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MONITORING METHOD, CIRCUIT AND
SYSTEM

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

PRIORITY ENTITLEMENT

This application 1s a divisional application of patent
application Ser. No. 12/363,095. This application 1s entitled
to priority based on Provisional Patent Application Ser. No.
61/082,372 filed on Jul. 21, 2008, which 1s incorporated
herein for all purposes by this reference. This application
and the Provisional Patent Application have at least one
common inventor.

TECHNICAL FIELD

The invention relates to low-power analog integrated
circuitry. More particularly, the mvention relates to micro-
clectronic circuit architectures and methods for monitoring
voltage, current, and power levels and protecting associated
components and systems from being subjected to potentially
harmiul underload or overload conditions.

BACKGROUND

The need to conserve energy, concern for the environ-
ment, the mimmization of battery footprints, and extension
of battery life all converge to drive a need for microelec-
tronic circuits, particularly in portable devices dependent
upon battery power, to reduce power usage. For example, a
common approach to control current consumption and pro-
tect power supplies such as batteries from potentially harm-
tul load conditions 1s to implement a switch in series with
the power supply. In operation, the switch 1s arranged to
interrupt the connection to the power supply when the power
rises or falls beyond a predetermined acceptable range, or
when selectably switched through various methods. The
trend 1n the art 1s to place more stringent efliciency require-
ments on such switching schemes. Ideally, power usage by
such circuits would be zero power consumption i an “OFF”
state, and minimal power consumption 1n an “ON” state.

In particular, battery powered applications create a press-
ing need for ultra-low current solutions in integrated cir-
cuits. For example, with lithium-ion and other common
battery types, it 1s critical to monitor battery voltage. Too
low or too high of a voltage placed on the battery can cause
permanent electro-chemical changes to occur 1n the battery,
causing damage or reducing the battery’s charge capacity,
diminishing its lifetime, or rendering 1t completely useless.
Many circuits that are designed to monitor battery voltage
are inescapably required to be powered by the very same
battery that they monitor. For low-voltage detection and
prevention (also known as undervoltage protection), this can
be detrimental, since a constant current draw from the
battery continues to decrease the battery voltage, placing the
battery deeper into an undervoltage condition and exacer-
bating the potential for damage. Analogous problems can
result from the occurrence of overvoltage conditions, under-
current or overcurrent conditions, or underpower or over-
power conditions. In each case, regardless of power supply
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2

type or battery type, circuit monitoring and switching reac-
tive to monitored conditions would be beneficial for man-
aging and protecting the power supply.

Due to these and other problems and potential problems,
improved eflicient voltage, current, and power level moni-
toring and switching circuits would be usetul and advanta-
geous 1n the arts.

SUMMARY

In carrying out the principles of the present invention, in
accordance with preferred embodiments, the invention pro-
vides advances 1n the arts with novel systems, circuits and
methods directed to providing eflicient, low power con-

sumption, monitoring and outputting reactive to monitored
conditions.

According to aspects of the invention, preferred embodi-
ments of a circuit monitoring method includes the step of
providing a floating gate monitoring circuit 1 association
with a monitored circuit. In a further step, the floating gate
1s programmed to a selected charge level. The programmed
floating gate charge level i1s then compared with a signal
level 1n a monitored circuit. In an additional step, selected
comparison criteria are used for selectably activating an
output relating to the monitored circuat.

According to alternative aspects of the invention, pre-
ferred embodiments include circuit monitoring methods
with steps for comparing a programmed floating gate charge
level with a voltage or current level in the monitored circuait.

According to other aspects of the invention, preferred
embodiments provide steps for activating undervoltage pro-
tection or overvoltage protection for the monitored circuit.

According to other aspects of the invention, preferred
embodiments provide steps for activating undercurrent pro-
tection or overcurrent protection for the monitored circuat.

According to yet another aspect of the invention, pre-
ferred embodiments of circuit monitoring and switching
methods 1nclude steps for providing signal level data relat-
ing to the monitored circuit.

According to another aspect of the invention, an example
of a preferred embodiment of a floating gate monitoring
circuit 1s configured for activating output indicative of signal
level based upon comparison of the programmable floating
gate with one or more monitored signal level.

According to still another aspect of the mvention, 1n an
example of a preferred embodiment, a monitoring circuit for
use with a monitored circuit has a reference generator and a
biasing module coupled to a power supply of the monitored
circuit. The monitoring circuit 1s configured for monitoring
a signal level 1n the monitored circuit and for providing an
output when one or more predetermined signal thresholds 1s
reached.

