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(57) Abrége/Abstract:
This invention Is a battery monitor and battery capacity indicator that uses a sense cell (22) in addition to the mair

determine main battery remaining capacity and depletion condition. A parameter of the sense cell is related to tr
capacity so that the main battery will have a minimum capacity remaining when the sense cell parameter reach

battery (10) to
e main battery
es a particular

value or crosses a particular threshold. In a preferred embodiment, the sense cell (22) Is a battery which Is identical and of the
same manufacturing lot as the battery cell or cells (20) in the main battery pack (10). A current is drawn from the sense cell that
IS larger than the current being drawn from the main battery. WWhen the sense cell (22) Is fully depleted, the main battery (10) will

have a remaining capacity whose magnitude depends on the relationship between the main battery current and
current.
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(54) Title: BATTERY CAPACITY INDICATOR

(87) Abstract

This invention is a battery
monitor and baitery capacity indica-
tor that uses a sense cell (22) in ad-
dition to the main battery (10) to de-
termine main battery remaining ca-
pacity and depletion condition. A
parameter of the sense cell is related
to the main battery capacity so that
the main battery will have a mini-
mum capacity remaining when the
sense cell parameter reaches a par-
ticular value or crosses a particular
threshold. In a preferred embodi-
ment, the sense cell (22) is a battery
which is identical and of the same
manufacturing Iot as the battery cell
or cells (20) in the main battery
pack (i0). A current is drawn from
the sense cell that is larger than the
current being drawn from the main
battery. When the sense cell (22)
is fully depleted, the main battery
(10) will have a remaining capacity
whose magnitude depends on the re-
lationship between the main battery
current and the sense cell current.
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BATTERY CAPACITY INDITATOR

Background of the Invention

Field of the Invention

When using a battery operated device, it 1is
often ilmportant to know when the useful life of the
battery is about to end. For example, failure to
indicate a low battery condition of a battery operated
computer could result in data loss if the remaining power
1s insufficient to save the information and exit the

application. As another example, knowledge of the

- remaining battery capacity of a battery operated medical

device could be crucial in a medical emergency.

Batteries are depleted through use. Simply
tracking use time or charge transfer is an insufficient
measure of remaining battery capacity, however.
Batteries lose charge over time even when not in use. 1In
addition, the battery’s temperature can affect its
capacity and useful life. Furthermore, monitoring the
electrical characteristics of a battery, such as voltage
or resistance, often does not provide enocugh information
regarding the capacity of the battery.

This 1nvention relates to a method and
apparatus for detecting and indicating a low battery
capacity condition for a battery operated device.

Description of the Prior Art

Battery capacity detectors and indicators are.
known in the art. Most prior art battery capacity
indicators are based on one or both of the following two

methods: (1) measurement of a battery parameter, and (2)
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cumulative measurement of battery output. The
measurements are typically made in absolute, not
relative, terms. The prior art battery capacity
indicators also generally include some way Lo compensate
for the environmental effects of time and temperature.

The apparatus disclosed in Renirie U.S. Patent
No. 4,259,639 monitors the resistance of a lithium type
battery. The Renirie device is based on a theoretical
model that divides the effective resistance of the
battery into two resistance components. The measuring
circuit shunts the first resistance component R, by a
capacitance so that measurement signal pulses measure
only the depletion resistance Rg¢. According to the
Renirie model, Ry will begin to increase near the end of
the battery’s useful life. | ‘

Peled et al. U.S. Patent No. 4,725,784
discloses a method for determining the state of charge of
lithium batteries using periodic open circuit voltage
measurements and predetermined calibration curves
relating the measured voltage to residual charge on the
battery. Each set of test load, test load time, and
recovery time parameters define a different calibration
curve for a given ambient temperature. The battery’s
residual capacity is displayed by a set of LED’'s.

Bates U.S. Patent No. 5,162,741 discloses a
battery energy monitor that measures the current
delivered by the battery and estimates the remaining
battery energy using a Cemperature compensation factor to
adjust for battery capacity variations with temperature.
Remaining battery life is shown on a visual display.

Other battery tracking devices are shown in

Oogita U.S. Patent No. 5,065,084 and Sloan U.S. Patent
No. 5,130,659.
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Summary of the Invention

This invention is a method and apparatus for
detecting a specific point on a battery’s capacity curve
with a high degree of accuracy. Specifically, the
invention is a battery monitor and battery capacity
indicator that uses a sense cell in addition to the main
battery to determine main battery remaining capacity and
depletion condition. A parameter of the sense cell is
related to the main battery capacity so that the main
battery will have a minimum capacity remaining when the
sense cell parameter reaches a particular value or
crosses a particular threshold.

