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ELECTRIC CHARGER AND POWER SUPPLY
DEVICE FOR PORTABLE TERMINAL

circuit con?guration of the electric charger is disadvanta
geously complicated. In addition, in a portable terminal
using a lithium ion battery, the battery is exchanged in a
suspend state. HoWever, since the suspend state of the device

TECHNICAL FIELD

is held While the battery is removed from the device, an
auxiliary battery such as a disposable lithium battery is
arranged in the device. For this reason, the auxiliary battery
must be also exchanged periodically or in shortage of battery

The present invention relates to an electric charger for
charging a battery used in a portable terminal and a power

supply device for a portable terminal, and more particularly,
to an electric charger for appropriately charging a lithium
ion battery and a poWer supply device for a portable terminal

capacity. HoWever, since the auxiliary battery is occasion
ally exchanged, a neW battery is not prepared, or the

for appropriately performing exchange of batteries.

batteries are cumbersomely exchanged because of inexpe
rience. Furthermore, the auxiliary battery must be stored to

BACKGROUND ART

have a structure in Which the battery can be exchanged.

Accordingly, the device structure is complicated, and the
In recent years, elements decrease in siZe, the degrees of

device cannot be easily reduced in siZe and Weight as a

portable terminal.

integration of LSIs increases, and the performances of CPUs
are improved. Therefore, a portable telephone, personal
computer communication, the intemet, communication

DISCLOSURE OF INVENTION

equipment are enriched, so that portable terminals such as

notebook computer, handy terminals, and mobile computers

20

According to the present invention, there is provided an
electric charger for a lithium ion battery Which can electri

increase in trade. Such a portable terminal is driven by a

battery and is frequently operated on the assumption that

cally charge batteries having different numbers of cells,

batteries are exchanged. For this reason, a spare battery must

prevents Wasteful poWer consumption in an out-of-use state,
and can cancel a battery cutolf operation With a simple
circuit.
According to the present invention, there is provided a
poWer supply device for a portable terminal Which does not
use an auxiliary battery required in exchange of batteries.

be electrically charged by an electric charger. As batteries for
portable terminals, in recent years, lithium ion batteries are
rapidly diffused. The lithium ion battery has an energy
density per Weight Which is about three times that of a
nickel-cadmium or nickel metal hydride battery and an
energy density per volume Which is tWice that of a nickel
cadmium or nickel metal hydride battery. The nickel ion

25

30

battery is a compact and light-Weight battery having a large
capacity, and is used in various portable devices. The lithium

The electric charger according to the present invention
includes: a charging circuit for outputting a charging voltage
depending on the number of battery cells built in a battery
in a supply state of an external poWer supply; and a charging

ion battery uses a battery cell Which generates 3.6 V as a

control unit for turning on a sWitch unit arranged on a

base unit. Battery cells the number of Which is dependent on

connection path extending from the charging circuit to the
battery When connection of the battery is detected, and is
characterized in that, in the charging control unit, a cell

a poWer supply voltage required by the portable terminal are

35

stored in a cylindrical or square package. For example, a

tWo-cell battery generates 7.2 V, and a three-cell battery
generates 10.8 V.
HoWever, the numbers of battery cells used in lithium ion
batteries used portable terminals of different types are dif
ferent from each other. It is actual that electric chargers

decision unit for deciding the number of battery cells on the
basis of an output voltage of the battery detected in non
charging state in Which the sWitch unit is turned off and a
40

of the charging circuit in accordance With the number of
battery cells decided by the cell decision unit are arranged.

dedicated to the respective terminals are used. The number

of electric chargers increases as the number of portable
terminals increases, and it is disadvantageously cumbersome
that the electric chargers are selectively used. When an AC
adapter is connected to a conventional electric charger, the

internal circuit of the electric charger operates Without
inserting a battery into the electric charger to consume
Wasteful poWer. Furthermore, a protection circuit for cutting
off the battery output in an overdischarging state is built in
the lithium ion battery. In this cutolf state, a battery abnor

voltage determination unit for determining an output voltage
In this case, the charging circuit uses a DC/DC converter

45

50

Which can change an output voltage by a signal from the
voltage determination unit. The battery is a lithium ion
battery. In this manner, since the number of cells is deter
mined on the basis of the voltage of a connected battery to
determine a charging voltage before charging is started, even
batteries having different numbers of battery cells can be

electrically charged by using the same charger. Therefore,
the types of necessary chargers can be reduced in number

mal signal (battery alarm signal) is output from a dedicated

even though portable terminals using batteries decrease in

terminal to the outside of the battery. The cutoff state of the
lithium ion battery can be canceled by applying an external

number.

battery. HoWever, even though the lithium ion battery in the
cutoff state is connected to the electric charger, the cutoff
state cannot be canceled. This is because a battery voltage
cannot be obtained by the cutoff operation, or the battery
abnormal signal is in the same signal state as a battery
disconnection state When vieWed from the electric charger.
For this reason, even though the lithium ion battery in the
cutoff state is connected to the electric charger, battery
disconnection is detected, and a charging voltage is not
supplied. For this reason, the cutoff state cannot be canceled.
Therefore, in a conventional art, a voltage is supplied such
that a battery connection is detected by a microsWitch, or

periodical voltage application must be performed, so that the

Another electric charger according to the present inven
55

tion includes: a charging circuit for outputting a charging
voltage depending on the number of battery cells built in a
battery in a supply state of an external poWer supply; a

charging control unit for turning on a sWitch unit arranged
on a connection path extending from the charging circuit to
60

the battery When connection of the battery is detected; and
an internal poWer supply circuit for applying a predeter
mined poWer supply voltage to the charging control unit in
the supply state of the external poWer supply to operate the

