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(57) ABSTRACT 

In one embodiment, a battery charger can include: (i) a step­
up converter configured to generate an output signal by boost­
ing a DC input voltage, where a threshold voltage is greater 
than the DC input voltage; (ii) a charging control circuit 
configured to receive the output signal from the step-up con­
verter, and to control charging of a battery; (iii) the charging 
control circuit being configured to regulate the output signal 
to maintain a charging current for the battery charging as a 
trickle current when a battery voltage is less than the thresh­
old voltage; and (iv) the charging control circuit being con­
figured to charge the battery directly by the output signal 
when the battery voltage is greater than the threshold voltage. 
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STEP-UP BATTERY CHARGING 
MANAGEMENT SYSTEM AND CONTROL 

METHOD THEREOF 

RELATED APPLICATIONS 

This application claims the benefit of Chinese Patent 
Application No. 201310024894.3, filed on Jan. 22, 2013, 
which is incorporated herein by reference in its entirety. 

FIELD OF THE INVENTION 

The present invention relates to the field of power supplies, 
and more particularly to a step-up battery charging manage­
ment system and associated control method. 

BACKGROUND 

Battery charging systems typically utilize a step-down 
topology, with an input supplied by a power supply adapter, 
and an output coupled to a single-cell battery, or multi-cell 
batteries. A universal serial bus (USB) power supply system 
usually has a rating power supply voltage of 5V. A single-cell 
lithium battery can employ such step-down topology to 
charge the single-cell battery. Step-up topology can be used in 
battery management systems with series connected multi-cell 
lithium batteries. However, in some circumstances, such as 
high input current or short-circuit at the output, ifrelatively 
large current is used directly for charging, the electronic 
device and/or its battery can be damaged. 

SUMMARY 

In one embodiment, a battery charger can include: (i) a 
step-up converter configured to generate an output signal by 
boosting a DC input voltage, where a threshold voltage is 
greater than the DC input voltage; (ii) a charging control 
circuit configured to receive the output signal from the step­
up converter, and to control charging of a battery; (iii) the 
charging control circuit being configured to regulate the out­
put signal to maintain a charging current for the battery charg­
ing as a trickle current when a battery voltage is less than the 
threshold voltage; and (iv) the charging control circuit being 
configured to charge the battery directly by the output signal 
when the battery voltage is greater than the threshold voltage. 

In one embodiment, a method of controlling charging of a 
battery can include: (i) boosting, by a step-up converter, a DC 
input voltage to generate an output signal configured to 
charge a battery; (ii) comparing a battery voltage against a 
threshold voltage, where the threshold voltage is greater than 
the DC input voltage; (iii) regulating the output signal to 
maintain a battery charging current to be a trickle current 
when the battery voltage is less than the threshold voltage; 
and (iv) charging the battery directly by the output signal 
when the battery voltage is greater than the threshold voltage. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic block diagram of a first example 
step-up battery charger in accordance with embodiments of 
the present invention. 

FIG. 2 is a schematic block diagram of a second example 
step-up battery charger in accordance with embodiments of 
the present invention. 

FIG. 3 is a schematic block diagram of a third example 
step-up battery charger in accordance with embodiments of 
the present invention. 

2 
FIG. 4 is a schematic block diagram of a fourth example 

step-up battery charger in accordance with embodiments of 
the present invention. 

FIG. 5 is a waveform diagram of the example step-up 
battery charger as shown in FIG. 4, in accordance with 
embodiments of the present invention. 

FIG. 6 is an expected waveform diagram of a battery charg­
ing current when the battery connection is abnormal. 

FIG. 7 is a schematic block diagram of a PWM control 
10 circuit and an energy-saving control circuit, in accordance 

with embodiments of the present invention. 

15 

FIG. 8 is a flow diagram of an example method of control­
ling a step-up battery charger, in accordance with embodi­
ments of the present invention. 

DETAILED DESCRIPTION 

Reference may now be made in detail to particular embodi­
ments of the invention, examples of which are illustrated in 

20 the accompanying drawings. While the invention may be 
described in conjunction with the preferred embodiments, it 
may be understood that they are not intended to limit the 
invention to these embodiments. On the contrary, the inven­
tion is intended to cover alternatives, modifications and 

25 equivalents that may be included within the spirit and scope of 
the invention as defined by the appended claims. Further­
more, in the following detailed description of the present 
invention, numerous specific details are set forth in order to 
provide a thorough understanding of the present invention. 

