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(57) Abrégée/Abstract:
A magnetic component and a method for manufacturing a low profile, magnetic component ( 100 ). The method comprises the
steps of providing at least one sheet (120), coupling at least a portion of at least one winding (140) to the at least one sheet, and
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(57) Abrege(suite)/Abstract(continued):
laminating the at least one sheet with at least a portion of the at least one winding. The magnetic component comprises at least one

sheet (120) and at least a portion of at least one winding (140) coupled to the at least one sheet, wherein the at least one sheet is

laminated to at least a portion of the at least one winding. The winding may comprise a clip, a preformed coll, a stamped conductive
foll, or an etched trace using chemical or laser etching. The sheet may comprise any material capable of being laminated and/or

rolled, including, but not limited to, flexible magnetic powder sheets.
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FlG. 1A

(57) Abstract: A magnetic component and a method for manufacturing a low profile, magnetic component ( 100 ). The method
comprises the steps of providing at least one sheet (120), coupling at least a portion of at least one winding (140) to the at least
one sheet, and laminating the at least one sheet with at least a portion of the at least one winding. The magnetic component com-

& prises at least one sheet (120) and at least a portion of at least one winding (140) coupled to the at least one sheet, wherein the at

S

W

least one sheet 1s laminated to at least a portion of the at least one winding. The winding may comprise a clip, a preformed coil, a
stamped conductive foil, or an etched trace using chemical or laser etching. The sheet may comprise any material capable of being
laminated and/or rolled, including, but not limited to, flexible magnetic powder sheets.
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A MAGNETIC ELECTRICAL DEVICE

TECHNICAL FIELD

[0001] The 1nvention relates generally to electronic components and
methods of manufacturing these components and, more particularly, to inductors,

transformers, and the methods of manufacturing them.
BACKGROUND

[0002] Typical inductors may include shaped cores, including a shield core
and drum core, U core and I core, E core and I core, and other matching shapes.
The inductors typically have a conductive wire wrapped around the core or a clip.
The wrapped wire 1s commonly referred to as a coil and 1s wound on the drum core
or other bobbin core directly. Each end of the coil may be referred to as a lead and
1s used for coupling the inductor to an clectrical circuit. Discrete cores may be

bound together through an adhesive.

[0003] With advancements 1n electronic packaging, the trend has been to
manufacture power inductors having miniature structures. Thus, the core structure
must have lower and lower profiles so that they may accommodate the modem
clectronic devices, some of which may be slim or have a very thin profile.
Manufacturing inductors having the low profile has caused manufactures to

encounter many difficulties, thereby making the manufacturing process expensive.

[0004] For example, as the components become smaller and smaller,
difficulty has arisen due to the nature of the components being hand wound. These
hand wound components provide for inconsistencies 1n the product themselves.
Another encountered difficulty includes the shape cores being very fragile and
prone to core cracking throughout the manufacturing process. An additional
difficulty 1s that the inductance 1s not very consistent due to the gap deviation
between the two discrete cores, including but not limited to drum cores and
shielded cores and U cores and I cores, during assembly. A further difficulty 1s

that the DC resistance (“DCR”) 1s not consistent due to uneven winding and
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tension during the winding process. These difficulties represent examples of just a
few of the many difficulties encountered while attempting to manufacture

inductors having a miniature structure.

[0005] Manufacturing processes for inductors, like other components, have
been scrutinized as a way to reduce costs in the highly competitive electronics
manufacturing business. Reduction of manufacturing costs 1s particularly desirable
when the components being manufactured are low cost, high volume components.
In a high volume component, any reduction in manufacturing cost 1s, of course,
significant. It may be possible that one material used mm manufacturing may have a
higher cost than another material, but the overall manufacturing cost may be less
by using the more costly material because the reliability and consistency of the
product 1n the manufacturing process 1s greater than the reliability and consistency
of the same product manufactured with the less costly material. Thus, a greater
number of actual manufactured products may be sold, rather than being discarded.
Additionally, 1t also 1s possible that one material used 1n manufacturing a
component may have a higher cost than another material, but the labor savings
more than compensates for the increase in material costs. These examples are just

a few of the many ways for reducing manufacturing costs.

[0006] It has become desirable to provide a magnetic component of
increased efficiency and improved manufacturability without increasing the size of
the components and occupying an undue amount of space, especially when used on
circuit board applications. It also has become desirable to lessen the amount of
manual manufacturing steps involved and automating more of the steps in the
manufacturing process so that more consistent and reliable products may be

produced.
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SUMMARY

[0007] A magnetic component and a method for manufacturing a low
profile, magnetic component are disclosed herein. The magnetic components
include, hut are not limited to, inductors and transformers. The magnetic
components include at least one sheet and at least a portion of a winding coupled to
the at Icast one sheet. The at least one sheet 1s laminated to at Ieast a portion of the
winding. The winding 1s oriented 1n a manner such that a magnetic field 1s
generated 1n a desired direction when current flows through the winding. The
winding may be made of a clip, a preformed coil, a stamped conductive foil, an
ctched trace using chemical or laser etching processes, or a combination of these
exemplary windings. Additionally, terminations may be formed at the bottom of
the magnetic component or formed on a substrate to which the magnetic

component mounts to.

[0008] According to some embodiments, a plurality of sheets are layered
on top of on¢ another, where at least a portion of the winding 1s configured within
the plurality of sheets. The plurality of sheets are laminated to one another to form
the magnetic component. According to some embodiments, the entire winding 1S
configured within the plurality of sheets, which may include the upper surface of
the top sheet and/or the lower surface of the bottom sheet. According to alternative
embodiments, a portion of the winding may be positioned on a substrate, such as,
for example, a printed circuit board. Thus, the winding 1s not complete until the
magnetic component 18 mounted to the substrate. According to another alternative
embodiment, the sheet may be rolled around a winding and then laminated to form
the magnetic component. In some embodiments, a portion of the winding forms

the terminations.

[0009] According to another exemplary embodiment, the winding may be
oriecnted 1 a manner such that a magnetic field 15 generated m a wvertical
orientation. In another exemplary embodiment, the winding may be oriented 1n a
manner such that a magnetic field 18 generated 1in a horizontal direction. In a

further exemplary embodiment, the winding may be oriented in a manner such that
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more than one magnetic field 1s generated 1n the same direction, cach parallel to
on¢ another. In another exemplary embodiment, the winding may be oriented 1n a
manner such that more than one magnetic field 1s generated 1n different directions,
on¢ oriented 1n a generally perpendicular direction with respect to another.

Moreover, a plurality of winding may be formed within the magnetic component.

[0010] These and other aspects, objects, features, and advantages of the
invention will become apparent to a person having ordinary skill in the art upon
consideration of the following detailed description of 1llustrated exemplary
embodiments, which include the best mode of carrying out the invention as

presently percerved.
BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The foregoing and other features and aspects of the invention will
be best understood with reference to the following description of certain exemplary
embodiments of the invention, when read 1n conjunction with the accompanying

drawings, wherein:

[0012] Figure 1a 1llustrates a perspective view and an exploded view of the
top side of a mimiature power inductor having a winding in a first winding
configuration, at least one magnetic powder sheet and a vertically oriented core

arca 1n accordance with an exemplary embodiment;

[0013] Figure 1b 1llustrates a perspective view and an exploded view of the
bottom side of the miniature power inductor as depicted in Figure 1a in accordance

with an exemplary embodiment;

[0014] Figure 1c 1illustrates a perspective view of the first winding
configuration of the minmature power inductor as depicted 1n Figure 1a and Figure

1b 1n accordance with an exemplary embodiment;

[0015] Figure 2a 1llustrates a perspective view and an exploded view of the

top side of a minmiature power inductor having a winding 1n a second winding
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configuration, at least one magnetic powder sheet and a horizontally oriented core

arca 1n accordance with an exemplary embodiment;

[0016] Figure 2b 1llustrates a perspective view and an exploded view of the
bottom side of the miniature power inductor as depicted in Figure 2a 1in accordance

with an exemplary embodiment;

[0017] Figure 2c 1illustrates a perspective view of the second winding
configuration of the miniature power inductor as depicted in Figure 2a and Figure

2b 1n accordance with an exemplary embodiment;

[0018] Figure 3a 1llustrates a perspective view and an exploded view of the
top side of a miniature power inductor having a portion of a winding in the second
winding configuration and at least one terminal located on a printed circuit board,
at least onc magnetic powder sheet and a horizontally oriented core arca 1n

accordance with an exemplary embodiment;

[0019] Figure 3b 1llustrates a perspective view and an exploded view of the
bottom side of the miniature power inductor as depicted in Figure 3a in accordance

with an exemplary embodiment;

[0020] Figure 3¢ 1llustrates a perspective view of the second winding
configuration of the minmature power inductor as depicted 1n Figure 3a and Figure

3b 1n accordance with an exemplary embodiment;

[0021] Figure 4a 1illustrates a perspective view and an exploded view of the
top side of a minmiature power inductor having a plurality of windings in a third
winding configuration, at least one magnetic powder sheet and a horizontally

oriented core area 1in accordance with an exemplary embodiment;

[0022] Figure 4b 1llustrates a perspective view and an exploded view of the
bottom side of the miniature power inductor as depicted in Figure 4a 1in accordance

with an exemplary embodiment;
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[0023] Figure 4c 1llustrates a perspective view of the third winding
configuration of the minmature power inductor as depicted 1n Figure 4a and Figure

4b 1n accordance with an exemplary embodiment;

[0024] Figure Sa 1llustrates a perspective view and an exploded view of the
top side of a miniature power inductor having a preformed coil and at least one

magnetic powder sheet 1n accordance with an exemplary embodiment;

[0025] Figure 5b 1llustrates a perspective transparent view of the miniature
power 1nductor as depicted in Figure 5a in accordance with an exemplary

embodiment;

[0026] Figure 6a 1llustrates a perspective view and an exploded view of the
top side of a miniature power inductor having a plurality of windings in a fourth
winding configuration, at least one magnetic powder sheet, and a plurality of

horizontally oriented core arcas in accordance with an exemplary embodiment;

[0027] Figure 6b 1llustrates a perspective view and an exploded view of the
bottom side of the miniature power inductor as depicted in Figure 6a in accordance

with an exemplary embodiment;

[0028] Figure 6c¢ 1llustrates a perspective view of the fourth winding
configuration of the minmature power inductor as depicted 1n Figure 6a and Figure

6b 1n accordance with an exemplary embodiment;

[0029] Figure 7a 1llustrates a perspective view and an exploded view of the
top side of a miniature power inductor having a winding in a fifth winding
configuration, at least one magnetic powder sheet, and a plurality of horizontally

oriented core areas 1n accordance with an exemplary embodiment;

[0030] Figure 7b 1llustrates a perspective view and an exploded view of the
bottom side of the miniature power inductor as depicted in Figure 7a in accordance

with an exemplary embodiment;
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[0031] Figure 7¢ 1llustrates a perspective view of the fifth winding
configuration of the minmature power inductor as depicted 1n Figure 7a and Figure

7b 1 accordance with an exemplary embodiment;

[0032] Figure 8a 1llustrates a perspective view and an exploded view of the
top side of a miniature power inductor having a winding in a sixth winding
configuration, at least one magnetic powder sheet, and a vertically oriented core
arca and a circularly oriented core arca 1n accordance with an exemplary

embodiment;

[0033] Figure 8b 1llustrates a perspective view and an exploded view of the
bottom side of the miniature power inductor as depicted in Figure 8a 1in accordance

with an exemplary embodiment;

[0034] Figure 8c 1illustrates a perspective view of the sixth winding
configuration of the minmature power inductor as depicted 1n Figure 8a and Figure

&b 1n accordance with an exemplary embodiment;

[0035] Figure 9a 1llustrates a perspective view and an exploded view of the
top side of a miniature power inductor having a one turn winding 1n a seventh
winding configuration, at least one magnetic powder sheet, and a horizontally

oriented core area 1n accordance with an exemplary embodiment;

[0036] Figure 9b 1llustrates a perspective view of the top side of the
miniature power inductor as depicted in Figure 9a during an intermediate

manufacturing step 1n accordance with an exemplary embodiment;

[0037] Figure 9c¢ 1illustrates a perspective view of the bottom side of the
miniature power inductor as depicted 1n Figure 9a in accordance with an

exemplary embodiment;

[0038] Figure 9d 1llustrates a perspective view of the seventh winding
configuration of the minmature power inductor as depicted in Figure 9a, Figure 9b,

and Figure 9¢ 1n accordance with an exemplary embodiment;
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[0039] Figure 10a 1illustrates a perspective view and an exploded view of
the top side of a miniature power inductor having a two turn winding in an ¢ighth
winding configuration, at least one magnetic powder sheet, and a horizontally

oriented core area 1n accordance with an exemplary embodiment;

[0040] Figure 10b 1illustrates a perspective view of the top side of the
miniature power inductor as depicted in Figure 10a during an intermediate

manufacturing step 1n accordance with an exemplary embodiment;

[0041] Figure 10c 1llustrates a perspective view of the bottom side of the
miniature power inductor as depicted in Figure 10a in accordance with an

exemplary embodiment;

[0042] Figure 10d 1illustrates a perspective view of the eighth winding
configuration of the minmiature power inductor as depicted in Figure 10a, Figure

10b, and Figure 10c 1in accordance with an exemplary embodiment;

[0043] Figure 11a 1llustrates a perspective view and an exploded view of
the top side of a minmiature power inductor having a three turn winding in a ninth
winding configuration, at least one magnetic powder sheet, and a horizontally

oriented core area 1in accordance with an exemplary embodiment;

[0044] Figure 11b 1llustrates a perspective view of the top side of the
miniature power inductor as depicted in Figure 1la during an intermediate

manufacturing step in accordance with an exemplary embodiment;

[0045] Figure 11c illustrates a perspective view of the bottom side of the
miniature power inductor as depicted in Figure 1la in accordance with an

exemplary embodiment;

[0046] Figure 11d 1llustrates a perspective view of the ninth winding
configuration of the minmiature power inductor as depicted in Figure 11a, Figure

11b, and Figure 11c¢ 1n accordance with an exemplary embodiment;
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[0047] Figure 12a 1llustrates a perspective view and an exploded view of
the top side of a mimiature power inductor having a one turn clip winding 1n a tenth
winding configuration, at least one magnetic powder sheet, and a horizontally

oriented core area 1n accordance with an exemplary embodiment;

[0048] Figure 12b 1illustrates a perspective view of the top side of the
miniature power inductor as depicted in Figure 12a during an intermediate

manufacturing step 1n accordance with an exemplary embodiment;

[0049] Figure 12c¢ 1illustrates a perspective view of the bottom side of the
miniature power inductor as depicted in Figure 12a in accordance with an

exemplary embodiment;

