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OVERMOLDED CIRCUIT BOARD AND METHOD

CROSS REFERENCE TO RELATED APPLICATION

[0001] This application claims the benefit of United States Provisional Application No.

61/013,097, filed on December 12, 2007, entitled OVERMOLDED CIRCUIT BOARD

AND METHOD, the entire contents of which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] Circuit boards have been utilized in a very wide range of applications for

physically and electrically interconnecting various electrical components such as

integrated circuits ("chips"), LEDs, resistors, capacitors, inductors, and the like to form

electrical circuits. Circuit boards may include a substrate board made of a nonconductive

material, and a plurality of conductors disposed one or both sides of the board to form a

circuit. Circuit boards may comprise printed circuit boards (PCBs), printed wiring boards

(PWBs), or other such technologies. Circuit boards may be mounted in an internal space

of a housing or the like if required for a particular application.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] Fig. 1 is an isometric view of an electrical device according to one aspect of the

present invention;

[0004] Fig. 2 is an isometric view showing internal components of the device of Fig. 1;

[0005] Fig. 3 is an isometric view showing the components of Fig. 2 during fabrication of

the device of Fig. 1;

[0006] Fig. 4 is a cross sectional line taken along the line IV-IV, Fig. 3, showing the

component in a mold tool during fabrication;

[0007] Fig. 5 is a cross sectional view taken along the line V-V, Fig. 3, showing the

component in a mold tool during fabrication; Fig. 3;

[0008] Fig. 6 is a cross sectional view showing the components of Fig. 3 positioned in a

second mold tool cavity immediately prior to injection of a second shot of molten polymer

material;

[0009] Fig. 6A is a partially fragmentary cross-sectional view of an electrical device and

fabrication process according to another aspect of the present invention;

[0010] Fig. 7 is an isometric view of an assembly utilized during fabrication of a device

according to another aspect of the present invention;

[0011] Fig. 8 is an isometric view of a finished device including the assembly of Fig. 7 .

[0012] Fig. 9 is a cross-sectional view of the assembly of Fig. 7 positioned in a mold tool

prior to injection of molten polymer material during a first molding shot;



[0013] Fig. 10 is a cross-sectional view of the assembly of Fig. 7 positioned in the mold

tool of Fig. 9 prior to injection of molten polymer material during a first molding shot,

wherein the section line is taken across a different plane than that of Fig. 9;

[0014] Fig. 11 is a cross-sectional view of an assembly formed by a first mold shot

positioned in a mold tool according to yet another aspect of the present invention;

[0015] Fig. 12 is a cross-sectional view of a mold tool and electrical device according to

another aspect of the present invention;

[0016] Fig. 13 is a cross-sectional view of a mold tool and electrical device according to

yet another aspect of the present invention;

[0017] Fig. 14 is an exploded isometric view of an electrical device according to another

aspect of the present invention;

[0018] Fig. 15 is a cross-sectional view of the electrical device of Fig. 14;

[0019] Fig. 16 is an isometric view of a finished part according to another aspect of the

present invention;

[0020] Fig. 17 is a flow chart showing the process of making the electrical device of Fig.

16;

[0021] Fig. 18 is an isometric view of the completed part of Fig. 16 from a different angle;

[0022] Fig. 19 is a plan view of the completed part of Fig. 16;

[0023] Fig. 20 is a cross-sectional view of the completed part of Fig. 19 taken along the

line XX-XX;

[0024] Fig. 2 1 is an isometric view of a "first shot part" showing pockets formed by a first

injection molding step;

[0025] Fig. 22 is an isometric view of the first shot part of Fig. 2 1 from a different angle;

[0026] Fig. 23 is a plan view of the first shot part of Fig. 21;

[0027] Fig. 24 is a cross-sectional view of the first shot part of Fig. 23 taken along the line

XXIII-XXIII;

[0028] Fig. 25 is an enlarged view of a portion of the first shot part of Fig. 24;

[0029] Fig. 26 is an enlarged view of the completed part corresponding to the first shot

part of Fig. 25;

[0030] Fig. 27 is a cross-sectional view of the first shot part taken along the line XXVII-

XXVII; Fig. 23;

[0031] Fig. 28 is an enlarged view of a portion of the completed part of Fig. 20;

[0032] Fig. 29 is a fragmentary, partially cross-sectional view of a portion of a device

according to another aspect of the present invention;



[0033] Fig. 30 is a fragmentary, partially cross-sectional view of a portion of a device

according to another aspect of the present invention;

[0034] Fig. 3 1 is an isometric view of an electrical device according to another aspect of

the present invention;

[0035] Fig. 32 is an isometric view of the device of Fig. 29 taken from a different point of

view;

[0036] Fig. 33 is a side elevational view of the device of Figs. 3 1 and 32;

[0037] Fig. 34 is a partially fragmentary cross-sectional view of a portion of the device of

Fig. 33;

[0038] Fig. 35 is a diagram illustrating a method of making the device of Fig. 31;

[0039] Fig. 36 is a perspective view of a conductive circuit element of the device of Fig.

31;

[0040] Fig. 37 is an isometric view of the circuit of Fig. 36 having electrical components

attached thereto;

[0041] Fig. 38 is a fragmentary, partially schematic view showing one way to electrically

and/or mechanically connect an electrical component to the circuit of Fig. 36;

[0042] Fig. 39 is a partially schematic cross-sectional view showing another way to

mechanically and/or electrically connect an electrical component to the circuit of Fig. 36;

[0043] Fig. 40 is a perspective view of the device of Fig. 3 1 during an intermediate stage

of the fabrication process showing the internal components encapsulated by translucent

polymer material;

[0044] Fig. 4 1 is a perspective view of the device of Fig. 3 1 during an intermediate stage

of the fabrication process showing the internal components encapsulated by polymer

material;

[0045] Fig. 42 is a plan view of the device of Fig. 3 1 during an intermediate stage of the

fabrication process showing the internal components encapsulated by translucent polymer

material;

[0046] Fig. 43 is a plan view of the device of Fig. 3 1 during an intermediate stage of the

fabrication process showing the internal components encapsulated by polymer material;

[0047] Fig. 44 is a cross-sectional view taken along the line XLIV-XLIV when the

component of Fig. 43 is in a first mold tool;

[0048] Fig. 45 is a cross-sectional view taken along the line XLV-XLV when the

component of Fig. 43 is in a first mold tool;



[0049] Fig. 46 is a cross-sectional view of the component of Fig. 43 positioned in a second

mold tool immediately prior to injection of additional polymer material around the device;

[0050] Fig. 47 is an isometric view of a device according to another aspect of the present

invention; and

[0051] Fig. 48 is a cross-sectional view of the device of Fig. 47 taken along the line

XLVIII- XLVIII.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENT

[0052] For purposes of description herein, the terms "upper," "lower," "right," "left,"

"rear," "front," "vertical," "horizontal," and derivatives thereof shall relate to the invention

as oriented in Figs. 3 and 4 . However, it is to be understood that the invention may

assume various alternative orientations and step sequences, except where expressly

specified to the contrary. It is also to be understood that the specific devices and processes

illustrated in the attached drawings and described in the following specification are simply

exemplary embodiments of the inventive concepts. Hence, specific dimensions and other

physical characteristics relating to the embodiments disclosed herein are not to be

considered as limiting.

[0053] An electrical device 1 (Fig. 1) includes an outer portion 2 formed from polymer

material or the like that encapsulates internal electrical components 4 (Fig. 2). The

internal electrical components 4 may include one or more printed circuit boards 5 and 6

("PCBs"), and one or more integrated circuits ("IC chips") 7-10 and/or one or more LEDs

11-13. In the illustrated example, the IC chips 7-10 may comprise microprocessors, light

sensors, temperature sensors, or other electrical devices or components, and the LEDs 11

and 12 may comprise red-green-blue ("RGB") LEDs. The IC chips 7-10 and LEDS 11-12

may be soldered or otherwise connected to the surfaces 14 and 15 of PCBs 5 and 6,

respectively. Alternately, conductive epoxy, adhesives, or the like, may also be utilized to

secure the IC chips 7-10 and LEDs 11-12 to the PCBs 5 and 6 . The IC chips 7-10 and

LEDs 11-12 may include a plurality of leads 16 that are electrically and mechanically

connected to conductive material 17 on the surfaces 14 and 15 of PCBs 5 and 6,

respectively. The PCBs 5 and 6 may be constructed according to known methods, and the

various electrical components such as the IC chips 7-10 and LEDs 11-12 may be

connected to the conductive material 17 utilizing known methods and materials. In

addition to the IC chips 7-10 and LEDs 11-12, a variety of other electrical components 18

may also be secured to the conductive material 17 of the PCBs 5 and 6 if required for a

particular application. The electrical components 18 may comprise resistors, capacitors,



diodes, transistors, photosensors, inductors, or other such electrical devices or

components.

[0054] The PCBs 5 and 6 may be interconnected by a conductor 20 having a plurality of

elongated sections 21-23 that are initially interconnected by transverse sections 24 and 25.

The elongated sections 21-23 may be connected to the surfaces 14 and 15 of the PCBs 5

and 6 by soldering or other suitable electrical and mechanical connection. The conductor

20 is initially fabricated as a 1-piece member, and the transverse sections 24 and 25 are

later cut to form three separate elongated sections 21-23. The number of elongated

sections 21-23 utilize for a particular application may vary as required.

