PCT

WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification © :
HO1F 27/28, 27/30 Al

(43) International Publication Date:

(11) International Publication Number:

5 February 1998 (05.02.98)

WO 98/05048

(21) International Application Number: PCT/US97/11900

(22) International Filing Date: 10 July 1997 (10.07.97)

(30) Priority Data:

08/681,689 29 July 1996 (29.07.96) us

(71) Applicant: MOTOROLA INC. [US/US]; 1303 East Algonquin
Road, Schaumburg, IL 60196 (US).

(72) Inventors: MIDYA, Pallab; Apartment 3M, 1318 E. Algonquin
Road, Schaumburg, IL 60173 (US). SCHAMBERGER,
Mark, Allen; Apartment #307, 2552 Crooked Creek Road,
Schaumburg, IL 60173 (US).

(74) Agents: STOCKLEY, Darleen, J. et al.; Motorola Inc., Intel-
lectual Property Dept., 1303 East Algonquin Road, Schaum-
burg, IL 60196 (US).

(81) Designated States: AU, CN, DE, DK, GB.

Published
With international search report.

(54) Title: LOW RADIATION PLANAR INDUCTOR/TRANSFORMER AND METHOD

(87) Abstract

The present invention
provides a planar magnetic field 108
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1700, 1800) and method (1900,
2000) that has a plurality of at least
three planar loops/spiral conductor
coils (106, 108, 110, 112) which
are arranged one after another in a
simple/compound loop fashion. The
loops (106, 108, 110, 112) carry a

110

current produced by a signal source,

and the plurality of planar adjacent 114
loops/spiral conductor coils (106, 108,

110, 112) are arranged to maximize

cancellation of a moment of the

plurality of loops/spiral conductor 106
coils (106, 108, 110, 112) over a
predetermined range.
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LOW RADIATION PLANAR INDUCTOR/TRANSFORMER AND
METHOD

Field of the Invention
The present invention relates generally to induction and,

more particularly, to substantially planar inductors.

Background of the Invention

To obtain a coupled inductor or transformer, the
windings are typically on a spool around a loop of magnetic
material. The winding may include either a wire of conducting
material or may be a part of a printed circuit board. In this
configuration the inductor/transformer requires additional
volume and cost. Other structures in the prior art include
printed circuit boards with embedded magnetic material which
require additional steps in their manufacture. Planar
inductors that are unshielded by magnetic material tend to
radiate a magnetic field producing EMI (electromagnetic

interference) that interferes with adjacent circuitry.

Thus, there is a need for a method and planar
inductor/transformer that maximizes cancellation of a
moment of the plurality of loops/spiral conductor coils over a

predetermined range. Thus, the planar inductor/transformer
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may be oriented to allow placement of EMI-sensitive circuitry

in the predetermined range.

Brief Description of the Drawings

FIG. 1 is a diagrammatic representation of a 4-loop
single layer planar inductor in accordance with the present

invention.

FIG. 2 is a diagrammatic representation of a 4-loop, two

layer planar inductor in accordance with the present invention.

FiGs. 3-5 are schematic representations of 4-loop, 6-
loop, and 8-loop planar inductors/transformers in accordance

with the present invention.

FIG. 6 is a schematic representation of the magnetic
field of a 6-loop inductor/transformer in accordance with the

present invention.

FIG. 7 is a diagrammatic representation of a side view of
one embodiment of a planar inductor/transformer having a bulk
ferrite above and below the planar structure in accordance

with the present invention.
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FIG. 8 is a diagrammatic representation of a side view of
another embodiment of a planar inductor/transformer
including a shield above and below the planar structure for
enhancing cancellation of the magnetic field in accordance

with the present invention.

FIG. 9 is a diagrammatic representation of another
embodiment of a planar inductor/transformer including
multiple auxiliary conducting structures adjacent to the planar
structure for enhancing cancellation of the magnetic field in

accordance with the present invention.

FIG. 10 is a diagrammatic representation of a side view
of an embodiment of a transformer including a primary winding
on one surface and a secondary winding on an opposite surface

in accordance with the present invention.

