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ADAPTIVE CURRENT LIMITING
FOR ANY POWER SOURCE
WITH OUTPUT EQUIVALENT SERIES RESISTANCE

CROSS-REFERENCE TO RELATED APPLICATION

This application claims the benefit of U.S. Provisional

Patent Application No. 60/971,184 filed September 10, 2007.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to the field of battery
load management in battery powered systems.
2. Prior Art

In various battery powered devices, there are a number
of subsystems that need power. Typically at least one of
the subsystems can operate at a reduced power if necessary.
Such devices include devices with a camera flash, using a
Xenon or LED Flash element, including cell phones, and TDMA
transmission systems, where a capacitor is charged to
provide power amplifier power during the TDMA transmission
burst.

Taking devices with a camera flash, 1t is desirable to
charge the flash capacitor as quickly as possible. However
during high load currents, the system voltage will
momentarily drop due to the internal ESR (equivalent series
resistance) of the battery, together with any serial
impedance between the battery and the load. For equipment
requiring a minimum voltage for stable operation, the ESR of
the system (battery plus serial impedance) needs to be
calculated in order to estimate the maximum current that can
be drawn from the battery without causing system voltage

drop below the threshold for stable operation.
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If the above is not done, then two scenarios are
possible:

1. The system cut-off voltage, a pre-determined
voltage at which the system ceases operation and powers
down, will have to be set artificially high, to provide
sufficient margin above the point at which the battery no
longer reliably operates. The result is reduced operating
time.

2. In a cell phone, high current peaks cause erratic
behavior, or possibly even phone shut-off, even though the
battery has plenty of remaining capacity.

For the foregoing reasons, 1t is desirable to limit the
battery current drain of flash capacitor charging systems,
when necessary, to below the nominal design value to
maintain the required battery voltage for operation of other
subsystems, thereby extending the useful battery life, or
time between charges for rechargeable batteries.

In the prior art, additional hardware and software were
added. The hardware added is a high precision high speed
ADC. During the initial loading of the system, the voltage
drop of the battery is measured with the ADC, and using
software the battery ESR is calculated, from which the
maximum load that the battery is able to support is

determined.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 illustrates system voltage drop due to System
ESR (egquivalent series resistance) of the battery and line
impedances.

Figure 2 illustrates the use of an ESR calculation to
insure minimum system voltage at the end of FLASH/MOVIE

event normal case.
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Figure 3 illustrates the use of an ESR calculation at
the beginning of an FLASH/MOVIE event to insure minimum
system voltage at the end of FLASH/MOVIE event, with

additional load event during FLASH/MOVE event.

Figure 4 illustrates the use of an ESR calculation to
insure minimum system voltage at the end of FLASH/MOVIE
event with load release during FLASH/MOVIE event.

Figure 5 illustrates the use of a flash driver with
MAXFLASH adjusting FLASH current in a battery operated
system having an optional buck/boost switching regulator.

Figure 6 is a block diagram illustrating a preferred

implementation of the MAXFLASH function.

Figure 7 illustrates the MAXFLASH function operation

with increasing system loads during the FLASH/MOVIE event.
Figure 8 illustrates the MAXFLASH function operation

with decreasing system loads during the FLASH/MOVIE event.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

For battery applications, the invention allows the
maximum output current of a boost converter to be utilized
without having to first calculate the system egquivalent
series resistance (ESR). As mentioned before, this is

useful in the applications such as:

1. A camera flash, using a Xenon or an LED Flash
element.
2. TDMA (Time Divizion Mulitiple Access) transmission

systems, where a capacitor is charged to provide power
amplifier power during the TDMA transmission burst.

An exemplary method, referred to herein as MAXFLASH,
eliminates the need for measuring battery ESR during
FLASH/MOVIE events in battery powered equipment.

Figure 1 shows the voltage drop due to system ESR. For

applications like a camera flash or a movie light (also
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referred to as torch light), the system ESR should be
measured in order to calculate the maximum current that can
be consumed by the flash in order to ensure that at the end
of the flash, the system voltage has not dropped below the
minimum reguired system voltage for the remaining system
(cut-off voltage).

