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       Battery Charging Design Considerations
Charles Mauney and Jinrong Qian

ABSTRACT

Battery charging has become a more complex task as power converters have continued to become more
integrated. Earlier designs were stand-alone chargers whose only task was to charge a battery. Today
battery chargers are expected to charge the battery and power the system in a safe manner. This topic
presents battery-charging-system interactions and possible solutions when the system load is directly
connected to the charge output. It also discusses the charger front end (CFE), a new safety trend for
redundant protection with a high input-voltage rating for improving the charging system’s safety. In
addition, two power-path-management topologies are presented that can power the system from the input
while independently charging a battery. The selection process for these topologies is also discussed.

I. INTRODUCTION

Recently in the news there have been several
recalls of potentially defective Li-ion battery packs.
This has raised the safety concerns of manufac-
turers that more should be done to eliminate any
potential failures. The main concern is the loss of
any integrated safety features should the charger
silicon be damaged. Protection FETs in series with
the pack cells are typically used as the secondary
backup that protects against overcharge or over-
discharge. With second-source batteries available,
there is no guarantee that the pack will be built to
the proper specifications. Thus a secondary IC, the
charger front end (CFE), is proposed as a redun-
dant safety circuit connected before the battery
charger. The main safety concerns in a charging
system are input overvoltage, input overcurrent,
battery overvoltage, and reverse input polarity.
TI’s bq243xx family offers several solutions to
these safety concerns.

II. INPUT OVERVOLTAGE CHALLENGES

Input overvoltage can be caused by several
events and can be a transient or a steady-state volt-
age condition. The most common occurrences are
from hot plugging a charged adapter; using a non-
regulated or incorrect adapter; or load transients.

A. Hot Plugging a Charged Adapter
When the adapter is plugged into the AC first

and the charged DC output of the adapter is then
hot plugged into the device, there is a natural LC
step response that consists of the adapter’s output
capacitor, the series line resistance and inductance
of the cable, and the input capacitance of the
device. The theoretical maximum input voltage of
the device is twice the source voltage but is often
less than a factor of 1.7 due to the damping of the
circuit. This event happens for a regulated or
nonregulated charged adapter. On the next page,
Fig. 1a shows the test circuit for a typical charger
setup (TI’s bq2406x EVM), and Fig. 1b shows the
natural result of hot plugging. Note how the
output rings up to ~8 V and settles out at 6 V. This
is 1.33 times the DC voltage, which is far short of
twice the theoretical value, even without added
damping. The natural resistance found in the cable
and equivalent series resistance (ESR) of the
capacitors has a natural damping effect.

B. Nonregulated Adapter
The nonregulated adapter under no load will

charge the adapter’s output capacitor to the peak
rectified AC voltage, about 1.4 times the rated DC
voltage. This is often an issue with “low-voltage
process” (7-V) ICs such as TI’s bq2402x family of
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chargers. Fig. 2 shows the output voltage of a typical
regulated adapter versus that of a nonregulated
adapter. A hot-plug event can further increase the
voltage applied to the device as demonstrated
previously in Fig. 1.
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Fig. 1. Input overvoltage from hot plugging a charged adapter.

a. Schematic.

b. Input-voltage transient on EVM.

C. Incorrect or Damaged Adapter
An incorrect or damaged adapter with a higher

output voltage may be connected with common
input connectors. This presents the issue of a higher
DC voltage and also any hot-plug transients that
may occur.

III. INPUT OVERVOLTAGE SOLUTIONS

There are many solutions that are effective in
designing for overvoltage conditions, and the most
common ones are presented next. The complexity
of the solution is a function of the number of
overvoltage events against which the system must
be protected.

A. Solutions for Hot Plugging a Charged Adapter
A hot-plug event causing a transient over-

voltage with limited input energy can be easily
clamped, damped, or ignored if the components in
use can withstand the voltage.
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Clamping with a zener provides good protec-
tion against low energy spikes that occur with a
low duty cycle. The clamping action of the 6.8-V
zener reduces the amplitude of the ringing and its
associated current draw. This works well for hot-
plug transients but is not a solution for clamping
low-impedance DC voltages.