65

charging control unit, and is characterized in that an external
poWer supply detection circuit for detecting a supply of the
external poWer supply, a battery connection detection circuit
for detecting a connection of the battery, and a poWer supply

US 7,183,748 B1
3
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control circuit for operating the poWer supply circuit to
supply a poWer to the charging control unit When the supply
of both the external poWer supply and the battery connection

capacity in a farad order, and can assure a backup time
Which is suf?cient as a backup time of the auxiliary poWer

supply.

are detected from detection signals from the external poWer

supply detection circuit and the battery connection detection

BRIEF DESCRIPTION OF DRAWINGS

circuit and for setting the poWer supply circuit in a stop state
to stop the poWer supply to the charging control circuit When
only at least one of the supply of the external poWer supply
and the connection of the battery are arranged. The poWer
supply control circuit is an AND circuit for outputting a
logical AND of detection signals of the external poWer

FIG. 1 is a circuit block diagram of the ?rst embodiment

of the present invention;
FIG. 2 is a circuit block diagram of a battery pack in FIG.

1;
FIG. 3 is a circuit diagram of a DC/DC converter in FIG.

supply detection circuit and the battery connection detection
circuit. In this manner, in the electric charger according to
the present invention, When the battery is not connected in

FIG. 3;

the supply state of the external poWer supply set by con
necting an AC adapter, the internal poWer supply circuit of

1;

1;
FIG. 4 is a circuit block diagram of a control circuit in
FIG. 5 is a How chart of a charging control process in FIG.

the charging control unit is set in a stop state to prevent
Wasteful poWer from being consumed in a standby state.

FIG. 6 is a diagram for explaining the correspondence
betWeen the numbers of cells and battery voltages;

Still another electric charger according to the present
invention includes: a charging circuit for outputting a charg

FIG. 7 is a circuit block diagram of the second embodi
20

ing voltage depending on the number of battery cells built in
a battery in a supply state of an external poWer supply; and
a charging control unit for turning on a sWitch unit arranged
on a connection path extending from the charging circuit to

the battery When connection of the battery is detected, and

tics of an AND circuit in FIG. 7;
FIG. 9 is a circuit block diagram of the third embodiment
25

supply device according to the present invention;
FIG. 11 is a time chart of an output voltage obtained by
a backup DC/DC converter in FIG. 10 When a battery is

battery is detected is arranged. This cutolT canceling circuit
30

removed; and
FIG. 12 is a block diagram of a conventional portable

output of the charging circuit, a second FET sWitch Which

terminal poWer supply device.

has a source connected to the drain of the ?rst FET sWitch
and a drain connected to the battery and Which is ON/OFF

controlled by the charging control unit, and a sWitch control
circuit for turning on the ?rst FET sWitch in a disconnection

of the present invention;
FIG. 10 is a block diagram of a portable terminal poWer

is characterized in that a cutolT canceling circuit for output
ting a canceling voltage for canceling a cutolT state set by
overcharging of the battery When disconnection of the
includes a ?rst FET sWitch having a source connected to the

ment of the present invention;
FIG. 8 is a table for explaining input/output characteris

35

BEST MODE FOR CARRYING OUT THE
INVENTION

state of the battery to supply a charging voltage for canceling
the cutolT state to the battery through a parasitic diode of the

FIG. 1 is a circuit block diagram of the ?rst embodiment
of an electric charger according to the present invention. An
electric charger 10 according to the present invention is used

second FET sWitch in an OFF state. This sWitch control
circuit is an OR circuit to Which a battery abnormal signal

(battery alarm signal) output from the battery and a sWitch
on signal output from the charging control unit in the
detection of the battery connection are input. For this reason,
a charging voltage is applied to a battery connection terminal
of the electric charger according to the present invention

40

through a path Which alWays passes through the parasitic

45

electrically charged is connected to the electric charger 10
through terminals 15-1, 15-2, and 15-3. As the battery pack

diode of the FET sWitch. When a battery set in a cutolT state

by the operation of the protection circuit due to overcharging
is connected to the electric charger, a voltage is applied to
the battery to cancel the cutolT state. Therefore, the cutolT
state can be canceled by a simple circuit.

A poWer supply device for a portable terminal according

are stored as a normal battery voltage of 10.8 V. The terminal
55

poWer supply from an auxiliary poWer supply and operates
When the battery is removed to supply a poWer to the main
circuit unit to back up the main circuit unit, and is charac
teriZed in that, as the auxiliary poWer supply, a capacitor
60

15-1 of the electric charger 10 is a positive terminal, the
terminal 15-2 is a negative terminal, and the terminal 15-3
is an input terminal of a battery abnormal signal (battery

alarm signal) E1 output from the battery pack 12. The
battery abnormal signal E1 is output When overcharging or
overdischarging is detected by a protection circuit built in

the battery pack 12. More speci?cally, When the battery pack
12 normally generates a battery voltage, the battery abnor

converter is connected. As the capacitor connected as the

auxiliary poWer supply, an electric double layer capacitor is
used. Since the capacitor electrically charged by the poWer
supply on the main side is connected in place of the auxiliary
battery, the auxiliary battery need not be exchanged. As a
result, a portable terminal decreases in siZe and Weight. The
electric double layer capacitor is compact but has a large

invention, a battery pack 12 in Which tWo or three lithium
ion battery cells are stored is used as a targeted. The battery
pack 12 in Which tWo cells are stored has a normal battery

voltage of 7.2 V, and the battery pack 12 in Which three cells

Which receives a poWer supply from a chargeable battery to
supply a stable poWer supply to a main circuit unit of the

electrically charged by an output voltage of the ?rst DC/DC

12, a lithium ion battery is used and has, e.g., a cylindrical
package structure in Which a plurality of lithium ion battery
cells are built. The plurality of lithium ion battery cells
stored in the battery pack 12 generate a battery voltage of 3 .6
V each. As the battery pack 12 Which can be electrically

charged by the electric charger 10 according to the present
50

to the present invention includes: a ?rst DC/DC converter

device; and a second DC/DC converter Which receives a

such that a plug 16 of an AC adapter 14 is connected to an

outlet of an AC poWer supply. A battery pack 12 to be

mal signal is at an H level. When abnormality such as

overdischarging or overcharging is detected, the battery
65

abnormal signal is set at an L level Which represents an

abnormal output state. In addition, When abnormality such
as overdischarging or overcharging is detected by the battery