Battery cell ESR depends on battery chemistry, load
current, temperature, and age of the cell. For these
reasons, ESR must be calculated on a real-time basis in
order to get the most accurate determination. In most
systems, the camera flash is triggered by the camera module
itself. Therefore the battery ESR has to be measured in
real time during the beginning of the flash event. Figure 2
illustrates the use of a ESR calculation to insure minimum
system voltage at the end of FLASH/MOVIE event normal case.

Since most systems contain many complex functions that
operate independent of each other, the load current might
change during the FLASH/MOVIE duration. If other loads
within the system start drawing significantly more current
during the FLASH/MOVE duration, this can cause the system
voltage to drop below the minimum required operation voltage
for the system, hence causing spurious events. This is
illustrated in Figure 3, which shows the use of an initial
ESR calculation to insure minimum system voltage at the end
of the FLASH/MOVIE event, with additional load events during
the FLASH/MOVE event.

On the other hand, if an application is going from a
high current mode to a lower current mode during the
FLASH/MOVIE event, the battery voltage at the end of the
FLASH/MOVE duration will be above the minimum battery
voltage. This means that the actual FLASH/MOVIE current
could have been set higher for the remaining duration,

allowing the highest possible output current to be utilized.
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This is illustrated in Figure 4, which shows the use of an
initial ESR calculation to insure minimum system voltage at
the end of the FLASH/MOVIE event with load release during
the FLASH/MOVIE event.

Figure 5 illustrates a system using MAXFLASH for
adjusting the FLASH driver current to maintain adequate
operating voltages for the rest of the system. Figure 6
shows a block diagram of the MAXFLASH to control the current
IOUT_MAX provided to the charging circuit for the driver
output storage capacitor, in this case to power a flash
lamp, and Figures 7 and 8 show examples of MAXFLASH
operation. To avoid having to measure the ESR of the system
and still achieve the goal of ensuring that the system
voltage doesn’t drop below a predefined threshold, the
circuit of Figure 6 operates as follows (see Figures 7 and
8): During a FLASH/MOVIE event the input voltage of the
device is monitored using a Kelvin connection to the system
rail, referred to as Vgys Oor Vearr. If the input voltage drops
below a predefined threshold, referred to as Vig gz as sensed
by comparator CPl, this is an indication that the
FLASH/MOVIE event is drawing more current than the system
can support.

As a reaction to this, the current regulator driving
the FLASH/MOVIE will reduce (DOWN) the output current one
step (LSB). This will reduce the input current to the
current regulator driving the FLASH/MOVIE, hence reducing
the total current drawn from the system battery. Since the
system current is now reduced, the battery voltage will
start to rise due to the internal ESR of the battery cell
and remaining system. The current regulator will then delay
(INHIBIT TIMER) a user predefined time, referred to as
tis.mr r, fTOr falling edge detection (i.e. battery voltage less

than Visz 75), and tis g r £Or raising edge detection (i.e.
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battery voltage greater than Vig g + Vig gvs, Sensed by
comparator CP2).

The battery voltage is then sampled again and compared
to Viz 11- If the battery voltage is still below the Vig 1y
threshold, the current regulator will be caused to reduce
output current one unit once again to insure that minimum
battery voltage is available for the remaining parts of the
system. If the battery voltage rises above the Vig 1y
threshold plus a user defined hysteresis, referred to as
Vig nvs, the Current Regulator will be caused to increase (UP)
the output current one unit (LSB), but only if the output
current 1s less than the user defined output current. A
DOWN or UP increment in the preferred embodiment resets both
inhibit timers to initiate new time delays, though this is
not a limitation of the invention.

The delays tig mmr r and tis mr zr May be the same or
different time periods, and are typically, though not
necessarily, in the range of seconds to milliseconds. These
delays may be in hardware or under program control by the
system processor. Note from Figures 7 and 8 that the delays
are minimum delays before the circuit is responsive to the
system voltage again, after which the circuit will
immediately respond to a system voltage going below Vig rg
threshold or above Vig 1z threshold plus Vig avs hysteresis.
Alternatively, the system voltage could be periodically
sampled, and current increased or decreased in increments as
in the preferred embodiment. Sampling as used herein means
responding to the output of the comparators, and not
necessarily initially sensing the battery voltage or the
output of the comparators. Also, while the preferred
embodiment shown in Figure 6, once the time delays are
programmed and typically permanently stored, functions

without system processor intervention, the sampling and/or
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increasing or decreasing the current drain could be done
under system processor control, though this generally is
undesirable.