Damping is typically done with a series or
parallel resistance. To get critical damping, the char-
acteristic impedance of the LC is calculated, and
twice the resistance is put in series (or half in
parallel). The characteristic impedance is given by

For one meter of cable (~800 nH) and 2.66-µF
input capacitance, the characteristic impedance is
0.55 Ω. Using 1.1 Ω of series resistance will
produce critical damping but may produce more
heat during DC operation than desired. Another
option is to choose an input capacitor with a
specified higher ESR for greater damping. This
may be a good choice for linear designs where a low-
impedance input capacitor may not be required,
but it would likely cause stability issues with a
switching charger.

Changing the characteristic impedance L or C
can also damp the response. Increasing the input
capacitance or reducing the inductance lowers the
characteristic impedance, which requires less
resistance for critical damping. As the capacitance
is increased four times, the characteristic imped-
ance drops to approximately half the natural circuit
resistance, where critical damping is achieved.
Note how the input-current amplitude increases as
the capacitance is increased. However, too much
input capacitance increases the inrush current,
which may cause contact pitting.

Components rated for transient voltages
should be chosen. If the system configuration has
been characterized for voltage transients, then
often the least expensive solution is to use prop-
erly rated components that can handle the peak
transient voltage.

B. Solutions for a Nonregulated Adapter
A nonregulated, incorrect, or damaged adapter

that puts out a DC overvoltage can be dealt with
by limited operation or by shutting down.
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• DC overvoltage shutdown solution—This is a
simple solution that requires only one high-
voltage P-channel FET that can be turned off if
the input reaches an overvoltage condition.
Only the input FET has to be rated for the high-
voltage transient.

• DC overvoltage limited-operation solution—
This solution involves regulating the overvolt-
age down to a usable voltage. Due to the greatly
increased power dissipation in linear circuits, it
would be necessary to have a thermal loop that
would reduce the input current if the silicon
temperature became excessive.

• DC overvoltage transient-operation solution
—A hybrid solution of the two previous solu-
tions is proposed that allows limited operation
for a short duration and then shuts down if
conditions do not return to normal.

C. Solutions for an Incorrect or Damaged Adapter
Typically an incorrect or damaged adapter

supplies the wrong voltage or has the wrong
current limit. A voltage or current that is too low is
typically just an operation issue and not a safety
issue. If the adapter is too high in voltage, the
previously discussed solutions that detect the
overvoltage and disconnect the input to the
charger are effective in protecting the charging
system. When the input source’s current limit is
set too high, the operation is typically not affected;
but, if a system loading fault did occur, the adapter
would supply an abnormal amount of current and
possibly would make the failure worse than if the
correct adapter was in use.

IV. INPUT-OVERCURRENT CHALLENGES

AND SOLUTIONS

Input-overcurrent challenges are not an issue
with stand-alone chargers since the constant-
current mode limits the amount of current deliv-
ered to the output or battery. However, with
power-path-management devices, which have a
direct connection from the input to the system bus
voltage, there is often no protection from pulling
excessive current. Concern about adapters operat-
ing in their current-limit mode has led to a desire
for a programmable circuit that would limit input
current to ensure that the adapter does not get into
this mode.

77011-3.qxp  8/9/07  12:14 PM  Page 3-3



Workbook 3-4

T
op

ic
 3

The solution proposed here protects devices
from excessive current by limiting the input
current. This is easily done with a sense-and-
control circuit that regulates an input P-channel
FET as shown in Fig. 3. The best solution would
be to make sure the system does not pull an
excessive amount of current, but unfortunately the
IC-charger designer has no control over this. A
power-path-management solution reduces the
charging current if the system load demands too
much power, but it does not ensure that the system
load does not exceed the adapter’s current limit.
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Q2
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Fig. 3. Programmable circuit that limits 
input current.

Fig. 4. Reverse-input-polarity protection for a
linear charger input.
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c. Solution with diode clamp and fuse.

