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INDUCTIVE COIL ASSEMBLY 

The present invention is a division of application U.S. 
application Ser. No. 10/689,224, ?led Oct. 20, 2003, Which 
is a continuation-in-part of Us. patent application Ser. No. 
10/357,932, entitled “Inductively Powered Apparatus,” 
Which Was ?led on Feb. 4, 2003. 

BACKGROUND OF THE INVENTION 

The present invention relates to the inductive transfer of 
poWer and communications, and more particularly to meth 
ods and apparatus for receiving inductively transmitted 
poWer and communications. 

The principles of inductive poWer transfer have been 
knoWn for many years. As a result of mutual inductance, 
poWer is Wirelessly transferred from a primary coil (or 
simply “primary”) in a poWer supply circuit to a secondary 
coil (or simply “secondary”) in a secondary circuit. The 
secondary circuit is electrically coupled With a device, such 
as a lamp, a motor, a battery charger or any other device 
poWered by electricity. The Wireless connection provides a 
number of advantages over conventional hardWired connec 
tions. AWireless connection can reduce the chance of shock 
and can provide a relatively high level of electrical isolation 
betWeen the poWer supply circuit and the secondary circuit. 
Inductive couplings can also make it easier for a consumer 
to replace limited-life components. For example, in the 
context of lighting devices, an inductively poWered lamp 
assembly can be easily replaced Without the need to make 
direct electrical connections. This not only makes the pro 
cess easier to perform, but also limits the risk of exposure to 
electric shock. 

The use of inductive poWer transfer has, hoWever, for the 
most part been limited to niche applications, such as for 
connections in Wet environments. The limited use of induc 
tive poWer transfer has been largely the result of poWer 
transfer e?iciency concerns. To improve the ef?ciency of the 
inductive coupling, it is conventional to carefully design the 
con?guration and layout of the primary and secondary coils. 
The primary and the secondary are conventionally disposed 
Within closely mating components With minimal gap 
betWeen the primary and the secondary. For example, the 
primary is often disposed Within a base de?ning a central 
opening and the secondary is often disposed Within a cylin 
drical component that ?ts closely Within the central opening 
of the base. This and other conventional constructions are 
design to provide close coaxial and radial alignment 
betWeen the primary coil and the secondary coil. Several 
speci?c examples of patents that re?ect the conventional 
approach of providing a ?xed, predetermined physical rela 
tionship betWeen the primary and secondary coils include: 
U.S. Pat. No. 5,264,997 to Hutchisson et al, Which discloses 
an inductive lamp With coaxial and closely inter?tting 
primary and secondary coils; U.S. Pat. No. 5,536,979 to 
McEachern et al, Which discloses an inductive charging 
device in Which the device to be charged is ?tted closely 
Within a cradle to position the coils in a ?xed, predetermined 
relationship; U.S. Pat. No. 5,949,155 to Tamura et al, Which 
discloses a shaver With adjacent inductive coils set in a ?xed 
relationship; U.S. Pat. No. 5,952,814 to Van Lerberghe, 
Which discloses an inductive charger for a telephone 
Wherein the physical relationship betWeen the primary and 
secondary coils is ?xed; and Us. Pat. No. 6,028,413 to 
Brockman, Which discloses a charging device having a 
mechanical guide for ensuring precise, predetermined align 
ment betWeen the inductive coils. The conventional practice 
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2 
of providing precise alignment betWeen the primary and 
secondary coil has placed signi?cant limitation on the over 
all design and adaptability of inductively poWered devices. 

SUMMARY OF THE INVENTION 

The aforementioned problems are overcome by the 
present invention Wherein a device is provided With an 
inductive coil assembly having a plurality of secondary coils 
that are each arranged in a different orientation. The multiple 
coils permit the device to ef?ciently receive poWer or 
communications or both When the device is disposed at 
different orientations With respect to the primary. 

In one embodiment, the inductive coil assembly includes 
three coils that are arranged along the x, y and Z axes of a 
standard Cartesian coordinate system. In this embodiment, 
ef?cient poWer and communications transfer is obtainable 
regardless of the orientation of the device Within the pri 
mary. 

