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MASTER-SLAVE MULT-PHASE CHARGING 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation-in-part application and 
is entitled to and claims the benefit of earlier filed applica 
tion U.S. application Ser. No. 14/065,752 filed Oct. 29, 2013 
now U.S. Pat. No 9,276,430 issued Mar. 1, 2016 which, in 
turn, is entitled to and claims the benefit of the filing date of 
U.S. Provisional App. No. 61/827,443 filed May 24, 2013, 
the contents of all of which are incorporated herein by 
reference in their entirety for all purposes. 

BACKGROUND 

Unless otherwise indicated herein, the approaches 
described in this section are not prior art to the claims in this 
application and are not admitted to be prior art by inclusion 
in this section. 
As mobile computing devices (e.g., Smart phones, com 

puter tablets, and the like) continue to be used more widely, 
the need for fast charging of batteries becomes more sig 
nificant. Advancements in fast battery charging techniques 
are being hampered by the high temperatures that result 
during fast charge sequences. In most cases, the high tem 
peratures are caused by high inductor temperatures, which 
can exceed the temperature of the charging circuit. 

SUMMARY 

The present disclosure describes a battery charging circuit 
comprising a first charging circuit and a second charging 
circuit. Charging outputs of the charging circuits may be 
connected together, and connectable to a battery for charg 
ing. The first charging circuit may be configured with a 
battery threshold voltage higher than that of the second 
charging circuit, in order that a battery charging operation in 
the second charging circuit can terminate before a battery 
charging operation in the first charging circuit. 
The following detailed description and accompanying 

drawings provide a better understanding of the nature and 
advantages of the present disclosure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

With respect to the discussion to follow and in particular 
to the drawings, it is stressed that the particulars shown 
represent examples for purposes of illustrative discussion, 
and are presented in the cause of providing a description of 
principles and conceptual aspects of the present disclosure. 
In this regard, no attempt is made to show implementation 
details beyond what is needed for a fundamental understand 
ing of the present disclosure. The discussion to follow, in 
conjunction with the drawings, make apparent to those of 
skill in the art how embodiments in accordance with the 
present disclosure may be practiced. In the accompanying 
drawings: 

FIG. 1 shows a printed circuit board (PCB) level embodi 
ment of the present disclosure. 

FIGS. 1A and 1B show additional illustrative embodi 
ments in accordance with the present disclosure. 

FIG. 2 shows a general view of a charging circuit in 
accordance with the present disclosure. 

FIG. 3 shows a single-phase configuration of a charging 
circuit in accordance with the present disclosure. 
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2 
FIGS. 4A and 4B show a dual-phase configuration of 

charging circuits in accordance with the present disclosure. 
FIGS. 5A, 5B, and 5C show a 3-phase configuration of 

charging circuits in accordance with the present disclosure. 
FIG. 6 illustrates an example of an implementation of a 

master-only charging circuit in accordance with the present 
disclosure. 

FIG. 7 illustrates an example of an implementation of a 
slave-only charging circuit in accordance with the present 
disclosure. 

FIGS. 8A, 8B, and 8C illustrate an embodiment for a 
dual-input master-slave configuration. 

FIG. 9 illustrates an embodiment for a dual-input master. 
FIGS. 10 and 10A show printed circuit board (PCB) level 

embodiments in accordance with the present disclosure. 
FIGS. 11 and 11A illustrate details of a charging circuit in 

accordance with the present disclosure. 
FIG. 12 shows a battery charging circuit in accordance 

with the present disclosure. 
FIGS. 13 A-13D illustrate a battery charging operation in 

accordance with the present disclosure. 

DETAILED DESCRIPTION 

In the following description, for purposes of explanation, 
numerous examples and specific details are set forth in order 
to provide a thorough understanding of the present disclo 
sure. It will be evident, however, to one skilled in the art that 
the present disclosure as expressed in the claims may 
include Some or all of the features in these examples, alone 
or in combination with other features described below, and 
may further include modifications and equivalents of the 
features and concepts described herein. 

FIG. 1 shows a portion of a printed circuit board (PCB) 
10 populated with battery charging devices in accordance 
with the present disclosure. The PCB 10 may be a circuit 
board, for example, in a mobile computing device, a Smart 
phone, and in general any electronic device. The PCB 10 
may be populated with battery charging devices 102, 102a, 
102b. It will be appreciated in the discussions to follow that 
fewer or more battery charging devices may be provided. 
Each of the battery charging devices 102, 102a, 102b may 
be embodied in any Suitable integrated circuit (IC) packag 
ing format (e.g., single in-line packaging, dual in-line pack 
aging, Surface mount devices, and so on) and interconnected 
on the PCB 10. 

In some embodiments, the battery charging devices 102, 
102a, 102b are identical devices that can be configured for 
different modes of operation. For example, device 102 may 
be configured for “master” mode operation, while devices 
102a, 102b may be configured for “slave' mode operation. 
It will be understood that battery charging devices 102, 
102a, 102b may include pins or terminals (not shown) that 
allow the devices to be interconnected on the PCB 10 using 
PCB traces, represented generally by 12. 

In accordance with principles of the present disclosure, 
the battery charging devices 102, 102a, 102b may be con 
nected to a battery 22 via a connection 24 (e.g., battery 
terminal) for coordinated charging of the battery by the 
battery charging devices. The battery 22 may comprise any 
known configuration of one or more cells (e.g., a single-cell 
configuration, a multi-cell, multi-stack configuration, etc.) 
and may be use any suitable chemistry that allows for 
recharging. 

In some embodiments, the battery charging devices 102, 
102a, 102b operate as buck converters, and in other embodi 
ments the battery charging devices may comprise buck 
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boost converters. In some embodiments, the inductive com 
ponent of the buck converter may be provided as external 
inductive elements 14 provided on the PCB 10. Accordingly, 
each battery charging device 102, 102a, 102b may be 
connected to a corresponding external inductive element 14, 
such as an inductor. The inductive elements 14 are “exter 
nal in the sense that they are not part of the charging ICs 
that comprise the battery charging devices 102, 102a, 102b. 
In accordance with the present disclosure, the capacitive 
component of the buck converters may be provided as an 
external capacitive element 16 on the PCB 10 that can be 
shared by each battery charging device 102,102a, 102b. The 
capacitive element 16 is “external” in the sense that it is not 
part of the charging ICs that comprise the battery charging 
devices 102, 102a, 102b. 

