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(57) ABSTRACT 

A protective case includes a shell for receiving and at least 
partially covering an electronic device. The shell includes a 
first material and has a back portion and side portions extend­
ing from the back portion. The back portion is configured to 
be adjacent to the back surface of the electronic device when 
the electronic device is installed. The case also includes a core 
comprising a second material having a magnetic permeability 
substantially greater than a magnetic permeability of the first 
material. The core is affixed to the back portion of the shell at 
a location that coincides with a center region of the wireless 
charging coil of the wireless charging circuitry of the installed 
electronic device. The core increases magnetic coupling 
between the wireless charging coil of the installed electronic 
device and a source charging coil when the protective case is 
placed in proximity to the source charging coil. 
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ELECTRONIC DEVICE CASE WITH 
INDUCTIVE COUPLING FEATURES 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims the benefit of U.S. Provi­
sional Patent Application No. 62/141,807, filed Apr. 1, 2015, 
which is hereby incorporated by reference in its entirety. 

FIELD 

[0002] This application relates to cases and covers for elec­
tronic devices and the manufacture thereof. More particu­
larly, this application relates to electronic device cases and 
covers that enhance electromagnetic inductive interactions 
between the electronic devices and other devices. 

BACKGROUND 

[0003] Electronic devices are commonly used for commu­
nication and entertainment purposes. Electronic devices 
include devices such as smartphones, cellular phones, mobile 
communication devices, computers, portable computing 
devices, mobile computing devices, tablet computers, cam­
eras, video players, smart watches, audio players, electronic 
media readers, two-way radios, global positioning satellite 
(GPS) devices, and/or other types of electronic computing or 
communication devices, including combinations thereof. 
Cases, protective cases, covers, protective covers, enclosures, 
or encasements are sometimes used with these types of elec­
tronic devices in order to protect the devices from damage due 
to exposure to shock, impact, dropping, puncture, dust, dirt, 
water, snow, rain, mud, chemicals, and/or other potentially 
damaging forces or elements. Cases are also sometimes used 
to supplement the functionality, features, or performance of 
an electronic device. Technology advancements have 
increased the number of electronic device functions which 
may be performed wirelessly. 

SUMMARY 

[0004] Cases and covers for an electronic device having 
wireless charging circuitry and a wireless charging coil are 
disclosed. One exemplary case includes a shell for receiving 
and at least partially covering an electronic device. The shell 
includes a first material and has a back portion and side 
portions extending from the back portion. The back portion of 
the shell is configured to be adjacent to the back surface of the 
electronic device when the electronic device is installed in the 
case. The case also includes a core comprising a second 
material that has a magnetic permeability that is substantially 
greater than a magnetic permeability of the first material. The 
core is affixed to the back portion of the shell at a location on 
the back portion that coincides with a center region of the 
wireless charging coil of the wireless charging circuitry of the 
installed electronic device. The core increases inductive mag­
netic coupling between the wireless charging coil of the 
installed electronic device and a source charging coil when 
the protective case with the installed electronic device is 
placed in proximity to the source charging coil. 
[0005] Also disclosed are methods of manufacturing cases 
and covers for an electronic device having wireless charging 
circuitry that includes a wireless charging coil proximate a 
back surface of the electronic device. One exemplary method 
includes preparing a first molding material and preparing a 
second molding material that includes the first molding mate-

Oct. 6, 2016 

rial and a material having a high magnetic permeability rela­
tive to the first molding material. The method further includes 
molding a shell from the first molding material and the second 
molding material. The shell is molded in a shape configured 
for receiving and at least partially covering the electronic 
device. The shell has a back portion and side portions extend­
ing from the back portion. The back portion of the shell is 
configured to be adjacent to the back surface of the electronic 
device when the electronic device is installed in the cover. A 
substantial portion of the shell is molded from the first mold­
ing material and a coupling region of the shell includes the 
second molding material. The coupling region is located on 
the back portion of the shell and aligns with a center region of 
the wireless charging coil of the wireless charging circuitry of 
the installed electronic device. The coupling region increases 
or improves magnetic inductive coupling between the wire­
less charging coil of the installed electronic device and a 
source charging coil that is external to the cover when the 
cover with the installed electronic device is placed in prox­
imity to the source charging coil. 
[0006] As described herein, many variations of the appara­
tuses, cases, covers, and methods of manufacture are pos­
sible. The term "case" is used herein to refer to any type of 
case, cover, protective case, protective cover, enclosure, 
encasement, shell, or combination thereof. While some of the 
examples herein are described with respect to "protective" 
cases, the techniques disclosed herein may be used with or 
implemented in cases that do not necessarily have protective 
features or characteristics. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] The disclosed techniques will be described and 
explained through the use of the accompanying figures in 
which: 
[0008] FIG. 1 illustrates a perspective view of an electronic 
device and protective case; 
[0009] FIG. 2 illustrates a front perspective view of a pro­
tective case; 
[0010] FIG. 3 illustrates a rear perspective view of a pro­
tective case; 
[0011] FIGS. 4A and 4B illustrates rear perspective views 
of protective cases having wireless charging circuitry; 
[0012] FIGS. SA and SB illustrate cross-sectional views of 
protective case having wireless charging circuitry; and 
[0013] FIG. 6 illustrates a cross sectional view of a protec­
tive case having a coil. 

