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device through the device interface, determine a charge rate
for the rechargeable battery of the electronic device based on
information received in the communications, and supply a
portion of the received electrical power to the electronic
device through the device interface if a condition is satisfied.
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ELECTRONIC DEVICE CASE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of U.S. Provi-
sional Patent Application No. 61/749,244, filed Jan. 4, 2013
and U.S. Provisional Patent Application No. 61/783,212, filed
Mar. 15,2013, and is a continuation of U.S. patent application
Ser. No. 13/833,641, filed Mar. 15, 2013, U.S. patent appli-
cation Ser. No. 13/833,915, filed Mar. 15, 2013, U.S. patent
application Ser. No. 13/834,268, filed Mar. 15,2013, and U.S.
patent application Ser. No. 13/834,668, filed Mar. 15, 2013,
all of which are hereby incorporated by reference in their
entirety.

FIELD

[0002] The present application relates to cases for elec-
tronic devices. More specifically, the present application
relates to a protective case with power management features.

BACKGROUND

[0003] Many types of electronic devices are used for com-
munication and entertainment purposes. Electronic devices
include devices such as cellular phones, smartphones, mobile
communication devices, tablets, computers, cameras, video
players, electronic media readers, audio players, handheld
scanners, two-way radios, global positioning satellite (GPS)
devices, and other types of electronic computing or commu-
nication devices, including combinations thereof. These
devices often contain sensitive or fragile components, such as
electronic components or glass screens, which can be easily
damaged if the device is dropped or exposed to substantial
forces. To protect the device from damage, it can be installed
in a protective enclosure.

[0004] Electronic devices are commonly powered by one or
more internal batteries. These batteries are often recharge-
able. Typically, devices with more computational power and/
or larger displays consume the available battery power more
quickly. If an electronic device’s battery is exhausted, the
device may become unusable until the battery can be
recharged or until the device can be connected to another
power source. Battery capacity often becomes an issue due to
factors such as: power requirements of the electronic device,
extended usage of the electronic device, physical space con-
straints of the battery, power requirements of peripherals
attached to the electronic device, temperature extremes,
unavailability of a power source for charging, decreased bat-
tery capacity due to aging of the battery, decreased battery life
due to the number of charge/discharge cycles a battery has
endured, or combinations thereof. These factors can reduce
the usefulness of electronic devices because use time of the
device between recharges becomes shorter and the user must
typically recharge the device before use can continue.
[0005] Insome situations, a user may carry a spare battery
for the electronic device that has been previously charged but
is not electrically connected to the electronic device. The
spare battery can be used as a replacement for a discharged
battery. While carrying the spare battery enables the user to
use the device again without having to find a charging source,
this approach has drawbacks. First, the user must remember
to carry the spare battery(s), in addition to the electronic
device, because the spare battery will not typically be physi-
cally attached to the electronic device when not in use. Sec-
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ond, replacing an exhausted battery, or swapping an
exhausted battery into the electronic device for charging pur-
poses, typically requires that the device be shut down, or
otherwise turned off, and restarted or rebooted. This process
is often inconvenient and typically results in temporary loss
of communication and/or data. Finally, when a charging
source is available, the various batteries must be swapped into
and out of the electronic device in order to charge them,
unless a separate host charging device is available for the
extra battery.

[0006] In some situations, some of the problems discussed
above are resolved through use of a supplemental battery
pack that attaches to the electronic device. The battery pack is
mechanically and electrically attached to the electronic
device in a manner such that the electronic device can make
use of both its internal battery and a supplemental battery in
the battery pack without having to shut down the electronic
device, or otherwise temporarily remove power from the elec-
tronic device. However, existing solutions have drawbacks.
[0007] From an electrical standpoint, existing solutions
take one of two approaches regarding how the two batteries (a
battery in the external case for the electronic device and a
battery inside the electronic device itself) are charged. In one
approach, the two batteries are used and/or charged alter-
nately. At any point in time the electronic device is only
utilizing one of the batteries or is only charging one of the
batteries. When the batteries are not being charged and one of
the batteries becomes discharged, or becomes sufficiently low
in power, the electronic device and/or the case switches usage
from one of the batteries to the other. This approach has the
limitation that one of the batteries may be exhausted before
use of the other begins. If the internal battery is exhausted first
and the electronic device is operating oft of the supplemental
battery, the user no longer has the flexibility of removing the
supplemental battery/case from the device and using the elec-
tronic device without it.

[0008] In an alternate approach, both batteries are used
and/or charged simultaneously as if they are a single battery.
This approach presents several problems. First, the user and/
or the electronic device cannot selectively control which of
the batteries is charged first. Second, charging batteries in
parallel may not be a preferred method if the batteries have
different characteristics. Third, charging both batteries simul-
taneously may draw too much current from the power source
and/or otherwise exceed the specifications of the power
source. For example, a Universal Serial Bus (USB) interface
may only be specified to provide 500 mA (milliamperes) of
current and charging both batteries simultaneously may
exceed that limit. Drawing too much current from a power
source may damage the power source, may damage the device
that hosts the power source (i.e., the computer in which a USB
port is located), may cause the power source to overheat, or
may cause the power source or host device to enter a failsafe
mode which discontinues power until the power source or
host device is reset and/or rebooted.

SUMMARY

[0009] In one embodiment, a protective case for an elec-
tronic device is provided. The protective case includes an
interface for connecting to a rechargeable battery, a group of
display elements, a device interface for electrically interfac-
ing with the electronic device, and an external interface. The
protective case also includes electrical circuitry configured to
receive electrical power from an external power source
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through the external interface, exchange communications
with the electronic device through the device interface, deter-
mine a charge rate for the rechargeable battery of the elec-
tronic device based on information received in the communi-
cations, and supply a portion of the received electrical power
to the electronic device through the device interface if a
condition is satisfied.

[0010] While multiple embodiments are disclosed, still
other embodiments will become apparent to those skilled in
the art from the following detailed description, which shows
and describes illustrative embodiments of the invention. As
will be realized, the invention is capable of modifications in
various aspects, all without departing from the scope of the
present invention. Accordingly, the drawings and detailed
description are to be regarded as illustrative in nature and not
restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Embodiments of the present invention will be
described and explained through the use of the accompanying
drawings in which:

[0012] FIG. 1 is a front perspective view of a protective
enclosure for an electronic device;

[0013] FIG. 2 is an exploded front perspective view of a
protective enclosure for an electronic device;

[0014] FIG. 3 is an exploded rear perspective view of a
protective enclosure for an electronic device;

[0015] FIG. 4 is a rear perspective view of a back shell of a
protective enclosure for an electronic device;

[0016] FIG. 5 is a front perspective view of a back shell of
a protective enclosure for an electronic device;

[0017] FIG. 6 is an exploded front perspective view of a
back shell of a protective enclosure for an electronic device;
[0018] FIG.7isanexploded rear perspective view of a back
shell of a protective enclosure for an electronic device;
[0019] FIG. 8 is a front perspective view of a back shell of
a protective enclosure for an electronic device.

[0020] FIG.9illustrates a case for an electronic device with
components for managing power in one embodiment of the
techniques disclosed herein;

[0021] FIG. 10 illustrates a case interfaced to a power
source and a device in one embodiment of the techniques
disclosed herein;

[0022] FIG. 11 illustrates a method of distributing current
between a case and an electronic device in one embodiment of
the techniques disclosed herein;

[0023] FIG. 12 illustrates an alternate method of distribut-
ing current between a case and an electronic device in another
embodiment of the techniques disclosed herein;

[0024] FIG. 13 illustrates a computer system for perform-
ing the techniques disclosed herein;

[0025] FIG. 14 illustrates an example of a power remaining
display;
[0026] FIG. 15 illustrates an example of a daily power

consumption display;

[0027] FIG. 16 illustrates alternate examples of power
remaining displays;

[0028] FIG.17 illustrates an example of a power remaining
versus time display;

[0029] FIG. 18 illustrates alternate examples of power
remaining displays;

[0030] FIG. 19 illustrates an example of displaying battery
charge information;
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[0031] FIG. 20 illustrates an example of displaying battery
charge information when one battery is not fully charged;
[0032] FIG. 21 illustrates an example of displaying battery
charge information when two batteries are not fully charged;
[0033] FIG. 22 illustrates an example of displaying battery
charge information when power is being received from an
external power source;

[0034] FIG. 23 illustrates an example of displaying time
remaining information based on battery charge information.

DETAILED DESCRIPTION

[0035] In the following detailed description, various spe-
cific details are set forth in order to provide an understanding
of and describe the apparatuses and techniques introduced
here. However, the techniques may be practiced without the
specific details set forth in these examples. Various alterna-
tives, modifications, and/or equivalents will be apparent to
those skilled in the art without varying from the spirit of the
introduced apparatuses and techniques. For example, while
the embodiments described herein refer to particular features,
the scope of this solution also includes embodiments having
different combinations of features and embodiments that do
not include all of the described features. Accordingly, the
scope of the techniques and solutions introduced herein are
intended to embrace all such alternatives, 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.

[0036] FIG. 1 is a front perspective view of a protective
enclosure for an electronic device. A protective enclosure 100
for an electronic device can include a hard shell that at least
partially surrounds and protects the electronic device. The
hard shell can include a front shell 210 and a back shell 215.
The front shell 210 can attach to the back shell 215 in any
suitable way to form the hard shell. The front shell 210 can
cover at least a portion of a front surface of the electronic
device 205, and the back shell 215 can cover at least a portion
of'aback surface of the electronic device. In one example, the
back shell 215 can also cover a portion of the front surface of
the electronic device, as shown in FIG. 2. The hard shell can
be made from any suitable material, such as polycarbonate or
any other suitable type of polymer, nylon, fiberglass-filled
nylon, or carbon fiber.

[0037] The hard shell can include a plurality of retention
features that allow the front shell 210 to attach to the back
shell 215. For example, the front shell 210 can include a
plurality of tabs (e.g. 235, 240) extending from a mating edge
245 of'the front shell 210. The plurality of'tabs (235, 240) can
be configured to engage a mating edge 250 of the back shell
215, as shown in FIGS. 2 and 3. At least one of the tabs
extending from the mating edge 245 of the front shell 210 can
be configured to slide behind the mating edge 250 of the back
shell 215. At least one of the tabs extending form the mating
edge 245 of the front shell 210 can be configured to slide in
front of the mating edge 250 of the back shell 215. The back
shell 215 can include a recess 255 to receive each tab (e.g.
235, 240). In one example, as shown in FIGS. 2 and 3, the
front shell 210 can include four tabs (235, 240) extending
from its mating edge 245. The two outer tabs 235 can slide
behind the mating edge 250 of the back shell 215, and the two
inner tabs 245 can slide in front of the mating edge 250 ofthe
back shell 215. In this way, the mating edge 250 of the back
shell 215 can be sandwiched between the inner and outer tabs
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(235, 240) that extend from the front shell 210, which can
resist motion of the front shell relative to the back shell.

[0038] Although one embodiment is shown and described,
this is not limiting. The number, placement, and dimensions
of the tabs (235, 240) can vary. For example, tabs can extend
from the back shell 215 instead of from the front shell 210.
Alternately, the tabs (235, 240) can extend from both shells.
The tabs (235, 240) can be wider or narrower than the tabs
shown in FIGS. 2 and 3. In one example, the tabs can have a
width of about 0.25 to 2.0 in. In another example, the tabs
(235,240) can extend the length of the mating edge 245 ofthe
front shell 210. Also, more or fewer than four tabs can be
used. Alternately, retention features other than tabs can be
used. Alternatively, the protective case may be configured to
include a back shell without a front shell, or a front shell
without a back shell. In either instance, tabs may extend from
a shell to engage with the electronic device itself to mount the
shell to the electronic device. The tabs can assist in holding
the electronic device 205 securely against the front or back
shell. Although a protective case with only a front or back
shell may not provide as much protection for the electronic
device as a case with both a front and back shell, some users
may prefer this configuration to reduce the size, weight, or
complexity of the protective case.

[0039] The hard shell can include a plurality of retention
features that allow the front shell 210 to attach to the back
shell 215. In one example, the hard shell can include a plu-
rality of tabs extending from one of the hard shell components
(e.g. front or back shell), and the plurality of tabs can snap into
a plurality of corresponding slots on the opposing hard shell
component. For example, as shown in FIGS. 2 and 3, the back
shell 215 can include a plurality of tabs 260 extending from
locations near its perimeter, and the plurality of tabs can be
configured to snap into a plurality of slots 265 located near the
perimeter of the front shell 210. In one example, the plurality
of'tabs 260 can extend outwardly from the left side, right side,
and top end of the back shell 215 and snap into the plurality of
slots 265 in the left side, right side, and top end of the front
shell 210. In another example, the tabs 260 can extend from
the front shell 210 and snap into corresponding slots 265 on
the back shell 215. Similarly, any other suitable retention
features can be used as a substitute for the plurality oftabs and
slots to attach the front shell 210 to the back shell 215.