According to another aspect of the invention, 1n an
example of a preferred embodiment, a monitoring circuit for
use with a monitored circuit has a reference generator and a
biasing module connected to a power supply of the moni-
tored circuit. A comparator 1s coupled to the monitored
circuit and reference generator for comparing a reference
level to a signal level in the monitored circuit, and for
alternately coupling and decoupling the power supply and
the load when predetermined signal thresholds are reached.

According to yet another aspect of the invention, 1n
preferred embodiments the biasing module consumes ultra-
low current from the power supply 1n the coupled state, and
consumes no current from the power supply in the
decoupled state.
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According to yet another aspect of the invention, the
monitoring circuit according to preferred embodiments of
the invention includes means for activating alerts when
predetermined signal thresholds are reached.

According to still another aspect of the invention, an
example of a preferred embodiment of a circuit monitoring
system includes a floating gate monitoring circuit having a
programmable floating gate and signal comparison means.
The momitored circuit 1s connected with the floating gate
monitoring circuit such that one or more signals of the
monitored circuit may be compared with the programmable
floating gate. An output device connected to the monitored
circuit and controlled with the floating gate monitoring
circuit may be activated based upon comparison of the
programmable floating gate with one or more monitored
signal level.

According to another aspect of the mnvention, an example
of a preferred embodiment of a circuit monitoring system
with a programmable floating gate and signal comparison
means includes a switch connected to the monitored circuit
which may be used to cause the monitored circuit to change
state based upon comparison of the programmable floating
gate with one or more monitored signal level.

According to another aspect of the mvention, preferred
embodiments are configured to consume no current when
operating 1n an “OFF” state.

The invention has advantages including but not limited to
monitoring and switching ethiciency and ultra-low power
requirements. These and other advantageous features and
benefits of the present invention can be understood by one
of ordinary skill 1n the arts upon caretul consideration of the
detailed description of representative embodiments of the
invention 1 connection with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The present mvention will be more clearly understood
from consideration of the following detailed description and
drawings in which:

FIG. 1 1s a simplified schematic diagram of a preferred
embodiment of the invention;

FIG. 2 1s a simplified schematic diagram of an additional
example of a preferred embodiment of the invention;

FIG. 3 1s a diagram depicting an example of voltage and
current characteristics 1n preferred embodiments according
to the invention as shown in the example of FIG. 2;

FIG. 4 1s a schematic diagram of an alternative preferred
embodiment of the invention;

FIG. 5 1s a schematic diagram of an alternative pretferred
embodiment of the invention;

FIG. 6 a schematic diagram of an alternative preferred
embodiment of the invention;

FIG. 7 a schematic diagram of an alternative preferred
embodiment of the invention; and

FIG. 8 1s a schematic diagram of an alternative preferred
embodiment of the invention.

References 1n the detailed description correspond to like
references 1n the various drawings unless otherwise noted.
Descriptive and directional terms used in the written
description such as first, second, top, bottom, upper, side, et
cetera, refer to the drawings themselves as laid out on the
paper and not to physical limitations of the mvention unless
specifically noted. The drawings are not to scale, and some
teatures of embodiments shown and discussed are simplified
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4

or amplified for illustrating principles and features, as well
as anticipated and unanticipated advantages of the invention.

DESCRIPTION OF PREFERRED
EMBODIMENTS

While the making and using of various exemplary
embodiments of the present invention are discussed herein,
it should be appreciated that the invention provides mmven-
tive concepts which can be embodied 1n a wide variety of
specific contexts. It should be understood that the invention
may be practiced with various electronic circuits, microelec-
tronic circuit components, systems and subsystems without
altering the principles of the invention. For purposes of
clanty, detailed descriptions of functions, components, and
systems familiar to those skilled 1n the applicable arts are not
included. In general, the invention provides monitoring and
switching circuits and methods with ultra-low power con-
sumption attributes preferably on the order of approximately
one milliamp or less, often far less.

