compounds, compositions, or methods described in the detailed description,
which may vary between particular embodiments which fall within the scope of the
appended claims. With respect to any Markush groups relied upon herein for
describing particular features or aspects of various embodiments, it is to be
appreciated that different, special, and/or unexpected results may be obtained from
each member of the respective Markush group independent from all other Markush
members. Each member of a Markush group may be relied upon individually and or
in combination and provides adequate support for specific embodiments within the

scope of the appended claims.
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[0087] It is also to be understood that any ranges and subranges relied upon in
describing various embodiments of the instant disclosure independently and
collectively fall within the scope of the appended claims, and are understood to
describe and contemplate all ranges including whole and/or fractional values therein,
even if such values are not expressly written herein. One of skill in the art readily
recognizes that the enumerated ranges and subranges sufficiently describe and enable
various embodiments of the instant disclosure, and such ranges and subranges may be
further delineated into relevant halves, thirds, quarters, fifths, and so on. As just one
example, a range “of from 0.1 to 0.9” may be further delineated into a lower third,
i.e., from 0.1 to 0.3, a middle third, i.e., from 0.4 to 0.6, and an upper third, i.e., from
0.7 to 0.9, which individually and collectively are within the scope of the appended
claims, and may be relied upon individually and/or collectively and provide adequate
support for specific embodiments within the scope of the appended claims. In

addition, with respect to the language which defines or modifies a range, such as “at

N1 20 ce

least,” “greater than,” “less than,” “no more than,” and the like, it is to be understood
that such language includes subranges and/or an upper or lower limit. As another
example, a range of “at least 10” inherently includes a subrange of from at least 10 to
35, a subrange of from at least 10 to 25, a subrange of from 25 to 35, and so on, and
each subrange may be relied upon individually and/or collectively and provides
adequate support for specific embodiments within the scope of the appended claims.
Finally, an individual number within a disclosed range may be relied upon and
provides adequate support for specific embodiments within the scope of the appended

claims. Tor example, a range “of from 1 to 9” includes various individual integers,

such as 3, as well as individual numbers including a decimal point (or fraction), such
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as 4.1, which may be relied upon and provide adequate support for specific
embodiments within the scope of the appended claims.

[0088] The instant disclosure has been described in an illustrative manner, and it
is to be understood that the terminology which has been used is intended to be in the
nature of words of description rather than of limitation. Obviously, many
modifications and variations of the instant disclosure are possible in light of the above
teachings. It is, therefore, to be understood that within the scope of the appended
claims, the instant disclosure may be practiced otherwise than as specifically

described.
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CLAIMS

What is claimed is:

1. A method of encapsulating an electronic component with a
thermoplastic encapsulant to form an encapsulated electronic assembly which
comprises a foamed thermoplastic shell disposed about the electronic component, said
method comprising the steps of:

melting the thermoplastic encapsulant comprising a thermoplastic resin and a
filler;

foaming the thermoplastic encapsulant; and

injection molding the foamed thermoplastic encapsulant about the electronic
component to form the foamed thermoplastic shell.

2. A method as set forth in claim 1 wherein the thermoplastic resin
comprises a polyamide.

3. A method as set forth in claim 1 or 2 wherein the thermoplastic
encapsulant comprises greater than 50 parts by weight of the filler based on 100 parts
by weight of the thermoplastic encapsulant.

4. A method as set forth in any preceding claim wherein the filler
comprises talc.

5. A method as set forth in any preceding claim wherein the step of
foaming the thermoplastic encapsulant is further defined as injecting a physical
foaming agent into the thermoplastic encapsulant during the step of melting the
thermoplastic encapsulant.

6. A method as set forth in any preceding claim wherein the physical

foaming agent is selected from the group of liquid carbon dioxide, liquid nitrogen,
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and combinations thereof and wherein the step of foaming the thermoplastic
encapsulant is further defined as injecting from 0.1 to 0.8 parts by weight of the
physical foaming agent based on 100 parts by weight of the thermoplastic encapsulant
into the thermoplastic encapsulant.

7. A method as set forth in any preceding claim wherein the
thermoplastic encapsulant comprises from 0.1 to 10 parts by weight of a chemical
foaming agent based on 100 parts by weight of the thermoplastic encapsulant and
wherein the step of foaming the thermoplastic encapsulant is further defined as
heating the thermoplastic encapsulant to a temperature sufficient to decompose the
chemical foaming agent included therein.

8. A method as set forth in any preceding claim wherein the foamed
thermoplastic shell has a density from 2 to 40 % less than the density of the
thermoplastic encapsulant when tested in accordance with [SO 1183.

9. An encapsulated electronic assembly comprising:

an electronic component; and
a foamed thermoplastic shell disposed about said electronic
component, said foamed thermoplastic shell formed from a thermoplastic

encapsulant comprising a thermoplastic resin and a filler, and foamed with a

foaming agent.