30 However, it may be readily apparent to one skilled in the art 
that the present invention may be practiced without these 
specific details. In other instances, well-known methods, pro­
cedures, processes, components, structures, and circuits have 
not been described in detail so as not to unnecessarily obscure 

35 aspects of the present invention. 
In particular embodiments, power stage circuits in a step­

up converter for a battery charger or charging management 
system can utilize a variety of topologies (e.g., Boost, Buck­
Boost, Sepic, Cuk, Zeta, etc.). For example, topologies of 

40 Boost and Buck-Boost may be simpler, have lower product 
costs, and have advantages related to the device voltage with­
stand or breakdown voltage capability and efficiency. How­
ever, because there can be a negative voltage at the output of 
a single-transistor structure Buck-Boost topology, this 

45 approach may not be suitable for some battery charger appli­
cations. Also, a four-transistor structure Buck-Boost topol­
ogy may also have disadvantages related to product cost and 
efficiency in some cases. Therefore, particular embodiments 
may utilize a Boost converter topology in the battery charger, 

50 and a Boost converter is shown in the examples that follow. 
In one embodiment, a battery charger can include: (i) a 

step-up converter configured to generate an output signal by 
boosting a DC input voltage, where a threshold voltage is 
greater than the DC input voltage; (ii) a charging control 

55 circuit configured to receive the output signal from the step­
up converter, and to control charging of a battery; (iii) the 
charging control circuit being configured to regulate the out­
put signal to maintain a charging current for the battery charg­
ing as a trickle current when a battery voltage is less than the 

60 threshold voltage; and (iv) the charging control circuit being 
configured to charge the battery directly by the output signal 
when the battery voltage is greater than the threshold voltage. 

Referring now to FIG. 1, shown is a schematic block dia­
gram of a first example step-up battery charger or charging 

65 management system 100, in accordance with embodiments of 
the present invention. This example battery charger can 
include a step-up converter and charging control circuit 201. 
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The step-up converter can receive DC input voltage V,n and 
may generate an output signal by boosting DC input voltage 
V,n· The output signal from the step-up converter can be 
received by charging control circuit 201, and may be further 
regulated or controlled for purposes of charging the battery or 
battery device. The output of charging control circuit 201 can 
charge a plurality of series connected ( e.g., lithium) batteries, 
as shown. For example, DC input voltage V,n can be provided 
to the step-up converter by a universal serial bus (USB) 
charger, or any other suitable low voltage power supply sys­
tem. 

For example, power stage circuit 101 of the step-up con­
verter can be a synchronous rectifier Boost topology includ-
ing inductor L, main switch SI, synchronous switch S2 , and 
output capacitor CED· In a low current application, synchro­
nous switch S2 can be replaced by a diode to lower product 
costs. Step-up converter control circuit 102 can output control 
signals GI and G 2 for main switch SI and synchronous switch 
S2 , respectively. Control signals GI and G 2 can be generated 
by step-up converter control circuit 102 according to output 
voltage V ouo output current I

0
u,, and battery voltage V BAT· In 

this way, a substantially constant voltage or current control of 
the output signal of power stage circuit 101 can be realized 
during different battery charging stages. 

Charging control circuit 201 can connect to an output of 
power stage circuit 101, and may compare battery voltage 
V BAT against threshold voltage V THI. The output signal of 
power stage circuit 101 can be regulated or controlled as to its 
use for battery charging, according to the comparison result. 
For example, threshold voltage V THI can be greater than DC 
input voltage V,n· When battery voltage V BAT is less than 
threshold voltage V THI, charging control circuit 201 can regu­
late, limit, or otherwise restrict the output signal from power 
stage circuit 101 to charge the battery or battery device with a 
relatively low "trickle" current. For example, a trickle current 
can be about ½o of a constant charging current. When battery 
voltage V BAT is greater than threshold voltage V THU the out-
put signal of power stage circuit 101 can be controlled to 
directly charge the battery device. 

Referring now to FIG. 2, shown is a schematic block dia­
gram of a second example step-up battery charger or battery 
charge management system, in accordance with embodi­
ments of the present invention. In this particular example, 
charging control circuit 201 can include power transistor QI 
and power transistor control circuit 301. During operation of 
charging control circuit 201, power transistor QI can function 

4 
a high-low level (e.g., digital, or relatively high amplitude 
variation) signal through an RC filter circuit. 