In another embodiment, the inductive coil assembly 
includes a single set of coils to receive poWer and to send 
and receive communications. In this embodiment, the poWer 
signal functions as a carrier signal for the communications. 
In an alternative embodiment, separate coils can be provided 
for poWer and communication. For example, a ?rst set of Z, 
y and Z coils can be provided to receive poWer and a second 
set of x, y and Z coils can be provided to receive commu 
nications. 

In one embodiment, the inductive coil assembly includes 
a one-piece bobbin that facilitates manufacture and assem 
bly of the inductive coil assembly. The bobbin includes a 
separate spool With Winding guides along each of the three 
axes and is designed to permit molding Without the need for 
slides, pins or other complex mold tools. 

In another embodiment, the inductive coil assembly can 
be used as a primary to transmit poWer or communication or 
both to a second. The inductive coil assembly With different 
coils at different orientations can generate magnetic ?elds at 
different orientation and thereby provide suf?cient inductive 
coupling When an inductive device With only a single 
secondary coil is at different orientations. 

In applications Where only a single coil is used, it is 
possible that a device randomly placed Within a magnetic 
?eld Will be located With the coil oriented substantially 
parallel to the magnetic ?eld. In such situations, the sec 
ondary may not receive suf?cient poWer to poWer the device 
from the primary. The use of multiple coils addresses this 
problem by providing a secondary coil arrangement that 
signi?cantly increases the likelihood that at least one coil 
Will at least substantially intersect the ?ux lines of the 
magnetic ?eld generated by the primary. For example, an 
inductive device may include a secondary With tWo coils that 
are oriented at 90 degrees to one another. With this con?gu 
ration, at least one of the tWo coils is likely to extend across 
the ?ux lines of the magnetic ?eld and receive poWer from 
the primary. The number of separate coils may vary from 
application to application, for example, the inductive device 
may include 3, 4, 6 or 8 coils at different orientations to 
provide improved ef?ciency in a Wide variety of orienta 
tions. By providing a su?icient number of coils at different 
orientations, the inductive device can be con?gured to 
receive poWer from the primary regardless of the orientation 
of the inductive device. 
The present invention provides a simple and inexpensive 

inductive coil assembly that improves the ef?ciency of 
inductive systems When precise primary/secondary align 
ment does not exist. The present invention permits poWer 
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and communications to be transferred inductively in an 
environment Where the position of the secondary Within the 
primary may vary. The inductive coil assembly is manufac 
tured on a bobbin that provides Winding guides along all 
three axes, yet is easily manufactured Without complex slide, 
pins or other complex mold tools. 

These and other objects, advantages, and features of the 
invention Will be readily understood and appreciated by 
reference to the detailed description of the preferred embodi 
ment and the draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1a is a perspective vieW of an inductive coil assem 
bly in accordance With an embodiment of the present 
invention. 

FIG. 1b is a top plan vieW of the inductive coil assembly. 
FIG. 10 is a front plan vieW of the inductive coil assembly. 
FIG. 1d is a side elevational vieW of the inductive coil 

assembly. 
FIG. 2 is a perspective vieW of a bobbin in accordance 

With an embodiment of the present invention. 
FIG. 3 is a top plan vieW of the bobbin. 
FIG. 4 is a front vieW of the bobbin. 
FIG. 5 is a right side elevational vieW of the bobbin. 
FIG. 6 is a perspective vieW of tWo mold pieces for use 

in molding the bobbin. 
FIG. 7 is a plan vieW of the ?rst mold piece. 
FIG. 8 is a plan vieW of the second mold piece. 
FIG. 9 is a perspective vieW of an alternative bobbin. 
FIG. 10 is a perspective vieW of a second alternative 

bobbin. 
FIG. 11 is a perspective vieW of a third alternative bobbin. 
FIGS. l2aid are perspective vieWs of a fourth alternative 

bobbin shoWing the bobbin is different mounting position. 
FIGS. 13aw are circuit diagrams of alternative multi-axis 

inductive coil assembly circuits for receiving poWer from an 
inductive source. 

