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FIGURE 1

(57) Abstract: A sensor assembly, having an inner spring, a middle spring circumscribing the inner spring, and an outer spring cir-
cumscribing the middle spring. Each of the springs are connected to a first circuit board and a second circuit board. An axis extends
through the inner spring, the middle spring, and the outer spring such that the springs are rotatable about the axis, and the inner spring,
middle spring, and outer spring provide electrical communication between the first circuit board and the second circuit board regardless
of the orientation of the inner spring, middle spring, and outer spring about the axis. The first circuit board is a sensor board, and the
second circuit board is a printed circuit board (PCB), but it is within the scope of the invention that different types of circuit boards

may be used in various combinations.
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CONCENTRIC SPRINGS FOR SENSOR CONNECTION

FIELD OF THE INVENTION
[0001] The invention relates generally to a sensor assembly having
a conductive coil which includes concentric springs, where the conductive coil
provides a connection between two electrically conductive boards and/or sensor

elements.

BACKGROUND OF THE INVENTION

[0002] Sensors are used for many different types of applications,
and are manufactured in many different configurations. Sensors often have
multiple components, which are assembled together during manufacturing.
Some sensors have multiple circuit boards, which are connected together using
various wires. However, some components are more difficult to connect than
others, and various electrical components may electrically interfere with one
another.

[0003] Accordingly, there exists a need for a way to connect
multiple circuit boards and/or sensor elements, while allowing for flexibility of
assembly of components, and minimizing or eliminating electrical interference

between electrical components.
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SUMMARY OF THE INVENTION

[0004] In one embodiment, the present invention is a sensor
assembly, having an inner spring, a middle spring circumscribing the inner
spring, and an outer spring circumscribing the middle spring, or in alternate
embodiments, any further number of springs. A first circuit board is connected to
a first end of the inner spring, a first end of the middle spring, and a first end of
the outer spring, and a second circuit board connected to a second end of the
inner spring, a second end of the middle spring, and a second end of the outer
spring. An axis extends through the inner spring, the middle spring, and the
outer spring such that the inner spring, the middle spring, and the outer spring
are rotatable about the axis, and the inner spring, middle spring, and outer spring
provide electrical communication between the first circuit board and the second
circuit board regardless of the orientation of the inner spring, middle spring, and
outer spring about the axis.

[0005] In one embodiment, the first circuit board is a sensor board,
and the second circuit board is a printed circuit board (PCB), but it is within the
scope of the invention that different types of circuit boards and/or sensor
elements may be used in various combinations.

[0006] In one embodiment, the coil assembly includes a first
insulation layer surrounded by the inner spring, a second insulation layer
surrounding the inner spring and surrounded by the middle spring, a third

insulation layer surrounding the middle spring, and surrounded by the outer
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spring, and a fourth insulation layer surrounding the outer spring. Each insulation
layer has the ability to provide electrical isolation, such that the second insulation
layer electrically isolates the middle spring from the inner spring, and the third
insulation layer electrically isolates the middle spring from the outer spring.

[0007] In one embodiment, each of the inner spring, middle spring,
and outer spring are approximately the same length, and each of the first
insulation layer, second insulation layer, third insulation layer, and fourth
insulation later are approximately the same length as the inner spring, middle
spring, and outer spring. However, in alternate embodiments, the length of each
of the first insulation layer, second insulation layer, third insulation layer, and
fourth insulation later is less than the length of the inner spring, middle spring,
and outer spring. Although the use of insulation layers has been described
above, it is within the scope of the invention in other alternate embodiments that
any other type of separating element made of a suitable material may be used to
electrically isolate the springs.

[0008] In one embodiment, a lower panel is integrally formed with
each of the first insulation layer, the second insulation layer, and the third
insulation layer. A first aperture is formed as part of the lower panel, a second
aperture is formed as part of the lower panel, and a third aperture is formed as
part of the lower panel. The coil assembly also has a plurality of knuckle
portions, where at least one of the knuckle portions is formed as part of the inner

spring, another of the knuckle portions is formed as part of the middle spring, and
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another of the knuckle portions is formed as part of the outer spring. Each of the
knuckle portions extends through one of the apertures such that the knuckle
portions are in contact with one of the first circuit board or the second circuit
board.