[0050] Figure 12d 1illustrates a perspective view of the tenth winding
configuration of the minmiature power inductor as depicted in Figure 12a, Figure

12b, and Figure 12¢ 1in accordance with an exemplary embodiment;

[0051] Figure 13a 1llustrates a perspective view and an exploded view of
the top side of a miniature power inductor having a three turn clip winding 1n an
cleventh winding configuration, at lecast onc¢ magnetic powder sheet, and a

horizontally oriented core arca in accordance with an exemplary embodiment;

[0052] Figure 13b 1llustrates a perspective view of the top side of the
miniature power inductor as depicted in Figure 13a during an intermediate

manufacturing step in accordance with an exemplary embodiment;

[0053] Figure 13c illustrates a perspective view of the bottom side of the
miniature power inductor as depicted in Figure 13a in accordance with an

exemplary embodiment;

[0054] Figure 13d 1illustrates a perspective view of the eleventh winding
configuration of the minmiature power inductor as depicted in Figure 13a, Figure

13b, and Figure 13c¢ 1n accordance with an exemplary embodiment;
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[0055] Figure 14a 1llustrates a perspective view of the top side of a
miniature power inductor having a one turn clip winding in a twelfth winding
configuration, a rolled magnetic powder sheet, and a horizontally oriented core

arca 1n accordance with an exemplary embodiment;

[0056] Figure 14b 1llustrates a perspective view of the bottom side of the
miniature power inductor as depicted in Figure 14a 1n accordance with an

exemplary embodiment; and

[0057] Figure 14c¢ illustrates a perspective view of the twelfth winding
configuration of the miniature power inductor as depicted in Figure 14a and Figure

14b 1n accordance with an exemplary embodiment.
DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

[0058] Referring to Figures 1-14, several views of various illustrative,
exemplary embodiments of a magnetic component or device are shown. In an
exemplary embodiment the device 1s an inductor, although 1t 1s appreciated that the
benefits of the invention described below may accrue to other types of devices.
While the materials and techniques described below are believed to be particularly
advantageous for the manufacture of low profile inductors, 1t 1s recognized that the
inductor 1s but one type of clectrical component in which the benefits of the
invention may be appreciated. Thus, the description set forth 1s for illustrative
purposes only, and 1t 1s contemplated that benefits of the invention accrue to other
sizes and types of inductors, as well as other electronic components, including but
not limited to transformers. Therefore, practice of the inventive concepts herein 1s
not limited solely to the exemplary embodiments described herein and 1llustrated in
the Figures. Additionally, 1t 1s understood that the Figures are not to scale, and that
the thickness and other sizes of the various components have been exaggerated for

the purpose of clarity.

[0059] Referring to Figures la-1c, several views of a first 1llustrative
embodiment of a magnetic component or device 100 are shown. Figure la

illustrates a perspective view and an exploded view of the top side of a minmiature
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power inductor having a winding in a first winding configuration, at lecast one
magnetic powder sheet and a vertically oriented core areca in accordance with an
exemplary embodiment. Figure 1b illustrates a perspective view and an exploded
view of the bottom side of the miniature power inductor as depicted in Figure 1a in
accordance with an exemplary embodiment. Figure 1c illustrates a perspective
view of the first winding configuration of the miniature power inductor as depicted

in Figure 1a and Figure Ib 1n accordance with an exemplary embodiment.

[0060] According to this embodiment the miniature power inductor 100
comprises at least one magnetic powder sheet 110, 120, 130 and a winding 140
coupled to the at least one magnetic powder sheet 110, 120, 130 1n a first winding
configuration 150. As seen in this embodiment, the miniature power mductor 100
comprises a first magnetic powder sheet 110 having a lower surface 112 and an
upper surface 114, a second magnetic powder sheet 120 having a lower surface
122 and an upper surface 124, and a third magnetic powder sheet 130 having a
lower surface 132 and an upper surface 134. In an exemplary embodiment, each
magnetic powder sheet can be a magnetic powder sheet manufactured by Chang
Sung Incorporated in Incheon, Koreca and sold under product number 20u-eff
Flexible Magnetic Sheet. Also, these magnetic powder sheets have grains which
ar¢c dominantly oriented 1n a particular direction. Thus, a higher inductance may be
achieved when the magnetic field 1s created 1n the direction of the dominant grain
orientation. Although this embodiment depicts three magnetic powder sheets, the
number of magnetic sheets may be increased or reduced so as to increase or
decrease the number of turns in the winding or to increase or decrease the core arca
without departing from the scope and spirit of the exemplary embodiment. Also,
although this embodiment depicts a magnetic powder sheet, any flexible sheet may
be used that 1s capable of being laminated, without departing from the scope and

spirit of the exemplary embodiment.

[0061] The first magnetic powder sheet 110 also includes a first terminal
116 and a second terminal 118 coupled to opposing longitudinal edges of the lower
surface 112 of the first magnetic powder sheet 110. These terminals 116, 118 may

be used to couple the miniature power inductor 100 to an electrical circuit, which
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may be on a printed circuit board (not shown), for example. Each of the terminals
116, 118 also comprises a via 117, 119 for coupling the terminals 116, 118 to one
or more winding layers, which will be further discussed below. The vias 117, 119
arc conductive connectors which proceed from the terminals 116, 118 on the lower
surface 112 to the upper surface 114 of the first magnetic powder sheet 110. The
vias may be formed by drilling a hole through the magnetic powder sheets and
plating the inner circumference of the drilled hole with conductive material.
Alternatively, a conductive pin may be placed into the drilled holes to establish the
conductive connections 1n the vias. Although the vias 117, 119 are shown to be
cylindrical in shape, the vias may be a different geometric shape, for example,
rectangular, without departing from the scope and spirit of the exemplary
embodiment. In one exemplary embodiment, the entire inductor can be formed
and pressed before drilling the vias. Although the terminals are shown to be
coupled to opposing longitudinal edges, the terminals may be coupled at
alternative locations on the lower surface of the first magnetic powder sheet
without departing from the scope and spirit of the exemplary embodiment. Also,
although each terminal 1s shown to have one via, additional vias may be formed 1n
cach of the terminals so as to position the one or more winding layers 1n parallel,
rather than 1n series, depending upon the application, without departing from the

scope and spirit of the exemplary embodiment.

[0062] The second magnetic powder sheet 120 has a first winding layer
126 coupled to the lower surface 122 and a second winding layer 128 coupled to
the upper surface 124 of the second magnetic powder sheet 120. Both winding
layers 126, 128 combine to form the winding 140. The first winding layer 126 1s
coupled to the terminal 116 through the via 117. The second winding layer 128 1s
coupled to the first winding layer 126 through via 127, which is formed in the
second magnetic powder sheet 120. Via 127 proceeds from the lower surface 122
to the upper surface 124 of the second magnetic powder sheet 120. The second
winding layer 128 1s coupled to the second terminal 118 through vias 129,119. Via
129 proceeds from the upper surface 124 to the lower surface 122 of the second

magnetic powder sheet 120. Although two winding layers are shown to be coupled
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to the second magnetic powder sheet mm this embodiment, there may be one
winding layer coupled to the second magnetic powder sheet without departing

from the scope and spirit of the exemplary embodiment.

[0063] The winding layers 126, 128 are formed from a conductive copper
layer which 1s coupled to the second magnetic powder sheet 120. This conductive
copper layer may include, but 1s not limited to, a stamped copper foil, an etched
copper trace, or a preformed coil without departing from the scope and spirit of the
exemplary embodiment. The etched copper trace may be formed, but 1s not limited
to, chemical processes, photolithography techniques, or by laser ectching
techniques. As shown 1n this embodiment, the winding layer i1s a rectangular-
shaped spiral pattern. However, other patterns may be used to form the winding
without departing from the scope and spirit of the exemplary embodiment.
Although copper 1s used as the conductive material, other conductive materials
may be used without departing from the scope and spirit of the exemplary
embodiment. The terminals 116, 118 may also be formed using a stamped copper

foil, an etched copper trace, or by any other suitable method.

[0064] The third magnetic powder sheet 130, according to this
embodiment, is placed on the upper surface 124 of the second magnetic powder
sheet 120 so that the second winding layer 128 may be 1nsulated and also so that

the core arca may be increased for handling higher current flow.

[0065] Although the third magnetic powder sheet 1s not shown to have a
winding layer, a winding layer may be added to the lower surface of the third
magnetic layer in licu of the winding layer on the upper surface of the second
magnetic powder sheet without departing from the scope and spirit of the
exemplary embodiment. Additionally, although the third magnetic powder sheet 1s
not shown to have a winding layer, a winding layer may be added to the upper
surface of the third magnetic layer without departing from the scope and spirit of

the exemplary embodiment.
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[0066] Upon forming cach of the magnetic powder sheets 110, 120, 130
with the winding layers 126, 128 and/or terminals 116, 118, the sheets 110, 120,
130 are pressed with high pressure, for example, hydraulic pressure, and laminated
together to form the miniature power inductor 100. After the sheets 110, 120, 130
have been pressed together, the vias are formed, as previously discussed.
According to this embodiment, the physical gap between the winding and the core,
which 1s typically found in conventional inductors, 1s removed. The elimiation of
this physical gap tends to minimize the audible noise from the vibration of the

winding.

[0067] The miniature power inductor 100 1s depicted as a cube shape.
However, other geometrical shapes, including but not limited to rectangular,
circular, or elliptical shapes, may be used without departing from the scope and

spirit of the exemplary embodiment.

[0068] The winding 140 includes a first winding layer 126 and a second
winding layer 128 and forms a first winding configuration 150 having a vertically
oriented core 157. The first winding configuration 150 starts at the first terminal
116, then proceeds to the first winding layer 126, then proceeds to the second
winding layer 128, and then proceeds to the second terminal 118. Thus, 1n this
embodiment, the magnetic field may be created 1n a direction that 1s perpendicular
to the direction of grain orientation and thereby achieve a lower inductance or the
magnetic ficld may be created in a direction that 1s parallel to the direction of grain
orientation and thereby achieve a higher inductance depending upon which

direction the magnetic powder sheet 15 extruded.

[0069] Referring to Figures 2a-2c¢, several views of a second 1llustrative
embodiment of a magnetic component or device 200 are shown. Figure 2a
illustrates a perspective view and an exploded view of the top side of a minmiature
power 1nductor having a winding 1n a second winding configuration, at least one
magnetic powder sheet and a horizontally oriented core area in accordance with an
exemplary embodiment. Figure 2b illustrates a perspective view and an exploded

view of the bottom side of the miniature power inductor as depicted in Figure 2a in
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accordance with an exemplary embodiment. Figure 2c¢ illustrates a perspective
view of the second winding configuration of the miniature power inductor as

depicted in Figure 2a and Figure 2b 1n accordance with an exemplary embodiment.

[0070] According to this embodiment, the miniature power inductor 200
comprises at least one magnetic powder sheet 210, 220, 230, 240 and a winding
250 coupled to the at least one magnetic powder sheet 210, 220, 230, 240 1n a
sccond winding configuration 255. As seen in this embodiment, the mimature
power inductor 200 comprises a first magnetic powder sheet 210 having a lower
surface 212 and an upper surface 214, a second magnetic powder sheet 220 having
a lower surface 222 and an upper surface 224, a third magnetic powder sheet 230
having a lower surface 232 and an upper surface 234, and a fourth magnetic
powder sheet 240 having a lower surface 242 and an upper surface 244. As
previously mentioned, the exemplary magnetic powder sheets can be magnetic
powder sheets manufactured by Chang Sung Incorporated in Incheon, Korea and
sold under product number 20u-eft Flexible Magnetic Sheet, and have the same
characteristics as described above. Although this embodiment depicts four
magnetic powder sheets, the number of magnetic sheets may be increased or
reduced so as to increase or decrecase the core arca without departing from the
scope and spirit of the exemplary embodiment. Also, although this embodiment
depicts a magnetic powder sheet, any flexible sheet may be used that 1s capable of
being laminated, without departing from the scope and spirit of the exemplary

embodiment.

[0071] The first magnetic powder sheet 210 also includes a first terminal
216 and a second terminal 218 coupled to opposing longitudinal sides of the lower
surface 212 of the first magnetic powder sheet 210. These terminals 216, 218 may
be used to couple the miniature power inductor 200 to an electrical circuit, which
may be on a printed circuit board (not shown), for example. The first magnetic
powder sheet 210 also includes a first bottom winding layer portion 260, a second
bottom winding layer portion 261, a third bottom winding layer portion 262, a
fourth bottom winding layer portion 263, and a fifth bottom winding layer portion

264 that arc all positioned 1n substantially the same direction as the terminals 216,
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218 and positioned between the terminals 216, 218 1n a non-contacting relationship
to onc another. These bottom winding layer portions 260, 261, 262, 263, 264 arc

also located on the lower surface 212 of the first magnetic powder sheet 210.

[0072] Each of the termunals 216, 218 comprises a via 280, 295,
respectively, for coupling the terminals 216, 218 to one or more winding layers.
Additionally, each of the bottom winding layer portions 260, 261, 262, 263, 264
comprise two vias for coupling the bottom winding layer portions 260, 261, 262,
263, 264 to a respective top winding layer portions 270, 271, 272, 273, 274, 273,
which 1s described 1n detail below. As listed, there 1s one additional top winding

layer portion than bottom winding layer portion.

[0073] The second magnetic powder sheet 220 and the third magnetic
powder sheet 230 comprise a plurality of vias 280, 281, 282, 283, 284, 285, 290,
291, 292, 293, 294, 295 for coupling the terminals 216, 218, the bottom winding
layer portions 260, 261, 262, 263, 264, and top winding layer portions 270, 271,
272,273,274, 275 to one another.

[0074] The fourth magnetic powder sheet 240 also includes a first top
winding layer portion 270, a second top winding layer portion 271, a third top
winding layer portion 272, a fourth top winding layer portion 273, a fifth top
winding layer portion 274, and a sixth top winding layer portion 275 that are
positioned 1n substantially the same direction as the bottom winding layer portions
260, 261, 262, 263, 264 of the first magnetic powder sheet 210. These top winding
layer portions 270, 271, 272, 273, 274, 275 are positioned in a non-contacting
relationship to one another. These top winding layer portions 270, 271, 272, 273,
274, 2775 are also located on the upper surtace 244 of the fourth magnetic powder
sheet 240, Although the top winding layer portions 270, 271, 272, 273, 274, 275
arc positioned 1n substantially the same direction as the bottom layer winding
portions 260, 261, 262, 263, 264, there 1s a small angle formed between their

directions so that they may be properly connected to one another.
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[0075] Each of the top winding layer portions 270, 271, 272, 273, 274, 275
comprise two vias for coupling the top winding layer portions 270, 271, 272, 273,
274, 275 to a respective bottom winding layer portions 260, 261, 262, 263, 264,

and to a respective terminal 216, 218, which 1s described m detail below.