10. An encapsulated electronic assembly as set forth in claim 10 wherein
said thermoplastic resin comprises polyamide 6.

11. An encapsulated electronic assembly as set forth in claim 9 or 10
wherein said thermoplastic encapsulant comprises greater than 50 parts by weight of
said filler based on 100 parts by weight of said thermoplastic encapsulant and wherein

said filler comprises talc.
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12. An encapsulated electronic assembly as set forth in any one of claims 9
through 11 wherein said thermoplastic encapsulant has a coefficient of linear thermal
expansion of less than 80 10°/°C when tested in accordance with ISO 11359-1.

13. An encapsulated electronic assembly as set forth in any one of claims 9
through 12 wherein said foamed thermoplastic shell has a density from 2 to 40 % less
than the density of said thermoplastic encapsulant when tested in accordance with ISO
1183.

14. An encapsulated electronic assembly as set forth in any one of claims 9
through 13 further comprising an electrical connector connected to said electronic
component and extending through said foamed thermoplastic shell to provide
electrical interconnection between said electronic component and an external device.

15. An encapsulated electronic assembly as set forth in any one of claims 9
through 14 wherein said electronic component comprises a printed circuit board.

16. An encapsulated electronic assembly as set forth in any one of claims 9
through 15 wherein said electronic component is selected from the group of a jump
drive, an air bag module, a key fob, a seat module, an antenna module, an antenna, an
electric power steering control, a suspension control, a Yaw rate sensor, a low tire
pressure sensor, a crash sensor, a blind spot detection sensor, a wheel speed sensor, a
door module, an ignition module, a transmission control module, a temperature
sensor, a crank position sensor, a mass air flow sensor, an oxygen sensor, a cam

sensor, and a power inverter subcomponent.
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AMENDED CLAIMS
received by the International Bureau on 25 June 2014 (25.06.2014)

What s claimed 87

L. A methed of encapsulating an electronic componsnt with a thermoplastic
encapsulant to form an encapsulated electronic assembly which comprises a foarned
thermoplastic shell disposed abowt the electronic component, said method comprising the
steps of:

mehing the thermoplastic encapsulant comprising g thermoplastic resin and a filler;

foaming the thermoplastic encapsulant; and

injection molding the foamed thermoplastic encapsulant about the elecironic

component fo fornt the foamed thermoplastic sheil.

2. A method as set forth in cluim | wherein the thermoplastic resin comprises a
poivamide,
3 A method as set torth i clatm 1 oor 2 wherein the thermoplastic encapsulant

comprises groster than 30 parts by weight of the filler based on 100 parts by weight of the
thermoplastie encapsulant,

4, A mcthod as set forth in any preceding olaim wherein the filler comprises tale.

% & method as set forth in any preceding olaim wherein the step of foaming the
thermoplastic encapsulant is further defined as injocting a physical foaming agent ngo the
shermoplastic encapsulent during the step of melting the thermoplastic encapsulant,

&. A method as set forth in any preceding clainy wherein the physical foaming
agent s selecied from the group of liguid carbon dioside, Hguid nitrogen, and combinations
thereof and wherein the siep of foarning the thermoplastic encapsulant is further defined as
njecting from 0.1 to 0.8 parts by weight of the physical foaming agent based on 100 paris by

weight of the thermoplastic encapsulant into the thermoplastic encapsulant,
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sk

A method as set forth in any preveding claim whereln the thermoplastic
encapsulant comprises fom 8.1 10 10 parts by weight of a chemical foaming agent based on
100 parts by weight of the thermoplastic encapaulant and wherein the step of foaming the
thermoplastic encapsulant is further defined as heating the thermoplastic encapaulant to @
temperature sufficient to decompose the chemical foaming agent fuchided therein,

3. A method as sst forth in any preceding claim wherein the foamed
thermoplastio shell has a density from 2 o 40 % less than the density of the thermoplastic
encapsulant when tested in accordance with IS0 1183,

g, An encapsulated electronic sssembly comprising:

an clecironic component; and
a foamed thermoplastic shell disposed about said electronic component, said

foamed thermonlastic shell formed from a thermoplastic encapsulant comprising a

thermoplastic resin and greater than 30 paris by weight of 2 tiller based on 160 parts

by weight of said thermoplastic encapsulant, and foamed with a foaming agent.

16, An encapsulated electronic asssmbly as set forth in claim 10 wherein said
thermoplastic resin comprisas polyamide 6,

1. Anenvapsulated elecironic assembly as set forth i olaim 9 or 10 wherein said
filler comprises tale,

12, An encapsulated electronic assembly ss set forth in any one of claims 9
through 11 wherein said thermoplastic encapsulant has a coefficient of lnear thermal
expansion of less thap 80 X 1 mm/mm/2C when teated in accordance with IS 11359-1,

3. Ap encapsulated elsctronic asserobly as sst forth in any one of olaims 9
theough 12 wherein said foamed thermoplastio shell has a density from 2 10 40 % loss than

the density of satd thermoplastic encapsulant when tested In accordance with IS0 1183,
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14,  An sncapsulsted slectroni assermbly as set forth in any ong of claims 9
through I3 further comprising an lectrical connector connected to said electronic component
and extending through said foamed theroplastic shell to provide clectricst nterconngetion
betwesn said electronic component and an exigral devive,

