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NON-MAGNETIC FERRITE DIELECTRICS IN COMMON MODE CHOKES

FIELD
The present disclosure generally relates to non-magnetic ferrite dielectrics

in common mode chokes.

BACKGROUND

This section provides background information related to the present
disclosure which is not necessarily prior art.

Chokes are commonly used in electronic circuits to block signal
frequencies above a desired range, while at the same time allowing DC or low
frequency signals to pass. Thus, chokes have been employed to prevent
electromagnetic interference (EMI) from disturbing various electronic devices.

A choke is typically provided by a magnetic core through which, or around
which, conductors or windings are positioned. Ferrite materials are commonly
used as the core material for many chokes because, for example, ferrites have
sensitive magnetic-frequency relationships. A dielectric layer may be positioned
between the conductors or windings. Conventional dielectric layers may include

titanium dioxide or aluminum dioxide.

SUMMARY

This section provides a general summary of the disclosure, and is not a
comprehensive disclosure of its full scope or all of its features.

According to various aspects, exemplary embodiments are disclosed of
common mode chokes. Also disclosed are methods for making or manufacturing
common mode chokes. In some exemplary embodiments, common mode chokes
comprise a generally rectangular body having opposing first and second ends,
and including a lower ferrite portion, an upper ferrite portion, and at least one pair
of laterally spaced-apart interior conductors within the body generally between
the upper and lower ferrite portions and longitudinally extending from about the

first end to about the second end of the generally rectangular body. The common
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mode choke may also include a non-magnetic ferrite dielectric within the body
and disposed laterally between the at least one pair of interior conductors.
Further areas of applicability will become apparent from the description
provided herein. The description and specific examples in this summary are
intended for purposes of illustration only and are not intended to limit the scope of

the present disclosure.

DRAWINGS

The drawings described herein are for illustrative purposes only of
selected embodiments and not all possible implementations, and are not
intended to limit the scope of the present disclosure.

FIG. 1 is a perspective view of a common mode choke according to an
exemplary embodiment;

FIG. 2 is a perspective view of a common mode choke illustrating an
internal structure of the common mode choke according to an exemplary
embodiment;

FIGS. 3A and 3B are scanning electron microscope (SEM) images of a
non-magnetic ferrite dielectric material according to an exemplary embodiment;

FIGS. 4A and 4B are SEM images of a prior art titanium dioxide dielectric
material; and

FIGS. 5 and 6 provide various performance test data measured for
physical prototypes of common mode chokes according to exemplary
embodiments, which test results are provided only for purposes of illustration and
not for purposes of limitation.

Corresponding reference numerals indicate corresponding parts
throughout the several views of the drawings.
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DETAILED DESCRIPTION

Example embodiments will now be described more fully with reference to
the accompanying drawings.

The inventors hereof have recognized that some existing common mode
chokes using titanium dioxide as a dielectric layer more easily fail at high
temperature and high humidity conditions when a specified voltage is applied.
After recognizing the above, the inventors hereof developed and disclose herein
exemplary embodiments of non-magnetic ferrite dielectrics (e.g., material layers,
etc.) for common mode chokes.

For example, disclosed herein are exemplary embodiments of common
mode chokes (e.g., FIG. 1, FIG. 2, efc.), which comprise a generally rectangular
body having opposing first and second ends, and including a lower ferrite portion,
an upper ferrite portion, and at least one pair of laterally spaced-apart interior
conductors within the body generally between the upper and lower ferrite portions
and longitudinally extending from about the first end to about the second end of
the generally rectangular body. The common mode choke may also include a
non-magnetic ferrite dielectric within the body and disposed laterally between the
at least one pair of interior conductors. The non-magnetic ferrite dielectric is
configured to control magnetic coupling between the at least one pair of interior
conductors.