[0040] Thehard shell can include various openings to allow
for operability of the electronic device 205 by a user when
installed in the protective enclosure 100. For example, for a
protective enclosure 100 for an APPLE IPHONE, the hard
shell can include an opening 270 to accommodate a first
speaker 206 and a front-facing camera 207 located on a front
surface of the electronic device 205. The hard shell can
include an opening for a switch 309 located on a left side
surface of the electronic device 205. The hard shell can
include openings for volume control buttons 311 located on
the left side of the electronic device 205. The hard shell can
include openings for a headphone jack 212 and power button
213 located on a top side surface of the electronic device 205.
Thehard shell can include openings for a microphone 214 and
a second speaker 216 on a bottom side surface of the elec-
tronic device 205. In one example, as shown in FIGS. 3 and 7,
the back shell 215 can include a microphone opening 365 and
a second speaker opening 360. The microphone opening 365
can be designed to avoid introducing echoes or reverberations
into the sound waves that are received by the microphone 214
of the electronic device 205. The hard shell can include an
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opening 275 for a camera 217 and a flash 218 located on a
back surface of the electronic device 205.

[0041] Inoneexample, the back shell 215 can wrap around
a bottom side of the electronic device 205. The back shell 215
can include a cavity 805, as shown in FIG. 8, which is con-
figured to receive a bottom portion of the electronic device
205. The electronic device 205, which can be a smartphone,
can include a female connector 305 proximate a bottom side
surface of the device. The cavity 805 of the hard shell case can
include a male connector 810 configured to mate with the
female connector 305 of the electronic device 205. The male
connector 810 can be configured to transfer power and data to
and from the electronic device 205. The type of male connec-
tor in the cavity can be determined by the type of electronic
device 205 for which the protective enclosure 100 is designed
to house. In one example where the protective enclosure 100
is configured to house an APPLE IPHONE, the male connec-
tor 805 can be APPLE’S proprietary 30-pin connector. In
another example, a protective enclosure similar to protective
enclosure 100 is configured to house a SAMSUNG smart-
phone.

[0042] The hard shell can include a membrane 310 to allow
for operability of a touch screen 208 on the electronic device
205 when housed in the protective enclosure 100. For
example, the front shell 210 can include a display opening
that is covered by the membrane 310, which can be flexible or
rigid. In one example, the membrane 310 can be made from a
thin layer of polycarbonate (e.g. LEXAN), polyvinyl chloride
(PVC), polyurethane, tempered glass, alkali-aluminosilicate
sheet glass (e.g. GORILLA GLASS), or silicone that can be
molded or formed, such as by thermoforming, casting,
stretching, heating, or injection molding, or otherwise shaped
to fit over the front surface of the electronic device 205 or
other surfaces of the electronic device. The membrane 310
can have a thickness ranging from about 0.004 to 0.020
inches. The membrane 310 can be made from a single mate-
rial or multiple materials that are welded, glued, or formed
together into a single membrane. In one example, the mem-
brane can include a privacy filter, such as a microlouver layer
or other light control layer, to enhance visual security of
information displayed on the screen of the electronic device.
The privacy filter can make the screen of the electronic appear
dark to any person not viewing the screen head on. For a
portion of the membrane 310 that is disposed over the touch
screen 208 of the electronic device 205, it can be desirable to
use a clear, thin layer of glass or plastic to provide a clear,
transparent material over the screen to protect the screen from
scratches while also permitting operability of the touch
screen. If the electronic device 205 includes a keyboard, a
portion of the membrane 310 that covers the keyboard can be
made of a thin layer of polycarbonate (e.g. LEXAN), PVC,
polyurethane, or silicone that is flexible so that the keyboard
or other buttons can be pressed through the membrane, which
can provide a similar feel as using the keyboard without the
membrane 310.

[0043] The protective enclosure 100 can include a stretch-
able cushion layer 220 over an outer surface of the hard shell.
The stretchable cushion layer 220 can fit snugly over the
assembled hard shell. The stretchable cushion layer 220 can
provide cushioning to the electronic device 205 if it is
dropped. The stretchable cushion layer 220 can be made of
any suitable material, such as silicone rubber or thermoplastic
elastomer (TPE), including silicone-based thermoplastic.
The stretchable cushion layer 220 can be capable of stretch-
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ing sufficiently to allow the hard shell to slide into a front
opening 221 of the stretchable cushion layer.

[0044] The stretchable cushion layer 220 can attach to the
hard shell by any suitable method of attachment, such as
through one or more retention features. Positively attaching
the stretchable cushion layer 220 to the hard shell can resist
movement of the stretchable cushion layer 220 relative to the
hard shell and can improve appearance and functionality of
the protective case 100. In one example, as shown in FIG. 2,
the front shell can include a groove 280. The groove 280 in the
front shell 210 can extend around a perimeter of the display
opening that, in one example, can be occupied by the mem-
brane 310. The groove 280 can be continuous around the
perimeter of the display opening in the front shell 210. Alter-
nately, there can be a plurality of discontinuous grooves 280
located around the perimeter of the display opening in the
front shell 210. The stretchable cushion layer 220 can include
a tab (not shown) on an inner surface of the stretchable cush-
ion layer extending around a perimeter of its front opening
221. In one example, the tab can be located on the inner
surface of the stretchable cushion layer 220 and within about
0-0.2, 0-0.1, or 0-0.05 inch of the perimeter of the front
opening 221.

[0045] The tab of the stretchable cushion layer 220 can be
configured to mate with the groove 280 or grooves in the front
shell 210. The tab can be continuous on the inner surface of
the stretchable cushion layer 220 extending around the perim-
eter of the front opening 221. Alternately, there can be a
plurality of discontinuous tabs located on the inner surface of
the stretchable cushion layer 220 extending around the perim-
eter of the front opening 221. The tab can extend from an
inner surface of the stretchable cushion layer 220 toward an
inner volume of the stretchable cushion layer in a direction
parallel to a side surface of the stretchable cushion layer.
Upon assembling the stretchable cushion layer 220 over the
hard case, the user can depress the tab into the groove by
pressing a finger against a front surface of the stretchable
cushion layer proximate each tab and around the perimeter of
the front opening 221 Each tab and corresponding groove can
have any suitable length or width. In one example, each tab
can have a width of about 0.01-0.1, 0.01-0.05, or 0.01-0.03.
The tab can be slightly wider than the groove to provide a
friction fit, which can enhance retention of the tab within the
groove. In addition, the tab can be made of a soft material with
arelatively high coefficient of friction, such as silicone rubber
or any thermoplastic elastomer, which can be slightly com-
pressed as it is pressed into the groove. The compressed tab
can exert an outward force against side surfaces of the groove,
and due to its relatively high coefficient of friction, the soft
material can resist movement of the tab relative to the groove.
The end of each tab can be tapered to enhance ease of inser-
tion of the tab into the groove and to enhance manufacturabil-
ity of the stretchable cushion layer 220 by improving its mold
release characteristics.

[0046] The hard shell can include retention features to
resist relative movement of the stretchable cushion layer 220
with respect to the hard shell. As shown in FIGS. 2 and 3, the
front shell 210 can include side tabs 285 that extend out-
wardly from the hard shell. Each side tab 285 can extend
through a side opening 290 in the stretchable cushion layer
220. The side tabs 285 can anchor the stretchable cushion
layer 220 and resist relative movement of the stretchable
cushion layer 220 with respect to the hard shell. Each side tab
285 can have a length and width that is suitable to provide
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sufficient contact surface areas between the side opening 290
in the stretchable cushion layer 220 and the side tab 285 ofthe
front shell 210 to resist relative movement of the stretchable
cushion layer in either the lengthwise or widthwise direction.
In one example, the side tab 285 can have a length and width
of'about 0.25 t0 0.5, 0.25 t0 1.0, or 0.25 t0 2.0 in.

[0047] The stretchable cushion layer 220 can include but-
tons that can be depressed by a user to activate corresponding
buttons or switches on the electronic device 205. Each button
on the stretchable cushion layer 220 can include a protrusion
onaninner surface of the stretchable cushion layer to improve
the feel and effectiveness of the button. For example, for a
volume control button 315 on the stretchable cushion layer
220, the inner surface of the stretchable cushion layer oppo-
site the button can include a protrusion 222 extending inward
from the inner surface of the stretchable cushion layer and
through an opening in the hard shell. The protrusion 222 can
be configured to depress a corresponding volume control
button 311 on the electronic device 205. The protrusion 222
can be shaped to provide a feel that mimics the feel associated
with actuating the button of the electronic device 205 when
the device is not installed in the protective enclosure 100.
[0048] The stretchable cushion layer 220 can include one or
more flaps 320 that can be opened and closed. The flaps 320
can provide access to ports, buttons, or features of the elec-
tronic device 205. For example, as shown in FIG. 2, the
stretchable cushion layer 220 can include a flap 320 that
provides access to a headphone jack 212 on the electronic
device 205. As shown in FIG. 3, the stretchable cushion layer
220 can include a flap 320 that provides access to a female
connector 325 attached to the protective enclosure 100. The
female connector 325 can be any suitable connector that
allows for transmission of power and data to and from the
electronic device 205. In one example, as shown in FIG. 3, the
female connector 325 can be a mini USB connector. The mini
USB connector 325 can connect to a USB cable 230 that can
allow the protective enclosure 100 to be connected to a com-
puter, wall charger, or other device having a female USB port.
Other types of connectors and cables are possible.

[0049] Inoneexample, as shown in FIG. 3, an outer surface
of the stretchable cushion layer 220 can include a surface
texture made from a plurality of small cavities in an outer
surface of the stretchable cushion layer. The surface texture
can improve a user’s grip on the protective enclosure 100 and
thereby reduce the likelihood of dropping the device 205. The
surface texture can also increase the surface area of the
stretchable cushion layer and thereby improve heat transfer
away from the protective enclosure 100 to reduce the operat-
ing temperature of the electronic device 205 within the pro-
tective enclosure, which may improve battery performance
and life. Although a surface texture with cavities is shown in
FIG. 3, this is not limiting. The surface texture can include any
suitable surface geometry that increases the surface area of
the stretchable cushion layer 220 when compared to a smooth
surface. For example, the surface texture can include small
raised posts, fins, or other protrusions extending from the
stretchable cushion layer 220.

[0050] The back shell 215 can include an inner back shell
610 and an outer back shell 615 as shown in FIG. 6. A battery
625 can be located between the inner back shell 610 and the
outer back shell 615. The battery 625 can be electrically
connected to a circuit board 630 that interfaces with the
electronic device 205 though the male connector 810. In one
example, the circuit board 630 can include a main circuit
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board 631 and an interface circuit board 632, as shown in FIG.
6. The main circuit board 631 can be electrically connected to
the interface circuit board 632, and the male connector 810
can be mounted on the interface circuit board.

[0051] The inner back shell 610 and outer back shell 615
can snap together to house the battery. Any suitable method of
fastening the inner and outer back shells (610, 615) can be
used including snaps, fasteners, adhesives, etc. An inner sur-
face 635 of the inner back shell 610 can include a soft layer
605 that is configured to make contact with the back surface
of' the electronic device 205. The soft layer 605 can be made
of any suitable material, such as foam, felt, or rubber, and can
protect the electronic device 205 from scratches. The soft
layer 605 can occupy a clearance volume between the elec-
tronic device 205 and the inner surface 635 of the inner back
shell and thereby prevent the electronic device 205 from
rattling inside the protective enclosure 100.

[0052] The battery 625 can be any suitable type of primary
or rechargeable battery, such as an alkaline, carbon-zinc,
nickel-metal hydride, lithium, lithium ion, or lithium polymer
battery. The protective enclosure 100 can include a single
battery or a plurality of batteries. The battery 625 can be
permanently or semi-permanently sealed in the back shell
215 or it can be easily removable. In one example, the battery
625 can be removable and can be accessed without disassem-
bling the protective enclosure 100. For example, the battery
625 can be inserted into the protective enclosure 100 through
a battery slot (not shown). This can allow the user to easily
replace a depleted battery with a fresh or newly recharged
battery. In this example, the stretchable cushion layer 220 can
include a flap (not shown) to protect and conceal the battery
slot. The flap can prevent dirt or debris from entering the
battery slot.

[0053] The battery 625 can be a single battery. Alternately,
the battery 625 can be a plurality of batteries. Providing a
protective enclosure 100 with a plurality of batteries can
allow a first user to share power with a second user by swap-
ping a charged battery for a depleted battery. For example, if
a second user has depleted the batteries 625 in her protective
enclosure, the first user can provide the second user with a
charged battery from her protective enclosure 100. The bat-
tery 625 can have any suitable shape. For example, the battery
can be a cuboid as shown in FIG. 6. Alternately, the battery
can be a cylinder, hexagonal prism, triangular prism, or any
other suitable shape. A protective enclosure having multiple
batteries may also include multiple battery slots to accommo-
date the multiple batteries and to allow individual batteries to
be removed or replaced.