In a preferred embodiment, the sense cell is a
battery which is identical and of the_same manufacturing
lot as the battery cell or cells in the main battery
pack. A current is drawn from the sense cell that is
larger than the current being drawn from the main
battery. When the sense cell is fully depleted, the main
battery will have a remaining capacity whose magnitude
depends on the relationship between the main battery
current and the sense cell current. This information may
be provided to the user by an output such as a visual
display.

The invention is explained in more detail below

with reference to the drawings.

Brief Description of the Drawings

Figure 1 is a block diagram of a battery
monitor and low battery indicator according to this
invention.

Figure 2 is a gchematic diagram showing the
preferred embodiment of this invention..

Figure 3 is a schematic diagram showing a
preferred variable resistance for use in the preferred
embodiment.
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Flgure 4 is a schematic diagram showxng arn
alternative embodiment of this invention.

Detailed Description of the Preferred Embodiment
This invention ig a battery monitor that can

operated device without monitoring discharge time,
amblent temperature or main battery voltage and
resistance parameters. A block diagram of the invention
is shown in Figure 1.
A current determiner 13 determines the current

Iraap flowing through the main battery or battery pack 10
Lo a‘load 11. Current determiner 13 may be a current
sensor that directly measures Iroap ©Y it may be some
other means that sets, indirectly measures or estimates
the current. For example, a voltage meter placed across
& shunt in series with main battery 10 and load 11 can be
used to indirectly measure the current flowing to load
1l. As a further example, a microcontroller can be used
LC estlimate the value of Lroap Pased on known
characteristics of the system and/or other parameters
such as voltage, elapsed time, etc.

Current that is related to (e. g., equal,
proportional to, or incrementally greater than) I, is
drawn from a separate sense cell 12 by placing a
programmable load 18 between sense cell 12 and ground.
The relationship between the value of I;0ap determined by
current determiner 13. and the value of programmable load
18 is represented schematically in Figure 1 by dotted
line 189.

Senge cell 12 isg preferably a battery (or a
battery pack). An electrical characteristic of the sense
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16 such as a wvisual display or audible alarm provides
information regarding the remaining capacity of main
battery 10 and/or a warning of a low battery condition.

A preferred embodiment of this invention is
shown schematically in Figure 2. In this embodiment, the
main battery 10 is shown as a series connection of
individual cells 20 which are each preferably lithium
batteries of the same size, type and capacity. It should
be understood, however, that the invention is not limited
to lithium batteries or to a plurality of cells connected
in series. The main battery and the low battery
condition indicator are part of a battery operated
device.

A sense cell 22 is connected in series to the
main battery 10. In the preferred embodiment, sense cell
22 is identical in type and manufacturing lot to the cell
or cells 20 making up main battery 10. The battery pack
ideally consists of the sense cell plus the main battery
cells all packaged in close proximity, so that all cells
are exposed to the same environmental conditions. The
ocutputs of main battery 10 and sense cell 22 combine to
provide power to a system load of the battery operated
device, shown schematically here as element 24.

In the preferred embodiment shown in Figure 2,
the system load 24 is modeled as two parallel components:
a component 25 that draws a current I, set by controller
<8 and a component 27 whose current draw I.., is estimated
by controller 28 based on known characteristics of system
load 24. The current I,,, delivered by main battery 10
is therefore the sum of I, and I.. In addition,
because sense cell 22 is connected in series with main
battexry 10, a current at least equal .to I,,, is also
being drawn from sense cell 22.

