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(57) ABSTRACT

According to one embodiment, a semiconductor device
includes: a boost circuit configured to apply a first voltage to
a gate terminal; a first switching element, a first resistor, and
a second resistor that are coupled in parallel between the
gate terminal and a source terminal; a second switching
element coupled in series with the second resistor between
the gate terminal and the source terminal; a switching
element control circuit configured to switch, in response to
a change of a voltage from the first voltage applied from the
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first switching element to on state after switching the second
30) Foreign Application Priority Data switching element to on state. A resistance value of the

second resistor is smaller than a resistance value of the first
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SEMICONDUCTOR DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the
benefit of priority from Japanese Patent Application No.
2019-013410, filed Jan. 29, 2019, the entire contents of
which are incorporated herein by reference.

FIELD

[0002] Embodiments described herein relate generally to a
semiconductor device.

BACKGROUND

[0003] Semiconductor devices is known for providing a
constant electric power supply to a load.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] FIG. 1 is a circuit diagram for describing a con-
figuration of a semiconductor device according to a first
embodiment.

[0005] FIG. 2 is a timing chart for describing an operation
of the semiconductor device according to the first embodi-
ment.

[0006] FIG. 3 is a circuit diagram for describing a con-
figuration of a semiconductor device according to a second
embodiment.

[0007] FIG. 4 is a timing chart for describing an operation
of the semiconductor device according to the second
embodiment.

[0008] FIG. 5 is a circuit diagram for describing a con-
figuration of a semiconductor device according to a modi-
fication.

[0009] FIG. 6 is a timing chart for describing an operation
of the semiconductor device according to the modification.

DETAILED DESCRIPTION

[0010] In general, according to one embodiment, a semi-
conductor device includes: a boost circuit configured to
apply a first voltage to a gate terminal; a first switching
element, a first resistor, and a second resistor that are
coupled in parallel between the gate terminal and a source
terminal; a second switching element coupled in series with
the second resistor between the gate terminal and the source
terminal; a switching element control circuit configured to
switch, in response to a change of a voltage from the first
voltage applied from the boost circuit to the gate terminal to
being indeterminate, the first switching element to on state
after switching the second switching element to on state. A
resistance value of the second resistor is smaller than a
resistance value of the first resistor.

[0011] Hereinafter, embodiments of the present invention
will be described with reference to the drawings. It should
be noted that, in the following description, structural ele-
ments having the same functions and configurations will be
denoted using reference symbols common thereto. In addi-
tion, where a plurality of structural elements denoted by
reference symbols common thereto is to be distinguished,
the reference symbols common thereto will be denoted by
additional subscript numbers. It should further be noted that
where a plurality of structural elements do not require any

Jul. 30, 2020

special distinction, the plurality of structural elements will
only be denoted by reference symbols common thereto
without subscript numbers.

1. First Embodiment

[0012] A semiconductor device according to a first
embodiment will be described.

[0013] The semiconductor device according to the first
embodiment is, for example, an IC (Integrated Circuit) chip,
and is a driver for driving a switching element that outputs
an electric power supply voltage to a load.

[0014] 1.1 Configuration

[0015] A configuration of a semiconductor device accord-
ing to the first embodiment will be described.

[0016] FIG. 1 is a circuit diagram for describing the
configuration of the semiconductor device according to the
first embodiment.

[0017] As shown in FIG. 1, the semiconductor device 1 is
configured to drive a switching element MO0 that outputs a
voltage VDD to a load R0. The semiconductor device 1, the
switching element M0, and the load R0 may, for example,
correspond to parts in an automotive on-board system. The
voltage VDD is an electric power supply voltage for driving
the semiconductor device 1, the switching element M0, and
the load RO.

[0018] The switching element M0 is a switch that can
control a voltage supply to the load RO. The switching
element MO is, for example, an MOS (Metal-Oxide-Semi-
conductor) transistor having an n-type conductivity, and the
switching element M0 includes a first end (drain end) where
the voltage VDD is supplied, a second end (source end)
connected to the first end of the load RO, and a gate
connected to the semiconductor device 1.

[0019] The load RO corresponds to, for example, a head-
light, a car navigation system, etc., and includes a second
end grounded to a voltage GND2. As a result, when the
switching element M0 is switched to ON, the load RO is
supplied with the voltage VDD via the switching element
MO to exhibit a predetermined function. On the other hand,
when the switching element M0 is switched to OFF, the load
RO is electrically disconnected from the voltage VDD, and
stops the predetermined function. The voltage GND2 is, for
example, a ground voltage for the load RO, and sets a
reference potential of the load R0. It should be noted that the
voltage GND2 is set independently of a ground voltage for
the semiconductor device 1 described later.