Further in accordance with the present disclosure, each 
battery charging device 102, 102a, 102b may be connected 
to a corresponding external selection indicator 18 to con 
figure the device for master or slave mode operation. Each 
selection indicator 18 is “external' in the sense that it is not 
part of the charging IC that comprises the device. In some 
embodiments, the selection indicator 18 may be a resistive 
element. For example, a connection to ground potential 
(e.g., approximately 092) may serve to indicate the device 
(e.g., 102) should operate in master mode. A non-zero 
resistance value (e.g., 10 KS2, 100 KS2, etc.) may serve to 
indicate that the device (e.g., 102a, 102b) should operate in 
slave mode. More generally, in other embodiments, the 
selection indicator 18 may be a source of a suitable analog 
signal or digital signal that can serve to indicate to the device 
102, 102a, 102b whether to operate in master mode or slave 
mode. 
Power to the battery charging devices 102, 102a, 102b 

may be externally provided via any suitable connector 26. 
Merely as an example, the connector 26 may be a USB 
connector. Power from the VBUS line of a USB connector 
may be connected to device 102 (e.g., at a USBIN terminal), 
which may then distribute the power to the other devices 
102a, 102b via a MIDUSBIN terminal These and other 
terminals will be described in more detail below. 
One of ordinary skill will appreciate that embodiments 

according to the present disclosure may include any elec 
tronic device. For example, FIG. 1A points out that the PCB 
10 may be incorporated in any electronic device 50 to charge 
battery 22. FIG. 1B illustrates another configuration in 
which PCB 10 may be provided in a first electronic device 
52 that has a connection 54 to a second electronic device 56 
to charge battery 22 in the second electronic device. In some 
embodiments, the connection 54 may not be physical, for 
example, wireless energy transfer from device 52 may be 
provided using magnetic induction circuitry (not shown). 
The discussion will now turn to details of battery charging 

device 102 in accordance with some embodiments of the 
present disclosure. FIG. 2 shows a simplified schematic 
representation of the battery charging device 102. In some 
embodiments, the battery charging device 102 may com 
prise a charging IC 202. It will be appreciated that in some 
implementations, the design of the charging IC may be 
implemented on two or more ICs. For purposes of discus 
Sion, however, we can assume a single charging IC imple 
mentation without loss of generality. 
The charging IC 202 may comprise circuitry to provide 

battery charging functionality in accordance with principles 
of the present disclosure. In some embodiments, for 
example, the battery charging functionality may be provided 
using a buck converter, or a buck-boost converter, and so on. 
Accordingly, the charging IC 202 may include a high-side 
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4 
FET 214a and a low-side FET 214b that can be configured 
in a buck converter topology in conjunction with inductive 
element 14 and capacitive element 16. 
A pulse width modulated (PWM) driver circuit may 

produce gate drive signals (HS, LS) at its Switching output 
to switch the gates of respective FETs 214a and 214b. The 
PWM driver circuit may receive a current-mode control 
signal at its control input and a clock signal at its clock input 
to control the switching of FETs 214a and 214b. Power 
(Vph pwr) from the buck converter may be connected to 
charge the battery 22 through battery FET 222 via the VSYS 
and CHGOUT terminals of the charging IC 202. The battery 
FET222 may serve to monitor the charge current (e.g., using 
a charge current sense circuit). 

In accordance with principles of the present disclosure, 
the control signal may be internally generated within the 
charging IC 202 or externally provided to the charging IC. 
For example, a feedback compensation network comprising 
various feedback control loops and a comparator 216 may 
serve as a source of an internally generated control signal. In 
a particular embodiment, the feedback control loops may 
include an input current sense circuit (e.g., senses input 
current at USBIN), a charge current sense circuit (e.g., 
senses current at VSYS and CHGOUT terminals using 
battery FET 222), a system Voltage sense circuit (e.g., senses 
voltage at VSYS terminal), a battery voltage sense circuit 
(e.g., senses battery Voltage at VBATT terminal), and a 
battery temperature sense circuit (e.g., senses battery tem 
perature at THERM terminal). In other embodiments, the 
feedback control loops may comprise fewer, or additional, 
sense circuits. The comparator 216 may produce a reference 
that serves as the internally generated control signal. 
The control signal produced by comparator 216 is “inter 

nal in the sense that the control signal is generated by 
circuitry that comprise the charging IC 202. By comparison, 
a control signal is considered to be “externally” provided 
when the signal is received from a source external to the 
charging IC 202; e.g., via the CONTROL terminal of the 
charging IC. In some embodiments, a control selector 216a 
may be provided to select either the internal control signal 
generated by the comparator 216 or an externally generated 
control signal received on the CONTROL terminal to serve 
as the control signal for the PWM driver circuit. 

In accordance with principles of the present disclosure, 
the clock signal may be internally generated within the 
charging IC 202 or externally provided to the charging IC. 
For example, the charging IC 202 may include a clock 
generator 218 to produce a clock signal (clock out). The 
clock generator 218 may include a clock generating circuit 
218a and a delay element 218b. The clock generating circuit 
218a may produce a clock signal that serves as an internally 
generated clock signal. The delay element 218b may receive 
an externally provided clock signal. 
The clock signal produced by the clock generating circuit 

218a is “internal' in the sense that the clock signal is 
generated by circuitry that comprise the charging IC 202, 
namely the clock generating circuit. By comparison, a clock 
signal is considered to be “externally” provided when the 
signal is received from a source external to the charging IC 
202; e.g., via the CLK terminal of the charging IC. In some 
embodiments, a clock selector 218c may be provided to 
select either the internal clock signal generated by the clock 
generating circuit 218a or an external clock signal provided 
on the CLK terminal and delayed (phase shifted) by the 
delay element 218b to serve as the clock signal for the PWM 
driver circuit. 
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The charging IC 202 may include a selector circuit 212 to 
configure the charging IC to operate in “master” mode or 
“slave” mode according to the external selection indicator 
18 provided on an SEL input of the charging IC. The 
selection indicator 18 may be a circuit, or a source of an 
analog signal (e.g., an analog signal generator) or a digital 
signal (e.g., digital logic). In some embodiments, for 
example, the selection indicator 18 may be an electrical 
connection to ground potential, either directly or through a 
resistive element. The selector circuit 212 may operate the 
control selector 216a and the clock selector 218c according 
to the selection indicator 18. The selector circuit 212 may 
also operate a switch 220 to enable or disable sensing of the 
current input in accordance with the selection indicator 18. 

In accordance with the present disclosure, the charging IC 
202 may be configured as a single-phase standalone device, 
or used in a multi-phase configuration. The discussion will 
first describe a single-phase configuration. FIG. 3 illustrates 
an example of the charging IC 202 configured to operate as 
a standalone battery charger. The charging IC 202 may be 
configured using the SEL input to operate in master mode. 
In some embodiments, master mode operation in charging 
IC 202 may be designated by a selection indicator 18 that 
comprises a connection of the SEL input to ground potential. 
This convention for designating master mode operation will 
be used for the remainder of the disclosure with the under 
standing that, in other embodiments, other conventions may 
be adopted to indicate master mode operation. 