FIG. 11 represents a radiation field pattern for a single

spiral as is known in the art.

FIG. 12 represents a radiation field pattern for a figure 8

shape as is known in the art.

FIG. 13 represents a radiation field pattern for the

structure shown in FIG. 1.
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FIG. 14 represents a radiation field pattern for the

structure shown in FIG. 9.

FIG 15 reresents a radiation field pattern for the

structures shown in FIGs. 4 and 6.

FIG 16 reresents a radiation field pattern for the

structure shown in FIG. 18.

FIG. 17 is a schematic representation of another
embodiment of a double spiral, with one spiral inside another
spiral, of a planar inductor in accordance with the present

invention.

FIG. 18 is a diagrammatic representation of an
asymmetricly placed 4-loop single layer planar inductor in

accordance with the present invention.

FIG. 19 is a flow chart of one embodiment of steps of one
embodiment of a method in accordance with the present

invention.

FIG. 20 is a flow chart of one embodiment of steps of
another embodiment of a method in accordance with the

present invention.
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FIGs. 21-22 are graphical representations of results of
simulations of the coupled magnetic field of a circular loop, a
4-loop inductor, a 6-loop inductor and an 8-loop inductor in

correspondence with FIGs. 3-5.

FIG. 23 is a graphical representation of the inductance of
a 4-loop spiral inductor implementation of the present
invention and a simple circular spiral occupying the same area

on a two-layer printed circuit board.

FIG. 24 is a graphical representation of the resistance of
a 4-loop spiral inductor implementation of the present
invention and a simple circular spiral occupying the same area

on a two-layer printed circuit board.

FIG. 25 is a graphical representation of the quality factor
(Q) of a 4-loop spiral inductor implementation of the present
invention and a simple circular spiral occupying the same area

on a two-layer printed circuit board.

FIG. 26 is a diagrammatic representation of a spiral
inductor that is placed concentrically above a non-interacting
multiloop inductor structure such that the coupled magnetic
field is substantially zero in accordance with the present

invention.

INTEL-1007
U.S. Patent 7,151,430



WO 98/05048 PCT/US97/11900

10

15

20

25

6

FIG. 27 is a diagrammatic representation of a printed
circuit board inductor with a topology that includes at least
four consecutively coupled conducting loops/spirals on a
polygonal lattice wherein the conducting loops/spirals are
scaled from the topology to provide a zero net moment in

accordance with the present invention.

Detailed Description of a Preferred Embodiment

The present invention provides a method and planar
inductor/transformer that maximizes cancellation of a
moment of the plurality of loops/spiral conductor coils over a
predetermined range such that interference with external and
adjacent circuitry is minimized. The invention is particularly
useful for switched power converters and inductors in RF

transmitters which have a size constraint.

Presently planar inductors are not a part of choice in the
above applications due to interference. The present invention
reduces interference by at least an order of magnitude in
comparison with the prior art, thus making the present
invention more suitable for use in power converters and RF

transmitters.
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The present invention provides a planar magnetic field
inductor/transformer that has a plurality of at least three
planar adjacent loops/spiral conductor coils arranged one
after another in a simple/compound loop fashion. The planar
adjacent loops/spiral conductor coils carry a current produced
by a signal source, and the plurality of planar adjacent
loops/spiral conductor coils are arranged to maximize
cancellation of a moment of the plurality of loops/spiral
conductor coils over a predetermined range. Typically, an
electrical connection to an internal end of a loop/spiral is
made through an electriclly conducting via that passes through
a substrate. For example, a spiral may be achieved by
providing space from a substrate surface by a plurality of
spaced apart electrically conductive posts having a staggered
arrangement between adjacent windings of the spiral. As is
known in the art, a transformer generally includes at least two
windings disposed on top of each other in a semiconductor

substrate and separated by an electrically insulating film.

