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SEMICONDUCTOR DEVICE FOR
PROTECTING SECONDARY BATTERY,
BATTERY PACK, AND ELECTRONIC DEVICE
USING SAME

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention generally relates to a semi-
conductor device for protecting a secondary battery and a
battery pack for a whole category of electronic equipment
installed in computerized personal organizers, handsets,
voice recognition devices, voice memory devices, computers,
etc.

[0003] 2. Discussion of the Background

[0004] Battery packs including at least one secondary bat-
tery are widely used in portable electronic equipment such as
mobile phones and digital cameras for its ease of handling. As
secondary batteries, large-capacity batteries, such as lithium
ion batteries, lithium polymer batteries, and nickel metal
hydride batteries, are generally used.

[0005] It is to be noted that, in the present specification,
“current” represents an electrical current unless otherwise
specified.

[0006] Because the amount of energy stored in such large-
capacity batteries is extremely large, it can be degraded when
charged excessively to an extremely high voltage, discharg-
ing electricity excessively, to have an extremely low voltage,
and when receiving or outputting an overcurrent, which can
lead to heat generation or even overheating to the point of
ignition. (A value of the voltage remaining in the secondary
battery below which the battery can be degraded is hereinafter
referred to as an excessive-discharge voltage.)

[0007] Therefore, battery packs are generally provided
with a protection circuit for preventing the secondary battery
from being charged excessively, discharging electricity
excessively, receiving or outputting overcurrent, outputting a
short-circuit current, overheating, etc. In such cases, the pro-
tection circuit disconnects the secondary battery from a
charger or a load, preventing the secondary battery from
overheating and igniting as well as deteriorating.

[0008] Further, when the voltage of the secondary battery is
below the excessive-discharge voltage, that is, extremely low
(hereinafter “low voltage state”), connecting the battery pack
to the charger is dangerous. More specifically, when the sec-
ondary battery is in the low voltage state, the secondary
battery can be in an abnormal state, such as a short circuit. If
the secondary battery in such an abnormal state is charged, the
secondary battery will generate heat or be damaged, which
might cause ignition thereof.

[0009] In view of the foregoing, a known battery pack is
provided with a charge prevention circuit that prevents charg-
ing the secondary battery in the low voltage state.

[0010] Such a charge prevention circuit determines
whether or not the secondary battery Bat is extremely low
(hereinafter also “low-voltage detection level” or “low-volt-
age criterial voltage”) based on a particular reference voltage.
Moreover, the low-voltage criterial voltage is preferably vari-
able among multiple set values.

[0011] In a known charge prevention circuit, the low-volt-
age criterial voltage can be lowered by a voltage identical to
a threshold voltage of an NMOS transistor included in the
charge prevention circuit. However, the low-voltage criterial
voltage cannot be raised.
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[0012] Therefore, there is a need to be able to set the low-
voltage criterial voltage for the secondary battery more flex-
ibly.

SUMMARY OF THE INVENTION

[0013] In view of the foregoing, one illustrative embodi-
ment of the present invention provides a battery protection
semiconductor device for protecting a secondary battery. The
battery protection semiconductor device includes a detection
circuit, a control circuit, and a charge prevention circuit. The
detection circuit detects at least one of an excessively charged
state, an excessive discharging state, an overcurrent state, a
short-circuit state, and an overheating state of the secondary
battery. The control circuit turns on and off the discharge-
control transistor and the charge-control transistor. The
charge prevention circuit prevents the secondary battery from
being charged by turning off the charge-control transistor
when a voltage of the secondary battery is not greater than a
predetermined low-voltage criterial voltage that is variable by
trimming a portion of the charge prevention circuit.

[0014] In another illustrative embodiment of the present
invention, a battery pack includes a secondary battery, a dis-
charge-control transistor, a charge-control transistor con-
nected in Series with’the discharge-control transistor
between a negative power source terminal of the secondary
battery and either a terminal of a load or a negative power
source terminal of a charger, and the battery protection semi-
conductor device described above.

[0015] Yet in another illustrative embodiment of the
present invention, the battery pack described above is incor-
porated in an electronic device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] A more complete appreciation of the disclosure and
many of the attendant advantages thereof will be readily
obtained as the same becomes better understood by reference
to the following detailed description when considered in con-
nection with the accompanying drawings, wherein:

[0017] FIG. 1 illustrates circuitry in which a battery pack
provided with a battery protector according to an illustrative
embodiment of the present invention is connected to a charger
or load;

[0018] FIG. 2 illustrates an example of circuitry of the
battery protector shown in FIG. 1;

[0019] FIG. 3 illustrates a charge prevention circuit accord-
ing to a comparative example;

[0020] FIG. 4 illustrates a charge prevention circuit accord-
ing to another comparative example;

[0021] FIG. 5illustrates an example of circuitry of a charge
prevention circuit according to an illustrative embodiment of
the present invention;

[0022] FIG. 6 illustrates an example of circuitry of a charge
prevention circuit according to another illustrative embodi-
ment;

[0023] FIG. 7 illustrates an example of circuitry of a charge
prevention circuit according to another illustrative embodi-
ment;

[0024] FIG. 8illustrates an example of circuitry of a charge
prevention circuit according to another illustrative embodi-
ment;

[0025] FIG. 9illustrates an example of circuitry of a charge
prevention circuit according to another illustrative embodi-
ment;



US 2013/0154564 Al

[0026] FIG. 10 illustrates an example of circuitry of a
charge prevention circuit according to another illustrative
embodiment;

[0027] FIG. 11 illustrates an example of circuitry of a
charge prevention circuit according to another illustrative
embodiment; and

[0028] FIG. 12 illustrates an example of circuitry of a
charge prevention circuit according to another illustrative
embodiment.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0029] In describing preferred embodiments illustrated in
the drawings, specific terminology is employed for the sake of
clarity. However, the disclosure of this patent specification is
not intended to be limited to the specific terminology so
selected and it is to be understood that each specific element
includes all technical equivalents that operate in a similar
manner and achieve a similar result.

[0030] Referring now to the drawings, wherein like refer-
ence numerals designate identical or corresponding parts
throughout the several views thereof, and particularly to
FIGS. 1 and 2, a battery protector for protecting a secondary
battery according to an illustrative embodiment of the present
invention is described.

[0031] FIG.1illustrates an example of circuitry of abattery
pack 10 provided with a battery protector 20 for protecting a
secondary battery Bat, and the battery pack 10 is connected to
a charger or load 30. The battery pack 10 discharges electric-
ity to a piece of electrical equipment (load) when connected
thereto and is charged with electricity when connected to a
charger.