The unit reduction and the unit increase in converter
output may be the same or different, as desired. 1If the
same however, the increments should have an effect on the
battery voltage of less than Vis gys, as otherwise a voltage
decline to Vig g would cause a battery voltage change to over
Vig s * Vis mvs, With the next change bringing the battery
voltage back to Vig 1y, Or lower. Instead, the effect of a
unit reduction in the converter output current on battery
voltage should be less than Vig gys and repeated often enough
to keep the battery voltage from going below Vig 1z.
Alternatively, the unit reduction in the converter output
current should be more than the unit increase in the
converter output current, so that a unit reduction in the
converter output current followed by a unit increase in the
converter output current will not bring the battery voltage
back to where it was before these two changes occurred.

The one-LSB-at—-a-time up/down adjustment will continue
for the entire duration of the FLASH/MOVIE event, ensuring
that, by way of example, the FLASH/MOVIE output current is
always maximized for the specific operating conditions,
regardless of the changing loads on the battery during the
event.

Thus while certain preferred embodiments of the present
invention have been disclosed and described herein for
purposes of illustration and not for purposes of limitation,
it will be understood by those skilled in the art that
various changes in form and detail may be made therein
without departing from the spirit and scope of the

invention.
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CLAIMS
What is claimed is:

1. A method of maintaining a minimum system voltage
in a battery operated system having a component preferably
operated at a first current, but operable with currents less
than the first current, comprising:

1) sensing system voltage; and,

2) when the system voltage falls below a
predefined threshold, incrementally decreasing the current
provided to the component; and

3) when the system voltage goes above a
predefined threshold plus a hysteresis current,
incrementally increasing the current provided to the
component; and,

4) if the system voltage falls below a
predefined threshold after a first time period after an
incremental decrease in current, again incrementally
decreasing the current provided to the component; and,

5) if the system voltage goes above a predefined
threshold plus a hysteresis voltage increment after a second
time period after an incremental increase in current, again
incrementally increasing the current provided to the
component;

6) repeating 4) and 5) multiple times.

2. The method of claim 1 wherein the first and second
time periods are unequal time periods.

3. The method of claim 1 wherein the first and second
time periods are equal time periods.

4. The method of claim 1 wherein the incremental
decrease in current in 2) is equal to the incremental

increase in current in 3).
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5. The method of claim 1 wherein the incremental
decrease in current in 2) is not equal to the incremental
increase in current in 3).

6. The method of claim 1 wherein on each subseguent
repeat of a) through c), the current is incrementally
decreased when the system voltage falls below a predefined
threshold at any time after the first time period after an
incremental decrease or increase in current, or the current
is incrementally increased when the system voltage is above
a predefined threshold plus a hysteresis current at any time
after the second time period after an incremental increase
in current.

7. A method of maintaining a minimum system voltage
in a battery operated system having a component preferably
operated at a first current, but operable with currents less
than the first current, comprising:

a) sensing system voltage; and,

1) when the system voltage falls below a
predefined threshold, incrementally decreasing the
current provided to the component; and

2) when the system voltage goes above a predefined
threshold plus a hysteresis current, incrementally
increasing the current provided to the component; and,
b) after an incremental decrease or an incremental

decrease in current;

1) if the system voltage falls below a
predefined threshold after a first time period after an
incremental decrease or an incremental increase in
current, incrementally decreasing the current provided
to the component; and,

2) if the system voltage goes above a predefined
threshold plus a hysteresis voltage component after a

second time period after an incremental decrease or an
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incremental increase in current, incrementally

increasing the current provided to the component;

c) repeating b) multiple times.

8. The method of claim 7 wherein the first and second
time periods are unequal time periods.

9. The method of claim 7 wherein the first and second
time periods are equal time periods.

10. The method of claim 7 wherein the incremental
decrease in current in b), 1) is egqual to the incremental
decrease in current in b), 2).

11. The method of claim 7 wherein the incremental
decrease in current in b), 1) is not equal to the
incremental decrease in current in b), 2).

12. The method of claim 7 wherein on each subseguent
repeat of b), the current is incrementally decreased when
the system voltage falls below a predefined threshold at any
time after the first time period, or the current is
incrementally increased when the system voltage is above a
predefined threshold plus a hysteresis current at any time

after the second time period.

10
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