[0055] In addition to the conductor 20, additional conductors 26-34 may also be connected

to the PCBs 5 and 6 . The conductors 26-34 may be formed from relatively rigid stamped

sheet metal such as brass or copper. Alternately, the conductors 26-34 may comprise

wires, rails, ribbon cables, or other flexible members, depending upon the requirements of

a particular application. With reference back to Fig. 1, outer portion 2 of electrical device

1 may include a portion 35 that extends outwardly from a side face 36 of body portion 37

of outer portion 2 to form, with conductors 32-34, an electrical receptacle 38 that can be

coupled to a source of electrical power utilizing a standard connection. Referring again to

Fig. 2, the electrical device 1 may include one or more electrical components such as a

white LED 13 that are connected directly to conductors 29-31.

[0056] After the electrical components such as the IC chips, LEDs 11-12, and/or other

components (not shown), and the conductors 20 and 26-34 are secured to the PCBs 5 and

6 via soldering or the like to form an assembly 40 (Fig. 2), the assembly 40 is positioned

in a mold tool 68 (Figs. 4 and 5), and a polymer material 4 1 is molded onto the assembly

40 to form an intermediate assembly 42 (Fig. 3). The polymer material 4 1 forms layers of

polymer 45 and 46 on upper surfaces 14 and 15 of PCBs 5 and 6, respectively. Capsule

portions 47-52 are molded over the top of the IC chips 7-10 and LEDs 11-12, respectively.

Similar capsule portions (not shown) may also be formed over the electrical components

18. Channels or grooves 53-58 extend around the capsule portions 47-52, and small

plastic bridges 59-64 extend between the layers of polymer 45 and 46 and the capsule

portions 47-52. As discussed in more detail below, the bridges 59-64 result from small

passageways in the mold cavity that supply molten polymer material from the cavity

portions forming the layers of polymer 45 and 46, and the mold cavity portions forming

the capsule portions 47-52 over the IC chips 7-10 and LEDs 11-12. Capsule portions,

channels, and bridges are also formed around the other electrical components 18 (Fig. 2).



However, for clarity, these features are not shown in Fig. 3 . The polymer material 4 1

preferably has a melting temperature that is lower than the materials utilized to form PCBs

5 and 6 and any of the other components utilized to form assembly 40.

[0057] With further reference to Fig. 4, the mold tool 68 utilized to form the intermediate

assembly 42 of Fig. 3 includes a first mold part 69 and a second mold part 70. The PCBs

5 and 6 are positioned in mold cavity 71, and molten polymer material is injected into

mold cavity portions 72-74 to form the layers 45 and 46, and the capsule portions 47-52

around LC. chips 7-10, LEDs 11-13, and electrical components or devices 18.

[0058] As shown in Fig. 5, a small passageway 75 fluidly interconnects cavity portion 73

with cavity portion 74 to thereby provide for flow of molten material from the cavity

portion 73 into the cavity portion 74 to thereby form the capsule portions 47-52. The

passageway 75 also fills with molten polymer material, thereby forming the bridge

portions 59-64 (Fig. 3) interconnecting the capsule portions 47-52 with the layers 45 and

46 of PCBs 5 and 6, respectively. The passageway 75 has a very small cross sectional

area, such that the flow of molten material into the cavity portion 74 around the electrical

components 7-12 and 18 is restricted. Although the size of passageway 75 may vary

depending upon the size of the electrical component being encapsulated, the type of

polymer material being molded, or other variables, the cross sectional area of passageway

75 is generally about 0.004 inches2, and typically falls in a range of about 0.002 inches2 to

about 0.050 inches2. However, the cross sectional area of passageway 75 may fall outside

this range, and the cross sectional area of passageway 59 may be as great as 0.100 inches2,

0.25 inches2, or more, or it may be as small as 0.001 inches2 or less. In this way, the

electrical components 7-12 and 18 are not subjected to the pressures and forces that would

otherwise occur if the entire outer portion 2 of device 1 (Fig. 1) were to be molded in a

single mold shot process. By isolating the electrical components 7-12 and 18 from the full

force and/or heat that would otherwise be produced by the molten polymer being injected

into the mold cavity if a single shot mold process were utilized, the electrical components

7-12 and 18 are substantially protected such that the components are not dislodged from

the PCBs 5 and 6 and/or the conductors 26-34.

[0059] With further reference to Fig. 6, after the intermediate assembly 42 is formed in a

first mold shot in mold tool 68, the intermediate assembly 42 is then placed in a cavity 83

of a second mold tool 80 having a first mold part 8 1 and second mold part 82. The PCBs

5 and 6 and/or the conductors 26-34 may include one or more apertures or other locating

features (not shown) that engage pins or other such components (also not shown) of mold



tools 68 and 80 to thereby position the assemblies 40 and 42 in the mold tools 68 and 80,

respectively. Cavity 83 of second mold tool 80 may have an inner surface 84 that

substantially corresponds to outer surface 85 of electrical device 1 (Fig. 1). Molten

polymer is injected into the cavity 83 over the layers 45 and 46 previously molded onto

PCBs 5 and 6 . The molten polymer material injected into cavity 83 also encapsulates the

capsule portions 47-52 previously formed in mold tool 68. Cavity 83 may include a

concave surface 86 that forms protrusions 87 and 88 (Fig. 1) over the LEDs 11 and 12 to

thereby form lenses that distribute light in a predefined pattern. The polymer material

utilized to form the outer portion 2 of device 1 may be transparent, or it may be colored to

provide a specific appearance. The mold tool and process utilized to form the capsules 47-

52 is similar to the tooling and process described in detail in co-pending U.S. Patent

Application No. 11/842,606, filed on August 21, 2007, (now U.S. Patent Application

Publication No. US 2008/006271 1) the entire contents of which are incorporated by

reference. Depending upon the size and shape of the device 1 and/or other variables,

additional molding steps or shots may be utilized. For example, in some situations the size

and/or geometry of the body portion 37 of device 1 may not permit molding in a second

mold tool 80 (Fig. 6). In this case, mold tool 80 could include a cavity that forms another

intermediate assembly and a third mold tool (not shown) would be utilized to mold the

final body 37 of device 1. If required for a particular application, additional mold tools

and mold shots may also be utilized to form the device 1.

[0060] In addition to the electrical components mounted to the PCBs 5 and 6, one or more

additional electrical components or devices such as a white LED 13 and/or other electrical

components (not shown) may be mounted directly to one or more of the conductors 26-34,

and these components may also be encapsulated and overmolded in a two-shot process

that is substantially similar to the process described in detail in U.S. Patent Application

Publication No. 2008/006271 1. The mold tools 68 and 80 may include portions for

encapsulating components mounted to PCBs 5 and 6 as described in detail above, and the

same mold tools 68 and 80 may include other cavity portions that simultaneously

encapsulate components such as white LED 13 that are mounted to conductors 26-34 in

substantially the same manner as described in detail in U.S. Patent Application Publication

No. 2008/006271 1.

[0061] Referring again to Fig. 1, the polymer outer portion 2 may include integrally

formed mounting features such as extensions 90 and 9 1 having openings 92 and 93,

respectively, which receive fasteners or the like to secure the electrical device 1.



Alternately, other mounting features such as bosses, apertures for mechanical fasteners,

and the like (not shown), may be formed on outer portion 2 to locate and/or mount

electrical device 1. Also, it will be understood that the conductors 20 and/or 26-34 do not

necessarily need to be formed in a planar configuration. The conductors may be formed

into a variety of three-dimensional, non-planar configurations, such that the circuit boards

5 and 6 may be positioned in a non-planar configuration relative to one another. In this

way, the overall shape of the electrical device 1 may be non-planar as required for a

particular application. For example, if device 1 comprises a light that must fit into a

restricted space, the number and size of the PCBs, as well as the orientation and location

of the PCBs relative to one another, may be chosen to fit closely within the confined area.

In this way, a plurality of LEDs or other electrical components may be included in device

1, and the LEDs or other electrical components may be mounted to a PCB providing the

proper electrical connections for the LEDs or other components, without the electrical

device 1 being limited as it would be if a single large PCB were utilized to mount all of the

components.

[0062] Also, because the PCBs and other electrical components are completely

encapsulated in polymer material, these internal components are sealed such that they are

not exposed to atmospheric moisture and other elements. Accordingly, the device 1 is

very durable and weather-resistant, such that it may be utilized to provide for exterior

lighting for vehicles, building structures, or the like. Still further, the various electrical

components that may be needed to form one or more electrical circuits that provide the

required electrical power to the LEDs and/or other internal components may also be

connected to the PCBs or other internal conductors. In this way, a conventional 12-volt

DC power source may be connected to the electrical receptacle 38 (Fig. 1), and the

electrical components mounted to the PCBs 5 or 6 and/or to the conductors 26-34 may be

utilized to provide the proper voltage and current to the LEDs and/or other components.

Thus, if device 1 comprises, for example, a light for a vehicle having a 12 volt DC power

system, the device may be connected directly to the vehicles 12 volt wiring harness as a

direct replacement for a conventional incandescent light.

[0063] According to one aspect of the present invention, one of the IC chips 7-10 (or

electrical components 18) may comprise a light intensity sensor that turns on one or more

of the LEDs 11-13 if the device 1 is exposed to sufficiently low light conditions. The

electrical device 1 may comprise a lighted badge or emblem that can be secured to an

outer surface of a motor vehicle or the like. If the device 1 includes sensors that are



molded into the device 1, the badge or emblem may be configured to be automatically

illuminated when the vehicle is exposed to low-light conditions.