[0032] Referring to FIG. 1, the battery pack 10 further
includes a discharge-control NMOS (N-channel Metal Oxide
Semiconductor) transistor M11 (hereinafter also “NMOS
transistor M11”) for controlling discharge from the second-
ary battery Bat, a charge-control NMOS transistor M12
(hereinafter also “NMOS transistor M12”) for controlling
charging of the secondary battery Bat (hereinafter “second
battery charging”), and diodes D11 and D12. The battery
protector 20 is a battery protection semiconductor device that
protects the secondary battery Bat from being excessively
charged, discharging electricity excessively, receiving or out-
putting overcurrent, and outputting a short-circuit current.
[0033] As shown in FIG. 1, a positive power source termi-
nal of the secondary battery Bat is connected to a positive
power source terminal P of the battery pack 10 as well as a
positive power source terminal Vdd of the battery protector
20. A negative power source terminal of the secondary battery
Bat is connected to a negative power source terminal Vss of
the battery protector 20 as well as a terminal (hereinafter “first
terminal”) of the discharge-control NMOS transistor M11.
The other terminal (hereinafter “second terminal”) of the
discharge-control NMOS transistor M11 is connected to a
terminal (hereinafter “first terminal”’) of the NMOS transistor
M12. The other terminal (hereinafter “second terminal”) of
the NMOS transistor M12 is connected to a negative power
source terminal M of the battery pack 10 as well as a negative
power source terminal V- of the battery protector 20 to be
connected to a negative power source terminal of the charger
30.

[0034] Thepositive power source terminal of the secondary
battery Bat and a positive power source terminal of the
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charger 30 can be connected together to the positive power
source terminal Vdd or can be connected to an identical power
source voltage Vdd.

[0035] Further, gates of the discharge-control NMOS tran-
sistor M11 and the NMOS transistor M12 are respectively
connected to a discharge-control terminal Dout and a charge-
control terminal Cout of the battery protector 20.

[0036] Itis to be noted that the diodes D11 and D12, which
are connected in parallel to the NMOS transistors N11 and
M12, are parasitic diodes generated when the NMOS transis-
tors M11 and M12 are configured as a semiconductor. The
positive power source terminal and the negative power source
terminal of the charger or load 30 are respectively connected
to the positive power source terminal P and the negative
power source terminal M of the battery pack 10.

[0037] FIG. 2 illustrates a configuration of the battery pro-
tector 20.
[0038] As shown in FIG. 2, the battery protector 20

includes a control circuit 201, an excessive charge detection
circuit 202, an excessive discharge detection circuit 203, an
overcurrent detection circuit 204, a short-circuit detection
circuit 205, an overheat detection circuit 206, and a tempera-
ture sensor 207.

[0039] The above-mentioned detection circuits 202
through 206 respectively output detection signals when
detecting an abnormal state of the secondary battery Bat, such
as an excessively charged state, an excessive discharging
state, an overcurrent state, a short-circuit state, and an over-
heating state, that requires a protective operation. Then, the
control circuit 201 outputs a signal to either the discharge-
control terminal Dout or the charge-control terminal Cout
(shown in FIG. 1) based on those detection signals so as to
turn off either the NMOS transistor M11 or M12 provided
between the secondary battery Bat and the charger or load 30,
thereby disconnecting the secondary battery Bat from the
charger or load 30 to protect the secondary battery Bat.
[0040] In the battery pack 10 described above, the dis-
charge-control NMOS transistor M11 is oft when the voltage
of the secondary battery Bat is lower than a dischargeable
voltage. If the charger 30 is connected to the battery pack in
this state, the charge-control NMOS transistor M12 is turned
on, thereby enabling the charger 30 to charge the secondary
battery Bat through the parasite diode D11 and the NMOS
transistor M12.

[0041] However, it is dangerous if the secondary battery
Bat is charged when the secondary battery Bat is in a low
voltage state as described above. Therefore, the battery pack
10 further includes a charge prevention circuit that prevents
charging of the secondary battery Bat when its voltage is
lower than a reference voltage.

[0042] Before describing the charge prevention circuit
according to the present embodiment, which is shown in FIG.
5, comparative charge prevention circuits are described
below.

[0043] FIG. 3 illustrates a first comparative charge preven-
tion circuit.
[0044] Referring to FIG. 3, the first comparative charge

prevention circuit includes a first inverter circuit 210, a sec-
ond inverter circuit 220, a third inverter circuit 230, and a
fourth inverter circuit 240.

[0045] The first inverter circuit 210 includes a PMOS
(P-channel Metal Oxide Semiconductor) transistor Q1 and an
NMOS transistor Q2. The second inverter circuit 220
includes a PMOS transistor Q3 and a depression-type NMOS
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transistor Q4. The third inverter circuit 230 includes a PMOS
transistor Q5 and an NMOS transistor Q6. The fourth inverter
circuit 240 includes a PMOS transistor Q7 and an NMOS
transistor Q8.

[0046] The first inverter circuit 210 is configured as a
CMOS (Complementary Metal Oxide Semiconductor), and a
power source thereof is connected to both the positive power
source terminal Vdd and the negative power source terminal
Vss. While a signal input to an input terminal Cin is high, that
is, during a charging mode, the first inverter circuit 210 con-
trols charging of the secondary battery Bat. An output termi-
nal of the first inverter circuit 210 is connected to an input
terminal of the second inverter circuit 220, that is, a gate of the
PMOS transistor Q3.

[0047] In the second inverter circuit 220, a source of the
PMOS transistor Q3 is connected to the positive voltage Vdd,
and a drain thereof is connected to a drain of the depression-
type NMOS transistor Q4. A gate and a source of the depres-
sion-type NMOS transistor Q4 are connected, and a junction
node therebetween is connected to the negative power source
terminal V- connected to the negative power source terminal
of the charger 30. Because the gate of the depression-type
NMOS transistor Q4 is connected the source thereof, a bias
voltage is 0 volt (V), and thus the depression-type NMOS
transistor Q4 serves as a constant-current load of the PMOS
transistor Q3.

[0048] A junction node between the drains of the PMOS
transistor Q3 and the depression-type NMOS transistor Q4
serves as an output terminal of the second inverter circuit 220
and is connected to an input terminal of the third inverter
circuit 230. The third inverter circuit 230 is configured as a
CMOS and, a power source thereof is connected to both the
positive power source terminal Vdd and the negative power
source terminal V-. An output terminal of the third inverter
terminal 230 is connected to an input terminal of the fourth
inverter circuit 240.

[0049] The fourth inverter circuit 240 is configured as a
CMOS as well, and a power source thereof is connected to
both the positive power source terminal Vdd and the negative
power source terminal V—-. An output terminal of the fourth
inverter circuit 240 is connected to a charge-control terminal
Cout.