V. BATTERY-OVERVOLTAGE CHALLENGES

AND SOLUTIONS

Li-ion/Li-polymer battery packs are known for
the potentially dangerous “flaming” condition that
can occur if they are overcharged under high
temperature. The key indication for an overcharge
is the cell voltage, but manufacturers are looking
for redundant safety measures to ensure pack
safety and compliance. The redundant solution to
the already very accurate battery-voltage-regulation
IC is a second IC that monitors the pack voltage
and, if a battery overvoltage is detected, interrupts
the input charging source.

VI. REVERSE-INPUT-POLARITY CHALLENGES

AND SOLUTIONS

With the availability of universal connectors,
designers are concerned that an adapter with
reverse polarity may be connected to the input. On
many ICs there is no protection from reverse input
polarity, and many thousands of p-n junctions that

were never intended to become biased turn on and
damage the IC.

There are three basic solutions. Two involve
restricting the current flow in the reverse direc-
tion, and the third involves clamping the source.
• Using a diode in series with input—The

easiest and lowest-cost solution is to place a
Schottky diode in series with the input to
prevent reverse current flow (see Fig. 4a). The
down side to this is lower efficiency and higher
power dissipation.

• Using a P-channel MOSFET in series with
input—If reverse voltage is applied, the FET
turns off and the body diode blocks reverse
current (see Fig. 4b). This has low power
dissipation but costs more than a diode solution.

• Using a shunt clamp and fuse on the input
—This solution, shown in Fig. 4c, is sometimes
used but is not very reliable since it shorts out
the input supply if connected with the wrong
polarity. This would require a very large diode
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device or a smaller device with an inline fuse, or
would require the power source to fold back its
current. A fold-back current scheme would not
be reliable if the wrong adapter was used. For
these reasons, this solution is not recommended.

VII. TOTALLY INTEGRATED SOLUTION FOR

REDUNDANT BATTERY-CHARGER SAFETY

Highly integrated charging circuits deliver
impressive performance but by nature can’t deliver
true safety redundancy. In a design solution using
a single IC, if the silicon fails and the battery pack
is a second source, there may not be adequate safety
protection. It is hard to justify the cost of an addi-
tional new IC, but priorities change when safety is
an issue. The CFE is a redundant safety solution
for use with a low-voltage-rated battery-charger
IC. It integrates all of the previously discussed
safety solutions, providing redundant protection
for input overvoltage, input overcurrent, battery
overvoltage, and reverse input polarity.

Fig. 5 shows one of the typical application
circuits of the CFE. The input power is controlled
by the input MOSFET Q1 with a circuit for input-
current regulation, output-voltage limiting/regula-
tion, or battery overvoltage. The bq243xx family has
different optional features such as a PGATE output
to drive an external FET for reverse-polarity pro-
tection; FAULT and PGOOD for status information;
a programmable input-current limit; and enable and
disable input power.

Fig. 6 shows the typical response of the
bq24316 CFE “switch-action” protector for an input
overvoltage. It shows that the internal MOSFET
immediately turns off with a delay of less than 1 µs
once the input voltage reaches the predetermined
input overvoltage threshold.

Fig. 7 shows that when the system load exceeds
the input-current limit, the CFE activates the
input-current regulation loop and provides current
up to its maximum limit. At a certain overcurrent
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Fig. 5. Typical application circuit of the CFE.
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Fig. 7. bq243xx input overcurrent protection.
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VIII. SYSTEM POWER-LOAD PROFILE: SYSTEM

AND CHARGER INTERACTION ISSUES

Battery chargers whose only task is to charge a
battery are fairly simple and require only simple
charge and termination routines to function.

For nickel chemistries there is only one fast-
charge mode, constant current. As the battery
reaches full capacity, the energy is no longer
stored but dissipated, which heats the cell and
causes the impedance to drop. Since the charge
current is constant, this impedance drop causes a
voltage drop at the battery. Therefore the charger
circuitry monitors the battery voltage, looking for
the peak voltage detect (PVD) or a minus voltage
drop to declare the battery full.

For Li-ion chemistries there are two modes of
fast charge. The first is a constant-current phase
for cell voltages between 3.0 and 4.2 V, followed
by the second phase, voltage regulation, at 4.2 V.

During voltage regulation, the current typically
tapers down to one-tenth the fast-charge current and
then the charge terminates, declaring a full battery.