In an embodiment, the selector 212 may be configured to 
respond to the presence of a ground connection at the SEL 
input by configuring the charging IC 202 for master mode 
operation. For example, the selector 212 may operate the 
control selector 216a in a first configuration to provide an 
internally generated control signal to the control input of the 
PWM driver circuit. The internally generated control signal 
is also provided to the CONTROL terminal of charging IC 
202, which for the single-phase configuration shown in FIG. 
3 is not relevant. 

Similarly, the selector 212 may operate the clock selector 
218C in a first configuration to provide an internally gener 
ated clock signal (e.g., via clock generating circuit 218a) to 
the clock input of the PWM driver circuit. The internally 
generated clock signal is also provided to the CLK terminal 
of charging IC 202, which for the single-phase configuration 
shown in FIG. 3 is not relevant. The selector 212 may also 
operate Switch 220 to a configuration that enables input 
current sensing on the power input USBIN. 

In operation, the master-mode configured charging IC 202 
shown in FIG. 3 operates as a buck converter to charge 
battery 22. Feedback control to the PWM driver circuit is 
provided by the circuitry comprising the charging IC 202, 
and likewise, the clock signal to the circuit is provided from 
within the charging IC. The configuration is a “standalone” 
configuration in the sense that there is only one charging IC. 
The discussion will now turn to a description of an 

example of a multi-phase configuration of the charging IC 
202 in accordance with the present disclosure, and in par 
ticular a dual-phase configuration. In a dual-phase configu 
ration, two charging ICS 202 are connected and operate 
together to charge a battery 22. One of the charging ICs 202 
may be configured as a master device and the other as a slave 
device. FIGS. 4A and 4B show an example of charging ICs 
202a and 202b configured to operate respectively as a 
master device and as a slave device. The charging ICS 202a, 
202b are connected together at connections A, B, C, D, E, F, 
and G. The resulting current flow is illustrated in FIGS. 4A 
and 4B as flow 422. 
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The charging IC 202a shown in FIG. 4A is configured for 

master mode operation as described in FIG. 3. In accordance 
with the present disclosure, the control signal generated by 
the comparator 216 in charging IC 202a is provided as an 
externally generated control signal 402 (e.g., via the CON 
TROL terminal), in addition to serving as an internally 
generated control signal for the PWM driver circuit in the 
charging IC. Similarly, the clock signal generated by the 
clock generator 218 is provided as an externally generated 
clock signal 404 (e.g., via the CLK terminal), in addition to 
serving as an internally generated clock signal for the PWM 
driver circuit in the charging IC 202a. 

Referring to FIG. 4B, the charging IC 202b is configured 
for slave mode operation. The charging IC 202b may be 
configured using the SEL input to operate in slave mode. In 
Some embodiments, slave mode operation may be desig 
nated by a selection indicator 18 that comprises a resistive 
element. This convention for designating slave mode opera 
tion will be used for the remainder of the disclosure with the 
understanding that, in other embodiments, other conventions 
may be adopted to indicate salve mode operation. In a 
particular embodiment, for example, a 10K resistor may be 
used to indicate slave mode operation. It will be appreciated, 
of course, that another resistance value may be used. The 
selector 212 may be configured to respond to the detection 
of a 10 KS2 resistance at the SEL input by configuring the 
charging IC 202b for slave mode operation. 

In slave mode operation, the selector 212 may operate the 
control selector 216a in a second configuration to receive the 
externally generated control signal 402 that is received on 
the CONTROL terminal of the charging IC 202b. The 
control selector 216a provides the externally generated 
control signal 402 to the control input of the PWM driver 
circuit. Operation of the control selector 216a in the second 
configuration disconnects or otherwise effectively disables 
the feedback network in charging IC 202b from the PWM 
driver circuit. This “disconnection' is emphasized in the 
figure by illustrating the elements of the feedback network 
in charging IC 202b using broken grayed out lines. 
The selector 212 in charging IC 202b may also operate the 

clock selector 218c in a second configuration to receive the 
externally generated clock signal 404 on the CLK terminal 
The clock selector 218c provides the externally generated 
clock signal 404 to the delay element 218b. The clock signal 
that is provided to the PWM driver circuit comes from the 
delay element 218b, thus disconnecting or otherwise effec 
tively disabling the clock generating circuit 218a in the 
charging IC 202b. 

Switch 220 may be configured (e.g., by selector 212) to 
disable current sensing at the USBIN terminal of charging 
IC 202b. Power to the high- and low-side FETs 214a, 214b 
may be provided by the MIDUSBIN terminal via connection 
B. Similarly, charge current sensing in the slave-configured 
charging IC 202b may be disabled by disabling its battery 
FET 222. 
As can be appreciated from the foregoing description, 

operation of the PWM driver circuit in the slave-mode 
charging IC 202b is controlled by the control signal and 
clock signal that is generated in the master-mode charging 
IC 202a and provided to the slave-mode charging IC 202b 
respectively as externally generated control and clock sig 
nals 402, 404. From the point of view of the slave-mode 
charging IC 202b, the control and clock signals generated in 
the master-mode charging IC 202a are deemed to be “exter 
nally generated.” 
The master-mode charging IC 202a may synchronize with 

the slave-mode charging IC 202b by asserting a signal on the 
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FETDRV terminal. For example, when the master-mode 
charging IC 202a pulls the FETDRV terminal LO, the PWM 
driver circuit in the slave-mode charging IC 202b is dis 
abled. When the master-mode charging IC 202a pull the 
FETDRV terminal HI, the PWM driver circuit in the slave 
mode charging IC 202b begins Switching. In some embodi 
ments, the FETDRV terminal may be used by the master 
mode charging IC 202a to initiate Switching in the slave 
mode charging IC 202b after the input current rises above a 
threshold level, in order to balance light-load and heavy 
load efficiency. For example, Switching losses at light load 
can outweigh the decreased conduction losses, which can be 
avoided by not enabling the slave-mode charging IC 202b 
right away. After enablement, the slave-mode charging IC 
202b will operate in synchrony with the clock signal from 
the master-mode charging IC 202a. Control of the PWM 
driver circuit in the slave-mode charging IC 202b will be 
provided by the control signal from the master-mode charg 
ing IC 202a, thus allowing the master to set the charge 
current limit, input current limit, etc. 

