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(57) ABSTRACT

A light activated power indicator includes an indicator and a
receptor circuit with a light sensitive device electrically con-
nected to the indicator. The light activated power indicator
further includes a first terminal electrically coupled to a first
end of the receptor circuit and a second terminal electrically
coupled to a second end of the receptor circuit wherein the
indicator indicates a state of charge of an electrical storage
device when the light sensitive device 1s exposed to one or
more wavelengths lying within a response spectrum.
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LIGHT ACTIVATED POWER INDICATOR

TECHNICAL FIELD

[0001] The present disclosure 1s generally directed to indi-
cator apparatuses for electrical storage devices.

BACKGROUND

[0002] On-cell indicators require a user to press one or two
buttons, wait for several seconds and then observe an indica-
tor that shows the state of charge of the battery. This 1s
inconvenient for the users because they must remove the
batteries from the device, hold the battery and press the button
(s). The user must then reinstall the battery into the device.
This 1s cumbersome and time consuming.

[0003] Electrochromic displays draw very little power from
the cell being tested and can therefore remain on and allow the
consumer to just look at the cell to determine the state of
charge. However, the current state-of the-art 1n electrochro-
mic indicator technology has short operational life 1t 1t 1s
continuously powered 1n the on condition. The short opera-
tional life could be as short as a few weeks to as long as about
a couple of months.

[0004] Accordingly, a need exists for improved on-cell
indicators.

SUMMARY
[0005] In one embodiment, an apparatus for a light acti-

vated power indicator includes an indicator and a receptor
circuit with a light sensitive device electrically connected to
the indicator. The light activated power indicator further
includes a first terminal electrically coupled to a first end of
the receptor circuit and a second terminal electrically coupled
to a second end of the receptor circuit wherein the indicator
indicates a state of charge of an electrical storage device when
the light sensitive device 1s exposed to one or more wave-
lengths lying within a response spectrum.

[0006] In another embodiment, a method for observing a
state of charge of an electrical storage device includes pow-
ering a light activated power indicator from an electrical
storage device and deactivating the light activated power 1ndi-
cator when a light sensitive device 1s not exposed to one or
more wavelengths lying within a response spectrum to reduce
a power consumption of the light activated power indicator.
The light activated power 1ndicator includes an indicator and
a receptor circuit. The receptor circuit includes the light sen-
sitive device electrically coupled to the indicator. The light
sensitive device includes electrical characteristics that change
when the light sensitive device 1s exposed to one or more
wavelengths lying within the response spectrum. The method
turther includes responding to exposure to one or more wave-
lengths lying within the response spectrum by changing elec-
trical characteristics of the light sensitive device and deter-
miming a state of charge of the electrical storage device
through an electrical potential provided across the indicator.
The step of indicating the state of charge of the electrical
storage device 1s done on the indicator.

[0007] In yet another embodiment, an apparatus for a light
activated power indicator that operates 1n a presence of visible
light to indicate a state of charge of a battery includes an
indicator and a receptor circuit. The receptor circuit includes
a leakage resistor electrically coupled to the indicator, a dis-
play resistor electrically coupled to the indicator, and a light
sensitive device electrically coupled to the indicator. The light
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sensitive device includes electrical characteristics that change
when the light sensitive device 1s exposed to one or more
wavelengths lying within a response spectrum. The apparatus
further includes a battery having a first electrode and a second
electrode, the first electrode 1s electrically coupled to a first
end of the receptor circuit and the second electrode electri-
cally coupled to a second end of the receptor circuit. The
apparatus operates by the indicator indicating a state of
charge of the battery when the light sensitive device 1is
exposed to one or more wavelengths lying within the
response spectrum.

[0008] These and additional features provided by the
embodiments described herein will be more fully understood
in view of the following detailed description, in conjunction
with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The embodiments set forth in the drawings are 1llus-
trative 1n nature and not intended to limit the subject matter
defined by the claims. The following detailed description of
the illustrative embodiments can be understood when read in
conjunction with the following drawings, where like structure
1s indicated with like reference numerals and 1n which:
[0010] FIG. 1 depicts one embodiment of a light activated
power indicator according to one or more embodiments
shown and described herein;

[0011] FIG. 2 1s another embodiment of the light activated
power 1ndicator according to one or more embodiments
shown and described herein;

[0012] FIG. 3 depicts a sandwich type indicator circuit
according to one or more embodiments shown and described
herein;

[0013] FIG. 4 depicts a flat type indicator according to one
or more embodiments shown and described herein;

[0014] FIG. 5 depicts a series receptor circuit according to
one or more embodiments shown and described herein;
[0015] FIG. 6 depicts a parallel receptor circuit according
to one or more embodiments shown and described herein;
[0016] FIG. 7 depicts a segmented strip indicator according
to one or more embodiments shown and described herein; and

[0017] FIG. 8 depicts an op-amp light activated indicator
according to one or more embodiments shown and described
herein.

DETAILED DESCRIPTION

[0018] The light activated power indicator indicates the
amount of energy remaining in a battery and includes a light
sensitive element and an indicator circuit. The indicator cir-
cuit 1s designed to mimimize and/or eliminate power usage of
the indicator circuit when the battery 1s not visible to a con-
sumer. The light activated power indicator generally com-
prises a circuit having a light sensitive device and a display for
indicating a state of the charge of the battery. The light acti-
vated power indicator may be coupled to the battery and
receive 1ts power from the battery. The display of the light
sensitive device has at least two display states: an off display
state and an on display state. In the off display state, the
display does not indicate the state of the charge of the battery
and the display may be considered deactivated. Alternatively,
in the on display state, the display does indicate the state of the
charge of the battery and the display may be considered
activated. Exposure of the light sensitive device to the elec-
tromagnetic spectrum dictates which display state the light
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activated power indicator 1s in. Various embodiments of the
light activated power indicator and the operation of the light
activated power 1ndicator will be described in more detail
herein.