FIG. 1 shows a simplified block diagram illustrating an
example of a preferred implementation of circuit monitoring
system circuitry 10 and methods according to the invention.
A power supply 12, preferably a battery, such as a lithium-
ion battery for example, 1s operably coupled to a load 14,
passing through an intermediate pass device 16 used to
control decision outputs to some degree. In addition, a
reference generator 18 and comparator 20 are suitably
arranged for monitoring the voltage at the power supply 12,
in this case battery voltage level. While operating in the
“ON” state, the reference generator 18 and comparator 20
are preferably biased with minimal current drawn from the
power supply 12, although various biasing modules may be
used. In the event that the voltage at the power supply 12 1s
within a predetermined operating range, the pass device 16
couples power to the load 14. In the event the power supply
12 reaches a pre-programmed voltage threshold, unaccept-
ably low voltage for example, then the intervening pass
device 16 1s employed to decouple the power supply 12 from
turther depletion by the load 14. In this instance, in the
“OFF” state, the reference generator 18 and the comparator
20 consume no quiescent current from the power supply 12.
The only current drawn 1n such instances 1s the miniscule
leakage current found 1n non-ideal devices. In the event the
voltage level at the power supply 12 returns to an acceptable
level, the circuit 10 returns to the “ON” state, again coupling
the power supply 12 to the load 14. It should be appreciated
that the principles and approach of the invention may also be
used for monitoring and switching, or providing other output
based on current or power levels, by making suitable modi-
fications to the circuitry within the capabilities of those
reasonably skilled 1n the arts. Those skilled 1n the arts wall
also appreciate that the invention may be implemented using
various components and their equivalents, for example, and
op amp or analog to digital converter may be substituted for
the comparator of the embodiment of FIG. 1 without depar-
ture from the invention.

Now referring primarily to FIG. 2, further aspects of the
invention are described with reference to a particular exem-
plary embodiment illustrating the use of the mvention for
both undervoltage and overvoltage protection useful 1n the
context ol a wide range of microelectronic circuits. Similar
to the circuit described with reference to FIG. 1, the circuit
10 of FIG. 2 1s configured for undervoltage detection, 1n this
case for multiple battery cells of a power supply, as well as
for overvoltage monitoring and switching capabilities. As
shown 1n the conceptual block diagram, battery cells
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CELL,, CELL,. ,, and CELL,, , are arranged 1n a stacked
configuration providing a power supply 12. In this case three
cells are shown for the sake of example. Of course, the
invention itself 1s not limited to any particular number of
cells and may be practiced with one or innumerable cells.
Each of the cells 1s preferably connected to a respective
monitoring circuit 10,,, 10, ,, 10,,, , as shown. Each moni-
toring circuit 10,, 10, ,, 10, has two input terminals,
herein denominated P and N, and an undervoltage output
terminal OUT ,. Focusing on a single cell, CELL,, for the
sake of this example, in order to monitor voltage at the cell
CELL.,, VC, __, 1s connected to the positive terminal P of the
monitoring circuit 10,,, and VC, 1s connected to the negative
terminal N of the monitoring circuit 10,,. The undervoltage
reference generator block 18A, in the monitoring circuit
10, produces a reference level used by a comparator 20A
to determine whether the voltage for that monitored battery
cell CELL,, 1s below a selected low voltage threshold,
indicating an undervoltage state. In this event, the compara-
tor 20A, changes state, 1n this example outputting a “LOW”
indicating that the battery CELL,, that the detection circuat
1s monitoring 1s in an undervoltage state. In the event the
battery CELL,, voltage 1s higher than the undervoltage
reference level, then the comparator 20A outputs a “HIGH”
state at OU'T ,. The output may be used to activate a switch,
provide signal data, or activate an alert. For example, the
output at OUT , may be a numerical voltage reading, a low
voltage alarm, or activation of an undervoltage protection
switch. Combinations of various outputs may also be pro-
vided.

As shown, the battery cells in a power supply 12 of a
typical application may be stacked, and preferably each one
of the monitoring circuits 10 1s designed to detect a difler-
ential voltage across the cells. Hence, the logic level output
of each of the undervoltage comparators 20 is referenced to
the “N” terminal, and not to the ground of the device. A level
shifter 16 1s preferably used in each of the momitoring
circuits 10 to shift the output OUT , of the undervoltage
comparator 20A and provide a ground-referenced logic
signal. When the voltage on CELL,, 1s higher than the
reference level, there 1s a minimal current draw from the
positive terminal P of the monitoring circuit 10. However, a
teature of the voltage monitoring circuit 1s that when the
voltage on the monitored cell 1s lower than the reference
voltage, the monitoring circuit uses no current, thus con-
suming zero current, except possibly for parasitic leakage
current found in non-ideal components. This attribute of the
monitoring circuit prevents an undervoltage cell from fur-
ther discharging and decreasing its voltage further. Protect-
ing the cell voltage from dropping further than the under-
voltage reference level prevents cell damage such as
reducing 1ts charge carrying capacity or destruction beyond
usability. An 1illustration of a typical 1deal current draw for
the undervoltage protection circuitry (of FIG. 2) versus cell
voltage 1s shown 1n FIG. 3, showing a fixed current usage for
an “ON” state, and zero current usage 1n an “OFF” state.