DETAILED DESCRIPTION 

[0014] In the following detailed description, various spe­
cific details are set forth in order to provide an understanding 
of and describe the systems, apparatuses, methods, and tech­
niques introduced here. However, the systems, apparatuses, 
methods, and techniques may be practiced without the spe­
cific details set forth in these examples. Various alternatives, 
modifications, and/or equivalents will be apparent to those 
skilled in the art without varying from the spirit of the intro­
duced systems, apparatuses, and techniques. For example, 
while the examples described herein refer to particular fea­
tures, the scope of these solutions also include techniques and 
implementations having different combinations of features 
and embodiments that do not include all of the described 
features. Accordingly, the scope of the techniques and solu­
tions introduced herein are intended to embrace all such alter-
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natives, modifications, and variations as fall within the scope 
of the claims, together with all equivalents thereof. Therefore, 
the description should not be taken as limiting the scope of the 
invention, which is defined by the claims. 

[0015] As wireless communication and other wireless tech­
niques becomes more prevalent, electronic devices increas­
ingly include one or more antennae for features other than 
cellular telephony. The antennae may include one or more 
coils used for near field communications (NFC), wireless 
power transfer, and/or the like. In some situations, wireless 
transfer of electrical power is accomplished using electro­
magnetic induction techniques. Wireless power transfer cir­
cuitry and antennae may utilize one or standard or proprietary 
wireless power transfer protocols, such as those published 
and promoted by Qi, PMA (Power Matters Alliance), A4 WP 
(Alliance for Wireless Power), and/or others. Conveniently, 
these systems and standards allow the batteries of electronic 
devices to be recharged without physically connecting a cable 
or plug to the electronic device. 

[0016] Inductive power transfer occurs when an electric 
current is provided to a transmitting antenna/coil/inductor, 
which induces a changing magnetic field about the transmit­
ting antenna/coil/inductor. This changing magnetic field 
induces a reverse effect in a receiving coil. That is, the mag­
netic field induces a current in the receiving coil. However, 
the magnetic field can also affect other electronic circuitry in 
the vicinity. Moreover, the magnetic field can be significantly 
or fatally attenuated by an underlying ground plane of the 
circuitry. A high magnetic permeability material, such as a 
ferrite ( or another material having ferromagnetic properties), 
may thus be applied as a sheet backing to the antenna/coil in 
a wireless power transfer circuit to prevent effects of the 
magnetic field on other circuitry, and vice versa. That is, the 
material may constrain the magnetic field generated at the 
transmitting coil. For example, a sheet of ferrite material may 
be placed between a receiving antenna/coil and other circuitry 
in a smartphone to block or significantly reduce magnetic flux 
effects on the other circuitry. Similarly, a ferrite material may 
also be used as a core ( e.g., in or near the center of) a power 
transmitting coil. This placement concentrates, and to a 
degree directs or steers the magnetic flux, increasing the 
magnetic coupling efficiency or the efficiency of the magnetic 
induction power transfer, between the transmitting and 
receiving coils. 