[0050] Referring to FIGS. 1 and 3, control of charging of
the secondary battery using the first comparative charge pre-
vention circuit is described below.

[0051] In the first comparative charge prevention circuit
described above, while the secondary battery has a voltage
higher than both a threshold voltage of the NMOS transistor
Q2 and that of the PMOS transistor Q3, the NMOS transistor
Q2 is turned on when the input terminal Cin of the first
inverter circuit 210 rises to high, and thus the first inverter
circuit 210 outputs a low-level signal.

[0052] Subsequently, the PMOS transistor Q3 of the sec-
ond inverter circuit 220 is turned on, and then the second
inverter circuit 220 outputs a high-level signal. This signal is
inverted by the third inverter circuit 230 and the fourth
inverter circuit 240, that is, inverted twice, and thus the
charge-control terminal Cout outputs a high-level signal.
[0053] Then, the high-level signal output from the charge-
control terminal Cout is input to the gate of the charge-control
NMOS transistor M12 shown in FIG. 1, turning on the NMOS
transistor M12, and thus the charger 30 charges the secondary
battery Bat.
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[0054] By contrast, when the voltage of the, secondary
battery Bat is lower than the threshold voltage of the NMOS
transistor 2, the NMOS transistor Q2 cannot be turned on
even when the input terminal Cin of the first inverter circuit
210 is high. Thus, the first inverter circuit 210 outputs high
impedance, preventing the PMOS transistor Q3 of the second
inverter circuit 230 from turning on. In this state, a signal
output from the second inverter circuit 220 is low, and accord-
ingly the charge-control terminal Cout is low, which turns off
the charge-control NMOS transistor M12, thereby preventing
the secondary battery Bat from being charged.

[0055] FIG. 4 illustrates a second comparative charge pre-
vention circuit. It is to be noted that, except for the description
below, the second comparative charge prevention circuit
shown in FIG. 4 has a configuration similar to that of the first
comparative charge prevention circuit shown in FIG. 3.
[0056] As shown in FIG. 4, instead of the first inverter
circuit 210 shown in FIG. 3, the second comparative charge
prevention circuit includes a first inverter circuit 210A in
which a NMOS transistor Q9 is connected between a source
of a NMOS transistor Q2 and the negative power source
terminal Vss. The NMOS transistor Q9 is so-called diode-
connected, that is, a drain of the NMOS transistor Q9 is
connected to a gate thereof.

[0057] Inthesecond comparative charge prevention circuit,
the NMOS transistors Q2 and Q9 can be turned on only when
the voltage at an input terminal Cin of the first inverter circuit
210A is greater than the sum of threshold voltages of the
NMOS transistors Q2 and the Q9.

[0058] Further, even when the NMOS transistors Q2 and
the Q9 are on, and accordingly the first inverter circuit 210A
outputs a low-level signal (voltage), a PMOS transistor Q3
cannot be turned on unless the voltage of the secondary bat-
tery at is greater than the sum of the voltages of the NMOS
transistor Q9 and the PMOS transistor Q3. This is because the
voltage output from the first inverter circuit 210A is higher
than the voltage of the negative power source terminal Vss by
a voltage identical to the threshold voltage of the NMOS
transistor Q9.

[0059] In other words, when the voltage of the secondary
battery is equal to or lower than the sum of the threshold
voltages of the NMOS transistor Q2 and Q9, or the sum of the
NMOS transistor Q9 and the PMOS transistor Q3, the charge-
control terminal Cout outputs a low-level signal, thereby turn-
ing off the charge-control NMOS transistor M12. Thus,
charge electricity from the charger 30 to the secondary battery
Bat is shut off.

[0060] By thus including the NMOS transistor Q9 in the
first inverter circuit 210A, the low voltage state of the sec-
ondary battery Bat can be better detected.

[0061] However, in the first comparative charge prevention
circuit shown in FIG. 3, a low-voltage detection level” or
“low-voltage criterial voltage”, based on the basis of which
whether or not the voltage of the secondary battery Bat is
extremely low is detected can only be changed by a voltage
identical to the threshold voltage of the NMOS transistor.
Further, the reference voltage cannot be lowered, although it
can be raised.

[0062] Additionally, the low-voltage detection level should
be changed for each semiconductor device, which increases
types of the semiconductor devices used in the battery pack.
[0063] In view of the foregoing, the battery protector 20
shown in FIG. 2 according to the present embodiment further
includes a charge prevention circuit 40, shown in FIG. 5, that
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inhibits charging of the secondary battery Bat by turning off
the charge-control NMOS transistor M12 when the voltage of
the secondary battery Bat is not greater than a predetermined
or given low-voltage criterial voltage that is variable by trim-
ming a portion thereof.

[0064] Referring to FIG. 5, the charge prevention circuit 40
includes a first inverter circuit 21, a second inverter circuit 22,
inverter circuits 23 and 24, the positive power source terminal
Vdd connected to the positive power source terminals of the
secondary battery Bat and the charger 30, the negative power
source terminal Vss connected to the negative power source
terminal of the secondary battery Bat, the negative power
source terminal V- connected to the negative power source
terminal of the charger 30, an input terminal Cin, and the
charge-control terminal Cout connected to the gate of the
charge-control NMOS transistor M12.

[0065] The first inverter circuit 21 includes a PMOS tran-
sistor M1, NMOS transistors M2, M5, and M6, and trimming
fuses F1 and F2. The second inverter circuit 22 includes a
PMOS transistor M3 and a depression-type NMOS transistor
M4. The PMOS transistor M1 and the NMOS transistor M2
can serve as a first PMOS transistor and a first NMOS tran-
sistor, respectively.

[0066] Inthe firstinverter circuit 21, a source and a drain of
the PMOS transistor M1 are respectively connected to the
positive power source terminal Vdd and a drain of the NMOS
transistor M2. A gate of the PMOS transistor M1 is connected
to both a gate of the NMOS transistor M2 and the input
terminal Cin.

[0067] A source ofthe NMOS transistor M2 is connected to
a drain of the NMOS transistor M5 whose gate is connected to
its drain (diode-connected). A source of the NMOS transistor
MS5 is connected to a drain of the NMOS transistor M6 whose
gate is connected to its drain as well. A source of the NMOS
transistor M6 is connected to the negative power source ter-
minal Vss.

[0068] Further, a junction node between the drains of the
PMOS transistor M1 and the NMOS transistor M2 serves as
an output terminal of the first inverter circuit 21. The trim-
ming fuse F1 is connected between the source and the drain of
the NMOS transistor M5, and the trimming fuse F2 is con-
nected between the source and the drain of the NMOS tran-
sistor M6.