[0076] The top winding layer portions 270, 271, 272, 273, 274, 275, the
bottom winding layer portions 260, 261, 262, 263, 264, and the terminals 216, 218
may be formed by any of the methods described above, which includes, but 1s not

limited to, a stamped copper foil, an etched copper trace, or a preformed coil.

[0077] Upon forming the first magnetic powder sheet 210 and the fourth
magnetic powder sheet 240, the second magnetic sheet 220 and the third magnetic
sheet 230 are placed between the first magnetic powder sheet 210 and the fourth
magnetic powder sheet 240. The magnetic powder sheets 210, 220, 230, 240 are
then pressed together with high pressure, for example, hydraulic pressure, and
laminated together to form the miniature power inductor 200. After the sheets 210,
220, 230, 240 have been pressed together, the vias 280, 281, 282, 283, 284, 283,
290, 291, 292, 293, 294, 295 are formed, 1n accordance to the description provided
for Figures la-1¢. Additionally, a coating or epoxy (not shown) may be applied as
an 1nsulator layer to the upper surface 244 of the fourth magnetic powder sheet
240. According to this embodiment, the physical gap between the winding and the
core, which 1is typically found in conventional mductors, 1s removed. The
climination of this physical gap tends to minimize the audible noise from the

vibration of the winding.

[0078] The winding 250 forms a second winding configuration 255 having
a horizontally oriented core 257. The second winding configuration 255 starts at
the first terminal 216, then proceeds to the first top winding layer portion 270
through via 280, then proceeds to the first bottom winding layer portion 260
through via 290, then proceeds to the second top winding layer portion 271
through via 281, then proceeds to the second bottom winding layer portion 261
through via 291, then proceeds to the third top winding layer portion 272 through
via 282, then proceeds to the third bottom winding layer portion 262 through via
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292, then proceeds to the fourth top winding layer portion 273 through via 283,
then proceeds to the fourth bottom winding layer portion 263 through via 293, then
proceeds to the fifth top winding layer portion 274 through via 284, then proceeds
to the fifth bottom winding layer portion 264 through via 294, then proceeds to the
sixth top winding layer portion 275 through via 285, then proceeds to the second
terminal 218 through via 295, In this embodiment, the magnetic field may be
created 1n a direction that 1s perpendicular to the direction of grain orientation and
thereby achieve a lower inductance or the magnetic field may be created in a
direction that 1s parallel to the direction of grain orientation and thereby achieve a
higher inductance depending upon which direction the magnetic powder sheet 1s

extruded.

[0079] The miniature power inductor 200 1s depicted as square shape.
However, other geometrical shapes, including but not limited to rectangular,
circular, or elliptical shapes, may be used without departing from the scope and
spirit of the exemplary embodiment. Also, although this embodiment depicts six
top winding layer portions and five bottom winding layer portions, the number of
top and bottom winding layer portions may increase or decrease depending upon
application requirements, so long as that there 1s one more top winding layer
portion than bottom winding layer portion, without departing from the scope and

spirit of the exemplary embodiment.

[0080] Referring to Figures 3a-3c, several views of a third 1llustrative
embodiment of a magnetic component or device 300 are shown. Figure 3a
illustrates a perspective view and an exploded view of the top side of a miniature
power inductor having a portion of a winding in the second winding configuration
and at least one terminal located on a printed circuit board, at least one magnetic
powder sheet arid a horizontally oriented core arca 1n accordance with an
exemplary embodiment. Figure 3b illustrates a perspective view and an exploded
view of the bottom side of the miniature power inductor as depicted in Figure 3 a
in accordance with an exemplary embodiment. Figure 3¢ illustrates a perspective
view of the second winding configuration of the miniature power inductor as

depicted 1n Figure 3a and Figure 3b 1in accordance with an exemplary embodiment.
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[0081] The miniature power inductor 300 shown 1n Figures 3a-3¢ 1s similar
to the miniature power inductor 200 shown 1n Figures 2a-2¢ except that a first
terminal 316, a second terminal 318, and a plurality of bottom winding layer
portions 360, 361, 362, 363, 364 arc now located on the upper surface 304 of a
substrate 302, instead of on the lower surface 312 of a first magnetic powder sheet
310. To maintain a similar thickness and performance of the miniature power
inductor, as shown 1n Figures 2a-2c, the first magnetic powder sheet 310 1s utilized
in the manufacturing of the miniature power inductor 300 and comprises a plurality
of vias, similar to a second magnetic powder sheet 320 and a third magnetic
powder sheet 330. Thus, once the four magnetic powder sheets 310, 320, 330, 340
are laminated together, the miniature power inductor 300 1s not completely fanned
until 1t 1s coupled to the substrate 302 having the proper terminals 316, 318 and the
plurality of bottom winding layer portions 360, 361, 362, 363, 364, The pressed
magnetic powder sheets 310, 320, 330, 340 may be coupled to the substrate 302 in
any known manner, including but not limited to soldering of cach of the vias to the
substrate 302. According to this embodiment, the substrate 302 may include, but 1s
not limited to, a printed circuit board and/or other substrates that are capable of
having terminals and the plurality of bottom winding layer portions formed
thercon. The manufacturing of the miniature power inductor 300 will have most, 1f
not all, of the flexibilities of the mimiature power inductor 200, as 1llustrated and

described with respect to Figures 2a-2c.

[0082] Referring to Figures 4a-4c, several views of a fourth illustrative
embodiment of a magnetic component or device 400 are shown. Figure 4a
illustrates a perspective view and an exploded view of the top side of a miniature
power inductor having a plurality of windings 1n a third winding configuration, at
lcast one magnetic powder sheet and a horizontally oriented core area 1n
accordance with an exemplary embodiment. Figure 4b illustrates a perspective
view and an exploded view of the bottom side of the miniature power inductor as
depicted 1n Figure 4a in accordance with an exemplary embodiment, Figure 4c

illustrates a perspective view of the third winding configuration of the miniature
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power inductor as depicted in Figure 4a and Figure 4b 1n accordance with an

exemplary embodiment.

[0083] According to this embodiment, the miniature power inductor 400
comprises at least one magnetic powder sheet 410, 420, 430, 440 and a plurality of
windings 450, 451, 452 coupled to the at least one magnetic powder sheet 410,
420, 430, 440 1n a third winding configuration 455. As seen 1n this embodiment,
the miniature power inductor 400 comprises a first magnetic powder sheet 410
having a lower surface 412 and an upper surface 414. a second magnetic powder
sheet 420 having a lower surface 422 and an upper surface 424, a third magnetic
powder sheet 430 having a lower surface 432 and an upper surface 434, and a
fourth magnetic powder sheet 440 having a lower surtace 442 and an upper surface
444. As previously mentioned, the exemplary magnetic powder sheets can be
magnetic powder sheets manufactured by Chang Sung Incorporated in Incheon,
Korea and sold under product number 20u-cff Flexible Magnetic Sheet, and have
the same characteristics as described above. Although this embodiment depicts
four magnetic powder sheets, the number of magnetic sheets may be increased or
reduced so as to increase or decrecase the core arca without departing from the
scope and spirit of the exemplary embodiment. Also, although this embodiment
depicts a magnetic powder sheet, any flexible sheet may be used that 1s capable of
being laminated, without departing from the scope and spirit of the exemplary

embodiment.

[0084] The first magnetic powder sheet 410 also includes a first terminal
411, a second terminal 413, a third terminal 415, a fourth terminal 416, a fifth
terminal 417, and a sixth terminal 418. There are two terminals for each winding
450, 451, 452. The first terminal 411 and the second terminal 413 are coupled to
opposing sides of the lower surface 412 of the first magnetic powder sheet 410.
The third terminal 415 and the fourth terminal 416 arc coupled to opposing sides of
the lower surface 412 of the first magnetic powder sheet 410. The fifth terminal
417 and the sixth terminal 418 are coupled to opposing sides of the lower surface
412 of the first magnetic powder sheet 410. Additionally, the first terminal 411,

the third terminal 415, and the fifth terminal 417 are positioned adjacent to one



CA 02724149 2010-11-12

WO 2010/014444 PCT/US2009/051005
21

another and along one edge of the lower surface 412 of the first magnetic powder
sheet 410, while the second terminal 413, the fourth terminal 416, and the sixth
terminal 418 are positioned adjacent to one another and along the opposing edge of
the lower surface 412 of the first magnetic powder sheet 410. These terminals 411,
413, 415,416,417, 418 may be used to couple the miniature power inductor 400 to
an clectrical circuit, which may be on a printed circuit board (notz shown), for

example.

[0085] The first magnetic powder sheet 410 also includes a first bottom
winding layer portion 460, a second bottom winding layer portion 461, and a third
bottom winding layer portion 462 that are all positioned in substantially the same
direction as the terminals 411, 413, 415, 416, 417, 418 and on the lower surtace
412 of the first magnetic powder sheet 410. The first bottom winding layer portion
460 18 positioned between the first terminal 411 and the second terminal 413 and 1n
a non-contacting relationship to one another. The first bottom winding layer
portion 460, the first terminal 411, and the second terminal 413 combine to form a
portion of the first winding 450. Additionally, the second bottom winding layer
portion 461 1s positioned between the third terminal 415 and the fourth terminal
416 and 1n a non-contacting relationship to one another. The second bottom
winding layer portion 461, the third terminal 415, and the fourth terminal 416
combine to form a portion of the second winding 451. Furthermore, the third
bottom winding layer portion 462 1s positioned between the fifth terminal 417 and
the sixth terminal 418 and 1n a non-contacting relationship to one another. The
third bottom winding layer portion 462, the fifth terminal 417, and the sixth

terminal 418 combine to form a portion of the third winding 452.

[0086] Each of the terminals 411, 413, 415, 416, 417, 418 comprisc a via
480, 482, 484, 491, 493, 4935, respectively for coupling the terminals 411, 413,
415, 416, 417, 418 to one or more winding layers. Additionally, each of the
bottom winding layer portions 460, 461, 462 comprise two vias for coupling the

bottom winding layer portions 460, 461, 462 to a respective top winding layer
portions 470, 471, 472, 473, 474, 475, which 1s described in detail below. As
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listed and previously mentioned, there 1s one additional top winding layer portion

than bottom winding layer portion per winding.

[0087] The second magnetic powder sheet 420 and the third magnetic
powder sheet 430 comprise a plurality of vias 480, 481, 482, 483, 484, 485, 490,
491, 492, 493, 494, 495 for coupling the terminals 411, 413, 415, 416, 417, 418,
the bottom winding layer portions 460, 461, 462, and the top winding layer
portions 470, 471,472,473, 474, 475 to on¢ another.

[0088] The fourth magnetic powder sheet 440 also includes a first top
winding layer portion 470, a second top winding layer portion 471, a third top
winding layer portion 472, a fourth top winding layer portion 473, a fifth top
winding layer portion 474, and a sixth top winding layer portion 475 that are
positioned 1n substantially the same direction as the bottom winding layer portions
460, 461, 462 of the first magnetic powder sheet 410. These top winding layer
portions 470, 471, 472, 473, 474, 475 arc positioned in a non-contacting
relationship to one another. These top winding layer portions 470, 471, 472, 473,
474, 475 are also located on the upper surtface 444 of the fourth magnetic powder
sheet 440. Although the top winding layer portions 470, 471, 472, 473, 474, 475
arc positioned 1n substantially the same direction as the bottom layer winding
portions 460, 461, 462, there 1s a small angle formed between their directions so

that they may be properly connected to one another.

[0089] Each of the top winding layer portions 470, 471, 472, 473, 474, 475

comprise two vias for coupling the top winding layer portions 470, 471, 472, 473,
474, 475 to a respective bottom winding layer portions 460, 461, 462, and to a
respective terminal 411, 413, 415, 416, 417, 418, which 1s described 1n detail

below.

[0090] The top winding layer portions 470, 471, 472, 473, 474, 475, the
bottom winding layer portions 460, 461, 462, and the terminals 411, 413, 415, 416,
417, 418 may be formed by any of the methods described above, which includes,
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but 1s not limited to, a stamped copper foil, an etched copper trace, or a preformed

coil.

[0091] Upon forming the first magnetic powder sheet 410 and the fourth
magnetic powder sheet 440, the second magnetic sheet 420 and the third magnetic
sheet 430 are placed between the first magnetic powder sheet 410 and the fourth
magnetic powder sheet 440. The magnetic powder sheets 410, 420, 430, 440 are
then pressed together with high pressure, for example, hydraulic pressure, and
laminated together to form the miniature power inductor 400. After the sheets 410,
420, 430, 440 have been pressed together, the vias 480, 481, 482, 483, 484, 483,
490, 491, 492, 493, 494, 495 arc formed, 1n accordance to the description provided
for Figures la-1¢. Additionally, a coating or epoxy (not shown) may be applied as
an 1nsulator layer to the upper surface 444 of the fourth magnetic powder sheet
440. According to this embodiment, the physical gap between the winding and the
core, which 1is typically found in conventional mductors, 1s removed. The
climination of this physical gap tends to minimize the audible noise from the

vibration of the winding.

[0092] The windings 450, 451, 452 form a third winding configuration 455
having a horizontally oriented core 457. The first winding 450 starts at the first
terminal 411, then proceeds to the first top winding layer portion 470 through via
480, then proceeds to the first bottom winding layer portion 460 through via 490,
then proceeds to the second top winding layer portion 471 through via 481, then
proceeds to the second terminal 413 through via 491, which then completes the
first winding 450. The second winding 451 starts at the third terminal 415, then
proceeds to the third top winding layer portion 472 through via 482, then proceeds
to the second bottom winding layer portion 461 through via 492, then proceeds to
the fourth top winding layer portion 473 through via 483, then proceeds to the
fourth terminal 416 through via 493, which then completes the second winding
451. The third winding 452 starts at the fifth terminal 417, then proceeds to the
fifth top winding layer portion 474 through via 484, then proceeds to the third
bottom winding layer portion 462 through via 494, then proceeds to the sixth top
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winding layer portion 475 through via 485, then proceeds to the sixth terminal 418
through via 4935, which then completes the third winding 452.

[0093] Although three windings are depicted in this embodiment, greater or
fewer windings may be formed without departing from the scope and spirit of the
exemplary embodiment. Additionally, the three windings may be mounted onto a
substrate (not shown) or printed circuit board in a parallel arrangement or 1n a
series arrangement depending upon the application and requirements that are
needed. This flexibility allows this miniature power inductor 400 to be utilized as

an inductor or as a transtormer.