Today’s systems require the charger to charge
the battery and simultaneously power the system.
If the system load is directly connected to the
battery terminals or battery-charge output, the
system load interaction with the charger can cause
improper charge termination.

A. System and Nickel-Charger Interaction
Issues with Battery Installed
• False Termination—The charger looks for a

voltage drop across the battery or an impedance
change in the battery to terminate. If a system
and battery are connected in parallel, as shown
in Fig. 9, and if the system load is increased
(has a decreased impedance), the voltage across
the battery will drop and may be interpreted as a
false termination signal. A good solution for
operating a dynamic system load across a nickel
battery is to use the “T” version of a charger
like TI’s bq2000 or bq2002, which looks for a
change in temperature versus a change in time
(dT/dt) greater than 1°C/min. The termination
detection is independent of the system load and
requires a thermistor in the battery pack to be
implemented.

• Safety-Timer Fault—It is difficult to set the
safety timer correctly if the average charge
current is not known. The typical solution is to
set the timer for an extended amount of time.

• Missed Termination—There is no good method
for detecting a full battery with a low-current
charge, because low current produces neither
the dT/dt nor the –dV/dt. An example is a cord-
less phone that charges at the low rate of C/10

Fig. 8. Battery overvoltage protection.

+

Changing
Load

RSystemRBAT

ICHG

VIN Nickel
Charge

Controller

–

V (2 V/div)BAT

CFE V (2 V/div)OUT

FAULT
(5 V/div)

Time – 100 µs/div

Vo
lt

ag
e

Fig. 9. Nickel charger with a parallel dynamic
system load.

blanking time, the CFE will turn off the MOSFET
and may enter hiccup mode or latch mode after
fifteen overcurrent-protection events, depending
on the IC version in use.

Another important function of the CFE is to
achieve battery overvoltage protection. When the
battery is overcharged due to any failure of the
battery charger, the CFE will turn off its output
with a 176-µs delay time and will recover when
the battery is no longer in an overvoltage condition.
Fig. 8 shows the shutdown response to a battery
overvoltage condition.
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continuously. A full charge takes about 14 hours,
and then the excess energy is dissipated as heat.
This low-level heat dissipation reduces the cell
life but typically is an acceptable trade-off.

• False Precharge Termination for Defective
Cell—If the cell is fully depleted, the charger
will deliver a precharge conditioning current
that will be drawn by the system, if powered,
and that will probably result in a defective
battery fault due to the expiration of the pre-
conditioning timer. The best solution is not to
power the system during a preconditioning
phase, since there is not enough power to do
much other than to recover the cell.

B. System and Li-Ion-Charger Interaction
Issues with Battery Installed

Fig. 10 shows a typical system and charger
topology where the system load is connected to
the charge output. This architecture is simple with
no additional cost; however, the charge output
current is not dedicated to charging the battery but
powers the system load. The charger bases its
charge and termination decisions on the assump-
tion that all of its output current is going to the
battery, which, if incorrect, may cause several
issues to arise.

• Precharge Phase—In the precharge phase, the
charger typically delivers one-tenth of the fast-
charge current to a depleted (<3-V) cell to
recover the cell. If a system load is tied across
the battery, the cell may not charge to 3 V, and
typically after 30 minutes a defective battery
fault will be declared. However, if the battery
does not reach the fast-charge threshold because
the system is sharing its charge current, the
battery is probably not defective. The best
solution is not to power the system during a
preconditioning phase since there is not enough
power to do much other than to recover the cell.

• Fast-Charge Constant-Current Mode—This
has the same issue as the precharge phase, in
that if the system draws too much charge cur-
rent, the safety timer may expire and declare a
safety fault. The solution is to keep the average
system power load lower than the average
charger output power delivered, otherwise the
battery will continue to discharge. The safety
timer must be set for an extended amount of
time to account for the slower charge level.

• Termination—The charger looks for a taper
current of one-tenth of the fast-charge current.
Normally all of the current from the charger
goes only to the battery, so the termination is
reliable and predictable. If a 20-Ω system load
is connected across the battery, the charger will
have to supply an additional 210 mA. If the ter-
mination threshold is 100 mA, termination will
not occur, and eventually the safety timer will
be tripped, declaring a fault condition.