[0069] Inthe second inverter circuit 22, a source and a drain
of the PMOS transistor M3 are connected to the positive
power source terminal Vdd and a drain of the depression-type
NMOS transistor M4, respectively. A gate of the NMOS
transistor M3 serves as an input terminal of the second
inverter circuit 22, which is connected to the output terminal
of the first inverter circuit 21.

[0070] A gate and a source of the depression-type NMOS
transistor M4 are connected together to the negative power
source terminal V-. A junction node between the drains of the
PMOS transistor M3 and the depression-type NMOS transis-
tor M4 serves as an output terminal of the second inverter
circuit 22, which is connected to an input terminal of the
inverter circuit 23.

[0071] An output terminal of the inverter circuit 23 is con-
nected to an input terminal of the inverter circuit 24, and an
output terminal of the inverter circuit 24 is connected to the
charge-control terminal Cout.

[0072] It is to be noted that, although not shown in FIG. 5,
power sources of the inverter circuits 23 and 24 are connected
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to both the positive power source terminal Vdd and the nega-
tive power source terminal V-.

[0073] When the trimming fuses F1 and F2 are connected
thereto, the charge prevention circuit 40 shown in FIG. §
operates in a manner similar to that of the first comparative
charge prevention circuit shown in FIG. 3. That is, when the
secondary battery Bat has a voltage not greater than a thresh-
old voltage of either the NMOS transistor M2 or the FMOS
transistor M3, the charge-control terminal Cout of the charge
prevention circuit 40 turns to a low level, thereby turning off
the charge-control NMOS transistor M12 and thus inhibiting
charging of the secondary battery Bat.

[0074] By contrast, when either the trimming fuse F1 or F2
is trimmed, that is, disconnected from the charge prevention
circuit 40 using a laser light or the like, the charge prevention
circuit 40 operates in a manner similar to that of the second
comparative charge prevention circuit shown in FIG. 4. That
is, when the voltage of the secondary battery Bat is not greater
than the sum of'the threshold voltage of the NMOS transistors
M2 and the threshold voltage of either the NMOS transistor
MS or M6, or the sum of the threshold voltages of the PMOS
transistor M3 and either the NMOS transistor M5 or M6, the
charge-control terminal Cout turns to the low level, thereby
turning off the charge-control NMOS transistor M12 and thus
inhibiting charging of the secondary battery Bat.

[0075] Further, in a state in which both the trimming fuses
F1 and F2 are trimmed with a laser light or the like, when the
voltage of the secondary battery Bat is not greater than the
sum of the thresholds of the NMOS transistors M2, M5, and
M6, or the sum of the thresholds of the PMOS transistor M3
and the NMOS transistors M5 and M6, the charge-control
terminal Cout turns to the low level, thereby turning off the
charge-control NMOS transistor M12 and thus inhibiting
charging of the secondary battery Bat.

[0076] As described above, by trimming either or both the
trimming fuses F1 and F2, the low-voltage detection level
(criterial voltage) of the charge prevention circuit 40 can be
set three different levels and raised in the order: (1) the thresh-
old voltage of either the NMOS transistor M2 or the PMOS
transistor M3; (2) the sum of the threshold voltage of the
NMOS transistors M2 and the threshold voltage of either the
NMOS transistor M5 or M6, or the sum of the threshold
voltages of the PMOS transistor M3 and either the NMOS
transistor M5 or M6; and (3) the sum of the thresholds of the
NMOS transistors M2, M5, and M6, or the sum of the thresh-
olds of the PMOS transistor M3 and the NMOS transistors
MS5 and M6.

[0077] Itis to be noted that, although the above description
concerns the configuration including two NMOS transistors
each of which includes the trimming fuse connected between
the diode-connected source and gate thereof, the number of
those NMOS transistors is not limited thereto but can be
changed depending on the low-voltage detection level.
[0078] Additionally, the low-voltage criterial voltage (de-
tection level) can be raised by changing the threshold voltage
of each of the diode-connected NMOS transistors.

[0079] Charge prevention circuits according to other
embodiments are described below.

[0080] FIG. 6 illustrates a configuration of a charge preven-
tion circuit 40A, in which the charge prevention circuit 40A
includes a first inverter circuit 21A, a second inverter circuit
22A, and inverter circuits 23 and 24. The first inverter circuit
21A is configured as a CMOS and includes a PMOS transistor
M1 and an NMOS transistor M2. The second inverter circuit
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22A includes a PMOS transistor M3, a depression-type
NMOS transistor M4, resistors R1 and R2, and trimming
fuses F3 and F4. The PMOS transistor M3 and the depres-
sion-type NMOS transistor M4 can serve as a second PMOS
transistor and a first depression-type NMOS transistor,
respectively.

[0081] Connection of the PMOS transistor M3 is identical
or similar to that of the charge prevention circuit 40 shown in
FIG. 5. The resistors R1 and R2 are connected serially
between a source of the depression-type NMOS transistor M4
and the negative power source terminal V- connected to the
negative power source terminal of the charger 30 shown in
FIG. 1. The trimming fuses F3 and F4 are connected in
parallel to the resistors R1 and R2, respectively.

[0082] While the trimming fuses F3 and F4 are connected
thereto, a configuration of the charge prevention circuit 40A
is similar to that of the first comparative charge prevention
circuit shown in FIG. 3. That is, when the secondary battery
Bathas a voltage not greater than a threshold voltage of either
the NMOS transistor M2 or the PMOS transistor M3, the
charge-control terminal Cout turns low, thereby turning off
the charge-control NMOS transistor M12. Thus, charging of
the secondary battery Bat is inhibited.

[0083] By contrast, when the trimming fuse F3 is trimmed,
instead, the resistor R1 is connected between the depression-
type NMOS transistor M4 and the negative power source
terminal V-, and a drain current of the depression-type
NMOS transistor 44 flows into the resistor R1, which causes
voltage across the resistor R1 to decrease. Therefore, a gate
voltage of the depression-type NMOS transistor M4 is
decreased to below a power source thereof. In other words,
because the gate of the depression-type NMOS transistor M4
is biased to a negative voltage, the drain current of the depres-
sion-type NMOS transistor M4 decreases from that in a state
in which the bias voltage is 0 V.

[0084] Because the drain current of the depression-type
NMOS transistor M4 is identical or similar to that of the
PMOS transistor M3, the drain current of the PMOS transis-
tor M3 decreases as well. Then, the decrease in the drain
current of the PMOS transistor M3 lowers the threshold volt-
age of the PMOS transistor M3. Accordingly, while the first
inverter circuit 21A outputs the low-level signal, the PMOS
transistor M3 remains on even when the voltage of the sec-
ondary battery Bat has decreased to a voltage lower than the
voltage with which the PMOS transistor M3 is turned off
when the trimming fuse F3 is not trimmed.