[0019] Referring now to FIG. 1, a light activated power
indicator 100 may be coupled to an electrical storage device
105. The electrical storage device 105 may include a first
electrode 110 and a second electrode 115. In one embodi-
ment, the electrical storage device 105 may be one or more
battery cells or one or more batteries. The one or more battery
cells may be, for example, disposable (e.g. one-time dis-
charge) or they may be rechargeable (e.g. multiple-time
charge/discharge). For example, the battery may be a
rechargeable battery, a fuel cell, a stack of coin batteries, or a
stack of cylindrical batteries. The light activated power indi-
cator 100 1s generally shown within the imaginary box and
may include a first terminal 120 and a second terminal 125.
The first terminal 120 may be electrically coupled to the first
clectrode 110 and the second terminal 125 may be coupled to
the second electrode 115. Alternatively, the first terminal 120
may be electrically coupled to the second electrode 115 and
the second terminal 1235 may be coupled to the first electrode
110. The first electrode 110 and the second electrode 115 may
be, for example, positive and negative respectively or vice
versa. The first terminal 120 and the second terminal 125 may
enable the light activated power indicator 100 to sense the
state of charge of the electrical storage device 105. The first
terminal 120 and the second terminal 125 may also be used to
power the light activated power indicator 100.

[0020] In another embodiment, the electrical storage
device 105 may be a capacitor (not shown). The capacitor
may have a positive lead and a negative lead. The first termi-
nal may be electrically coupled to the positive lead of the
capacitor and the second terminal may be electrically coupled
to the negative lead of the capacitor or vice versa.

[0021] The light activated power indicator 100 may be
coupled to a housing 140 of the electrical storage device 105.
In one embodiment, the coupling of the light activated power
indicator 100 to the housing 140 may be accomplished by an
adhesive or by mechanical attachment such as screws, bolts,
clamps, tabs, snaps, snap-fit connections, welding, soldering,
and the like. In another embodiment, the coupling of the light
activated power indicator 100 to the housing 140 may be
accomplished by printing the light activated power indicator
100, first terminal 120, second terminal 125, and circuit traces
142 on the housing 140. In yet another embodiment, the
coupling of the light activated power indicator 100 to the
housing 140 may be accomplished by printing the light acti-
vated power indicator 100, first terminal 120, second terminal
125, and circuit traces 142 on a substrate (e.g. a substrate 200
as shown 1n FIG. 2 or a label 700 as shown 1n FIG. 7). The
circuit traces 142 are generally shown 1n FIG. 1 and are not
representative of all the circuit traces required. In all embodi-
ments, the electrically coupling of the components of the light
activated power indicator 100 may be done by conductive
glue, soldering, welding, mechanical fastener such as a com-
pression clamp or rivet, or through overlapping printing of the
components to form electrically conductive bridges between
printings. Conductive glue may be used to minimize resis-
tance between connection points within the light activated
power indicator 100. For example, conductive glue may be
used to electrically couple the first terminal 120 and the
second terminal 123 to the first electrode 110 and the second

electrode 115.
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[0022] Prnting may include, but 1s not limited to, the fol-
lowing techniques: a radio frequency (RF) sputtering tech-
nique, an i1mpact or pressure technique, a mask and etch
technique, or a heat or light activated technique. These print-
ing technmiques are used to apply a material such as copper,
plastic, silver, carbon, graphite or epoxy, electrochromic and
other indicator materials, photovoltaic cell materials, semi-
conductor material and the like to a subject surface with a
machine or a process. The machine or process may be oper-
able to define the components of the light activated power
indicator 100 through the use of a screen, gravure, or 1nk jet
printing. The subject surface may include the substrate 200,
the housing 140, or both.

[0023] The light activated power indicator 100 may have a
receptor circuit 135 that 1s connected to and/or includes an
indicator 130. Although indicator 130 1s shown in FIG. 1 as
separate from the receptor circuit 135, 1t 1s understood that the
indicator 130 may be a part of and connected within the
receptor circuit 135. The receptor circuit 135 may have a first
end 145 and a second end 150. The first end 145 may define
a first node (e.g. a first node 325 shown in FIG. § and
described below herein). The second end 150 may define a
second node (e.g. a second node 330 as shown 1n FIG. 5 and
described below herein). The first terminal 120 may be elec-
trically coupled to the first end 145, and the second terminal
125 may be electrically coupled to the second end 150. In one
embodiment, the components of the receptor circuit 135 may
be printed directly on the indicator 130.

[0024] The receptor circuit 135 may include a light sensi-
tive device and one or more resistors. As throughout the
disclosure, the light sensitive device may be any discrete
component that changes its electrical characteristics (e.g.
resistance, voltage, or current) in response to being exposed
to one or more wavelengths of the electromagnetic spectrum.
The light sensitive device may be configured to ensure that the
light activated power indicator 100 1s not powered or alterna-
tively, mimimally powered when a user does not want to know
the state of charge of the electrical storage device 105. For
example, the light sensitive device may be configured,
designed, and/or chosen such that 1t only responds (i.e.,
changes 1ts electrical characteristics) in response to a specific
wavelength or range of wavelengths such as when a user
opens a compartment containing the electrical storage device
or opens packaging containing the electrical storage device
105. In other words, the electrical characteristics of the light
sensitive device may be varied in response to varied exposure
to the electromagnetic spectrum. Furthermore, the electrical
characteristics of the light sensitive device may be varied 1n
response to the intensity of the electromagnetic spectrum
and/or the position and orientation between the source of the
clectromagnetic spectrum and the light sensitive device.
Herein, the term “response spectrum” refers to those wave-
lengths (or frequencies) of the electromagnetic spectrum that
the light sensitive device responds to by changing 1ts electri-
cal characteristics. For example, 11 the light sensitive device 1s
exposed to some portion of the electromagnetic spectrum but
that portion of the electromagnetic spectrum does not include
the wavelengths lying within the response spectrum, the light
sensitive device will not respond by changing 1ts electrical
characteristics. The light sensitive device may comprise a
photoresistor (1.e. light dependent resistor), photodiode, pho-
totransistor, or a solar cell.