[0009] In one embodiment, the outer spring is a ground spring, and
the ground spring provides a faraday cage effect between the springs, reducing
electromagnetic inference with other nearby electrical components, and between
each of the inner spring, middle spring, and outer spring.

[0010] Further areas of applicability of the present invention will
become apparent from the detailed description provided hereinafter. It should be
understood that the detailed description and specific examples, while indicating
the preferred embodiment of the invention, are intended for purposes of

illustration only and are not intended to limit the scope of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS
[0011] The present invention will become more fully understood
from the detailed description and the accompanying drawings, wherein:
[0012] Figure 1 is a partial sectional view of an assembly having
two coil assemblies, according to embodiments of the present invention;
[0013] Figure 2A is a perspective view of a coil assembly with the

insulation layers removed, according to embodiments of the present invention;
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[0014] Figure 2B is a perspective view of a coil assembly, according
to embodiments of the present invention;

[0015] Figure 3A is a perspective view of an outer spring used as
part of a coil assembly, according to embodiments of the present invention;

[0016] Figure 3B is a perspective view of a middle spring used as
part of a coil assembly, according to embodiments of the present invention;

[0017] Figure 3C is a perspective view of an inner spring used as
part of a coil assembly, according to embodiments of the present invention;

[0018] Figure 4A is a top view of a coil assembly, according to

embodiments of the present invention;

[0019] Figure 4B is a sectional view taken along lines A-A of figure
4A;

[0020] Figure 4C is an enlarged view of the circled portion of Figure
4B

[0021] Figure 5 is a side view of a coil assembly, according to

embodiments of the present invention;

[0022] Figure 6 is a bottom view of a sensor board used as part of a
coil assembly, according to embodiments of the present invention.

[0023] Figure 7A is a sectional perspective view of an alternate
embodiment of a coil assembly, according to embodiments of the present

invention;
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[0024] Figure 7B is a sectional top view of an alternate embodiment
of a coil assembly, according to embodiments of the present invention;

[0025] Figure 7C is a sectional front view of an alternate
embodiment of a coil assembly, according to embodiments of the present
invention; and

[0026] Figure 7D is a sectional side view of an alternate
embodiment of a coil assembly, according to embodiments of the present

invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0027] The following description of the preferred embodiment(s) is
merely exemplary in nature and is in no way intended to limit the invention, its
application, or uses.

[0028] An assembly having two conductive coil assemblies is
shown in Figure 1, generally at 10. Both the first conductive coil assembly,
shown generally at 12, and the second conductive coil assembly, shown
generally at 14, are connected to circuit boards, which in this embodiment is a
sensor board 16 and a printed circuit board (PCB) 18.

[0029] Each conductive coil assembly 12,14 is of similar
construction, and therefore only one conductive coil assembly 12 is to be
described. The coil assembly 12 includes a first, or inner spring 20, having a first

end 20A and a second end 20B. The coil assembly 12 also has a middle spring
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22 having a first end 22A and a second end 22B, and the coil assembly 12 has a
third, or outer spring 24, having a first end 24A and a second end 24B.

[0030] The springs 20,22,24 are concentrically assembled, such
that the middle spring 22 is outside of the inner spring 20, and the outer spring 24
is outside of the middle spring 22. There are also multiple insulation layers which
are cylindrically shaped, surrounding and disposed between the springs
20,22,24. More specifically, there is a first insulation layer 26 which is
surrounded by the inner spring 20, and a second insulation layer 28 which is
disposed between the inner spring 20 and middle spring 22 such that the second
insulation layer 28 surrounds the inner spring 20, and is surrounded by the
middle spring 22. There is a third insulation layer 30 which is disposed between
the middle spring 22 and outer spring 24 such that the third insulation layer 30
surrounds the middle spring 22, and is surrounded by the outer spring 24. A
fourth insulation layer 32 surrounds the outer spring 24.