In accordance with the present disclosure, the delay 
element 218b may be configured (e.g., by selector 212) to 
provide a selectable phase shift that is suitable for dual 
phase operation. For example, the delay element 218b may 
provide a 180° phase shift of the externally generated clock 
signal 404. Accordingly, the clock signal that is provided to 
the clock input of the PWM driver circuit in the slave-mode 
charging IC 202b is 180° out of phase relative to the clock 
signal in the master-mode charging IC 202a. Consequently, 
the charging cycle of the master-mode charging IC 202a will 
be 180° out of phase relative to the charging cycle of the 
slave-mode charging IC 202b. For example, when the high 
side FET 214a is ON in the master device, the high-side FET 
in the slave device is OFF, and vice-versa. 
The discussion will now turn to a description of a 3-phase 

configuration of the charging IC 202 in accordance with the 
present disclosure. In a 3-phase configuration, three charg 
ing ICS 202 are connected and operate together to charge a 
battery 22. One of the charging ICs 202 may be configured 
as a master device and the other two as slave devices. FIGS. 
5A-5C show an example charging ICs 202a, 202b, and 202c 
configured to operate respectively as a master device, a first 
slave device, and a second slave device. The charging ICs 
202a, 202b, 202c are connected at connections A1, B1, C1, 
D1, E1, F1, and G1 and connections A2, B2, C2, D2, E2, F2, 
and G2. 
The master device in FIG. 5A is configured as explained 

in connection with FIG. 4A. The first and second slave 
devices (FIGS. 5B and 5C) are configured as explained in 
connection with FIG. 4B. In 3-phase operation, the delay 
elements 218b in the first and second slave devices may be 
configured to provide 120° and 240° phase shifts, respec 
tively, of the externally generated clock signal 404 as the 
clock input for the respective PWM driver circuits. For 
example, the selection indicator 18 in the first slave device 
of FIG. 5B may be a 100K resistor to indicate 120° phase 
shift, and similarly, the selection indicator 18 in the second 
slave device of FIG. 5C may be a 1M resistor to indicated 
240° phase shift. It will be appreciated, of course, that other 
resistance values may be used. In operation, the charging 
cycle of the master device (FIG. 5A) will be 120° out of 
phase relative to the charging cycle of the first slave device 
(FIG. 5B) and 240° out of phase relative to the charging 
cycle of the second slave device (FIG. 5C). 

It will be appreciated that, more generally, N-phase opera 
tion may be provided using N charging ICs (one master 
device and (N-1) slave devices) and connecting them in 
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8 
accordance with the examples shown in the figures. Each of 
the (N-1) slave devices receives from the master device the 
externally generated control signal 402 and the externally 
generated clock signal 404. In some embodiments, the m' 
slave device may be configured (e.g., using a Suitable 
selection indicator 18) to provide an mx(360--N) phase 
shift (e.g., using the delay element 218b) of the externally 
generated clock signal 404 as the clock input for its PWM 
driver circuit. In some embodiments, the quantity (m+N) is 
an integral multiple of 360. 
The discussion will now turn to another embodiment of 

charging ICS in accordance with the present disclosure. In 
Some embodiments, a charging IC may be implemented as 
a master-only device. In other words, the charging IC always 
operates in master mode and is not configurable to operate 
as a slave device. FIG. 6, for example, shows a charging IC 
602 comprising, among other components, a feedback net 
work comprising several sensor components (e.g., input 
current sense, charge current sense, etc.) that feed into a 
comparator 616. The comparator output generates an inter 
nally generated control signal that feeds into the control 
input of the PWM driver circuit and which serves as an 
externally generated control signal 622 that is output at the 
CONTROL terminal The charging IC 602 further comprises 
a clock 618 that generates a clock signal that generates an 
internally generated clock signal, which feeds into the clock 
in of the PWM driver circuit, and which serves as an 
externally generated clock signal 624 that is output at the 
CLK terminal This particular embodiment of charging IC 
always uses its internally generated control and clock signals 
and always outputs those signals as respective externally 
generated control and clock signals. As such, the charging IC 
602 can omit selector 212, selectors 216a, 218b, and 220, 
and the delay element 218b in order to realize a smaller, 
lower cost device. 

In some embodiments, a charging IC may be implemented 
as a slave-only device. FIG. 7, for example, shows a 
charging IC 702 comprising a PWM drive circuit having a 
control input that receives only an externally generated 
control signal 722 (e.g., from the CONTROL terminal). The 
PWM driver circuit, furthermore, has a clock input that 
receives only an externally generated clock signal 724 (e.g., 
from the CLK terminal). The selector 712 serves to config 
ure a delay element 718 to provide phase shifting of the 
externally generated clock signal 724 according to the 
selection indicator 18. For example, the delay element 718 
may be configured to provide an mix(360+(M+1)) phase 
shift of the externally generated clock signal depending on 
what is connected to the selector 712, where m identifies the 
charging IC 702 as being the m” slave device among a total 
of M slave devices. 
The charging IC 702 is “slave-only' in the sense that it 

does not generate its control and clock signals internally, but 
rather obtains them from a source external to the charging 
IC. Since the control signal and clock signal are always 
externally generated, the slave-only charging IC 702 can 
omit the circuitry comprising the feedback network and the 
clock. Likewise, the slave-only charging IC 702 can omit the 
input FET and battery FET, since the device does not need 
to sense the input current. This can be advantageous in terms 
of a smaller device and/or a lower cost device, especially 
since the input and battery FETs are power FETs which can 
occupy significant areas on the die. 

In some embodiments, the slave-only charging IC 702 
may include additional circuitry to enhance performance. 
Though not illustrated, for example, a slave-only charging 
IC may include inductor current sense circuitry for peak 
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current limiting. As another example, a slave-only charging 
IC may additionally include a thermal loop to ensure the 
junction temperature does not exceed a maximum operating 
limit. 
The discussion will now turn to a description of a dual 

input two-phase master-slave configuration. Referring to 
FIGS. 8A, 8B, and 8C, a charging IC in accordance with the 
present disclosure may further include a FETCRTL terminal 
FIG. 8A shows the charging IC 802a configured as a 
dual-input master. In a particular embodiment, for example, 
the dual-input master configuration may be indicated with a 
selection indicator 18 that comprises a 100 KS2 resistor. FIG. 
8B shows the charging IC 802b configured as a dual-input 
slave, operating in slave mode. FIG. 8C shows the charging 
IC 802b operating in master mode. In a particular embodi 
ment, the dual-input slave configuration may be indicated 
using a selection indicator 18 that comprises a 200 KS2 
resistor. The configuration is “dual-input' in the sense that 
there are two Voltage inputs. A first voltage input (e.g., 
USBIN) may be connected to the dual-input master 802a 
and a second Voltage input (e.g., DCIN) may be connected 
to the dual-input slave 802b via a DCIN FET 812, as 
illustrated in FIGS. 8A-8C for example. 