[0017] In some circumstances, the effective distance for 
power transfer between a wireless power transmitter, or 
charging surface, and a receiving device may be relatively 
small. In other words, even though a cable or connector does 
not have to be attached, the devices often have to be close to 
each other. These limitations are primarily due to the physics 
of magnetic induction, current limits, and practical limits on 
coil sizes due to the sizes of the devices themselves. For 
example, the Qi protocol for power transfer limits power 
transfer distance to a few millimeters. When an electronic 
device is in a protective case, the thickness of the case often 
limits how closely the electronic device can be placed to a 
charging circuitry and/or a charging surface. The thickness of 
case material between the wireless power transfer antenna or 
coil and any wireless power transmitter can reduce the effi­
ciency or even prevent the power transfer from taking place. 
In addition, the case material may cause a shielding or block­
ing effect and further limit the power transfer between the 
devices. 
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[0018] However, as electronic devices have become 
smaller and thinner, a backing or a core having high magnetic 
permeability may be omitted in the interest of reduced vol­
ume or size, despite the effects on signal or power transfer 
efficiency. In other words, a backing or core may be omitted 
if a desired level of performance can be achieved without it. 
Ferrite materials may also not be used in a power receiving 
antenna/coil, particularly as antennas/coils are made very 
thin. Some power receiving coils, for example are in the range 
of0.1 mm in thickness and a ferrite core of this thickness may 
be insufficient to provide a sufficient benefit. 
[0019] Electronic device manufacturers need not presume 
that additional high magnetic permeability materials are nec­
essary, as the manufacturers may have a preferred wireless 
signal (e.g., power transfer) propagation scheme that works 
well enough for the manufacturer's target consumer. For 
example, the manufacturer may have a preferred power trans­
mitting device that provides sufficient power transfer under 
normal circumstances. However, consumers cannot be relied 
upon to use only a device manufacturer's preferred configu­
ration, instead using third party chargers, placing protective 
cases on their devices, not aligning the devices correctly, or 
otherwise deviating from the manufacturer's preferred con­
figuration. The inventors have, for example, experimented 
with a particular smartphone having built-in wireless power 
transfer circuitry that will charge from the smartphone manu­
facturer's charger, but not from other manufacturer's charg­
ers, in some instances. Similarly, when the smartphone is 
encased in a protective enclosure, the added thickness 
between the phone's built-in wireless charging circuitry and a 
charging device has been observed to reduce the efficiency of 
charging, or prevent charging altogether, when using a par­
ticular wireless charging protocol. 
[0020] Accordingly, cases and covers are introduced here 
which, with little or no additional thickness compared with a 
standard case or cover, enhance the magnetic coupling 
between an external wireless charge transmitter (antenna/ 
coil/inductor) and the wireless charge receiving circuitry (in­
cluding a receiving antenna/coil/inductor) of a portable elec­
tronic device, such as a smartphone enclosed by the case. In 
some situations, the techniques disclosed herein may also be 
used with devices or systems which utilize other types or 
variations of wireless communication or power transfer, such 
as resonant inductive coupling. 
[0021] FIG. 1 illustrates a perspective view of an electronic 
device 100 and a protective case 200. Electronic device 100 
may be or may include any type of device from the categories 
of: smartphones, cellular phones, mobile communication 
devices, computers, portable computing devices, mobile 
computing devices, tablet computers, cameras, video players, 
smart watches, audio players, electronic media readers, two­
way radios, global positioning satellite (GPS) devices, and/or 
other types of electronic computing or communication 
devices, including combinations thereof. 
[0022] Electronic device 100 includes a wireless charging 
circuit 110 ( shown in dotted lines representing elements that 
are present inside device on necessarily visible on the outside 
of the device). Wireless charging circuit 110 allows electronic 
device 100 to be charged and/or powered from an external 
device (not pictured) without having to attach a cable or other 
type of electromechanical connector between electronic 
device 100 and the external device. Wireless charging circuit 
110 may include a receiving coil 112 having a ferrite backing 
114, and a printed circuit board 116 inside a housing 102 of 
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electronic device 100. The receiving coil 112 may be attached 
to the printed circuit board (PCB) 116 and/or other circuitry 
for conveying an electrical current to the circuitry for pro­
cessing and/or charging a battery (not shown) of electronic 
device 100. The received electrical current may be induced by 
changes in a perceived magnetic field, e.g., from a transmitter 
external to the smartphone. When not in a case or cover, a rear 
surface 104 of the electronic device 100 may be placed 
directly against a surface of a wireless power charger or a 
wireless charging surface (not shown). In some implementa­
tions, rear surface 104 may include or conceal magnets or 
other structures for attaching/aligning the rear surface 104 
to/with the wireless power charger. 
[0023] Protective case 200 may include a structural shell 
portion 202 and a compliant shell portion 204. Structural shell 
portion 202 may provide some degree of stiffness or rigidity 
to protective case 200 and may also provide some resistance 
to abrasion. Protective case 200 may further include, but does 
not require, an internal cushion layer 206 which may provide 
a softer or more compliant surface against one or more sur­
faces of the electronic device 100 rests when electronic device 
100 is inserted in protective case 200. Cushion layer 206 may 
have a lattice as shown or other pattern that provides cavities, 
such as cavities 208, between electronic device 100 and pro­
tective case 200 when electronic device 100 is installed in 
protective case 200. Protective case 200 may be made from 