The inductor/transformer may include a multi-layer
structure that further includes one of: A) at least another
planar magnetic field inductor/transformer arranged with the
planar magnetic field inductors/transformers one above the
other; and B) at least another planar magnetic field
inductor/transformer arranged with the planar magnetic field

inductors/transformers one above the other and a bulk
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ferromagnetic layer having a thickness of greater than 100um
wherein the ferromagnetic layer/layers is located in one of
the following locations: B1) above the planar magnetic field
inductor(s)/transformer(s); B2) below the planar magnetic
field inductor(s)/transformer(s); B3)above and below the

planar magnetic field inductor(s)/transformer(s).

The spiral inductor is typically embodied by disposing an
electrical conductor in a first spiral on a first surface of a
substrate, wherein the spiral includes an external end disposed
outside the spiral as a first terminal and an internal end

disposed within the spiral as a second terminal.

The planar adjacent loops/spiral conductor coils are
typically arranged having alternating opposite current flow or.
alternatively, set/sets of planar adjacent loops/spiral
conductor coils that have current flows having phases that

cancel.

The planar magnetic field inductor/transformer may be
selected to further include a conducting structure/structures
for enhancing cancellation of a extraneous magnetic
field/fields, wherein the conducting structure/structures
is/are located above, below, adjacent to, or above and below

the planar magnetic field inductor/transformer.
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The at least three planar adjacent loops/spiral conductor
coils may have a same predetermined structure, i.e., size and
shape, to provide maximum cancellation of a moment over a
3600 range or alternatively, may have dissimilar structures to
provide maximum cancellation of the moment over a range less

than 360°.

For example, to design an inductor with a predetermined
inductance and quality factor (Q) wherein the substantially
planar inductor has four spiral loops distributed over one or
many layers, the following approximate equations are utilized:

* kN kX
L. @xprn*p*d)

* (log(3.2 *n))+ (U *d) (1.2 (n *p)*

_log3.2 *n)
4

Q +(0.3*m *n *p)

where n is the number of turns in the spiral, p is the number of
layers, m is the width of the conductor (e.g., a trace) in terms
of the skin depth of the conductor. The thickness of the
conductor is assumed to be substantially equal to the skin
depth of the conductor.  Skin depth is the depth to which there
is substantial current flow on a conductor surface;
and

(4*p*n*p*d)

= * (Log3.2*n))+ (W *d) (1.2 (n *p)°
(4

where d is a lateral dimension of an individual loop and p is

the magnetic permeability.
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Typically, the gap between the conductors is equal to the
conductor thickness. The effect of the printed circuit board
material is generally negligible. The current density in the

conductor is approximately constant.

in an experimental implementation, a multilayer inductor
was constructed with the following properties: d=2 cm and
n=7:
For p=1: Theoretical L= 2.15 pH and Experimental L=2.05 pH;
For p=2: Theoretical L= 7.3 pH and Experimental L=7.5 uH;

L]

For p=1: Theoretical Q = 22 and Experimental Q =17;

For p=1: Theoretical Q = 43 and Experimental Q = 35.

FIG. 1, numeral 100, is a diagrammatic representation of
a 2N-ioop, N a predetermined integer, single layer planar
inductor, where 2N is selected to be 4, in accordance with the
present invention. The planar magnetic field
inductor/transformer typically includes an even number (2N)
of planar adjacent loops/spiral conductor coils arranged one
after another in a simple closed loop. The 4 planar adjacent
loops/spiral conductor coils (106, 108, 110, 112) carry a
current produced by a signal source. The even number of
planar adjacent loops/spiral conductor coils are arranged to
provide total cancellation of a magnetic field on N axes and to
maximize overall cancellation of the magnetic field. The

planar magnetic field inductor/transformer may be further
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implemented as described above. The current flows
counterclockwise in two diagonally located coils (106, 110)
and clockwise in the other two diagonally located coils (108,
112). The inductor has two terminals (102) and has two
crossovers (104, 114) that connect the centers of each of the

two pairs of spirals.

FIG. 2, numeral 200, shows a diagrammatic
representation of a 4-loop, two layer planar inductor that, for
example, may be implemented on a two-layer printed circuit
board. The inductor has two terminals (210) and has 4 vias
(202, 204, 206, 208) which couple the top layer (212) and
bottom layer (214) located at the centers of the spirals. In FIG.
2 the magnetic fields of the two layers are coupled, and the
total inductance is larger than the sum of the individual

inductances of the two layers.