[0031] The first end 20A,22A,24A of each spring 20,22,24 is
connected to the sensor board 16 and the second end 20B,22B,24B of each
spring 20,22,24 is connected to the PCB 18. The inner spring 20 is used for
transferring a signal from the sensor board 16 to the PCB 18, the middle spring
22 is used for supplying power from the PCB 18 to the sensor board 16, and the
outer spring 24 is used for providing a ground connection between the sensor

board 16 and the PCB 18.
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[0032] Each of the insulation layers 26,28,30,32 electrically isolate
the springs 20,22,24 from one another. The insulation layers 26,28,30,32 may
be made of a plastic material. However, it is within the scope of the invention
that the insulation layers 26,28,30,32 may be made of any suitable material
which electrically isolates the springs 20,22,24 from one another. In the
embodiment shown in the Figures, the length 34 of the insulation layers
26,28,30,32 is similar to that of the springs 20,22,24, but in alternate
embodiments, the length of the insulation layers 26,28,30,32 may be less than
that of the springs 20,22,24, as long as the insulation layers 26,28,30,32
electrically isolate the springs 20,22,24 from one another. In an alternate
embodiment, one or more of the insulation layers 26,28,30,32 may be integrally
formed with a housing. It is also within the scope of the invention in other
alternate embodiments that any other type of separating element made of a
suitable material may be used to electrically isolate the springs.

[0033] The sensor board 16 has concentric circular bond pads for
connection with the first ends 20A,22A,24A of the springs 20,22,24, and the PCB
18 also has concentric circular bonds pads for connection with the second ends
20B,22B,24B of the springs 20,22,24. Referring now to Figure 6, there is a first
circular bond pad 36A, which is in contact with the first end 20A of the inner
spring 20 of the first coil assembly 12, a second circular bond pad 36B which is in
contact with the first end 22A of the middle spring 22 of the first coil assembly 12,

and a third circular bond pad 36C which is in contact with first end 24A of the



WO 2019/126076 PCT/US2018/066081

outer spring 24 of the first coil assembly 12. The circular bond pads
36A,36B,36C are part of the sensor board 16. There is also another group of
concentric circular bonds pads, shown generally at 38, which are part of the
sensor board 16 and are connected to the respective ends 20A,22A,24A of the
springs 20,22,24 of the second coil assembly 14.

[0034] The PCB 18 also has corresponding concentric circular
bonds pads which are in contact with the ends 20B,22B,24B of the springs
20,22,24 for both of the coil assemblies 12,14. The circular bonds pads of the
PCB 18 are similar to the circular bond pads 36A,36B,36C,38 of the sensor
board 16. The coil assembly 12 is rotatable about an axis 40, such that the first
ends 20A,22A,24A of the springs 20,22,24 may be in contact along any area of
the corresponding circular bond pads 36A,36B,36C of the sensor board 16, and
the second ends 20B,22B,24B may be in contact along any area of the
corresponding circular bond pads of the PCB 18. This allows the coil assembly
12 (and in a similar manner, the coil assembly 14) to provide electrical
communication between the sensor board 16 and the PCB 18, regardless of how
the coil assembly 12 is rotated and positioned about the axis 40.

[0035] As mentioned above, the third spring 24 provides a ground
connection between the sensor board 16 and the PCB 18. The third spring 24
blocks electromagnetic fields produced by the first spring 20 and the second
spring 22, providing a “Faraday Cage Effect,” reducing electromagnetic inference

with other nearby electrical components.
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[0036] While in the embodiment described above, three springs
20,22,24 have been used, but it is within the scope of the invention that more or
less springs may be used, and arranged concentrically, depending on the
application.