[0025] Still referring to FIG. 1, the receptor circuit 135 may
be an application specific integrated circuit (ASIC), one or
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more discrete components, and/or integrated components
electrically coupled together. For example, 1n one embodi-
ment, the receptor circuit 135 may include an op-amp (e.g. an
op-amp 810 as shown and described in FIG. 8) 1n an inverting
amplification configuration. In another embodiment, the
receptor circuit 135 may include a comparator circuit that
determines when the light sensitive device 1s exposed to the
wavelengths lying within the response spectrum or not. The
comparator circuit may compare the voltage or current from
the light sensitive device to a threshold voltage or current to
determine whether to indicate the state of charge of the elec-
trical storage device 105 or not. In yet another embodiment,
the receptor circuit 135 may be a signal conditioner electri-
cally coupled to a photovoltaic cell, where the photovoltaic
cell acts as the light sensitive device. The signal conditioner
may be required to manipulate the voltage or current from the
photovoltaic cell 1n order to determine whether to indicate the
state of charge of the electrical storage device 105 or not. In all
these embodiments, the receptor circuit 135 provides a light
dependent, variable electrical characteristic (e.g. voltage, cur-
rent, and/or resistance) that enables the light activated power
indicator 100 to respond to the wavelengths lying within the
response spectrum. The various embodiments of the receptor
circuit 135 are discussed 1n greater detail below.

[0026] The indicator 130 may be used to receive a state of
charge determination of the electrical storage device 105
from the receptor circuit 135 and indicate the state of charge
determination using visual, audio, or other indicators and/or
signals. In other words, the indicator 130 may be operable to
indicate the state of charge of the electrical storage device
105. The indicator 130 may be a light-emitting diode (LED)
display, a liquid-crystal display (LCD), an electro-chromic
display, a thermo-chromic display, an electro-wetting display,
a structural color display, electrophoretic display, and/or an
electrostatic display. In one embodiment, the indicator 130
may be separate and distinct from the receptor circuit 135. For
example, the indicator 130 may also be a standalone, dedi-
cated circuit, or a display circuit. In another embodiment, the
indicator 130 may be part of, connected within, and/or 1nte-
grated with the receptor circuit 135 as shown 1n FIGS. 3 and
4. The indicator 130 may also be an audible device. For
example, the receptor circuit 135 may monitor the state of
charge of the electrical storage device 105 and when a charge

threshold 1s met or exceeded, the indicator 130 may give an
audible alert.

[0027] FIG. 2 1s another embodiment of the light activated
power indicator 100, wherein the light activated power indi-
cator 100 1s coupled to a substrate 200. The substrate 200 may
be used to mount and secure light activated power 1ndicator
100 to the electrical storage device 105. The substrate 200
may include a first side 201 and a second side that 1s opposite
the first side 201. The coupling of the light activated power
indicator 100 to the substrate 200 may be accomplished by an
adhesive, or by mechanical attachment such as screws, bolts,
clamps, tabs, snaps, snap-1it connections, and the like. Alter-
natively, the light activated power indicator 100 may be
coupled to the substrate 200 by printing techniques as
described above.

[0028] The substrate 200 may be a hard material, a tlexible
material, or a printed circuit board. The printed circuit board
embodiment may 1nclude electrical traces 142 that electri-

cally couple the components of the light activated power
indicator 100 together. The circuit traces 142 are generally
shown 1n FIG. 2 and are not representative of all the circuit

Jul. 30, 2015

traces required. In all embodiments, the electrically coupling
of the components of the light activated power indicator 100
may be done by conductive glue, soldering, welding,
mechanical fastener such as a compression clamp or rivet, or
through overlapping printing of the components to form elec-
trically conductive bridges between printings. Conductive
glue may be used to minimize resistance between connection
points within the light activated power indicator 100. The
receptor circuit 135 and the indicator 130 may be coupled to
the first side 201 of the substrate 200. The second side may be
coupled to the housing 140 of the electrical storage device
105. In one embodiment, the electrical storage device 105
may be a button battery with only the first terminal 120
visible. The second terminal (not shown) may be coupled to
the second side of the substrate 200 and electrically coupled
with the housing 140. In another embodiment, if the substrate
200 1s not used, the second terminal may penetrate an adhe-
stve or other coupling means to electrically couple with the
housing 140. In yet another embodiment, the receptor circuit
135 may include a short contact (not shown) that may be
coupled to the second side and which may rest against the
housing 140. The short contact may electrically couple the
housing 140 with the second terminal.

[0029] The light sensitive device may be configured to vary
its electrical characteristics across arange of wavelengths that
lie within the response spectrum. For example, 1 the light
sensitive device 1s a photoresistor, the resistance of the pho-
toresistor may change from a low resistance up to a high
resistance or vice versa, 1 response to exposure to the wave-
lengths lying within the response spectrum. Also, the light
sensitive device may have a specific period of time that tran-
spires as the electrical characteristics of the light sensitive
device transitions across the range. For example, there 1s a
transition time for a photoresistor to change from a first resis-
tance (e.g. a low resistance) to a second resistance (e.g. a high
resistance and/or intermediate resistance). The light sensitive
device may further include an intermediate electrical charac-
teristic that 1s disposed between the two extremes of range.
For example, the photoresistor may have an intermediate
resistance that 1s disposed between the high resistance and the
low resistance. The intermediate resistance may be a result of
the wavelengths of the electromagnetic spectrum that may be
close to, but not the wavelengths lying within the response
spectrum. The intermediate resistance may also be the result
of the intensity of the response spectrum that 1s detected by
the light sensitive device. As such, the light sensitive device
responds by slightly changing 1ts electrical characteristics.
Continuing the example, the amount of current that the inter-
mediate resistance allows through the photoresistor may pro-
vide for a dim 1ndicator 130; however, the indicator 130 may
still be readable. Furthermore, if the exposure to and/or the
intensity of the wavelengths lying within the response spec-
trum of the electromagnetic spectrum 1s constant, the
response of the light sensitive device may be constant. Alter-
natively, 1f the exposure to and/or the intensity of the wave-
lengths lying within the response spectrum of the electromag-
netic spectrum 1s variable, the response of the light sensitive
device may be variable. The variable response may still be
limited between the two extremes of the range, for example
the high resistance and the low resistance of the photoresistor.