US 7,183,748 B1
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pack 12, a battery output is set in a cutoff state by the
operation of a built-in switch element.
In the electric charger 10, a charging DC/DC converter
18, an FET sWitch 20, a charging control unit 22, an internal
poWer supply DC/DC converter 24, a battery connection
detection circuit 26, and a battery voltage detection circuit
28 are arranged. The charging DC/ DC converter 18 converts
a DC input voltage from the AC adapter 14 into a charging

of a charging voltage based on the decided number of cells

is performed by the voltage determination unit 32, so that
charging control is started. In this case, the charging control
unit 22, the battery voltage detection circuit 28, and the
battery connection detection circuit 26 are realiZed by dedi

cated microprocessors.
FIG. 2 shoWs an example of the battery pack 12 electri

cally charged by the electric charger 10. The battery pack 12

voltage V1 required for charging the battery pack 12 to
output the charging voltage V1. In this case, the charging

builds a lithium ion battery 40. In this example, three lithium
battery cells 42-1, 42-2, and 42-3 each having a normal
battery voltage of 3.6 V are connected in series of each other,
thereby obtaining a normal battery voltage of 10.8 V. A
charging line is connected to the positive side of the lithium
ion battery 40 through MOSFET sWitches 44 and 46 AND
connected from a positive terminal 34-1, and a signal line is
connected to the battery negative side of the lithium ion
battery 40 from a negative terminal 34-2. A protection
control circuit 48 is arranged in the battery pack 12. The

voltage V1 of the charging DC/DC converter 18 is sWitched
to a charging voltage corresponding to the tWo cells or the

three cells of the battery pack 12 by a charging voltage
control signal E4 from the charging control unit 22. When
the battery pack 12 outputs a voltage of 10.8 V Which is the

normal battery voltage of the three cells, the charging
DC/DC converter 18 outputs, e.g., V1:12.3 V as the charg

ing voltage V1. When the battery pack 12 outputs a voltage
of 7.2 V Which is the normal battery voltage of the tWo cells,
the charging DC/DC converter 18 outputs, e. g., V1:8.2 V as

20

protection control circuit 48 receives battery voltages
through resistors 50, 52, and 54 to detect battery voltages of

the charging voltage V1. As a matter of course, the charging
voltage V1 corresponding to the tWo cells or the three cells
may be a voltage Which is higher than the normal battery

the lithium battery cells 42-1 to 42-3.
The FET sWitch 44 is a sWitch Which is turned off by

voltage by a predetermined ratio, and an appropriate charg
ing voltage is determined as needed. The charging control
unit 22 operates by receiving a poWer supply voltage V2

FET sWitch 44 is a P-channel MOSFET. A resistor 49 is

detection of overcharging. More speci?cally, the N-channel
25

from the internal poWer supply DC/DC converter 24 in an

external poWer supply state obtained by the AC adapter 14.
In this operation state, When connection of the battery pack
12 to the electric charger 10 is detected, the number of cells
is decided on the basis of the battery voltage obtained at this

time. A charging voltage corresponding to the number of
cells is determined, and the charging voltage V1 of the
charging DC/DC converter 18 is controlled by the charging
voltage control signal E4. Subsequently, the FET sWitch 20

30

35

is turned on by a control signal E5 to start charging of the

In a normal state, a control signal E12 goes to an H level, and
the MOSFET is in a high impedance state. For this reason,
the FET sWitch 44 is turned on by biasing by the resistor 49.
When the control signal E12 goes to an L level in detection
of overdischarging, the MOSFET 43 is turned on, and a PET
sWitch 45 is turned o?‘.
The MOSFET sWitch 46 is a sWitch Which is turned off by

detection of overdischarging. More speci?cally, the MOS
FET sWitch 46 is a P-channel MOSFET. In a normal state,
the MOSFET sWitch 46 is turned on When a control signal
E13 is at an L level. The MOSFET sWitch 46 is turned off
When the control signal E12 goes to an H level in detection

battery pack 12. For this reason, in the charging control unit
22, the functions of a cell decision unit 30 and a voltage
determination unit 32 are set. The cell decision unit 30

decides on the basis of the battery voltage of the battery pack
12 detected by the battery voltage detection circuit 28

connected betWeen the drain and the gate of the FET sWitch
44. The gate of the FET sWitch 44 is connected to the source
of an inverting P-channel MOSFET 43 through a resistor 51.