[0020] The semiconductor device 1 has terminals P1, P2,
P3, P4, and P5.
[0021] Each of the terminals P1 and P2 is a terminal

coupled to a voltage source for driving various circuits in the
semiconductor device 1.

[0022] More specifically, the terminal P1 is a power sup-
ply terminal supplied with the voltage VDD.

[0023] The terminal P2 is a ground terminal grounded to
avoltage. GND1 via a switch SW. The voltage GND1 is, for
example, the ground voltage for the semiconductor device 1,
and sets a reference potential of the semiconductor device 1.
The switch SW is a virtual circuit for schematically showing
a state of electrical connection between the terminal P2 and
the voltage GND1. That is, when the switch SW is ON, it
indicates that the terminal P2 is normally grounded to the
voltage GND1, while when the switch SW is OFF, the
terminal P2 is electrically disconnected from the voltage
GND1 (e.g., a interconnect for grounding the terminal P2 is
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broken). In the following description, the passage “the
switch SW is switched from ON to OFF” can be read as “a
voltage at the terminal P2 changes from the voltage GND1
to an indeterminate state”, “the terminal P2 is in a floating
state with respect to the voltage GND1”, “the terminal P2

opens” or “the terminal P2 is in a high impedance state”.

[0024] The terminal P3 is a terminal to which a voltage
VIN is supplied. The voltage VIN is a voltage serving as a
trigger for the semiconductor device 1 to start operations.
That is, by supplying the voltage VIN to the terminal P3, the
semiconductor device 1 becomes operable.

[0025] The terminal P4 is a terminal to which the output
voltage from the semiconductor device 1 is output, and it is
coupled to the gate of the switching element MO. The
terminal P4 is also referred to as the “gate terminal”.

[0026] The terminal P5 is a terminal coupled between the
source end of the switching element M0 and the load RO.
The terminal P5 is also referred to as the “source terminal”.

[0027] The semiconductor device 1 further includes a
control circuit 10 and a GND disconnection-protecting cir-
cuit 20.

[0028] The control circuit 10 is a circuit that entirely
controls the operations of the semiconductor device 1, and
includes a first input terminal coupled to the terminal P1, a
second input terminal coupled to the terminal P2, a third
input terminal coupled to the terminal P3, and an output
terminal coupled to the terminal P4. The control circuit 10
can start the operations by receiving the voltage VIN from
the terminal P3. Also, the control circuit 10 includes, for
example, a boost circuit 15.

[0029] The boost circuit 15 is configured to output an
output voltage greater than a potential difference between
the voltages VDD and GND1 to the terminal P4 based on the
voltages VDD and GND1 supplied from the terminals P1
and P2, respectively. The output voltage of the boost circuit
15 is so large that it can switch to ON the switching element
MO.

[0030] When the supply of the voltage VDD or GND1 is
stopped (that is, when the terminal P1 is electrically discon-
nected from the voltage VDD or the terminal P2 is electri-
cally disconnected from the voltage GND1), the boost
circuit 15 stops putting out voltage to P4. When the output
of'the output voltage from the boost circuit 15 to the terminal
P4 is stopped, the voltage at the terminal P4 changes from
the state kept constant by the output voltage from the boost
circuit 15 to being indeterminate. When the voltage at the
terminal P4 is indeterminate, a period occurs in which the
switching element MO0 is unintentionally switched to ON,
which may damage the switching element M0, which is not
preferable. Therefore, the GND disconnection-protecting
circuit 20 is provided in the semiconductor device 1 so that
the period in which the voltage at the terminal P4 is
indeterminate can be shortened as much as possible.

[0031] The GND disconnection-protecting circuit 20
includes switching elements M1, M2, M3, M4, and Q1,
resistors R1, R2, R3, R4, R5, R6, and R7, a diode D1, and
a current source 25. The switching elements M1 and M2
include, for example, MOS transistors having an n-type
conductivity. The switching elements M3 and M4 include,
for example, MOS transistors having p-type conductivity.
The switching element Q1 includes, for example, a pnp
transistor. The diode D1 includes, for example, a Zener
diode.
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[0032] The current source 25 includes a first input terminal
coupled to the terminal P1, a second input terminal coupled
to the terminal P2, and an output terminal coupled to the
terminal P5 via the resistor R3. The current source 25 is
configured to cause a predetermined current to flow to the
terminal P5 via the resistor R3 based on the voltage VDD
supplied from the terminal P1 and the voltage GND1
supplied from the terminal P2.

[0033] It should be noted that when the supply of voltage
VDD or GND1 is stopped (that is, when the terminal P1 is
electrically disconnected from the voltage VDD or the
terminal P2 is electrically disconnected from the voltage
GND1), the current source 25 stops the output of the
predetermined current to the resistor R3.