[0054] The protective enclosure 100 may include a plural-
ity of light emitting diodes (LEDs) 640. The LEDs can be
electrically connected to the circuit board 630 of the protec-
tive enclosure 100. In one example, the LEDs 640 can be
mounted on the circuit board 630, and light pipes can be used
to transfer light from each LED to a location some distance
away from the LEDs. The hard shell of the protective enclo-
sure 100 can include an opening through which light from the
LEDs can be transmitted. Likewise, the stretchable cushion
layer can include one or more openings through which light
from the LEDs is transmitted. In one example, the stretchable
cushion layer 220 can include an LED opening 105 for each
LED, as shown in FIG. 1.

[0055] The LEDs 640 can indicate the charge remaining in
the protective enclosure’s 100 battery 625, the electronic
device’s 205 battery, or both. For example, the LEDs can
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indicate a percentage of charge remaining in the battery or
batteries. In particular, the protective enclosure can include
five LEDs, and when the charge level of the battery or batter-
ies is at forty percent, two LEDs may be illuminated. Alter-
nately, the LEDs can indicate an estimated time remaining
until one or both batteries are depleted. In particular, if the
battery or batteries will become fully depleted in four hours,
four LEDs may be illuminated. In this example, each LED
represents one hour of battery life. Other time increments can
also be used and may be selectable by a user within an appli-
cation running on the electronic device 205. For instance,
when the charge of the battery or batteries is low, such as
below about twenty percent, each LED may indicate ten or
fifteen minute increments to provide the user with more pre-
cise information about the actual charge level of the battery or
batteries. This can allow the user to better monitor and man-
age power consumption when no recharging opportunities
exist.

[0056] The protective enclosure 100 can be configured to fit
into an optional holster 225. The optional holster 225 can
include a belt clip 226 that can allow the holster to attach to
clothing or other objects. The belt clip 226 can rotate with
respect to the holster to provide the user with greater flexibil-
ity when positioning the holster 225. In one example, the belt
clip 226 can include a ratcheting system to allow the belt clip
226 to rotate with respect to the holster 225 and to lock into
various positions selectable by the user.

[0057] FIG. 9 is a block diagram for a case 930 for an
electronic device with components for managing power in
one embodiment of the techniques disclosed herein. Case 930
includes current control module 929, battery charger 922,
case battery 923, battery monitor 924, and processor 921.
Back shell 215 is an example of case 930, although other
configurations are possible. The illustrated elements of case
930 may be included on one or more printed circuit boards
such as circuit board 630, main circuit board 631, and/or
interface circuit board 632. Case 930 may also include
mechanical components and functions as illustrated in FIGS.
1-8 and the accompanying explanations.

[0058] Processor 921 may be any type of microcontroller,
microprocessor, microcomputer, programmable logic device,
reconfigurable circuit, or application specific circuit that is
configured to communicate with other elements of case 930
to perform power management functions. In some situations,
these power management functions may be described as
‘intelligent” power management functions.

[0059] In some configurations, processor 921 may also
communicate with an electronic device to which case 930 is
attached, communicate with a power source, communicate
with other devices, or with combinations thereof. Electronic
device 205 is one example of an electronic device with which
processor 921 communicates. Processor 921 may make use of
computer executable program instructions that are stored in
processor 921. Alternately, the computer executable program
instructions may be stored in a separate memory device.
[0060] Battery 923 is a battery for supplying power to a
device to which case 930 is attached. Battery 923 may use one
or more of a variety of battery technologies including lithium
ion (Li-ion), lithium ion polymer (Li-ion polymer), lead-acid,
nickel cadmium (NiCd), nickel metal hydride (NiMH),
nickel-zinc, alkaline, or others. Battery 923 stores chemical
energy which can be converted into electrical energy and can
be provided to an electronic device, such as electronic device
205, to which case 930 is attached. Battery 625 is one
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example of battery 923. In some configurations, battery 923
may not be contained within case 930 and case 930 may
contain an interface and/or a slot to connect to an external
battery similar to battery 923.

[0061] Although additional batteries are possible, for pur-
poses of simplifying the discussion herein, the examples pro-
vided are generally limited to examples of cases with a single
battery and electronic devices with a single battery. However,
the solutions and techniques disclosed herein may be imple-
mented in a fundamentally similar manner when the case
and/or the electronic device have two or more batteries.
[0062] Battery charger 922 is a device, or collection of
devices, for charging battery 923 using current received from
current control module 929. Battery charger 922 may charge
battery 923 by transitioning through multiple charging phases
such as conditioning, constant current, and constant voltage.
The state of battery charger 922, charging characteristics, or
a charge mode may be commanded or controlled by processor
921. Processor 921 may also monitor the status of charging or
charge activities through communication with battery charger
922. Battery charger 922 may be capable of charging battery
923 using different charging algorithms (i.e., fast charge,
slow charge, etc.). Battery charger 922 may also perform
thermal management functions with respect to the charging
activities.

[0063] Battery monitor 924 is a device or group of devices
for monitoring a condition of one or more batteries such as
battery 923. Battery monitor 924 may be a microcontroller
peripheral that provides battery charge/fuel gauging func-
tions. Battery monitor 924 may use one or more known algo-
rithms for fuel gauging and may provide information related
to various parameters such as remaining battery capacity,
present rate-of-use, state-of-charge (i.e., percentage remain-
ing), run-time to empty, battery voltage, and/or battery tem-
perature. Battery monitor 924 may be configured for or com-
manded to provide some or all of these types of informationto
processor 921. In addition, battery monitor 924 may be
capable of being configured for or commanded to these dif-
ferent modes by processor 921. In one configuration, battery
monitor may be integrated with or into battery charger 922.
[0064] Current control module 929 is a device that can be
configured for or commanded to limit or restrict the amount of
current that is drawn from or flows from a power source
attached to case 930. Current control module 929 may also be
configured to control or limit the amount of current that flows
from individual outputs of current control module 929, such
as to an electronic device and to battery charger 922. Current
control module 929 may be pre-programmed to performthese
functions or may be configured for or commanded to perform
these functions by processor 921. Current control module 929
may also limit surges of current when power is applied to or
removed from case 930.

[0065] In one example of operation, processor 921 deter-
mines an amount of source current available from a power
source providing power to case 930. While some power
sources may actually supply more power than they are speci-
fied to provide, drawing current from a source beyond the
source’s specified capabilities may damage the power source
or damage the device that is hosting the power source (i.e., a
computer hosting a USB port from which power is being
drawn). Determining how much current is available from a
power source may be accomplished using one or more of
several methods including: determining a type of the power
source based on the type of connector used, determining a
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type of the power source based on information received about
the power source, determining a type of the power source
based on other characteristics of the power source, or deter-
mining the maximum capability of the power source through
trial and error testing. Each of these four methods is discussed
in detail below.

[0066] A first method for determining how much current is
available from a power source is to use a default value based
on the type of connector that is used to connect to the power
source. For example, if the power is supplied to case 930
through a USB connector, processor 921 may use a default
current limit of 500 mA for the current source. The power
source may be treated as only being able to provide this
amount of current, based on the connection type, even though
the power source may actually be capable of providing higher
levels of current. For example, a charger using a USB con-
nector may be capable of providing more current than is
required by the USB standard.

[0067] A second method of determining how much current
is available from a power source is to determine a type of the
power source based on information or data received about the
power source. For instance, processor 921 may receive infor-
mation, through communication with the power source or
another device, indicating that the power source is capable of
supplying up to a specified maximum amount of current.
Processor 921 then uses this information to direct current
control module 929 to limit the total current drawn from the
current source. The total current includes current used by
battery charger 922, current used to operate other components
of case 930, and current directed to an electronic device
attached to case 930.

[0068] A third method of determining how much current is
available from the power source is to determine a type of the
power source based on a characteristic of the power source or
information provided by the power source. The power source
may communicate information about its identity or charac-
teristics to case 930 or another host device. In the case of a
power source connected using a USB connector, the data lines
associated with the connector may not be otherwise used for
delivering power and may be used to indicate capabilities of
the power source. For example, APPLE IPHONE and IPOD
chargers typically indicate the available current from the
charger by applying specific voltages on the D+ and D- USB
lines. When D+ and D- are both held at 2.0V, a device may
use up to 500 mA of current from the power source. When D+
isheld at 2.0V and D-is held at 2.7 V, a device may use up to
1 A of current from the charger. When D—-is held at 2.0V and
D+ is held at 2.7 V, a device may use up to 2.1 A of current
from the charger. When both D+ and D- are held at 2.7V, a
device may use up to 2.3 A of current from the charger. By
detecting voltages on these data lines, or data pins, case 930
can determine a maximum amount of current to draw from the
power source. In some situations, the voltages or states of D+
and D- may be propagated through case 930 and/or dupli-
cated at a connector to an attached electronic device. This
enables the electronic device to detect what type of power
source is being used even though the electronic device is not
directly connected to the power source. The power source
may communicate it characteristics using one or more of the
following communication techniques: digital communica-
tion, analog communication, wireless communication, prox-
imity detection, or optical communication. Many other con-
figurations and methods of detecting characteristics of or
information about the power source are possible.
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[0069] A power source may use D+ and D- to indicate
capabilities of the power source, as described above, in a
temporary or permanent manner. For example, the power
source may indicate the capabilities, and/or other character-
istics, of the power source by asserting predetermined volt-
ages on the D+ and/or D- lines, as described above, through-
out the entire period of time the power source is connected to
adevice. Alternately, the power source may assert these volt-
ages on the D+ and D- lines for only a shortened period of
time. In one example, the power source asserts the capability
indicating voltages for a predetermined number of seconds
when a device is initially connected and then reverts to using
the D+ and/or the D- line for other purposes, such as trans-
ferring data.

[0070] A fourth method of determining a maximum current
limit or other power capabilities of a power source is by
conducting trial and error testing. A host device using power
from a power source may iteratively draw increasing levels of
power or current from the power source until there is an
indication that the power source is reaching or has reached its
maximum capabilities. In one case, the indication that the
power source is nearing its maximum capability may be indi-
cated by the power source having difficulty maintaining a
supply voltage. For example, if a power source is supplying
power at 5V and is having difficulty meeting increasing cur-
rent requirements, the supply voltage may begin dropping to
4.9V, 4.8V, or lower. By gradually increasing the current draw
from the power source and detecting changes in the supply
voltage, or some other characteristic of the supplied power,
the host can the determine a maximum current draw for the
power source.

[0071] In another situation, a maximum capability of a
power source may be indicated when the power source
reaches a failsafe or circuit breaker mode. For example, some
power sources are designed with protection capabilities that
limit or discontinue output from the power source if a maxi-
mum power, voltage, or current draw is exceeded. A device
using power from the source can experimentally determine
this maximum power or current capability by gradually
increasing current or power draw from the power source until
a failsafe of circuit breaker limit of this type is reached and
then set a maximum power or current draw value for the
power source at an amount that is less than the identified
failsafe or circuit breaker limit. In some situations, the power
source may have to be reset, rebooted, or be otherwise recon-
figured after it has reached a failsafe or circuit breaker limit.
[0072] Processor 921 may also configure or command cur-
rent control module 929 to limit an amount of current that is
delivered to each of several outputs of current control module
929. For example, in FIG. 9, current control module 929 has
one output to battery charger 922 for charging battery 923 and
one output which supplies power directly to an electronic
device, such as electronic device 205. Case 930 may be con-
figured to manage how power or current is distributed among
one or more internal batteries and an electronic device
attached to the case in a number of different ways, as will be
described in detail below.

[0073] Inoneconfiguration, an electronic device connected
to case 930 is permitted to consume as much of the available
current from the power source as it can consume, up to a
maximum current limit which has been determined by pro-
cessor 921 and is being controlled by current control module
929. Ifthe electronic device is consuming less current than the
maximum current limit, processor 921 then commands cur-
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rent control module 929 to permit the balance of the available
current (i.e., the current limit minus the current being used by
the electronic device) to be sent to battery charger 922 for
charging battery 923. The amount of current consumed by the
electronic device may be monitored by current control mod-
ule 929 or by a different current monitoring device within
case 930. In this way, the electronic device is permitted to use
the maximum amount of current it can consume for charging
its internal battery while using any remaining available cur-
rent for charging battery 923 in case 930 and without exceed-
ing the maximum current available from the source. In deter-
mining the balance of the available current, the current
consumed by other components of case 930 may also be taken
into account

[0074] In the configuration described above, the current
drawn from the power source is limited to the maximum value
designated for that power source, but the current path from the
power source to the electronic device is not limited to any
specific amount below that maximum value. Presuming the
current consumption of the electronic device does not exceed
the maximum limit for the power source, the electronic device
uses, in this configuration, essentially the same amount of
current and charges at approximately the same rate as it would
if it were connected directly to the power source. This allows
the electronic device to be charged at the maximum rate
which is safe for the power source while making use of any
additional current which is not being used by the electronic
device to charge battery 923.