40

of overdischarging. In overcharging protection performed
by the protection control circuit 48, the battery voltages of

Whether the number of cells is tWo or three. On the basis of

the lithium battery cells 42-1 to 42-3 are monitored in

the decision result of the number of cells of the battery pack
12 obtained by the cell decision unit 30, the voltage deter
mination unit 32 controls the charging DC/DC converter 18

charging, and overcharging is decided When the voltage of

by the charging voltage control signal E4 such that the

any one of the battery cells becomes, e.g., 4.25:0.06 V or
more, and the FET sWitch 44 is turned off by the control
signal E12. More speci?cally, in a normal state, the control

charging voltage V1:8.2 V is obtained When the number of
cells is tWo and the charging voltage of 12.3 V is obtained

HoWever, When overdischarging is detected, the control

When the number of cells is three.
The battery connection detection circuit 26 detects the
presence/absence of battery connection on the basis of the

45

signal E12 goes to an H level to turn on the FET sWitch 44.

signal E12 goes to an L level to turn off the FET sWitch 44.
50

Which the MOSFET sWitch 46 is turned off is that the
voltages of all the lithium battery cells 42-1 to 42-3 decrease
4.05:0.11 V by self-discharging or discharging.

state of the battery abnormal signal E1 When the battery pack
12 is connected to the electric charger 10. More speci?cally,
in the battery pack 12 connected to the electric charger 10,
in a normal state, the battery abnormal signal E1 is set in an

An overdischarging protection operation performed by
55

the protection control circuit 48 Will be described beloW. In

the overdischarging protection operation, overdischarging is

H-level state representing normal When the internal protec
tion circuit does not operate. The battery connection detec
tion circuit 26 detects the H-level state of the abnormality

detection signal E1 from the battery pack 12 to recogniZe
battery connection and outputs a battery connection detec
tion signal E2 to the charging control unit 22. When the
charging control unit 22 receives the battery connection
detection signal E2 from the battery connection detection
circuit 26, the charging control unit 22 recogniZes connec
tion of the electric charger 10 of the battery pack 12.
Decision of the number of cells based on the battery voltage
is performed by the cell decision unit 30, and determination

The canceling condition of the overcharging protection in

60

decided When the voltage of any one of the lithium battery
cells 42-1 to 42-3 decreases to 2.40:0.10 V, and the MOS
FET sWitch 46 is turned off by the control signal E13. In a
normal state, the control signal E13 goes to an L level to turn
on the MOSFET sWitch 46. When overdischarging is
detected, the control signal E13 goes to an H level to turn off

the MOSFET sWitch 46. The canceling condition of the

overdischarging protection is that the voltages of all the
65

lithium battery cells 42-1 to 42-3 are recovered to, e.g.,
3.10:0.15 V. This condition can be canceled by application
of an external poWer. More speci?cally, in an overdischarg
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ing protection state, the FET switch 44 is in an ON state, and

protection control circuit 48 detects overcharging or over

normal. The H level of the battery abnormal signal E1 is
detected by the battery connection detection circuit 26 to
output the battery connection detection signal E2 to the
charging control unit 22. Therefore, in the charging control
process, When the battery pack 12 is connected, the pres
ence/absence of battery connection is checked in step S1.
When the battery connection detection signal E2 is normally
obtained, it is decided that the battery connection is present,
and the control How shifts to step S2. At this time, a battery

discharging to perform a cutoff operation, the protection
control circuit 48 outputs the battery abnormal signal E1 to

voltage detection signal E3 corresponding to the battery
voltage of the battery pack 12 detected by the battery voltage

the MOSFET sWitch 46 is in an OFF state. However, When
an external voltage is applied across the terminals 34-1 and

34-2, a charging current ?oWs in the lithium ion battery 40
through a parasitic diode 47 of the MOSFET sWitch 46 set
in an OFF state to recover the voltages of the lithium battery
cells 42-1 to 42-3 to 3.10:0.15 V, so that a cutoff state set

by overcharging protection can be canceled. When the

the terminal 34-3. The battery abnormal signal E1 goes to an

detection circuit 28 is loaded. In step S3, it is decided

H level in a normal state, and goes to an L level in an

Whether the battery voltage is 9 V or more or not. In the cell

abnormal state in Which overdischarging or overcharging is

decision unit 32 arranged in the charging control unit 22 in
FIG. 1, a threshold voltage of cell decision for the battery
voltage as shoWn in FIG. 6 is set in advance. Avoltage range

detected. As the battery pack 12 to be electrically charged
according to the present invention, for example, a lithium
ion battery 3UR18650 available from Sanyo Electric can be
used.
FIG. 3 is a circuit block diagram of the charging DC/DC
converter 18 used in the electric charger 10 in FIG. 1. The
charging DC/DC converter 18 is constituted by a chopper

ofa tWo-cell battery is a range of, e.g., a 6.0 to 8.4 V, and
a voltage range of a three-cell battery is a range of 9.0 to 12.4
V. For this reason, as the threshold voltage for deciding the
20

tWo-cell battery or the three-cell battery, for example, 9 V is
set. For this reason, When the battery voltage is 9 V or more
in step S3 in FIG. 5, the control How shifts to step S4 to

circuit. More speci?cally, an input capacitor 70 is arranged
subsequently to input terminals 66 and 68, and a control

decide the three-cell battery pack. In step S5, a charging

circuit 74 in Which a sWitch element is built is connected in
series With an inductance 72. A rectifying Zener diode 76 is
connected to a branched terminal of the inductance 72, and
a smoothing capacitor 78 and a resistor 80 serving as a
dummy load are connected to the output side of the Zener
diode 76, so that constant charging voltages are output from
output terminals 82 and 84. The control circuit 74 has a
CONT terminal (control terminal), a VSS terminal, a VOUT
terminal, an ON/OFF terminal, and an SET terminal. To the

voltage for the three-cell battery, e.g., V1:12.3 V is set. In
25

battery voltage in charging is monitored. For example, When
the battery voltage is recovered to a predetermined charging
voltage, the end of charging is determined in step S7, and the
30