any suitable material or suitable combination of materials. 
[0024] It should be understood that the techniques and 
methods disclosed herein may be implemented in any type of 
case, cover, or encasement and are not limited to a protective 
case such as protective case 200. The techniques and methods 
may be implemented in a one-piece case, a comolded case, a 
two piece case, a case having more than two primary mem­
bers, a case that partially covers the electronic device, a case 
that fully covers the electronic device, a water resistant case, 
a waterproof case, as well as other types of cases, covers, or 
encasements. 
[0025] Because electronic device 100 typically fits into 
protective case 200 snugly, a portion of an interior surface of 
protective case 200 may correspond to the receiving coil 112 
of the wireless charging circuitry 110 in electronic device 100 
when electronic device 100 is installed in protective case 200. 
That portion of protective case 200 may include a high mag­
netic permeability material, such as ferrite 210, disposed to 
correspond to a center of the receiving coil 112. As described 
herein, ferrite 210 concentrates a magnetic flux from an exter­
nal charging device to increase magnetic coupling to receiv­
ing coil 112 and, thus, efficiency of power transfer from the 
external charging device to receiving coil 112. The increased 
efficiency may be necessary to compensate for the increased 
space between receiving coil 112 and the external charging 
device due to protective case 200. In some configurations, 
ferrite 210 will be attached such that is has a primary plane 
that is substantially parallel to a primary plane of coil 112 
when electronic device 100 is installed in protective case 200. 
In some configurations, an axis of ferrite 210 will be the same 
as or parallel to an axis of coil 112. 
[0026] While many of the examples herein are discussed 
with respect to ferrite 210, it should be understood that any 
high magnetic permeability material, or combination of 
materials, may be used to form a core, a core region, an insert, 
a high magnetic permeability region, a coupler, and/or a cou­
pling region in protective case 200 which provides some or all 
of the magnetic and/or inductive coupling benefits described 
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herein. The apparatuses, improvements, methods, and tech­
niques disclosed herein are not to be limited to ferrite. 
[0027] In FIG. 1, ferrite 210 is implemented in part of the 
rigid shell portion 202 and in part of cushion layer 206. FIG. 
2 illustrates protective case 200 with ferrite 210 implemented 
in the rigid shell portion 202, without also being implemented 
in cushion layer 206. 
[0028] FIG. 3 illustrates a rear perspective view of protec­
tive case 200 where ferrite 210 is located on the back of 
protective case 200. Ferrite 210 may be affixed to, adhered to, 
attached to, and/or embedded in any portion of protective case 
200. In some situations, ferrite 210, or another material hav­
ing high magnetic permeability relative other components of 
protective case 200, may be molded into, molded with, or 
molded inside of one of the components of protective case 
200 such that it is not externally visible on protective case 
200. 
[0029] In some examples, ferrite 210 may be a component 
that is attached to protective case 200. In other examples, 
ferrite 210 may be formed at least by co-molding a high 
magnetic permeability material to, with, or into a material of 
one or more of the shell components. In some examples, the 
high magnetic permeability material may include a powdered 
or granular material, such as ferrite, that may be mixed with 
material that is used to form one or more portions of the shell 
such that color and texture of those portion( s) may be consis­
tent with or complementary to the remainder of protective 
case 200. In some instances, ferrite 210 of the protective case 
200 may be formed in a pattern, such as to form an icon or text 
visible to a user. In some configurations, ferrite 210 may 
include high magnetic permeability material that does not 
mix well with a material of the case. In this instance, the high 
magnetic permeability material may be mixed with another 
material that co-molds well with other materials of protective 
case 200. In some configurations, protective case 200 may 
include two or more layers of high magnetic permeability 
materials. 
[0030] One skilled in the art will recognize that the illus­
trated implementations in FIGS. 1 and 2 may be reversed with 
respect to rigid and compliant shell portions 202 and 204. A 
ferrite material 210, or other material having a high magnetic 
permeability, may be included in the material of one or more 
shell portions regardless of the order of the shell materials. 
For example, an embodiment not illustrated may include 
protective shell having an inner rigid shell that is at least 
partially surrounded by an outer compliant shell portion, with 
or without a cushion layer. Comers of the protective shell may 
include compliant portions. Herein, the term "compliant", 
when referring to shell material, is to be interpreted as refer­
ring to the comparative rigidity of the material with respect to 
the term "rigid". A compliant shell material may be formed 
from one or more substances having a shore A hardness less 
than about 50. In some protective cases, a compliant shell 
portion may have a shore A hardness in the range of about 15 
to 30, about 10 to 35 or about 10 to 45. 
[0031] FIGS. 4Aand4B illustrate rear perspective views of 
a protective case 400 having wireless charging circuit 410. 
Protective case 400 is an example of protective case 200 and 
may include any of the features, functions, elements, and/or 
characteristics of protective case 200. Protective case 400 
includes a wireless charging circuit 410 that may be similar to 
wireless charging circuit 110 of electronic device 100. Wire­
less charging circuit 410 includes a wireless charging receiv­
ing coil 412 having a ferrite backing 414 (or other high 
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magnetic permeability material), and a printed circuit board 
416 all disposed in a cavity 420 of the protective case 400. A 
rearwall 424 of the cavity 420 may also include a ferrite 430, 
similar to the ferrite 210 that is co-molded with, or otherwise 
formed in, attached to, affixed to, or embedded in rear wall 
424. In some embodiments (not shown), ferrite backing 414 
may be co-molded with, or otherwise formed in an inner wall 
422 of cavity 420. 