[0037] An alternate embodiment of the conductive coil assembly is
shown in Figures 7A-7D generally at 12A, with like numbers referring to like
elements. In this embodiment, there is a lower panel 42, and each of the
insulating layers 26,28,30,32 are integrally formed with the lower panel 42, such
that the lower panel 42 and the insulating layers 26,28,30,32 are made of the
same material. The lower panel 42 has a first aperture 44A, a second aperture
44B, and a third aperture 44C. A portion of the inner spring 20 extends into the
first aperture 44A as shown in Figures 7A-7D, such that a knuckle portion 46
extends through the aperture 44A, and the second end 20B is in contact with an
inner surface 42A of the lower panel 42. Also not shown is a knuckle portion of
the middle spring 22 extends through the second aperture 44B, and a knuckle
portion of the outer spring 24 extends through the third aperture 44C.

[0038] During assembly, the springs 20,22,24 are positioned
between each of the insulating layers 26,28,30,32 as shown in Figures 7A-7D. A
cap portion, not shown, having a similar shape to the lower panel 42, is then
attached to the insulating layers 26,28,30,32. The cap portion may be attached
using any suitable connection, such as a snap-fit connection, a weld, or the like.

The cap portion includes corresponding apertures, similar to the apertures
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44A,44B,44C, and a knuckle formed in proximity to the first end 20A,22A,24A of
each spring 20,22,24 extends through each of the corresponding apertures.

[0039] Once the conductive coil assembly 12A is assembled, the
conductive coil assembly 12A may be assembled with the sensor board 16 and
the PCB 18 such that the knuckle portion 46 near the second end 20B of the
inner spring 20 is in contact with an area of one of the circular bond pads of the
PCB 18, and the knuckle portion (not shown) near the first end 20A of the inner
spring 20 is in contact with the circular bond pad 36A of the sensor board 16.
Similarly, the knuckle portion near each of the first ends 22A,24A of the springs
22,24 are in contact with the corresponding circular bond pads 36B,36C of the
sensor board 16, and the knuckle portion near the second ends 22B,24B of the
springs 22,24 is in contact with the corresponding circular bond pads of the PCB
18.

[0040] In a similar manner to the coil assembly 12 in the previous
embodiment, the coil assembly 12A is rotatable about the axis 40, such that the
knuckle portion located in proximity to the first ends 20A,22A,24A of the springs
20,22,24 may be in contact along any area of the corresponding circular bond
pads 36A,36B,36C of the sensor board 16, and the knuckle portion located in
proximity to the second ends 20B,22B,24B may be in contact along any area of
the corresponding circular bond pads of the PCB 18. The coil assembly 12A

therefore provides electrical communication between the sensor board 16 and
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the PCB 18, regardless of how the coil assembly 12A is rotated and positioned
about the axis 40.

[0041] In the embodiment shown in Figures 7A-7D, the springs
20,22,24 of the coil assembly 12A are not connected to the bond pads
36A,36B,36C,38 of the sensor board 16 or the bond pads of the PCB 18 as
described with the previous embodiment. In the embodiment shown in Figures
7A-7D, once the coil assembly 12A is properly oriented relative to the sensor
board 16 and the PCB 18, the lower panel 42 may be connected to the PCB 18
in any known suitable manner, such as, but not limited to, connectors having a
press-fit, interference fit, a latch, or any other suitable connector. The cap
portion may be connected to the sensor board 16 in a similar manner.

[0042] In an another alternate embodiment of the coil assembly 12A
shown in Figures 7A-7D, only portions of the circular bond pads 36A,36B,36C,38
may be needed if it is known how the coil assemblies 12,14,12A may be oriented
relative to the sensor board 16 and the PCB 18, which reduces the amount of
material needed to create the circular bond pads 36A,36B,36C,38.

[0043] The description of the invention is merely exemplary in
nature and, thus, variations that do not depart from the gist of the invention are
intended to be within the scope of the invention. Such variations are not to be

regarded as a departure from the spirit and scope of the invention.
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CLAIMS

What is claimed is:

1. An apparatus, comprising:
a coil assembly, including:
a plurality of springs arranged concentrically relative to one
another, and
at least one insulation layer circumscribing at least one of the
plurality of springs such that the at least one insulation layer electrical isolates at
least two of the plurality of springs from one another;
a plurality of circuit boards, the coil assembly connected to at least two of
the plurality of circuit boards; and
an axis extending through the coil assembly, the coil assembly rotatable
about the axis;
wherein the plurality of springs are configured in any position about the
axis, and still provide electrical communication between the at least two of the

plurality of circuit boards.