[0030] The characteristics of the light sensitive device,
such as those set forth above, may be dependent on the com-
position of the material of the light sensitive device. For
example, the light sensitive device may be doped with silicon
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which results 1n the light sensitive device responding to the
wavelengths lying within the response spectrum that are not a
visible portion of the electromagnetic spectrum. In another
embodiment, the light sensitive device may be a cadmium
sulfide light sensitive device which results 1n the light sensi-
tive device responding to the wavelengths lying within the
response spectrum that are the visible portion of the electro-
magnetic spectrum. In yet another embodiment, the light
sensitive device may be made from a doped material com-
prising at least one of the following: Lead Sulfide (PbS),
Copper Oxide (CuQO), Selenium Disulfide (SeS,), Cadmium
Sulfide (CdS), electrically conductive polymers (with or
without doping), and any other metallic sulfides and oxides.
Each doped material may coincide with a particular radiation
wavelength(s) thereby changing the wavelength range of the
response spectrum that the light sensitive device responds to.

[0031] Theindicator 130 of FIG. 1 may be a sandwich type
indicator 375 as shown 1n FIG. 3. Referring to FIGS. 1-3, the
sandwich type indicator 375 may use electrochromic technol-
ogy based on the migration of color-bearing particles under
the influence of an electrical potential 370, sometimes
referred to as a chromophoric system or chromophoretic sys-
tem. The electrical potential 370 may be either the electrical
motive force applied to the sandwich type indicator 375 from
the electrical storage device 105 or it may be the circuit traces
142 to the receptor circuit 135 that delivers the electrical
motive force to the sandwich type indicator 375 from an
external power source. The electrical potential 370 1s applied
to a top electrode 380 and a bottom electrode 385 which are
arranged opposite to each other. The arrangement of the top
clectrode 380 opposite of the bottom electrode 385 means
that the sandwich type indicator 375 may act as a capacitor in
a circuit. The top electrode 380 and the bottom electrode 385
may be made from indium tin oxide, aluminum, copper, or
carbon. A working electrode 390 1s formed by the electro-
chromic ink 393. A plurality of chromophoric particles 395
move through a separation layer 397 when the electrical
potential 370 1s applied. As the plurality of chromophoric
particles 395 accumulate near the top electrode 380, a color
change may become visible 1n the sandwich type indicator
375. The plurality of chromophoric particles 395 may return
to the bottom electrode 385 when the electrical potential 370
1s removed from the top electrode 380 and the bottom elec-
trode 385. The separation layer 397 may include a reflective
layer of 10n permeable particles that reflect white light. A top
substrate 360 and a bottom substrate 3635 provide structural
support for the sandwich type indicator 375 and may be clear
(1.e. allow all visible wavelengths to pass through the sub-
strate) or they may be opaque. In one embodiment, the top
substrate 360 1s clear to allow the accumulation of the plural-

ity of chromophoric particles 395 to be visible at the top
clectrode 380.

[0032] The indicator 130 of FIG. 1 may be a flat type
indicator 465 as shown 1n FIG. 4. Referring to FIGS. 1, 2, and
4, the flat type indicator 465 may use electrochromic technol-
ogy based on the migration of color-bearing particles under
the influence of an electrical potential 370, sometimes
referred to as a chromophoric system or chromophoretic sys-
tem. In this embodiment, instead of a layered structure of the
sandwich type indicator 375 of FIG. 3, the indicator compo-
nents are laid out on a common substrate 450. Referring to
FIG. 4, the common substrate 450 may be a paper product, a
plastic, a glass product, or a metal product. A first electrode
4355 and a second electrode 460 are electrically coupled to the
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clectrical potential 370. The first electrode 455 and the second
clectrode 460 may be made from indium tin oxide, aluminum,
copper, or carbon or other suitable conductive material. The
PEDOT:PSS 1s distributed between a first strip 470 electri-
cally coupled to the first electrode 455 and a second strip 475
electrically coupled to the second electrode 460. A solid
electrolyte 480 permits 10nic conduction between 470 and the
second strip 475 while preventing electronic conduction
between the first electrode 455 and the second electrode 460.
The prevention of electronic conduction means that the flat
type indicator 465 may act as a capacitor 1n a circuit. As the
electrical potential 370 1s applied between the first electrode
455 and the second electrode 460, the PEDOT:PSS will oxi-
dize, or change from the neutral state to the redox state to
visibly darken 1n color. Examples of other electrochromic
materials which are also suitable may include Prussian blue,
tungsten oxides, nickel oxides, and organic materials that
have been developed specifically for electrochromic displays.

[0033] Referring to FIGS. 3 and 4, the sandwich type 1ndi-
cator 375 or the flat type indicator 465 may indicate the state
of charge of the electrical storage device 105 of FIG. 1
through the electrical potential 370 applied across the sand-
wich type indicator 375 or the flat type indicator 465. In other
words, the amount of accumulation of chromophoric par-
ticles 395 and/or the amount of oxidation/reduction of the
PEDOT:PSS 1s dependent upon the magnitude of the electri-
cal potential 370 applied between the two electrodes (top
electrode 380/bottom electrode 385 of FIG. 3 or first elec-
trode 455/second electrode 460 of FIG. 4).

[0034] Referringto FIG. 1-4, 1n yet another embodiment of
the indicator 130, an activated polymer may be used as a
modulation mechanism. As the modulated mechanism, the
activated polymer may have a reduction (redox) or neutral
state and an oxidized state. The activated polymer may be
PEDOT:PSS (1.e. poly(3.,4-ethylenedioxythiophene) poly
(styrenesulifonate)) and may darken when the electrical
potential 370 1s applied to the indicator 130 to drive 1t from its
oxidized state to 1ts redox or neutral state. In the neutral state,
the activated polymer absorbs mainly the red to yellow part of
the electromagnetic spectrum, giving the active polymer a
strong blue color. In the oxidized state, the activated polymer
turns almost transparent with a weak sky-bluish line of color.
PSS appears completely transparent at visible light wave-

lengths.