[0032] FIG. 4A illustrates protective case 400 having a 
wireless charging circuit 410 where a ferrite 430 is included 
only in a central location. FIG. 4B illustrates protective case 
400 of FIG. 4A with the addition of high magnetic perme­
ability case portions 440 at a periphery of rear wall 424. The 
high magnetic permeability material may extend only to the 
periphery of rearwall 424 or may extend even further into one 
or more portions of side walls 426 of protective case 400. 
[0033] Protective case 400 provides or improves wireless 
charging capabilities for an electronic device installed in pro­
tective case 400. In one variation, the installed electronic 
device does not include wireless charging capability but pro­
tective case 400 provides wireless charging capability when 
the electronic device is installed in protective case 400. In this 
variation, electrical power wirelessly received by protective 
case 400 using wireless charging circuitry 410 is transferred 
to the installed electronic device through one or more wired 
electrical connections (not pictured) established between pro­
tective case 400 and the installed electronic device. The elec­
trical connections may include electrical cables, electrical 
conductors, and/or electrical plugs or connectors. 
[0034] In another example, an electronic device installed in 
protective case 400 may have wireless charging capability but 
the wireless charging capability may be impaired by the addi­
tion of protective case 400. Therefore, power may be trans­
ferred to wireless circuitry 410 of protective case 400 in lieu 
of wirelessly transferring the power directly to the installed 
electronic device from the charging source. Once the power is 
received at protective case 400, it may be transferred to the 
electronic device through a hard connection, as discussed in 
the previous example. Alternatively, it may be transferred 
from protective case 400 to the installed electronic device 
wirelessly using one or more of the wireless power transfer 
techniques discussed herein. Wirelessly transferring the 
power from protective case 400 to the installed electronic 
device may be performed using wireless circuitry 410 or may 
be performed using another set or wireless circuitry and/or 
another coil in protective case 400. In other words, even if the 
installed electronic device may have wireless power recep­
tion capabilities, an external wireless charging source may 
wirelessly provide the power to protective case 400 as an 
intermediary before some or all of that power is wirelessly 
transferred to the installed electronic device. In some 
instances, protective case 400 may utilize some or all of the 
received power before a remaining portion of the received 
power is transferred to the installed electronic device. 
[0035] Intermediary transfer of the power to protective case 
400 may be necessary for one or more of a variety of reasons. 
In one example, there may be a desire to use some of the 
power to power electrical components in protective case 400. 
In another example, there may be a desire to use some of the 
power to charge a battery or other power storage device of 
protective case 400. In another example, it may be difficult or 
impossible to charge the installed electronic device directly 
when it is installed in protective case 400 due to the additional 
separation between the electronic device and the charging 
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device caused by protective case 400 and/or interference 
caused by protective case 400. In yet another example, pro­
tective case 400 may be capable of wirelessly receiving power 
according to one wireless transfer protocol or standard and 
wirelessly providing some or all of that power to the installed 
electronic device according to a different wireless transfer 
protocol or standard thereby adapting the electronic device to 
be charged from a charging source with which the electronic 
device is not inherently compatible. In other words, protec­
tive case may serve to translate from one wireless charging 
protocol to another. 
[0036] FIG. SA illustrates a cross-sectional view of protec­
tive case 400 of FIG. 4A. As illustrated in FIG. SA some or all 
of the wireless charging components of protective case 400 
may be included in a cavity 420 of protective case 400. 
Similarly, FIG. SB illustrates a cross-sectional view of pro­
tective case 400 of FIG. 4B. The device in FIG. SB includes 
high permeability material extending into the back portion 
440 and side portion 426 of protective case 400. 
[0037] FIG. 6 illustrates a cross-section of a protective case 
600. Protective case 600 may include any of the features, 
functions, elements, and/or characteristics of protective case 
200 and/or protective case 400. Protective case 600 includes 
a cavity 620 that contains a wireless charging coil 612 with 
ferrite backing 614. However, protective case 600 does not 
include a high permeability core or region, such as ferrite 430 
or ferrite 210, in or near the center of wireless charging coil 
612. In some situations, the high permeability core or region 
may not be necessary because wireless charging coil 612 of 
protective case may be sufficiently close to the surface of 
protective case 600 to properly interact with a charging 
source coil and no effort is being made to transfer power 
directly from the charging source coil to an electronic device 
installed in protective case 600. 
[0038] In other embodiments, any of the protective cases 
described herein may include one or more power storage 
elements, such as a rechargeable battery, that may be charged 
wirelessly from an external charging source using any of the 
wireless charging circuitry or components described herein. 
Such protective case may include a cavity that includes the 
power storage element(s), charging circuitry for charging the 
power storage element(s), and/or elements for conducting 
power stored in the power storage element(s) to an encased or 
installed device. This type of protective case may be referred 
to as a 'battery case' in some instances and such battery cases 
may also have wireless charging circuitry that includes an 
inductive antenna/coil, a backing including a high magnetic 
permeability material, a PCB, and/or other circuitry for pro­
cessing or utilizing an electric current induced in the antenna/ 
coil. The PCB and/or other circuitry may be combined with 
the charging circuitry of the protective case in some imple­
mentations. The protective case may also include a ferrite 