In operation, when there is a voltage on USBIN terminal 
of the dual-input master 802a, the dual-input configured 
charging ICs 802a and 802b operate in a master/slave mode 
as explained above. For example, the dual-input master 802a 
generates a feedback control signal 802 that is used by the 
master and provided to the slave (FIG. 8B) via the CON 
TROL terminal. Likewise, the dual-input master 802a gen 
erates a clock signal 804 that is used by the master and 
provided to the slave via the CLK terminal The dual-input 
slave 802b shown in FIG. 8B uses the externally provided 
control signal 802 and clock signal 804 to control its PWM 
driver circuit. In addition, the dual-input master 802a asserts 
FETCTRL (e.g., goes high-Z) to turn OFF the DCIN FET 
812 that is connected to the dual-input slave 802b. This 
serves to electrically isolate the DCIN voltage source (if 
present) from the USBIN (DCIN) terminal of the dual-input 
slave 802b. The dual-input master 820a asserts FETDRV 
(e.g., pulls HIGH) to signal the dual-input slave 802b to 
operate in slave mode. 
When there is no voltage on the USBIN terminal of the 

dual-input master 802a, the master does not perform battery 
charging. The dual-input master 802a will assert FETCTRL 
(e.g., goes LOW) to turn ON the DCIN FET 812 to allow 
current flow from the DCIN voltage source. The dual-input 
slave 802b operates in master mode to perform battery 
charging using the DCIN input provided on its USBIN 
terminal This master operating mode of the dual-input slave 
802b is illustrated in FIG. 8C. Notably, the dual-input slave 
802b does not receive an external control signal or clock 
signal on its CONTROL and CLK terminals, since the 
dual-input master 802a is not performing battery charging. 
Instead, the dual-input slave 802b generates its own control 
and clock signals and performs battery charging from DCIN 
in master mode. 
The discussion will now turn to a description of a multi 

phase master-slave configuration using, as the master 
device, a charging IC of the present disclosure configured 
for two voltage source inputs. FIG. 9 illustrates a dual-input 
charging IC 902 configured with a charging IC 904 config 
ured for slave mode operation. The bounding box 900 is 
used to indicate that device 904 and a portion of device 902 
are configured as illustrated in FIGS. 4A and 4B. In some 
embodiments, the device 902 may be configured to always 
operate in master mode. The device 904 may be configured 
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10 
with a selection indicator comprising a 1 kS2 resistor to 
indicate that the slave may operate in on-the-go (OTG) 
mode. 

In operation, when charging from USBIN, the devices 
902, 904 may operate in master/slave mode to provide 
multi-phase charging of the battery 22 as explained in the 
foregoing embodiments. However, when device 902 is 
charging from DCIN, the device 904 may be signaled to 
operate in OTG mode. For example, device 904 may include 
interface circuitry (not shown) to receive a command via the 
Inter-Integrated Circuit (IC) communication protocol. It 
will be appreciated, of course, that any other Suitable sig 
naling may be used. 

In OTG mode, the device 904 provides power from the 
battery 22 directly to the USBIN terminal FIG. 9 illustrates 
the two different current flows 912,914 in this “OTG’ mode 
of operation. Flow 912 represents charging current from the 
dual-input charging IC 902 to charge battery 22. Flow 914 
represents current from battery 22 to the USBIN terminal of 
device 902. It is noted that though control and clock signals 
from device 902 may be provided on its respective CON 
TROL and CLK terminals, the signals are not used by the 
device 904 in OTG mode. 

FIG. 10 shows another configuration of battery charging 
devices 1002a, 1002b in accordance with the present dis 
closure. The battery charging devices 1002a, 1002b may be 
configured as buck converters. The inductor L and output 
capacitor C of each battery charging device are depicted as 
external components, but in Some embodiments they can be 
internal. Each battery charging device (e.g., 1002a) may 
include control circuitry 1012 to control its battery charging 
operation. Additional details of control circuitry 1012 will 
be given below. Merely as an example, the battery charging 
device (e.g., 1002a) may be the SMB1357 switch-mode 
battery charging IC component, which is manufactured and 
sold by Qualcomm, Inc. As another example, the battery 
charging device may use the battery charging circuitry in the 
PMi8994 power management IC component, which is also 
manufactured and sold by Qualcomm, Inc. 

In accordance with the present disclosure, the battery 
charging device (e.g., 1002a) may include a STAT (status) 
output or other equivalent indicator. The STAT output may 
output a signal that indicates whether the battery charging 
device is charging (e.g., logic HI) or not charging (e.g., logic 
LO). For example, if the battery charging device detects a 
fault condition (e.g., over-temperature event, charge timer 
timing out, etc.), the device may cease battery charging and 
assert the STAT output accordingly. In some embodiments, 
the STAT output may provide more information (digitally or 
in analog) than simply whether the battery charging device 
is charging or not; e.g., the STAT output may provide 
information indicative of a fault event. 
The battery charging device may include an EN input or 

other equivalent enable control input that enables or disables 
operation of the battery charging device. For example, a 
logic HI asserted on the EN input may enable operation of 
the battery charging device, while a logic LO may serve to 
disable operation of the battery charging device. In some 
embodiments, a battery charging operation may be initiated 
by asserting the EN input. Subsequently de-asserting the EN 
input can be used to prematurely terminate or force quit a 
battery charging operation. 

FIG. 10 illustrates a configuration of battery charging 
devices 1002a, 1002b in accordance with some embodi 
ments of the present disclosure. The charging outputs CHG 
OUT of battery charging devices 1002a, 1002b may be 
connectable to battery 22 via connection 24 (e.g., battery 
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terminal). The STAT output of battery charging device 
1002a may be connected to the EN input of battery charging 
device 1002b. 

In some embodiments, more than two battery charging 
devices can be configured in accordance with the present 
disclosure. FIG. 10A, for example, illustrates a configuration 
comprising three battery charging devices 1002a, 1002b, 
1002c. The CHGOUT of each battery charging device 
1002a-1002c may be connected to battery 22 (e.g., via 
connection 24). The STAT output of battery charging device 
1002a may be connected to the EN input of battery charging 
devices 1002b and 1002c. In FIGS. 10 and 10A, battery 
charging device 1002a may be referred to as the master or 
principle device and battery charging device 1002b, and 
battery charging device 1002c in FIG. 10A, may be referred 
to as slave or secondary devices, for the reason that the 
master device can disable the slave devices using its STAT 
output; for example, in response to the master device detect 
ing a fault event. 