FIG. 14 is a circuit diagram of a multi-axis inductive coil 
assembly circuit for receiving communication from an 
inductive source. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

An inductive coil assembly 10 manufactured in accor 
dance With an embodiment of the present invention is shoWn 
in FIGS. laid. The inductive coil assembly 10 generally 
includes three separate coils 12, 14 and 16 that are arranged 
at separate orientations With respect to one another. The 
separate coils 12, 14 and 16 may be electrically connected 
to a device through an inductive control circuit. The separate 
coils 12, 14 and 16 may be Wrapped around a one-piece 
bobbin 20 that facilitates the manufacture and assembly of 
the present invention. Although the present invention is 
described in connection With a three-coil embodiment, the 
number of coils may vary. 
As noted above, the inductive coil assembly 10 includes 

a bobbin 20 for supporting the various coils 12, 14 and 16. 
In one embodiment, the bobbin 20 is a one-piece structure 
that is specially designed for easy manufacture and easy 
assembly of the inductive coil assembly 10. In the illustrated 
embodiment, the bobbin 20 is con?gured to support three 
separate coils 12, 14 and 16 arranged substantially orthogo 
nally With respect to one another. More speci?cally, the 
bobbin 20 accommodates three coils 12, 14 and 16, one 
oriented about each of the x, y and Z axes of a Cartesian 
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4 
three-dimensional coordinate system. In the illustrated 
embodiment, the bobbin 20 also includes a pair of electrical 
pins 621kb, 6411*!) and 6611*!) for electrically connecting 
opposite ends of each coil to a circuit board (not shoWn). 

To facilitate manufacture, the bobbin 20 may be designed 
to be molded With a tWo-piece mold requiring no moving 
slides, moving pins or other complex moving mold ele 
ments. As shoW in FIGS. 3, 4 and 5, this is achieved by the 
unique con?guration of the bobbin 20, Which does not 
include any undercuts that Would prevent removal of the 
molded part from the mold. FIG. 3 shoWs a top vieW of the 
bobbin 20, Which is in a direction parallel to the direction in 
Which the mold opens and closes. FIG. 4 shoWs a front vieW 
the bobbin 20, Which is in a direction perpendicular to the 
direction in Which the mold opens and closes. Finally, FIG. 
5 shoWs a side elevations vieW of the bobbin 20, Which like 
FIG. 4 is in a direction that is perpendicular to the direction 
in Which the mold opens and closes. Referring noW to FIG. 
2, the bobbin 20 generally de?nes three separate spools 22, 
24 and 26, one for each of the three coils 12, 14 and 16. The 
?rst spool 22 includes a core 28 and a pair of opposed guide 
Walls 3011*!) that de?ne a someWhat oval channel to receive 
Wire. The core 28 de?nes an opening 29. The ?rst coil 12 is 
Wrapped around the core 28 With the guide Walls 30aib 
providing a Wrapping guide and helping to retain the coil 12. 
The second spool 24 is de?ned by a second core 34 and a 
second pair of guide Walls 321149. The second core 34 may 
be convex to provide a round surface for receiving the 
second coil 14. Alternatively, the core 34 can be partially 
de?ned by the outer surfaces of the guide Walls 3011*!) of the 
?rst spool 22. The second pair of guide Walls 32aib extends 
perpendicularly to the guide Walls 30aib of the ?rst spool 
22. The second coil 14 is Wrapped around the second core 34 
With the guide Walls 3211*!) providing a Wrapping guide and 
helping to retain the coil 14. The third spool 26 is de?ned by 
a third core 40, inner guide segments 36aih and outer guide 
segments 38aid. The outer surfaces of the core 40 may be 
convex to provide a curved surface for receiving the coil 16. 
Alternatively, the core 40 can be partially de?ned by the 
outer surfaces of the guide Walls 32aib of the second spool 
24. The inner guide segments 36aih extend along a common 
plane to cooperatively de?ne a ?rst Wiring guide for the third 
coil 16. Similarly, the outer guide segments 38aid extend 
along a common plane to cooperatively de?ne a second 
Wiring guide for the third coil 16. As can be seen, the inner 
guide segments 36aih do not overlap the outer guide 
segments 38aid along the direction of the axis of the spool 
26. 