Alternatively, two layers may utilized to construct two
non-interacting inductors disposed concentrically (FIG. 26,
numeral 2600). In the implementation shown in FIG. 26, a
spiral inductor (2604) is placed concentrically above a non-
interacting multiloop/spiral inductor structure (2602)
wherein two sets of loops/spirals are coupled by vias (2606,
2608) such that the coupled magnetic field is substantially

Zero.

INTEL-1007
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FIGs. 3-5, numerals 300, 400, and 500, are schematic
representations of 4-loop, 6-loop, and 8-loop planar
inductors/transformers in accordance with the present
invention. In FIG. 3 two alternate loops (302, 306) have
current flowing clockwise, and the other two alternate loops

(304, 308) have current flowing counterclockwise.

in FIG. 4, numeral 400, three alternate loops (402, 406,
410) have current flowing clockwise, and the other three
alternate loops (404, 408, 412) have current flowing
counterclockwise. [n FIG. 5, numeral 500, four alternate loops
(502, 506, 510, 514) have current flowing clockwise, and the
other four alternate loops (504, 508, 512, 516) have current

flowing counterclockwise.

FIG. 6, numeral 600, is a schematic representation of the
magnetic field of a 6-loop inductor/transformer in accordance
with the present invention, wherein the inductor/transformer
is located on a board, e.g., a printed circuit board (602). There
are 6 current loops, 3 alternate loops (604, 608, 612) have
current flowing clockwise and the other 3 loops (606, 610,
614) have current flowing counterclockwise. Thus there is a
magnetic field that wraps above from alternate loops (606,
610 and 614) and below the board from the other alternate
loops (604, 618, and 612).

INTEL-1007
U.S. Patent 7,151,430



WO 98/05048 PCT/US97/11900

10

15

20

25

13

FIG. 7, numeral 700, is a diagrammatic representation of
a side view of one embodiment of a planar
inductor/transformer having a bulk ferrite above (706) and
below (708) the planar conducting structure in accordance
with the present invention, typically located on a printed
circuit board (PCB, 710). The 2-layer (702, 704)
implementation of the set of loops/spirals of the present
invention are located one layer above the other, with the board
(710) between them. The bulk ferrite (706, 708) covers the
planar conducting structure (i.e., the loops/spirals) and
provides an efficient magnetic path and increases the

inductance of the planar inductor/transformer.

FIG. 8, numeral 800, is a diagrammatic representation of
a side view of another embodiment of a planar
inductor/transformer including a shield (806) above and below
the planar structure for enhancing cancellation of the
magnetic field in accordance with the present invention. The
set of loops/spirals (804) of the present invention are located
within the board (802) between them and may, where selected,

include multiple layers of loops/spirals.

FIG. 9, numeral 900, is a diagrammatic representation of
another embodiment of a planar inductor/transformer
including multiple auxiliary conducting structures (902, 904,

906, 908) adjacent to the planar structure (910) for enhancing

INTEL-1007
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cancellation of the magnetic field in accordance with the
present invention. The multiple auxiliary structures (902,
904, 906, 908) are located symmetrically and concentrically
with respect to the planar structure (910) where maximum

cancellation of a moment over a 360° range is desired.

Where cancellation of the moment over a range less than
3600 is desired, dissimilar structures (where a structure
includes size and/or shape) may be used for the loops/spirals.

The multiple auxiliary structures may also be asymmetrical.

FIG. 10, numeral 1000, is a diagrammatic representation
of a side view of an embodiment of a transformer including a
primary winding (1004) on one surface and a secondary
winding (1006) on an opposite surfaces of a printed circuit

board (PCB, 1002) in accordance with the present invention.

Radiation fields shown in FiGs. 11-16 represent
radiation field patterns, i.e., polar field patterns, measured in
the plane of the structure. FIG. 11, numeral 1100, represents a
radiation field pattern for a single spiral (1102) as is known
in the art. FIG. 12, numeral 1200, represents a radiation field

pattern for a figure 8 shape (1202) as is known in the art.