[0064] With further reference to Fig. 6A, an electrical device 160 according to another

aspect of the present invention may be fabricated utilizing the tool/process illustrated in

Fig. 6A. A plurality of electrical devices 161 and conductors 20 may be soldered or

otherwise secured to a printed circuit board 162. A pre-formed polymer cover 163 is then

secured to the printed circuit board utilizing tapered snap-type connecting portions 164 to

form an intermediate assembly 165. Cover 163 is preferably molded of a thermoplastic

polymer material, but it may comprise other materials such as thermosetting polymers or

other suitable materials. The cover 163 may include one or more cavities 166 around the

electrical devices 161. The cavities 166 are preferably somewhat larger in size than the

electrical devices 161 to provide clearance to account for variations in the location of the

electrical devices 161. The intermediate assembly 165 is then positioned in a mold cavity

167 formed by mold parts 168 and 169 of mold tool 170. The pre-molded component 163

may include support surfaces 171 that support the assembly 165 in the mold cavity 167.

Molten thermoplastic polymer material is then injected into the mold cavity 167 to form a

finished part. The pre-molded cover 163 provides protection for the electrical devices 161

during the molding operation. The device 160 formed by the tool and process of Fig. 6A

may include cavities or air spaces around the electrical devices 161.

[0065] With further reference to Fig. 7, according to another aspect of the present

invention, the PCBs 5 and 6 may be initially mounted to a single large conductive circuit

element or web 100 that is formed from stamped sheet metal or the like. The conductive

circuit element 100 may include a plurality of conductive portions that are initially

interconnected by transverse sections such as the transverse sections 24 and 25 (Fig. 2)

that are cut after the PCBs are attached to the conductive circuit element 100. The PCBs 5

and 6 may be connected to the conductive circuit element 100 utilizing soldering or other

known methods. Various electrical components such as LEDs, IC chips, resistors, or the

like, may be secured to the PCBs by soldering or the like, and additional electrical

components may be secured directly to the conductive web via soldering or the like. The

resulting assembly 110 is then overmolded in a two-shot (or more) process wherein

capsule portions are first molded around the electrical components 101 in first mold tool

102 as shown in Figs. 9 and 10 in a manner similar to the process as described in more

detail above in connection with Figs. 2-6 to form an intermediate assembly including

capsule portions surrounding the electrical components in a manner that is substantially



similar to the arrangement described above in connection with Fig. 3 . A second mold tool

104 (Fig. 11) may then be utilized to form a device 106 (Fig. 8). One or more additional

molding shots may then be applied using additional mold tools to provide a finished part

that may have an exterior configuration that is substantially similar to electrical device 1

(Fig- 1).

[0066] With further reference to Fig. 12, assembly 110 (Fig. 7) may, alternately, be placed

in a mold tool 112 during a first mold step or shot. Mold tool 112 includes an upper cavity

113 and an optional lower cavity 114. Upper cavity 113 includes a ring-like ridge or

protrusion 115 that forms a small gap 116 around components 101. The gap 116 restricts

the flow of molten polymer material around PCBs 5 and 6, and around components 101

during the first molding shot. The gap 116 thereby provides for a reduced flow of molten

polymer material such that a small passageway 75 (Fig. 5) is not required for mold tool

112. Mold tool 112 may, optionally, include a lower cavity 114 having a ring-like

protrusion 117 forming a small gap 118 to restrict the flow of molten polymer material in

the region of the PCBs 5 and 6 on the opposite side of circuit element 100.

[0067] With further reference to Fig. 13, a mold tool 120 forms a cavity 124 and includes

an upper tool part 121 having a ring-like ridge or protrusion 122 forming a small gap 123

to restrict the flow of molten polymer material around an electrical component 7-12

mounted to a PCB 5 (or to a circuit element 100). Surface 125 of mold part 121 fits

tightly against electrical component 7-12, such that the electrical components of the

intermediate part produced by a first mold shot or step in tool 120 are surrounded by a

raised ridge of polymer material, with the upper surface 126 of the components 7-12 being

exposed.

[0068] The intermediate parts produced by the mold tool 112 (Fig. 12) and the mold tool

120 (Fig. 13) may be positioned in a second mold tool such as mold tool 80 (Fig. 6), or

mold tool 104 (Fig. 11) to provide for second (or more) mold shots to form a finished

device.

[0069] With further reference to Figs. 14 and 15, an electrical device 130 according to

another aspect of the present invention includes an internal assembly 135, a polymer

portion 136, and a backing member 137. The internal assembly 135 comprises a flexible

member 140 including a flexible substrate 142, and a plurality of conductive wires or

strips 141. In the illustrated example, the conductive wires or strips 141 are disposed on

upper surface 143 of flexible substrate 142. However, the conductive wires or strips 141

may also be imbedded in the material forming the flexible substrate 142. In general, the



conductive wires or strips 141 may be made of copper or other conductive material, and

the flexible substrate may be made from a flexible material that is non-conductive. The

flexible member 140 may comprise a commercially available "ribbon cable", or it may be

fabricated to provide the required configuration of conductive wires or strips 141 for a

particular application.

[0070] One or more LEDs 145 and/or other electrical component or devices 146 may be

soldered or otherwise electrically and mechanically secured to the flexible member 140

utilizing solder, conductive adhesive, mechanical connectors, or other known

technologies. The flexible substrate 142 may initially include a plurality of tabs 147, each

of which includes an aperture 148.

[0071] During production, after the LEDs and/or other electrical components 146 are

secured to the flexible member 140, the flexible member 140 is positioned in a first mold

tool that may be substantially similar to the mold tool 68 of Figs. 4 and 5 or the mold tool

102 of Figs. 9 and 10, depending upon the configuration of the flexible member 140. If

the electrical devices 145 and 146 comprise LEDs, transistors, resistors, compositors, or

the like, a mold tool that is substantially similar to the mold tool 68 (Figs. 4 and 5) may be

utilized to form capsule portions over the electrical devices 145 and 146. Alternately, if

the electrical components 146 comprise printed circuit boards, a mold tool that is

substantially similar to the mold tool 102 (Figs. 9 and 10) may be utilized to form capsule

portions over the electrical components 146 and additional electrical devices (not shown)

attached to the PCBs. The mold tool includes pins or other locators (not shown) that are

received in apertures 148 in tabs 147 to thereby position the flexible member 140 in the

mold tool. The first mold tool may include a cavity portion (not shown) that forms

polymer body portions that can be utilized to locate and support the intermediate assembly

after the first mold shot, and the tabs 147 may be severed tin the first mold tool, or after

the part exists the first mold tool. The polymer locating features could be, for example,

polymer tabs having a shape that is substantially similar to tabs 147, and including

apertures. These locating features may be utilized during a second or third mold shot to

locate the part after the tabs 147 are cut off. The flexible member 140 may be supported

in a substantially planar shape in the first mold tool, and a layer of polymer material may

be molded on a lower side of flexible member 140 to thereby form a rigid or semi-rigid

intermediate assembly. Also, if required for a particular application, flexible member 140

may be supported in a curved or other non-planar configuration in the first mold tool.

Also, the polymer portion 136 and/or baking member 137 may have a curved or other non-



planar configuration if required for a particular application. For example, upper surface

154 of polymer portion 136 may have a convex or concave shape, or it may have planar

and curved portions, and/or stepped portions (e.g. planar portions extending transversely

relative to one another). Additional molding shots utilizing a second mold tool that may

be substantially similar to the mold tool 80 (Fig. 6) or the second mold tool 104 (Fig. 11)

to form the polymer portion 136. In this way, the internal assembly 135 is embedded in

the polymer portion 136 as shown in Fig. 15.

[0072] The polymer portion 136 may include surface portions 150 on a lower side 151 of

polymer portion 136. The surface portions 150 may have a rough or otherwise irregular

surface to defuse light emitted from the LEDs 145 to form a word, symbol, or the like. An

upwardly facing surface 153 of backing member 137 may include a plurality of reflective

portions 152 having a shape and size corresponding to the surface portions 150. The

reflective portions 152 thereby reflect light generated by LEDs 145 upwardly into the

surface portions 150 of polymer portion 136.

[0073] In the illustrated example, the electrical device 130 comprises a portion of a lighted

door sill for vehicles and the like. The backing member 137 may have a shape and size

corresponding to the upwardly- facing portion of a door sill, such that the electrical device

130 forms an integral part of the door sill of the vehicle.

[0074] With reference to Figs. 16-18, an electrical device 1001 according to one aspect of

the present invention includes electrical conductors 1002-1009 (see also Figs. 18 and 19)

that are embedded in a non-conductive plastic material 1010. In the illustrated example,

the electrical conductors 1002-1009 are made from sheet metal such as plated steel, brass,

or the like, and include relatively large portions extending beyond the perimeter 101 1 of

the plastic material 1010. As described in more detail below, one or more electrical

components such as an integrated circuit, LED, resistor, diode, capacitor, conductor, or

virtually any other electrical component or components are at least partially encapsulated

within the plastic material 1010 in electrical and thermal contact with the electrical

conductors 1002-1009. The configuration of the electrical conductors 1002-1009 in the

illustrated example provide for heat conduction from the electrical components embedded

in the plastic material 1010. However, it will be understood that the electrical conductors

utilized to provide electrical connections to the embedded circuit components may have

virtually any size, shape, or configuration, and may include a relatively small exposed

external surface to provide for electrical and/or thermal connections. Still further, rather

than having exposed portions of the electrical conductors 1002-1009, the electrical



conductors may be completely encapsulated in the plastic material 1010, and an electrical

connector of a conventional, known configuration may be electrically connected to one or

more of the electrical conductors 1002-1009 and embedded within the plastic material

1010, such that the conventional electrical plug or other known connector may be the sole

external electrical connecting feature for the electrical conductors 1002-1009.