Control signal V ctrZ and the high-low level signal output by 
comparator 303 can be provided through a diode to the gate of 
power transistor QI. For example, the value of the low level 
signal at the gate of power transistor QI can be less than 
control signal V ctrz, and the value of the high level signal can 
be greater than control signal V ctrZ· Thus, the higher of the two 
signals can be used to control the operation state of power 

10 transistor QI. Also, when lithium batteries are connected in 
series, and no input signal is received by power stage circuit 
101, capacitor CED can be charged by the battery device 
through the body diode of power transistor QI. Thus in this 
case, output voltage V out can be relatively close to battery 

15 voltage V BAT· 

When an input signal is provided to power stage circuit 
101, and if DC input voltage V,n is greater than battery voltage 
V BAn capacitor CED can be charged through the body diode 
of synchronous switch S2 until reaching the level of DC input 

20 voltage V,n· Battery voltage V BAT may be less than output 
voltage V out ( e.g., battery voltage V BAT is less than threshold 
voltage V THI), and comparator 303 can output a low level 
signal. Thus, control signal V ctrZ can be used to regulate the 
gate voltage of power transistor QI such that power transistor 

25 QI operates in the linear region, and the battery device can be 
charged with a trickle current in a closed loop. Step-up con­
verter control circuit 102 can also control output voltage V out 

to be slightly greater than a predetermined operating voltage 
of V,n in the closed loop. For example, the predetermined 

30 operating voltage can be slightly greater than threshold volt­
age V THI ( e.g., if DC input voltage is about 5\7, V THI can be 
about 5.4V or about 5.3\7, and the predetermined operating 
voltage can be about 5.8V). 

When battery voltage V BAT is greater than threshold volt-
35 age V THU comparator 303 can output a high level signal to 

fully turn on power transistor QI. In this case, the output 
signal of power stage circuit 101 can directly charge the 
battery device. When battery voltage V BAT is greater than 
threshold voltage V THI but less than final voltage V cv ( e.g., 

40 final voltage V cv can be about 8.4V if two lithium batteries 
are connected in series), step-up converter control circuit 102 
can maintain output current lout at a predetermined operating 
current (e.g., when the predetermined operating current is 
about 2 A, the corresponding trickle current can be about 200 

45 mA), so as to charge the battery device with a substantially 
constant current. 

in a linear region or a fully conductive state ( e.g., a saturation 
region). Power transistor or switch QI can be any appropriate 
power transistor (e.g., BJT, MOS, etc.). In this particular 
example, transistor QI can be an NMOS transistor with its 50 

source and drain connected between the output of power stage 
circuit 101 and the battery device. However, other circuit 
arrangements, transistors, and/or structures for charging con-

When battery voltage V BAT equals a level of final voltage 
V cv, step-up converter control circuit 102 can control output 
voltage V out to be equal to final voltage V cv through the 
closed loop. In this way, the battery device can be charged 
with a substantially constant voltage. Note that the error 
between the output voltage and the battery voltage caused by 
the voltage drop of power transistor QI can generally be 
ignored; however, output voltage V out can be controlled to be trol circuit 201 can also be supported in particular embodi­

ments. 55 slightly greater than the final voltage if considering the error). 
The substantially constant charging voltage can remain until 
the battery charging current is less than a shutdown current 
threshold value ( e.g., about 100 mA, or less than about 100 
mA). Step-up converter control circuit 102 can first tum off 

In this example, the non-inverting input terminal of 
transconductance amplifier 302 in power transistor control 
circuit 301 can receive signal ITRK that represents an expected 
value of the trickle current. The inverting input terminal of 
transconductance amplifier 302 can receive output current 
lout ( e.g., obtained via a current sensor at the output) of power 
stage circuit 101. The output current of transconductance 
amplifier 302 can charge/discharge compensation loop Zc4 to 
provide control signal Vctrz· Also, the non-inverting input of 
comparator 303 can receive battery voltage V BAn and the 65 

inverting input of comparator 303 can receive threshold volt-

60 main switch SI to prevent inductor current in power stage 
circuit 101 from rising. When the inductor current is reduced 
to zero, synchronous switch S2 and power transistor QI can 
then be turned off (e.g., simultaneously) to complete the 

age V THI. The output of comparator 303 can be converted to 

battery charging procedure. 
To avoid power consumption due to current leakage from 

the battery device to the input of the step-up converter, syn­
chronous switch S2 and power transistor QI can be turned off 
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after the inductor current is reduced to zero. Similarly, ifother 
protection responses occur besides the output short-circuit 
protection during charging ( e.g., input overvoltage, output 
overvoltage, too slow, overtime, etc.), main switch S1 may be 
turned off immediately. Further, the inductor current is 
reduced to zero, synchronous switch S2 and power transistor 
Q1 may be turned off ( e.g., simultaneously). 