SET terminal of these terminals, a charging voltage control

shoWn in FIG. 1 according to the present invention, even
35

though the battery pack 12 has the various numbers of cells,
the number of cells of the battery pack 12 is automatically
decided by the electric charger 10, so that the battery pack
12 can be electrically charged by a corresponding charging
voltage. Even though the number of types of portable

40

terminals increases, the number of electric chargers can be
prevented from increasing. In the embodiment in FIG. 1, as
the number of cells of the battery pack 12, tWo or three is
employed. HoWever, as the battery pack 12, a one-cell

104, an error ampli?er 102 for detecting an error, a PFM

control circuit 106 for modulating a signal into a pulse
frequency signal depending on the error, and a driver 108
using an inverter. In this case, the control signal E4 from the
charging control unit 22 shoWn in FIG. 1 is input to the
reference voltage source 104 by a SET terminal 95. When
the reference voltage is sWitched, a charging voltage corre

battery pack may be employed, or a battery pack including
45

FIG. 7 is a circuit block diagram of the second embodi
ment of an electric charger according to the present inven
tion. The second embodiment is characteriZed in that a
50

poWer consumption caused by an external poWer supply

55

pack is not electrically charged is reduced. An electric
charger 10 receives an external poWer supply by the AC
adapter 14. A battery pack 12 is connected to terminals 15-1,
15-2, and 15-3 in charging. In the electric charger 10, a

from an AC adapter in a standby state in Which a battery

the input terminals 66 and 68 regardless of the external
control to turn on the MOSFET 98.

FIG. 5 is a How chart of a control process by the charging
control unit 22 of the electric charger 10 in FIG. 1. When the

battery pack 12 is electrically charged by the electric charger

four or more cells, i.e., the proper number of cells may be
employed as a matter of course.

sponding to the tWo cells or three cells can be sWitched. In

addition, When an external control signal is supplied to a
terminal 100, the start and stop of the control circuit 74 can
be controlled by turning on or off the MOSFET 98. The
charging DC/DC converter 18 in FIG. 3 is a self-start type
DC/DC converter in Which a control voltage is applied to the
terminal 100 by a poWer supply from the AC adapter 14 for

series of processes are completed. With respect to the

in-charging and the end of charging, for example, the
in-charging and the end of charging are indicated by a
display or the like (not shoWn). In the electric charger 10

signal E4 for sWitching and setting a charging voltage is
supplied from a control terminal 85.
FIG. 4 is a circuit block diagram of the control circuit 74
in FIG. 3. The control circuit 74 is provided as a control IC,
and is constituted by a MOSFET 88 Which operates as an
inverter sWitch, resistors 94 and 96 for dividing an output
voltage of a VOUT terminal 90, a MOSFET 98 for ON/OFF
controlling the control circuit 74, a reference voltage source

step S6, charging control is performed by turning on the FET
sWitch 20 in FIG. 1. In this charging control process, a

60

10 in FIG. 1, a state in Which the plug 16 of the AC adapter

charging DC/DC converter 18, a PET sWitch 20, a charging
control unit 22, an internal poWer supply DC/DC converter
24, a battery connection detection circuit 26, and a battery
voltage detection circuit 28 are arranged. Such a circuit
con?guration of the electric charger 10 is basically the same
as that of the electric charger 10 of the ?rst embodiment. In

14 is inserted into an AC outlet to supply an external poWer

addition, in the electric charger 10 according to the second

to the electric charger 10 is set. In this state, the battery pack
12 to be electrically charged is also connected to the electric
charger 10. When the battery pack 12 is connected to the

embodiment in FIG. 7, an external poWer supply detection
circuit 110 and an AND circuit 112 are neWly arranged. The
external poWer supply detection circuit 110 detects a poWer
supply from the AC adapter 14 to output an external poWer
supply detection signal E7 to the AND circuit 112. The AND

electric charger 10, the battery abnormal signal E1 output
from the battery pack 12 is at an H level representing
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circuit 112 further receives a battery voltage detection signal
E3 from the battery connection detection circuit 26, and
calculates a logical AND of detection signals of the external

MOSFET and a PET sWitch 114 are connected betWeen the

poWer supply detection signal E7 and the battery voltage

to form an AND circuit. The FET sWitch 20 is the same as

detection signal E3 to output a control signal E8 to the
internal poWer supply DC/DC converter 24.
FIG. 8 is a logical table of inputs/outputs of the AND

that in the ?rst embodiment in FIG. 1 and the second
embodiment in FIG. 7. The FET sWitch 20 is a sWitch Which
is turned on by an H level of a control signal E5 from the

charging DC/DC converter 18 and the charging line on the
connection side of the battery pack 12 of the terminal 15-1

circuit 112 in FIG. 7. In this logical table, the battery voltage

charging control unit 22 in charging and Which is turned off
by an L level set by completion of charging. Actually, as
shoWn in FIG. 9, a biasing resistor 21 is connected betWeen

detection signal E3 goes to an H level When battery con
nection is detected, and goes to an L level When no battery

connection is detected. The external poWer supply detection

the drain and the gate, and the gate is connected to the source
of a P-channel MOSEFT 122 through a resistor 124. A

signal E7 goes to an H level When an external poWer supply
is detected, and goes to an L level When no external poWer

control signal E51 is supplied from the charging control unit

supply is detected. For this reason, the internal poWer supply
control signal E8 from the AND circuit 112 goes to an H