[0075] With reference to Figs. 21-23, during fabrication of the electrical device 1001

according to a first method, a "first shot part" 1015 may initially be formed. When

utilizing this method, the first shot part 1015 is made by placing a web 1017 of electrically

conductive material into a first mold (not shown). The web 1017 is formed from sheet

metal or the like in a progressive die or the like. In the illustrated example, the web 1017

and electrical conductors 1002-1009 (made from the web 1017) have a substantially planar

shape. However, it will be understood that the web 1017 and electrical conductors formed

from the web 1017 may have virtually any shape as required for a given application.

Furthermore, it will be understood that the electrical conductors may be made from

materials other than sheet metal utilizing a range of forming processes as required for a

particular application.

[0076] The web 1017 is initially formed as a one-piece part with a plurality of connecting

portions 1018 that physically and electrically interconnect the electrical conductors 1002-

1009. One or more locating holes 1019 are also formed in the web 1017 by the

progressive die. The web 1017 may be interconnected with adjacent webs 1017 (not

shown) by a plurality of metal web connecting parts (not shown) to thereby form an

elongated strip of material having a plurality of individual web parts 1017. The web 1017

is positioned a first mold tool (not shown), and pins or the like (also not shown) are

received in locating holes 1019 to position the web 1017 in a tool that cuts the connecting

portions 1018 to thereby electrically and physically separate the electrical conductors

1002-1009 from one another. The web 1017 may also be cut apart from the adjacent web

1017 if desired for a particular application. Nevertheless, in a preferred method, the web

1017 remains interconnected to the web section 1017 immediately adjacent thereto.

[0077] After the web 1017 is positioned in a first mold tool, the mold parts are brought

together, molten plastic material is injected to form raised walls or ridges 1020, and a

lower plastic portion 1021 (Fig. 22). The walls or ridges 1020 form a plurality of pockets

1022-1027. Each of the pockets includes exposed conductive surfaces 1028 that are

formed by the electrical conductors 1002-1009. It will be understood that the mold cavity

(not shown) has substantially the same shape as the external surfaces of the raised



walls/ridges 1020 and lower plastic 1021, and the mold includes surfaces that tightly abut

the electrical conductors 1002-1009 around the base edges 1029 of the raised walls/ridges

1020 to thereby prevent flow of the plastic material beyond the configuration shown in

Figs. 21-27.

[0078] After the first-shot part is formed, various electrical components are placed in the

pockets 1022-1027 formed by the raised walls or ridges 1020. With further reference to

Figs. 24 and 25, an example of one such electrical components is an LED 1030 that is

positioned in pocket 1027 with conductors 1031 and 1032 of LED 1030 in contact with

exposed portions 1023 of 1003 and 1009. The exposed portions 1023 of the conductors

within the pockets 1022-1027 is preferably coated with grease or the like to both hold the

electrical component in place, and to ensure that the electrical component such as LED

1030 is in thermal contact with the electrical conductors. It will be appreciated that the

LED 1030 is retained in position by the inner surfaces 1034 of walls or ridges 1020.

Although the size of the pocket 1027 (or pockets 1022-1026) may be chosen such that the

LED 1030 or other electrical component can move side-to-side to some degree, the inner

surfaces 1034 of raised walls or ridges 1020 are preferably formed with a high enough

degree of accuracy to ensure that the LED 1030 or other electrical component is

positioned within tolerance for the final part, such that additional side-to-side positioning

features/tooling, and the like is not required. Furthermore, the grease (not shown) or other

material that helps retain the LED 1030 in contact with the conductive material ensures

that the out of plane tolerance (i.e., up/down in Fig. 24) remains within tolerance. In the

illustrated example, a plug or the like 1033 is positioned on upper surface 1035 of LED

1030. During the first shot molding process, one or more locating pins or other features

(not shown) in the mold contact the web 1017 to support the web 1017 in the mold. These

parts form one or more cavities 1036 in the first shot part 1015.

[0079] With further reference to Fig. 26, after the LED 1030 is positioned in cavity 1027

formed by walls 1020 by an electrical component placement device or machine (not

shown), the first shot part 1015 is placed in a second mold tool (also not shown), and

additional plastic material 1040 is injected to at least partially encapsulate the LED 1030

at contact areas 1041 between the LED 1030 and plastic material 1040. In this way, the

LED 1030 is securely positioned in cavity 1027. The plug or tooling part 1033 may then

be removed to expose the upper surface 1035 of LED 1030. The open area previously

occupied by tooling part 1033 provides for unimpeded projection of light from LED 1030.

Plastic material 1042 may be injected to fill cavities 1036 (Fig. 25) formed by the part-



locating features of the first mold tool. Alternately, the cavities 1036 may simply be left

unfilled if desired for a particular application. It will be appreciated that a clear

boundary 1043 between plastic 1020 and plastic 1040 is shown in Fig. 26, the plastic 1020

and 1040 may melt together at least somewhat during the second shot molding operation,

such that the plastic material 1020 and 1040 are fused together, forming an integral one-

piece structure. If desired for a particular application, the first shot plastic material 1020

may be a different material than the second shot plastic material 1040. For example, the

first shot material 1020 could be opaque to provide a finished surface 1044 having the

desired appearance, and the second shot material 1040 could be transparent or light-

transmitting translucent colored plastic to provide for light transmission through the plastic

material 1040.

[0080] With further reference to Fig. 27, resistors 1050 are positioned in pockets 1022-

1025 in electrical contact with selected ones of the electrical conductors 1002-1009. The

resistors 1050 are retained in position within tolerance by the side walls 1034 of raised

walls or ridges 1020, and a thin layer of grease or other material (not shown) is utilized to

help retain the physical and electrical contact between the resistors 1050 and the electrical

conductors 1002-1009. After resistor 1050 is positioned in a pocket as illustrated in Fig.

27, substantially the entire pocket 1022-1025 may be filled with plastic material 1051 (Fig.

16) to fully encapsulate the resistor 1050. Cavities 1036 may also be filled with plastic

material during the second shot mold step. It will be appreciated that the plastic material

1051 may not only fill the cavities 1022-1025, but it may also fully encapsulate the ridges

1020, thereby covering at least a portion of outer surfaces 1052 of ridges 1020.

[0081] With further reference to Fig. 2B, a diode 1060 may be positioned in cavity 1026

with electrical contacts 1061 of diode 1060 in contact with selected ones of the electrical

conductors 1002-1009. Cavity 1026 is then filled with plastic material 1062 during the

second shot of the molding operation. The cavities 1036 may optionally be filled with

plastic material during the second shot of the molding operation.

[0082] With reference back to Fig. 17, the process of forming electrical device 1001

according to one aspect of the present invention includes forming an electrical circuit from

conductive material such as a sheet of metal. If a sheet of metal is utilized, the circuit may

be formed utilizing a progressive die or other suitable tooling. However, it will be

understood that the electrical circuit may be formed from a wide variety of conductive

materials utilizing a wide variety of processes/techniques, and the illustrated example

utilizing sheet metal formed in a progressive die is but one example of a suitable



process/component. The electrical circuit is positioned in a first mold tool. As discussed

above, locating holes 1019 are preferably formed in web 1017, and the locating holes 1019

are utilized to position the web 1017 in the first mold tool. As also described above, the

first mold tool may include a plurality of locating surfaces that contact the web 1017 to

position the web 1017 in the first molding tool, and thereby form cavities 1036 during the

first shot mold process in the first mold tool. Molten plastic is then injected into the mold

cavity to form the raised ridges or walls 1020, and the lower plastic 1021 . It will be

appreciated that the specific configuration of raised ridges 1020 and lower plastic 1021 is

but one example of a virtually unlimited number of possible configurations that may be

formed during the first shot molding step.

[0083] With further reference to Fig. 29, LED 1030 may be embedded in plastic material

1070 formed during the first or second shot molding step. Plastic material 1070 may be

transparent or translucent to permit light rays 1072 to propagate within the material 1070.

Outer surface 1071 of plastic 1070 defines a cone 1073 having a vertex (point) 1074

directly centered above the LED 1030. The light rays 1072 emitted by LED 1030 contact

the conical surface 1073 and refract inwardly, and are therefore "trapped" within the

plastic material 1070. It will be appreciated that the positioning of LED 1030 relative to

the conical surface 1073, as well as the geometry of cone 1073 is chosen to ensure that the

light rays 1072 are refracted internally. It will also be understood that although a conical

surface 1073 is preferred, other surfaces could also be utilized to refract the light, or a

substantial portion thereof, internally. For example, a pyramid-type surface or the like

could be utilized to refract the light internally. Furthermore, a variety of curved or other

irregular surfaces could also be utilized to internally refract at least a portion of the light

emitted by LED 1030.

[0084] The inner surfaces 1075-1078 of plastic material 1070 are preferably smooth

surfaces in most areas, such that the light rays 1072 are refracted internally, rather than

diffusing as would be the case if the surfaces 1075-1078 were irregular or rough surfaces.