Referring now to FIG. 3, shown is a schematic block dia­
gram of a third example step-up battery charger in accordance 
with embodiments of the present invention. In order to realize 
natural switching between constant voltage control and con­
stant current control of the step-up converter, FIG. 3 shows a 
specific block diagram of an example step-up converter con­
trol circuit 102 based on the example shown in FIG. 2. In this 
example, step-up converter control circuit 102 can include 
first, second, and third feedback circuits, a select circuit, and 
a pulse-width modulation (PWM) control circuit. The first 
feedback circuit can include transconductance amplifier 401 
and compensation loop Zc1 , and may generate feedback sig­
nal V ci according to an error between output voltage V out and 
predetermined operating voltage Vrefl. 

The second feedback circuit can include transconductance 
amplifier 402 and compensation loop Zc2 , and may generate 
feedback signal V c 2 according to an error between output 
current lout and predetermined operating current Irefl. The 
third feedback circuit can include transconductance amplifier 
403 and compensation loop Zc

3

, and may generate feedback 
signal V c

3 

according to an error between battery voltage V BAT 
and final voltage V cv· These feedback signals can be pro­
vided to a select circuit that includes three diodes, and the 
lowest level signal of these feedback signals may be output to 
the PWM control circuit. For example, the PWM control 
circuit can be used to output switch control signals G1 (for 
main switch S

1

) and G
2 

(for synchronous switch S
2

). 

When battery voltage V BAT is less than threshold voltage 
V THI, the battery charging current can be far less than prede­
termined operating current Irefl due to being regulated to be 
the trickle current. Further, battery voltage V BAT can be far 
less than final voltage V cv, so feedback signals V c2 and V c

3 

can be relatively high. Thus, feedback signal V ci can be 
provided to the PWM control circuit, so as to maintain the 
output voltage at predetermined operation voltage Vrefl. 
When battery voltage V BAT is greater than threshold voltage 
V THI but less than V cv, output voltage V out may be pulled 
down instantly, so feedback signal V ci may be pulled up 
instantly. However, as battery voltage V BAT may remain less 
than final voltage V cv, feedback signal V c

3 

can be greater 
feedback signal V c 2 , and feedback signal V c 2 can be pro­
vided to the PWM control circuit to maintain the output 
current at predetermined operating current Irefl to charge the 
battery device with a constant current. 

When battery voltage V BAT equals final voltage V cv, feed­
back signal V c

3 

may become the lowest, and thus be provided 
to the PWM control circuit to charge the battery device with 
a constant voltage. Then, the battery charging current may 
begin to reduce, and when the battery charging current is less 
than the shutdown current threshold value, the charging pro­
cedure can be completed. The select circuit in step-up con­
verter control circuit 102 can thus choose different feedback 
signals for controlling power stage circuit 101, in order to 
realize natural switching from an initial charging state to 
different charging modes (e.g., constant current charging, 
constant voltage charging, etc.). 

6 
feedback signal. As a result, the entire step-up converter may 
not successfully transition to a constant current operation 
state. For this particular case, "shield" signal "Nor" can be 
utilized. When battery voltage V BAT is less than threshold 
voltage V THU shield signal Nor can be inactive, and an 
inverted version of signal Nor can control the output of 
transconductance amplifier 402 to connect with input power 
supply V cc to pull up feedback signal V c 2 - When battery 
voltage V BAT is greater than threshold voltage V THU shield 

10 signal Nor can be active to control the output of transconduc­
tance amplifier 401 to connect with input power supply V cc 
directly to pull up feedback signal V ci. In some applications, 
the output of comparator 303 can be converted to be a high­
low ( e.g., digital) level signal as shield signal Nor after being 

15 filtered by the RC filter. 
A compensation loop (e.g., Zc

1

, Zc
2

, Zc
3 

and Zc
4

) con­
nected with an output of a transconductance amplifier can 
include a capacitor or series connected capacitor and resistor, 
or any other suitable circuit structure. In particular embodi-

20 ments, a step-up battery charger or charging management 
system can control the battery charging current to be a trickle 
current at an initial charging state by controlling switching 
operation of power transistor Q1 in charging control circuit 
201. When the battery voltage reaches the threshold voltage 

25 value, the step-up battery charging management system can 
control the output signal of the step-up converter to directly 
charge the battery device with a constant current and/or a 
constant voltage. 