[0035] Referring to FIG. §, a series receptor circuit 300 1s
shown as an embodiment of the light activated power 1indica-
tor 100 of FIGS. 1 and 2. Generally, the series receptor circuit
300 1s shown within the imaginary box. In the series receptor
circuit 300, a high resistance photoresistor 305 and an 1ndi-
cator 130 are electrically coupled 1n series. The first node 325
may comprise the first terminal 120 electrically coupled to the
indicator 130. Alternatively, the first node may further com-
prise a leakage resistor 315 electrically coupled to a display
resistor 350. The second node 330 may comprise the second
terminal 125 electrically coupled to the high resistance pho-
toresistor 305. A third node 335 may comprise the indicator
130 electrically coupled to the high resistance photoresistor
305. Alternatively, the third node may further comprise the
leakage resistor 315 electrically coupled to the indicator 130
and the high resistance photoresistor 305. The first terminal
120 and the second terminal 125 may be electrically coupled
to the electrical storage device 105.

[0036] The high resistance photoresistor 305 1s a light sen-
sitive device that has a high resistance when the high resis-
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tance photoresistor 305 1s not exposed to the wavelengths
lying within the response spectrum of the electromagnetic
spectrum 320, a low resistance when the high resistance pho-
toresistor 305 1s exposed to the wavelengths lying within the
response spectrum of the electromagnetic spectrum 320, and
an intermediate resistance (1.€. resistances falling between the
high resistance and the low resistance) dependent on the
intensity of and/or the exposure to the wavelengths lying
within the response spectrum of the electromagnetic spec-
trum 320 of the high resistance photoresistor 305. The high
resistance of the high resistance photoresistor 305 may be the
off display state of the series receptor circuit 300 and may not
allow the indicator 130 to display the state of charge of the
electrical storage device 105. The low resistance and/or the
intermediate resistance of the high resistance photoresistor
305 may be an on display state of the series receptor circuit
300 and thus allow the indicator 130 to display the state of
charge of the electrical storage device 105.

[0037] A leakage resistor 315 may be used 1n the series
receptor circuit 300 to prevent a low leakage current through
the high resistance photoresistor 305 from activating the indi-
cator 130 when the photoresistor 1s 1n the off display state.
The leakage resistor 315 may be electrically coupled 1n par-
allel with the indicator 130. The resistance of the leakage
resistor 315 may be sized appropriately based on the set of
characteristics of the high resistance photoresistor 305. The
leakage resistor 315 may be sized to prevent current from
“leaking™ or prevent the flow of electric charge through the
high resistance photoresistor 305 and drain power from the
electrical storage device 105 during non-use of the electrical
storage device 105. The leakage resistor 315 may be from
about 500 kiloohm (kOhm) to about 2 megaochms (MOhms),
or more preferable about 1 MOhm.

[0038] As an example, the high resistance of the cadmium
sulfide light sensitive device may be greater than about 10
MOhms. When the resistance of the light sensitive device 1s
high, very little current will flow through the light sensitive
device. For example, current less than about 150 nanoAmps
(nA) may flow from a 1.5 volt alkaline battery when the
resistance of the light sensitive device 1s high. This response
of the light sensitive device may provide a low voltage across
the indicator 130. This low voltage across the indicator 130
may provide for an off display state or an unpowered state of
indicator 130 which may allow for longer storage life of the
electrical storage device 105. The low resistance of the cad-
mium sulfide light sensitive device may be between about 1
kOhm to about 100 kOhm and may correspond to between
about 10 Lux to about 1000 Lux or more intensity of the
wavelengths lying within the response spectrum. The low
resistance of the high resistance photoresistor 305 may equate
to the on display state of the indicator 130.

[0039] Still referring to FIG. 5, the high resistance photo-
resistor 305 1s a light sensitive device with resistance as its
electrical characteristic. The high resistance photoresistor
305 may be replaced with a phototransistor in the series
receptor circuit 300. The phototransistor 1s a light sensitive
device with current as 1ts electrical characteristic. The pho-
totransistor may vary the current between the third node 335
and the second node 330 1n response to the wavelengths lying
within the response spectrum 1nstead of varying resistance as
the high resistance photoresistor 305 would. Furthermore, the
light sensitive device of FIG. S may be powered directly from
the electrical storage device 105 1f needed. For example, the
photo transistor would require more than the second node 330
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and the third node 335 to electrically couple within the series
receptor circuit 300 and may require a third connection (not
shown) directly to the electrical storage device 10S.

[0040] Referringto FIG. 6, a parallel receptor circuit 400 1s
shown as another embodiment of the light activated power
indicator 100 of FIGS. 1 and 2. Generally, the parallel recep-
tor circuit 400 1s shown within the imaginary box. In the
parallel receptor circuit 400, a low resistance photoresistor
405 and the indicator 130 are electrically coupled in parallel.
The first node 325 may comprise the first terminal 120, the
indicator 130, and the low resistance photoresistor 405 all
electrically coupled together. Alternatively, the first node 325
may further comprise the display resistor 350 electrically
coupled to the first terminal 120, the indicator 130, and the
low resistance photoresistor 405. The second node 330 may
comprise the second terminal 125 electrically coupled to the
leakage resistor 315 or 1n another embodiment; the second
node may be electrically coupled to the third node 333 with-
out the need for the leakage resistor 315. The third node 335
may comprise the indicator 130, the low resistance photore-
sistor 405, and the leakage resistor 315 all electrically
coupled together.

[0041] The low resistance photoresistor 405 1s a light sen-
sitive device that has a low resistance when the low resistance
photoresistor 405 1s not exposed to wavelengths lying within
the response spectrum of the electromagnetic spectrum 320, a
high resistance when the low resistance photoresistor 405 1s
exposed to the wavelengths lying within the response spec-
trum of the electromagnetic spectrum 320, and an intermedi-
ate resistance (1.e. resistances falling between the high resis-
tance and the low resistance) dependent upon the intensity of
and/or the exposure to the wavelengths lying within the
response spectrum of the electromagnetic spectrum 320 of
the low resistance photoresistor 405. The low resistance of the
low resistance photoresistor 405 may be the off display state
of the parallel receptor circuit 400 and may not allow the
indicator 130 to display the state of charge of the electrical
storage device 105. The high resistance and/or the interme-
diate resistance of the low resistance photoresistor 405 may
be the on display state of the parallel receptor circuit 400 and
thus allow the indicator 130 to display the state of charge of
the electrical storage device 103.