[0094] In this embodiment, the magnetic field may be created 1n a direction
that 1s perpendicular to the direction of grain orientation and thereby achieve a
lower inductance or the magnetic field may be created in a direction that is parallel
to the direction of grain orientation and thereby achieve a higher inductance

depending upon which direction the magnetic powder sheet 1s extruded.

[0095] The miniature power inductor 400 1s depicted as square shape.
However, other geometrical shapes, including but not limited to rectangular,
circular, or elliptical shapes, may be used without departing from the scope and
spirit of the exemplary embodiment. Also, although this embodiment depicts two
top winding layer portions and one bottom winding layer portion for each winding,
the number of top and bottom winding layer portions may increase depending upon
application requirements, so long as that there 1S one more top winding layer
portion than bottom winding layer portion for each winding, without departing

from the scope and spirit of the exemplary embodiment.

[0096] Referring to Figures S5a-5b, several views of a fifth illustrative
embodiment of a magnetic component or device 500 are shown. Figure Sa
illustrates a perspective view and an exploded view of the top side of a miniature
power 1inductor having a preformed coil and at least one magnetic powder sheet in

accordance with an exemplary embodiment. Figure 5b illustrates a perspective
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transparent view of the miniature power inductor as depicted in Figure 5a in

accordance with an exemplary embodiment.

[0097] According to this embodiment, the miniature power inductor 500
comprises at least one magnetic powder sheet 510, 520, 530, 540 and at least one
preformed coil 550 coupled to the at least one magnetic powder sheet 510, 520,
530, 540. As scen 1n this embodiment, the mimiature power inductor 500
comprises a first magnetic powder sheet 510 having a lower surface 512 and an
upper surface 514, a second magnetic powder sheet 520 having a lower surface
522 and an upper surface 524, a third magnetic powder sheet 530 having a lower
surface 532 and an upper surface 534, and a fourth magnetic powder sheet 540
having a lower surface 542 and an upper surface 544. As previously mentioned,
the exemplary magnetic powder sheets can be magnetic powder sheets
manufactured by Chang Sung Incorporated in Incheon, Korea and sold under
product number 20u-cft Flexible Magnetic Sheet, and have the same characteristics
as described above. Although this embodiment depicts four magnetic powder
sheets, the number of magnetic sheets may be increased or reduced so as to
increase or decrease the core arca without departing from the scope and spirit of
the exemplary embodiment. Also, although this embodiment depicts a magnetic
powder sheet, any flexible sheet may be used that 1s capable of being laminated,
without departing from the scope and spirit of the exemplary embodiment.
Morecover, although this embodiment depicts the use of one preformed coil,
additional preformed coils may be used with the addition of more magnetic powder
sheets by altering one or more of the terminations so that the more than one
preformed coils may be positioned in parallel or in series, without departing from

the scope and spirit of the exemplary embodiment.

[0098] The first magnetic powder sheet 510 also includes a first terminal
516 and a second terminal 518 coupled to opposing longitudinal sides of the lower
surface 512 of the first magnetic powder sheet 510. According to this
embodiment, the terminals 516, 518 extend the entire length of the longitudinal
side. Although this embodiment depicts the terminals extending along the entire

opposing longitudinal sides, the terminals may extend only along a portion of the
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opposing longitudinal sides without departing from the scope and spirit of the
exemplary embodiment Additionally, these terminals 516, 518 may be used to
couple the miniature power inductor 500 to an e¢lectrical circuit, which may be on a

printed circuit board (not shown), for example.

[0099] The second magnetic powder sheet 520 also includes a third
terminal 526 and a fourth terminal 528 coupled to opposing longitudinal sides of
the lower surface 522 of the second magnetic powder sheet 520. According to this
embodiment, the terminals 526, 528 extend the entire length of the longitudinal
side, similar to the terminals 516, 518 of the first magnetic powder sheet 510.
Although this embodiment depicts the terminals extending along the entire
opposing longitudinal sides, the terminals may extend only along a portion of the
opposing longitudinal sides without departing from the scope and spirit of the
exemplary embodiment. Additionally, these terminals 526, 528 may be used to
couple the first terminal 516 and the second terminal 518 to the at least one

preformed coil 550.

[0100] The terminals 516, 518, 526, 528 may be formed by any of the
methods described above, which includes, but 1s not limited to, a stamped copper

foil or etched copper trace.

[0101] Each of the first magnetic powder sheet 510 and the second
magnetic powder sheet 520 further include a plurality of vias 580, 581, 582, 583,
584, 590, 591, 592, 593, 594 extending from the upper surface 524 of the second
magnetic powder sheet 520 to the lower surface 512 of the first magnetic powder
sheet 510, As shown 1n this embodiment, these plurality of vias 580, 581, 582, 583,
584, 590, 591, 592, 593, 594 are¢ positioned on the terminals 516, 518, 526, 528 1n
a substantially linear pattern. There are five vias positioned along one of the edges
of the first magnetic powder sheet 510 and the second magnetic powder sheet 520,
and there are five vias positioned along the opposing edge of the first magnetic
powder sheet 510 and the second magnetic powder sheet 520. Although five vias
arc shown along cach of the opposing longitudinal edges, there may be greater or

fewer vias without departing from the scope and spirit of the exemplary
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embodiment. Additionally, although vias are used to couple first and second
terminals 516, 518 to third and fourth terminals 526, 528, alternative coupling may
be used without departing from the scope and spirit of the exemplary embodiment.
One such alternative coupling includes, but 1s not limited to, metal plating along at
Ieast a portion of the opposing side faces 517, 519, 527, 529 of both first magnetic
powder sheet 510 and second magnetic powder sheet 520 and extending from the
first and second terminals 516, 518 to the third and fourth terminals 526, 52%.
Also, in some embodiments, the alternative coupling may include metal plating
that extends the entire opposing side faces 517, 519, 527, 529 and also wraps
around the opposing side faces 517, 519, 527, 529. According to some
embodiments, alternative coupling, such as the metal plating of the opposing side
faces, may be used in addition to or in licu of the vias; or alternatively, the vias
may be used 1n addition to or in licu of the alternative coupling, such as metal

plating of the opposing side faces.

[0102] Upon forming the first magnetic powder sheet 510 and the second
magnetic powder sheet 520, the first magnetic powder sheet 510 and the second
magnetic powder sheet 520 are pressed together with high pressure, for example,
hydraulic pressure, and laminated together to form a portion of the mimature
power mnductor 500. After sheets 510, 520 have been pressed together, the vias
580, 581, 582, 583. 584, 590, 591, 592, 593, 594 are formed, 1n accordance to the
description provided for Figures la-1c. In place of forming the wvias, other
terminations may be made between the two sheets 510, 520 without departing from
the scope and spirit of the exemplary embodiment. Once the first magnetic powder
sheet 510 and the second magnetic powder sheet 520 are pressed together, a
preformed winding or coil 550 having a first lead 552 and a second lead 554 may
be positioned on the upper surface 524 of the second magnetic powder sheet 520,
where the first lead 552 1s coupled to either the third terminal 526 or the fourth
terminal 528 and the second lead 1s coupled to the other terminal 526, 528. The
preformed winding 550 may be coupled to the terminals 526, 528 via welding
other known coupling methods. The third magnetic powder sheet 530 and the
fourth magnetic powder sheet 540 may then be pressed together along with the
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previously pressed portion of the miniature power inductor 500 to form the
completed miniature power inductor 500. According to this embodiment, the
physical gap between the winding and the core, which 1s typically found in
conventional inductors, 1s removed. The elimination of this physical gap tends to

minimize the audible noise from the vibration of the winding.

[0103] Although there are no magnetic sheets shown between the first and
second magnetic powder sheets, magnetic sheets may positioned between the first
and sccond magnetic powder sheets so long as there remains an electrical
connection between the terminals of the first and second magnetic powder sheets
without departing from the scope and spirit of the exemplary embodiment.
Additionally, although two magnetic powder sheets are shown to be positioned
above the preformed coil, greater or fewer sheets may be used to increase or
decrease the core arca without departing from the scope and spirit of the exemplary

embodiment.

[0104] In this embodiment, the magnetic field may be created 1n a direction
that 1s perpendicular to the direction of grain orientation and thereby achieve a
lower inductance or the magnetic field may be created in a direction that is parallel
to the direction of grain orientation and thereby achieve a higher inductance

depending upon which direction the magnetic powder sheet 1s extruded.

[0105] The mimiature power inductor 500 18 depicted as a rectangular
shape. However, other geometrical shapes, including but not limited to square,
circular, or elliptical shapes, may be used without departing from the scope and

spirit of the exemplary embodiment.

[0106] Referring to Figures 6a-6¢, several views of a sixth illustrative
embodiment of a magnetic component or device 600 are shown. Figure 6a
illustrates a perspective view and an exploded view of the top side of a miniature
power inductor having a plurality of windings 1n a fourth winding configuration, at
least one magnetic powder sheet, and a plurality of horizontally oriented core arcas

in accordance with an exemplary embodiment. Figure 6b 1llustrates a perspective
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view and an exploded view of the bottom side of the miniature power inductor as
depicted in Figure 6a 1n accordance with an exemplary embodiment. Figure 6c
illustrates a perspective view of the fourth winding configuration of the miniature
power 1nductor as depicted 1n Figure 6a and Figure 6b in accordance with an

exemplary embodiment.

[0107] According to this embodiment, the miniature power inductor 600
comprises at least one magnetic powder sheet 610, 620, 630, 640 and a plurality of
windings 650, 651, 652 coupled to the at least one magnetic powder sheet 610,
620, 630, 640 1n a fourth winding configuration 655. As seen m this embodiment,
the miniature power inductor 600 comprises a first magnetic powder sheet 610
having a lower surface 612 and an upper surface 614, a second magnetic powder
sheet 620 having a lower surface 622 and an upper surface 624, a third magnetic
powder sheet 630 having a lower surface 632 and an upper surface 634, and a
fourth magnetic powder sheet 640 having a lower surtace 642 and an upper surface
644. As previously mentioned, the exemplary magnetic powder sheets can be
magnetic powder sheets manufactured by Chang Sung Incorporated in Incheon,
Korea and sold under product number 20u-ctf Flexible Magnetic Sheet, and have
the same characteristics as described above. Although this embodiment depicts
four magnetic powder sheets, the number of magnetic sheets may be increased or
reduced so as to increase or decrecase the core arca without departing from the
scope and spirit of the exemplary embodiment, Also, although this embodiment
depicts a magnetic powder sheet, any suitable flexible sheet may be used that 1s
capable of being laminated, without departing from the scope and spirit of the

exemplary embodiment.

[0108] The first magnetic powder sheet 610 also includes a first terminal
611, a second terminal 613, a third terminal 615, a fourth terminal 616, a fifth
terminal 617, and a sixth terminal 618. There are two terminals for each winding
650, 651, 652. The first terminal 611 and the second terminal 613 are coupled to
opposing sides of the lower surface 612 of the first magnetic powder sheet 610.
The third terminal 615 and the fourth terminal 616 are coupled to opposing sides of
the lower surface 612 of the first magnetic powder sheet 610. The fifth terminal
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617 and the sixth terminal 618 are coupled to opposing sides of the lower surface
612 of the first magnetic powder sheet 610. Additionally, the first terminal 611,
the third terminal 615, and the fifth terminal 617 are positioned adjacent to one
another and along one edge of the lower surface 612 of the first magnetic powder
sheet 610, while the second terminal 613, the fourth terminal 616, and the sixth
terminal 618 are positioned adjacent to one, another and along the opposing edge
of the lower surface 612 of the first magnetic powder sheet 610. These terminals
611, 613, 615, 616, 617, 618 may be used to couple the miniature power inductor
600 to an electrical circuit, which may be on a printed circuit board (not shown),

for example.

[0109] The first magnetic powder sheet 610 also includes a first bottom
winding layer portion 660, a seccond bottom winding layer portion 661, a third
bottom winding layer portion 662, a fourth bottom winding layer portion 663, a
fifth bottom winding layer portion 664, and a sixth bottom winding layer portion
665 that are all positioned 1n substantially the same direction as the terminals 611,
613, 615,616, 617, 618 and on the lower surface 612 of the first magnetic powder
sheet 610. The first bottom winding layer portion 660 and the second bottom
winding layer portion 661 are positioned between the first terminal 611 and the
second terminal 613 and 1n a non-contacting relationship to one another, The first
terminal 611, the first bottom winding layer portion 660, the second bottom
winding layer portion 661, and the second terminal 613 are positioned 1n a
substantially linear pattern and in that order. The first terminal 611, the first
bottom winding layer portion 660, the second bottom winding layer portion 661,
and the second terminal 613 combine to form a portion of the first winding 6350.
Additionally, the third bottom winding layer portion 662 and the fourth bottom
winding layer portion 663 are positioned between the third terminal 615 and the
fourth terminal 616 and 1n a non-contacting relationship to one another. The third
terminal 615, the third bottom winding layer portion 662, the fourth bottom
winding layer portion 663, and the fourth terminal 616 are positioned 1n a
substantially linear pattern and 1n that order. The third terminal 615, the third
bottom winding layer portion 662, the fourth bottom winding layer portion 663,
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and the fourth terminal 616 combine to form a portion of the second winding 6135.
Furthermore, the fifth bottom winding layer portion 664 and the sixth bottom
winding layer portion 665 are positioned between the fifth terminal 617 and the
sixth terminal 618 and 1n a non-contacting reclationship to one another. The fifth
terminal 617, the fifth bottom winding layer portion 664, the sixth bottom winding
layer portion 665, and the sixth terminal 618 are positioned 1n a substantially linear
pattern and 1n that order. The fifth terminal 617, the fifth bottom winding layer
portion 664, the sixth bottom winding layer portion 6635, and the sixth terminal 618

combine to form a portion of the third winding 652.

[0110] Each of the terminals 611, 613, 615, 616, 617, 618 comprise a via
680, 685, 686, 691, 692, 697, respectively for coupling the terminals 611, 613,
615, 616, 617, 618 to onec or more winding layers. Additionally, each of the
bottom winding layer portions 660, 661, 662, 663, 664, 665 comprise two vias for
coupling the bottom winding layer portions 660, 661, 662, 663, 664, 665 to a top
winding layer portion 670, 671, 672, 673, 674, 675, 676, 677, 678 which 1s
described in detail below. As listed and previously mentioned, there is one
additional top winding layer portion than bottom winding layer portion per
winding. Although the vias are shown to be rectangular, other geometric shapes,
including but not limited to circular shapes, may be used without departing from

the scope and spirit of the exemplary embodiment.