When the battery device is abnormally connected to the 
30 charger or system, and the output of the step-up converter is 

connected to an energy-consuming load, the system can still 
function normally in a step-up circuit mode. In this case, input 
power supply V,n can be greater than an under-voltage lock­
out threshold value, power transistor Q1 in charging control 

35 circuit 201 can gradually be turned on to limit the surge 
current, and the step-up converter may operate in a constant 
voltage/constant current mode. However, in some cases, 
when the battery voltage is too low, a high charging current 
may damage the electronic device. Also, during constant 

40 current charging, too low of an input power supply may cause 
reduction of the input voltage. 

Referring now to FIG. 4, shown is a schematic block dia­
gram of a fourth example step-up battery charger, in accor­
dance with embodiments of the present invention. In this 

45 example, short-circuit protection circuit 501 and current-lim­
iting protection circuit 601 can be added to the example 
shown in FIG. 3. Short circuit protection circuit 501 can 
receive battery voltage V BAT and short-circuit protection 
threshold value V sc- During an initial battery charging stage, 

50 battery voltage V BAT can be less than short-circuit protection 
threshold value V so and the circuit may start to output a 
short-circuit protection response. If the battery device is con­
nected normally, main switch S 1 can be turned off first, and 
power transistor Q1 may operate in the linear region. Short-

55 circuit protection circuit 501 can control the battery charging 
current to be a predetermined current value that is less than the 
trickle current (e.g., for two series connected lithium batter­
ies, Vsc can be about 2V, the trickle current can be about 200 
mA, and the predetermined current value can be about 100 

60 mA). In this example, the output signal of short-circuit pro­
tection circuit 501 can be used to reduce the reference value at 

When step-up converter control circuit 102 changes from a 
constant voltage operation state to a constant current opera- 65 

tion state, as the output voltage of power stage circuit 101 may 
drop instantly, feedback signal V ci can again be the lowest 

the non-inverting input of transconductance amplifier 302 
such that the reference value can represent the predetermined 
current value. 

Current-limiting protection circuit 601 can connect to the 
input of power stage circuit 101, and DC input voltage V,n can 
be compared against a current limiting voltage threshold 
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value. When DC input voltage is less than the current limiting 
voltage threshold value, current-limiting protection circuit 
601 can limit the battery charging current so as to limit the 
input current of the step-up converter. The output signal of 
current-limiting protection circuit 601 can be used to reduce 
the charging current reference signal at the non-inverting 
input of transconductance amplifier 402 (see, e.g., a current­
limiting protection circuit in Chinese Patent Application CN 
201210516649.X). 

Referring now to FIG. 5, shown is a waveform diagram of 
the example step-up battery charger as shown in FIG. 4, in 
accordance with embodiments of the present invention. With 
the current-limiting protection circuit and short-circuit pro­
tection circuit, when the battery voltage is too low, the charg­
ing current can be controlled to be lowered to effectively 
protect the electronic device ( e.g., including the battery 
charger) and the battery device (e.g., a battery, series con­
nected batteries, another load, etc.). 

In some cases of abnormal battery connection to the 
charger or battery charging management system, if the bat­
tery device is replaced by an energy-consuming load (e.g., a 
resistor), main switch SI may be turned off first. Once the load 
voltage is less than threshold voltage V THI' power transistor 
control circuit 301 may control power transistor QI to operate 

8 
charge a battery; (ii) comparing a battery voltage against a 
threshold voltage, where the threshold voltage is greater than 
the DC input voltage; (iii) regulating the output signal to 
maintain a battery charging current to be a trickle current 
when the battery voltage is less than the threshold voltage; 
and (iv) charging the battery directly by the output signal 
when the battery voltage is greater than the threshold voltage. 

Referring now to FIG. 8, shown is a flow diagram of an 
example control method for a step-up battery charger, in 

10 accordance with embodiments of the present invention. In 
particular embodiments, the output energy of a step-up con­
verter can be controlled and utilized to charge a battery 
device. For example, at 802, an output signal can be generated 
( e.g., by a step-up converter) by boosting a DC input voltage. 