[0042] The low resistance photoresistor 405 may be
replaced with a phototransistor in the parallel receptor circuit
400. The phototransistor would vary the current between the
first node 325 and the third node 335 in response to the
wavelengths lying within the response spectrum instead of
varying resistance. Furthermore, the light sensitive device of
FIG. 6 may be powered directly from the electrical storage
device 105 1if needed. For example, the photo transistor would
require more than the first node 325 and the third node 335 to
electrically couple within the parallel receptor circuit 400 and
may require a third connection directly to the electrical stor-
age device 105.

[0043] In the off display state, the indicator 130 may be off
and not use any current from the electrical storage device 105.
The leakage resistor 315 may be electrically coupled in series
with the parallel combination of the indicator 130 and the low
resistance photoresistor 405. The leakage resistor 315 may be
s1zed to assure that a very low standby current passes through
the low resistance photoresistor 405. In the parallel receptor
circuit 400, the leakage resistor 315 may be greater than about
1.5 MOhms to prevent current from draining the electrical
storage device 105 in the parallel receptor circuit 400.
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[0044] The light activated power indicator 100 may further
comprise a display resistor 350 as shown 1n FIGS. 5 and 6.
This display resistor 350 may be used to limit an amount of
current to the indicator 130 to ensure that the indicator 130
does not turn on or display the state of charge of the electrical
storage device 105 when the high resistance photoresistor 305
or the low resistance photoresistor 405 1s not exposed to the
wavelengths lying within the response spectrum. In other
words, the display resistor 350 may be used to deactivate the
indicator 130 when the light sensitive device 1s not exposed to
the one or more wavelengths of the response spectrum or
when the response spectrum 1s present but not strong enough
in 1ntensity to activate the light sensitive device. The display
resistor 350 may also be sized to stop or limit the current to the
indicator 130 when the wavelengths lying within the response
spectrum 1s above and/or below respective spectrum thresh-
olds. For example, a respective spectrum threshold may be
that the minimum amount of ambient light required for acti-
vation of the indicator 130 may be 1n the range of about 10Lux
to about 50Lux. This example assumes that the response
spectrum includes wavelengths lying within the ambient light
range. In other words, the spectrum threshold may define an

clectromagnetic radiation limit of the wavelengths lying
within the response spectrum that 1s either too low or too high
to turn on the indicator 130 (depending on which type of light
sensitive device and receptor circuit configuration 1s present).
This may ensure that the light activated power indicator 100
does not drain power from the electrical storage device 105.
Furthermore, the display resistor 350 may be sized to allow
the indicator 130 to be on when indirect light 1s present.
Indirect light may include reflected light off of a surtface and
does not 1nclude direct (e.g. line of sight) light from a light
source.

[0045] In another embodiment, a shipping package con-
taining at least one electrical storage device 105 with light
activated power indicator 100 as shown, for example, in FIG.
1, may be opaque to the wavelengths lying within the
response spectrum (e.g. non-visible spectrum) and transpar-
ent to rest of the electromagnetic spectrum. The high resis-
tance photoresistor 305 and/or the low resistance photoresis-
tor 405 may be doped with silicon or other materials as
described above. In this embodiment, the silicon doping of
the high resistance photoresistor 305 and/or the low resis-
tance photoresistor 403 requires the wavelengths lying within
the response spectrum to comprise the non-visible spectrum
of the electromagnetic spectrum 320. This configuration
allows the batteries, to include the light sensitive device, to be
seen with the visible spectrum of the electromagnetic spec-
trum 320 while 1n the shipping packaging, but prevents the
light activated power indicator 100 from being turned on
(activated). By preventing this unnecessary activation, this
embodiment may prevent the shortening of the indicator’s
130 and the electrical storage device’s 135 service life while
in storage. In other words, when the light activated power
indicator 100 1s not exposed to the wavelengths lying within
the response spectrum, the light activated power indicator 100
1s deactivated. When deactivated, the light activated power
indicator either does not draw power from the electrical stor-
age device 1035 or reduces 1ts power consumption such that 1t
does not diminish the shelf life of the electrical storage device
105. For example, the service life of the indicator 130 may be
about 10 years or more 1n the deactivated state and about a
month 1n the activated state.
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[0046] FIG. 7 depicts a label 700 secured to the electrical
storage device 105. The light activated power indicator 100
may be secured to the label 700 as described above and be
segmented into one or more light activated power indicators
100a, 1005, 100c, 1004, 100e, 1007, The first terminal 120
and the second terminal 125 electrically couple the light
activated power 1indicator 100 to the electrical storage device
105 when the label 700 1s secured to the electrical storage
device 105. The label 700 may include mounting tabs (not
shown) or other structure to secure the label 700 to the elec-
trical storage device 105. In one embodiment, the label 700
may be secured or formed to the external shape of a battery by
an adhesive or a friction {it. Alternatively, 1n another embodi-
ment, the label 700 may be a shrinkable material that 1s placed
over the electrical storage device 105 and thermally activated
to shrink to secure the label 700 to conform to the shape of the
electrical storage device 105. In yet another embodiment, the
label 700 may consist of a curable material that 1s either
chemical or light activated to cure and secure to the label 700
to the electrical storage device 105.

[0047] Stll referning to FIG. 7 the light activated power
indicator 100 may be used to provide a visual display of the
state of charge or energy level (e.g. an amount of power,
voltage, or current) of the electrical storage device 105. The
visual display may be 1n the form of a graduated bar, a gradu-
ated pie chart, a numerical display, a color-changing indica-
tor, or a segmented strip 705. In one embodiment, the seg-
mented strip 705 may be configured to indicate various states
of charge (e.g. level of energy, threshold of energy, or amount
of energy) of the electrical storage device 105. For example,
the segmented strip 705 may allow for the monitoring of the
state of charge (1.e. remaining energy or power) of the elec-
trical storage device 105 as the electrical storage device 105 1s
depleted. The segments of the segmented strip 705 may be
activated sequentially or cumulatively by separate electronic
circuitry to provide the desired battery status information to a
user. Furthermore, the segments of the segmented strip 703
may be activated from left to right, from right to left, from a
center of the segmented strip 705 to both ends, or from both
ends to the center. In one embodiment, the segments of the
light activated power indicator 100 may be one or more light
activated power indicators 100a, 1005, 100c, 1004, 100e,
100/ and are electrically coupled to the electrical storage
device 105 via the first terminal 120 and the second terminal
125. FIG. 7 1llustrates six light activated power indicators
100a, 1005, 100¢, 1004, 100e, 100/, however 1t should be
understood that the embodiment shown 1n FIG. 7 1s not lim-

ited to only six light activated power indicators 100a, 1005,
100c, 1004, 100e, 1001

[0048] The segments of the segmented strip 705 may be
activated sequentially or cumulatively by separate electronic
circuitry to provide the desired battery status information to a
user. The entire set of display and segment control electronics
will be activated or deactivated by control from the light
activated power indicator 100.