[0075] Inanother configuration, the current supplied to the
electronic device from a power source is limited by case 930
to a maximum value that is less than the maximum that can be
drawn from the power source. For example, a power source
connected to case 930 may be specified for supplying 1 A of
current. However, case 930 may limit the amount of current
supplied to the electronic device to a lower value. This limi-
tation may be imposed in order to preserve current for charg-
ing of battery 923, or for other reasons such as for thermal
control. This type of control over current allocation allows
case 930 to control the rate at which the electronic device is
charged while reserving a designated portion of the current to
charging battery 923. In this way, battery 923 and a battery in
the electronic device can be charged simultaneously. The
charging rate for a device or battery may be expressed as an
amount of current (i.e., 400 milliamperes), an amount of
power (i.e., 800 milliwatts), an estimated to reach full charge
(i.e., full charge in 45 minutes or less), or a change in charge
state per unit time (i.e., 20% increase in charge state in 15
minutes).

[0076] Also,the rate of charge of each ofthese two batteries
and/or the relative priority of their charging can be controlled
by controlling how much current will be allocated to each.
While the current delivered to the electronic device is prima-
rily described as current for charging the battery of the elec-
tronic device, it should be understood that current delivered to
the electronic device may also be used to operate the elec-
tronic device and/or charge the battery of the electronic
device depending on the state of the electronic device and the
state of the battery of the electronic device.

[0077] Insome situations, current control module 929 may
not limit the current that flows from the power source directly
to an electronic device attached to case 930, but may simply
act as a current measuring device which provides an indica-
tion of how much current the electronic device is using.
Similar to previous examples, this information may be used to
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determine how much additional current is available for and
should be allocated to battery charger 922 for purposes of
charging battery 923.

[0078] While many of the functions of case 930 are
described as being controlled by processor 921, it should be
understood that a microprocessor is not required to perform
the techniques described here. The techniques may also be
performed by a logic state machine, an application specific
integrated circuit, and/or electrical circuitry configured for
these purposes.

[0079] In FIG. 9, the determination regarding how the
available current will be allocated among the electronic
device and battery charger 922 (for charging battery 923) may
be based on a variety of static and/or dynamic factors. These
factors may include: the charge state of battery 923, the
charge state of the battery of the electronic device, the capac-
ity of battery 923, the capacity of the battery of the electronic
device, the type of battery (for example, chemistry or physical
arrangement), the kind of charger (wired vs. non-contact
chargers), charging rates of one or more of the batteries, ages
of'one or more of the batteries, numbers of charging cycles the
batteries have endured, the temperature of one or more of the
batteries, another factor indicating health or condition of one
or more of the batteries, the quantity of current available from
the power source, historical usage patterns of the electronic
device, user preferences, user input, or combinations thereof.
A charge state of a battery may include the current charge
level as a percentage of the battery’s full capacity and may
also include other information indicative of the battery’s
health or capabilities. Some or all of this information may be
obtained from the electronic device and/or from a software
application running on the electronic device which gathers
this information.

[0080] The allocation of the current may be changed when
case 930 is connected to a new power source and/or to a power
source of a different capacity. The various factors listed above
may also be monitored on an ongoing or periodic basis during
the charging and the allocation of current may be changed
based on changing circumstances as indicated by changes in
one or more of the factors listed above.

[0081] FIG. 10 illustrates a case 1030 interfaced to power
source 1010 and device 1050 in one embodiment of the tech-
niques disclosed herein. Back shell 215 is an example of case
1030. Some or all of the electrical components of case 1030
may be included on one or more printed circuit boards such as
circuit board 630, main circuit board 631, and/or interface
circuit board 632.

[0082] Device 1050 may be a cellular phone, smartphone,
mobile communication device, mobile computing device,
tablet, portable computer, personal video player, electronic
media reader, audio player, handheld scanner, camera, GPS
device, or electronic computing or communication device of
another type. In one specific example, device 1050 may be an
APPLE IPHONE. Electronic device 205 is an example of
device 1050. Device 1050 includes device interface 1052,
device battery 1053, and device processor 1051. Device pro-
cessor 1051 may be any type of microcontroller, micropro-
cessor, microcomputer, analog computer, programmable
logic device, reconfigurable circuit, or application specific
circuit thatis configured to operate device 1050 or a portion of
device 1050. Device battery 1053 is a rechargeable battery
that is integrated within or attached to device 1050.

[0083] Device interface 1052 provides an electrical inter-
face between device 1050 and a cable or device. Female
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connector 305 is an example of device interface 1052. Device
interface 1052 includes electrical conductors for providing
power to charge device battery 1053 as well as, in some
situations, control and data lines for communicating with
device processor 1051 or other components of device 1050. In
one example, device interface 1052 may comprise an APPLE
30 pin connector. In another situation, device interface 1052
may comprise an APPLE LIGHTNING connector. In yet
another example, device interface 1052 may be an industry
standardized connector or a proprietary connector or inter-
face associated with another device manufacturer.

[0084] Case interface 1032 comprises an electrical and
mechanical interface that is compatible with and mates with
device interface 1052. Case interface 1032 enables power,
and in some situations communications, to be exchanged
between case 1030 and device 1050. Male connector 810 is an
example of case interface 1032 although other interfaces and/
or connectors are possible.

[0085] Insome situations, case interface 1032 may have to
meet certain requirements to be compatible with device 1050.
For example, if device 1050 is an APPLE IPHONE, IPAD, or
IPOD, case interface 1052 may have to meet the requirements
of the APPLE Made for IPHONE/IPAD/IPOD (MFI) pro-
gram. In addition, case interface 1032, or some other element
of'case 1030, may include an authentication chip or other type
of electronic authentication device that may be necessary to
establish communications between case 1030 and device
1050

[0086] Case 1030 may be designed and manufactured in
variations each having a case interface 1032 that is configured
to interface with different electronic devices or families of
electronic devices. Each variation of case 1030 may include a
different mechanical, electrical, and/or protocol interface for
interacting with the one or a family of electronic devices that
are compatible with that particular interface. For example,
one implementation of case 1030 may have an interface and
protocol capable of interfacing with a particular generation of
IPHONE, while another implementation of case 1030 may
have an interface capable of interfacing with a SAMSUNG
mobile phone or tablet. In some situations, case processor
1021 may execute software which is customized for a par-
ticular electronic device or use parameters that are custom-
ized for a particular electronic device. If case 1030 is inter-
faced to an ANDROID-based phone or computing device,
case interface 1032 may have to be compliant with
ANDROID Open Accessory protocol, or a similar protocol
for detecting and setting up communication between case
1030 and the phone or computing device.

[0087] Device 1050 will typically have many components
in addition to those that are illustrated in FIG. 10, such as a
display, a user interface, and/or communication components.
For purposes of clarity, only those components of device 1050
that are most pertinent to the techniques and apparatuses
described herein are illustrated in device 1050. However, it
should be understood that the techniques and apparatuses
described herein are not to be limited to any particular type or
configuration of electronic device.

[0088] Power source 1010 comprises any source of power
for charging case 1030 and/or device 1050. Power source
1010 could be a charger compatible device 1050 that is
plugged into a wall outlet, an automobile charger for device
1050, a USB port, or any other type of electrical device that
provides current at a designated voltage or in a designated
voltage range. In some situations, power source 1010 may be
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integrated into another device, such as a USB port in a com-
puter. Power source 1010 may be connected to case 1030
using a cable such as cable 230.

[0089] Case 1030 includes case processor 1021, battery
charger 1022, case battery 1023, battery monitor 1024, volt-
age controller 1025, user interface 1026, display driver 1027,
display 1028, current limiter 1029, case power connector
1031, and case interface 1032. Case processor 1021 is an
example of processor 921. Battery charger 1022 is an
example of battery charger 922. Case battery 1023 is an
example of battery 923 or battery 625. Battery monitor 1024
is an example of battery monitor 924. Current limiter 1029 is
an example of current control module 929. In addition to the
functions described below, case 1030 also provides physical
protection to device 1050. Physical protection may include
protection from the effects of impact, shock, scratching,
puncture, liquids, dust, sunlight, or other forces which could
potentially damage or affect the operation of device 1050.
[0090] Case power connector 1031 is any type of electro-
mechanical connector that allows power source 1010 to be
electrically interconnected to case 1030. Case power connec-
tor 1031 may comprise a USB connector, a mini USB con-
nector, a micro USB connector, a cylindrical connector, or a
connector of another type, including combinations thereof.
Case power connector 1031 may also include conductors for
communication and/or transfer of data enabling power source
1010, or another device, to communicate with case processor
1021. Female connector 325 is an example of case power
connector 1031.

[0091] Insome cases, case power connector 1031 may sup-
port other functions when not connected to a power source.
For example, case power connector 1031 may also be config-
ured to support communication between device 1050 and an
input device or peripheral such as: an external keyboard, a
mouse, a display, a GPS device, a mobile phone, a smart-
phone, a computing device, or a combination thereof. Insome
cases, in addition supporting the communication between one
or more of these devices and device 1050, case 1030 may also
supply power to one or more of these devices through case
power connector 1031. In some configurations, case power
connector 1031 may also support data communications
between case 1030 and another computing device. In other
situations, case power connector 1031 may comprise cir-
cuitry for receiving power from power source 1010 induc-
tively.

[0092] Display 1028 comprises any device for visually con-
veying information to a user of case 1030 and/or device 1050.
Display 1028 may include one or more of: a light emitting
diode (LED), an organic light emitting diode (OLED), a
liquid crystal display (LCD), electronic paper, electro-
phoretic ink, another type of device for visually conveying
information to a user, or combination thereof. Display 1028
may be made up of a group of discrete display elements, such
as a group of LEDs. Display 1028 may also be made up of a
single display device, such as an LCD, containing a group of
display elements or segments. LEDs 640 are one example of
display 1028. Information may also be communicated to a
user using a haptic device, an audio device, a shaker, and/or a
speaker.

[0093] Display 1028 may be used to convey to a user infor-
mation about case 1030 and/or device 1050 including: a state
ormode of'case 1030, a state or mode of device 1050, a charge
level of case battery 1023, a charge level of device battery
1053, and/or a combined charge level of case battery 1023
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and device battery 1053. Display driver 1027 is a device for
controlling, operating, driving, and/or managing the one or
more elements which make up display 1028. User interface
1026 is any type of device for receiving input or a selection
fromauserof'case 1030. User interface 1026 may be a switch,
a button, a group of switches or buttons, a touchscreen, a
proximity sensor, a keyboard, a keypad, a mouse, a trackball,
a joystick, or a combination thereof.

[0094] Inoneexample, display 1028 includes ten LEDs and
display driver 1027 is an LED driver that drives the ten LEDs.
In this example, user interface 1026 is a mechanically acti-
vated switch. When the switch is activated by a user, the ten
LEDs provide an indication of the charge level of case battery
1023 and/or device battery 1053. In one configuration, the
charge level may be indicated as a percentage of the total
battery capacity, or estimated total battery capacity. For
example, seven of the ten LEDs may be illuminated because
the combined charge of case battery 1023 and device battery
1053 may be approximately 70% of the total capacity of those
two batteries. In order to conserve battery power, the LEDs
may only display this information for a brief period of time
(i.e., a few seconds) before turning off. The charge for each of
the batteries may also be displayed independently. For
example, if device battery 1053 has 30% of its charge remain-
ing and case battery 1023 has 90% of its charge remaining,
case 1030 may alternate between illumination 3 of the LEDs
and 9 of the LEDs. Many other display configurations and
method of visually conveying information to a user are pos-
sible.

[0095] User interface 1026 may also be used for purposes
other than activating display 1029. In one example, a user
may hold down a switch associated with user interface 1026
for a predetermined number of seconds in order to reset case
processor 1021 and/or other components of case 1030. In
another example, one or more switches that make up user
interface 1026 may be pressed in a predetermined pattern or
sequence to change an operating mode of case processor 1021
and/or case 1030. Inputs to user interface 1026 may also be
used to provide inputs to and/or change an operating mode of
device 1050. Display 1028 may also be used to display infor-
mation relating to the input of data through user interface
1026. For example, if user interface 1026 includes one or
more switches which are used to select from among various
settings or menu choices, LEDs which make up display 1028
may be used to indicate a menu item, a selection of a setting,
and/or a current state of a menu item or setting.

[0096] In another variation, the charge information may be
displayed as an estimated number of hours of use remaining.
This estimated number of hours of use remaining may be
determined based on information gathered by case processor
1021 and/or battery monitor 1024 regarding usage patterns
over a period of time and power requirements associated with
those usage patterns. For example, if it is estimated that there
are seven hours of use remaining based on historical or
expected usage patterns, seven of the ten LEDs may be illu-
minated. If there are more than ten hours of estimated time
remaining and display 1028 includes only ten LEDs, display
1028 may convey this by successively illuminating differing
numbers of the LEDs. For example, 14 hours of estimated use
remaining may conveyed, when the user has activated the
switch, by first illuminating ten LEDs and then subsequently
illuminating only four LEDs.

[0097] The LEDs may also be operated differently when
case 1030 is connected to and/or receiving power from power
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source 1010. For example, the LEDs may stay illuminated
even though the switch has not been pressed, may fade on and
off to indicate that charging is taking place, or may cycle on
and off in other patterns to convey information about a state or
mode of case 1030 and/or device 1050.