15 At 804, a battery voltage can be compared against a threshold 
value ( e.g., V THI). If at 806, the battery voltage is less than the 
threshold voltage, at 808 the output signal from the step-up 
converter can be regulated (e.g., by charging control circuit 
201) to maintain a battery charging current as a trickle cur-

20 rent. However, if at 806, the battery voltage is greater than the 
threshold voltage, the battery device can be directly charged 
by the output signal from the step-up converter. For example, 
the threshold voltage can be greater than the DC input volt-
age. 

in the linear region to supply power for the load with a 25 

relatively low trickle current. Since the voltage of the energy­
consuming load may not rise as slowly as the charging bat­
tery, once power transistor QI enters the linear region, it may 

Control of the battery charging current can also include 
connecting terminals of a power transistor ( e.g., in charging 
control circuit 201) between the output of the step-up con­
verter and the battery device, and regulating ( e.g., via power 
transistor control circuit 301) the control voltage of the power 
transistor to operate in a linear region. This can effectively 
regulate the battery charging current to be a trickle current 

be difficult to change to a normal constant current or constant 
voltage operation state, and the battery charging current may 30 

be controlled as a discontinuous current. 
In power transistor control circuit 301, a waveform of the 

charging current reference signal received at the non-invert­
ing input of transconductance amplifier 302 can be a discon­
tinuous triangular wave, as shown in FIG. 6. The peak value 
of the triangular wave can be greater than the corresponding 
load current when the output signal is threshold voltage V THI. 

Thus, when the battery charging current is controlled to be 
greater than the corresponding load current, the load voltage 
can be greater than threshold voltage V THI. Then, power 
transistor QI may be turned on fully, and the output signal of 
the step-up converter can be used to supply power for the load. 
Of course, the waveform of the charging current reference 
signal may not be limited to the discontinuous triangular 
wave shown. Rather, other discontinuous waveforms (e.g., 
discontinuous sine half wave, discontinuous square wave, 
etc.) can also be utilized in particular embodiments. 

Various control methods (e.g., peak current control, con­
stant on time control, constant off time control, current hys­
teresis control, etc.) can be employed in particular embodi­
ments. Referring now to FIG. 7, shown is a schematic block 
diagram of a PWM control circuit with peak current control, 
in accordance with embodiments of the present invention. In 
this example, energy-saving control circuit 701 is included. 
Energy-saving control circuit 701 can utilize comparator 702 
to receive battery charging current Ichg and energy-saving 
mode current threshold value IEco· When battery charging 
current Ichg is lower than energy-saving mode current thresh­
old value IEco, the step-up battery charger can enter into an 
energy-saving mode. In this mode, the output of comparator 
702 can turn off synchronous switch S2 by a logic operation, 
and the synchronous rectifier step-up converter may operate 
in a non-synchronous state to lower switching losses and 
improve conversion efficiency. 

In one embodiment, a method of controlling charging of a 
battery can include: (i) boosting, by a step-up converter, a DC 
input voltage to generate an output signal configured to 

when the battery voltage is less than the threshold voltage. 
The power transistor (e.g., QI) may be controlled to be in a 
fully conducting state (e.g., a saturation mode) when the 

35 battery voltage is greater than the threshold voltage. 
Control of the output signal of the step-up converter can 

also include maintaining an output voltage of the step-up 
converter to be a predetermined operating voltage when the 
battery voltage is less than the threshold voltage. For 

40 example, the predetermined operating voltage can be greater 
than the threshold voltage. The output current of the step-up 
converter can be maintained as the predetermined operating 
current when the battery voltage is greater than the threshold 
voltage, but less than a final voltage. Also, the output voltage 

45 of the step-up converter can be maintained as a final value 
when the battery voltage equals the final voltage, and the 
step-up converter may be disabled until the battery charging 
current is less than a shut-down current threshold value. 

The example control method for the output signal of the 
50 step-up converter can also include generating a first feedback 

signal (e.g., V cI) according to an error between the voltage 
value of the output signal and the predetermined operating 
voltage, generating a second feedback signal (e.g., V c2 ) 

according to an error between the current value of the output 
55 signal and the predetermined operating current, generating a 

third feedback signal (e.g., V c3) according to an error 
between the battery voltage and the final voltage, and con­
trolling the switching operation (e.g., via the PWM control 
circuit) of the step-up converter according to the lowest one 

60 (e.g., via a select circuit) of the first, second, and third feed­
back signals. 