The plastic material 1070 includes one or more rough surface areas 1079 having a frosted,

or other light-diffusing property, such that the light rays 1072 are diffused and "escape"

from within plastic material 1070 when the light rays 1072 hit the rough areas 1079. The

rough areas 1079 may be positioned a significant distance from an axis A along which

light from LED 1030 is initially directed. The rough surface areas 1079 "light up", and

may form lettering, designs, or the like that are illuminated by LED 1030. Because the

light rays 1072 are refracted internally in areas away from rough surface areas 1079, the



light rays 1072 are not visible to a viewer except for the light rays 1072 that hit the rough

surface areas 1079 and escape as diffused light 1080. Also, non-light transmitting material

may be embedded in the plastic material 1070 in the vicinity of LED 1030 to form letters,

designs, and other predefined patterns. For example, a thin layer of opaque material (not

shown) may be embedded in the polymer material 1070 between the LED 1030 and the

outer surface 1071 (e.g., between LED 1030 and vertex 1074 of cone 1073). Alternately,

if polymer material 1070 does not form a cone 1073, but rather has an outer surface 1071

that is generally flat, a sheet of opaque material may be embedded between the LED 1030

and the surface 1071 . The layer of opaque material may include one or more apertures

therethrough in the shape of a letter, design, or the like. The layer of opaque material

blocks the light rays from LED 1030 except for the aperture through the opaque material,

such that a lighted pattern in the shape of the aperture is thereby formed.

[0085] In this way, the light rays emitted by LED 1030 can be utilized to form a variety of

devices such as warning lights, decorative signs, or the like having specific messages,

patterns, designs, or the like formed by rough surface areas 1079. It will be appreciated

that a plurality of LEDs 1030 may be embedded within a single piece of plastic material

1070 if required for a particular application. Also, it will be appreciated that although

some light rays 1079 or portions thereof do escape from plastic material 1070 through

smooth surfaces 1075-1078, the smooth surfaces 1075-1078 refract a substantial portion of

the light (e.g., approximately 80%), such that a high percentage of the light emitted by

LED 1030 exits the plastic material 1070 at the rough surface areas 1079. Also, although

the rough surface area 1079 is illustrated as being substantially flat, it will be readily

appreciated that the rough surface areas 1079 may be formed in a cavity or the like 1081,

or on a raised surface 1082.

[0086] With further reference to Fig. 30, LED 1030 may also be encapsulated in plastic

material formed during the second shot of the molding process described above. Surface

1091 of plastic material 1090 may define a lens 1092 directly in line with light rays 1093

emitted by LED 1030. In this way, the second shot of the molding process may be utilized

to provide specific lens shapes that distribute the light 1093 produced by LED 1030 in a

desired pattern. For example, the lens surface 1092 may distribute the light to provide for

interior task lighting for a motor vehicle or the like. It will be understood that the plastic

material 1090 may be transparent, translucent, or colored to provide the desired lighting

effect.



[0087] The embedded LEDs of Figs. 29 and 30 may be formed integrally with an

electrical device 1001 during the second shot of the molded operation. Alternately, the

LED 1030 may be molded into plastic 1070 to form a separate component that is not part

of an electrical device 1001. It will be understood that the dimensions of the plastic

material 1070 and/or 1090 may be chosen to form a component that is much larger than

the LED 1030 itself. For example, the plastic material 1070 and/or 1090 could be quite

large relative to the LED 1030, and the plastic material 1090 itself may be utilized to

mount the device to a larger component such as a vehicle dashboard, interior task light, or

the like. In this way, the plastic material 1070 and/or 1090 may form a structural part of

the finished product and/or the outer surfaces 1071 and/or 1091 may form a finished

surface that is a substantial portion of the assembly to which it is assembled.

[0088] After the first shot part 1015 is removed from the first mold tool, grease or other

material may be deposited on exposed conductive surfaces 1028 within the pockets 1022-

1027. A tool or the like (not shown) then positions the various electrical components in

the pockets or cavities 1022-1027, with the electrical contacts of the components in

electrical contact with selected ones of the electrical conductors 1002-1009. The first shot

part 1015 is then positioned in the second mold tool, and additional plastic material is then

injected around the electrical components to thereby at least partially encapsulate the

electrical components and ensure that the electrical components remain in electrical and

thermal contact with the electrical conductors 1002-1009.

[0089] With further reference to Figs. 31-33, a device 1100 according to another aspect of

the present invention comprises an LED light assembly having an electrically conductive

circuit 1101 (see also Fig. 34) that is embedded in polymer material 1102. The electrically

conductive circuit 1101 is preferably formed from sheet metal or the like utilizing a sheet

metal stamping die to initially form a web as described in more detail above. In a

preferred embodiment, the metal material utilized to form the circuit 1101 has a thickness

of at least about 0.003 inches thick, and more preferably at least about 0.008 inches thick.

According to other aspects of the present invention, the circuit 1101 may be thicker, and

may be, for example, 0.010-0.020 inches thick, or thicker, depending upon the

requirements for a particular application. In general, circuit 1101 may be formed from

material 0.25 inches thick or more. In general, material thicknesses greater than around

0.020 inches may be utilized if greater heat transfer capability is required for a particular

application. In general, the circuit 1101 comprises a material that is substantially thicker

than the conductive material formed on conventional circuit boards.



[0090] The light assembly 1100 includes a first side 1103 (Fig. 31), and a second side

1104 (Fig. 32). In the illustrated example, the first side 1103 includes a first raised annular

ridge 1105, and a plurality of raised portions 1106 forming lenses that control the

distribution of light emitted from LEDs embedded within the polymer material 1102

immediately adjacent the lens portions 1106. Lens portions 1106 may be configured as

illustrated in, for example, Figs. 29 and 30, or the raised portions 1106 may have a shape

as disclosed in co-pending U.S. Patent Publication No. 2008/0247173, entitled LENS

SYSTEM FOR LED LIGHTS. In the illustrated example, the raised portions 1106

comprise small dome-like structures having a smooth surface that distributes light from

LEDs embedded in the polymer material 1102 as described in detail below. The surfaces

of the plastic material 1102 adjacent and between the raised portions 1106 may have a

frosted or rough surface to provide for escape/distribution of light in substantially the same

manner as described above in connection with Fig. 29. In this way, a relatively large

portion of the surface of the polymer material 1102 may be illuminated by the LEDs

positioned immediately below raised portions 1106. In the illustrated example, the

polymer material 1102 extends outwardly to form a flange 1110 having a plurality of

openings 1111 therethrough. In use, the openings 1111 receive threaded fasteners or the

like to secure the light assembly 1100 to a mounting structure or the like. In the illustrated

example, the light assembly 1100 comprises an exterior light assembly that is suitable for

mounting to a motor vehicle or the like. The LED light assembly 1100 may comprise a

taillight for a semi-trailer or the like. The polymer material 1102 forms a receptacle 1 1 12

on the second side 1104. As described in more detail below, a plurality of prongs 1113 of

the circuit material 1101 provide for connection to a 12 volt D.C. power source or the like

of the motor vehicle. The polymer material 1102 may form one or more ridges 1114 that

extend in a spoke-like manner and connect to a second annular ridge 1115 that protrudes

outwardly from the second side 1104 of device 1100.

[0091] With reference to Fig. 34, the electrical circuit material 1101 is substantially

encapsulated by the polymer material 1102. Specifically, a first layer 1116 of polymer

material 1102 covers a first side surface 1118 of circuit 1101, and a second layer 1117 of

polymer material 1102 covers a second side 1119 of circuit 1101. One or more electrical

components 1120 are electrically and mechanically connected to the conductive circuit

material 1101, and the polymer material 1102 encapsulates the electrical component(s)

1120. The electrical component 1120 may comprise a resistor, a diode, a zener diode, a

transistor, an integrated circuit, an inductor, a capacitor, a transient voltage suppressor



("TVS"), a metal oxide varister ("MOV"), or virtually any other electrical circuit

component. One or more of the electrical components 1120 are connected to the circuit

1101 to control the current and/or voltage supplied to the LEDs of the device 1100.

[0092] With further reference to Fig. 35, during fabrication of device 1100, sheet metal is

first formed by cutting and/or bending the sheet metal to form a web 1130 (Fig. 36) having

at least two conductive circuit elements. As discussed in more detail above, the

conductive circuit elements are preferably initially interconnected by small metal portions

that are later cut or punched out to disconnect the conductive circuit elements from one

another. After the web 1130 is formed, LEDs 1131 (Fig. 37) and/or other electrical

components 1132, 1133 are positioned on the circuit elements of the web 1130, and the

LEDs 1131 and/or other electrical components 1132, 1133 are then secured to the web

1130. The LEDs 1131 and/or other electrical components 1132, 1133 may be secured

utilizing a soldering technique or other suitable method. If the device includes one or

more printed circuit boards (PCBs) as shown in Figs. 1-15, the electrical components may

be secured to the PCBs rather than to the web as shown in Fig. 35. With further reference

to Fig. 38, one alternative to soldering includes positioning a lead 1122 of an electrical

component in a tapered notch 1123 formed in an edge 1124 of circuit material 1101. The

lead 1122 may have a dimension that is the same as that of notch 1123, or slightly greater

than tapered notch 1123, such that lead 1122 forms a tight interference fit in tapered notch

1123. Alternately, with reference to Fig. 39, a lead 1126 of an electrical component may

be secured to circuit material 1101 by crimping tabs 1127 and 1128 around lead 1126. It

will be understood that other suitable connecting techniques may also be utilized

according to the present invention.