In some embodiments, the same part (e.g., SMB1357) 
may be used to implement each of the battery charging 
devices 1002a-1002c. In other embodiments, the battery 
charging devices 1002a-1002c may be implemented using 
different parts; e.g., different parts from the same manufac 
turer, parts from different manufacturers, etc. Although the 
figure shows the battery charging devices 1002a-1002c to be 
buck converters, it will be appreciated that the battery 
charging devices can use any Suitable Switched mode Volt 
age regulation design and in general can be configured with 
any Suitable Voltage regulation circuitry. 

FIG. 11 shows additional detail of a charging circuit 1102 
in accordance with some embodiments of the present dis 
closure. In some embodiments, the charging circuit 1102 
may include a buck convert comprising a buck control 
circuit 1112 operating in conjunction with inductor L and 
capacitor C. The inductor L and capacitor C components 
may be provided on-chip in the charging circuit 1102. 
Typically, however, these components are external to the 
charging device 1102 for practical reasons such as the 
physical sizes of the components, in order to provide better 
performing devices (e.g., semiconductor inductors typically 
do not perform as well as magnetic core inductors), to allow 
for flexibility in design, and so on. It will also be appreci 
ated, that in other embodiments the charging circuit 1102 
may employ a Voltage regulator other than a buck converter 
design. 
A controller 1114 may provide various control functions. 

For example, the controller 1114 may receive input from 
other circuitry (not shown) such as a temperature sensor, 
timers, current sensors, etc. The controller 1114 may use the 
input to detect a fault event that may require ceasing or 
otherwise disabling battery charging. The controller 1114 
may assert a signal on the STAT output (e.g., logic HI), for 
example, so that an electronic device (e.g., 50, FIG. 1) that 
incorporates the charging circuit 1102 can signal the user of 
the fault event. Merely as illustrative examples, fault events 
may include excessive ambient temperature, a charging 
timer timing out, excessive current flow, battery disconnec 
tion during a charging operation, and so on. 

The controller 1114 may include or otherwise have access 
to a data store (not shown) to store a battery Voltage 
threshold value 1114a. The data store may be a data register 
or other suitable data storage element. The controller 1114 
may include a programming input (PGM) to program or 
otherwise set the battery threshold voltage value 1114a. 
The charging circuit 1102 may include a battery FET 1116 

that is connected between the output V of the buck 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

12 
converter and a charging output CHGOUT of the circuit, 
where the charging output can be connected to a battery to 
be charged. In some embodiments, the battery FET 1116 
may an n-channel device, and in other embodiments may be 
a p-channel device. The illustrative embodiment of FIG. 11, 
for example, shows an NMOS type battery FET 1116. The 
drain terminal of the battery FET 1116 is connected to the 
output of the buck converter and the source terminal is 
connectable to a battery to be charged. The controller 1114 
may include a control output that can be used to control the 
battery FET 1116, for example, by connecting the control 
output of the controller to the battery FET gate terminal. As 
will be explained below, the battery FET 1116 allows for 
control of a battery charging operation. 
The charging circuit 1102 may include a Voltage sense 

circuit 1118 (voltage sensor) to sense or otherwise detect the 
battery voltage level of a battery to be charged. Referring to 
FIG. 11A for a moment, the battery voltage sense circuit 
1118, in some embodiments, may include a comparator 1122 
to compare a battery voltage picked up by resistor divider 
network R1/R2 with a reference voltage 1124. The compara 
tor output may be provided to the controller 1114 to control 
a battery charging operation based on the detected battery 
Voltage level. The Voltage reference 1124 may be program 
mable, and in Some embodiments may be set by the con 
troller 1114 according to the stored battery threshold voltage 
value 1114a. 

In some embodiments, the battery charging operation may 
include a constant current charging state (constant current 
mode) followed by a constant Voltage charging state (con 
stant voltage mode). The controller 1114 may start the 
battery charging operation in the first charging state, con 
stant current mode. When the battery Voltage (e.g., as 
detected by voltage sense circuit 1118) exceeds the battery 
voltage threshold value, the controller 1114 may subse 
quently Switch the battery charging operation to the second 
charging State, constant Voltage mode. 

In other embodiments, the battery charging operation may 
include only a single charging state; e.g., constant current 
charging. In still other embodiments, the battery charging 
operation may include multiple states of charging. 

In some embodiments, the controller 1114 may orches 
trate the battery charging operation by controlling the buck 
converter to maintain a constant current output during 
constant current mode charging. The controller 1114 can 
monitor the battery condition (e.g., battery voltage) to deter 
mine when to Switch to constant Voltage charging, at which 
time the controller can control the buck converter to main 
tain a constant Voltage output for constant Voltage mode 
charging. 
The charging circuit 1102 may include a STAT output. In 

some embodiments, the controller 1114 may monitor other 
conditions in the charging circuit 1102 for the occurrence of 
fault events. The controller 1114 may assert a suitable signal 
(digital or analog) on the STAT output in response to 
determining that a fault event has occurred. External cir 
cuitry in an electronic device that incorporates the charging 
circuit 1102 may process the signal accordingly; e.g., warn 
a user, trigger an alarm, etc. In other embodiments, circuitry 
other than or in addition to the controller 1114 may detect 
fault events and assert the STAT output. 
The charging circuit 1102 may include an EN input. As 

explained above, the EN input may be used to tell the 
charging circuit 1102 whether or not a battery charging 
operation can be performed. Circuitry external to the charg 
ing circuit 1102 can assert a signal (digital or analog) on the 
EN input when battery charging is not desired. In some 
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embodiments, the controller 1114 may receive the signal and 
disable the battery charging operation in response. In other 
embodiments, circuitry other than the controller 1114 may 
be employed. 

FIG. 12 shows a battery charging circuit 1200 in accor 
dance with the present disclosure, for example, using cir 
cuitry such as shown in FIG. 11. The battery charging circuit 
1200 may comprise charging circuits 1202 and 1204. In 
Some implementations, the same device may used for the 
charging circuits 1202 and 1204. In other implementations, 
different devices may be used for charging circuits 1202 and 
1204; for example, the devices need not be the same part, 
and may even be parts from different manufacturers. For 
explanation purposes, however, FIG. 12 shows charging 
circuit 1202 to be the same as charging circuit 1204. 
The battery charging circuit 1200 may include a battery 

terminal 1224 that is connectable to a battery to be charged 
1222. The charging outputs CHGOUT of charging circuit 
1202 and charging circuit 1204 may be connected together 
at battery terminal 1224. When the charging circuits 1202, 
1204 are performing a battery charging operation, power 
from the buck converter of each charging circuit can be 
provided to the battery 1222. 
The STAT out of charging circuit 1202 may be connected 

to the EN input of charging circuit 1204. The charging 
circuit 1202 may be deemed the master or primary device, 
because charging circuit 1202 can disable charging circuit 
1204 (slave or secondary device) when charging circuit 
1202 detects a fault event and asserts a suitable signal on 
STAT out. 