[0085] Thus, the low-voltage detection level can be low-
ered because the PMOS transistor M3 thereof can be turned
off at a voltage lower than that of the first comparative charge
prevention circuit shown in FIG. 3.

[0086] It is to be noted that an important point is that the
threshold voltage of the NMOS transistor M2 be lower than
that of the PMOS transistor M3 for effective performance of
the charge prevention circuit 40A. In addition, the threshold
voltage of the PMOS transistor M3 can be further lowered by
trimming both the trimming fuses F3 and F4.

[0087] In other words, because the input threshold voltage
of the PMOS transistor is changed, the low-voltage criterial
voltage can be changed step-by-step in a range smaller than
the input threshold voltage of the PMOS transistor.

[0088] Moreover, by setting the resistors R1 and R2 to have
different resistance values, the threshold voltage can be var-
ied among three levels. Further, by increasing the number of
sets of the resistor and the trimming fuse connected in parallel
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that are connected serially between the source of the depres-
sion-type NMOS transistor M4 and the negative power source
terminal of the charger 30, a range of the low-voltage criterial
voltage can be extended, and the low-voltage criterial voltage
can be set at shorter intervals.

[0089] FIG. 7 illustrates an example of circuitry of a charge
prevention circuit 40B according to another embodiment.
[0090] Referring to FIG. 7, the charge prevention circuit
40B includes a second inverter circuit 22B instead of the
second inverter circuit 22A shown in FIG. 6. Different from
the second inverter circuit 22A shown in FIG. 6, the second
inverter circuit 22B does not include the resistors R1 and R2
but include depression-type NMOS transistors M7 and M8
that can serve as second depression-type NMOS transistors.
The depression-type NMOS transistors M7 and M8 are con-
nected serially between drains of a PMOS transistor M3 and
a depression-type NMOS transistor M4 that can serve as a
first depression-type NMOS transistor. Gates of the depres-
sion-type NMOS transistors M7 and M8 are respectively
connected to their sources, and their back gates are connected
to the negative power source terminal V- connected to the
negative power source terminal of the charger 30.

[0091] Except for the description above, the charge preven-
tion circuit 40B has a configuration identical or similar to that
of the charge prevention circuit 40A shown in FIG. 6.
[0092] While fuses F3 and F4 are connected thereto, the
charger prevention circuit 40B described above has a configu-
ration similar to that of the first comparative charge preven-
tion circuit shown in FIG. 3 and thus operates similarly
thereto.

[0093] By contrast, when the trimming fuse F3 is trimmed,
instead, the depression-type NMOS transistor M7 is con-
nected between the drains of the PMOS transistor M3 and the
depression-type NMOS transistor 44. In this state, because
the back gate and the source of the depression-type NMOS
transistor M7 are respectively connected to the negative
power source terminal V- and the drain of the depression-
type NMOS transistor M4, a potential of the back gate is
lower than that of the source. Accordingly, due to substrate
bias effect, a threshold voltage of the depression-type NMOS
transistor M7 is raised, decreasing a drain current when the
bias voltage is 0 V.

[0094] As a result, a drain current of the PMOS transistor
M3 is decreased, which lowers a threshold voltage of the
PMOS transistor M3 similarly to the charge prevention cir-
cuit 40A shown in FIG. 6. Thus, the low-voltage detection
level can be lowered.

[0095] The threshold wvoltage of the depression-type
NMOS transistor M7 can be further raised by trimming both
the trimming fuses F3 and F4, which decreases the drain
current when the bias voltage is 0 V. Thereby, the threshold of
the PMOS transistor M3 is further lowered, lowering the
low-voltage detection level.

[0096] It is to be noted that it is important that a threshold
voltage of the NMOS transistor M2 be lower than that of the
PMOS transistor M3 for effective performance of the charge
prevention circuit 40B similarly to the charge prevention
circuit 40A shown in FIG. 6.

[0097] FIG. 8 illustrates a configuration of a charge preven-
tion circuit 40C according to another embodiment.

[0098] Instead of the second inverter circuit 22B shown in
FIG. 7, the charge prevention circuit 40C includes a second
inverter circuit 22C including depression-type NMOS tran-
sistors M7A and M8A, serving as second depression-type
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NMOS transistors, connected serially between drains of a
PMOS transistor M3 (second PMOS transistor) and a depres-
sion-type NMOS transistor M4 (first depression-type NMOS
transistor) as shown in FIG. 8. The charge prevention circuit
40C shown in FIG. 8 is different from the charge prevention
circuit 40B shown in FIG. 7 in that back gates of the depres-
sion-type NMOS transistors M7A and M8A are respectively
connected to their sources, and their gates are connected to
the negative power source terminal V- connected to the nega-
tive power source terminal of the charger 30.

[0099] Except for the description above, the charge preven-
tion circuit 40C has a configuration identical or similar to that
of the charge prevention circuit 40B shown in FIG. 7.
[0100] While fuses F3 and F4 are connected thereto, the
charger prevention circuit 40C described above has a configu-
ration similar to that of the first comparative charge preven-
tion circuit shown in FIG. 3 and operates similarly thereto.
[0101] By contrast, when the trimming fuse F3 is trimmed,
instead, the depression-type NMOS transistor M7A is con-
nected between the drains of the PMOS transistor M3 and the
depression-type NMOS transistor 44. In this state, because a
source potential of the depression-type NMOS transistor
MT7A is identical to a drain potential of the depression-type
NMOS transistor M4, its gate is biased to a negative voltage.
Accordingly, a drain current of the depression-type NMOS
transistor M7A is decreased, and thus the drain current of the
depression-type NMOS transistor M4 is decreased to a cur-
rent value identical to the drain current of the depression-type
NMOS transistor M7A.

[0102] As a result, a drain current of the PMOS transistor
13 is decreased, which lowers a threshold voltage of the
PMOS transistor M3 similarly to the charge prevention cir-
cuit 40A shown in FIG. 6. Thus, the low-voltage criterial
voltage can be lowered.

[0103] The low-voltage criterial voltage can be further low-
ered by trimming both the trimming fuses F3 and F4.

[0104] It is to be noted that it is important that a threshold
voltage of the NMOS transistor M2 be lower than that of the
PMOS transistor M3 for effective performance of the charge
prevention circuit 40C similarly to the charge prevention
circuits 40A and 40B shown in FIGS. 6 and 7.