[0111] The second magnetic powder sheet 620 and the third magnetic
powder sheet 630 comprise a plurality of vias 680, 681, 682, 683, 684, 685, 686,
687, 688, 689, 690, 691, 692, 693, 694, 695, 696, 697 for coupling the terminals
611, 613, 613, 616, 617, 618, the bottom winding layer portions 660, 661, 662,
663, 664, 665, and the top winding layer portions 670, 671, 672, 673, 674, 673,
676, 677, 678 to one another.

[0112] The fourth magnetic powder sheet 640 also includes a first top
winding layer portion 670, a second top winding layer portion 671, a third top
winding layer portion 672, a fourth top winding layer portion 673. a fifth top
winding layer portion 674, a sixth top winding layer portion 675, a seventh top
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winding layer portion 676, an eighth top winding layer portion 677, and a ninth top
winding layer portion 678 that are positioned in substantially the same direction as
the bottom winding layer portions 660, 661, 662, 663, 664, 665 of the first
magnetic powder sheet 610. These top winding layer portions 670, 671, 672, 673,
674, 675, 676, 677, 678 arc positioned 1n a non-contacting relationship to one
another. These top winding layer portions 670, 671, 672, 673, 674, 675, 676, 677,
678 are also located on the upper surface 644 of the fourth magnetic powder sheet
640. The first top winding layer portion 670, the second top winding layer portion
671, and the third top winding layer portion 672 are positioned overlymg the gaps
formed between the first terminal 611, the first bottom winding layer portion 660,
the second bottom winding layer portion 661, and the second terminal 613 of the
first magnetic powder sheet 610 and in an overlapping relationship. Additionally,
the fourth top winding layer portion 673, the fifth top winding layer portion 674,
and the sixth top winding layer portion 675 are positioned overlying the gaps
formed between the third terminal 675, the third bottom winding layer portion 662,
the fourth bottom winding layer portion 663, and the fourth terminal 616 of the
first magnetic powder sheet 610 and 1n an overlapping relationship. Furthermore,
the seventh top winding layer portion 676, the eighth top winding layer portion
677, and the ninth top winding layer portion 678 are positioned overlying the gaps
formed between the fifth terminal 617, the fifth bottom winding layer portion 664,
the sixth bottom winding layer portion 665, and the sixth terminal 618 of the first

magnetic powder sheet 610 and 1in an overlapping relationship.

[0113] Each of the top winding layer portions 670, 671, 672, 673, 674, 675,
676, 677, 678 comprise two vias for coupling the top winding layer portions 670,
671, 672, 673, 674, 675, 676, 677, 678 to a respective bottom winding layer
portions 660, 661, 662, 663, 664, 665, and to a respective terminal 611, 613, 615,
616, 617, 618, which 1s described 1n detail below.

[0114] The top winding layer portions 670, 671, 672, 673, 674, 675, 676,
677, 678, the bottom winding layer portions 670, 671, 672, 673, 674, 675, 676,
677, 678, and the terminals 611, 613, 615, 616, 617, 618 may be formed by any of
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the methods described above, which includes, but 1s not limited to, a stamped

copper foil, an etched copper trace, or a preformed coil.

[0115] Upon forming the first magnetic powder sheet 610 and the fourth
magnetic powder sheet 640, the second magnetic sheet 620 and the third magnetic
sheet 630 are placed between the first magnetic powder sheet 610 and the fourth
magnetic powder sheet 640. The magnetic powder sheets 610, 620, 630, 640 are
then pressed together with high pressure, for example, hydraulic pressure, and
laminated together to form the miniature power inductor 600. After the sheets 610,
620, 630, 640 have been pressed together, the vias 680, 681, 682, 683, 684, 683,
686, 687, 688, 689, 690, 691, 692, 693, 694, 695, 696, 697 arc formed, 1n
accordance to the description provided for Figures la-1¢. Additionally, a coating
or ¢poxy (not shown) may be applied as an insulator layer to the upper surface 644
of the fourth magnetic powder sheet 640. According to this embodiment, the
physical gap between the winding and the core, which 1s typically found in
conventional inductors, 1s removed. The elimination of this physical gap tends to

minimize the audible noise from the vibration of the winding.

[0116] The windings 650, 651, 652 form a fourth winding configuration
655 having a plurality of horizontally oriented cores 657, 658, 659. The first
winding 650 starts at the first terminal 611, then proceeds to the first top winding
layer portion 670 through via 680, then proceeds to the first bottom winding layer
portion 660 through via 681, then proceeds to the second top winding layer portion
671 through via 682, then proceeds to the second bottom winding layer portion 661
through via 683, then proceeds to the third top winding layer 672 through via 684,
and then proceeds to the second terminal 613 through via 685, which then
completes the first winding 650. The second winding 651 starts at the third
terminal 615, then proceeds to the fourth top winding layer portion 673 through via
686, then proceeds to the third bottom winding layer portion 662 through via 687,
then proceeds to the fifth top winding layer portion 674 through via 688, then
proceeds to the fourth bottom winding layer portion 663 through via 689, then
proceeds to the sixth top winding layer 675 through via 690, and then proceeds to
the fourth terminal 616 through via 691, which then completes the second winding
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651. The third winding 652 starts at the fifth terminal 617, then proceeds to the
seventh top winding layer portion 676 through via 692, then proceeds to the fifth
bottom winding layer portion 664 through via 693, then proceeds to the eighth top
winding layer portion 677 through via 694, then proceeds to the sixth bottom
winding layer portion 665 through via 695, then proceeds to the ninth top winding
layer 678 through via 696, and then proceeds to the sixth terminal 618 through via
697, which then completes the second winding 652.

[0117] Although three windings are depicted in this embodiment, greater or
fewer windings may be formed without departing from the scope and spirit of the
exemplary embodiment. Additionally, the three windings may be mounted onto a
substrate (not shown) or printed circuit board 1n a parallel arrangement or in a
series arrangement depending upon the application and requirements that are
needed. This flexibility allows this miniature power inductor 600 to be utilized as

an 1inductor, a multi-phase mductor, or as a transformer.

[0118] In this embodiment, the magnetic field may be created 1n a direction
that 1s perpendicular to the direction of grain orientation and thereby achieve a
lower inductance or the magnetic field may be created in a direction that is parallel
to the direction of grain orientation and thereby achieve a higher inductance

depending upon which direction the magnetic powder sheet 1s extruded.

[0119] The muiniature power inductor 600 1s depicted as a rectangular
shape. However, other geometrical shapes, including but not limited to square,
circular, or elliptical shapes, may be used without departing from the scope and
spirit of the exemplary embodiment. Also, although this embodiment depicts three
top winding layer portions and two bottom winding layer portion for cach winding,
the number of top and bottom winding layer portions may increase or decrease
depending upon application requirements, so long as that there 1s one more top
winding layer portion than bottom winding layer portion for each winding, without

departing from the scope and spirit of the exemplary embodiment.
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[0120] Referring to Figures 7a-7¢, several views of a seventh illustrative
embodiment of a magnetic component or device 700 are shown. Figure 7a
illustrates a perspective view and an exploded view of the top side of a miniature
power Inductor having a winding 1n a fifth winding configuration, at lecast one
magnetic powder sheet, and a plurality of horizontally oriented core arcas in
accordance with an exemplary embodiment. Figure 7b illustrates a perspective
view and an exploded view of the bottom side of the miniature power inductor as
depicted 1n Figure 7a in accordance with an exemplary embodiment. Figure 7c¢
illustrates a perspective view of the fifth winding configuration of the miniature
power 1nductor as depicted 1in Figure 7a and Figure 7b in accordance with an

exemplary embodiment.

[0121] The miniature power inductor 700 shown 1n Figures 7a-7¢ 1s similar
to the minmature power inductor 600 shown in Figures 6a-6¢ except that the three
windings 650, 651, 652 shown 1n Figures 6a-6¢ arec now a single winding 750 as
shown 1n Figures 7a-7c. This modification may occur by replacing the second
terminal 613 and the fourth terminal 616 of the first magnetic powder sheet 610
with a seventh bottom winding layer portion 766 that 1s oriented substantially
perpendicular to the remaining bottom winding layers 760, 761, 762, 763, 764,
765. The seventh bottom winding layer portion 766 may be a length sufficient to
overlap the width of two bottom winding layer portions and the gap formed
between the two adjacent bottom winding layer portions. Additionally, the third
terminal 615 and the fifth terminal 617 of the first magnetic powder sheet 610 (as
shown 1n Figures 6a-6¢) may be replaced with an eighth bottom winding layer
portion 767 that 1s oriented substantially perpendicular to the remaining bottom
winding layers 760, 761, 762, 763, 764, 765. The ecighth bottom winding layer
portion 767 also may be a length sufficient to overlap the width of two bottom
winding layer portions and the gap formed between the two adjacent bottom
winding layer portions. With these modifications, the multi-phase inductor of

Figures 6a-6¢ may be transformed into a single phase inductor.

[0122] The winding 750 form a fifth winding configuration 755 having a
plurality of horizontally oriented cores 757, 758, 759. The winding 750 starts at
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the first terminal 711, then proceeds to the first top winding layer portion 770
through via 780, then proceeds to the first bottom winding layer portion 760
through via 781, then proceeds to the second top winding layer portion 771
through via 782, then proceeds to the second bottom winding layer portion 761
through via 783, then proceeds to the third top winding layer 772 through via 784,
then proceeds to the seventh bottom winding layer portion 766 through via 785,
then proceeds to the sixth top winding layer portion 775 through via 791, then
proceeds to the fourth bottom winding layer portion 763 through via 790, then
proceeds to the fifth top winding layer portion 774 through via 789, then proceeds
to the third bottom winding layer portion 762 through via 788, then proceeds to the
fourth top winding layer 773 through via 787, then proceeds to the eighth bottom
winding layer portion 767 through via 786, then proceeds to the seventh top
winding layer portion 776 through via 792, then proceeds to the fifth bottom
winding layer portion 764 through via 793, then proceeds to the eighth top winding
layer portion 777 through via 794, then proceeds to the sixth bottom winding layer
portion 765 through via 795, then proceeds to the ninth top winding layer 778
through via 796, and then proceeds to the second terminal 713 through via 797,
which then completes the winding 750. Thus, the pattern illustrated in this
embodiment 1s serpentine; although, other patterns may be formed without

departing from the scope and spirit of the exemplary embodiment.

[0123] The manufacturing of the miniature power mductor 700 will have
most, 1f not all, of the flexibilities of the miniature power inductor 600, as

illustrated and described with respect to Figures 6a-6c¢.

[0124] Referring to Figures 8a-8c, several views of an eighth illustrative
embodiment of a magnetic component or device 800 are shown. Figure 8a
illustrates a perspective view and an exploded view of the top side of a minmiature
power inductor having a winding 1in a sixth winding configuration, at least one
magnetic powder sheet, and a vertically oriented core arca and a circularly oriented
core arca in accordance with an exemplary embodiment. Figure 8b illustrates a
perspective view and an exploded view of the bottom side of the mimiature power

inductor as depicted in Figure 8a in accordance with an exemplary embodiment.
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Figure 8c 1llustrates a perspective view of the sixth winding configuration of the
miniature power inductor as depicted in Figure 8a and Figure 8b in accordance

with an exemplary embodiment.

[0125] According to this embodiment, the miniature power inductor 800
comprises at least one magnetic powder sheet 810, 820, 830, 840 and a winding
850 coupled to the at least one magnetic powder sheet 810, 820, 830, 840 1n a sixth
winding configuration 855. As seen 1n this embodiment, the miniature power
inductor 800 comprises a first magnetic powder sheet 810 having a lower surface
812 and an upper surface 814, a second magnetic powder sheet 820 having a lower
surface 822 and an upper surface 824, a third magnetic powder sheet 830 having a
lower surface 832 and an upper surface 834, and a fourth magnetic powder sheet
840 having a lower surface 842 and an upper surface 844. As previously
mentioned, the exemplary magnetic powder sheets can be magnetic powder sheets
manufactured by Chang Sung Incorporated in Incheon, Koreca and sold under
product number 20u-eft Flexible Magnetic Sheet, and have the same characteristics
as described above. Although this embodiment depicts four magnetic powder
sheets, the number of magnetic sheets may be increased or reduced so as to
increase or decrease the core arca without departing from the scope and spirit of
the exemplary embodiment. Also, although this embodiment depicts a magnetic
powder sheet, any flexible sheet may be used that 1s capable of being laminated,

without departing from the scope and spirit of the exemplary embodiment.

[0126] The first magnetic powder sheet 810 has a first cutout 802 and a
second cutout 804 positioned at adjacent corners of the first magnetic powder sheet
810. The first magnetic powder sheet 810 also includes a first terminal 816
extending from the first cutout 802 towards a first non-cutout corner 806 and
coupled to a longitudinal side of the lower surface 812 of the first magnetic powder
sheet 810. The first magnetic powder sheet 810 also includes a second terminal
818 extending from the second cutout 804 towards a second non-cutout corner 808
and coupled to an opposing longitudinal side of the lower surface 812 of the first
magnetic powder sheet 810. Although this embodiment depicts the terminals

extending the entire longitudinal side of the lower surface of the first magnetic



CA 02724149 2010-11-12

WO 2010/014444 PCT/US2009/051005
38

powder sheet, the terminals may extend only a portion of the longitudinal side
without departing from the scope and spirit of the exemplary embodiment. Also,
although the terminals are shown to extend on opposing longitudinal sides, the
terminals may extend a portion of the adjacent longitudinal sides without departing
from the scope and spirit of the exemplary embodiment. These terminals 816, 818
may be used to couple the miniature power inductor 800 to an e¢lectrical circuit,

which may be on a printed circuit board (not shown), for example.

[0127] The first magnetic powder sheet 810 also includes a plurality of
bottom winding layer portions 860 that are all positioned to form a substantially
circular pattern having an inner circumference 862 and an outer circumference
864. The plurality of bottom winding layer portions 860 extend from the inner
circumference 862 to the outer circumference 864 at a slight angle from the
shortest path from the inner circumference 862 to the outer circumference 864.
The terminals 816, 818 and the plurality of bottom winding layer portions 860 are
positioned 1n a non-contacting relationship to one another. These plurality of
bottom winding layer portions 860 are also located on the lower surface 812 of the

first magnetic powder sheet 810.

[0128] Each of the plurality of bottom winding layer portions 860 comprise
two vias for coupling cach of the plurality of bottom winding layer portions 860 to
cach of two adjacent plurality of top winding layer portions 870, which 1s

described 1n detail below.