Advantageously, the exemplary embodiments of common mode chokes
including a non-magnetic ferrite dielectric layer disclosed herein may provide
enhanced performance over other existing common chokes that have aluminum
oxide or titanium dioxide dielectric layers. For example, exemplary embodiments
of common mode chokes including a non-magnetic ferrite dielectric layer
disclosed herein may provide one or more (but not necessarily any or all) of the
following advantages, such as better material compatibility and reliability, high
density, good firing compatibility, reduced de-lamination issues, increased
service life, reduced silver migration when a specified voltage is applied, higher

common mode impedance, lower normal mode impedance, efc.
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FIG. 1 illustrates an exemplary embodiment of a common mode choke
100 embodying one or more aspects of the present disclosure. As shown in FIG.
1, the common mode choke 100 may comprise a generally rectangular body. The
generally rectangular body may comprise ferrite. As illustrated in FIG. 1, the
common mode choke 100 may include a first termination pair 102 at a first end of
the body, and a second termination pair 104 at a second end of the body.

The common mode choke 100 may comprise a laminated structure
including a magnetic substrate, a dielectric material layer and interior conductor
layers laminated on the magnetic substrate in a direction of thickness. The
dielectric layer may be printed on a conductor pattern using a thick-film process,
which may electrically insulate the conductor layers.

FIG. 2 shows a perspective view illustrating an exemplary interior structure
of a multi-layer common mode choke 200, which includes upper and lower ferrite
portion magnetic substrates 206. The upper and lower ferrite portion magnetic
substrates 206 may be separate layers, or the upper and lower ferrite portion
magnetic substrates 206 may comprise a single monolithic layer. The common
mode choke 200 may include a pair of spaced apart longitudinally extending
parallel interior conductors 208 between the upper and lower ferrite portions
magnetic substrates 206.

The height or thickness of the interior conductors 208 may create a tunnel
or gap between them. A non-magnetic ferrite dielectric material layer 210 may
partially encapsulate or cover the conductors 208. The non-magnetic ferrite
dielectric material layer 210 may be below the conductors 208, within the tunnel
between the conductors 208, and overlying the tunnel and adjacent portions of
the conductors 208. The non-magnetic ferrite dielectric material layer 210 may be
configured to control magnetic coupling between the at least one pair of interior
conductors 208. The interior conductors 208 may be coupled to a first termination
pair at the first end of the body and a second termination pair at the second end
of the body (not shown). Although one example internal conductor and dielectric
structure is illustrated in FIG. 2, it is understood that other suitable internal

structures may be used in other exemplary embodiments.
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Prior common mode chokes have used conventional titanium dioxide
material for the dielectric layer, which may appear white in color or lighter than
the ferrite magnetic layers of the common mode choke. Disclosed herein are
exemplary embodiments of a common mode choke that include non-magnetic
ferrite for the dielectric layer. In such exemplary embodiments, the non-magnetic
ferrite dielectric layer may appear dark or black in color similar to the ferrite
magnetic layers of the common mode choke.

According to example embodiments of the present disclosure, a raw
material for a non-magnetic ferrite may include 42 to 60 mol % of ferrite oxide
(Fe203), 45 to 55 mol % of zinc oxide (ZnO), and 2 to 10 mol % of copper oxide
(CuQ). In one particular embodiment, a raw material for a non-magnetic ferrite
may include about 47 mol % of ferrite oxide (Fe,O3), about 49 mol % of zinc
oxide (ZnO), and about 4 mol % of copper oxide (CuQ). The non-magnetic ferrite
may thus be Zn-Cu based and/or Fe-Zn-Cu based. Although example chemical
formulas are given here containing specific relative chemical values, it is
understood that other suitable raw materials comprising other amounts of ferrite
oxide, zinc oxide, and copper oxide may be used in other exemplary
embodiments.

The raw material may be wet prepared for a ball mill for a suitable
predetermined amount of time. The obtained mixture may be dried and ground.
The obtained powder may, for example, be calcinated at 900 +/- 50 degrees
Celsiug for 2 +/~ (.5 hours {e.g., 820 degrees Celsius for two hours, efc.).
Although specific temperatures and lengths of calcination time are given here, it
is understood that other suitable temperatures and lengths of calcination time
may be used in other exemplary embodiments.