[0098] Case 1030 may also adjust the intensity of the LEDs
at preset or user-defined times of day. For example, when
connected to power source 1010, case 1030 may drive the
LEDs athigh intensity to indicate that charging is taking place
while driving them at a lower intensity when charging is not
taking place.

[0099] Case 1030 may also automatically reduce the inten-
sity during the hours of 10 PM to 6 AM, or during another
window of time, in order to avoid providing too much lighting
to rooms which may often be darkened in this timeframe. This
adjustment may also be based on a user-defined window of
time in which lower intensity is preferred. In another varia-
tion, the LEDs may be dimmed based on input from a pho-
tosensor used to sense the level of ambient lighting in the
room or based on input from a proximity sensor indicating
when something (i.e., a user’s face) is close to device 1050.

[0100] In another example, display 1028 may be used to
display or convey other information associated with device
1050. In the example in which display 1028 comprises LEDs,
the LEDs are typically used to display a charge state or charge
remaining in one or more of the batteries. However, under
certain circumstances, the LEDs could also be used to display
an alert or other information associated with device 1050. For
example, if device 1050 is a phone, the LEDs which make up
display 1028 could be flashed brightly when there is an
incoming call in order to better get the user’s attention. In
another example, one or more of the LEDs could be dimly
illuminated when the display and all other indicators on
device 1050 are turned off in order for a user to be able to more
easily locate the device. Any information which device 1050
might potentially display or indicate using its own display or
indicators, such as touch screen 208, could potentially be
replaced or supplemented through display of information
using display 1028 of case 1030. The information to be dis-
played can be communicated to case 1030 through commu-
nication with device processor 1051.

[0101] Many other types of input devices and display
devices are known in the art and may be used to implement
user interface 1026 and/or display 1028. The apparatuses,
solutions, and techniques disclosed herein are not to be lim-
ited to any specific type of user input device, user interface,
display device, method of receiving input from a user, or
method of displaying information to a user.

[0102] Voltage controller 1025 is a device for adjusting the
voltage of power output by case battery 1023 to device 1052.
Inone example, case battery 1023 and device battery 1053 are
both 3.7 volt (3.7V) batteries. In this example, case 1030 is
designed to receive power at 5 volts (5V) because some
common interfaces (i.e., USB) are specified to provide power
at 5V. Consequently, device 1050 may also be configured to
receive power at 5V with that voltage being internally stepped
down in device 1050 (not shown) before it is applied to device
battery 1053. When charging case battery 1023, battery
charger 1022, or another voltage regulation or adjustment
device, steps down the 5V received from power source 1010
to an appropriate voltage for charging case battery 1023. Even
though, in this example, case battery 1023 and device battery
1053 are both 3.7V batteries, current provided from case
battery 1023 to device battery 1053 must be stepped up to 5V

Jul. 10,2014

by voltage controller 1025 because 5V is expected at device
interface 1052 and device 1050 has been otherwise designed
to use current supplied at 5V to charge device battery 1053.
Many other combinations of voltages are possible.

[0103] Inaddition to adjusting the voltage output from case
1030 to device 1050, voltage controller 1025 may also per-
form a switching function for the power delivered from case
battery 1023 to device 1050. For example, depending on a
selected charge profile and the states of case battery 1023 and
device battery 1053, it may be desirable to prohibit current
flow from case battery 1023 to device 1050 in some circum-
stances. For example, even though device battery 1053 is not
at 100% charge and case 1030 is not connected to power
source 1010, case 1030 may not deliver power from case
battery 1023 to device 1050 until the charge level of device
battery 1053 drops below a specified level (i.e., device battery
1053 drops below 60% charge).

[0104] In addition to stepping voltage up and/or down,
voltage controller 1025 may also perform this switching
function under the control of case processor 1021. Alter-
nately, the switching function may be performed by a com-
ponent of case 1030 separate from voltage controller 1025.
[0105] In addition to supplying power to device 1050, case
1030 communicates with device 1050 using case interface
1032 and device interface 1052. This communication may be
used to manage and/or control various power and battery
charging related functions and/or exchange data for other
purposes. While the communication between case 1030 and
device interface 1052 is illustrated as being conducted using
the same interface and/or connector that is used to supply
power to device 1050, it should be understood that this com-
munication may also occur using a different interface and/or
connector than is used to supply power from case 1030 to
device 1050. Communication between case 1030 and device
1050 may occur through one or more different communica-
tion methods and/or protocols. For example, communication
between case 1030 and device 1050 may occur using a wired
connection, a wireless link, near field communication, mag-
netic communication, inductive communication, light wave
communication, infrared communication, audio frequency
communication, motion, device attitude, or a combination
thereof.

[0106] Communication between case 1030 and device
1050 may be automatically established when they are con-
nected or may be established only when communication
between case 1030 and device 1050 is necessary. As used
herein, the term ‘communication’ is intended to mean com-
municating data or information. The term ‘communication’is
not intended to include the supplying of power from one
device to another. In some situations, case 1030 may interface
to case 1050 in multiple ways. For example, case 1030 may
transfer power to and communicate with an [IPHONE using an
APPLE 30pin or LIGHTNING connector. In other situations,
one connector may be used to transfer power from case 1030
to device 1050 while data communications between them
occur through another connector (for example, through a
headphone or microphone port) on device 1050.

[0107] Inaddition to the methods discussed above for con-
trolling how much current an electronic device is permitted to
consume, case 1030 may also command or direct device 1050
to use no more than a specified amount of current by sending
a command or instruction using one or more of the commu-
nication methods described above. In some situations, case
1030 may send a command to device 1050, or another similar
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device such as electronic device 205, directing the device to
consume a specified amount, or no more than a specified
amount, of current. This command may be issued in the form
ofa specific current limit (i.e., 350 mA) or may be a selection
of one of a small number of pre-defined charging levels (i.e.,
charging level 2 of 4).

[0108] In one example, even though device 1050 may be
capable of consuming up to 750 mA of current, case 1030
may send a command, or other type of communication, to
device 1050 instructing it to limit consumption to a lesser
amount, 400 mA for example. This type of command may be
used to limit the current consumed by device 1050 rather than
by limiting it using current limiter 1029 or current control
module 929 as described in previous examples. Existing elec-
tronic device case solutions do not provide a means of per-
forming these types of communications between a case and
the associated electronic device. Therefore, existing solutions
do not provide these types of intelligent charging and power
management features between a case and the associated elec-
tronic device.

[0109] Case 1030 may issue a command or use other com-
munication with device 1050 to limit current to device 1050
for a number of reasons. In one example, case 1030 may limit
the current to device 1050 in order to preserve some current
for charging case battery 1023. In another example, case 1030
may limit current to device 1050 in order to protect power
source 1010 from being overburdened. In another example,
case 1030 may limit current to device 1050 in order to syn-
chronize the charging of device battery 1053 and case battery
1023 such that they will both be finished charging at approxi-
mately the same time. This may include ongoing monitoring
of the state of the two batteries and periodic adjustment of
how current is allocated between the two in order to dynami-
cally compensate for their changing states and/or charging
rates. In another example, case 1030 may limit current to
device 1050 for thermal management purposes. Case 1030
may limit the current in order to manage a temperature of
device 1050, a temperature of a component of device 1050, a
temperature of case 1030, a temperature of a component of
case 1030, a temperature of power source 1010, or a combi-
nation thereof.

[0110] Case 1030 may also allocate current between itself
and device 1050 based on how much current device 1050 is
consuming. Case 1030 may use current limiter 1029, or a
separate current measurement device within case 1030, to
determine how much current device 1050 is consuming. In
another configuration, device 1050 may determine how much
current it is consuming and provide this information to case
1030. If device 1050 is currently in an active operational
mode and consuming a relatively large amount of current,
case 1030 may allocate a larger portion of the current avail-
able from power source 1010 to counterbalance the effects of
device battery 1053 being depleted at a relatively high rate
due to the operation of device 1050. The allocation may be
dynamically adjusted based on how the electronic device is
being used.

[0111] In some situations, case 1030 may control the allo-
cation of current between case 1030 and device 1050 in
accordance with a usage profile. A usage profile may be a
default profile programmed into case 1030 or may be a set of
user-defined or user-modified parameters. For example, a
usage profile may indicate that a user always wishes for
device battery 1053 to be fully charged before the charging of
case battery 1023 begins. This configuration is convenient for
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a user who may periodically use device 1050 without case
1030 because device battery 1053 will always have the maxi-
mum possible charge, relative to case battery 1023. If device
1050 is disconnected from case 1030 and used independent of
case 1030 for a period of time, it may potentially be used for
a longer period of time in this mode because the charging of
device battery 1053 has been maximized.

[0112] Because batteries may charge more efficiently or
effectively when charged more slowly, case 1030 may also
limit the amount of current allocated to case battery 1023
and/or device 1050 in order to accomplish a slower or more
gradual charge cycle for one or more of the batteries, rather
than using a larger amount of the available current to charge
the batteries serially in time (i.e., direct all or most the avail-
able current to charge one of the batteries first and then divert
the current to the second battery when the first is fully or
nearly fully charged). When charged in this manner, case
1030 may be supplying less current to device 1050 than
device 1050 would consume if connected directly to a power
source.

[0113] In some situations, the slow charging approach
described above may also involve communication between
case 1030 and device 1050 regarding what type of charge
cycle or charge mode is being used or is planned to be used. In
one example, case 1030 may communicate with device 1050
to obtain information about device battery 1053 or preferred
charging characteristics for device battery 1053. The selec-
tion of a charging mode may also be based on a usage profile,
a user profile, environmental conditions, a type of power
source 1010, a capacity of power source, 1010, or a combi-
nation thereof.

[0114] Case 1030 may also adjust the allocation of current
to device 1050 based on the operational mode of device 1050.
If device 1050 is operational and consuming current, case
1030 may allocate more current to device 1050 in order to
provide current for device 1050 to operate as well as to charge
device battery 1053. For example, it may be desirable to
charge device battery 1053 using 500 mA of current. Case
1030 may provide 500 mA of current for this purpose, or may
command device 1050 to only draw 500 mA, when device
1050 is in a standby, low power, or hibernate mode. However,
if device 1050 is active and is consuming more power, case
1030 may change the allocation of current to device 1050 in
order to accommodate the power usage of device 1050 while
maintaining the charging of device battery 1053 at approxi-
mately the same rate as it had been charging when device
1050 was in standby, low power, or hibernate mode. In other
words, case 1030 may adjust the amount of current supplied
to device 1050 in order to keep the amount of current avail-
able for charging of device battery 1053 roughly constant
while the operational mode of device 1050 is changing. Case
1030 may receive information about the operating mode of
device 1050 through communication with device 1050 using
one of the methods described above, by monitoring current
consumption of device 1050, or by other means.

[0115] Case 1030 may also provide improved power man-
agement functions when attached to device 1050 with respect
to the use or discharge of case battery 1023 and/or device
battery 1053. Existing solutions may fully, or nearly fully,
discharge one battery before use of the other begins. How-
ever, some types of batteries operate more efficiently (i.e., can
provide more total power over time) when discharged more
slowly. Consequently, using case battery 1023 and device
battery 1053 to jointly, simultaneously satisfy the current
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needs of device 1050 may effectively increase the amount of
power available from the two batteries thereby increasing the
time that device 1050 can be used before recharging is nec-
essary. In order to properly manage simultaneous battery use
or discharge, case 1030 may communicate with device 1050
using one of the previously described methods to obtain infor-
mation regarding one or more of the following: the current
charge state of device battery 1053, a rate of current usage
from device battery 1053 by device 1050, a total rate of
current usage by device 1050, an operational mode of device
1050, or a combination thereof.

[0116] In some situations, case 1030 may toggle between
the various charging and discharging operations modes
described above based on a time of day and/or a day of week.
For example, a user may often make heavier use of device
1050 during daytime and evening hours and infrequent use of
device 1050 during night hours. Therefore, case 1030 may
allocate available current from power source 1010 to case
battery 1023 and device 1050 differently during these various
periods. During periods of heavy use, a user may wish the
maximum amount of current to be used to charge device
battery 1053 before charging case battery 1053 in order to
maximize the possible use time of device 1050, in the short
term, if device 1050 is removed from case 1030. For example,
if it is midday and device 1050 is attached to case 1030 and
case 1030 is attached to a power source in a car while the user
is making a 40 minute drive, it may be most beneficial to
divert as much current as possible to charging device battery
1053. Doing so may result in, for example, device battery
being charged to a 50% level during the drive rather than
device battery 1053 being charged to 20% and case battery
1023 being charged to 25% during the drive if both were
being charged. Because charging during the high use hours is
more likely to be discontinued before both batteries are fully
charged, directing more of the available current to device
1050 gives the user more flexibility to use the device for a
longer period of time without being connected to case 1030
even though this may not be the most efficient or preferred
charging mode when it is expected that case 1030 will be
connected to a charger long enough to charge both batteries.
[0117] In contrast, during nighttime hours, it may be more
likely that power source 1010 will remain connected for a
longer period of times (i.e., while the user is sleeping). There-
fore, during these periods it may be more efficient to simul-
taneously charge both batteries and/or charge one or more of
the batteries using a lower charging current (i.e., a slower
charge rate). This may result in a more complete charge while
having little effect on flexibility because it is more likely case
1030 will remain connected to power source 1010 for a long
enough time period to fully charge both batteries.