core, or other high magnetic permeability material insert, 
core, material, or region co-molded or otherwise formed in a 
back wall of the protective case to enhance magnetic coupling 
of the wireless charging circuitry. 
[0039] In some embodiments of a battery case, additional 
circuitry may be included to enable the power storage element 
to discharge current into the inductive antenna/coil for wire­
lessly charging an external device (a device external to the 
case and the installed electronic device). For example, the 
case may be used, with or without an installed electronic 
device, as a wireless power transmitter to wirelessly charge a 
music player, phone, or other device that includes wireless 
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charging capabilities but is not installed in the protective case. 
The central ferrite, or other high magnetic permeability mate­
rial, and/or side portion ferrites may also enhance magnetic 
coupling with such external device by increasing the mag­
netic coupling factor, concentrating the magnetic flux, and/or 
constraining or steering the magnetic field. 
[0040] It will be recognized that any of the of the high 
magnetic permeability features added to a protective case as 
described herein may also be positioned, oriented, config­
ured, and/or adapted to enhance any wireless communication 
functions of an installed electronic device that rely on mag­
netic inductance. This may include wireless communications 
other than wireless power transfer. For example, nearfield 
communications (NFC), radio frequency identification 
(RFID), and the like may use magnetic waves for power or 
communication transfer, and may thus benefit in certain 
implementations by including one or more of the features 
described herein and/or using one or more of the techniques 
disclosed herein. 
[0041] Also disclosed are methods of manufacturing the 
types of cases described herein. One exemplary method 
includes molding a shell from a first material. The shell is 
configured for receiving and at least partially covering the 
electronic device. The shell has a back portion and side por­
tions extending from the back portion. The back portion of the 
shell is configured to be adjacent to the back surface of the 
electronic device when the electronic device is installed in the 
protective case. The method further includes embedding a 
core comprising a high magnetic permeability material in the 
back portion of the shell, the high magnetic permeability 
material being different than the first material. The core is 
positioned in the back portion of the shell at a location on the 
back portion that coincides with a center region of the wire­
less charging coil of the wireless charging circuitry of the 
installed electronic device. The core increases magnetic cou­
pling between the wireless charging coil of the installed elec­
tronic device and an external coil. 
[0042] In one variation, a method for manufacturing a case 
includes preparing a first molding material and preparing a 
second molding material comprising the first molding mate­
rial and a material having a high magnetic permeability rela­
tive to the first molding material. The method further includes 
molding a shell from the first molding material and the second 
molding material. The embedding of the core may occur 
during the molding of the shell. The molding process may 
include injection molding the first material to form a majority 
of the shell and injection molding the second material in an 
area where a coupling region is desired. In other situations, 
the high magnetic permeability material may be added to the 
case after one or more other portions of the case have already 
been molded. 
[0043] In the previously described method, the shell is 
adapted for receiving and at least partially covering the elec­
tronic device. The shell has a back portion and side portions 
extending from the back portion such that the back portion of 
the shell is adapted to be adjacent to the back surface of the 
electronic device when the electronic device is installed in the 
cover. A substantial portion of the shell is molded from the 
first molding material and the coupling region of the shell 
includes the second molding material. The coupling region is 
located on the back portion of the shell and aligns with a 
center region of the wireless charging coil of the wireless 
charging circuitry of the installed electronic device. In other 
words, the shell is formed from two materials such that the 
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material having a high magnetic permeability is concentrated 
in the desired coupling region. The two materials may be of a 
same color and molded such that the case has a uniform color 
and/or appearance and it is not visibly evident that there is a 
concentration of the second material in or concentrated in one 
area of the case. The coupling region increases magnetic 
coupling between the wireless charging coil of the installed 
electronic device and a source charging coil when the cover 
with the installed electronic device is placed in proximity to 
the source charging coil. 
[0044] The elements, components, and steps described 
herein are meant to exemplify some types of possibilities. In 
no way should the aforementioned examples limit the scope 
of the invention, as they are only exemplary embodiments. 
[0045] The phrases "in some embodiments," "according to 
some embodiments," "in the embodiments shown," "in other 
embodiments," "in some examples," "on other examples," "in 
some cases," "in some situations," "in one configuration," "in 
other situations," "in another configuration," and the like gen­
erally mean that the particular technique, feature, structure, or 
characteristic following the phrase is included in at least one 
embodiment of the present invention and/or may be included 
in more than one embodiment of the present invention. In 
addition, such phrases do not necessarily refer to the same 
embodiments or to different embodiments. 
[0046] The foregoing disclosure has been presented for 
purposes of illustration and description. Other modifications 
and variations may be possible in view of the above teachings. 
The embodiments described in the foregoing disclosure were 
chosen to explain the principles of the concept and its prac­
tical application to enable others skilled in the art to best 
utilize the invention. It is intended that the claims be con­
strued to include other alternative embodiments of the inven­
tion except as limited by the prior art. 