Because sense cell 22 is identical in type and
manufacturing lot to the cells 20 in main battery 10, the
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degradationtof ?s‘s}n%sg cell 22 and main cells 20 due to
time and temperature will be identical. " In order to
ensure that sense cell is depleted faster than main
battery 10, an incremental current KIioap 18 also drawn
from sense cell 22, where k is an arbitrary constant.
The voltage drop characteristic of lithium batteries near
the end of their useful life will therefore appear first
on sense cell 22. Thus, when the voltage monitored by
voltage monitor 32 drops below a threshold, controller 28
outputs a low battery condition signal to output 16 to
indicate that the charge on main battery 10 is nearly
depleted. |

To draw incremental current from sense cell 22,
a variable resistance 30 between sense cell 22 and. ground
is set by controller 28 to a value equal to the sense
cell voltage Vg determined by monitor 32 divided by the
value of kI,,,. The constant k can be chosen to provide
for a certain amocunt of remaining capacity in the main
battery after a drop in sense cell voltage below the
threshold indicates that the sense cell has been
depleted.. Thus, for example, the low battery indicator
parameters for a battery operated computer may be
selected to permit certain operations (such as closing a
file) to be performed after the system output indicates a
low battery condition. As another example, the
parameters for a battery operated defibrillator may be
selected such that the device can deliver at least one
more shock to a patient after a low battery condition is
indicated. A diode 34 permits the main battery 10 to
continue to be used after sense cell 22 has been -
depleted. o= : e T

Figure 3 shows a preferred embodiment of .
variable registance 30. A capacitor 36 is placed in
parallel with the series combination of a resisgtor 37 and

a swiltch 38 controlled from a controller via line 31.
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Switch 38 can be repetitively turned on and off; the
amount of incremental current drawn from sense cell 22
over time depends upon the values of the capacitor and
the resistor as well as the amount of time switch 38 is
on. The current flow can therefore be adjusted by
changing the duty cycle of switch 38.

An alternative embodiment of the invention is
shown in Figure 4. As in the embodiment of Figure 2,
main battery 10 is shown as a series connection of
individual cells 20 which are each preferably lithium
batteries. It should be understood, however, that the
invention is not limited to lithium batteries or to a
plurality of cells connected in series. Again, the main
battery and the low battery condition indicator are part
of a battery operated device.

This embodiment uses a sense cell 40 that is
not part of the main battery circuit. Sense cell 40 is
preferably a battery whose remaining useful life can be
predicted by measuring one or more of the battery’s
electrical characteristics. For example, sense cell 40
could be an alkaline battery which exhibits a measurable
voltage drop as its capacity is depleted.

A controller 28 monitors the current I,.,
delivered by main battery 10 to system load 24 via sensor
26 and draws a proportional current kI,,, from sense cell .
40 1n the same manner as in the Figure 2 embodiment. The
value of k and the initial voltage and charge capacity of
sense cell 40 may be calibrated with the initial capacity
of battery 10 so that the depletion state of sense cell
40 can be used to estimate the remaining charge in
battery 10.

The voltage or other electrical characteristic
of sense cell 40 is monitored by the controller via
monitor 32. When the sensed electrical characteristic

crosses a threshold determined by the calibration between
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sense cell 40 and main battery 10, the controller.butputs
a low battery condition signal to output 16 to indicate
that the charge on main battery 10 is nearly depleted.
Alternatively, if the calibration between sense cell 40
and main battery 10 is precise enough, the controlier and
output 16 can indicate constantly or on demand the. .
remaining charge in main battery 10 at any point from
full charge to depletion.

In some embodiments, current could be added to -

the sense cell, rather than drawn from the sense cell as

in the preferred embodiment. Thus, the sense cell. could .

be a rechargeable battery starting from a depleted.
condition when the main battery is fully charged. . In
this way, when the main battery has been depleted, there
will be additional capacity in the sense cell to provide
further power to the battery operated device after —
exhaustion of the main battery.

In other embodiments, instead of a battery the
sense cell may be some other .chemical, electrochemical or
electrical device having a parameter that can be related
to the remaining capacity of the main battery. For
example, the sense cell may be a chemical cell whose
reaction rate can be controlled by the amount of current
or -heat applied to it. The chemical cell may be provided
with a color change mechanism to indicate when a
particular threshold has been reached.

Other modifications falling within the scope of
this invention will be apparent to persons skilled .in the
art. All references cited herein are incorporated herein
by reference in their entirety. '
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We claim:

1. A battery system comprising:

a main battery providing current to a main load

5 and a battery capacity indicator, the battery capacity
indicator comprising:
a sense cell;
means for affecting a parameter of the sense
cell related to the remaining capacity of the main
10 battery, the battery system further comprising a circuit

connecting the sense cell in series with the main
battery.

2. The battery system of claim 1 wherein the
15 means for affecting a parameter of the sense cell

comprises means for passing a current through the sense
cell.

3. The battery system of claim 2 wherein the
20 means for passing a current comprises a current

determiner associated with the main battery.