[0118] Various charging profiles may be created for differ-
ent times of days, different days of week (i.e., Saturday
charge behavior is different than weekdays). The profiles may
be default profiles that are programmed into case 1030 or
device 1050, may be default profiles that have been modified
by a user, or may be user created profiles. Case 1030 may
obtain the profiles or information about the profiles through
communication with device 1050. In addition, case 1030 may
retrieve information regarding the current time or day of week
through communication with device 1050.

[0119] Case 1030 may make further charging or charging
profile determinations based on other information received
from device 1050. As described above, the usefulness of
various charging profiles is dependent, at least in part, on how
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long case 1030 will remain connected to power source 1010.
Therefore, case 1030 may access calendar or schedule infor-
mation stored on device 1050 in making charge profile deter-
minations. For example, if case 1030 is plugged into a charger
at 12:45 PM, a default charge profile may be to attempt to
fully charge device battery 1053 before charging case battery
1023 because it is less likely that the charger will remain
attached for an extended period of time during this time of day
(i.e., because the user may be driving to or from lunch).
However, if the retrieved calendar information indicates that
the user is in a meeting from noon to 10:30 PM, case 1030
may charge the batteries in slow charge and/or parallel charge
mode (i.e., charge both batteries at the same time) in order to
increase battery life and/or charge efficiency. This may be a
preferred choice because, based on the calendar information,
it appears that the user may be staying in the same place for
another hour and forty-five minutes and therefore it is more
likely device 1050 will remain connected to a charger for this
period of time.

[0120] In one variation of the example above, case 1030
may indicate the current charge mode or profile to the user,
either directly using display 1028, through another element of
case 1030, or through an interface of device 1050, and give
the user the option to switch to another charging mode or
profile.

[0121] Inanother variation of the example above, case 1030
may obtain location information from device 1050 in order to
make charging or charge profile selection decisions. Device
1050 may be capable of determining its own location or
movement using a GPS receiver, using a gyroscope, through
triangulation, through tower identification, or other means.
Case 1030 may make charging or charging profile selection
determinations using this information along with other infor-
mation about the user. Case 1030 may obtain some or all of
this information from device 1050. For example, if case 1030
is connected to power source 1010 at a residential location
and is not moving or is connected to power source 1010 at a
location that is known to be a residence of the user, a charging
profile may be selected that is geared toward a longer charg-
ing cycle. Similarly, if the gathered information indicates that
the device has a velocity above a threshold, it is likely being
charged in a car and selecting a charging profile structured for
periods in which the device will be attached for shorter peri-
ods of time may be more suitable.

[0122] In yet another variation, case 1030 may use device
1050 to access additional data used to make charging profile
or charging level decisions. For example, case 1030 may
identify a type of device battery 1053 and make use of com-
munication capabilities of device 1050 to access information
(i.e., atan Internet website) about one or more of the batteries
such as preferred charging levels, charging rates, a preferred
charging profile for a battery, information used in predicting
the life, health, or discharge rate of a battery. Case 1030 may
then use this information in conjunction with, or in place of,
the various charge profile criteria discussed in the examples
above. In some situations, it may be beneficial to charge
device battery 1053 at a lower charging rate when it is near, or
as it nears, full capacity. Consequently, case 1030 may deter-
mine a charging rate or charging current level such that it has
an inverse relationship to the charge state, or percentage of
full capacity, of the device battery 1053. The charging rate
may be periodically adjusted as device battery 1053 and/or
case battery 1023 are charged.
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[0123] Case 1030 may also include capabilities to monitor
its own power level and perform mode changes accordingly.
In one example, case 1030 is connected to device 1050 but is
not connected to power source 1010. Case 1030 monitors the
level of case battery 1023 and deactivates or shuts down case
1030 when the level of case battery 1023 drops below a
predetermined level. Case 1030 may be put into a sleep or
hibernate mode or may be shut down entirely. In this way,
device 1050 will no longer attempt to draw current from or
communicate with case 1030 and device 1050 may operate, at
least temporarily, as if it is not attached to case 1030 even
though it may remain physically attached to case 1030.
[0124] A software application may be run on device pro-
cessor 1051 of device 1050, or on a processor of another
device such as electronic device 205, to monitor, configure, or
view data associated with the various charging and power
management features described herein. The software appli-
cation may reside on case 1030 and be loaded from case 1030
to device 1050 when device 1050 is attached to case 1030.
Alternately, case 1030 may provide instructions to device
1050 directing device 1050 to obtain the software application
from another location. For example, when connected to
device 1050, case 1030 may provide a universal resource
locator (URL) to device 1050 which device 1050 can use to
download to the application from a website or a server asso-
ciated with the URL. The URL may also be associated with a
manufacturer or supplier of device 1050, a manufacturer or
supplier of case 1030, an application store, or download site
from which the software application may be downloaded
based on the URL.

[0125] In addition to the types of information described
above, case 1030 may also provide other types of information
to device 1050 or to a software application running on device
1050. For example, case 1030 may transmit one or more
messages to device 1050 that include information such as: an
indication that the supply of power from case 1030 to device
1050 is about to be cut, an indication that the level of current
from case 1030 to device 1050 is about to be changed, infor-
mation about power source 1010, and/or a status of case 1030.
[0126] Case 1030 may also communicate with other
devices or systems using the communication capabilities of
device 1050. For example, case 1030 may transmit a request
to device 1050, or a software application running on device
1050. Then, the request is transmitted to a recipient by device
1050, such as to a server over a wireless communication
network. Device 1050 may receive a response to the request
and transmit that response to case 1030. In one example, the
request may be for a firmware update for case 1030 and the
response may include the firmware update.

[0127] In another example, historical charging and device
usage information may be collected by case 1030 and/or
device 1050 and transmitted to a recipient for analysis. Based
on the historical information, the recipient may provide a new
recommended charging profile, pattern, or algorithm that bet-
ter suits that user’s behaviors and usage patterns. Case 1030
receives, via device 1050, the new recommended charging
profile, pattern, or algorithm and substitutes it for the previous
one. In this way, case 1030 can optimize the charging algo-
rithm for each user based on their actual usage patterns.
[0128] The software application may communicate with
case 1030 in a variety of ways. In one example, the software
application, running on device processor 1051, may commu-
nicate with case 1030 using device interface 1052. In another
example, the software application may communicate directly
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only with device 1050 and rely on software or firmware
contained in device 1050 to relay messages to or perform
communications with case 1030.

[0129] In the situation where device 150 is a device
designed or manufactured by APPLE, a software application
running on device 1050 may communicate with case 1030
using the APPLE external accessory framework. The external
accessory framework provides a conduit for communicating
between APPLE devices and attached accessories. This con-
duit may be used to integrate accessory level features into
software applications. Features or functions of case 1030 can
be integrated into a software application, if any, running on
case 1030 using this framework.

[0130] Communicating with an external accessory typi-
cally requires working closely with the accessory manufac-
turer to understand the services provided by that accessory.
Manufacturers must build explicit support into their acces-
sory hardware for communicating with i0S. As part of this
support, an accessory must support at least one command
protocol, which is a custom scheme for sending data back and
forth between the accessory and an attached app.

[0131] In one example, the software application may be
configured to display one or more of many different types of
information for each battery including: battery type, battery
capacity, current battery charge level, battery age, battery
health, and number of charge/discharge cycles. In addition,
the software application may also determine a power remain-
ing metric, based on the charge remaining in each of the
batteries, and display an estimated amount of operation time
remaining for device 1050 based on the power remaining
metric. The time remaining may be expressed as a percentage
(i.e., 30% remaining) or as an amount of time (i.e., 2 hours
and 45 minutes). The estimated amount of time remaining
may be based on tracking how much power has been used
over a recent period of time, a current operating mode of
device 1050, other battery life prediction methods, battery
health, or a combination thereof. The time remaining may be
expressed as a combined figure which takes both batteries
into account but also conveys how much of that total is pro-
vided by each of two or more batteries.

[0132] FIG. 14 illustrates one example of a power remain-
ing display on touch screen 208 of an electronic device
installed in protective enclosure 100. In the display, outer ring
1410 shows the power remaining in the battery in the elec-
tronic device. Inner ring 1420 shows the power remaining in
the battery in protective enclosure 100. Estimated total time
of'use remaining 1430 is indicated in the middle of the display
and is based on both batteries. In addition, touch screen 208
may also include graphical indicator 1440 which illustrates
power remaining. Graphical indicator 1440 may mimic infor-
mation displayed on LEDs

[0133] The software application may also be configured to
display information about the charger including: a type of the
charger, how much current the charger is capable of provid-
ing, how much current the charger is currently providing, how
long the charger has been connected, and/or an expected time
until charging is completed.

[0134] The software application may also track and display
power usage over an extended period of time. In one example,
the software application displays a bar graph for a week, a
month, or another period of time, that illustrates, for each day
in that period, how much power was consumed by device
1050, how much power was added through charging, and how
much benefit was provided by case battery 1023 in case 1030.
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FIG. 15 illustrates one example of a daily power consumption
display on touchscreen 2008 of an electronic device installed
in protective enclosure 100. Each bar of the chart in FIG. 15
illustrates the power usage for a day of the month. Each bar is
broken into two colors. One color illustrates the amount of
power used by the device from its own battery while the other
color illustrates the amount of power used by the device from
the case battery. The display may also indicate the time of day
that one or both of the batteries became depleted.

[0135] In another example, FIG. 16 illustrates alternate
example of power remaining displays on touch screen 208 of
a device installed in protective enclosure 100. The display
includes a number of hours remaining from both batteries
and/or an estimate of the time of day to which the device will
be operational based on the current battery levels and usage
are displayed.

[0136] In another example, an x-y line chart displayed on
touch screen 208 of an electronic device installed in protec-
tive enclosure 100 illustrates the change in charge of one or
multiple batteries versus time of day. FIG. 17 is an example of
this type of display and also includes an estimate of the
number of hours of charge remaining. FIG. 18 includes simi-
lar displays of charge remaining versus time of day for several
other days. A user of the device may use this type of multi-day
display to identify usage patterns, devise a charging strategy,
and/or as input for defining a charging profile.

[0137] Many other formats for graphing or visually depict-
ing charge and usage information are known in the art and the
claimed apparatuses, solutions, and techniques are not to be
limited to any particular depiction method.

[0138] In one variation, when the software application is
running on device 1050 and device 1050 is not connected to
case 1030, the software application may also display the
additional power or use time that could potentially be
obtained if device 1050 was connected to case 1030. In some
situations, information about a manufacturer or supplier of
case 1030 may also be displayed in conjunction with this
information.

[0139] In another variation, the software application may
communicate with other instances of the software applica-
tion, or a similar software application, on another device. The
communication may be for purposes of sharing charge profile
information, transferring a user profile from one device to
another, and/or sharing charge/discharge statistics.

[0140] Case 1030 may also include a solar cell or other
alternate type of power source. A solar cell can be used to
supplement the power needed to operate device 1050 and
charge one or more of the batteries when case 1030 is exposed
to light of a sufficient intensity top generate current from the
solar cell. Case processor 1021, in conjunction with current
limiter 1029, may be configured to allocate current from the
solar cell among case 1030 and device 1050. When power
source 1010 is connected to case 1030, case 1030 may per-
form these processes with respect to the combined current
available from power source 1010 and the solar cell.

[0141] Some smartphones and computing devices have
near field communication (NFC) capabilities. NFC is defined
by a set of standards for radio frequency (RF) communication
between two devices. NFC is related to radio-frequency iden-
tification (RFID) standards. Typically NFC enabled devices
are able to communicate with each other after bringing them
in close proximity (i.e., a few centimeters) to each other. In
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some situations, NFC communications may be used to set up
or bootstrap a faster and/or more complex communication
channel.

[0142] Case 1030, case 930, back shell 215, or any of the
other embodiments described herein may also include an
NFC repeater. For example case 1030 may include an NFC
repeater (not shown) because some portion of case 1030
physically blocks or inhibits the lower power signal from the
NFC coil or antenna that is built into device 1050. Because the
effectiveness of NFC antenna of device 1050 may be signifi-
cantly diminished when case 1030 is attached to device 1050,
case 1030 may include a tune NFC repeater which repeats the
signal from device 1050°s NFC transceiver in an area of case
1030 that is not blocked, or is blocked to a lesser manner, by
components of case 1030.