[0129] The second magnetic powder sheet 820 and the third magnetic
powder sheet 830 comprise the first cutout 802 and the second cutout 804, similar
to the first magnetic powder sheet 810, and a plurality of vias 880 for coupling the
plurality of bottom winding layer portions 860 to the plurality of top winding layer
portions 870 and the plurality of top winding layer portions 870 to the plurality of
bottom winding layer portions 860 and cach of the terminals 816, 818. The
plurality of vias 880 correspond in position and location to the vias formed 1n the

first magnetic powder sheet 810.
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[0130] The fourth magnetic powder sheet 840 also includes the first cutout
802 and the second cutout 804, similar to the other magnetic powder sheets 810,
820, 830, and a plurality of top winding layer portions 870 that are all positioned to
form a substantially circular pattern having an inner circumference 866 and an
outer circumference 868. The plurality of top winding layer portions 870 extend
from the inner circumference 866 to the outer circumference 868 according to the
shortest path from the inner circumference 866 to the outer circumference 868.
The plurality of top winding layer portions 870 are positioned 1in a non-contacting
relationship to one another, These plurality of top winding layer portions 870 are
also located on the upper surtace 844 of the fourth magnetic powder sheet 840.
The first cut out 802 and the second cutout 804 of cach of the magnetic powder
sheets 810, 820, 830, 840 are metallized to facilitate an electrical connection

between one of the plurality of top winding layer portion 870 and a respective

terminal 816, 818.

[0131] Although the plurality of top winding layer portions 870 are
positioned in substantially the same direction as the plurality of bottom layer
winding portions 860, there 1s a small angle formed between their directions so that
they may be properly connected to one another. It 1s possible that the orientations
of the plurality of top winding layer portions 870 and the plurality of bottom layer
portions 860 may be reversed or slightly altered without departing from the scope

and spirit of the exemplary embodiment.

[0132] Each of the plurality of top winding layer portions 870 comprise
two vias for coupling the plurality of top winding layer portions 870 to the
plurality of bottom winding layer portions 860 and to the terminals 816, 818.

[0133] The plurality of top winding layer portions 870, the plurality of
bottom winding layer portions 860, and the terminals 816, 818 may be formed by
any of the methods described above, which includes, but 1s not limited to, a

stamped copper foil, an etched copper trace, or a preformed coil.
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[0134] Upon forming the first magnetic powder sheet 810 and the fourth
magnetic powder sheet 840, the second magnetic sheet 820 and the third magnetic
sheet 830 are placed between the first magnetic powder sheet 810 and the fourth
magnetic powder sheet 840. The magnetic powder sheets 810, 820, 830, 840 are
then pressed together with high pressure, for example, hydraulic pressure, and
laminated together to form the miniature power inductor 800. After the sheets 810,
820, 830, 840 have been pressed together, the plurality of vias 880 are formed, 1n
accordance to the description provided for Figures lic. Additionally, a coating or
epoxy (not shown) may be applied as an insulator layer to the upper surface 844 of
the fourth magnetic powder sheet 840. According to this embodiment, the physical
gap between the winding and the core, which 1s typically found in conventional
inductors, 1s removed. The elimination of this physical gap tends to minimize the

audible noise from the vibration of the winding.

[0135] The winding 850 forms a sixth winding configuration 855 having a
vertically oriented core arca 857 and a circularly oriented core arca 859. The sixth
winding configuration 855 starts at the first terminal 816, then proceeds to one of
the plurality of top winding layer portion 870 through the metallized first cutout
802, then proceeds alternating through cach of the plurality of bottom winding
layer portions 860 and the plurality of top winding portions 870 through the
plurality of vias 880 until the circular pattern 1s completed at one of the plurality of
top winding layer portion 870. The sixth winding configuration 855 then proceeds
to the second terminal 818 through the metallized second cutout 804. In this
embodiment, the magnetic field created in the vertically oriented core arca 857
may be created 1n a direction that 1s perpendicular to the direction of grain
orientation and thereby achieve a lower inductance or the magnetic field may be
created 1n a direction that 1s parallel to the direction of grain orientation and
thereby achieve a higher inductance depending upon which direction the magnetic
powder sheet 1s extruded. Additionally, the magnetic field created 1n the circularly
oriented core arca 859 may be created 1n a direction that 1s perpendicular to the
direction of grain orientation and thereby achieve a lower inductance or the

magnetic ficld may be created in a direction that is parallel to the direction of grain
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orientation and thereby achieve a higher inductance depending upon which
direction the magnetic powder sheet 1s extruded. Although the pattern 1s shown to
be circular or toroidal, the pattern may be any geometric shape, including but not
[imited to rectangular, without departing from the scope and spirit of the exemplary

embodiment.

[0136] The miniature power inductor 800 1s depicted as square shape.
However, other geometrical shapes, including but not limited to rectangular,
circular, or elliptical shapes, may be used without departing from the scope and
spirit of the exemplary embodiment. Also, although this embodiment depicts
twenty top winding layer portions and nineteen bottom winding layer portions, the
number of top and bottom winding layer portions may increase or decrease
depending upon application requirements, so long as that there 1s one more top
winding layer portion than bottom winding layer portion, without departing from
the scope and spirit of the exemplary embodiment. Additionally, although a one
turn winding 1s depicted mn this embodiment, more than one turn may be utilized

without departing from the scope and spirit of the exemplary embodiment.

[0137] Referring to Figures 9a-9d, several views of a ninth 1llustrative
embodiment of a magnetic component or device 900 are shown. Figure 9a
illustrates a perspective view and an exploded view of the top side of a minmiature
power 1nductor having a one turn winding 1n a seventh winding configuration, at
lcast one magnetic powder sheet, and a horizontally oriented core arca 1in
accordance with an exemplary embodiment. Figure 9b illustrates a perspective
view of the top side of the mimature power inductor as depicted in Figure 9a
during an intermediate manufacturing step 1n accordance with an exemplary
embodiment. Figure 9c illustrates a perspective view of the bottom side of the
miniature power inductor as depicted in Figure 9a in accordance with an
exemplary embodiment. Figure 9d 1llustrates a perspective view of the seventh
winding configuration of the miniature power inductor as depicted in Figure 9a,

Figure 9b, and Figure 9¢ 1n accordance with an exemplary embodiment.
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[0138] According to this embodiment, the miniature power inductor 900
comprises at least one magnetic powder sheet 910, 920, 930, 940 and a winding
950 coupled to the at least one magnetic powder sheet 910, 920, 930, 940 1n a
seventh winding configuration 955. As seen 1n this embodiment, the minmiature
power inductor 900 comprises a first magnetic powder sheet 910 having a lower
surface 912 and an upper surface 914, a second magnetic powder sheet 920 having
a lower surface 922 and an upper surface 924, a third magnetic powder sheet 930
having a lower surface 932 and an upper surface 934, and a fourth magnetic
powder sheet 940 having a lower surface 942 and an upper surface 944. In an
exemplary embodiment, each magnetic powder sheet can be a magnetic powder
sheet manufactured by Chang Sung Incorporated 1n Incheon, Korea and sold under
product number 20u-eff Flexible Magnetic Sheet. Also, these magnetic powder
sheets have grains which are dominantly oriented 1n a particular direction. Thus, a
higher inductance may be achieved when the magnetic field is created m the
direction of the dominant grain orientation. Although this embodiment depicts
four magnetic powder sheets, the number of magnetic sheets may be increased or
reduced so as to increase or decrease the core arca without departing from the
scope and spirit of the exemplary embodiment. Also, although this embodiment
depicts a magnetic powder sheet, any flexible sheet may be used that 1s capable of
being laminated, without departing from the scope and spirit of the exemplary

embodiment.

[0139] The first magnetic powder sheet 910 also includes a first terminal
916 and a second terminal 918 coupled to opposing longitudinal edges of the lower
surface 912 of the first magnetic powder sheet 910. These terminals 916, 918 may
be used to couple the miniature power inductor 900 to an electrical circuit, which
may be on a printed circuit board (not shown), for example. Each of the terminals
916, 918 also comprises a via 980, 981 for coupling the terminals 916, 918 to one
or more winding layers, which will be further discussed below. The vias 980, 981
arc conductive connectors which proceed from the terminals 916, 918 on the lower
surface 912 to the upper surface 914 of the first magnetic powder sheet 910. The

vias may be formed by drilling a hole or slot through the magnetic powder sheets
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and plating the mner circumference of the drilled hole or slot with conductive
material. Alternatively, a conductive pin may be placed into the drilled holes to
establish the conductive connections in the vias. Although the vias are shown to be
rectangular 1n shape, the vias may be a different geometric shape, for example,
circular, without departing from the scope and spirit of the exemplary embodiment.
In this embodiment, a portion of the inductor 1s formed and pressed before drilling
the vias. The remaining portion of the inductor 1s formed and/or pressed
subsequent to forming the vias. Although the vias are shown to be formed at an
intermediate manufacturing step, the vias may be formed upon complete formation
of the inductor without departing from the scope and spirit of the exemplary
embodiment. Although the terminals are shown to be coupled to opposing
longitudinal edges, the terminals may be coupled at alternative locations on the
lower surface of the first magnetic powder sheet without departing from the scope
and spirit of the exemplary embodiment, Also, although each terminal 1s shown to
have one via, additional vias may be formed in cach of the terminals without

departing from the scope and spirit of the exemplary embodiment.

[0140] The second magnetic powder sheet 920 has a winding layer 925
coupled to the upper surface 924 of the second magnetic powder sheet 920. The
winding layer 925 is formed substantially across the center of the upper surface
924 of the second magnetic powder sheet 920 and extends from one edge to an
opposing edge of the second magnetic powder sheet 920. The winding layer 925
also 1s oriented 1n a longitudinal direction such that when the first magnetic powder
sheet 910 1s coupled to the second magnetic powder sheet 920, the winding layer
925 1s positioned substantially perpendicular to the orientation of terminals 916,
918. The winding layer 925 forms the winding 950 and 1s coupled to the terminal
916, 918 through the vias 980, 981. Although one winding or 1-turn 1s shown to
be coupled to the second magnetic powder sheet 1n this embodiment, there may be
more than one winding coupled to the second magnetic powder sheet, either 1n
parallel or 1n series, depending upon the application and the requirements without
departing from the scope and spirit of the exemplary embodiment. The additional

windings may be coupled 1n series or in parallel by modifying the vias and the
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terminals at the lower surface of the first magnetic powder sheet and/or modifying

the trace on the substrate or printed circuit board.

[0141] The winding layer 925 1s formed from a conductive copper layer
which 1s coupled to the second magnetic powder sheet 920. This conductive
copper layer may include, but 1s not limited to, a stamped copper foil, an etched
copper trace, or a preformed coil without departing from the scope and spirit of the
exemplary embodiment. The etched copper trace may be formed, but 1s not limited
to, photolithography techniques or by laser etching techniques. As shown 1n this
embodiment, the winding layer 1s a rectangular-shaped linear pattern. However,
other patterns may be used to form the winding without departing from the scope
and spirit of the exemplary embodiment. Although copper 1s used as the
conductive material, other conductive materials may be used without departing
from the scope and spirit of the exemplary embodiment. Additionally, the
terminals 916, 918 may also be formed using a stamped copper foil, an etched

copper trace, or by any other suitable method.

[0142] The third magnetic powder sheet 930, according to this
embodiment, may include a first indentation 936 on the lower surface 932 and a
first extraction 938 on the upper surface 934 of the third magnetic powder sheet
930, wherein the first indentation 936 and the first extraction 938 extend
substantially along the center of the third magnetic powder sheet 930 and from one
edge to an opposing edge. The first indentation 936 and the first extraction 938 are
oriented 1n a manner such that when the third magnetic powder sheet 930 1s
coupled to the second magnetic powder sheet 920, the first indentation 936 and the
first extraction 938 extend 1n the same direction as the winding layer 925. The first

indentation 936 1s designed to encapsulate the winding layer 925.

[0143] The fourth magnetic powder sheet 940, according to this
embodiment, may include a second indentation 946 on the lower surface 942 and a
second extraction 948 on the upper surface 944 of the fourth magnetic powder
sheet 940, wherein the second indentation 946 and the second extraction 948

extend substantially along the center of the fourth magnetic powder sheet 940 and
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from one edge to an opposing edge. The second indentation 946 and the second
extraction 948 are oriented 1n a manner such that when the fourth magnetic powder
sheet 940 1s coupled to the third magnetic powder sheet 930, the second
indentation 946 and the second extraction 948 extend 1n the same direction as the
first indentation 936 and the first extraction 938. The second indentation 946 1is
designed to encapsulate the first extraction 938. Although this embodiment depicts
an indentation and an extraction in the third and fourth magnetic powder sheets,
the indentation or extraction formed in these sheets may be omitted without

departing from the scope and spirit of the exemplary embodiment.

[0144] Upon forming the first magnetic powder sheet 910 and the second
magnetic powder sheet 920, the first magnetic powder sheet 910 and the second
magnetic powder sheet 920 are pressed together with high pressure, for example,
hydraulic pressure, and laminated together to form a first portion 990 of the
miniature power inductor 900. After sheets 910, 920 have been pressed together,
the vias 980, 981 are formed, 1n accordance to the description provided above. In
place of forming the vias, other terminations, including but not limited plating and
ctching of at least a portion of the side faces of the first portion of the miniature
power 1nductor 900, may be made between the two sheets 910, 920 without
departing from the scope and spirit of the exemplary embodiment. The third
magnetic powder sheet 930 and the fourth magnetic powder sheet 940 may also be
pressed together to form a second portion 992 of the miniature power inductor 900.
The first and second portion 990, 992 of the miniature power inductor 900 may
then be pressed together to form the completed miniature power inductor 900.
According to this embodiment, the physical gap between the winding and the core,
which 1s typically found in conventional inductors, 1s removed. The elimiation of
this physical gap tends to minimize the audible noise from the vibration of the

winding.

[0145] Although there are no magnetic sheets shown between the first and
second magnetic powder sheets, magnetic sheets may positioned between the first
and second magnetic powder sheets so long as there remains an clectrical

connection between the terminals of the first and second magnetic powder sheets
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without departing from the scope and spirit of the exemplary embodiment.
Additionally, although two magnetic powder sheets are shown to be positioned
above the winding layer 925, greater or fewer sheets may be used to increase or
decrease the core arca without departing from the scope and spirit of the exemplary

embodiment.

[0146] In this embodiment, the magnetic field may be created 1n a direction
that 1s perpendicular to the direction of grain orientation and thereby achieve a
lower inductance or the magnetic field may be created in a direction that is parallel
to the direction of grain orientation and thereby achieve a higher inductance

depending upon which direction the magnetic powder sheet 1s extruded.