To ensure proper termination, the charge cur-
rent should equal the battery current. If the system
load is constant, a supplemental current of equal
amplitude can be applied so that the charger
current is equal to the battery current. The supple-
mental current is implemented with a resistor and
a P-channel FET in series between the input and
output controlled by the STAT1 (charging) pin. In

+

RSystem
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Li-lon Charger
Precharge:
1/10 I

Fast Charge:
I

CHG

CHG

–

Fig. 10. Stand-alone charger with a system load.
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charge mode the gate of the FET is pulled low, and
the FET Q2 is on as shown in Fig. 11.

C. System and Li-Ion-Charger Interaction
Issues without a Battery Connected

Often the portable device allows the user to
remove the battery and operate from an AC-adapter
input. This leads to the following design issues.
• Short-Circuit Mode—Many chargers operating

at low voltages (shorts) reduce the output cur-
rent to a few milliamperes to prevent damage or
excessive power dissipation. Therefore, if a
system load is present during power up, the
charger output may not be able to provide the
current needed to charge the output capacitor to
a level where the precharge current is applied.

To avoid getting the charger output stuck in
the short-circuit mode, the system load must be
disabled during power up. Without a battery,
the charger’s output capacitor will typically
charge up to 4.2 V within a few milliseconds.
Enabling the system load at this time will allow
the system to pull up to the maximum output
power of the charger. Remember that exceeding
the charger’s output power at any time with the
battery absent will cause the charger’s output to
drop out. Figure 12 shows typical power and
current plots of charger output and a load. The
delayed load application can prevent charger
dropout by keeping the load current and power
levels below the charger’s capabilities. 

• Precharge Phase—Typically during the pre-
conditioning phase, between 1.4 and 3 V, the
charger delivers one-tenth of the fast-charge
current. The system may be able to operate in a

very low-power mode if the recovery of the
battery pack is not affected.

• Fast-Charge Constant-Current Mode—When
the battery pack is between 3 and 4.2 V per cell,
the charger will deliver the programmed fast-
charge current. Note that the power delivered is
the fast-charge current times the output voltage,
so for 1 A at 3 V the power delivered is 3 W, and
for 1 A at 4.2 V the power delivered is 4.2 W.
This means that at lower charger output volt-
ages, less power is delivered. One common issue
is that many battery (charger) loads are DC/DC
converters with negative impedance. This simply
means that as the input voltage decreases, the
converter current increases (or vice versa) to
keep the converter’s output at a constant power.
If the input-power demand of the DC/DC
converter exceeds the power output of the
charger, the charger’s output voltage will fall,

Fig. 11. Charger with supplemental source to offset system load.
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Fig. 12. Charger output versus system load.

77011-3.qxp  8/8/07  6:10 PM  Page 3-8



Workbook 3-9

T
op

ic
 3

delivering even less power, while the converter
will demand more input current as it tries to
maintain its constant power output. This can
cause the converter to drop out of regulation,
thus reducing its load. The reduced power
demand of the DC/DC converter will balance
with the available power from the charger and
will be “latched” in this crashed state. If the
excessive load is removed, the charger output
will recover.

All of the solutions for charging a battery and
operating a system discussed so far have been
directed at the interaction issues caused by power-
ing a system in parallel with a battery. Although
these solutions may utilize an inexpensive charger
and have a slightly lower total solution cost, they
are not as clean as using power-path management.
The power-path-management solution has two
topologies: dynamic power management (DPM),
which is based on input current; and dynamic
power-path management (DPPM), which is based
on output voltage. Each has its pros and cons.

IX. DPM BASED ON INPUT CURRENT

DPM is an input-current-limit routine that
monitors the input current via a sense resistor as
shown in Fig. 13. A sense resistor, RSNS, and a
program resistor, RSET, are chosen to program the
input-current-limit threshold. If this threshold is
reached due to the combined loads of the system
and battery-charger current, the charging current is
reduced as necessary to keep the input current
from increasing further. This is implemented by
the A2 amplifier, which overrides the constant-

current/voltage loop and drives Q2 toward its off
state, thus holding the load demand constant. TI’s
bq24702 and bq24703 are examples of DPM
battery chargers. The bq24740/50/51 notebook
charge controllers are also based on DPM.