The ferrite powder may be wet prepared for a ball mill for a suitable
predetermined amount of time with 0.4 to 0.9 wt % of bismuth oxide (Bi,O3)
added, then be dried and sieved to get low temperature co-fired powder. The
obtained low temperature co-fired powder may be mixed with a binder resin and
a solvent to prepare an ink. The ink may be printed by a roll miller a

predetermined amount of times. Although one example process for making the
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non-magnetic ferrite dielectric layer is described herein, it is understood that
other suitable processes may be used to make the non-magnetic ferrite dielectric
layer in other exemplary embodiments.

The raw material of the non-magnetic ferrite may be similar to a nickel-
copper-zinc (Ni-Cu-Zn) magnetic substrate. This may allow for a very high
density and good firing compatibility between non-magnetic ferrite and magnetic
ferrite. This may decrease de-lamination issues, and may increase the product’s
service life. Exemplary embodiments may include a ring core of Cu-Zn based
non-magnetic ferrite and Ni-Cu-Zn based magnetic ferrite.

FIGS. 3A and 3B are scanning electron microscope (SEM) images of a
non-magnetic ferrite dielectric material according to an exemplary embodiment.
In this example embodiment, the non-magnetic ferrite is shown after firing at 910
degrees Celsius for four hours. FIGS. 3A and 3B show that there is good firing
compatibility between the Cu-Zn based non-magnetic ferrite and the Ni-Cu-Zn
based ferrite in this example. Also, no gap is shown in FIGS. 3A and 3B between
the non-magnetic ferrite and the magnetic ferrite in this example.

FIGS. 4A and 4B are SEM images of a prior art dielectric material
including titanium dioxide. As shown in FIGS. 4A and 4B, there is a gap between
the titanium dioxide and the Ni-Cu-Zn ferrite. FIGS. 3A, 3B, 4A and 4B illustrate
that this example non-magnetic ferrite material has a much higher density than
the conventional titanium dioxide material. The loose structure of the
conventional titanium dioxide material may lead to silver migration when a
specified voltage is applied.

TABLE 1 below provides representative reliability testing data for an
exemplary common mode choke. These testing data are examples only as other
embodiments may provide different test results.
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7
Material for Reliability testing
Duration
dielectric layer condition
85 °C, 85% H, 30V Voltage
105 hrs
Titanium and 5A Current
dioxide 125 °C, 5.5V Voltage and
210 hrs
5A Current
85 °C, 85% H, 30V Voltage
>1000 hrs
Non-magnetic and 5A Current
ferrite 125 °C, 5.5V Voltage and
>1000 hrs
5A Current

TABLE 1 illustrates that the reliability of products using non-magnetic
ferrite is improved over products using conventional titanium dioxide. Products
including titanium dioxide may fail at high temperature and high humidity
conditions when a specified voltage is applied. By comparison, products including
non-magnetic ferrite may endure more than 1000 hours under the same
conditions. This may be attributable to no gap between the non-magnetic ferrite
and Ni-Cu-Zn ferrite. The increased reliability may also be attributable to a higher
density for non-magnetic ferrite. This increased reliability may prevent liquid
immersing and polluting in an electroplating process, and may prevent silver
migration during usage.

The performance of samples of the common mode chokes in accordance
with aspects of the present disclosure may be demonstrated by the line graphs or
plots of FIGS. 5 and 6. More particularly, FIG. 5 shows permeability versus
frequency (in Megahertz (MHz)) of the non-magnetic ferrite. The relative
magnetic permeability for non-magnetic ferrite may be about one, which is similar
to air.

FIG. 6 shows impedance (in ohms (Q)) versus frequency (in megahertz
(MHz)) in the normal, open, and common modes for an example common mode
choke. The plot illustrates that the common impedance using non-magnetic

ferrite is higher than the conventional titanium dioxide dielectric, and the normal
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mode impedance using non-magnetic ferrite is lower than the conventional
titanium dioxide dielectric. This improvement of electrical properties may be a
result of firing compactness, which may lead to less magnetic leakage.

The exemplary common mode chokes of the present disclosure may be
adapted to be surface mounted to a circuit board. A DC to DC converter may
include a common mode choke according to one or more aspects of the present
disclosure.