[0105] FIG.9illustrates an example of circuitry of a charge
prevention circuit 40D according to another embodiment.
[0106] Instead of the second inverter circuit 22C shown in
FIG. 8, the charge prevention circuit 40D includes a second
inverter circuit 22D including depression-type NMOS tran-
sistors M7B and M8B, serving as second depression-type
NMOS transistors, connected serially between drains of e
PMOS transistor M3 (second PMOS transistor) and a depres-
sion-type NMOS transistor 44 (first depression transistor) as
shown in FIG. 9. The charge prevention circuit 40D shown in
FIG. 9 is different from the charge prevention circuit 40C
shown in FIG. 8 in that back gates of the depression-type
NMOS transistors M7B and M8B are connected to the nega-
tive power source terminal V- connected to the negative
power source terminal of the charger 30.

[0107] Except for the description above, the charge preven-
tion circuit 40D has a configuration identical or similar to that
of the charge prevention circuit 40C shown in FIG. 8.
[0108] Operations of the charge prevention circuit 40D are
similar to those of the charge prevention circuit 40C shown in
FIG. 8. However, because the back gates of the depression-
type NMOS transistors M7B and M8B are connected to the
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negative power source terminal V—, the low-voltage detection
level can be lowered more significantly due to the substrate
bias effect.

[0109] It is to be noted that, although the embodiments
described above with reference to FIGS. 7 through 9 concern
the configurations in which two sets of the depression-type
NMOS transistor and the trimming fuse connected between
the source and the drain of that depression-type NMOS tran-
sistor, the number of the sets is not limited and can be changed
depending on a preferable low-voltage criterial voltage.
Moreover, the threshold voltages of the depression-type
NMOS transistors can be set to different voltages.

[0110] FIG. 10 illustrates an example of circuitry of a
charge prevention circuit 40E according to another embodi-
ment.

[0111] Referring to FIG. 10, instead of the second inverter
circuit 22D shown in FIG. 9, the charge prevention circuit
40E includes a second inverter circuit 22E that includes a
PMOS transistor M3 (second PMOS transistor), a depres-
sion-type NMOS transistor M4, diode-connected PMOS
transistors M9 and M10, and trimming fuses F5 and Fé.
[0112] The diode-connected PMOS transistors M9 and
M10 are connected serially between a source of the PMOS
transistor M3 and the positive power source terminal Vdd.
The trimming fuse F5 is connected between a source and a
drain of the PMOS transistor M9, and the trimming fuse F6 is
connected between a source and a drain of the PMOS tran-
sistor M10.

[0113] Except for the description above, the charge preven-
tion circuit 40E has a configuration identical or similar to that
of the charge prevention circuit 40D shown in FIG. 9.
[0114] While the trimming fuses F5 and F6 are connected
thereto, the charger prevention circuit 40E described above
has a configuration similar to that of the first comparative
charge prevention circuit shown in FIG. 3 and operates simi-
larly thereto.

[0115] By contrast, when either the trimming fuse F5 or F6
is disconnected from the charger prevention circuit 40E,
either the diode-connected PMOS transistor M9 or M10 is
connected between the source of the PMOS transistor M3 and
the positive power source terminal Vdd. In this state, while a
first inverter circuit 21A outputs a low-level signal, the PMOS
transistor M3 is turned off when the voltage of the secondary
battery Bat shown in FIG. 1 is not greater than the sum of
threshold voltages of the PMOS transistor M3 and either the
PMOS transistor M9 or M10.

[0116] Thereby, the second inverter circuit 22E outputs a
low-level signal.

[0117] Further, in a state in which both the trimming fuses
F5 and Fé are disconnected, a charge-control terminal Cout
turns low when the voltage of the secondary battery Bat is not
greater than the sum of the threshold voltages of the PMOS
transistor M3, M9, and M10. Thereby, the charge-control
NMOS transistor M12 shown in FIG. 1 is turned off, inhib-
iting charging of the secondary battery Bat.

[0118] In other words, similarly to the charge prevention
circuit 40 shown in FIG. 5, the low voltage criterial voltage
can be raised by a voltage identical to the threshold voltages
of the PMOS transistors M9 and M10.

[0119] In the charge-prevention circuit 40E shown in FIG.
10, by increasing the number of sets of the diode-connected
PMOS transistor and the trimming fuse connected in parallel,
a range of the low-voltage criterial voltage can be extended.
Moreover, by changing the threshold voltages of the diode-
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connected PMOS transistors, the number of set values of the
low-voltage criterial voltage can be increased.

[0120] FIG. 11 illustrates an example of circuitry of a
charge prevention circuit 40F according to another embodi-
ment.

[0121] The charge prevention circuit 40F shown in FIG. 11
includes a second inverter circuit 22F that is formed by com-
bining trimming portions of the second inverter circuits 22A
and 22E shown in FIGS. 6 and 10.

[0122] More specifically, the second inverter circuit 22F
includes diode-connected PMOS transistors M9 and M10
connected serially between a source of a PMOS transistor M3
(second PMOS transistor) and the positive power source ter-
minal Vdd, a trimming fuse F5 connected between a source
and a drain of the PMOS transistor M9, a trimming fuse F6
connected between a source and a drain of the PMOS tran-
sistor M10, resistors R1 and R2 connected serially between a
source of a depression-type NOS transistor M4 and a negative
power source terminal V- connected to the negative power
source terminal of the charger 30, and trimming fuses F3 and
F4 respectively connected in parallel to the resistors R1 and
R2.

[0123] As described above with reference to FIGS. 6 and
10, disconnecting the trimming fuses F3 and F4 can lower the
low-voltage criterial voltage by a unit voltage smaller than the
threshold voltage. Further, disconnecting the trimming fuses
F5 and Fé can raise the low-voltage criterial voltage by a
voltage identical to the threshold voltage of the PMOS tran-
sistor. That is, in the second inverter circuit 22F shown in FIG.
11, the low-voltage criterial voltage can be set in a broader
range and at shorter intervals.

[0124] It is to be noted that, although the description above
concerns the configuration in which the second inverter cir-
cuit 22E shown in FIG. 10 is combined with the second
inverter circuit 22A shown in FIG. 6, the trimming portion to
be combined with the secondary inverter circuit 22E is not
limited thereto, but can be any one of the second inverter
circuits 22A through 22D shown in FIGS. 6 through 9.
[0125] FIG. 12 illustrates an example of circuitry of a
charge prevention circuit 40G according to another embodi-
ment.

[0126] Referring to FIG. 12, the charge prevention circuit
40G is formed by combining the first inverter circuit 21
shown in FIG. 5 and the second inverter circuit 22A shown in
FIG. 6.