Further in accordance with the present disclosure, the 
master device (e.g., charging circuit 1202) may be pro 
grammed with a higher battery threshold Voltage value than 
that of the slave device (e.g., charging circuit 1204). In the 
particular illustrative embodiment shown in FIG. 12, for 
example, the master device is programmed with a battery 
threshold voltage value of 4.35 V and the slave device is 
programmed with a battery threshold voltage value of 4.33 
V. 

In operation, when the battery charging circuit 1200 
begins a battery charging operation (e.g., by asserting the 
EN inputs of both charging circuits 1202, 1204) the charging 
circuit can begin in a constant current charging state. Refer 
ring to FIG. 13A, the buck converter may operate in a 
constant current mode, operating effectively as a constant 
current source 1302 providing a current I, as depicted in the 
figure to battery 1222. During this state of charging, current 
I from both charging circuits 1202, 1204 flows into battery 
1222, thereby charging the battery. In some embodiments, 
such as illustrated in FIG. 12, the current flow from each 
charging circuit 1202, 1204 may be the same. In other 
embodiments, the current flows may be different. 
As current from charging circuits 1202, 1204 flow into 

battery 1222, the battery begins to charge and the battery 
Voltage V begins to rise. When the battery Voltage 
passes or crosses the battery threshold value, the controller 
1114 may subsequently switch the next state of the battery 
charging operation. If there is only one charging state (e.g., 
constant current mode), then the next state is a termination 
state. In some embodiments, where the battery charging 
operation includes a constant current charging state and a 
constant Voltage charging State, the controller 1114 can 
Switch the battery charging operation from constant current 
charging to constant Voltage charging. 

FIG. 13B illustrates an example of an embodiment in 
which the battery charging operation includes a constant 
current state and a constant Voltage state. In the example 
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14 
shown, the master device (charging circuit 1202) is config 
ured to have a battery threshold voltage value of 4.35V, and 
the slave device (charging circuit 1204) is configured with a 
battery threshold voltage value of 4.33V. Accordingly, as the 
battery Voltage increases from less than 4.33V (FIG. 
13A) to 4.33V and crosses 4.33V, the controller 1114 in the 
slave device can detect that crossing and in response can 
Switch from constant current charging to constant Voltage 
charging. The controller 1114 in the slave device can control 
operation of the buck converter to act as a constant Voltage 
Source 1304, as depicted in the figure, to provide a constant 
voltage output of 4.33V as determined, for example, based 
on the battery threshold voltage value that is set in the slave 
device. 
At the same time, the buck converter in the master device 

continues to operate as a constant current source. As current 
from the master device continues to flow into the battery 
1222, the battery voltage V continues to rise to a value 
greater than 4.33V. The resulting voltage difference across 
the source and drain of battery FET 1116 will create an 
increasing pinch-off effect that will eventually turn OFF the 
battery FET. When the controller 1114 in the slave device 
detects this condition, it can terminate the battery charging 
operation in the slave device (e.g., disable the buck control 
ler 1112). This condition is shown in FIG. 13C, where only 
the master device is performing the battery charging opera 
tion and the slave device is schematically depicted as being 
turned off. 
The master device will continue charging in constant 

current mode until the battery Voltage passes the 
battery threshold voltage value. Referring to FIG. 13D. in 
response to passing the battery threshold voltage value 
(e.g., 4.35V), the controller 1114 in the master device can 
Switch from constant current charging to constant Voltage 
charging. The controller 1114 can control operation of the 
buck converter in the master device to act as a constant 
voltage source 1304, as depicted in FIG. 13D, to provide a 
constant voltage output of 4.35V as determined, for 
example, based on the battery threshold voltage value. The 
controller 1114 may then terminate the battery charging 
operation after the batter Voltage V, exceeds a final 
value. 

In some embodiments, the battery charging circuit 1200 
can comprise two or more slave devices. Each additional 
slave device can be configured with a battery threshold 
voltage value that is smaller than the other slave devices. 
Merely as an example, if a battery charging circuit com 
prises two slave devices, the battery threshold voltage values 
for the slave devices may be 4.33 V and 4.31 V, and for the 
master circuit may be 4.35 V. 

Accordingly, in Such an embodiment, the 4.31V slave 
circuit may switch over from constant current mode to 
constant Voltage mode first, after the battery Voltage reaches 
and exceeds 4.31 V. As the battery continues to charge, it’s 
voltage will continue to rise. Pinch-off in the battery FET of 
the 4.31V slave circuit may cause that charging circuit to 
turn off, leaving the master circuit and the 4.33V slave 
circuit charging the battery. 
The battery will continue to charge and it’s voltage will 

reach and exceed 4.33 V. This may cause the 4.33V slave 
circuit to Switch over from constant current mode to constant 
Voltage mode. As the battery continues to charge, it's Voltage 
will continue to rise. Pinch-off in the battery FET of the 
4.33V slave circuit may cause that charging circuit to turn 
off, leaving only the master circuit charging the battery. As 
explained above, eventually the master circuit will go into 
constant Voltage mode and eventually turn off. 
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ADVANTAGES AND TECHNICAL EFFECT 

Each of the charging circuits (e.g., 1202) is capable of 
charging a battery. An advantageous aspect of the present 
disclosure is that the battery charging circuit can provide fast 
charging during constant current mode because two or more 
charging circuits (e.g., 1202, 1204) can be combined to 
contribute charging current to the battery. Since the slave 
device(s) (e.g., 1204) Switches out of constant current mode 
and into constant Voltage mode before the master device 
(e.g., 1202), the slave device turns off as explained above 
before the master device goes into constant Voltage mode 
charging. This avoids the potential adverse effects of having 
two voltage sources connected to each other. The slave 
device turning off can ensure that there is only one constant 
Voltage source in the circuit. 
The above description illustrates various embodiments of 

the present disclosure along with examples of how aspects 
of the particular embodiments may be implemented. The 
above examples should not be deemed to be the only 
embodiments, and are presented to illustrate the flexibility 
and advantages of the particular embodiments as defined by 
the following claims. Based on the above disclosure and the 
following claims, other arrangements, embodiments, imple 
mentations and equivalents may be employed without 
departing from the scope of the present disclosure as defined 
by the claims. 