[0049] Referring now to FIG. 8, an op-amp receptor circuit
800 1s shown. The op-amp receptor circuit 800 comprises an
op-amp 810 1n an inverting amplifier configuration. In this
embodiment, the light sensitive device 1s a photodiode 805
and the mverting amplifier configuration of the op-amp 810
and the photodiode 805 are part of the negative feedback loop
of the op-amp 810 and may also be known as a transresistance
amplifier circuit. In this embodiment, the photodiode 805
generates a photodiode current when 1t 1s exposed to the
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wavelengths lying within the response spectrum. The op-amp
810 converts the photodiode current into an output voltage
835 that 1s used to power the indicator 130. A first power
connection 820 and a second power connection 825 provide
power for the op-amp 810. The positive input 850 1s set to a
threshold voltage by a first threshold resistor 840 and a second
threshold resistor 843 acting as a voltage divider. The op-amp
810 1s strapped with a gain resistor 815. When the photodiode
805 1s activated by the response spectrum of the electromag-
netic spectrum 320, the voltage at an inverting input 830 drops
below the threshold voltage set by the voltage divider at the
positive mnput 850 and the op-amp 810, acting as a comparator
by comparing the threshold voltage at the positive input 850
to the photodiode current at the inverting input 830, turns on
the output voltage 835 across the indicator 130 from about
zero volts to about the electrical storage device 105 voltage. A
rail to rail output voltage of the op-amp 810 1s preferred for
the output voltage 835 of the op-amp 810 as described in
“1-Volt Operational Amplifier with Rail-to-Rail Input and
Output Ranges™ by Jeroen Fonderie, Marinus G. Maris, Johan
H. Huijsing, Delft Unmiversity of Technology, Delit, The Neth-
erlands which 1s herein incorporated by reference in 1ts
entirety. The gain resistor 815 may be tailored or sized to
account for the specific photodiode 805 being used. In other
words, the gain resistor 815 may be sized to obtain the maxi-
mum performance from the photodiode 805 for the estimated
response spectrum that the op-amp receptor circuit 800 may
be exposed to. When the electrical storage device 105 1s 1n a
low-light condition (low intensity or mimimal exposure to the
response spectrum), the op-amp receptor circuit 800 will keep
the output voltage 8335 at about a zero voltage or about below
the indicator 130 activation threshold (which, for example,
may be about 0.3-0.4V). When the photodiode 805 1s exposed
to the electromagnetic spectrum 320, and the electromagnetic
spectrum 320 includes the response spectrum, the output
voltage 8335 of the op-amp 810 will switch to a voltage close
to the electrical storage device 105 voltage and activate the

indicator 130 to display the state of charge of the electrical
storage device 105.

[0050] The light activated power indicator uses a light sen-
sitive device to determine when the light activated power
indicator should be powered. This ensures that the limaited life
of the indicator may be preserved for use only when needed
by a user to aid in determining when the electrical storage
device has depleted or 1s near depleting 1ts stored energy. The
light activated power indicator lengthens the “shelt-life” of
the indicator and the electrical storage device. This also
ensures that the light activated power indicator, which may
derive 1ts power to function from the electrical storage device,
1s only powered when needed and does not needlessly drain
energy from the electrical storage device. The light activated
power indicator does not require any actuation or activation of
any part or component of the light activated power indicator
on the part of the user to determine the state of charge of the
electrical storage device.

[0051] Itis noted that the terms “substantially” and “about™
may be utilized herein to represent the inherent degree of
uncertainty that may be attributed to any quantitative com-
parison, value, measurement, or other representation. These
terms are also utilized herein to represent the degree by which
a quantitative representation may vary from a stated reference
without resulting in a change in the basic function of the
subject matter at 1ssue.
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[0052] Certain terminology 1s used in the disclosure for
convenience only and 1s not limiting. The words “left”,
“right”, “front”, “back™, “top”, “bottom™, “upper”, and
“lower” designate directions in the drawings to which refer-
ence 1s made. The terminology includes the words noted
above as well as derivatives thereol and words of similar
1Import.

[0053] The dimensions and values disclosed herein are not
to be understood as being strictly limited to the exact numerti-
cal values recited. Instead, unless otherwise specified, each
such dimension 1s intended to mean both the recited value and
a functionally equivalent range surrounding that value. For
example, a dimension disclosed as “40 mm™ 1s intended to
mean “about 40 mm.”

[0054] Every document cited herein, 1f any, including any
cross referenced or related patent or application, 1s hereby
incorporated herein by reference 1n 1ts entirety unless
expressly excluded or otherwise limited. The citation of any
document 1s not an admission that it 1s prior art with respect to
any invention disclosed or claimed herein or that 1t alone, or
in any combination with any other reference or references,
teaches, suggests or discloses any such invention. Further, to
the extent that any meaning or definition of a term 1n this
document conflicts with any meaning or definition of the
same term 1n a document incorporated by reference, the
meaning or definition assigned to that term 1n this document
shall govern.

[0055] While particular embodiments of the present inven-
tion have been 1illustrated and described, 1t would be obvious
to those skilled 1n the art that various other changes and
modifications can be made without departing from the spirit
and scope of the invention. It 1s therefore intended to cover 1n
the appended claims all such changes and modifications that
are within the scope of this invention.