A method for making a non-magnetic ferrite dielectric layer for a common
mode choke may include combining ferrite oxide, zinc oxide, and copper oxide to
obtain a mixture. The obtained mixture may be dried and ground to obtain a
powder. The obtained powder may be calcinated to obtain a ferrite powder. The
ferrite powder may be ball milled with bismuth oxide to obtain a low temperature
co-fired powder. The low temperature co-fired powder may be mixed with a
binder resin and a solvent to prepare an ink for printing. The prepared ink may be
laminated as a non-magnetic ferrite dielectric layer within a body of the common
mode choke by printing the ink using a roll miller a predetermined amount of
times.

Example embodiments are provided so that this disclosure will be
thorough, and will fully convey the scope to those who are skilled in the art.
Numerous specific details are set forth such as examples of specific components,
devices, and methods, to provide a thorough understanding of embodiments of
the present disclosure. It will be apparent to those skilled in the art that specific
details need not be employed, that example embodiments may be embodied in
many different forms, and that neither should be construed to limit the scope of
the disclosure. In some example embodiments, well-known processes, well-
known device structures, and well-known technologies are not described in detail.
In addition, advantages and improvements that may be achieved with one or
more exemplary embodiments of the present disclosure are provided for purpose
of illustration only and do not limit the scope of the present disclosure, as
exemplary embodiments disclosed herein may provide all or none of the above
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mentioned advantages and improvements and still fall within the scope of the
present disclosure.

Specific dimensions, specific materials, and/or specific shapes disclosed
herein are example in nature and do not limit the scope of the present disclosure.
The disclosure herein of particular values and particular ranges of values for
given parameters are not exclusive of other values and ranges of values that may
be useful in one or more of the examples disclosed herein. Moreover, it is
envisioned that any two particular values for a specific parameter stated herein
may define the endpoints of a range of values that may be suitable for the given
parameter (i.e., the disclosure of a first value and a second value for a given
parameter can be interpreted as disclosing that any value between the first and
second values could also be employed for the given parameter). For example, if
Parameter X is exemplified herein to have value A and also exemplified to have
value Z, it is envisioned that parameter X may have a range of values from about
A to about Z. Similarly, it is envisioned that disclosure of two or more ranges of
values for a parameter (whether such ranges are nested, overlapping or distinct)
subsume all possible combination of ranges for the value that might be claimed
using endpoints of the disclosed ranges. For example, if parameter X is
exemplified herein to have values in the range of 1 — 10, or 2 -9, 0or 3 -8, it is
also envisioned that Parameter X may have other ranges of values including 1 —
9,1-8,1-3,1-2,2-10,2-8,2-3,3-10,and 3-9.

The terminology used herein is for the purpose of describing particular
example embodiments only and is not intended to be limiting. As used herein, the

singular forms “a,” “an,” and “the” may be intended to include the plural forms as

well, unless the context clearly indicates otherwise. The terms “comprises,”
“‘comprising,” “including,” and “having,” are inclusive and therefore specify the
presence of stated features, integers, steps, operations, elements, and/or
components, but do not preclude the presence or addition of one or more other
features, integers, steps, operations, elements, components, and/or groups
thereof. The method steps, processes, and operations described herein are not

to be construed as necessarily requiring their performance in the particular order
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discussed or illustrated, unless specifically identified as an order of performance.
It is also to be understood that additional or alternative steps may be employed.

When an element or layer is referred to as being “on,” “engaged to,”
“connected to,” or “coupled to” another element or layer, it may be directly on,
engaged, connected or coupled to the other element or layer, or intervening

elements or layers may be present. In contrast, when an element is referred to as

being “directly on,” “directly engaged to,” “directly connected to,” or “directly
coupled to” another element or layer, there may be no intervening elements or
layers present. Other words used to describe the relationship between elements
should be interpreted in a like fashion (e.g., “between” versus “directly between,”
“adjacent” versus “directly adjacent,” efc.). As used herein, the term “and/or”
includes any and all combinations of one or more of the associated listed items.
The term “about” when applied to values indicates that the calculation or
the measurement allows some slight imprecision in the value (with some
approach to exactness in the value; approximately or reasonably close to the
value; nearly). If, for some reason, the imprecision provided by “about” is not
otherwise understood in the art with this ordinary meaning, then “about” as used
herein indicates at least variations that may arise from ordinary methods of