We claim the following: 
1. A battery charging circuit comprising: 
first and second charging circuits, each charging circuit 

having a charging output connectable to a battery and 
comprising: a Voltage regulator to provide power to the 
charging output; a battery Voltage threshold value; and 
a controller operable to change a charging state of a 
battery charging operation based on comparing a 
detected battery voltage with the battery voltage thresh 
old value, 

the charging output of the first charging circuit connected 
with the charging output of the second charging circuit, 
wherein the first charging circuit and the second charg 
ing circuit are configured to collectively charge the 
battery, 

the battery voltage threshold value of the first charging 
circuit set to a higher value than the battery Voltage 
threshold value of the second charging circuit, wherein 
based on comparing the threshold values with the 
detected battery Voltage, the battery charging operation 
in the second charging circuit is terminated prior to the 
battery charging operation in the first charging circuit. 

2. The circuit of claim 1 wherein the first charging circuit 
further comprises a status output, the controller in the first 
charging circuit operable to assert a signal on the status 
output in response to the first charging circuit detecting a 
fault event, 

the second charging circuit further having an enable 
control input connected to the status output, the con 
troller in the second charging circuit operable to disable 
a charging operation in the second charging circuit in 
response to a signal asserted on the enable control 
input, 

whereby a fault event detected by the first charging circuit 
can disable the charging operation in the second charg 
ing circuit. 

3. The circuit of claim 1 wherein the voltage regulator in 
each of the first and second charging circuits comprises a 
buck converter. 
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4. The circuit of claim 1 wherein the voltage regulator of 

at least the second charging circuit comprises a field effect 
transistor (FET) device connected to an output of the voltage 
regulator, the charging output being an output of the FET 
device. 

5. The circuit of claim 1 wherein, in the first and second 
charging circuits, the battery charging operation includes a 
constant current charging state and a constant Voltage charg 
ing state. 

6. The circuit of claim 1 wherein, in the second charging 
circuit, the controller is operable to perform a first change of 
the charging state of the battery charging operation from a 
constant current charging state to a constant Voltage charg 
ing state in response to the detected battery voltage exceed 
ing the battery voltage threshold value of the second charg 
ing circuit, whiles keeping the charging State of the battery 
charging operation of the first charging circuit at the constant 
current charging state, 

wherein after the first change, in the first charging circuit, 
the controller is operable to perform a second change of 
the charging state of the battery charging operation 
from the constant current charging state to the constant 
Voltage charging state in response to the detected 
battery voltage exceeding the battery voltage threshold 
value of the first charging circuit. 

7. The circuit of claim 1 wherein the first and second 
charging circuits, each, further comprises a Voltage sensor 
operable to sense a Voltage level of a battery connected to 
the battery charging circuit. 

8. A circuit comprising: 
a first charging circuit comprising a charging output; 
a second charging circuit comprising a charging output: 

and 
a battery terminal connectable to a battery to be charged, 

the charging output of the first charging circuit con 
nected to the battery terminal, the charging output of 
the second charging circuit connected to the battery 
terminal, wherein the first charging circuit and the 
second charging circuit are configured to collectively 
charge the battery, 

the second charging circuit is configured to perform a first 
change of a charging state of a battery charging opera 
tion from a first state to a second state in response to a 
detected battery voltage level exceeding a second 
threshold Voltage level, while keeping a charging state 
of a battery charging operation of the first charging 
circuit at the first state, 

wherein after the first change, the first charging circuit is 
configured to perform a second change of the charging 
state of a battery charging operation from the first state 
to the second state in response to a detected battery 
voltage level exceeding a first threshold voltage level 
that is higher than the second threshold voltage level. 

9. The circuit of claim 8 wherein the first charging circuit 
further comprises a status output indicative of occurrence of 
a fault event and the second charging circuit further com 
prises an enable control input to enable or disable a battery 
charging operation in the second charging circuit, the status 
output of the first charging circuit connected to the enable 
control input of the second charging circuit. 

10. The circuit of claim 8 wherein, in the first charging 
circuit and the second charging circuit, the battery charging 
operation operates in a constant current charging state and in 
a constant Voltage charging State. 

11. The circuit of claim 10 wherein the battery charging 
operation in the first charging circuit begins in the constant 
current charging state and Switches to the constant Voltage 
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charging state Subsequent to the detected battery voltage 
level exceeding the first threshold voltage level, and the 
battery charging operation in the second charging circuit 
begins in the constant current charging state and Switches to 
the constant Voltage charging state Subsequent to the s 
detected battery voltage level exceeding the second thresh 
old voltage level. 

12. The circuit of claim 8 wherein the first charging circuit 
and the second charging circuit, each, further comprises a 
respective Voltage regulator to generate charging power 
output by the respective charging output. 

13. The circuit of claim 12 wherein the first charging 
circuit and the second charging circuit, each, further com 
prises a respective battery FET connected an output of the 
respective voltage regulator, an output of the battery FET of 
the first charging circuit and an output of the battery FET of 15 
the second charging circuit being connected to the battery 
terminal. 

14. The circuit of claim 12 wherein each respective 
Voltage regulator is a buck converter. 

15. A circuit comprising: 
first means for generating power, the first means com 

prising output means for providing power to a battery 
to be charged; and 

second means for generating power, the second means 
comprising output means for providing power to the as 
battery to be charged, 

wherein the output means of the first means and the output 
means of the second means being connected together, 
and wherein the first means and the second means 
collectively charge the battery; 3 

the first means further comprising means for controlling a 
battery charging operation thereof based on comparing 
a detected battery voltage value with a first battery 
threshold voltage value, 
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the second means further comprising means for control 

ling a battery charging operation thereof based on 
comparing the detected battery Voltage value with a 
second battery threshold voltage value, 

the first battery threshold voltage value being different 
from the second battery threshold voltage value. 

16. The circuit of claim 15 wherein the battery charging 
operation in the second means terminates before the battery 
charging operation in the first means. 

17. The circuit of claim 15 wherein the first means and 
second means, each, includes a voltage regulator. 

18. The circuit of claim 17 wherein the voltage regulator 
in the first means and second means is a buck regulator. 

19. The circuit of claim 15 wherein the first means and 
second means, each, includes a voltage sensor to detect 
battery Voltage. 

20. The circuit of claim 15 wherein the battery charging 
operation in the first means and in the second means, each, 
includes a constant current mode and a constant Voltage 
mode. 

21. The circuit of claim 20 wherein the battery charging 
operation in the first means and in the second means, each, 
begins in the constant current mode and Subsequently 
Switches to the constant Voltage mode. 

22. The circuit of claim 20 wherein the battery charging 
operation in the first means and in the second means, each, 
Switches from the constant current mode to the constant 

0 voltage mode in response to the detected battery voltage 
value exceeding the first battery threshold voltage value and 
the second battery voltage value, respectively. 
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