Furthermore, the example control method can include 
selectively pulling up the first feedback signal or the second 
feedback signal according to a comparison result of the bat-

65 tery voltage against the threshold voltage. With a current 
limiting protection function, the control method can also 
include limiting the battery charging current when the DC 
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input voltage is less than a current limiting threshold value 
such that the input current of the step-up converter is limited. 

As part of a short-circuit protection function, the control 
method can also include controlling the battery charging cur­
rent to be a predetermined current value when the battery 
voltage is less than a short-circuit protection threshold value, 
where the predetermined current value is less than the trickle 
current. Also, the battery charging current can be controlled to 

10 
mined operating current when said battery voltage is 
greater than said threshold voltage and less than a final 
voltage; and 

d) said step-up converter control circuit being configured to 
maintain said voltage of said output signal to be said 
final voltage when said battery voltage equals said final 
voltage and said battery charging current is not less than 
a shut-down current threshold, wherein said step-up 

be a discontinuous current when an energy-consuming load is 
connected to the step-up converter instead of the battery 10 

device, and a load voltage is less than the threshold voltage. 
The maximum value of the battery charging current can also 

converter is disabled when said battery charging current 
is less than said shut-down current threshold. 

4. The battery charger of claim 3, wherein said step-up 
converter control circuit comprises: 

be greater than the corresponding current when the output 
signal is the threshold voltage. 

In particular embodiments, the step-up converter can have 
any suitable converter topology (e.g., Boost, Buck-Boost, 
Sepic, Cuk, Zeta, etc.). Further, when the topology of the 
step-up converter is a synchronous rectifier boost converter, 

15 

a) a first feedback circuit configured to generate a first 
feedback signal according to an error between said volt­
age of said output signal and said first operating voltage; 

the synchronous switch can be controlled to be off when the 20 
battery charging current is less than the energy-saving mode 
current threshold value. 

b) a second feedback circuit configured to generate a sec­
ond feedback signal according to an error between said 
current of said output signal and said first operating 
current; 

c) a third feedback circuit configured to generate a third 
feedback signal according to an error between said bat­
tery voltage and said final voltage; The embodiments were chosen and described in order to 

best explain the principles of the invention and its practical 
applications, to thereby enable others skilled in the art to best 25 
utilize the invention and various embodiments with modifi-

d) a selection circuit configured to output a lowest of said 
first, second, and third feedback signals; and 

e) a pulse-width modulation (PWM) control circuit con­
figured to control said switching operation of said power 
stage circuit according to said output of said selection 
circuit. 

cations as are suited to the particular use contemplated. It is 
intended that the scope of the invention be defined by the 
claims appended hereto and their equivalents. 

What is claimed is: 
1. A battery charger, comprising: 
a) a step-up converter configured to generate an output 

signal by boosting a DC input voltage, wherein a thresh­
old voltage is greater than said DC input voltage; 

b) a charging control circuit configured to receive said 
output signal from said step-up converter, and to control 
charging of a battery; 

c) said charging control circuit being configured to regulate 
said output signal by a power transistor operating in a 
linear region to maintain a charging current for said 
battery charging as a trickle current when a battery volt­
age is less than said threshold voltage, wherein said 
power transistor is coupled between said step-up con­
verter and said battery; and 

d) said charging control circuit being configured to charge 
said battery directly by said output signal by said power 
transistor operating in a saturation region when said 
battery voltage is greater than said threshold voltage. 

2. The battery charger of claim 1, wherein said 
power transistor 
c) comprises a parasitic diode having an anode coupled to 

said battery, and a cathode coupled to said step-up con­
verter. 

3. The battery charger of claim 1, wherein said step-up 
converter comprises: 

a) a power stage circuit having a switching operation con­
trolled by a step-up converter control circuit to maintain 
said output signal to be substantially constant; 

b) said step-up converter control circuit being configured to 
maintain a voltage of said output signal to be a predeter­
mined operating voltage when said battery voltage is 
less than said threshold voltage, wherein said predeter­
mined operating voltage is greater than said threshold 
voltage; 

c) said step-up converter control circuit being configured to 
maintain a current of said output signal to be a predeter-

30 5. The battery charger of claim 4, wherein said first and 
second feedback circuits are configured to receive a shield 
signal that selectively increase a value of said first feedback 
signal or said second feedback signal according to a compari-

35 
son result of said battery voltage and said threshold voltage. 