FIG. 6 is a perspective vieW shoWing the tWo mold pieces 
100 and 102 in an open position. The mold pieces 100 and 
102 close together in a conventional manner to coopera 
tively de?ne a mold cavity in the shape of the bobbin 20. 
FIG. 6 illustrates the mold contours, thereby shoWing hoW 
the tWo mold pieces 100 and 102 cooperate to de?ne a single 
bobbin 20 three separate spools 22, 24 and 26 Without the 
need for moving slide, moving pins, moving cores or other 
moving mold components. In general, the ?rst mold piece 
100 forms the inner surfaces of the bobbin 20 and the second 
mold piece 102 forms the outer surfaces. Referring to FIGS. 
6?8, the ?rst mold piece 100 includes various contours that 
contribute to the shape of the ?rst spool 22, including 
generally arcuate recesses 1041149 to cooperatively form the 
inner surfaces of the ?rst core 28, block 106 to form an 
opening in core 28 (primarily to save in Weight and mate 
rial), and generally arcuate channels 1081149 to form the 
inner surfaces of the guide Walls 30114). With regard to the 
second spool 24, the ?rst mold piece 100 de?nes generally 
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arcuate recess 110 to form the inner surfaces of the second 
core 34 and generally arcuate channels 1121149 to form the 
inner surfaces of the guide Walls 32114). With regard to the 
third spool 26, the ?rst mold piece 100 de?nes channel 
segments 114a*d to form the inner surfaces of the third core 
34, recesses 116a*d to form the inner surfaces of outer guide 
segments 38aid, and recesses 118a*d to receive protrusions 
l30aid of the second mold piece 102 and form the inner 
surfaces of inner guide segments 36aid. The ?rst mold piece 
100 also de?nes a pair of recesses 1201149 Which receives 
protrusions 1321149 and forms the inner surfaces of inner 
guide segments 36eih. 

The second mold piece 102 de?nes the outer surfaces of 
the three spools 22, 24 and 26. With regard to spool 22, the 
second mold piece 102 de?nes a generally arcuate recess 
122 Which forms the outer surfaces of core 28 and generally 
arcuate channels l24aib Which form the outer surfaces of 
guide Walls 30114). With regard to spool 24, the second mold 
piece 102 de?nes a generally arcuate recess 126 Which 
forms the outer surface of core 34 and generally arcuate 
channels 1281149 Which form the outer surfaces of guide 
Walls 32114). With regard to spool 26, the second mold piece 
includes a set of four protrusion l30aid that extend into 
recesses 118a*d in the ?rst mold piece 100 and a pair of 
protrusions l32aib that extend into recesses 1201149. Each 
protrusion l30aid de?nes a recess l34aid to form the outer 
surfaces of inner guide segments 36aid. Similarly, each 
protrusion 1321149 de?nes a pair of recesses l34eih to form 
the outer surfaces of inner guide segments 36eih. 