FIG. 13, numeral 1300, represents a radiation field

pattern for the structure shown in FIG. 1. The overall

INTEL-1007
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magnitude of the field (1302) obtained using the present
invention is reduced by a factor of at least 10 in a far field
when compared with the magnitude of the field (1202)
obtained from the structures of the prior art. Thus, the far
field is completely cancelled, and the near field is nearly

cancelled.

FIG. 14, numeral 1400, represents a radiation field
pattern for the structure shown in FIG. 9. The overall
magnitude of the field (1402) obtained using the present
invention exhibits an enhancement in near field cancellation

over the field obtained in FIG. 13.

FIG 15, numeral 1500, represents a radiation field
pattern for the structures shown in FIGs. 4 and 6. The overall
magnitude of the field (1502) obtained using the present
invention exhibits greater cancellation in the near field than

the field obtained in FIG. 13.

FIG 16, numeral 1600, represents a radiation field
pattern for the structure shown in FIG. 18. The magnitude of
the radiation field (1602) obtained using the present invention
has been minimized along one axis of the plane. This reduced
field in a preferred direction allows the use of the present

invention adjacent to sensitive circuitry.
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FIG. 17, numeral 1700, is a schematic representation of
another embodiment of a double spiral, with one spiral (Inner
spiral, 1708) inside another spiral (Outer Spiral, 1706), of a
planar inductor in accordance with the present invention. A
crossover (1704) is utilized to make one of the two terminal
connections (Inductor Terminals,1702). The moment due to the
inner spiral is equal and opposite to the moment due to the
outer spiral. In the far field the total moment is cancelled in

all directions.

FIG. 18, numeral 1800, is a diagrammatic representation
of a 4-loop single layer planar inductor in accordance with the
present invention. The 4 planar adjacent loops/spiral
conductor coils (1806, 1808, 1810, 1812) carry a current
produced by a signal source. The planar adjacent loops/spiral
conductor coils are arranged to form a rhombus to provide
total cancellation of a magnetic field on the perpendicular
bisectors of the sides of the rhombus, enhanced cancellation of
the magnetic field along the short diagonal and reduced
cancellation of the magnetic field along the long diagonal.
Current flows as described for FIG. 1. The planar magnetic
field inductor/transformer may be further implemented as
described above. The inductor has two terminals (1802) and
has two crossovers (1804, 1814) that connect the centers of

each of the two pairs of spirals.
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FIG. 19, numeral 1900, is a flow chart of one embodiment
of steps of a method in accordance with the present invention.
The method maximizes cancellation of a magnetic field over a
predetermined range for the plurality of loops/spiral
conductor coils arranged to form an inductor/transformer. The
method includes the steps of: A) placing (1902) a plurality of
at least three planar adjacent similar/dissimilar structured
loops/spiral conductor coils interconnected electrically, one
after another in a simple/compound loop fashion; and B)
injecting (1904) a current produced by a signal source, into the
plurality of planar adjacent loops/spiral conductor coils are
arranged to maximize cancellation of the magnetic field of the
plurality of loops/spiral conductor coils over the
predetermined range. The inductor/transformer may be

implemented as further described above.

Where selected, as shown in FIG. 20, numeral 2000, the
method may maximize cancellation of a total moment of the
plurality of loops/spiral conductor coils arranged to form an
inductor/transformer, comprising the steps of: A) placing
(2002) a plurality of at least three planar adjacent same
structure loops/spiral conductor coils interconnected
electrically, one after another in a simple/compound loop
fashion; B) injecting (2004) a current produced by a signal

source, into the plurality of planar adjacent loops/spiral
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conductor coils are arranged to maximize cancellation of a

total moment of the plurality of loops/spiral conductor coils.

The coupled magnetic field in the plane of the multiloop
structure has been computed (FIGs. 21-22) for a 4-loop, 6-loop
and 8-loop implementation (see FIGs. 3, 4, 5). The horizontal
axis represents distance from the center of the multiloop
structure relative to the lateral dimension of the structure.
The vertical axis represents a measure of the mutual
inductance with a test loop. The coupled magnetic field of the
multiloop structure is plotted as a function of distance from
the center and compared to the magnetic field for a simple
circular loop which has the same inductance. The coupling
depends on the direction. A best (FIG. 21-perpendicular to a
side of a polygon) and a worst (FIG. 22-along a diagonal of a-

polygon) case coupling are shown.