22 to the gate of the MOSEFT 122. The control signal E51

level When both the detection of the external poWer supply
and the detection of the battery connection are performed to

goes to an H level in detection of battery connection to turn

turn on the internal poWer supply DC/DC converter 24. In
contrast to this, When there is at least one L-level input
Where at least one of the battery connection detection and/or

off the MOSEFT 122. At this time, the control signal E5 also
goes to an L level to turn off the FET sWitch 20. The control

signal E51 goes to an L level in detection of battery
20

external poWer supply detection is not performed, the inter
nal poWer supply control signal E8 goes to an L level to turn
off the internal poWer supply DC/DC converter 24. For this
reason, in a standby state in Which the battery pack is not

electrically charged While supplying an external poWer
supply from the AC adapter 14, the internal poWer supply

disconnection to turn on the MOSEFT 122. AT this time, the
control signal E5 goes to an L level to turn off the FET
sWitch 20. The FET sWitch 114 is a sWitch Which is neWly

arranged to prevent a battery voltage from the battery pack
12 from being consumed by ?oWing into the circuit of the
25

electric charger 10 When the battery pack 12 is connected to
the electric charger 10 in a state in Which no poWer is

DC/DC converter 24 is turned off by the AND circuit 112.

supplied from the AC adapter 14. More speci?cally, When

Therefore, a poWer supply voltage V2 to the charging
control unit 22 is not supplied, and the operation of the
charging control unit 22 is stopped. For this reason, the start
control signal E5 to the charging DC/DC converter 18 also

the battery pack 12 is connected in the state in Which no

goes to an L level to turn off the internal poWer supply
DC/DC converter 24. In this case, although the internal
poWer supply DC/DC converter 24 has the same circuit
con?guration as that of the ?rst embodiment in FIG. 3, an
ON/OFF terminal 100 of the control circuit 74 is not
commonly connected to a VOUT terminal 90. The control
signal E8 from the AND circuit 112 in FIG. 7 is supplied to
the ON/OFF terminal 100. When the control signal E8 is at
an L level, the MOSFET 98 is turned off, and the operation
of a PFM control circuit 106 is also stopped. As a result, the
operation of the internal poWer supply DC/ DC converter 24

is stopped, and the poWer supply voltage V2 is not output.
In this manner, in the electric charger 10 according to the
second embodiment shoWn in FIG. 7, in the standby state in

30

an H level representing a normal state, and the FET sWitch
20 is turned on on the basis of detection of battery connec
35
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supplied to the input side, and the poWer is consumed. For
this reason, the FET sWitch 114 Which is turned on in the
45

battery disconnection state including the cutoff state of the

battery pack 12, so that the battery voltage from the battery
pack 12 is prevented from being input, supplied, and con

sumption caused by the charging control unit 22 is prevented
by stopping the operation of the internal poWer supply
50

sumed. As the FET sWitch 114, a P-channel MOSFET is
used. The FET sWitch 114 is turned o?fwhen a control signal
E10 to the gate is at an H level, and is turned on When the
control signal E10 is at an L level. Of the tWo FET sWitches
114 and 20 Which are connected to the charging line of the
charging DC/DC converter 18 to form an AND circuit, the
FET sWitch 114 Which is arranged to prevent poWer con

55

sumption caused by connection of the battery pack 12 in a
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state in Which an external poWer supply is not supplied is
used to automatically perform an operation of canceling a
cutoff state set When the battery pack 12 the battery output
of Which is set in a cutoff state by overdischarging protec
tion. In order to cancel the cutoff state of the battery pack 12,

AC adapter 14. A battery pack 12 to be electrically charged
is connected to terminals 15-1, 15-2, and 15-3. In the electric
charger 10, a charging DC/DC converter 18, a charging

tion by the battery connection detection circuit 26. At this
time, although the charging control unit 22 does not operate,
the battery abnormal signal E1 in the H-level state passes
through the battery connection detection circuit 26 and the
charging control unit 22, and directly becomes the control
signal E51 to turn off the MOSEFT 122. Therefore, the FET
sWitch 20 is directly turned on by the battery abnormal
signal E1. In this case, When only the FET sWitch 20 is

arranged, the battery voltage from the battery pack 12 is

Which the battery pack 12 is not connected, a poWer con

DC/DC converter 24. Therefore, the poWer consumption in
the standby state can be suppressed.
FIG. 9 is a circuit block diagram of the third embodiment
of an electric charger 10 according to the present invention.
The third embodiment is characteriZed in that, When a
battery pack in Which a detection output is cut off by
overdischarging protection is connected to the electric
charger, the cutoff state can be automatically canceled. The
electric charger 10 receives an external poWer supply by the

poWer is supplied from the AC adapter 14, the battery
abnormal signal E1 output from the battery pack 12 is set at

a neW OR circuit 116 is arranged. The battery abnormal

control unit 22, an internal poWer supply DC/DC converter
24, a battery connection detection circuit 26, and a battery
voltage detection circuit 28 are arranged. Such a circuit

signal E1 from the battery pack 12 is input to the OR circuit
116. A control signal E9 is input from the charging control

con?guration of the electric charger 10 is basically the same
in FIG. 7. In addition, in the electric charger 10 according to

unit 22 to the OR circuit 116. The control signal E9 goes to
an H level in detection of disconnection to turn off the FET
sWitch 114, and goes to an L level in detection of battery

the third embodiment, an FET sWitch 20 using an N-channel

connection to turn on the FET sWitch 114. For this reason,

as that of the electric charger 10 of the second embodiment
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a cutoff canceling circuit 115 according to the third embodi
ment is constituted by the OR circuit 116 and the FET
sWitches 20 and 114.
An operation of the electric charger 10 in FIG. 9 Will be

constituted by the battery pack 12 and the main DC/DC
converter 202, a backup auxiliary poWer supply unit Which
backs up a poWer supply for maintaining the main circuit
unit 204 in a suspend state When the battery pack 12 is