15,  An encapsulated electronic asserably as set forth dn any one of clims ¢
through 14 wherein said electronic component comprises a printed clrvult board,

16, An encapsulaied electronic gssembly as set forth in any one of claims 9
through 15 wherein said electronic component is selected from the group of & jump drive, an
gir hay module, 3 key fob, a seat madule, an antenns module, an antenny, an eleciric power
strosing control, a suspension conleol, 8 Yaw rate sensor, 8 low tire pressure sensor, a crash
sensor, 3 blind spot detection senser, 3 wheel speed sensor, a door module, an ignitfon

module, 2 transmission controd module, 8 lomporature sensor, s orank position sengo, 4 mass
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STATEMENRT UMDER ARTICLE 191

Independent claim 9 has been amended o clolm 2 thermoplastic sncapsulant
comprising a thermoplastic resin and greater than 58 parts by weight of a filler based an 160
parts by weight of the thermoplastio encapsulant. Support for this amendment can be found
i at least previous clabm 11, Claim 11 bas been amended to delute the clabim element from
claim 11 that was moved into amended clabm 9. Claim 12 has bheen amended 0 correct &

typographicat error. Acvordingly, no new matter is added.

36



WO 2014/113323 PCT/US2014/011297
1/7

(]

— "
®®®®®®®®®®®®®]© /

)
J

"

12

L—14

\

FIG. 1



WO 2014/113323 PCT/US2014/011297
2/7

(]

)
J

@“ﬁ

o

aat 134

L. ocooooo00 O L
f 00000000 O
16

L—14

\

FIG. 2



PCT/US2014/011297

WO 2014/113323

3/7

10

14

FIG. 3A

3B

FIG.




11111111111111111111111111111

32
/4 !

) E\I
f@—%% 2
O O

FIG. 4A



WO 2014/113323 PCT/US2014/011297
57

D

42

5

\
. ,, .




WO 2014/113323

6/7

34

PCT/US2014/011297

O

7
—

60 =%ﬁ

34

60~ 1 L —1—58
60 ‘
| \O l _
| ‘ 60
|

o

FIG. 5A



WO 2014/113323 PCT/US2014/011297
717

34

Gﬁ @\60 |-

[ )
=

C O Y

5 2/ g ’

7

4
62

FIG. 5B



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2014/011297

A. CLASSIFICATION OF SUBJECT MATTER

INV. B29C45/14 B29C44/08 B29C44/12 HO5K3/28
ADD.

According to International Patent Classification (IPC) or to both national classification and IPG

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

B29C HO5K

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X WO 01797584 A2 (DU PONT [US]) 9-16
20 December 2001 (2001-12-20)
A page 3, line 1 - page 6, line 19; claim 8; 1-8
example
A DE 10 2006 012072 Al (OLEFF & HOLTMANN 1-16

OLHO TECH [DE])

20 September 2007 (2007-09-20)
claim 1

A WO 02/26482 Al (TREXEL INC [US]; KISHBAUGH 1-16
LEVI A [US]; LEVESQUE KEVIN J [US];
GUILLEM) 4 April 2002 (2002-04-04)
page 12, line 19 - line 32

A EP 0 361 194 A2 (SIEMENS AG [DE]) 1-16
4 April 1990 (1990-04-04)
claims

D Further documents are listed in the continuation of Box C. See patent family annex.

* Special categories of cited documents : i i . " .
"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

"A" document defining the general state of the art which is not considered the principle or theory underlying the invention

to be of particular relevance

"E" earlier application or patent but published on or after the international "X* document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other "v* document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art
"P" document published prior to the international filing date but later than
the priority date claimed "&" document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report
29 April 2014 08/05/2014
Name and mailing address of the ISA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040, . .
Fax: (+31-70) 340-3018 Zattoni, Federico

Form PCT/ISA/210 (second sheet) (April 2005)



INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2014/011297
Patent document Publication Patent family Publication

cited in search report date member(s) date

WO 0197584 A2 20-12-2001 AU 6984001 A 24-12-2001
CA 2408317 Al 20-12-2001
CN 1436117 A 13-08-2003
EP 1289728 A2 12-03-2003
JP 2004503414 A 05-02-2004
KR 20030019424 A 06-03-2003
US 2002009584 Al 24-01-2002
US 2004170819 Al 02-09-2004
WO 0197584 A2 20-12-2001

DE 102006012072 Al 20-09-2007  NONE

WO 0226482 Al 04-04-2002 AU 9492701 A 08-04-2002
EP 1335827 Al 20-08-2003
JP 2004510021 A 02-04-2004
KR 20040010533 A 31-01-2004
US 2005042434 Al 24-02-2005
US 2008226892 Al 18-09-2008
WO 0226482 Al 04-04-2002

EP 0361194 A2 04-04-1990 EP 0361194 A2 04-04-1990
JP HO2147311 A 06-06-1990

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - claims
	Page 33 - claims
	Page 34 - claims
	Page 35 - amend-body
	Page 36 - amend-body
	Page 37 - amend-body
	Page 38 - amend-statement
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - wo-search-report
	Page 47 - wo-search-report