[0147] Referring to Figures 10a-10d, several views of a tenth 1llustrative
embodiment of a magnetic component or device 1000 are shown. Figure 10a
illustrates a perspective view and an exploded view of the top side of a mimature
power 1nductor having a two turn winding in an eighth winding configuration, at
lcast one magnetic powder sheet, and a horizontally oriented core arca 1n
accordance with an exemplary embodiment. Figure 10b 1illustrates a perspective
view of the top side of the mimature power inductor as depicted in Figure 10a
during an intermediate manufacturing step 1n accordance with an exemplary
embodiment. Figure 10c¢ 1llustrates a perspective view of the bottom side of the
miniature power inductor as depicted in Figure 10a in accordance with an
exemplary embodiment. Figure 10d illustrates a perspective view of the eighth
winding configuration of the miniature power inductor as depicted in Figure 10a,

Figure 10b, and Figure 10c 1in accordance with an exemplary embodiment.

[0148] The miniature power inductor 1000 shown in Figures 10a- 10d 18
similar to the miniature power inductor 900 shown 1n Figures 9a-9d except that this
miniature power inductor 1000 embodies a two turn embodiment. Specifically, the
first terminal 916 of the mimature power inductor 900 has been divided into two
distinct terminals, thus forming a first terminal 1016 and a third terminal 1018.
Additionally, the second terminal 918 of the miniature power inductor 900 has

been divided into two distinct terminals, thus forming a second terminal 1017 and
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a fourth terminal 1019. Further, the winding layer 925 of the miniature power
inductor 900 has been divided into two distinct winding layers, a first winding
layer 1025 and a second winding layer 1027. The first winding layer 1025 1s
coupled to the first terminal 1016 and the second terminal 1017. The second
winding layer 1027 1s coupled to the third terminal 1018 and the fourth terminal
1019. This process may be performed by etching the first terminal 916, the second
terminal 918, and the winding layer 925 of the miniature power inductor 900
through the middle of each. Also, a plurality of vias 1080, 1081, 1082, 1083 are
now formed through each of the first terminal 1016, the second terminal 1017, the
third terminal 1018, and the fourth terminal 1019, which results in two vias for

cach of the winding layers.

[0149] The manufacturing of the miniature power inductor 1000 will have
most, 1f not all, of the flexibilitiecs of the miniature power inductor 900, as
illustrated and described with respect to Figures 9a-9d. Also, instead of utilizing
the vias, a different method may be used to couple the windings to the terminals,
including, but not limited to, metallizing the corresponding portions of the face

ends of the miniature power inductor 1000.

[0150] Referring to Figures 1la-11d, several views of an e¢leventh
illustrative embodiment of a magnetic component or device 1100 are shown.
Figure 11a 1illustrates a perspective view and an exploded view of the top side of a
miniature power inductor having a three turn winding in a ninth winding
configuration, at least one magnetic powder sheet, and a horizontally oriented core
arca 1n accordance with an exemplary embodiment. Figure 11b 1llustrates a
perspective view of the top side of the minmiature power inductor as depicted 1n
Figure 1la during an intermediate manufacturing step 1 accordance with an
exemplary embodiment, Figure 11c illustrates a perspective view of the bottom
side of the miniature power inductor as depicted in Figure 11a in accordance with
an exemplary embodiment, Figure 11d 1illustrates a perspective view of the ninth
winding configuration of the miniature power inductor as depicted in Figure 11a,

Figure 11b, and Figure 11¢ 1n accordance with an exemplary embodiment.
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[0151] The mimature power inductor 1100 shown m Figures 11a-11d 18
similar to the miniature power inductor 900 shown 1n Figures 9a-9d except that this
miniature power inductor 1100 embodies a three turn embodiment. Specifically,
the first terminal 916 of the miniature power inductor 900 has been divided into
three distinct terminals, thus forming a first terminal 1116, a third terminal 1118,
and a fifth terminal 1111. Additionally, the second terminal 918 of the miniature
power inductor 900 has been divided mto three distinct terminals, thus forming a
second terminal 1117, a fourth terminal 1119, and a sixth terminal 1113. Further,
the winding layer 925 of the miniature power inductor 900 has been divided into
three distinct winding layers, a first winding layer 1125, a second winding layer
1127, and a third winding layer 1129. The first winding layer 1125 1s coupled to
the first terminal 1116 and the second terminal 1117. The second winding layer
1127 1s coupled to the third terminal 1118 and the fourth terminal 1119. The third
winding layer 1129 1s coupled to the fifth termimal 1111 and the sixth terminal
1113. This process may be performed by etching the first terminal 916, the second
terminal 918, and the winding layer 925 of the miniature power inductor 900
through into three substantially equal portions. Also, a plurality of vias 1180,
1181, 1182, 1183, 1184, 1185 arc now formed through cach of the first terminal
1116, the second terminal 1117, the third terminal 1118, the fourth terminal 1119,
the fifth terminal 1111, and the sixth terminal 1113, which results in two vias for

cach of the winding layers.

[0152] The manufacturing of the miniature power inductor 1100 will have
most, 1f not all, of the flexibilities of the miniature power inductor 900, as
illustrated and described with respect to Figures 9a-9d. Also, instead of utilizing
the vias, a different method may be used to couple the windings to the terminals,
including, but not limited to, metallizing the corresponding portions of the face
ends of the miniature power inductor 1100. Additionally, although a three turn
embodiment 1s 1llustrated herein, greater than three turns may be formed without

departing from the scope and spirit of the exemplary embodiment.

[0153] Referring to Figures 12a-12d, several views of a twelfth 1llustrative

embodiment of a magnetic component or device 1200 are shown. Figure 12a
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illustrates a perspective view and an exploded view of the top side of a minmiature
power inductor having a one turn clip winding 1n a tenth winding configuration, at
lcast onc magnetic powder sheet, and a horizontally oriented core arca 1in
accordance with an exemplary embodiment. Figure 12b illustrates a perspective
view of the top side of the minmiature power inductor as depicted in Figure 12a
during an intermediate manufacturing step 1n accordance with an exemplary
embodiment. Figure 12c¢ 1llustrates a perspective view of the bottom side of the
miniature power inductor as depicted in Figure 12a 1n accordance with an
exemplary embodiment. Figure 12d illustrates a perspective view of the tenth
winding configuration of the miniature power inductor as depicted in Figure 12a,

Figure 12b, and Figure 12¢ 1n accordance with an exemplary embodiment.

[0154] According to this embodiment, the miniature power inductor 1200
comprises at least one magnetic powder sheet 1210, 1220, 1230, 1240 and a
winding 1250, which may be in the form of a clip, coupled to the at least one
magnetic powder sheet 1210, 1220, 1230, 1240 1n a tenth winding configuration
1255. As seen 1n this embodiment, the miniature power inductor 1200 comprises a
first magnetic powder sheet 1210 having a lower surface 1212 and an upper
surface (not shown), a second magnetic powder sheet 1220 having a lower surface
(not shown) and an upper surface 1224, a third magnetic powder sheet 1230 having
a lower surface 1232 and an upper surface 1234, and a fourth magnetic powder
sheet 1240 having a lower surface 1242 and an upper surface 1244. In an
exemplary embodiment, each magnetic powder sheet can be a magnetic powder
sheet manufactured by Chang Sung Incorporated 1n Incheon, Korea and sold under
product number 20u-eff Flexible Magnetic Sheet. Also, these magnetic powder
sheets have grains which are dominantly oriented 1n a particular direction. Thus, a
higher inductance may be achieved when the magnetic field 1s created m the
direction of the dominant grain orientation. Although this embodiment depicts
four magnetic powder sheets, the number of magnetic sheets may be increased or
reduced so as to increase or decrecase the core arca without departing from the
scope and spirit of the exemplary embodiment. Also, although this embodiment

depicts a magnetic powder sheet, any flexible sheet may be used that 1s capable of
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being laminated, without departing from the scope and spirit of the exemplary

embodiment.

[0155] The third magnetic powder sheet 1230, according to this
embodiment, may include a first indentation 1236 on the lower surface 1232 and a
first extraction 1238 on the upper surface 1234 of the third magnetic powder sheet
1230, wherein the first indentation 1236 and the first extraction 1238 extend
substantially along the center of the third magnetic powder sheet 1230 and from
on¢ edge to an opposing edge. The first indentation 1236 and the first extraction
1238 are oriented in a manner such that when the third magnetic powder sheet
1230 1s coupled to the second magnetic powder sheet 1220, the first indentation
1236 and the first extraction 1238 extend 1n the same direction as the winding

1250. The first indentation 1236 1s designed to encapsulate the winding 1250.

[0156] The fourth magnetic powder sheet 1240, according to this
embodiment, may include a second indentation 1246 on the lower surface 1242
and a second extraction 1248 on the upper surface 1244 of the fourth magnetic
powder sheet 1240, wherein the second indentation 1246 and the second extraction
1248 extend substantially along the center of the fourth magnetic powder sheet
1240 and from one edge to an opposing edge. The second indentation 1246 and
the second extraction 1248 are oriented 1n a manner such that when the fourth
magnetic powder sheet 1240 1s coupled to the third magnetic powder sheet 1230,
the second indentation 1246 and the second extraction 1248 extend 1n the same
direction as the first indentation 1236 and the first extraction 1238. The second
indentation 1246 1s designed to encapsulate the first extraction 1238. Although
this embodiment depicts an indentation and an extraction 1n the third and fourth
magnetic powder sheets, the indentation or extraction formed 1n these sheets may
be omitted without departing from the scope and spirit of the exemplary

embodiment.

[0157] Upon forming the first magnetic powder sheet 1210 and the second
magnetic powder sheet 1220, the first magnetic powder sheet 1210 and the second

magnetic powder sheet 1220 are pressed together with high pressure, for example,
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hydraulic pressure, and laminated together to form a first portion 1290 of the
miniature power inductor 1200. Also, the third magnetic powder sheet 1230 and
the fourth magnetic powder sheet 1240 may also be pressed together to form a
second portion 1292 of the mimature power inductor 1200. According to this
embodiment, the clip 1250 1s placed on the upper surface 1224 of the first portion
1290 of the miniature power inductor 1200 such that the clip extends a distance
beyond both sides of the first portion 1290. This distance 1s equal to or greater
than the height of the first portion 1290 of the minmiature power inductor 1200.
Once the clip 1250 1s properly positioned on the upper surface 1224 of the first
portion 1290, the second portion 1292 1s placed on top of the first portion 1290.
The first and second portions 1290, 1292 of the miniature power inductor 1200
may then be pressed together to form the completed miniature power inductor
1200. The portions of the clip 1250, which extend beyond both edges of the
miniature power inductor 1200, may be bent around the first portion 1290 to form
the first termination 1216 and the second termination 1218. These terminations
1216, 1218 allow the miniature power inductor 1200 to be properly coupled to a
substrate or printed circuit board. According to this embodiment, the physical gap
between the winding and the core, which is typically found in conventional
inductors, 1s removed. The elimination of this physical gap tends to minimize the

audible noise from the vibration of the winding.

[0158] The winding 1250 1s formed from a conductive copper layer, which
may be deformed to provide a desired geometry. Although a conductive copper
material 1s used 1n this embodiment, any conductive material may be used without

departing from the scope and spirit of the exemplary embodiment.

[0159] Although only one clip 1s used 1n this embodiment, additional clips
may be used adjacent the first clip and formed 1n the same manner as described for
the first clip without departing from the scope and spirit of the exemplary
embodiment. Although the clips may be formed parallel to one another, they may

be utilized 1n series depending upon the trace configuration of the substrate.
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[0160] Although there are no magnetic sheets shown between the first and
second magnetic powder sheets, magnetic sheets may positioned between the first
and second magnetic powder sheets so long as the winding 18 of sufficient length to
adequately form the terminals for the miniature power inductor without departing
from the scope and spirit of the exemplary embodiment. Additionally, although
two magnetic powder sheets are shown to be positioned above the winding 1250,
orcater or fewer sheets may be used to increase or decrease the core arca without

departing from the scope and spirit of the exemplary embodiment.

[0161] In this embodiment, the magnetic ficld may be created 1n a direction
that 1s perpendicular to the direction of grain orientation and thereby achieve a
lower inductance or the magnetic field may be created 1n a direction that 1s parallel
to the direction of grain orientation and thereby achieve a higher inductance

depending upon which direction the magnetic powder sheet 1s extruded.

[0162] Referring to Figures 13a-13d, several views of a thirteenth
illustrative embodiment of a magnetic component or device 1300 are shown.
Figure 13a 1llustrates a perspective view and an exploded view of the top side of a
miniature power inductor having a three turn clip winding 1in an eleventh winding
configuration, at least one magnetic powder sheet, and a horizontally oriented core
arca 1n accordance with an exemplary embodiment. Figure 13b 1llustrates a
perspective view of the top side of the miniature power inductor as depicted 1n
Figure 13a during an intermediate manufacturing step m accordance with an
exemplary embodiment. Figure 13¢ illustrates a perspective view of the bottom
side of the minmature power inductor as depicted 1n Figure 13a 1n accordance with
an exemplary embodiment. Figure 13d 1llustrates a perspective view of the
cleventh winding configuration of the miniature power inductor as depicted 1n
Figure 13a, Figure 13b, and Figure 13c¢ 1n accordance with an exemplary

embodiment.

[0163] According to this embodiment, the miniature power inductor 1300
comprises at least one magnetic powder sheet 1310, 1320, 1330, 1340 and a
plurality of windings 1350, 1352, 1354, which each maybe 1n the form of a clip,
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coupled to the at least one magnetic powder sheet 1310, 1320, 1330, 1340 1n an
cleventh winding configuration 1355. As seen in this embodiment, the miniature
power inductor 1300 comprises a first magnetic powder sheet 1310 having a lower
surface 1312 and an upper surface (not shown), a second magnetic powder sheet
1320 having a lower surface (not shown) and an upper surface 1324, a third
magnetic powder sheet 1330 having a lower surface 1332 and an upper surface
1334, and a fourth magnetic powder sheet 1340 having a lower surface 1342 and
an upper surface 1344 In an exemplary embodiment, cach magnetic powder sheet
can be a magnetic powder sheet manufactured by Chang Sung Incorporated in
Incheon, Korea and sold under product number 20u-efft Flexible Magnetic Sheet.
Also, these magnetic powder sheets have grains which are dominantly oriented 1n a
particular direction. Thus, a higher inductance may be achieved when the
magnetic field 1s created in the direction of the dominant grain orientation.
Although this embodiment depicts four magnetic powder sheets, the number of
magnetic sheets may be increased or reduced so as to increase or decrease the core
arca without departing from the scope and spirit of the exemplary embodiment.
Also, although this embodiment depicts a magnetic powder sheet, any flexible
sheet may be used that 1s capable of being laminated, without departing from the

scope and spirit of the exemplary embodiment.