[0034] The resistor R1 includes a first end coupled to the
terminal P1 and a second end coupled to a node N1. The
resistor R2 includes a first end coupled to the node N1 and
a second end coupled to the terminal P5.

[0035] The resistor R3 includes a first end coupled to the
output terminal of the current source 25 and a second end
coupled to the terminal P5. The switching element M1
includes a first end (drain end) coupled to the node N1, a
second end (source end) coupled to the terminal P5, and a
gate coupled between the output terminal of the current
source 25 and the first end of the resistor R3. It should be
noted that the resistor R3 has a function of generating a
potential difference between the gate and the source of the
switching element M1 that can switch the switching element
M1 to ON by the predetermined current output from the
current source 25.

[0036] By the above-described configurations, the current
source 25 and the resistor R3 function as a switching
element control circuit for switching the switching element
M1 from ON to OFF when the terminal P2 is electrically
disconnected from the voltage GND1.

[0037] The switching element M2 includes a first end
(drain end) coupled to the terminal P4, a second end (source
end) coupled to the terminal P5, and a gate coupled to the
node N1. The resistor R4 includes a first end coupled to the
terminal P4 and a second end coupled to the terminal P5.
The switching element M2 and the resistor R4 are coupled
in parallel to each other between the terminal P4 and the
terminal PS.

[0038] The resistor R5, the switching element Q1, and the
diode D1 coupled in series are coupled in parallel to the
switching element M2 and the resistor R4 between the
terminal P4 and the terminal P5.

[0039] The resistor R5 includes a first end coupled to the
terminal P4 and a second end coupled to a node N2.
[0040] The switching element Q1 includes a first end
(emitter terminal) coupled to the node N2, and a second end
(base terminal) and a third end (collector terminal) that are
coupled to the output terminal of the diode D1. The diode D1
includes an input terminal coupled to the terminal P5. The
switching element Q1 and the diode D1 function as a
constant voltage source that keeps a potential difference
between the terminal P5 and the node N2 at a predetermined
value.

[0041] The switching element M3 and the resistor R6
coupled in series are coupled in parallel to the switching
element M2 and the resistor R4 between the terminal P4 and
the terminal PS.

[0042] The switching element M3 includes a first end
(source end) coupled to the terminal P4, a second end (drain
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end) coupled to a node N3, and a gate coupled to the node
N2. The resistor R6 includes a first end coupled to the node
N3 and a second end coupled to the terminal P5.

[0043] The switching element M4 and the resistor R7
coupled in series are coupled in parallel to the switching
element M2 and the resistor R4 between the terminal P4 and
the terminal PS.

[0044] The switching element M4 includes a first end
(source end) coupled to the terminal P4, a second end (drain
end) coupled to the first end of the resistor R7, and a gate
coupled to the node N3. The resistor R7 includes a second
end coupled to the terminal P5. That is, the switching
element M4 and the resistor R7 are coupled in series
between the terminal P4 and the terminal PS.

[0045] The resistor R7 has a lower resistance than the
resistors R4, RS, and R6. Further, among paths coupled
between the terminal P4 and the terminal P5, the resistor R7
can have a resistance value lower than a combined resistance
of: a resistance value of a path via the resistor R4, a
resistance value of a path via the resistor R5, and a resistance
value of a path via the resistor R6.

[0046] By the above-described configurations, the resistor
R5, the switching element Q1, the diode D1, the switching
element M3, and the resistor R6 can function as a switching
element control circuit configured to switch the switching
element M4 from OFF to ON when the voltage at the
terminal P4 is indeterminate. Also, a path via the resistor R7
in which the switching element M4 is switched to ON is a
path that, except for a path via the switching element M2
where the switching element M2 is switched to ON, has a
lower resistance than the other paths coupled in parallel
between the terminal P4 and the terminal PS.

1.2 Operation

[0047] Next, an operation of the semiconductor device
according to the first embodiment will be described.
[0048] FIG. 2 is an example of a timing chart for describ-
ing the operation for the GND disconnection protection by
the semiconductor device according to the first embodiment.
Shown in time series in FIG. 2 are: a normal state in which
the voltages VDD and GND1 are normally supplied to the
semiconductor device 1, and a state in which the supply of
the voltage GNDI1 is stopped due to the occurrence of
disconnection. The normal state corresponds to a period
before time T2, and the state in which the supply of the
voltage GND1 is stopped corresponds to a period later than
T2.