[0127] More specifically, the first inverter circuit 21
includes a PMOS transistor M1, an NMOS transistor M2,
diode-connected NMOS transistors M5 and M6 connected,
serially between a source of the NMOS transistor M2 and the
negative power source terminal Vss, a trimming fuse F1 con-
nected between a source and a drain of the NMOS transistor
MS, and a trimming fuse F2 connected between a source and
a drain of the NMOS transistor M6. The second inverter
circuit 22A includes a PMOS transistor M3, a depression-
type NMOS transistor M4, resistors R1 and R2 connected
serially between a source of the depression-type NMOS tran-
sistor M4 and the negative power source terminal V- con-
nected to the negative power source terminal of the charger
30, and trimming fuses F3 and F4 connected in parallel to the
resistors R1 and R2, respectively.

[0128] As described above with reference to FIGS. 5 and 6,
disconnecting the trimming fuses F1 and F2 can raise the
low-voltage criterial voltage by a unit voltage equal to the
threshold voltage of the NMOS transistor. Further, discon-
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necting the trimming fuses F3 and F4 can lower the low-
voltage criterial voltage. Thus, the low-voltage criterial volt-
age can be set more flexibly in a broader range and at shorter
intervals.

[0129] Itis to be noted that, although the description above
concerns the configuration in which the first inverter circuit
21 shown in FIG. 5 and the second inverter circuits 22A
shown in FIG. 6, the first inverter circuit 21 and any one of the
second inverter circuits 22A though 22D shown in FIGS. 6
through 9 can be combined.

[0130] As described above, the charge prevention circuits
according to various embodiment described above, incorpo-
rated into the battery protection semiconductor device that
can protect a secondary battery includes the first inverter
circuit connected to the power source terminal of the second
battery, and the second inverter circuit connected to the power
source terminal of the charger. At least one ofthe input thresh-
old voltages of the first inverter circuit and the second inverter
circuit can be changed using the trimming fuse, and accord-
ingly the predetermined or given low-voltage criterial voltage
of the charge prevention circuit can be changed.

[0131] Thereby, a single battery protection semiconductor
device can accommodate multiple low-voltage criterial volt-
ages, attaining a versatile battery protection semiconductor
device as well as improving accuracy of detecting the low-
voltage state.

[0132] Because the low-voltage criterial voltage can be
raised and lowered using the trimming fuse, purposes of
battery protection semiconductor device can be increased.
[0133] The low-voltage criterial voltage can be changed by
steps of the threshold voltages of the MOS transistor. Alter-
natively, the low-voltage criterial voltage can be changed
step-by-step in a range smaller than the input threshold volt-
age of the MOS transistor. By combining these two methods
of changing the low-voltage criterial voltage, the voltage
criterial voltage can be set at shorter intervals, improving the
accuracy of detecting the low-voltage state.

[0134] Additionally, by incorporating the battery protec-
tors described above in a battery pack, the low-voltage crite-
rial voltage thereof can be set at shorter intervals, and can be
switched among multiple set values to either to a higher set
value or a lower set value. Further, the battery pack can
accommodate multiple set values of the low-voltage criterial
voltage using a single semiconductor device.

[0135] The battery back can be used for various electronic
devices, such as mobile phones, portable computers, and
PDAs (Personal Digital Assistances).

[0136] Numerous additional modifications and variations
are possible in light of the above teachings. It is therefore to be
understood that, within the scope of the appended claims, the
disclosure of this patent specification may be practiced oth-
erwise than as specifically described herein.

[0137] This patent specification is based on and claims
priority from Japanese Patent Application No. 2008-022316,
filed on Feb. 1, 2008 in the Japan Patent Office, the entire
contents of which are hereby incorporated by reference
herein.

1-3. (canceled)

4. A battery pack comprising:
a secondary battery;

a discharge-control transistor;

a charge-control transistor connected in series with the
discharge-control transistor between a negative power
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source terminal of the secondary battery and either a

terminal of a load or a negative power source terminal of

a charger; and

a battery protection semiconductor device for protecting
the secondary battery,

the battery protection semiconductor device comprising:

a detection circuit to detect at least one of an excessively
charged state, an excessive discharging state an overcur-
rent state, a short-circuit state and an overheating state of
the secondary battery;

a control circuit to turn on and off the discharge-control
transistor and the charge-control transistor; and

acharge prevention circuit to prevent the secondary battery
from being charged by turning off the charge-control
transistor when a voltage of the secondary battery is not
greater than a predetermined low-voltage criterial volt-
age that is variable by trimming a portion of the charge
prevention circuit,

wherein the charge prevention circuit comprises:

a first inverter circuit that receives a high-level signal
during a charging mode, connected to both the nega-
tive power source terminal and a positive power
source terminal of the secondary battery; and

a second inverter circuit that receives an output from the
first inverter circuit, connected to both the negative
power source terminal and a positive power source
terminal of the charger, and

wherein an input threshold voltage of the second inverter
circuit is variable by trimming a portion of the second
inverter circuit, and the charge-control transistor is
turned off according to an output from the second
inverter circuit when the voltage of the secondary bat-
tery is not greater than the low-voltage criterial voltage.

5. The battery pack according to claim 4, wherein the input

threshold voltage of the second inverter circuit is raised by
trimming a portion thereof.

6. The battery pack according to claim 5, wherein the

second inverter circuit comprises:

a second PMOS transistor whose gate and source are con-
nected to an output terminal of the first inverter circuit
and the positive power source terminal of the charger,
respectively;

a depression-type NMOS transistor whose gate is con-
nected to the negative power source terminal of the
charger;

at least one resistor connected serially between a source of
the depression-type NMOS transistor and the negative
power source terminal of the charger; and

atrimming fuse connected in parallel to each of the at least
one resistor,

wherein a function node between drains of the second
PMOS transistor and the depression-type NMOS tran-
sistor serves as an output terminal of the second inverter
circuit.

7. The battery pack according to claim 5, wherein the

second inverter circuit comprises:

a second PMOS transistor whose gate and source are con-
nected to an output terminal of the first inverter circuit
and the positive power source terminal of the charger,
respectively;

a first depression-type NMOS transistor whose gate,
source, and back gate are connected to the negative
power source terminal of the charger;

Jun. 20, 2013

at least one second depression-type NMOS transistor
whose gate and back gate are respectively connected to
a source thereof and the negative voltage terminal of the
charger, connected serially between a drain of the sec-
ond PMOS transistor and a drain of the first depression-
type NMOS transistor; and

atrimming fuse connected between a source and a drain of
each of the at least one second depression-type NMOS
transistor.