exchanged is arranged. As the auxiliary poWer supply unit,
according to the present invention, the auxiliary poWer
supply capacitor 212 is connected to the input of a backup
DC/DC converter 214, and the auxiliary poWer supply
capacitor 212 is electrically charged by an output voltage

described below. When the battery pack 12 the battery
output of Which is cut off by an overdischarging protection
operation is connected to the electric charger 10 set in a
standby state in Which the electric charger 10 receives a

poWer supply from the AC adapter 14, the battery abnormal
signal E1 from the battery pack 12 is at an L level. For this
reason, the control signal E10 from the OR circuit 116 also

from the main DC/DC converter 202 through a diode 216.
The backup DC/DC converter 214 supplies a poWer to the
main circuit unit 204 and a backup circuit unit 210. The

goes an L level to turn on the FET sWitch 114. Therefore, the

backup circuit unit 210 operates When the battery pack 12 is

charging voltage V1 from the charging DC/ DC converter 18
is applied to the battery pack 12 through a parasitic diode
120 of the FET sWitch 20. At this time, the battery pack 12,

removed, and sets the main circuit unit 204 in a suspend

state. As the auxiliary poWer supply capacitor 212, a large

as shoWn in FIG. 2, the FET sWitch 44 is in an ON state, and
the MOSFET sWitch 46 is in an OFF state for overdischarg

capacity electric double layer capacitor Which is knoWn as a

ing protection. When the charging voltage V1 is applied

has small dimensions, i.e., a diameter of about 7 to 20 mm
and a thickness of 1.4 to 2.2 mm, but has a very large
capacitance, e.g., 0.10 farads to 2.0 farads. When such an

across the terminals 34-1 and 34-2, the charging voltage is
applied to the lithium ion battery 40 through the FET sWitch

super capacitor is used. The electric double layer capacitor
20

electric double layer capacitor having a suf?cient capacity is
used as the auxiliary poWer supply capacitor 212, the

44 set in the ON state and the parasitic diode 47 of the
MOSFET sWitch 46 set in the OFF state. When the battery
voltages of the lithium ion battery cells 42-1 to 42-3 are
recovered to 3.10:0.15 V With this application of the charg

ing voltage, the control signal E13 of the protection control

suspend state of the main circuit unit 204 Which is necessary

in exchange of the battery pack 12 can be maintained for,
25

suspend state of the auxiliary poWer supply capacitor 212
using the electric double layer capacitor in FIG. 10. The

When the cutoff state of the battery pack 12 is canceled, the
battery abnormal signal E1 returns from the L level Which
has been set to the H level representing a normal state, and

e.g., about several minutes.

FIG. 11 shoWs a change in voltage drop With time in the

circuit 48 returns from the H level to the L level to turn on
the MOSFET sWitch 46, so that the cutoff state is canceled.

auxiliary poWer supply capacitor 212 is electrically charged
30

the battery connection detection circuit 26 of the electric

by an output voltage of 5 V of the main DC/DC converter
202 to exhibits 5 V at backup start time t1. The voltage of

charger 10 outputs the battery connection detection signal

the auxiliary poWer supply capacitor 212 decreases With

E3 to the charging control unit 22. In this manner, the

time by poWer consumption caused by conversion into an
output voltage of 5 V by the backup DC/DC converter 214
With the start of a backup operation. For the decrease in

charging control unit 22 outputs the H-level control signal
E5 to the MOSEFT 122 to turn off the MOSEFT 122, and
the FET sWitch 20 is turned on. At the same time, the

35

voltage of the auxiliary poWer supply capacitor 212, the
backup poWer supply voltages to the backup circuit unit 210

charging control unit 22 outputs the L-level control signal
E9 to the OR circuit 116, and the control signal E10 is kept

and the main circuit unit 204 are stably kept at 5 V by the
backup DC/DC converter 214, and do not change. The

at the L level, so that the FET sWitch 114 is kept in an ON

state. Charging to the battery pack 12 the cutoff state of
Which is canceled is started by the charging DC/DC con
verter 18. At this time, the charging control process by the
charging control unit 22 is the same as that in, e.g., the ?rst
embodiment shoWn in the How chart in FIG. 5. As described
above, according to the electric charger 10 of the third
embodiment in FIG. 9, even though the battery pack 12 the

40

maintaining a stable output of 5 V until an input voltage
decreases to 1 V. Therefore, in FIG. 11, When the voltage of
the auxiliary poWer supply capacitor 212 decreases to 1 V at
time t2, an output voltage of 5 V obtained by the backup
45
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Without arranging a special con?guration, in Which battery
voltage is applied to a battery pack in a predetermined
period, in the electric charger 10.

FIG. 12 shoWs a portable terminal 200 serving as a
55

poWer supply device according to the present invention in
Which a portable terminal device using the battery pack 12

as disposable lithium battery is used as an auxiliary battery.

60

invention is loaded on the portable terminal 200. A battery

voltage from the battery pack 12 is converted by a main
DC/DC converter 202 into, e.g., 5 V Which is a predeter

mined poWer supply voltage corresponding to a main circuit
unit 204, and the voltage is supplied through a diode 218.
For the poWer supply unit of the portable terminal 200

comparative example in Which an auxiliary battery 206 such

IN the portable terminal 200 using the auxiliary battery 206,
When the battery pack 12 is to be exchanged, the battery
voltage of the auxiliary battery 206 is stabiliZed by a backup

electrically charged by the electric charger according to the
present invention is exempli?ed. A portable terminal 200 is
used such that the battery pack 12 the charging of Which is
completed by the electric charger 10 according to the present

minutes can be secured. When such a backup time can be

obtained, a su?icient time Which is required When the battery
pack 12 of the portable terminal 200 is removed and
replaced With a neW charged battery pack can be secured.