[0164] The third magnetic powder sheet 1330, according to this
embodiment, may include a first indentation 1336 on the lower surface 1332 and a
first extraction 1338 on the upper surface 1334 of the third magnetic powder sheet
1330, wherein the first indentation 1336 and the first extraction 1338 extend
substantially along the center of the third magnetic powder sheet 1330 and from
one edge to an opposing edge. The first indentation 1336 and the first extraction
1338 are oriented in a manner such that when the third magnetic powder sheet
1330 1s coupled to the second magnetic powder sheet 1320, the first indentation
1336 and the first extraction 1338 extend in the same direction as the plurality of
windings 1350, 1352, 1354. The first indentation 1336 1s designed to encapsulate
the plurality of windings 1350, 1352, 1354.
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[0165] The fourth magnetic powder sheet 1340, according to this
embodiment, may include a second indentation 1346 on the lower surface 1342
and a second extraction 1348 on the upper surface 1344 of the fourth magnetic
powder sheet 1340, wherein the second indentation 1346 and the second extraction
1348 extend substantially along the center of the fourth magnetic powder sheet
1340 and from one edge to an opposing edge. The second indentation 1346 and
the second extraction 1348 are oriented 1n a manner such that when the fourth
magnetic powder sheet 1340 1s coupled to the third magnetic powder sheet 1330,
the second indentation 1346 and the second extraction 1348 extend 1n the same
direction as the first indentation 1336 and the first extraction 1338. The second
indentation 1346 1s designed to encapsulate the first extraction 1338. Although
this embodiment depicts an indentation and an extraction 1n the third and fourth
magnetic powder sheets, the indentation or extraction formed 1n these sheets may
be omitted without departing from the scope and spirit of the exemplary

embodiment.

[0166] Upon forming the first magnetic powder sheet 1310 and the second
magnetic powder sheet 1320, the first magnetic powder sheet 1310 and the second
magnetic powder sheet 1320 are pressed together with high pressure, for example,
hydraulic pressure, and laminated together to form a first portion 1390 of the
miniature power inductor 1300. Also, the third magnetic powder sheet 1330 and
the fourth magnetic powder sheet 1340 may also be pressed together to form a
second portion (not shown) of the miniature power inductor 1300. According to
this embodiment, the plurality of clips 1350, 1352, 1354 are placed on the upper
surface 1324 of the first portion 1390 of the miniature power inductor 1300 such
that the plurality of clips extend a distance beyond both sides of the first portion
1390. This distance 1s equal to or greater than the height of the first portion 1390
of the miniature power inductor 1300. Once the plurality of clips 1350, 1352, 1354
arc properly positioned on the upper surface 1324 of the first portion 1390, the
second portion (not shown) 1s placed on top of the first portion 1390. The first and
second portions 1390, (not shown) of the miniature power inductor 1300 may then

be pressed together to form the completed miniature power inductor 1300. The
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portions of the plurality of clips 1350, 1352, 1354, which extend beyond both
edges of the miniature power inductor 1300, may be bent around the first portion
1390 to form the first termination 1316, the second termination 1318, the third
termination 1317, the fourth termination 1319, the fifth termination 1311, and the
sixth termination 1313. These terminations 1311, 1313, 1316, 1317, 1318, 1319
allow the miniature power inductor 1300 to be properly coupled to a substrate or
printed circuit board. According to this embodiment, the physical gap between the
winding and the core, which 1s typically found in conventional inductors, 1s
removed. The elimination of this physical gap tends to minimize the audible noise

from the vibration of the winding.

[0167] The plurality of windings 1350, 1352, 1354 1s formed from a
conductive copper layer, which may be deformed to provide a desired geometry.
Although a conductive copper material 1s used 1n this embodiment, any conductive
material may be used without departing from the scope and spirit of the exemplary

embodiment.

[0168] Although only three clips are shown 1n this embodiment, greater or
fewer clips may be used without departing from the scope and spirit of the
exemplary embodiment. Although the clips are shown 1n a parallel configuration,
the clips may be used 1n series depending upon the trace configuration of the

substrate.

[0169] Although there are no magnetic sheets shown between the first and
second magnetic powder sheets, magnetic sheets may positioned between the first
and second magnetic powder sheets so long as the winding 1s of sufficient length to
adequately form the terminals for the miniature power inductor without departing
from the scope and spirit of the exemplary embodiment. Additionally, although
two magnetic powder sheets are shown to be positioned above the plurality of
windings 1350, 1352, 1354, greater or fewer sheets may be used to increase or
decrease the core arca without departing from the scope and spirit of the exemplary

embodiment.
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[0170] In this embodiment, the magnetic field may be created 1n a direction
that 1s perpendicular to the direction of grain orientation and thereby achieve a
lower inductance or the magnetic field may be created in a direction that is parallel
to the direction of grain orientation and thereby achieve a higher inductance

depending upon which direction the magnetic powder sheet 1s extruded.

[0171] Referring to Figures 14a-14c, several views of a {fourteenth
illustrative embodiment of a magnetic component or device 1400 are shown,
Figure 14a 1llustrates a perspective view of the top side of a miniature power
inductor having a one turn clip winding 1n a twelfth winding configuration, a rolled
magnetic powder sheet, and a horizontally oriented core arca in accordance with an
exemplary embodiment. Figure 14b illustrates a perspective view of the bottom
side of the miniature power inductor as depicted in Figure 14a in accordance with
an exemplary embodiment. Figure 14c illustrates a perspective view of the twelfth
winding configuration of the miniature power inductor as depicted in Figure 14a

and Figure 14b 1n accordance with an exemplary embodiment.

[0172] According to this embodiment, the miniature power inductor 1400
comprises a rolled magnetic powder sheet 1410 and a winding 1450, which may be
in the form of a clip, coupled to the rolled magnetic powder sheet 1410 1n a twelfth
winding configuration 1455. As seen 1n this embodiment, the miniature power
inductor 1400 comprises a first magnetic powder sheet 1410 having a lower
surface 1412 and an upper surface 1414. In an exemplary embodiment, cach
magnetic powder sheet can be a magnetic powder sheet manufactured by Chang
Sung Incorporated in Incheon, Koreca and sold under product number 20u-cff
Flexible Magnetic Sheet. Also, these magnetic powder sheets have grains which
arc dominantly oriented 1n a particular direction. Thus, a higher inductance may be
achieved when the magnetic field 1s created 1n the direction of the dominant grain
orientation. Although this embodiment depicts a magnetic powder sheet with a
desired length, the desired length may be increased or reduced so as to increase or
decrease the core arca without departing from the scope and spirit of the exemplary

embodiment. Also, although this embodiment depicts a magnetic powder sheet,



CA 02724149 2010-11-12

WO 2010/014444 PCT/US2009/051005
S7

any flexible sheet may be used that 1s capable of being laminated, without

departing from the scope and spirit of the exemplary embodiment.

[0173] Upon forming the first magnetic powder sheet 1410, the clip 1450 1s
placed on the upper surface 1414 of the first magnetic powder sheet 1410 such that
the clip 1410 extends a distance beyond both sides of the first magnetic powder
sheet 1410 and one edge of the clip 1450 1s aligned with an edge of the first
magnetic powder sheet 1410. The distance 15 equal to or greater than the distance
from where the clip 1450 extends beyond both sides of the first magnetic powder
sheet 1410 to the bottom surface 1490 of the miniature power inductor 1400. Once
the clip 1450 1s properly positioned on the upper surtface 1414 of the first magnetic
powder sheet 1410, the clip 1450 and the first magnetic powder sheet 1410 are
rolled over each other to form the structure of the minmiature power inductor 1400.
The structure of the mimature power mductor 1400 1s then pressed together with
high pressure, for example, hydraulic pressure, and laminated together to form the
miniature power inductor 1400. Finally, the portions of the clip 1450, which
extend beyond both edges of the miniature power imnductor 1400, may be bent
around the bottom surface 1490 of the miniature power inductor 1400 to form the
first termination 1416 and the second termination 1418. These terminations 1416,
1418 allow the miniature power inductor 1400 to be properly coupled to a substrate
or printed circuit board. According to this embodiment, the physical gap between
the winding and the core, which 1s typically found m conventional inductors, 1s
removed. The elimination of this physical gap tends to minimize the audible noise

from the vibration of the winding.

[0174] The winding 1450 1s formed from a conductive copper layer, which
may be deformed to provide a desired geometry. Although a conductive copper
material 1s used 1n this embodiment, any conductive material may be used without

departing from the scope and spirit of the exemplary embodiment.

[0175] Although only one clip 1s used 1n this embodiment, additional clips
may be used adjacent the first clip and formed 1n the same manner as described for

the first clip without departing from the scope and spirit of the exemplary
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embodiment. Although the clips may be formed parallel to one another, they may

be utilized 1n series depending upon the trace configuration of the substrate.

[0176] In this embodiment, the magnetic field may be created 1n a direction
that 1s perpendicular to the direction of grain orientation and thereby achieve a
lower inductance or the magnetic field may be created in a direction that is parallel
to the direction of grain orientation and thereby achieve a higher inductance

depending upon which direction the magnetic powder sheet 1s extruded.

[0177] Although several embodiments have been disclosed above, 1t 1s
contemplated that the invention includes modifications made to one embodiment

based upon the teachings of the remaining embodiments.

[0178] Although the 1nvention has been described with reference to
specific embodiments, these descriptions are not meant to be construed 1n a
[imiting sense. Various modifications of the disclosed embodiments, as well as
alternative embodiments of the invention will become apparent to persons having
ordinary skill in the art upon reference to the description of the invention. It
should be appreciated by those having ordinary skill in the art that the conception
and the specific embodiments disclosed may be readily utilized as a basis for
modifying or designing other structures for carrying out the same purposes of the
invention. It should also be realized by those having ordinary skill in the art that
such equivalent constructions do not depart from the spirit and scope of the
invention as sct forth 1n the appended claims. It 1s therefore, contemplated that the
claims will cover any such modifications or embodiments that fall within the scope

of the invention.
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WHAT IS CLAIMED IS:

1. A magnetic component, comprising:

at lcast onc sheet, wherein the at least one sheet 1s substantially

planar; and

at least onc winding, wherein at least a portion of the at least one
winding 1s coupled to the at least one sheet, and wherein the at least one sheet 1S

laminated to at least a portion of the at least one winding.

2. The magnetic component of claim 1, wherein the at least one
winding comprises one of a preformed coil, a conductive foil, a conductive trace,

and a clip.

3. The magnetic component of claim I, wherein the at least one
winding comprises a conductive trace formed on a surface of the at Ieast one sheet

by one of chemical etching, photo etching, laser etching, and plating.

4. The magnetic component of claim 1, wherein the at least one sheet

1S a magnetic powder sheet.

5. The magnetic component of claim 1, wherein the at least one
winding comprises a plurality of windings, the plurality of windings formed in

series.

0. The magnetic component of claim 1, wherein the at least one
winding comprises a plurality of windings, the plurality of windings formed in

parallel.

7. The magnetic component of claim 1, further comprising at least one

surface mount termination coupled to the at least one winding.

8. The magnetic component of claim 1, wherein the at Ieast one sheet
comprises a plurality of sheets, the plurality of sheets positioned on top of one

another.
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9. The magnetic component of claim &, wherein the at least one
winding 18 coupled to a surface of a first sheet, the at least one winding forming a

pattern on the surface,

10.  The magnetic component of claim 9, further comprising a magnetic
ficld formed when current flows through the at least one winding, the magnetic
field generated in a vertical orientation through an opening formed by the at least

on¢ winding.

11.  The magnetic component of claim 8, wherein a first portion of the at
least one winding 1s formed on a first sheet, wherein a second portion of the at least
one winding 18 formed on a second sheet, and wherein the first portion and the

second portion are coupled to one another to form a pattern.

12.  The magnetic component of claim 11, wherein the first portion 1s

coupled to the second portion through a plurality of vias.

13. The magnetic component of claam 11, further comprising a
magnetic field formed when current flows through the at least one winding, the
magnetic ficld generated 1n a horizontal orientation through an opening formed by

the at least one winding.

14.  The magnetic component of claim 11, wherein the at least one

winding comprises a plurality of windings in a parallel orientation.

15. The magnetic component of claim 14, further comprising a
magnetic ficld formed when current flows through the plurality of windings, the
magnetic ficld generated 1n a horizontal orientation through an opening formed by

the plurality of windings.

16. The magnetic component of claim 14, further comprising a
magnetic ficld formed when current flows through the plurality of windings, the
magnetic field generated in a horizontal orientation through a plurality of parallel

openings formed by the plurality of windings.
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17.  The magnetic component of claim 11, wherein the at least one

winding 1s a single winding, and wherein the pattern 1s serpentine.

18.  The magnetic component of claiam 17, further comprising a
magnetic field formed when current flows through the single winding, the
magnetic field generated 1n a horizontal orientation through a plurality of parallel

openings formed by the single winding.

19.  The magnetic component of claim 11, wherein the pattern 1s

toroidal.

20.  The magnetic component of claim 19, further comprising a plurality

of magnetic ficlds formed when current flows through the at least one winding.

21.  The magnetic component of claim 20, wherein a first magnetic field
1s gencrated 1n a vertical orientation and wherein a second magnetic field 1s
generated 1n a second orientation through an opening formed by the at Ieast one

winding.

22. The magnetic component of claim &, further comprising:

a printed circuit board, wherein a first portion of the at least one

winding 1s formed on the printed circuit board, wherein a second portion of the at
lcast one winding 1s formed on a second sheet, the first portion and the second

portion coupled to one another to form a spiral pattern.

23.  The magnetic component of claim 1, wherein the at least one
winding proceeds from one edge of the at least one sheet to an opposing edge of

the at least one sheet 1n a substantially linear orientation.

24.  The magnetic component of claim 23, wherein the at least one
winding comprises a plurality of windings, the plurality of windings formed in

parallel.

25.  The magnetic component of claim 1, wherein the at least one

winding comprises at least one clip having opposing ends, the at least one clip
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extending beyond the opposing edges of the at least one sheet 1n a substantially
linear orientation, the opposing ends of the at least one clip forming a plurality of

surtace mount terminals.

26.  The magnetic component of claim 25, wherein the at least one clip

comprises a plurality of clips, the plurality of clips formed 1n parallel.

27.  The magnetic component of claim 25, wherein the at least one sheet

1s a single sheet, the single sheet being rolled around the at Ieast one clip.

28.  The magnetic component of claim 1, wherein the at least one
winding and the at least one sheet are disposed adjacent to each other without a gap

there between.
29. A method of forming a magnetic component, comprising:

providing at least one¢ sheet, wherein the at least one sheet 1s

substantially planar;

coupling at least a portion of at least one winding to the at Ieast one

sheet; and

laminating the at least one sheet with at least a portion of the at lcast

on¢ winding.
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