What is claimed is: 
1. A protective case for an electronic device having wire­

less charging circuitry and a wireless charging coil proximate 
a back surface of the electronic device, the protective case 
comprising: 

a shell for receiving and at least partially covering the 
electronic device, the shell comprising a first material 
and having a back portion and side portions extending 
from the back portion, the back portion of the shell 
configured to be adjacent to the back surface of the 
electronic device when the electronic device is installed 
in the protective case; and 

a core comprising a second material that has a magnetic 
permeability substantially greater than a magnetic per­
meability of the first material, the core affixed to the back 
portion of the shell at a location on the back portion that 
coincides with a center region of the wireless charging 
coil of the wireless charging circuitry of the installed 
electronic device, the core to increase magnetic induc­
tive coupling between the wireless charging coil of the 
installed electronic device and a source charging coil 
when the protective case with the installed electronic 
device is placed in proximity to the source charging coil. 

2. The protective case of claim 1 wherein the shell com­
prises an outer structural layer and an inner cushion layer and 
wherein the inner cushion layer is adjacent to at least a portion 
of the back surface of the installed electronic device. 

3. The protective case of claim 1 wherein the core is molded 
into the back portion of the shell. 
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4. The protective case of claim 1 wherein the core is 
attached to an inner surface of the back portion of the shell or 
is attached to an outer surface of the back portion of the shell. 

5. The protective case of claim 1 wherein the core is embed­
ded in an inner surface of the back portion of the shell or is 
embedded in an outer surface of the back portion of the shell. 