4 The battery system of claim 3 wherein the
current determiner comprises a current sensor measuring

25 the current flowing from the main battery to the main
load.

5. The battery system of claim 3 wherein the
current determiner comprises means for estimating the

30 current flowing from the main battery to the main load.

6. The battery system of c¢claim 1 wherein the
battery capacity indicator further comprises a sensor

measuring a parameter of the sense cell.
35
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7. The battery system of claim 1 wherein the
battery capacity 1lndicator further comprises an output
and means for sending a signal related to a measured

parameter of the sense cell to the ocutput.

8. The battery system of claim 1 wherein the

-

main battery comprises a lithium battery.

9. The battery system of claim 1 wherein the

means for affecting comprises an additiocnal load.

10. The battery system of claim 9 wherein the

additional locad is a programmable load.

11. The battery system of claim 1 further
comprising means for preventing current from flowing from
the main battery into the sense cell after the sense cell
has been depleted.

12. The battery system of claim 1 wherein the
sense cell 1s a battery of the same type as the main

battery.

13. A method for determining a battery
condition in a system delivering electrical power from a

main battery to a load, the method comprising the

following steps:
providing a sense cell connected in series with

the main battery;

affecting a property of the sense cell in a
manner related to main battery remaining capacity;
monlitoring a parameter of the sense cell; and

determining a condition of the main battery

P

from the monitored sense cell parameter.
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14, The method of claim 13 wherein the
affecting step comprises passing a current through the
sense cell.

15. The method of c¢laim 14 wherein the
affecting step further comprises the step of determining
the current passing through the main battery.

16. The method of claim 13 further comprising
the step of indicating the determined main battery
condition.

17. The method of claim 13 further comprising
the step of providing a programmable locad electrically
connected to the sense cell, wherein the affecting step

comprises adjusting the programmable load.

18. The method of claim 13 wherein the main
battery comprises a plurality of battery cells.

19. The method of claim 18 wherein the sense
cell 1s substantially identical to each of the main
battery cells.

20. A battery system comprising:

a main battery providing current to a main load
and a battery capacity indicator, the main battery
comprising a main battery cell, the battery capacity
indicator comprising:

a sense cell that 1s substantially identical to
the main battery cell; and

means for affecting a parameter of the sense
cell related to the remailning capacity of the main

battery.
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21. The battery system of claim 20 wherein the

means for affecting a parameter of the sense cell

comprises means for passing a current through the sense
cell.

22. The battery system of claim 21 whereln the

means for passing a current comprises a current

determiner associated with the main battery.

23. The battery system of claim 20 wherein the

maln battery comprises a lithium batterv.

24. A method for determining a battery
condition in a system delivering electrical power from a
main battery to a load, the main battery comprising a

maln battery cell, the method comprising the following

steps:

providing a sense cell that is substantially
1dentical to the main battery cell;

affecting a property of the sense cell in a

manner related to main battery remaining capacity;

monltoring a parameter of the sense cell; and
determining a condition of the main battery

from the monitored sense cell parameter.

25. The method of claim 24 wherein the
affecting step comprises passing a current through the

sense cell.

- 26. Tne method of claim 24 further comprising
the step of providing a programmable load electrically
connected to the sense cell, wherein the affecting step

p. S

comprises adjusting the programmable load.




10

15

20

25

30

CA 02180475 2002-06-14

-13 -
27. A method for determining a battery condition in
a system delivering electrical current from a main
battery to a load, the method comprising the following

steps:
determining the current delivered from the main

battery to the load;

drawing a current from a sense cell tﬁat 18 greater
than the current delivered from the main battery to the
load;

monitoring a parameter of the sense cell; and

determining a condition of the main battery from the
monitored sense cell parameter.

28. The method of claim 27 wherein the drawing step
comprises the step of drawing a current from a sense cell
that is substantially identical to a main battery cell in
the main battery.

29. The method of claim 27 further comprising the
step of delivering current from the sense cell to the
load in series with the main battery.

30. A method for determining a battery condition in
a system delivering electrical current from at least
first and second battery cells to a load, the method
comprising the following steps:

determining the current delivered from the first
battery cell to the load;

accelerating the discharge of the second battery

cell;




-— A — R S =R VRAY

. = 2 e S Ak T

CA 02180475 2002-06-14

-14-

monitoring a parameter of the second battery

cell; and
determining a condition of the first battery
cell from the monitored second battery cell parameter.
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