A. DPM Pros
• A lower-cost adapter can be selected.
• System voltage remains constant during DPM

operation.
• Efficiency is improved.

A lower-cost adapter may be chosen based on
the average load (average system load of 0.5 A plus
fast-charge load of 1 A) instead of a peak load. If a
peak system load requires an additional 0.75 A
over the average load, the charging current is
reduced by this amount during the peak-load
transient. This is the case for both DPM and DPPM.

The system’s voltage remains constant because
the adapter does not reach its current limit. This
supply is connected directly to the system, so the
only change in system voltage is due to the IR
drop across Q1 associated with the load change.
Because the system voltage remains relatively
high, the dissipation in power between the input
and output is minimized and thus the efficiency
remains high.

B. DPM Cons
• The wrong adapter (with a current rating that is

too low) may crash the system.
• Power-grid brownouts may cause the system to

crash.

Fig. 13. DPM battery charger based on input current.
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If an adapter is used that has a lower current-
limit threshold than the programmed DPM level,
then during peak loads the adapter’s voltage will
drop along with the system voltage as the adapter
reaches its current limit. The DPM circuit does not
detect voltage drops and does not reduce the
charging current.

C. Power-Transfer Issues
Similarly, if the AC voltage from the power

grid droops, causing the adapter to drop out of
regulation, the DPM routine does not reduce the
charging current and the system will likely crash.

The designer has to consider the timing issues
associated with switching between the sources. The
battery FET typically takes less than 10 µs to be
driven on after the output drops to the battery volt-
age. If the battery has sufficient capacity to handle
the system load, this prevents any system glitches.
If the battery is missing, it can take up to 100 µs,
after the lost input drops to within 125 mV of the
battery voltage, for the new source to be connected.
This requires the system capacitance to provide
the system load during this time. A 100-µF capacitor
can deliver 100 mA for 100 µs and will discharge
by 100 mV.

X. DPPM BASED ON OUTPUT VOLTAGE

DPPM is a current-management routine based
on the system output voltage. If this voltage drops
to a preprogrammed threshold due to loss of
power or a current-limited source, the battery
charging current is sufficiently reduced to prevent
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any further drop in the system voltage. TI’s
bq2403x family of chargers is based on DPPM.
Fig. 14 shows the basic circuit configuration of the
DPPM topology.

A. DPPM Pros
• A lower-cost adapter can be selected.
• DPPM provides better protection from system

crashes that are due to low-power adapters and
power-grid brownouts.

• Efficiency is better than when a battery is used.

A lower-cost adapter may be chosen based on
the average load (average system load of 0.5 A plus
fast-charge load of 1 A) instead of a peak load. If a
peak system load requires an additional 0.75 A
over the average load, the charging current is
reduced by this amount during the peak-load
transient. The DPPM routine detects a current-
limited adapter or a brownout condition when the
system output voltage drops to the detection
threshold. Reducing the charging current helps pre-
vent the system from crashing as long as the system
load current alone does not exceed the input-current
limit. Note that this assumes that the battery is
absent or fully depleted; otherwise, the battery
would provide the necessary power to the system.

The efficiency is best when there is less volt-
age drop from the input to the system output. If the
DPPM threshold is set above the battery voltage,
the efficiency is higher during DPPM than in the
configuration where the threshold is set below the
battery and the output drops to the battery voltage.
For a high threshold setting, DPPM mode delivers

Fig. 14. DPPM battery charger based on output voltage.
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a slightly lower efficiency than the DPM routine.
If DPPM is entered a low percentage of the time,
the efficiency results between DPPM and DPM are
similar. Charging efficiency is a concern only if the
product’s temperature is too high. The size of the
battery FET is more of a concern for product
runtime and is often larger (with lower resistance)
in a DPPM design because fewer power FETs are
required.

B. DPPM Cons
• System output-voltage transients may affect

sensitive circuits like audio amplifiers.
• DPPM has a slightly lower charging efficiency

than DPM.