In the worst case (2200), the coupling is reduced by 20dB
for a 4-loop (2204) structure at a distance of 2 inductor
lengths away, as compared to a simple loop (2202). The
reduction in coupling for a 6-loop (2206) structure and 8-loop
(2208) structure at the same distance is 30dB and 40dB
respectively. The reduction in coupling is more than 60dB for a
4-lcop structure at 10 inductor lengths away. The 6-loop and

8-loop structure show even smaller coupling at this distance.
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FIG. 23, numeral 2300, is a graphical representation of the
inductance of a 4-loop spiral inductor implementation of the
present invention and a simple circular spiral occupying the

same area on a two-layer printed circuit board.

in the best case (2100), the coupling is reduced by at least
80dB for the 4-loop (2104), 6-loop (2106) and 8-loop (2108)
structures at 2 inductor lengths away and beyond compared to

coupling for a simple circular loop (2102).

FIG. 28, numeral 2300, is a graphical representation of
the inductance of a 4-loop spiral inductor (2304)
implementation of the present invention and a simple circular
spiral (2302) occupying the same area on a two-layer printed

circuit board.

FIG. 24, numeral 2400, is a graphical representation of
the resistance of a 4-loop spiral inductor (2404)
implementation of the present invention and a simple circular
spiral (2402) occupying the same area on a two-layer printed

circuit board.

FIG. 25, numeral 2500, is a graphical representation of
the quality factor (Q) of a 4-loop spiral inductor (2504)

implementation of the present invention and a simple circular

INTEL-1007
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spiral (2502) occupying the same area on a two-layer printed

circuit board.

For the 4-loop spiral, inductance is reduced and the
resistance is increased compared to the simple spiral.
However the highest Q obtained is comparable and acceptable
for most applications. Higher Q is obtainable by increasing the

number of turns in each of the spirals.

The inductance, series resistance and Q of a PCB
implementation of the 4-loop planar spiral has been analyzed.
The inductance and Q available in a certain area on a PCB with

a given resolution has been characterized.

The maximum inductance for a given planar area and a
trace width is obtained from a simple spiral. The inductance
and quality factor (Q) of a 4-loop spiral is compared to a

simple spiral, both made out of the same PCB process.

In one embodiment, shown in FIGs. 27 and 28, numerals
2700 and 2800, the printed circuit board inductor may have a
topology that includes at least three consecutively coupled
conducting loops/spirals (2702, 2704, 2706; 2802, 2804,
2806) that also form a central conducting loop/spiral (2708;
2808), wherein the conducting loop/spirals are arranged on a

polygonal lattice on/in a printed circuit board and an overall
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configuration of the conducting loops/spirals is scaled from
the topology to provide a zero net moment of the printed
circuit board inductor. Where selected, the shapes of each of

the conducting loops/spirals may be polygonal.

In one embodiment, the printed circuit board may be
multi-layered, and predetermined portions of the conducting
loops/spirals may be implemented on different levels (layer 1-
2710; layer 2-2712) of the multi-layer printed circuit board
and connected by vias to form the printed circuit board

inductor.

FIG. 29, numeral 2900, is a schematic representation of
positive (2902) and negative (2904) moments with respect to
the embodiment of the present invention shown in FIGs. 27 and
28.

In addition, a non-interacting concentric inductor may be
arranged in extreme proximity above/below the printed circuit

board inductor.

Typically, the printed circuit board inductor has a
polygonal shape, and the size and orientation of the printed
circuit board inductor is determined by magneto-static
analysis. Where the printed circuit board is multi-layered,

predetermined portions of the non-interacting concentric
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inductor may be implemented on different levels of the muiti-
layered printed circuit board, The portions of the non-
interacting concentric inductor are typically connected by vias

to form the complete non-interacting concentric inductor.