It should be understood that the circuits and methods of
the invention described herein are applicable to overvoltage
protection as well as undervoltage protection. Again refer-
ring primarily to FIG. 2, an exemplary embodiment of the
invention includes overvoltage protection for each of the
cells, CELL,,, CELL.,, ,, CELL,,, , of the power source 12.
An overvoltage reference generator 18B for example, 1s
connected to the positive terminal P of the monitoring circuit
10, and VC, 1s connected to the negative terminal N of the
monitoring circuit 10,,. The overvoltage reference generator
188B in the momtoring circuit 10,, produces an upper
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reference level used by the comparator 20B to determine
whether the voltage for that battery cell CELL,, 1s above a
selected high voltage threshold, indicative of an overvoltage
state. In this event, the comparator 20B, changes state, 1n this
example outputting a “HIGH” at the overvoltage output
OU'T ; indicating that the battery CELL,, that the monitoring
circuit 10,, 1s monitoring 1s 1n an overvoltage state, and
preferably decoupling the cell CELL,, from the load 14. In
the event the battery CELL,, voltage 1s lower than the
reference level, then the comparator 20B outputs a “LOW”
state at overvoltage output OUT,, permitting the cell
CELL,, to remain coupled to the load 14.

Thus, 1t can be seen from the example that when the
monitoring and switching circuit, such as circuit 10, 1n this
example, 1s 1n a “LOW” state for both undervoltage and
overvoltage, the monitored cell 1s permitted to provide
power to a load, and the monitoring circuit itself draws
minimal current from the cell, in order to continue its
detection functions. In the event either the undervoltage or
overvoltage 1s 1n a “HIGH” state, the cell 1s protected from
being drawn down further, or from overvoltage events, by
being disconnected from the load.

It should be appreciated that the circuits, architecture, and
methods of the invention may be used to provide similar
monitoring circuits for the purposes ol monitoring voltage
by setting virtually any selected reference level, or multiple
levels depending upon system requirements. Such an imple-
mentation operates in the manner shown and described.
Additional reference levels for each cell may be provided
depending upon system needs. For example, various alert
levels may be provided for overvoltage and/or undervoltage
condition warning thresholds at levels reached prior to the
cell voltage becoming precariously low or precariously high
and triggering the undervoltage or overvoltage fault thresh-
olds. Similar implementations may be used for monitoring
current or power levels without departure from the nven-
tion.

Various implementations of the immvention are possible,
and all variations of potential embodiments cannot, and need
not, be shown herein. It should be understood that each of
the examples herein may also be implemented for overvolt-
age and/or various intermediate voltage levels 1n combina-
tion with or in substitution for the undervoltage conditions
described for illustration purposes. Likewise, with suitable
modifications the mvention may also be used for monitor-
ing, measuring, and switching based on current and/or
power levels. A further example and description of the
operation of an embodiment of monitoring and switching
circuitry 10 1s described 1n more particular detail with
reference to FIG. 4. To further understanding of the opera-
tion of the circuit 10, 1t should first be noted that the
reference generator 18 1s implemented in this exemplary
embodiment using a floating n-gate transistor M1 to provide
a floating n-gate node 22. Other types of floating gate
devices may also be used. The floating gate node 22 1is
programmed to respond to a selected low voltage threshold,
holding transistor M3 1n an “OFF” state, thereby ensuring
that the power source VBAT 12 remains disconnected from
supplying power to the load 14. In this example, when 1n the
“OFF” state, the devices connected directly to the power
supply, e.g., 1n this example through transistors M1, M3, and
M7, consume no power, limiting current draw to the level of
leakage of the devices. The power source 12 voltage, as it
increases beyond the programmed low voltage threshold,
meets high impedance at the p-gate node 24 of transistor
M3, causing leakage to drive the node 24 higher. In this
example, transistor M20 1s used to provide biasing at the
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p-gate node 24, although other circuit elements such as
resistors may be used. When the voltage level at the power
supply 12 1s sufliciently high, the transistor stack loop
MSTACK (preferably an array of transistors) 1s activated,
whereby the output transistor M7 1s enabled, permitting
power to be delivered to the load 14. When delivering power
from the power supply 12 to the load 14, the current
consumption of the circuit 10 in the “ON” state 1s limited by
the transistor stack loop MSTACK and a resistor stack loop
RSTACK. Preferably, selectable hysteresis 1s introduced by
suitable means, such as by the use of one or more transistors,
¢.g., M4, for adjusting the resistor stack RSTACK.