connection is detected by a microsWitch or the like or a

FIG. 10 is a circuit block diagram of an embodiment of a

DC/DC converter 214 cannot be secured. This time is

backup end time. When a large-capacity electric double
layer capacitor Which is knoWn as a super capacitor is used
as the auxiliary poWer supply capacitor 212, as a backup
time from backup start time t1 to end time t2, T:5 to 6

battery output of Which is cut off by the internal protection
circuit operated by overdischarging is used, the cutoff state
of the battery pack 12 Which performs a protection operation
can be canceled With a very simple circuit con?guration

backup DC/DC converter 214 has a circuit function for
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DC/DC converter 208, and a backup poWer for maintaining
the suspend state of the main circuit unit 204 is supplied by
the backup circuit unit 210. HoWever, in the portable ter
minal 200 using the auxiliary battery 206 in FIG. 12, the

auxiliary battery 206 is consumed by repeating exchange of
battery packs 12, and the auxiliary battery 206 must be
exchanged at predetermined periods, every half year or
every year. In addition, the portable terminal 200 requires a

US 7,183,748 B1
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structure Which has a detachable storage section and a lid

In addition, in a poWer supply device of a portable
terminal using a battery as a poWer supply, a capacitor
electrically charged by a poWer supply on the main side is
used as an auxiliary poWer supply for backing up a main
circuit unit Which is set in a suspend state in exchange of

like the battery pack 12 to make it possible to exchange the
auxiliary battery 206. In contrast to this, in the portable
terminal 200 using the auxiliary poWer supply capacitor 212
according to the present invention in FIG. 10, a structure for
exchanging batteries as in use of the auxiliary battery 206 in

batteries, and the capacitor for the auxiliary poWer supply is

FIG. 12 or a structure of a detachable device for the auxiliary

stabiliZed by a DC/DC converter to be used as a backup

battery 206 is not necessary, and it needs only to ?xedly
mount the auxiliary poWer supply capacitor 212 on the
circuit board of the poWer supply unit together With the
biasing resistor 21 and the like. As a result, the battery pack
12 of the portable terminal 200 can be exchanged regardless
of an auxiliary poWer supply, and a structure required for
exchange of the portable terminal 200 is not arranged.

poWer supply to supply a poWer in exchange of batteries,
thereby making an auxiliary battery used as an auxiliary
poWer supply and exchange of the auxiliary battery unnec
essary. Further reductions in siZe and Weight of the portable
terminal can be achieved.

The invention claimed is:

1. An electric charger, comprising:

Accordingly, reductions in siZe and Weight of the portable

a charging circuit outputting a charging voltage in corre

spondence With the number of battery cells incorpo

terminal 200 can be achieved.

The present invention is not limited to the above embodi

ments, and includes appropriate modi?cations Without dam
aging the objects and advantages of the invention. The
present invention is not limited by the numerical values

rated in a battery in a supply state of an external poWer

Supply;
a charging control unit Which, upon detection of connec
20

described in the above embodiments.

charged by turning on a sWitch unit provided in a

connection path extending from the charging circuit to
the battery; and

INDUSTRIAL APPLICABILITY

As has been described above, according to the present

25

invention, When a battery pack is connected to an electric

charger, the number of cells is decided by the voltage of the
connected battery pack to automatically determine a charg
ing voltage. For this reason, even battery packs having the
di?cerent numbers of battery packs can be electrically
charged by using the same electric charger. Even though the

tion of said battery functioning normally, said battery is

a cutolT releasing circuit Which, upon detection of con
nection of said battery in a cutolT state caused by

overdischarge, outputs a releasing voltage for releasing
the cutolT state set by over-discharge of the battery,
Wherein the cutolT releasing circuit comprises:
a ?rst FET sWitch connecting a drain to the output of the
30

charging circuit;
a second FET sWitch Which has a source connected to the

number of portable terminals using batteries increases, the

source of the ?rst PET sWitch and a drain connected to

number of types of required electric chargers can be
reduced.
In addition, in a standby state in Which a battery pack is

the battery and Which is ON/OFF-controlled by the

charging control unit, and
35

a sWitch control circuit Which, upon connection of said

not connected While supplying an external poWer from an

battery in a cutolT state caused by over-discharging,

AC adapter, poWer supply to a charging control unit is

turns on the ?rst FET sWitch in accordance With a

stopped, so that a Wasteful poWer can be prevented from

battery abnormal signal outputted from the battery,
thereby applying a charge voltage for releasing the

being consumed in the standby state of the electric charger
10.
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Furthermore, When a battery pack the battery output is cut
olT by an overdischarging protection operation is connected

cutolT state to the battery via a parasitic diode of the
second FET sWitch in an OFF state.

2. An electric charger according to claim 1, Wherein the

to an electric charger, one of tWo FET sWitches Which are

sWitch control circuit is an OR circuit Which enters a

connected to a charging path to form an AND circuit is

sWitch-on signal output from the charging control unit When
detecting a battery abnormal signal output from the battery

turned on by a battery abnormal signal, and the other sWitch
can automatically cancel the cutolT state of the battery pack

such that a charging voltage is applied to the battery pack in
the cutolT state by using the parasitic diode of the sWitch.
The cutolT state of the battery pack set in the cutolT state by
overdischarging protection is canceled by a simple circuit
Without detection of electric connection by a microsWitch or

upon connection of a battery in a cutolT state caused by said

discharge, or When detecting connection of the battery
functioning normally, the output of the sWitch control circuit
is connected to the gate of the ?rst FET sWitch.
50

3. An electric charger according to claim 1, characteriZed
in that the battery is a lithium ion battery.

periodical voltage application, and charging of the battery
pack can be started.
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