6. The protective case of claim 1 wherein the second mate-
rial comprises ferrite. 

7. The protective case of claim 1 wherein the core extends 
to a periphery of the back portion of the shell. 

8. The protective case of claim 7 wherein the core further 
extends from the periphery of the back portion of the shell 
into at least one of the side portions of the shell. 

9. The protective case of claim 1 wherein the shell com­
prises two or more shell members. 

10. The protective case of claim 1 wherein the electronic 
device is a smartphone and the source charging coil is asso­
ciated with a wireless charging power source for wirelessly 
charging the smartphone. 

11. A cover for an electronic device having wireless charg­
ing circuitry, the wireless charging circuitry including a wire­
less charging coil proximate and substantially parallel with a 
back surface of the electronic device, the cover comprising: 

a back portion configured to be adjacent to the back surface 
of the electronic device when the electronic device is 
installed in the cover, the back portion comprising a first 
material; 

side portions extending from the back portion, the side 
portions for retaining the installed electronic device 
against the back portion of the cover, the back portion 
and the side portions at least partially covering the 
installed electronic device; and 

a coupling region in the back portion of the cover, the 
coupling region comprising a high magnetic permeabil­
ity material that is different than the material of the back 
portion of the cover, the coupling region located on the 
back portion of the cover to align with a center region of 
the wireless charging coil of the wireless charging cir­
cuitry of the installed electronic device and adapted to 
increase magnetic coupling between the wireless charg­
ing coil of the installed electronic device and an external 
coil. 

12. The cover of claim 11 wherein the coupling region 
comprises a ferrite core attached to the back portion of the 
cover. 

13. The cover of claim 11 wherein the high magnetic per­
meability material is molded into the first material of the back 
portion to form the coupling region. 

14. The cover of claim 13 wherein the high magnetic per­
meability material is combined with the first material in the 
coupling region during a molding process. 

15. The cover of claim 11 further comprising: 
a power storage device disposed in a cavity of the back 

portion; and 
electrical circuitry for transferring electrical power from 

the power storage device to the installed electronic 
device. 
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16. The cover of claim 15 wherein the electrical circuitry 
includes a coil for wirelessly transferring the electrical power 
from the power storage device to the installed electronic 
device. 

17. A method of manufacturing a protective case for an 
electronic device having wireless charging circuitry and a 
wireless charging coil proximate a back surface of the elec­
tronic device, the method comprising: 

molding a shell from a first material, the shell configured 
for receiving and at least partially covering the elec­
tronic device, the shell having a back portion and side 
portions extending from the back portion, the back por­
tion of the shell configured to be adjacent to the back 
surface of the electronic device when the electronic 
device is installed in the protective case; and 

embedding a core comprising a high magnetic permeabil­
ity material in the back portion of the shell, the high 
magnetic permeability material being different than the 
first material, the core positioned in the back portion of 
the shell at a location on the back portion that coincides 
with a center region of the wireless charging coil of the 
wireless charging circuitry of the installed electronic 
device, the core to increase magnetic coupling between 
the wireless charging coil of the installed electronic 
device and an external coil. 

18. The method of claim 17 wherein the embedding of the 
core occurs during the molding of the shell. 

19. The method of claim 17 wherein the high magnetic 
permeability material comprises ferrite. 

20. A method of manufacturing a cover for an electronic 
device having wireless charging circuitry that includes a 
wireless charging coil proximate a back surface of the elec­
tronic device, the method comprising: 

preparing a first molding material; 
preparing a second molding material comprising the first 

molding material and a material having a high magnetic 
permeability relative to the first molding material; and 

molding a shell from the first molding material and the 
second molding material, the shell for receiving and at 
least partially covering the electronic device, the shell 
having a back portion and side portions extending from 
the back portion, the back portion of the shell configured 
to be adjacent to the back surface of the electronic device 
when the electronic device is installed in the cover, 
wherein a substantial portion of the shell is molded from 
the first molding material and a coupling region of the 
shell includes the second molding material, the coupling 
region located on the back portion of the shell and align­
ing with a center region of the wireless charging coil of 
the wireless charging circuitry of the installed electronic 
device, the coupling region to increase magnetic cou­
pling between the wireless charging coil of the installed 
electronic device and a source charging coil when the 
cover with the installed electronic device is placed in 
proximity to the source charging coil. 

21. The method of claim 1 wherein the second molding 
material has a same color as the first molding material. 

* * * * * 