[0093] With reference back to Fig. 35, after the LEDs 1131 and/or other electrical

components 1132, 1133 are secured to the web 1130, the resulting component is

positioned in a mold tool, and thermoplastic polymer material is molded around the LEDs

1131 and/or other electrical components 1132, 1133 in a first molding shot. The method

may, optionally, include positioning the component in a second mold tool, and additional

polymer material may then be molded around the polymer material introduced in the first

molding shot. Furthermore, third, fourth, fifth, or additional mold tools may also be

utilized to mold additional polymer material around the polymer material formed during

the first and second mold shots. It will be understood that a single mold shot process may

be utilized according to other aspects of the present invention.



[0094] With further reference to Fig. 36, a conductive sheet of metal or other suitable

material is first cut and/or formed to form an electrical web 1130. With further reference

to Fig. 37, after the circuit web 1130 is formed, one or more LEDs 1131 may be secured to

the web 1130 by soldering, or other suitable technique. In addition to the LEDs 1131,

additional circuit components 1132 may be secured to the web 1130 by soldering or other

suitable technique. The circuit components 1132 may comprise diodes, transistors,

resistors, capacitors, or virtually any other electrical components utilized to form a circuit

that supplies a desired current and/or voltage level to the LEDs 1131 when the device

1100 is connected to a 12 volt vehicle power supply. An integrated circuit 1133 may also

be connected to the web 1130 utilizing soldering or other suitable technique.

[0095] With further reference to Fig. 40, after the various electrical components are

secured to the web 1130 as illustrated in Fig. 37, the web 1130 with the electrical

components is then positioned in a first mold tool, and first thermoplastic polymer

material 1140 is then molded over the web 1130 and around the diodes 1131 and other

electrical components 1132 and/or integrated circuit 1133 to form an intermediate part

1136. In Fig. 40, the first polymer material 1140 is shown as being substantially clear,

such that the LEDs 1131, electrical components 1132 and integrated circuit 1133 are

visible through the second polymer material 1140. In Fig. 41, the first polymer material

1140 is illustrated as being substantially opaque to thereby illustrate the surface contour of

the first polymer material 1140. Similarly, in Fig. 42 the polymer material 1140 is

illustrated as being substantially clear, and in Fig. 43 the polymer material 1140 is shown

as being opaque. In a preferred embodiment, the first polymer material 1140 comprises

light-transmitting thermoplastic material that transmits light from the LEDs 1131. In

particular, LEDs 1131 may comprise red LEDs, and the polymer material encapsulating

the LEDs may also be red. Alternately, the LEDs 1131 may be amber, and the polymer

material may also be amber. Still further, the LEDs 1131 may comprise white LEDs, and

the polymer material may be substantially clear. Virtually any color LEDs and polymer

material may be utilized according to the requirements of a particular application.

Alternately, the LEDs of device 1100 may be of different colors, such that device 1100

produces light of different colors.

[0096] With reference to Fig. 41, the cavity of the first mold tool is configured to form

protective capsules 1141 of the polymer material 1140 over the LEDs 1131. Similarly,

protective capsules 1142 of polymer material 1140 are also formed over the electrical

components 1132 and integrated circuit 1133. In the illustrated example, the protective



capsules 1141 are dome-like in shape, and include a generally circular peripheral edge

1145 having a maximum diameter of about 0.375 inches. A layer 1146 of polymer

material 1140 is also formed over the web 1130. The layer 1146 includes a generally

circular edge 1147 that is spaced apart from circular peripheral edge 1145 of protective

capsules 1141 to thereby form a C-shaped groove 1148 that extends around the protective

capsules 1141. A small bridge portion 1149 of the polymer material 1140 extends

between the layer of polymer material 1146 to the protective capsule 1141. As described

in more detail below, the small bridge of material 1149 is formed by a small passageway

in the first mold tool that provides for flow of polymer material from the cavity forming

layer 1146 to the small cavity portion that forms the protective capsules 1141.

[0097] Protective capsules 1142 are similar to protective capsules 1141, except that

protective capsules 1142 have a shape that generally corresponds to the circuit

components 1132 and/or integrated circuit 1133. Each of the protective capsules 1142 is

surrounded by a groove 1150 that is substantially similar to grooves 1148, and each

protective capsule 1142 is connected to layer 1146 of polymer material by a small bridge

1151 that may be substantially similar to bridge 1149 interconnecting protective capsules

1141 with polymer material 1146.

[0098] With reference to Fig. 44, a first mold tool 1155 utilized to fabricate the

intermediate part 1136 of Figs. 40-43 includes a first mold part 1156 and a second mold

part 1157. Web 1130 may include a plurality of locating holes (not shown) or the like, and

first mold tool 1155 may include a plurality of pins that engage the openings to thereby

position the circuit 1101 in first mold tool 1155. The first mold part 1156 includes one or

more first cavities 1158 that form protective capsules 1141 and/or 1142 around LEDs

1131 and/or electrical components 1132 and 1133. The first mold part 1156 also includes

a second cavity portion 1159 that is utilized to form a layer 1146 of polymer material on

surface 1119 of the web or circuit 1101. Second mold part 1157 includes a first cavity

portion 1160 that forms a small layer 1161 of polymer material on surface 1118 of circuit

1101. In general, the small layer 1161 may have a peripheral edge 1163 that has

substantially the same shape and size in plan view as peripheral edge 1162 of protective

capsule 1141. With reference back to Fig. 43, the layer 1161 of polymer material is

formed on a bottom side 1137 of the intermediate part 1136, and a small bridge of plastic

1165 connects the layer 1161 with the layer 1170 extending over lower side 1137 of

intermediate part 1136. As shown in Fig. 44, layer 1170 is formed by a second cavity

portion 1171 of second mold tool part 1156.



[0099] Referring again to Fig. 44, first mold part 1156 includes a ridge 1173 that extends

around first cavity portion 1158. The ridge 1173 includes a contact surface 1174 that

abuts or contacts surface 1119 of circuit 1101. In the illustrated example, contact surface

1174 is substantially flat, and it fits closely against surface 1119 of circuit element 1101 to

thereby form grooves 1148 (see also Fig. 41) that extend around protective capsules 1141.

Similarly, second mold part 1157 includes a ridge 1175 extending around first cavity

portion 1160. A contact surface 1176 formed by ridge 1175 fits tightly against surface

1118 of circuit element 1101 to thereby form grooves 1164 (see also Fig. 43) extending

around the small layer 1161 of polymer material on lower side 1137 of intermediate part

1136. The first mold part 1156 and second mold part 1157 may include a plurality of

cavities surrounded by ridges/contact surfaces as required to form protective capsules

1141 and 1142 over each of the electrical components mounted to the circuit 1101.

[00100] With further reference to Fig. 45, first mold part 1156 includes an elongated

passageway 1178 that interconnects first cavity portion 1158 with second cavity portion

1159. When thermoplastic polymer material is injected into the second cavity portion

1159, the polymer material flows through the elongated passageway 1178 and into the first

cavity portion 1158 to thereby form a protective capsule 1141 or 1142. In general, the

elongated passageway 1178 has a relatively small cross-sectional area such that the flow

of molten polymer material from second cavity portion 1159 to the first cavity portion

1158 is substantially restricted. The polymer material in elongated passageway 1178

forms the polymer bridges 1149 (Figs. 40-42) that interconnect the capsules 1141 with the

polymer material 1146. Although the precise size and configuration of the elongated

passageway 1178 may vary depending upon the needs of a particular application, in the

illustrated example, the passageway 1178 has a width and a height of about 0.060 inches,

and has a cross-sectional shape that is approximately semi-circular. The area of a half

circle is equal to πr2/2, such that the cross-sectional area of elongated passageway 1178 is

approximately 0.0056 square inches. It will be understood that the length and cross-

sectional area of elongated passageway 1178 may vary depending upon the electrical

component being encapsulated by protective capsules 1141 and 1142, the type of polymer

material used, and other such factors.

[00101] The passageway 1178 restricts the flow of the molten polymer material over the

LEDs 1131 and other circuit components 1132, 1133. Because the first cavity portion

1158 is substantially sealed by ridge 1173 and contact surface 1174, molten polymer



material flowing into first cavity portion 1158 from elongated passageway 1178 cannot

flow freely over LED 1131 or circuit components 1132, 1133. In this way, the amount of

heat and pressure transferred into the LEDs 1131 and/or components 1132, 1133 by the

molten polymer material is limited. Furthermore, because the flow of polymer material in

first cavity portion 1158 is substantially restricted, the forces imposed on LED 1131 and

circuit components 1132 and 1133 due to flow of the molten polymer material is

substantially reduced or controlled. In this way, the use of first cavity portion 1158 with a

small elongated feeder passageway 1178 prevents damage to LEDs 1131 and circuit

components 1132, 1133 and/or dislodgement of these components that could otherwise

occur if a single large mold cavity were utilized. Furthermore, because the protective

capsules 1141 and 1142 are largely disconnected from the other polymer material forming

layer 1146 covering circuit 1101 when intermediate part 1136 is formed, the LEDs 1131

and components 1132 and 1133 do not experience forces that might otherwise be

generated as the polymer material cools and hardens.