8. The battery pack according to claim 5, wherein the

inverter circuit comprises:

a second PMOS transistor whose gate and source are con-
nected to an output terminal of the first inverter circuit
and the positive power source terminal of the charger,
respectively;

a first depression-type NMOS transistor whose gate,
source, and back gate are connected to the negative
power source terminal of the charger;

at least one second depression-type NMOS transistor
whose gate and back gate are respectively connected to
the negative voltage terminal of the charger and a source
thereof, connected serially between a drain of the second
PMOS transistor and a drain of the first depression-type
NMOS transistor; and

atrimming fuse connected between a source and a drain of
each of the at least one second depression-type NMOS
transistor.

9. The battery pack according to claim 5, wherein the

second inverter circuit comprises:

a second PMOS transistor whose gate and source are con-
nected to an output terminal of the first inverter circuit
and the positive power source terminal of the charger,
respectively;

a first depression-type NMOS transistor whose gate,
source, and back gate are connected to the negative
power source terminal of the charger;

at least one second depression-type NMOS transistor
whose gate and back gate are connected to the negative
voltage terminal of the charger, connected serially
between a drain of the second PMOS transistor and a
drain of the first depression-type NMOS transistor; and

atrimming fuse connected between a source and a drain of
each of the at least one second depression-type NMOS
transistor.

10. The battery pack according to claim 4, wherein the
input threshold voltage of the second inverter circuit is low-
ered by trimming.

11. The battery pack according to claim 10, wherein the
second inverter circuit comprises:

a second PMOS transistor whose gate is connected to an
output terminal of the first inverter circuit;

a depression-type NMOS transistor whose gate and source
are connected to the negative power source terminal of
the charger;

at least one diode-connected PMOS transistor connected
serially between a source of the second PMOS transistor
and the positive power source terminal of the charger;
and

atrimming fuse connected between a source and a drain of
each of' the at least one diode-connected PMOS transis-
tor,
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wherein a junction node between drains of the second
PMOS transistor and the depression-type NMOS tran-
sistor serves as an output terminal of the second inverter
circuit.

12. The battery pack according to claim 4, wherein the

second inverter circuit comprises:

a second PMOS transistor whose gate is connected to an
output terminal of the first inverter circuit;

at least one diode-connected PMOS transistor connected
serially between a source of the second PMOS transistor
and the positive power source terminal of the charger;

atrimming fuse connected between a source and a drain of
each of the at least one diode-connected PMOS transis-
tor;

a depression-type NMOS transistor whose gate is con-
nected to the negative power source terminal of the
charger;

at least one resistor connected serially between a source of
the depression-type NMOS transistor and the negative
power source terminal of the charger; and

atrimming fuse connected in parallel to each of the at least
one resistor,

wherein a junction node between drains of the second
PMOS transistor and the depression-type NMOS tran-
sistor serves as an output terminal of the second inverter
circuit.

13. The battery pack according to claim 4, wherein the

second inverter circuit comprises:

a second PMOS transistor whose gate is connected to an
output terminal of the first inverter circuit;

at least one diode-connected PMOS transistor connected
serially between a source of the second PMOS transistor
and the positive power source terminal of the charger;

atrimming fuse connected between a source and a drain of
each of the at least one diode-connected PMOS transis-
tor;

afirst depression-type NMOS transistor whose gate is con-
nected to the negative power source terminal of the
charger;

at least one second depression-type NMOS transistor
whose gate and back gate are respectively connected to
a source thereof and the negative voltage terminal of the
charger, connected serially between a drain of the sec-
ond PMOS transistor and a drain of the first depression-
type NMOS transistor; and

atrimming fuse connected between a source and a drain of
each of the at least one second depression-type NMOS
transistor.

14. The battery pack according to claim 4, wherein the

second inverter circuit comprises:

a second PMOS transistor whose gate is connected to an
output terminal of the first inverter circuit;

at least one diode-connected PMOS transistor connected
serially between a source of the second PMOS transistor
and the positive power source terminal of the charger;

atrimming fuse connected between a source and a drain of
each of the at least one diode-connected PMOS transis-
tor;

a first depression-type NMOS transistor whose gate,
source, and back gate are connected to the negative
power source terminal of the charger;

at least one second depression-type NMOS transistor
whose gate and back gate are respectively connected to
the negative voltage terminal of the charger and a source
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thereof, connected serially between a drain of the second
PMOS transistor and a drain of the first depression-type
NMOS transistor; and

atrimming fuse connected between a source and a drain of
each of the at least one second depression-type NMOS
transistor.

15. The battery pack according to claim 4, wherein the

second inverter circuit comprises:

a second PMOS transistor whose gate is connected to an
output terminal of the first inverter circuit;

at least one diode-connected PMOS transistor connected
serially between a source of the second PMOS transistor
and the positive power source terminal of the charger;

atrimming fuse connected between a source and a drain of
each of the at least one diode-connected PMOS transis-
tor;

a first depression-type NMOS transistor whose gate,
source, and hack gate are connected to the negative
power source terminal of the charger;

at least one second depression-type NMOS transistor
whose gate and back gate are connected to the negative
voltage terminal of the charger, connected serially
between a drain of the second PMOS transistor and a
drain of the first depression-type NMOS transistor; and

atrimming fuse connected between a source and a drain of
each of the at least one second depression-type NMOS
transistor.

16. The battery pack according to claim 4, wherein an input
threshold voltage of the first inverter circuit is variable by
trimming a portion thereof as well as that of the second
inverter circuit.

17. The battery pack according to claim 16, wherein he
input threshold voltage of the second, inverter circuit raised
by trimming a portion thereof.

18. The battery pack according to claim 16, wherein the
second inverter circuit comprises:

a second PMOS transistor whose gate and source are con-
nected to an output terminal of the first inverter circuit
and the positive power source terminal of the charger,
respectively:

a depression-type NMOS transistor whose gate is con-
nected to the negative power source terminal of the
charger;

at least one resistor connected serially between a source of
the depression-type NMOS transistor and the negative
power source terminal of the charger; and

atrimming fuse connected in parallel to each of the at least
one resistor,

wherein a junction node between drains of the second
PMOS transistor and the depression-type NMOS tran-
sistor serves as an output terminal of the second inverter
circuit.

19. (canceled)

20. A battery protection semiconductor device for protect-

ing a secondary battery,

the battery protection semiconductor device comprising:

a detection circuit to detect at least one of an excessively
charged state, an excessive discharging state, an over-
current state, a short-circuit state, and an overheating
state of the secondary battery;

a control circuit to turn on and off the discharge-control
transistor and the charge-control transistor; and

a charge prevention circuit to prevent the secondary battery
from being charged by turning off the charge control
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transistor when a voltage of the secondary battery is not
greater than a predetermined low-voltage criteria volt-
age that is variable by trimming a portion of the charge
prevention circuit.
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