6. The battery charger of claim 1, further comprising a 
current-limiting protection circuit configured to limit said 
battery charging current to limit an input current of said 
step-up converter when said DC input voltage is less than a 

40 current limiting threshold. 
7. The battery charger of claim 1, further comprising a 

short-circuit protection circuit configured to control said bat­
tery charging current to be a first current value that is less than 
said trickle current when said battery voltage is less than a 

45 short-circuit protection threshold value. 
8. The battery chargerof claim 7, wherein said short-circuit 

protection circuit is configured to control said battery charg­
ing current to be a discontinuous current, wherein a maximum 
value of said battery charging current is greater than a corre-

50 sponding current when said output signal is said threshold 
voltage, when an energy-consuming load is connected to said 
step-up converter, and a load voltage is less than said thresh­
old voltage. 

9. The battery charger of claim 1, wherein a topology of 
55 said step-up converter comprises at least one of: Boost, Buck­

Boost, Sepic, Cuk, and Zeta. 
10. The battery charger of claim 1, further comprising an 

energy-saving control circuit when a topology of said step-up 
converter is configured as a synchronous rectifier boost con-

60 verter, wherein said energy-saving control circuit is config­
ured to control a synchronous switch to be off when said 
battery charging current is less than an energy-saving mode 
current threshold value. 

11. A method of controlling charging of a battery, the 
65 method comprising: 

a) boosting, by a step-up converter, a DC input voltage to 
generate an output signal configured to charge a battery; 
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b) comparing, by a comparator, a battery voltage against a 
threshold voltage, wherein said threshold voltage is 
greater than said DC input voltage; 

c) regulating, by a power transistor operating in a linear 
region, said output signal to maintain a battery charging 
current to be a trickle current when said battery voltage 
is less than said threshold voltage, wherein said power 
transistor is coupled between said step-up converter and 
said battery; and 

d) charging, by said power transistor operating in a satura- 10 

tion region, said battery directly by said output signal 
when said battery voltage is greater than said threshold 
voltage. 

12. The method of claim 11, wherein 
comprises a parasitic diode having an anode coupled to 15 

said battery, and a cathode coupled to said step-up con­
verter. 

13. The method of claim 11, further comprising: 
a) maintaining an output voltage of said step-up converter 

to be a predetermined operating voltage when said bat- 20 

te1?' voltage is less than said threshold voltage, wherein 
said predetermined operating voltage is greater than said 
threshold voltage; 

b) maintaining an output current of said step-up converter 
to be a predetermined operating current when said bat- 25 

tery voltage is greater than said threshold voltage and 
less than a final voltage; and 

c) maintaining said output voltage of said step-up converter 
to be said final voltage when said battery voltage equals 
said final voltage and said battery charging current is not 30 

less than a shut-down current threshold, wherein said 
step-up converter is disabled when said battery charging 
current is less than a said shut-down current threshold. 

14. The method of claim 13, further comprising: 
a) generating a first feedback signal according to an error 35 

between a voltage value of said output signal and said 
predetermined operating voltage; 

12 
b) generating a second feedback signal according to an 

error between a current value of said output signal and 
said predetermined operating current; 

c) generating a third feedback signal according to an error 
between said battery voltage and said final voltage; 

d) controlling the switching operation of said step-up con­
verter according to the lowest one of said first feedback 
signal, said second feedback signal, and said third feed­
back signal. 

. 15. 1:he method of claim 14, further comprising selectively 
mcreasmg a value of said first feedback signal or said second 
feedback signal according to a comparison result of said 
battery voltage and said threshold voltage. 

_16. The metho~ of claim 11, further comprising limiting 
said battery chargmg current when said DC input voltage is 
less than a current limiting threshold value in order to limit an 
input current of said step-up converter. 

_17. The method ?f claim 11, further comprising controlling 
said battery chargmg current to be a predetermined current 
value when said battery voltage is less than a short-circuit 
protection threshold value, wherein said predetermined cur­
rent value is less than said trickle current. 

18. The method of claim 11, further comprising controlling 
said battery charging current to be a discontinuous current 
when an energy-consuming load is coupled to said step-up 
converter instead of said battery and a load voltage is less than 
said threshold voltage, wherein a maximum value of said 
battery charging current is greater than a corresponding cur­
rent when said output signal is equal to said threshold voltage. 

19. The method of claim 11, wherein a topology of said 
step-up converter comprises at least one of: Boost, Buck­
Boost, Sepic, Cuk, and Zeta. 

20. The method of claim 11, further comprising controlling 
a sync~onous switch to be off when said battery charging 
current 1s less than an energy-saving mode current threshold 
value. 

* * * * * 
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