With reference back to Fig. 37, LEDs 1131 and electrical components 1132, 1133

are connected to a first conductor 1134 and a second conductor 1135 of web 1131 to

provide positive and negative power to the components. In general, gaps 1138 are formed

between the first and second conductors 1134, 1135, and the LEDs 1131 and electrical

components 1132, 1133 span the gaps 1138. With reference back to Fig. 44, the contact

surface 1174 of ridge 1173 of first mold part 1156 contacts the upper surface 1119 of

circuit 1101. However, the contact surface 1174 also spans the gaps 1138 directly

adjacent the LED 1131 or other circuit components 1132 and 1133. Thus, the gaps 1138

fill with molten polymer material that flows into the gaps 1138 from second cavity portion

1159, and/or first cavity portion 1158. Alternately, some polymer material may flow from

second cavity portion 1159 through gap 1138 into first cavity portion 1158. Thus,

although the elongated passageway 1178 generally provides the primary source of

polymer flow from second cavity portion 1159 into first cavity portion 1158, some

polymer material may flow through gaps 1138 as well. The gaps 1138 may be quite small

in the vicinity of the LEDs 1131 and/or other circuit components 1132 and 1133 to restrict

the flow of polymer through gaps 1138. In the illustrated example, the gaps 1138 have a

width of about 0.015-0.030 inches. Thus, if the circuit 1101 is 0.020 inches thick, and gap

1138 is also 0.020 inches, the cross-sectional area of gap 1138 is 0.0004 square inches,

much smaller than the cross-sectional area of a typical passageway 1178 noted above.



[00103] Referring again to Fig. 45, an elongated passageway 1179 in second mold part

1157 extends from first cavity portion 1160 of second mold part 1157 to second cavity

portion 1171 to provide for flow of molten polymer material from second cavity portion

1171 to first cavity 1160. The elongated passageway 1179 in second mold part 1157

forms the bridges 1165 and 1168 of polymer material interconnecting the polymer layer

1170 with the polymer material 1161 on surface 1118 of conductor 1101. The passageway

1179 may have substantially the same size and shape as passageway 1178, and it similarly

restricts the flow of molten polymer material between the first cavity portion 1160 of

second mold part 1157 and the second cavity portion 1171 of second mold part 1157.

[00104] After the intermediate part 1136 with protective capsules 1141 and 1142 is formed

in first mold tool 1155, the intermediate part 1136 is positioned in a second mold tool

1180 (Fig. 46). The second mold tool 1180 may include a plurality of pins or the like (not

shown) that engage locating openings (also not shown) in intermediate part 1136, to

thereby position the intermediate part 1136 in second mold tool 1180. Second mold tool

1180 includes a first mold part 1181 and a second mold part 1182. First mold part 1181

includes a first cavity portion 1183 formed between the intermediate part 1136 and inner

surface 1185. Similarly, second mold part 1182 forms a cavity portion 1184 between

inner surface 1186 of second mold part 1182 and intermediate part 1136. Molten polymer

material is injected into the cavity portions 1183 and 1184 to thereby overmold the

protective capsules 1141 and 1142 and form the finished part 1100 (Fig. 31). Because the

LEDs and/or other electrical components are protected by protective capsules 1141 and

1142, the polymer material flowing into cavity portion 1183 does not directly contact the

LEDs and/or other electrical components. The protective capsules thereby ensure that the

LEDs and/or other electrical components are not damaged due to excessive heat from the

molten polymer material. The protective capsules also ensure that the LEDs and/or other

electrical components are not dislodged due to forces generated by the molten polymer

material. The small polymer layer 1161 on lower side 1137 of intermediate part 1136 is

physically connected to the capsules 1141 and 1142 by polymer material that has flowed

into gaps 1138 (see also Fig. 37) immediately adjacent the LEDs and other components.

The small layer 1161 thereby mechanically secures the capsules 1141 and 1142 to the

circuit 1101 to prevent dislodgement of the protective capsules 1141 and 1142 during the

second shot molding step utilizing second mold tool 1180 of Fig. 46. The capsules 1141,

1142 and layer 1161 also serve to strengthen intermediate part 1136 to prevent damage

due to bending or the like to thereby facilitate handling of part 1136.



[00105] Although the device 1100 has been described as being formed by a two-shot

molding process, it will be understood that device 1100 or other such components may be

made utilizing a single-shot molding process according to other aspects of the present

invention. If a single-shot molding process is utilized, a web 1130 (Fig. 36) is first

formed, and the LEDs and other components are then secured to the web 1130 (Fig. 37).

The web 1130 with the electrical components secured thereto is then positioned in a mold

tool having a mold cavity defining a shape that is substantially similar to the desired

surface contour of the finished part.

[00106] Furthermore, according to other aspects of the present invention, more than two

molding shots may be utilized if required for a particular application. If three or more

molding shots are utilized, third or fourth mold tools (not shown) having additional cavity

spaces are utilized. In the illustrated example, the polymer material utilized to form part

1100 comprises a light-transmitting colored polymer that is red, amber, or the like to

provide a turn signal, brake light, or the like for a motor vehicle. In general, the LEDs

may be chosen to have a color corresponding to the color of the polymer material to

provide the desired color. If desired for a particular application, opaque polymer material

may be injected over portions of the conductor 1101 during a first molding shot, or opaque

polymer material may be overmolded in a second, third, or subsequent mold shot. In this

way, the part 1100 may include both opaque polymer material and clear or other colored

light-transmitting polymer material as required for a particular application.

[00107] With further reference to Figs. 47 and 48, a device 1200 according to another

aspect of the present invention comprises a light having one or more LEDs 1131 and

electrical components 1132 and 1133 that are secured to a circuit 1201. The circuit 1201

and LEDs 1131, and other components 1132, 1133 are embedded in a polymer material

body 1202 that may be formed in substantially the same manner as described in detail

above in connection with the LED light assembly 1100. The circuit 1201 includes a

generally flat primary portion 1203, and an intermediate portion 1204 that extends

transversely away from flat primary portion 1203. An end portion 1205 of circuit 1201

extends transversely from intermediate portion 1204, and includes two or more

cantilevered prongs 1206. The prongs 1206 are positioned within a receptacle 1210

formed by a generally cylindrical sidewall 1207 having an open end 1208. The receptacle

1210 provides a conventional electrical connector to connect the device 1200 to a 12 volt

D.C. power source of a motor vehicle. Unlike a conventional flat circuit board, the metal

circuit 1201 may be deformed into a non-planar three-dimensional shape as shown in Fig.



48, and it may be substantially encapsulated in polymer material forming a housing 1212

of device 1200. Device 1200 includes lens portions 1213 over the LEDs 1131 to provide

the desired light distribution. In the illustrated example, the LEDs 1131 of device 1200

are white LEDs, and the polymer material utilized to form the housing 1212 is a

substantially transparent polymer material. Device 1200 includes openings 1214 that

receive conventional threaded fasteners or the like to secure the device 1200 to a vehicle,

vehicle trailer, or the like. Device 1200 may illuminate a license plate, or other vehicle

exterior component.

[00108] Although the devices 1100 and 1200 are described as being LED light assemblies,

it will be understood that the device, methods, and tools of the present invention are not

limited to light assemblies. Specifically, various electrical circuit components other than

LEDs may be secured to a web, and the components may be overmolded utilizing a one-,

two-, or more shot process as described in detail above. The polymer material utilized to

overmold the electrical components may be opaque, and may be configured to provide

decorative finished surface. In this way, separate housing and circuit board structures are

eliminated. Components fabricated in this way may have a virtually unlimited range of

shapes and configurations as required for a particular application. Furthermore, because

the electrical components and the circuit material are overmolded and completely sealed

within the polymer (with the possible exception of the exposed metal utilized to

electrically connect the device to an external power source), a device fabricated according

to the present invention is substantially waterproof, and very durable. Because the metal

utilized to form the circuit can be bent into a wide variety of shapes, a device according to

the present invention is not limited to a substantially flat configuration as with

conventional circuit boards. A device according to the present invention may be

configured to fit within a relatively confined three-dimensional space dictated by other

design considerations such as aesthetics, packaging for other components, and the like.

[00109] An electrical device according to the present invention may comprise any one of a

wide variety of devices including, for example, light assemblies for vehicle interiors,

dashboard components, or other electrical devices that are not part of a vehicle, such as a

camera, printer, computer, audio equipment, television, DVD player, microwave oven or

other kitchen device or utensil utilizing electrical components, thermostats for controlling

HVAC systems of buildings, communications equipment. The electrical device according

to the present invention may also comprise an electrical device or light suitable for marine

use, or it may comprise a children's toy or the like. Similarly, the electrical device may



comprise an illuminated sign for use in a building or the like, or an exterior sign that may

be illuminated, and may be attached to a building, or may be free-standing or attached to

another structure. Still further, the electrical device may comprise a free-standing light

suitable for use on a desk, table, or the like, or the device may comprise a hand-held light,

or a light that is attachable to another device or the like. Still further, the electrical device

may comprise a light for a semi-trailer, boat trailer, or other such application. Still further,

the electrical device may comprise a light forming a turn signal, a stoplight for a vehicle,

or the like. It will be appreciated that virtually any electrical component may be

overmolded into a polymer structure, and the illustrated examples of LEDs, resistors, and

diodes are merely examples of components that may be utilized to form an electrical

device according to the present invention.

[00110] Also, it will be appreciated that the electrical device 1001 may be formed to have a

wide variety of shapes, and the device 1001 need not be limited to a generally planar

configuration as shown in the illustrated example. For example, the conductors forming

the circuit may be formed into a wide variety of non-planar configurations, such that the

electrical components are not all positioned in the same plane. In this way, the electrical

device 1001 may be configured to fit within a limited space and thereby reduce the space

required for the finished assembly. This, in turn, may substantially reduce the amount of

wasted space that would otherwise occur if a planar circuit board were utilized.

[00111] In the foregoing description, it will be readily appreciated by those skilled in the art

that modifications may be made to the invention without departing from the concepts

disclosed herein.