As used herein the word “spiral” indicates a winding
conducting structure ( e.g., a wire, a trace) in a clockwise or
counterclockwise direction. A “spiral” thus includes
rectangular, polygonal, oval, elliptical, circular as well as

other irregular generally spirally shapes.

The present invention may be embodied in other specific
forms without departing from its spirit or essential
characteristics. The described embodiments are to be
considered in all respects only as illustrative and not
restrictive. The scope of the invention is, therefore, indicated
by the appended claims rather than by the foregoing
description. All changes which come within the meaning and
range of equivalency of the claims are to be embraced within

their scope.

| claim:
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1. A planar magnetic field inductor/transformer comprising
a plurality of at least three planar adjacent loops/spiral
conductor coils coupled serially and arranged one after another
in a simple/compound loop fashion, carrying a current produced
by a signal source, wherein the plurality of planar adjacent
loops/spiral conductor coils are arranged to maximize
cancellation of a moment of the plurality of loops/spiral

conductor coils over a predetermined range.

2. A planar magnetic field inductor/transformer comprising
an even number, 2N, of planar adjacent loops/spiral conductor
coils arranged one after another in a simple closed loop,
carrying a current produced by a signal source, wherein the
even number of planar adjacent loops/spiral conductor coils
are arranged to provide total cancellation of a magnetic field
on N axes and to maximize overall cancellation of the

magnetic field.

8. A method for maximizing cancellation of a total moment
of the plurality of loops/spiral conductor coils arranged to
form an inductor/transformer, comprising the steps of:

A) placing a plurality of at least three planar adjacent
same structure loops/spiral conductor coils interconnected
electrically, one after another in a simple/compound loop

fashion;

INTEL-1007
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B) injecting a current produced by a signal source,
into the plurality of planar adjacent loops/spiral conductor
coils are arranged to maximize cancellation of a total moment

of the plurality of loops/spiral conductor coils.

4. A method for maximizing cancellation of a magnetic
field over a predetermined range for the plurality of
loops/spiral conductor coils arranged to form an
inductor/transformer, comprising the steps of:

A) placing a plurality of at least three planar adjacent
dissimilar structured loops/spiral conductor coils
interconnected electrically, one after another in a
simple/compound loop fashion;

B) injecting a current produced by a signal source,
into the plurality of planar adjacent loops/spiral conductor
coils are arranged to maximize cancellation of the magnetic
field of the plurality of loops/spiral conductor coils over the

predetermined range.

5. A printed circuit board inductor having a topology
comprising:

A) a first conducting loop/spiral;

B) a second conducting loop/spiral coupled to the first

conducting loop/spiral;
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C) a third conducting loop/spiral coupled to the second
conducting loop/spiral, and, where selected, further
conducting loops/spirals consecutively coupled; and

D) a central conducting loop/spiral formed by the at least
first, second and third conducting loops/spirals,
wherein the conducting loop/spirals are arranged on a
polygonal lattice on/in a printed circuit board and an overall
configuration of the conducting loops/spirals is scaled from
the topology to provide a zero net moment of the printed

circuit board inductor.

6. The printed circuit board inductor of claim 5 wherein the

shapes of each of the conducting loops/spirals are polygonal.

7. The printed circuit board inductor of claim 5 wherein the
printed circuit board is multi-layered and predetermined
portions of the conducting loops/spirals are implemented on
different levels of the multi-layered printed circuit board and
are connected by vias to form the printed circuit board

inductor.

8. The printed circuit board inductor of claim 5 further
including a non-interacting concentric inductor arranged in
extreme proximity above/below the printed circuit board

inductor.
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9. The printed circuit board inductor of claim 8 wherein the
printed circuit board inductor has a polygonal shape and a size
and orientation of the printed circuit board inductor is

determined by magneto-static analysis.

10. The printed circuit board inductor of claim 8 wherein
the printed circuit board is multi-layered and predetermined
portions of the non-interacting concentric inductor are
implemented on different levels of the multi-layer

10  printed circuit board and are connected by vias to form the

non-interacting concentric inductor.
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