Although the above described embodiment includes a 
single bobbin 20 for all three coils. The inductive coil 
assembly may include alternative constructions. For 
example, an alternative inductive coil assembly may include 
a separate, single-spool bobbin for each coil. The three-coil 
bobbin assembly 320 illustrated in FIG. 9 includes three 
separate bobbins 320aic that have different diameters and 
are ?tted one inside the other. Given that the poWer induced 
in a secondary coil is proportional to the diameter of the coil, 
the use of differently siZed bobbins may result in an imbal 
ance in the poWer supplied to each secondary coil. In 
applications Where it is desirable to balance the poWer 
induced in the different coils, additional turns of Wire can be 
added to the smaller spools 322, 324 and 326, With the 
precise number of additional turns added to each smaller 
bobbin depending primarily on its siZe. For example, if the 
coil in the outermost bobbin 3200 includes seven turns, it 
may be desirable to include eight turns on the coil in the 
middle bobbin 32019 and nine turns on the coil in the 
innermost bobbin 3200. In another alternative embodiment 
illustrated in FIG. 10, the inductive coil assembly 410 may 
include three separate bobbins 420aw that are positioned 
adjacent to one another, rather than nested inside of one 
another. Alternatively, the inductive coil assembly may 
include a spherical bobbin (not shoWn), With each coil being 
Wrapped about the spherical bobbin at the desired location 
and in the desired orientation, for example, about the x, y 
and Z axes. This embodiment reduces the differences in the 
diameters of the three secondaries, thereby improving the 
balance of the coils. In yet another alternative embodiment, 
the inductive coil assembly may include three separate, 
unconnected bobbins that can be place at varied locations. In 
this embodiment, the bobbins may be a simple annular spool 
or may include a unique shape that permits them to be easily 
mounted at different angles. An inductive coil With a unique 
multi-position bobbin 520 is shoWn in FIGS. 11 and l2aid. 
This bobbin 520 generally includes a single spool 522, a pair 
of guide Walls 524aib and a mounting arm 550. The 
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6 
con?guration of the various components permits the bobbin 
520 to be mounted in various orientations, for example, to a 
circuit board. The mounting arm 550 generally includes tWo 
arm segments 552 and 554. In the illustrated embodiment, 
the ?rst arm segment 552 includes a pair of rails 5561149. 
Rail 55611 is disposed at the end of the ?rst arm segment 552. 
The rails 556aib may be triangular in cross section. For 
example, rail 556a may extending at 45 degrees With respect 
to the axis of the spool. To facilitate mounting of the bobbin 
520 at an angle, guide Wall 524a may terminate in a common 
plane With the mounting arm 550, and more speci?cally With 
the end of the ?rst arm segment 552. The angle of this 
common plane is set at the desired mounting angle. For 
example, in the illustrated embodiment, the common plane 
extends at 45 degrees from the axis of the spool 522. To 
facilitate mounting, guide Wall 524a may be chamfered 
along the common plane, for example, at 45 degrees. In this 
Way, the angled surface of rail 556a and the chamfered edge 
of guide Wall 524a extend along the common plane to 
provide a ?rm structure for supporting the bobbin 520 at a 
45 degree angle. The bobbin 520 also includes tWo sets of 
electrical pins 5401149 and 5421149 that function as altema 
tive electrical connections or alternative mounting pins or 
both depending on the orientation of the bobbin 520. FIG. 
1211 shows bobbin 520 mounted to a circuit board at a 45 
degree angle. FIG. 12b shoWs the bobbin 520 mounted to a 
circuit board in a vertical position extending partially 
through the board. FIG. 120 shows the bobbin 520 mounted 
to a circuit board in a vertical position fully above (or beloW) 
the board. And ?nally, FIG. 12d shoWs the bobbin 520 
mounted to a circuit board in a horiZontal position. 

In a further embodiment (not shown), the bobbin may 
include tWo separately manufactured pieces that are 
assembled to form the complete bobbin. For example, the 
bobbin may be formed from tWo identical mold pieces, With 
the tWo mold pieces corresponding to the opposite halves of 
bobbin 20 When divided by a plane extending parallel to and 
mid-Way betWeen the inner and outer guide segments 36aih 
and 38aid, respectively. Because this alternative bobbin is 
formed in tWo separate pieces, the staggered inner and outer 
guide segments 36aih and 38aid, respectively, can be 
replaced by continuous guide Walls. The continuous guide 
Wall can be placed at the mold parting line to facilitate 
manufacture. In this embodiment, the tWo bobbin pieces 
may be separately molded and then Welded, glued or oth 
erWise intersecured to form the completed bobbin. As an 
alternative to conventional adhesives or fasteners, the tWo 
bobbin pieces may be held together by the coil Windings. For 
example, the tWo pieces may be con?gured so that the ?rst 
coil is Wound in a direction that holds the tWo bobbin pieces 
together. 

The inductive coil assembly 10 of the present invention 
can be incorporated into essentially any inductively poWer 
device to improve poWer transfer in various orientations of 
the device Within the magnetic ?eld. For example, a cell 
phone (not shoWn), personal digital assistant (not shoWn), 
notepad computer (not shoWn), digital music player (not 
shoWn) or electronic gaming device (not shoWn) can be 
provided With an inductively poWered battery charger hav 
ing a secondary With multiple coils, such as inductive coil 
assembly 10. In this context, the cell phone, personal digital 
assistant, notepad computer, digital music player or elec 
tronic gaming device can be placed randomly Within the 
magnetic ?eld created by a primary coil Without concern for 
its orientation because the inductive coil assembly 10 Will be 
able to obtain suf?cient poWer to charge the device in any 
orientation. 