[0143] In one example, the NFC transceiver of electronic
device 205 is positioned on the back of electronic device 205
near battery 625. Once electronic device 205 is attached to
back shell 215, some of the power of the NFC transceiver may
be block by battery 625. A tuned NFC repeater in back shell
215 may be located near and inductively coupled to the NFC
transceiver and routed to the other side of battery 625 in order
to provide an NFC signal that is not blocked or obscured by
battery 625.

[0144] FIG. 11 illustrates a method of operating a case for
an electronic device in one embodiment of the techniques
disclosed herein. In step 1110 of FIG. 11, an electrical current
is received at a case for an electronic device from a power
source connected to the case. In step 1120, the received elec-
trical current is distributed between a rechargeable battery in
the case and the electronic device based on information
received by the case through communication with the elec-
tronic device.

[0145] FIG. 12 illustrates a method of operating a case for
an electronic device in one embodiment of the techniques
disclosed herein. In step 1210, an amount of current available
from a power source is determined. In step 1220, a current
control limit is set. In some situations, the current control
limit is set based on the determined available current. At step
1230, a distribution of the current is determined among an
electronic device and the case for the electronic device based
on distribution factors. These distribution factors may
include: a charge state of a battery in the case, a charge state
of'a battery in the electronic device, a capacity of one or both
batteries, a charge rate of one or both batteries, an age of one
or both batteries, numbers of charging cycles the batteries
have endured, a temperature of one or both batteries, another
factor indicating health or condition of one or both batteries,
the quantity of current available from the power source, his-
torical usage patterns of the electronic device, user prefer-
ences, user input, or combinations thereof.

[0146] Instep 1240 of the method of FIG. 12, the current is
distributed based on the determined distribution. In some
situations, after current has been allocated or distributed to
the electronic device, all of the remaining available current
from the power source is distributed to the case and/or the
case battery. In other situations, the total current consumed
from the power source by the case, the electronic device, and
any batteries being charged is less than the available current
from the power source.

[0147] Instep 1250 of the method of FIG. 12, a determina-
tion is made as to whether the case has been connected to a
new power source. Ifit is connect to a new power source, the
method returns to step 1210 and a determination is made
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regarding how much current is available from the new power
source. If the case has not been connected to a new power
source, the distribution factors continue to be monitored at
step 1260. The distribution of current between the case and
the electronic device may be dynamically adjusted as condi-
tions change.

[0148] When a case is configured to charge a case battery
and provide power to the electronic device simultaneously, a
profile may indicate that both the case battery and a battery of
the electronic device are to be charged simultaneously with a
preference that they are charged at rates such that they reach
full charge at approximately the same time. At the start of
charging, the electronic battery may be 5% full and the case
battery 30% full. At the start of charging, based on the distri-
bution factors, 75% of the available charging current may be
allocated to charging the electronic device battery while the
remaining 25% is allocated to charging the case battery. How-
ever, after time, the electronic battery may be at 90% charge
while the case battery has only reached 75%. In this situation,
the allocation may be dynamically adjusted to divert more of
the available current to the case battery.

[0149] FIG. 13 illustrates computer system 1300 with
which some embodiments of the techniques disclosed herein
may be utilized. Some or all of the steps and operations
associated with the techniques introduced here may be per-
formed by hardware components or may be embodied in
machine-executable instructions that cause a general purpose
or special purpose computer processor programmed with the
instructions to perform the steps. Alternatively, the steps may
be performed by a combination of hardware, software, and/or
firmware. According to the example of FIG. 13, computer
system 1300 includes a bus 1390, at least one computer pro-
cessor 1310, at least one communication interface 1330, at
least one memory 1320, at least one mass storage 1340, and at
least one power interface 1350. A removable storage media
1360 also interface to bus 1390 of computer system 1300.
[0150] Computer processor 1310 can be any known com-
puter processor, microprocessor, microcontroller, analog
computing circuitry, programmable logic array, or program-
mable logic device. Computer processor 1310 may also inter-
face to a coprocessor.

[0151] Communication interface 1330 can be any type of
interface for communicating with another device or a net-
work. Communication interface 1330 may be configured for
communicating using a wired connection, a wireless connec-
tion, audio signals, light waves, infrared, or a combination
thereof. Communication interface 1330 may be configured
for communicating with or over a network such a Local Area
Network (LAN), Wide Area Network (WAN), or any network
to which computer system 1300 connects. Communication
interface 1330 may also be configured to communicate with
an electronic device such as a cellular phone, a smartphone, a
tablet, a laptop computer, a server, or a digital audio device.
The various functions of communication interface 1330 may
be distributed across multiple communication interfaces. In
one example, communication interface 1330 is a USB inter-
face.

[0152] Memory 1320 can include random access memory
(RAM), or any other type of dynamic data storage device
commonly known in the art. Memory 1320 may also include
one or more static storage devices such as read only memory
(ROM), programmable read only memory (PROM), flash
memory, magnetic memory, erasable programmable read
only memory (EPROM), and/or electrically erasable pro-
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grammable read only memory (EEPROM) for storing static
data such as firmware or machine-executable instructions for
computer processor 1310 or for another computer processor.
In some configurations, memory 1320 may be contained
within computer processor 1310 or within one of the other
elements of computer system 1300.

[0153] Mass storage 1340 can include one or more persis-
tent mass data storage devices or modules that may be used to
store data, information, and/or instructions. Mass storage
1340 may include a hard drive, a tape drive, an optical drive,
flash memory, a micro electromechanical storage device, or a
combination thereof.

[0154] Power interface 1350 can be any type of interface for
receiving and/or transmitting electrical power. The functions
of power interface 1350 may be spread across multiple power
interfaces. The functions of power interface 1350 may also be
combined into a single connector and/or interface with com-
munication interface 1330. For example, the functions of
communication interface 1330 and power interface 1350 may
both be implemented in the form of one or more USB inter-
faces.

[0155] Removable storage media 1360 can be any kind of
external data storage device including a hard drive, a memory
card, a subscriber identity module (SIM) card, flash memory,
an optical drive, a tape drive, a micro electromechanical stor-
age device, or a combination thereof.

[0156] Bus 1390 communicatively couples the elements of
computer system 1300, as well as removable storage media
1360. Bus 1390 may conform to an industry standard bus
architecture and protocol or may use a proprietary architec-
ture and/or protocol.

[0157] FIG. 19 illustrates an example of displaying battery
charge information in one variation of the techniques dis-
closed herein. In FIG. 19, protective enclosure 100 is attached
to electronic device 205. As explained in some of the
examples above, electronic device 205 includes an internal
battery. Protective enclosure 100 also includes a battery. A
software application may be run on electronic device 205 to
gather and display, on touch screen 208 of electronic device
205, information about the charge states of the batteries. The
information may be displayed in the form of a graphical
illustration or representation of the information. For example,
the software application may display indicator 1930 which
indicates a charge state of the battery of protective enclosure
100 and display indicator 1940 which indicates a charge state
of the internal battery of electronic device 205.

[0158] In the example of FIG. 19, both batteries are fully
charged. The respective indicators indicate the fully charged
state for each of the batteries by displaying a value of “100%.”
In addition, the perimeters of indicators 1930 and 1940 are
shaded to indicate that the batteries are fully charged. A user
of electronic device 205 can view the information displayed
on touch screen 208 and easily determine the current charge
state of each of the batteries by either viewing the displayed
percentage or by viewing the portion of the perimeter of the
indicator that is shaded. Indicator 1930 and/or indicator 1940
may include an icon, text, or other information indicating
which battery the indicator is associated with. For example,
indicator 1940 includes an icon of a phone to convey that it is
indicating the charge state of the internal battery of electronic
device 205.

[0159] Although the examples here are described primarily
with respect to an internal battery of electronic device 205 and
a supplemental battery in protective enclosure 100, the dis-



US 2014/0191724 Al

closed techniques are also applicable to configurations in
which neither battery is internal to electronic device 205, as
well as to configurations in which three or more batteries are
electrically connected to electronic device 205. Additional
indicators that are similar to indicators 1930 and 1940 may be
included to indicate the charge state of additional batteries, if
any. In some situations, all of the indicators may be displayed
on touch screen 205 at the same time. In other situations, one
or more of the indicators may be displayed on a different
screen. When the indicators span multiple screens, the soft-
ware application may periodically switch between the indi-
cator screens or auser may toggle between the displays manu-
ally. Many other methods of graphically indicating a charge
state of one or more batteries are possible and the techniques
disclosed herein are not intended to be limited to any particu-
lar visual or graphical display technique or mechanism.
[0160] FIG. 20 illustrates an example of displaying battery
charge information when one of the batteries is not fully
charged. Indicator 1930 is unchanged from FIG. 19 because
the battery associated with indicator 1930 is still fully
charged. However, indicator 1940 indicates that the battery of
electronic device 205 is now at less than a fully charged
stated. Specifically, indicator 1940 indicates that the battery
of electronic device 205 is at 78% of charge by displaying a
value of “78%,” as well as by shading only a portion of the
perimeter of indicator 1940 that is representative of 78% of
the full perimeter.

[0161] Insome configurations, the perimeter of the indica-
tor may be shaded in discrete increments that approximate,
but do not necessarily exactly equal, the displayed percent-
age. For example, the perimeter area may be segregated into
10 discrete sections with 8 of those 10 sections being shaded
or highlighted when the battery is at 78% charge. In another
example, the perimeter area may be segregated into 4 discrete
segments with four of them being highlighted to represent,
approximately, the 78% charge level.

[0162] A charge state of one or more batteries may also be
indicated using other types of visual indicators. For example,
a charge state may be indicated using a non-circular indicator
made up of a discrete number of segments where an appro-
priate number of the segments are illuminated, darkened, or
otherwise highlight based on the charge state (e.g., 3 of 5
segments are darkened when the charge state is near 60%).
Indicator 1940 may be configured to display in various incre-
ments such as 1%, 2%, 5%, 10%, or 25% depending on the
resolution of the measurement of the charge state and/or the
desired resolution for the display. In one example, the charge
state of one or more of the batteries may be measured in 1%
or smaller increments, but indicator 1930 and/or indicator
1940 may only display the charge state(s) in multiples of 5%,
10%, 25%, or some other value. A quantitatively indicated
charge value, such as “78%,” and a graphical representation
of that charge state, such as the perimeter of indicator 1940,
may be displayed with different resolutions.

[0163] FIG. 21 illustrates an example of displaying battery
charge information in a situation in which both batteries are
partially discharged. Indicator 1940 indicates that the battery
associated with indicator 1940 has been discharged to 53% of
full capacity. Indicator 1930 indicates that its associated bat-
tery has been discharged to 73% of full capacity. As described
above, various algorithms and/or profiles may be used to
determine which of the batteries electronic device 205 should
be drawing current from under various circumstances. The
indicators may also include icons or other information that
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indicates whether the associated battery is being charged. In
this example, the battery associated with indicator 1940 is the
internal battery of electronic device 205. This internal battery
can be charged by the battery of protective enclosure 100 even
when neither electronic device 205 nor protective enclosure
100 is connected to an external power source. In other words,
the lightning bolt icon within the phone icon indicates that the
battery of protective enclosure 100 is currently being charged.
When the battery of protective enclosure 100 charges the
battery of mobile device 205, the value indicated by indicator
1930 will decrease while the value indicated by indicator
1940 will. The icon indicating that a battery is being charged
may appear within the associated indicator, as illustrated in
FIG. 21, or may be displayed elsewhere on touch screen 208.
The icon may also flash or otherwise vary in a time related
manner (e.g., a lightning bolt associated with the icon that
flashes on and off) to indicate that the associated battery is
being charged.

[0164] FIG. 22 illustrates an example of displaying battery
charge information when protective enclosure 100 is attached
to an external power source. Indicator 1930 indicates that the
battery of protective enclosure 100 is currently at 70% charge.
An icon or other type of visual indicator may be displayed in
or near indicator 1930 to further indicate that protective
enclosure 100 is plugged in or otherwise receiving power
from an external power source. For example, in FIG. 22
indicator 1930 includes an icon of an electrical plug to indi-
cate that it is receiving power from an external power source.
The icon may also flash or otherwise vary in a time related
manner to indicate that the battery of protective enclosure 100
is being charged. In some configurations, the icon may flash
while one or more of the battery(s) are charging and remain
solid when protective enclosure 100 is still attached to the
external power source, but charging of the battery(s) is com-
pleted.

[0165] As described in the examples above, the current
from an external power source may be divided among two or
more batteries. Various algorithms and/or profiles may be
used to determine how the current received from the external
power source may be allocated among the two or more bat-
teries.

[0166] Inaddition to conveying charge state information as
described above, the software application may also, or alter-
natively, convey charge state information by changing a color
of one or more of indicator 1930 and indicator 1940. For
example, one or both indicators may be displayed in one color
when the charge is above a threshold and change to a different
color, red for example, when the charge level of the associated
battery drops to or below that threshold. In other words, in this
example, indicator 1940 turns red when the internal battery of
electronic device 205 is less than or equal to 20%. The indi-
cator may then return to the original color when the charge
level is above that threshold, or above another threshold.
Color changes of the indicators, or one or more parts of the
indicators, may also be used to indicate when one or more of
the batteries are being charged. For example, indicator 1930
may be green when protective enclosure 100 is not connected
to an external power source and may turn blue when it is
connected to an external power source. A further distinction
may be made by varying the color of indicator when charging
has completed and protective enclosure 100 is still connected
to the external power source.