A further example of a preferred embodiment of an
undervoltage monitoring and switching circuit 10 1s shown
in FIG. 5. In this alternative configuration, the circuit 10,
similar to that of FIG. 4, 1s arranged to minimize the use of
bias current in the “OFF” state. In this implementation,
transistor M1 1s used to conduct an ultra-low current in order
to bias the p-gate node 24. In other respects, the circuit 10
of FIG. § operates in the manner described above. It should
be noted that the exemplary embodiment of the invention
shown 1n and described with respect to FIG. 4 preferably
uses ultra-low current when in the “ON” state, and no
current, with the possible exception of leakage current due
to non-1deal components, in the “OFF” state. The exemplary
circuit of FIG. § also uses ultra-low current when in the
“ON” state. The implementation of FIG. 5, however, uses
ultra-low current when 1n the “OFF” state as well. It 1s
anticipated that implementations exemplified by the circuit
of FIG. S may be particularly usetul 1n applications 1n which
it 1s advantageous to overpower leakage currents with atlir-
mative biasing, as 1n temperature-sensitive applications
where junction leakages could potentially cause temperature
increases. Thus, by applying a small bias current, leakage,
and therefore related temperature increase, 1s avoided.

An additional example of an alternative embodiment of an
undervoltage monitoring and protection circuit 1s shown in
FIG. 6, in which, although similar in other respects, it can be
seen that an additional floating gate PMOS transistor M18 1s
used 1n order to adjust the power source 12 rising voltage
trigger point. With this particular configuration, hysteresis
from the resistor stack RSTACK and transistor M4 may or
may not be used to advantage, depending upon the particu-
lars of the application. In terms of functionality, transistor
M18 serves as an additional comparator used only during the
increase of the power supply 12 voltage during the transition
from the “OFF” state to the “ON” state. The circuit shown
in FIG. 7 1s similar to that of FIG. 6, with the exception that
the floating gate reference 22 1s shared by coupling the
NMOS transistor M1 and PMOS transistor M18 gates. This
avoids the use of a separate tloating gate reference generator
when independent control of rising and falling threshold
detection 1s not required.

An additional example of a monitoring system 10 1s
shown 1 FIG. 8, illustrating voltage, current, and power
monitoring and switching capabilities used 1n combination
in a single application. In this circuit 10, coupled between
one or more power source supply line and one or more load,
current, voltage, and power characteristics are monitored for
performance within acceptable ranges using suitable means.
Comparison of actual conditions with predetermined refer-
ence criteria provides bases for providing output such as
signal data, alerts, or switch activation, according to the
preferences of the user.

The methods and apparatus of the invention provide one
or more advantages including but not limited to furnishing
ultra-low power circuits, circuit architectures, and methods
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for efliciently monitoring associated circuits. While the
invention has been described with reference to certain
illustrative embodiments, those described herein are not
intended to be construed 1 a limiting sense. For example,
the mvention may be used to advantage 1n various electronic
systems having one or more power and load components,
such as, portable electronics, stationary electronics, power
systems, power and battery management systems, energy
systems, and the like. As illustrated by the examples shown
and described herein, variations on, or combinations of,
components or their arrangement 1n the momitoring circuit
embodiments may be used 1n particular cases without depar-
ture from the mmvention. Various modifications and combi-
nations of the illustrative embodiments as well as other
advantages and embodiments of the invention will be appar-
ent to persons skilled in the arts upon reference to the
drawings, description, and claims.

We claim:

1. A monitoring circuit for use with a monitored circuit,
the monitoring circuit having an input connected to a power
supply and an output connected a load, the momnitoring
circuit comprising;

an undervoltage decision circuit coupled to a positive

terminal of the power supply, the undervoltage decision
circuit including an undervoltage decision output and
configured to adjust a logic level of the undervoltage
decision output based on a voltage of the positive
terminal;

an undervoltage level shifter receiving the undervoltage

decision output and configured to couple or decouple
the power supply and the load based on the logic level
of the undervoltage decision output;

an overvoltage decision circuit coupled to the positive

terminal of the power supply, the overvoltage decision
circuit including an overvoltage decision output and
configured to adjust a logic level of the overvoltage
decision output based on the voltage of the positive
terminal; and

an overvoltage level shifter receiving the overvoltage

decision output and configured to couple or decouple
the power supply and the load based on the logic level
of the overvoltage decision output.