What 1s claimed 1s:

1. A light activated power indicator, comprising:

an indicator;

a receptor circuit comprising a light sensitive device elec-
trically coupled to the indicator, the light sensitive
device comprises electrical characteristics that change
when the light sensitive device 1s exposed to one or more
wavelengths lying within a response spectrum;

a first terminal electrically coupled to a first end of the
receptor circuit;

a second terminal electrically coupled to a second end of
the receptor circuit

wherein the first terminal and the second terminal are
coupled to an electrical storage device and the indicator
indicates a state of charge of the electrical storage device
when the light sensitive device 1s exposed to the one or
more wavelengths lying within the response spectrum.

2. The light activated power indicator of claim 1, wherein

the response spectrum comprises either one or more non-
visible wavelengths of the electromagnetic spectrum or one
or more visible wavelengths of the electromagnetic spectrum.

3. The light activated power indicator of claim 1, further

comprising a substrate wherein the receptor circuit 1s coupled
to a first side of the substrate and a second side of the substrate
1s coupled to the electrical storage device.

4. The light activated power indicator of claim 1, wherein

the light sensitive device 1s printed on the indicator.

5. The light activated power indicator of claim 1, wherein

the indicator includes at least one of the following: an elec-
trochromic display, a thermochromic display, an electro-wet-
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ting display, a structural color display, an electrophoretic
display, and an electrostatic display.

6. The light activated power indicator of claim 1, wherein
the receptor circuit further comprises an op-amp 1n an 1nvert-
ing amplifier configuration and the light sensitive device
comprises a photodiode, the photodiode 1s part of a negative
feedback loop of the op-amp.

7. The light activated power indicator of claim 1, wherein
the receptor circuit further comprises a signal conditioner or
a comparator circuit.

8. The light activated power indicator of claim 1, wherein
the receptor circuit further comprises a leakage resistor in
parallel with the indicator, the light sensitive device 1s in
series with the indicator, and wherein the light sensitive
device 1s a high resistance photoresistor.

9. The light activated power indicator of claim 1, wherein
the receptor circuit further comprises a leakage resistor in
series with a parallel combination of the indicator and the
light sensitive device and wherein the light sensitive device 1s
a low resistance photoresistor.

10. The light activated power indicator of claim 1, wherein
the receptor circuit further comprises a display resistor that
limits an amount of current to the indicator so that the indi-
cator deactivates when the light sensitive device 1s not
exposed to the one or more wavelengths of the response
spectrum, and the display resistor 1s 1n series with the indica-
tor.

11. The light activated power indicator of claim 1, wherein
the receptor circuit further comprises a display resistor that
limits an amount of current to the indicator so that the indi-
cator deactivates when the light sensitive device 1s exposed to
the response spectrum but an 1ntensity of the response spec-
trum 1s not strong enough for the light sensitive device to
change 1ts electrical characteristics, and the display resistor 1s
in series with the indicator.

12. The light activated power indicator of claim 1, wherein
the electrical storage device 1s a battery, and the first terminal
1s electrically coupled to a first electrode of the battery and the
second terminal 1s electrically coupled to a second electrode
of the battery.

13. The light activated power indicator of claim 1, wherein
the electrical storage device 1s a capacitor, and the first termi-
nal 1s electrically coupled to a positive terminal of the capaci-
tor and the second terminal 1s electrically coupled to a nega-
tive terminal of the capacitor.

14. A method of observing a state of charge of an electrical
storage device, comprising:

powering a light activated power indicator from an electri-

cal storage device;

deactivating the light activated power indicator when a

light sensitive device 1s not exposed to one or more

wavelengths lying within a response spectrum to reduce

a power consumption of the light activated power 1ndi-

cator, the light activated power indicator comprises:

an indicator, and

a receptor circuit comprises the light sensitive device
electrically coupled to the indicator, the light sensitive
device comprises electrical characteristics that
change when the light sensitive device 1s exposed to
the one or more wavelengths lying within the
response spectrum;
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responding to exposure to the one or more wavelengths
lying within the response spectrum by changing the
electrical characteristics of the light sensitive device;

determining a state of charge of the electrical storage
device through an electrical potential provided across
the indicator; and

indicating the state of charge of the electrical storage
device on the indicator.

15. The method of claim 14, wherein the response spec-
trum comprises either one or more non-visible wavelengths
of the electromagnetic spectrum or one or more visible wave-
lengths of the electromagnetic spectrum.

16. The method of claim 14, further comprising preventing
a low leakage current through the light sensitive device to
activate the indicator using a leakage resistor, wherein the
receptor circuit further comprises the leakage resistor 1n par-
allel with the indicator, the light sensitive device 1s 1n series
with the indicator, and wherein the light sensitive device 1s a
high resistance photoresistor.

17. The method of claim 14, further comprising preventing
a low leakage current through the light sensitive device to
activate the indicator using a leakage resistor, wherein the
receptor circuit further comprises the leakage resistor in
series with a parallel combination of the indicator and the
light sensitive device and wherein the light sensitive device 1s
a low resistance photoresistor.

18. The method of claim 14, wherein the receptor circuit
further comprises a display resistor and the method further
comprises limiting an amount of current to pass through the
indicator using the display resistor so that the indicator deac-
tivates when the indicator i1s not exposed to the response
spectrum.

19. The method of claim 14, wherein the receptor circuit
further comprises a display resistor and the method further
comprises limiting an amount of current to the indicator so
that the indicator deactivates when the response spectrum 1s
present but not strong enough to activate the light sensitive
device.

20. A light activated power indicator that operates 1n a
presence of visible light to indicate a state of charge of a
battery, comprising:

an indicator;

a receptor circuit comprising:

a leakage resistor electrically coupled to the indicator,

a display resistor electrically coupled to the indicator,
and

a light sensitive device electrically coupled to the indi-
cator, the light sensitive device comprises electrical
characteristics that change when the light sensitive
device 1s exposed to one or more wavelengths lying
within a response spectrum;

a battery comprising a first electrode and a second elec-
trode, the first electrode 1s electrically coupled to a first
end of the receptor circuit and the second electrode
electrically coupled to a second end of the receptor cir-
cuit;

wherein the indicator indicates a state of charge of the
battery when the light sensitive device 1s exposed to the
one or more wavelengths lying within the response spec-
trum.
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