[0167] FIG. 23 illustrates an example of displaying time
remaining information based on battery charge information.
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Indicator 1960 displays an estimated amount of use time
remaining for electronic device 205 based on the charge state
of one or more batteries. In the example of FIG. 23, the
software application running on electronic device 205 has
determined that the one or more batteries are expected to
provide 7 hours and 12 minutes of additional use time for
electronic device 205 before being depleted. Based on the
estimated time remaining and a current time, indicator 1950
indicates the approximate time of day at which electronic
device 205 will shut down because the batteries are depleted.
The algorithm(s) used to determine the values displayed by
indicators 1950 and 1960 may take into account one or more
of many factors including, but not limited to: battery charge
status, battery health, usage profiles, usage patterns, historical
behavior patterns, time of day, day of week, location, current
computing resource utilization, expected future computing
resource utilization, number of software applications or pro-
grams running, scheduled events, scheduled meetings, wire-
less signal strength, or other factors affecting how much
power is being used by electronic device 205 and protective
enclosure 205 or how much power is expected to be used by
electronic device 205 in the future.

[0168] Insome configurations, a user may manually toggle
between the display of FIG. 23 and one of the displays in
FIGS. 19-22 or the software application may automatically
switch between displays. Any combination of indicator 1930,
indicator 1940, indicator 1950, and indicator 1960 may be
displayed on touch screen 208. In one configuration, a user
can optionally configure which of these indicators will be
displayed on a particular screen and/or in what positions they
are displayed.

[0169] In one example, a protective case for an electronic
device having a rechargeable battery includes an interface for
connecting to a rechargeable battery, a group of display ele-
ments, a device interface for electrically interfacing with the
electronic device, and an external interface. The protective
case may also include electrical circuitry to receive electrical
power from an external power source through the external
interface, exchange communications with the electronic
device through the device interface, determine a charge rate
for the rechargeable battery of the electronic device based on
information received in the communications, and supply a
portion of the received electrical power to the electronic
device through the device interface if a condition is satisfied.
The magnitude of the portion may be determined based on the
charge rate.

[0170] In one variation of the example above, the informa-
tionreceived in the communications includes a current charge
state of a rechargeable battery of the electronic device and the
condition is satisfied if the current charge state of the
rechargeable battery of the electronic device is less than a
charging threshold.

[0171] Inanother variation, the information received in the
communications includes an operating mode of the electronic
device.

[0172] In another variation, the charge rate is also deter-
mined based on a charge state of the rechargeable battery
interfaced to the protective case.

[0173] In another variation, determining the charge rate
includes determining an amount of current to supply to the
electronic device. In some cases, the amount of current sup-
plied to the electronic device is less than the amount of current
the electronic device would have consumed if it was con-
nected directly to the external power source.

Jul. 10,2014

[0174] Inanother variation, the electrical circuitry may also
display, on the group of display elements, a charge state ofthe
rechargeable battery interfaced to the protective case, a
charge state of the electronic device rechargeable battery, or a
combined charge state of the rechargeable battery interfaced
to the protective case and the electronic device rechargeable
battery.

[0175] In another variation, the protective case may also
activate a subset of the display elements where the size of the
subset is proportional to the charge state being displayed. The
group of display elements may include ten LED and the
subset may include a quantity of the ten LEDs that approxi-
mates a percentage charge remaining derived from the charge
state. In some situations, the group of display elements may
be made up of multiple display locations within one display
device. In some situations, the display device is a liquid
crystal display (LCD).

[0176] In yet another variation, the protect case may
include a user input device. The protective case may display
a status for a specified period of time in response to an input
received at the user input device.

[0177] In another variation, the electrical circuitry may
charge the rechargeable battery interfaced to the protective
case using a second portion of the received electrical power.
[0178] Insome situations, the charge rate may also be deter-
mined based ontwo or more of: a charge state of the protective
case battery, a capacity of the protective case battery, a maxi-
mum charging rate of the protective case battery, an age of the
protective case battery, a number of charging cycles the pro-
tective case battery has endured, a temperature of the protec-
tive case battery, a health indicator associated with the pro-
tective case battery, a charge state of the electronic device
battery, a physical construction of the protective case battery,
a chemistry of the of the protective case battery, a capacity of
the electronic device battery, a maximum charging rate of the
electronic device battery, an age of the electronic device bat-
tery, a number of charging cycles the electronic device battery
has endured, a temperature of the electronic device battery,
and a health indicator associated with the electronic device
battery, a physical construction of the electronic device bat-
tery, a chemistry of the of the electronic device battery.
[0179] In one variation, the information received in the
communications may include one or more of: a time of day, a
day of week, a time zone in which the electronic device is
currently located, a current location of the electronic device,
a velocity of the electronic device, historical power usage
data, and a schedule for a user of the electronic device.
[0180] In another example, a protective enclosure for a
mobile computing device includes a device interface for elec-
trically interfacing with a mobile computing device, a supple-
mental battery, a memory containing computer-readable
instructions, and a computer processor. The computer proces-
sor is configured to execute the instructions to monitor a
charge level of the rechargeable battery of the mobile com-
puting device, determine a charging current level for the
mobile computing device based on the monitored charge level
and charge level of the supplemental battery, and supply a
charging current at the charging current level to the mobile
computing device through the device interface if the moni-
tored charge level is below a charging threshold for the mobile
computing device.

[0181] In one variation of the example above, the charge
level of the rechargeable battery of the mobile computing
device includes a charge remaining value that quantitatively
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indicates a percentage of a full capacity of the rechargeable
battery and the charging current level is calculated such that
the charging current level has an inverse relationship to the
percentage of full capacity of the rechargeable battery of the
mobile computing device. The mobile computing device may
be one or more of: a smartphone, a tablet computer, and a
cellular phone.

[0182] In another example, a non-transitory computer-
readable medium includes computer-executable instructions.
When executed by one or more computer processors of a case
for an electronic device, the instructions direct the one or
more computer processors to receive electrical power from an
external power source through a power interface of the case,
receive a communication from the electronic device through
adevice interface of the case, determine a charging current for
arechargeable battery of the electronic device based on infor-
mation from the communication, supply the charging current
to the electronic device through the device interface, receive
a subsequent communication from the electronic device after
aperiod of time, and adjust the charging current based on the
information from the subsequent communication.

[0183] The components described above 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.

[0184] 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.

[0185] The phrases “in some embodiments,” “according to

some embodiments,” “in the embodiments shown,” “in other
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embodiments,” “in some examples,” “in some cases,” “in
some situations,” “in one configuration,” “in another configu-
ration” and the like generally mean that the particular 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 referto
the same embodiments or different embodiments.
1. A protective case for an electronic device, the protective
case comprising:
a rechargeable battery;
an interface for connecting to the rechargeable battery;
a group of display elements;
a device interface for electrically interfacing with the elec-
tronic device;
an external interface; and
electrical circuitry configured to:
receive electrical power from an external power source
through the external interface;
determine a charge state of the rechargeable battery;
exchange communications with the electronic device
through the device interface to determine a charge
state of a rechargeable battery of the electronic device
based on information received in the communica-
tions;
allocate a portion of the received electrical power to the
electronic device, a magnitude of the portion based on
the determined charge state of the rechargeable bat-

29 <

Jul. 10,2014

tery of the protective case and based on the deter-
mined charge state of the rechargeable battery of the
electronic device;

supply the allocated portion of the received electrical
power to the electronic device through the device
interface if a condition is satisfied; and

supply a remaining portion of the received electrical
power to the rechargeable battery of the protective
case.

2. The protective case of claim 1 wherein:

the condition is satisfied if the charge state of the recharge-

able battery of the electronic device is less than a speci-
fied charge threshold.

3. The protective case of claim 1 wherein the information
received in the communications includes an operating mode
of the electronic device and the magnitude of the portion is
further based on the operating mode of the electronic device.

4. The protective case of claim 1 wherein the magnitude of
the portion is further determined based on a charge rate of the
rechargeable battery of the protective case.

5. The protective case of claim 1 wherein determining the
magnitude of the portion based on the charge state of the
rechargeable battery of the protective case and based on the
charge state of the rechargeable battery of the electronic
device includes determining an amount of current to supply to
the electronic device.

6. The protective case of claim 5 wherein the amount of
current to supply to the electronic device is less than an
amount of current the electronic device would consume if
connected directly to the external power source.

7. The protective case of claim 1 wherein the electrical
circuitry is further configured to display, on the group of
display elements, a charge status based on the charge state of
the rechargeable battery of the protective case, the charge
state of the rechargeable battery of the electronic device, or a
combined charge state of the rechargeable battery of the pro-
tective case and the rechargeable battery of the electronic
device.

8. The protective case of claim 7 wherein to display
includes to activate a subset of the display elements, a size of
the subset being proportional to the charge status.

9. The protective case of claim 8 wherein the group of
display elements includes ten light emitting diodes (LEDs)
and to activate a subset includes to illuminate a quantity ofthe
ten LEDs that approximates a percentage charge remaining
derived from the charge status.

10. The protective case of claim 7 wherein the group of
display elements comprises a plurality of display locations
within one display device.

11. The protective case of claim 10 wherein the display
device is a liquid crystal display (LCD).

12. The protective case of claim 7 further comprising a user
input device.

13. The protective case of claim 12 wherein the group of
display elements displays the charge status for a specified
period of time in response to an input received at the user
input device.

14. The protective case of claim 1 wherein the electrical
circuitry is further configured to determine an updated charge
state of the rechargeable battery of the electronic device and
adjust the magnitude of the portion of the received electrical
power supplied to the electronic device based on the updated
charge state.
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15. The protective case of claim 1 wherein the magnitude
of'the portion of the received electrical power allocated to the
electronic device is further based on one or more of: a capac-
ity of the protective case rechargeable battery, a maximum
charging rate of the protective case rechargeable battery, an
age of the protective case rechargeable battery, a number of
charging cycles the protective case rechargeable battery has
endured, a temperature of the protective case rechargeable
battery, a health indicator associated with the protective case
rechargeable battery, a physical construction of the protective
case rechargeable battery, a chemistry of the of the protective
case rechargeable battery, a capacity of the electronic device
rechargeable battery, a maximum charging rate of the elec-
tronic device rechargeable battery, an age of the electronic
device rechargeable battery, a number of charging cycles the
electronic device rechargeable battery has endured, a tem-
perature of the electronic device rechargeable battery, a health
indicator associated with the electronic device rechargeable
battery, a physical construction of the electronic device
rechargeable battery, and a chemistry of the of the electronic
device rechargeable battery.

16. The protective case of claim 1 wherein the information
received in the communications includes one or more of: a
time of day, a day of week, a time zone in which the electronic
device is currently located, a current location of the electronic
device, a velocity of the electronic device, historical power
usage data, and a schedule for a user of the electronic device.

17. A protective enclosure for a mobile computing device
having a rechargeable battery, the protective enclosure com-
prising:

a device interface for electrically interfacing with the

mobile computing device;

a supplemental battery;

a memory containing computer-readable instructions; and

a computer processor configured to execute the instruc-

tions to:

monitor a charge level of the rechargeable battery of the
mobile computing device;

monitor a charge level of the supplemental battery;

determine a first charging current level for the mobile
computing device and a second charging current level
for the supplemental battery based on the charge level
of the rechargeable battery of the mobile computing
device and based on the charge level of the supple-
mental battery;
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supply a first charging current at the first charging cur-
rent level to the mobile computing device through the
device interface if the monitored charge level is below
a charge level threshold for the mobile computing
device; and

supply a second charging current at the second charging
current level to the supplemental battery.

18. The protective enclosure of claim 17 wherein:

the charge level of the rechargeable battery of the mobile

computing device includes a charge remaining value
that quantitatively indicates a percentage of a full capac-
ity of the rechargeable battery; and

to determine a first charging current level for the mobile

computing device includes to calculate the first charging
current level such that the first charging current level has
an inverse relationship to the percentage of full capacity
of the rechargeable battery of the mobile computing
device.

19. The protective enclosure of claim 17 wherein the
mobile computing device is one or more of: a smartphone, a
tablet computer, and a cellular phone.

20. A non-transitory computer-readable medium including
computer-executable instructions that, when executed by one
or more computer processors of a case for an electronic
device, direct the one or more computer processors to:

receive electrical power from an external power source

through a power interface of the case;

receive a communication from the electronic device

through a device interface of the case;

determine a device charging current for a rechargeable

battery of the electronic device based on information
included in the communication;

determine a case charging current based on the device

charging current;

supply the device charging current to the electronic device

through the device interface;

supply the case charging current to a battery associated

with the case;

receive a subsequent communication from the electronic

device after a period of time; and

adjust the device charging current and the case charging

current based on the information from the subsequent
communication.