2. The monitoring circuit of claim 1, wherein the under-
voltage decision circuit includes an undervoltage reference
generator and a comparator, such that the comparator com-
pares the voltage of the positive terminal to a voltage of the
undervoltage reference generator and asserts a logic high on
the undervoltage decision output when the voltage of the
positive terminal 1s greater than the voltage of the under-
voltage reference generator and a logic low when the voltage
of the positive terminal 1s less than the voltage of the
undervoltage reference generator.

3. The monitoring circuit of claim 2, wherein the power
supply 1s coupled to the load when the voltage of the positive
terminal 1s greater than the voltage of the undervoltage
reference generator, and the power supply 1s decoupled from
the load when the voltage of the positive terminal 1s less than
the voltage of the undervoltage reference generator.

4. The monitoring circuit of claim 1, wherein the over-
voltage decision circuit includes an overvoltage reference
generator and a comparator, such that the comparator com-
pares the voltage of the positive terminal to a voltage of the
overvoltage reference generator and asserts a logic high on
the undervoltage decision output when the voltage of the
positive terminal 1s greater than the voltage of the under-
voltage reference generator and a logic low when the voltage
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of the positive terminal 1s less than the voltage of the
undervoltage reference generator.

5. The momitoring circuit of claim 4, wherein the power
supply 1s coupled to the load when the voltage of the positive
terminal 1s less than the voltage of the overvoltage reference
generator, and the power supply 1s decoupled from the load
when the voltage of the positive terminal 1s greater than the
voltage of the overvoltage reference generator.

6. A system for reducing offline power consumption com-
prising:

a voltage reference coupled to a power source;

a comparator coupled to the voltage reference and the

power source; and

a pass device coupled to the power source and the

comparator, wherein the comparator is configured to
disconnect the pass device from a load when a voltage
of the power source is less than a voltage of the voltage
reference, wherein the voltage reference comprises a
floating n-gate transistor.

7. The system of claim 6 wherein the power source
comprises a battery power source.

8. The system of claim 6 wherein the comparator com-
prises an additional comparator configured for use only
during an increase of the voltage of the power source during
a transition from an “OFF" state to an “ON" state.

9. The system of claim 6 wherein the comparator com-
prises a transistor.

10. The system of claim 6 wherein the pass device
comprises a transistor.

11. The system of claim 6 wherein the power source
comprises a plurality of batteries.

12. The system of claim 6 wherein the voltage reference
comprises an overvoltage veference and an undervoltage
reference.

13. The system of claim 6 wherein the comparator com-
prises a plurality of comparators.

14. A system for reducing offline power consumption
COMpPriSing:

a voltage reference coupled to a power source;

a comparator coupled to the voltage veference and the

power source;

a pass device coupled to the power source and the

comparator, wherein the comparator is configured to
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disconnect the pass device from a load when a voltage
of the power source is less than a voltage of the voltage
reference; and

a level shifter coupled to the comparator and configured
to generate a level-shifted output signal.

15. The system of claim 6 further comprising a selectable

hysteresis circuit coupled to the comparator.

16. The system of claim 15 wherein the selectable hys-
tevesis circuit comprises one orv move transistors and a
plurality of resistors.

17. A system for reducing offline power consumption
COmMprising:

a voltage reference coupled to a power source;

a comparator coupled to the voltage reference and the

power source; and

a pass device coupled to the power source and the
comparator, wherein the comparator is configured to
disconnect the pass device from a load when a voltage
of the power source is less than a voltage of the voltage
reference, wherein the voltage reference comprises a
plurality of overvoltage rveferences and a plurality of
undervoltage veferences, the power source comprises a
plurality of batteries, the comparator comprises a
plurality of comparators, and further comprising a
plurality of level shifters, each coupled to one of the
plurality of comparators.

18. A system for reducing offline power consumption

COmMprising:

a voltage rveference coupled to a power source;

a comparator coupled to the voltage reference and the
power source;

a pass device coupled to the power source and the
comparatoy, wherein the comparator is configured to
disconnect the pass device from a load when a voltage
of the power source is less than a voltage of the voltage
reference;

a plurality of transistors coupled in series to the voltage
reference and configured to veduce current consump-
tion by the system; and

a plurality of resistors coupled to the plurality of tran-
SIStOFS.
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