2. The apparatus of claim 1, one of the plurality of circuit boards

further comprising a sensor board.
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3. The apparatus of claim 1, wherein each of the plurality of springs is
approximately the same length, and the at least one insulation layer is

approximately the same length as each of the plurality of springs.

4. The apparatus of claim 1, wherein the length of the at least one

insulation layer is less than the length of each of the plurality of springs.

5. The apparatus of claim 1, further comprising a plurality of insulation
layers, one of the plurality of insulation layers circumscribing the outermost of the

plurality of springs.

6. The apparatus of claim 1, further comprising:

a lower panel integrally formed with the at least one insulation layer;

at least one aperture, the at least one aperture being part of the lower
panel;

at least one knuckle portion formed as part of one of the plurality of
springs;

wherein the at least one knuckle portion extends through the at least one
aperture such that the at least one knuckle portion is in contact with one of the

plurality of circuit boards.
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7. The apparatus of claim 1, one of the plurality of springs further

comprising a ground spring.

8. The apparatus of claim 7, wherein the ground spring provides a

faraday cage effect.

9. An sensor assembly, comprising:

an inner spring;

a middle spring circumscribing the inner spring;

an outer spring circumscribing the middle spring;

a first insulation layer surrounded by the inner spring;

a second insulation layer surrounding the inner spring and surrounded by
the middle spring;

a third insulation layer surrounding the middle spring, and surrounded by
the outer spring;

a fourth insulation layer surrounding the outer spring;

wherein the second insulation layer electrical isolates the middle spring
from the inner spring, and the third insulation layer electrically isolates the middle
spring from the outer spring;

a first circuit board connected to a first end of the inner spring, a first end

of the middle spring, and a first end of the outer spring;
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a second circuit board connected to a second end of the inner spring, a
second end of the middle spring, and a second end of the outer spring; and

an axis extending through the inner spring, the middle spring, and the
outer spring such that the inner spring, the middle spring, and the outer spring
are rotatable about the axis;

wherein the inner spring, middle spring, and outer spring provide electrical
communication between the first circuit board and the second circuit board
independently of how the inner spring, middle spring, and out spring are

positioned about the axis.

10. The sensor assembly of claim 9, the first circuit board further

comprising a sensor board.

11.  The sensor assembly of claim 9, wherein each of the inner spring,

middle spring, and outer spring are approximately the same length.

12.  The sensor assembly of claim 11, wherein each the first insulation
layer, second insulation layer, third insulation layer, and fourth insulation later are

approximately the same length as the inner spring, middle spring, and outer

spring.
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13.  The sensor assembly of claim 11, wherein the length of each of the
first insulation layer, second insulation layer, third insulation layer, and fourth

insulation later is less than the length of the inner spring, middle spring, and outer

spring.

14.  The sensor assembly of claim 9, further comprising:

a lower panel integrally formed with each of the first insulation layer, the
second insulation layer, and the third insulation layer;

a first aperture being part of the lower panel;

a second aperture being part of the lower panel;

a third aperture being part of the lower panel; and

a plurality of knuckle portions, at least one of the plurality of knuckle
portions formed as part of the inner spring, another of the plurality of knuckle
portions formed as part of the middle spring, and another of the plurality of
knuckle portions formed as part of the outer spring;

wherein the knuckle portion formed as part of the inner spring extends
through the first aperture and is in contact with one of the first circuit board or the
second circuit board, the knuckle portion formed as part of the middle spring
extends through the second aperture and is in contact with one of the first circuit
board or the second circuit board, and the knuckle portion formed as part of the
outer spring extends through the third aperture and is in contact with one of the

first circuit board or the second circuit board.
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15.  The sensor assembly of claim 9, the outer spring further comprising

a ground spring.

16. The sensor assembly of claim 15, wherein the ground spring

provides a faraday cage effect.
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