The invention claimed is:

1. A light assembly, comprising:

at least one circuit element comprising a board made of a non-conductive material

and a plurality of conductive tracks disposed on at least one side of the board;

a plurality of conductive elements connected to the conductive tracks and

extending away from the board;

at least one LED electrically connected to selected ones of the conductive tracks;

at least one electrical component electrically connected to the conductive tracks,

wherein the one electrical component is selected from the group consisting of a resistor, a

diode, a zener diode, a transistor, an integrated circuit, a capacitor, an inductor, a transient

voltage suppressor, and a metal oxide varister; and wherein the electrical component

affects at least one of a voltage and an electrical current supplied to the LED;

a one-piece body comprising thermoplastic polymer material encasing the circuit

element, the LED, and the one electrical component.

2 . The light assembly of claim 1, wherein:

the thermoplastic polymer material includes a light-transmitting portion

encapsulating the LED.

3 . The light assembly of claim 1, wherein:

the conductive elements comprise sheet metal forming at least two cantilevered

prongs having exposed metal protruding outside the thermoplastic polymer material, and

wherein the thermoplastic polymer material includes a cavity having an open end to

thereby form a receptacle around the prongs.

4 . The light assembly of claim 3, including:

at least one electrical component mounted to the conductive elements at a location

that is spaced apart from the board.

5 . The light assembly of claim 1, wherein:

the polymer material forms a mounting flange having at least one opening

therethrough that is configured to receive a fastener to mount the light assembly.



6 . The light assembly of claim 1, wherein:

the conductive elements form positive and negative leads for connecting the light

assembly to a power source;

the light assembly comprises a light for a motor vehicle, and wherein the one

electrical component forms a circuit capable of supplying a desired electrical current to the

LED when the positive and negative leads of the light assembly are connected to a 12 volt

D.C. power source.

7 . The light assembly of claim 6, wherein:

the thermoplastic polymer material comprises a translucent material.

8. The light assembly of claim 7, wherein:

all portions of the thermoplastic polymer material have substantially the same

composition and color.

9 . The light assembly of claim 1, wherein:

the thermoplastic polymer material includes convex outer surface portions that are

aligned with the LEDs.

10. The light assembly of claim 1, wherein:

the circuit element comprises a printed circuit board.

11. The light assembly of claim 1, wherein:

the conductive elements comprise elongated flexible conductive members and

flexible nonconductive material.

12. The light assembly of claim 11, wherein:

the flexible nonconductive material comprises a strip having a side surface and

wherein the flexible conductive members are disposed on the side surface.

13. The light assembly of claim 1, wherein:

the conductive elements comprise a ribbon cable that is electrically connected to

the conductive tracks of the circuit element.



14. The light assembly of claim 1, wherein:

the at least one circuit element comprises a plurality of spaced apart printed circuit

boards that are electrically interconnected by conductive elements.

15. The light assembly of claim 14, wherein:

the one-piece body encases the plurality of printed circuit boards.

16. The light assembly of claim 15, wherein:

at least two of the printed circuit boards are substantially coplanar relative to

eachother.

17. The light assembly of claim 1, wherein:

the board defines a perimeter having opposite edge portions;

the conductive elements comprise a plurality of metal sections having generally

flat surface portions;

the board is disposes on the flat surface portions of the conductive elements, and

wherein portions of the conductive elements extend outwardly beyond the opposite edge

portions.

18. The light assembly of claim 17, wherein:

the metal sections comprise sheet metal having substantially uniform thickness.

19. The light assembly of claim 6, wherein:

the one electrical component comprises a diode, and wherein the conductive tracks

and the diode form a circuit that protects the one LED from damage in the event the

positive and negative leads are incorrectly connected to negative and positive power

sources, respectively.

20. A method of forming an electrical assembly, comprising:

providing a plurality of electrically conductive circuit elements;

providing at least one circuit element comprising a board having a side surface and

a plurality of conductive tracks disposed on the side surface of the board;

securing at least one electrical component to at least a selected one of the

conductive tracks;



positioning at least a portion of the circuit element and the electrical component in

a first mold cavity having a first shape;

molding thermoplastic polymer material around the electrical component while it

is in the first mold cavity to encapsulate the electrical component in a protective capsule of

thermoplastic polymer material, the protective capsule having a first portion in contact

with the conductive tracks and the board, the protective capsule having peripheral edge

portions extending around at least a portion of the electrical component;

positioning at least a portion of the circuit element and the electrical component in

a second mold cavity having a second shape that is substantially different than the first

shape;

molding thermoplastic polymer material over at least a portion of the protective

capsule.

21. The method of claim 20, wherein:

the side surface of the board defines a generally flat surface portion;

the peripheral edge portions of the protective capsule extend to the flat first surface

portion and define a peripheral edge surface that is transverse to the flat surface portion.

22. The method of claim 21, wherein:

an exposed portion of the flat surface portion of the board is not covered by the

protective capsule of polymer prior to positioning the circuit element and the electrical

component in the second mold cavity; and including:

molding thermoplastic polymer material over the exposed portion.

23 . The method of claim 22, wherein:

the first mold cavity is shaped to mold thermoplastic polymer material over at least

a substantial portion of the conductive circuit elements.

24. The method of claim 23, wherein:

the first mold cavity forms a groove around the electrical component that is

generally C-shaped in plan view, and wherein the first mold cavity is shaped such that a

bridge of thermoplastic polymer material extending from the additional polymer material

to the protective capsule is formed in the first mold cavity.



25 . The method of claim 24, wherein:

the groove defines a base surface, and at least a portion of the base surface

comprises portions of the conductive tracks.

26. The method of claim 20, wherein:

the step of securing at least one electrical component includes soldering the

electrical component to the conductive tracks.

27. The method of claim 20, wherein:

the one electrical component comprises an LED.

28. The method of claim 27, wherein:

at least one additional electrical component in addition to the LED is secured to the

circuit element; and

a protective capsule of thermoplastic polymer material is molded over the

additional electrical component in the first mold cavity.

29. The method of claim 20, wherein:

the one electrical component comprises an integrated circuit having a generally

quadrilateral perimeter;

the peripheral edge of the protective capsule has a generally quadrilateral shape.

30. An electrical device, comprising:

a printed circuit board comprising a non-conductive board and a plurality of

conductive tracks disposed on the non-conductive board;

a plurality of conductive elements connected to the conductive tracks;

at least one electrical component mounted on the printed circuit board in electrical

contact with at least one of the conductive tracks;

a one piece body comprising thermoplastic polymer material encasing the one

electrical component and the printed circuit board and contacts at least one of the printed

circuit boards and the one electrical component; and wherein:

at least two of the conductive elements are molded into the one piece body with

exposed portions of the conductive elements extending outside of the one piece body to



provide an electrical power source, and wherein the one piece body forms a seal around

the two conductive elements to prevent entry of moisture.

31. The electrical device of claim 30, wherein:

the electrical component comprises an LED.

32. The electrical device of claim 31, wherein:

the thermoplastic polymer material of the one piece body contacts the LED.

33. The electrical device of claim 30, wherein:

the printed circuit board defines first and second opposite side faces, and the

conductive tracks are disposed on the first side face; and

the thermoplastic polymer material contacts a substantial portion of the first and

second opposite side faces.

34. The electrical device of claim 33, wherein:

the first and second opposite side faces define a central portion and a peripheral

edge portion extending around the central portion, and wherein the thermoplastic polymer

material contacts the central portion of at least one of the first and second opposite side

faces.

35. The electrical device of claim 30, wherein:

the conductive tracks are disposed on a generally planar first side face of the non-

conductive board;

the electrical component includes a peripheral edge surface that extends

transversely away from the first side face; and

the thermoplastic polymer material contacts at least a portion of the peripheral

edge surface of the electrical component.

36. The electrical device of claim 35, wherein:

the thermoplastic polymer material contacts at least a portion of the conductive

tracks.

37. The electrical device of claim 36, wherein:



the printed circuit board defines a second side face opposite the first side face; and

the thermoplastic polymer material contacts the second side face.

38. The electrical device of claim 35, wherein:

the electrical component includes an outer side that faces away from the first side

face of the non-conductive board;

the thermoplastic polymer material contacts the outer side of the electrical

component.

39. The electrical device of claim 30, wherein:

the conductive elements comprise prongs; and

the thermoplastic polymer material defines a cavity, and the prongs are disposed in

the cavity to form a receptacle.

40. A method of fabricating an electrical device, comprising;

providing a printed circuit board;

mounting at least one electrical component on the printed circuit board;

providing a barrier of polymer material that at least partially covers the electrical

component;

positioning the printed circuit board and the one electrical component in a mold

cavity;

injecting molten thermoplastic polymer material into the mold cavity such that the

molten thermoplastic polymer material comes into contact with the barrier.

41. The method of claim 40, wherein:

the barrier comprises thermoplastic polymer material that is molded around the one

electrical component after the one electrical component is mounted to the printed circuit

board.

42. The method of claim 41, wherein:

the mold cavity comprises a second mold cavity defining a second shape;

the thermoplastic polymer material is molded around the electrical component in a

first mold cavity having a first shape that is substantially different than the second shape.



43. The method of fabricating an electrical device of claim 42, wherein:

the barrier includes a generally dome-shaped portion.

44. The method of fabricating an electrical device of claim 43, including:

forming a layer of thermoplastic polymer material on the printed circuit board in

the mold cavity; and

forming a groove around the dome-shaped portion of the barrier.

45. The method of fabricating an electrical device of claim 40, wherein:

the barrier covers the one electrical component before the electrical component is

positioned in the mold cavity.
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