measuring or using such parameters. For example, the terms “generally,” “about,”
and “substantially,” may be used herein to mean within manufacturing tolerances.
Or for example, the term “about” as used herein when modifying a quantity of an
ingredient or reactant of the invention or employed refers to variation in the
numerical quantity that can happen through typical measuring and handling
procedures used, for example, when making concentrates or solutions in the real
world through inadvertent error in these procedures; through differences in the
manufacture, source, or purity of the ingredients employed to make the
compositions or carry out the methods; and the like. The term “about” also
encompasses amounts that differ due to different equilibrium conditions for a
composition resulting from a particular initial mixture. Whether or not modified by

the term “about,” the claims include equivalents to the quantities.
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Although the terms first, second, third, efc. may be used herein to describe
various elements, components, regions, layers and/or sections, these elements,
components, regions, layers and/or sections should not be limited by these terms.
These terms may be only used to distinguish one element, component, region,
layer or section from another region, layer or section. Terms such as “first,”
“second,” and other numerical terms when used herein do not imply a sequence
or order unless clearly indicated by the context. Thus, a first element, component,
region, layer or section discussed below could be termed a second element,
component, region, layer or section without departing from the teachings of the
example embodiments.

Spatially relative terms, such as “inner,” “outer,” “beneath,” “below,” “lower,”

“above,” “upper” and the like, may be used herein for ease of description to
describe one element or feature’s relationship to another element(s) or feature(s)
as illustrated in the figures. Spatially relative terms may be intended to
encompass different orientations of the device in use or operation in addition to
the orientation depicted in the figures. For example, if the device in the figures is
turned over, elements described as “below” or “beneath” other elements or
features would then be oriented “above” the other elements or features. Thus, the
example term “below” can encompass both an orientation of above and below.
The device may be otherwise oriented (rotated 90 degrees or at other
orientations) and the spatially relative descriptors used herein interpreted
accordingly.

The foregoing description of the embodiments has been provided for
purposes of illustration and description. It is not intended to be exhaustive or to
limit the disclosure. Individual elements, intended or stated uses, or features of a
particular embodiment are generally not limited to that particular embodiment, but,
where applicable, are interchangeable and can be used in a selected
embodiment, even if not specifically shown or described. The same may also be
varied in many ways. Such variations are not to be regarded as a departure from
the disclosure, and all such modifications are intended to be included within the

scope of the disclosure.
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12
CLAIMS
What is claimed is:
1. A common mode choke comprising a generally rectangular body

having opposing first and second ends, and including:

a lower ferrite portion;

an upper ferrite portion; and

at least one pair of laterally spaced-apart interior conductors within the
body generally between the upper and lower ferrite portions and longitudinally
extending from about the first end to about the second end of the generally
rectangular body; and

a non-magnetic ferrite dielectric within the body and disposed laterally
between the at least one pair of interior conductors, the non-magnetic ferrite
dielectric configured to control magnetic coupling between the at least one pair of

interior conductors.

2. The common mode choke of claim 1, wherein the non-magnetic

ferrite dielectric comprises copper and zinc.

3. The common mode choke of claim 1, wherein the non-magnetic

ferrite dielectric comprises iron, copper, zinc, and bismuth.

4, The common mode choke of claim 1, wherein the non-magnetic
ferrite dielectric comprises a raw material including ferrite oxide, zinc oxide,

copper oxide, and bismuth oxide.

5. The common mode choke of claim 1, wherein the non-magnetic
ferrite dielectric comprises a raw material including 42 to 60 mol % of ferrite oxide
(Fe203), 45 to 55 mol % of zinc oxide (ZnO), 2 to 10 mol % of copper oxide
(Cu0), and 0.4 to 0.9 wt % of bismuth oxide (Bi,Os3).
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6. The common mode choke of claim 1, further comprising:

at least one first pair of end terminations on the first end of the generally
rectangular body and connected to the at least one pair of interior conductors;
and

at least one second pair of end terminations on the second end of the
generally rectangular body and connected to the at least one pair of interior

conductors.