The system output voltage drops when the
system and charging loads exceed the current limit
of the input adapter. The lower the DPPM thresh-
old is set, the more the output can fall when the
adapter reaches its current limit. This sudden change
in system voltage can cause noise in some audio
circuits. The best way to minimize this noise is to
set the DPPM threshold as high as possible to
minimize the output-voltage transient. The supply
tolerances, IR drops, and DPPM threshold toler-
ances are factors to consider when programming
this threshold. The efficiency is slightly lower
during DPPM than DPM and is proportional to the
time spent in DPPM.

Fig. 15 shows one typical application circuit of
the output-voltage-based DPPM battery charger,
which can power the system while simultaneously
charging a deeply discharged battery.

XI. HOW TO SELECT THE BEST POWER-PATH-
MANAGEMENT TOPOLOGY

FOR AN APPLICATION

The DPM and DPPM topologies are similar in
concept: The charge current is reduced if the load
becomes excessive; and, when the system load
exceeds the input-current limit, the output falls to
the battery voltage. The main differences between
the two topologies are the methods of detecting
overcurrent and how the output (system bus
voltage) responds when the current-limit threshold
is reached. The best topology can be determined
by comparing the pros and cons of each against the
features important in the application considered.

The DPM solution based on input current
requires knowing the specifications of the adapter
so that they can be used to set the input-current
limit. As long as that adapter is used, the charge
current is reduced when expected (as designed)
without current limiting the adapter and having
the system voltage drop. One of the pros is that
this topology disturbs the system voltage the least
while reducing the charge current. One of the cons
is that, if an adapter with a lower current rating is
used, the programmed current-limit threshold may
not be reached before the adapter reaches its
current limit and the output falls to the battery
voltage. Another con is that AC brownouts would
cause the voltage to drop and this topology would
not reduce the charge current under this condition.

The DPPM solution based on output voltage is 
an independent solution. If, for whatever reason,

Fig. 15. Application circuit with DPPM Li-ion battery charger.
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the output (system bus voltage) drops to the pro-
grammed threshold, the charge current is reduced.
This occurs when a lower-rated adapter is used or
there is excess system loading or a brownout con-
dition. It is possible to get the maximum amount of
power from the adapter since DPPM is not reached
until the adapter reaches its current limit. The con
of this solution is that the output voltage has to
drop a certain amount for the DPPM action to be
detected and implemented. This can be minimized
by regulating the output to, say, 4.4 V and then
setting the DPPM threshold just below that thresh-
old. Otherwise, if the input is switched to the
output, the IR drop between the input and output
across the pass FET changes depending on the
load current. The additional power dissipation
during DPPM operation is 50 mV multiplied by the
system current, which is a fairly small difference.

For both the DPM and DPPM topologies, if
the system load exceeds the input-current limit,
the charge current will be reduced to 0 A and the
output voltage will drop to the battery voltage,
when they will have identical efficiencies.

The bq243xx series of chargers is based on a
hybrid of the two topologies. The core topology is
DPPM with an added input-current-limit setting.
This allows implementation of the desired current-
limiting protection for the adapter and also protects

against brownout conditions and the use of lower-
rated adapters. Accuracy of the DPPM detection
threshold has been improved and set 50 mV from
the output regulation so that the system bus
voltage drop will be 50 mV, an improvement over
the previous generation.

XII. SUMMARY

This topic covered the most common safety
issues that charging nickel and Li-ion cells raises,
and some external solutions to those issues were
presented. The CFE IC was introduced as a solu-
tion that gives redundant protection for input
overvoltage and overcurrent, battery overvoltage,
and reverse input polarity. Common problems
with implementing a simple charger with a parallel
system load were explored along with their
solutions. Two power-path-management topologies,
DPM and DPPM, were introduced as good solutions
to powering a system while independently charging
a battery. The advantages and disadvantages of
choosing either topology for a particular applica-
tion were discussed. Battery-charger ICs have come
a long way in accurately charging and terminating
charge on a battery pack, integrating a power
solution for the system into the charger, and
providing the safety features required to safely
charge the cells.
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