7. The common mode choke of claim 1, wherein:

the non-magnetic ferrite dielectric partially encapsulates the at least one
pair of interior conductors such that portions of the non-magnetic ferrite dielectric
are respectively disposed below, laterally between, and above the at least one
pair of interior conductors; and/or

the common mode choke is surface mounted to a circuit board.

8. A DC to DC converter comprising the common mode choke of any

preceding claim.

9. A common mode choke having a ferrite body and at least one pair
of laterally spaced-apart interior conductors within the body, the common mode
choke comprising a non-magnetic ferrite dielectric within the body and disposed
laterally between the at least one pair of laterally spaced-apart interior conductors
within the body.

10. The common mode choke of claim 9, wherein the non-magnetic

ferrite dielectric comprises copper and zinc.

11.  The common mode choke of claim 9, wherein the non-magnetic

ferrite dielectric comprises iron, copper, zinc, and bismuth.
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12. The common mode choke of claim 9, wherein the non-magnetic
ferrite dielectric comprises a raw material including ferrite oxide, zinc oxide,

copper oxide, and bismuth oxide.

13.  The common mode choke of claim 9, wherein the non-magnetic
ferrite dielectric comprises a raw material including 42 to 60 mol % of ferrite oxide
(Fe203), 45 to 55 mol % of zinc oxide (Zn0O), 2 to 10 % of copper oxide (CuO),
and 0.4 to 0.9 wt % of bismuth oxide (Bi,O3).

14.  The common mode choke of claim 9, further comprising:

at least one first pair of end terminations on a first end of the ferrite body
and connected to the at least one pair of interior conductors; and

at least one second pair of end terminations on the second end of the

ferrite body and connected to the at least one pair of interior conductors.

15. The common mode choke of claim 9, wherein:

the non-magnetic ferrite dielectric partially encapsulates the at least one
pair of interior conductors such that portions of the non-magnetic ferrite dielectric
are respectively disposed below, laterally between, and above the at least one
pair of interior conductors; and/or

the common mode choke is surface mounted to a circuit board.

16. A DC to DC converter comprising the common mode choke of any

one of claims 9-15.

17. A non-magnetic ferrite dielectric material for a multilayered ferrite
common mode structure, the non-magnetic ferrite dielectric material comprising

ferrite oxide, zinc oxide, and copper oxide.

18.  The non-magnetic ferrite dielectric material of claim 17, wherein the

non-magnetic ferrite dielectric material comprises a raw material including 42 to
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60 mol % of ferrite oxide (Fe2O3), 45 to 55 mol % of zinc oxide (ZnO), 2 to 10 %
of copper oxide (CuQ), and 0.4 to 0.9 wt % of bismuth oxide (Bi20s3).

19. A method for making a non-magnetic ferrite dielectric layer for a
common mode choke comprising:

combining ferrite oxide, zinc oxide, and copper oxide to obtain a mixture;

drying and grounding the obtained mixture to obtain a powder;

calcinating the obtained powder to obtain a ferrite powder;

ball milling with bismuth oxide to obtain a low temperature co-fired powder;

mixing the low temperature co-fired powder with a binder resin and a
solvent to prepare an ink for printing; and

laminating the ink as a non-magnetic ferrite dielectric layer within a body of

the common mode choke.

20.  The method of claim 19, wherein combining includes using a ball
mill to wet prepare 42 to 60 mol % of ferrite oxide (Fe2O3), 45 to 55 mol % of
zinc oxide (ZnO), 2 to 10 % of copper oxide (CuO), and 0.4 to 0.9 wt % of
bismuth oxide (Bi2O3).

21.  The method of claim 19 or 20, wherein:

calcinating includes calcinating the obtained mixture at 900 +/- 50 degrees
Celsius for 2 +/- 0.5 hours; and/or

laminating includes using a roll miller to print the prepared ink a

predetermined amount of times.
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