[0049] As shown in FIG. 2, the semiconductor device 1 is
not supplied with the voltage VIN via the terminal P3 until
the time T1. As a result, the boost circuit 15 does not apply
a voltage for switching ON the switching element M0 to the
terminal P4. Therefore, the switching element MO is
switched to OFF, and the voltage at the terminals P4 and P5
becomes the voltage GND2.

[0050] At the time T1, the voltage VIN is applied to the
terminal P3. Thus, the boost circuit 15 outputs the voltage
VOUT (>IVDD-GND1I) to the terminal P4 based on the
voltage VDD supplied from the terminal P1 and the voltage
GND1 supplied from the terminal P2. Along with this, the
switching element M0 is switched to ON, and the supply of
the voltage VDD to the load RO starts (that is, the voltage at
the terminal P5 rises to the voltage VDD).

[0051] The voltage of the node N2 rises, with respect to
the voltage of terminal P5, to a predetermined value deter-
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mined by the characteristics of the switching element Q1
and the diode D1. As a result, a potential difference (denoted
in FIG. 2 as “V 55 0f M3” or “V,_»»”) between the gate and
the source of the switching element M3 is generated. Since
the potential difference V,, »» exceeds a threshold voltage
Vth of the switching element M3, the switching element M3
is switched to ON, and the terminal P4 and the terminal P5
are electrically connected via the resistor R6.

[0052] The voltage of the node N3 is the voltage VOUT
when the switching element M3 is switched to ON. There-
fore, there is no significant potential difference (denoted in
FIG. 2 as “V 55 of M4” or “V, »5”) between the gate and
the source of the switching element M4. Since the potential
difference Vp, 55 is below a threshold voltage Vth of the
switching element M4, the switching element M4 is
switched to OFF.

[0053] It should be noted that, although not shown in FIG.
2, the current source 25 outputs a predetermined current
toward the terminal P5. As a result, a potential difference
between the gate and the source of the switching element M1
is generated, and the switching element M1 is switched to
ON. Therefore, the gate and the source of the switching
element M2 are electrically connected via the switching
element M1, and the switching element M2 is switched to
OFF.

[0054] Subsequently, at the time T2, for example, due to
the occurrence of disconnection, the switch SW is switched
from ON to OFF. As a result, the voltage at the terminal P2
goes from the voltage GND1 to being indeterminate. In the
example of FIG. 2, the terminal P2 is pulled up by the
voltage at the terminal P1 and becomes the voltage VDD. As
a result, the boost circuit 15 cannot boost the voltage VDD,
and stops the output of the voltage VOUT to the terminal P4.
The voltage at the terminal P4 changes from being fixed to
the constant voltage VOUT to being indeterminate.

[0055] As the voltage at the terminal P4 becomes inde-
terminate, the charge of the terminal P4 is gradually drawn
toward the terminal P5 via either: the resistor R4; the resistor
R5, the switching element Q1, and the diode D1; or the
switching element M3 and the resistor R6. Since the voltage
at the terminal P4 gradually decreases from the voltage
VOUT, the potential difference between the terminal P4 and
the terminal P5 gradually decreases.

[0056] On the other hand, as described above, since the
switching element Q1 and the diode D1 operate as a voltage
source, the voltage of the node N2 does not change. For this
reason, the potential difference V,_», gradually decreases.
[0057] Although not shown in FIG. 2, the current source
25 stops the output of the predetermined current toward the
terminal P5 when the voltage at the terminal P2 is indeter-
minate. Thus, there is no potential difference between the
gate and the source of the switching element M1, and the
switching element M1 is switched to OFF. As a result, the
only path coupled between the gate and the source of the
switching element M2 is a path via the resistor R2. At the
time T2, the voltage at the terminal P5 is the voltage VDD,
so that the switching element M2 is still switched to OFF.
[0058] At the time T3, the operating state of the switching
element M3 is gradually switched to OFF, and transitions
from, for example, a saturation region to a linear region.
Along with this, the decrease of the potential difference
Vpans accelerates, and the potential difference V,, 55
between the gate and the source of the switching element M4
starts to increase.
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[0059] At the time T4, the potential difference V,, . is
smaller than the threshold voltage Vth of the switching
element M3, and the switching element M3 is switched to
OFF. Accordingly, the node N3 is electrically disconnected
from the terminal P4, and the potential difference V,_»- is
greater than the threshold voltage Vth of the switching
element M4. Thereby, the switching element M4 is switched
to ON, and a path electrically coupled between the terminal
P4 and the terminal P5 via the resistor R7 is formed.
[0060] Here, the resistance value of the resistor R7 is
smaller than the resistance value of the resistor R4. That is,
the force for drawing the charge from the terminal P4 toward
the terminal P5 is greater on the path via the resistor R7 than
on the path via the resistor R4. Therefore, the voltage decline
speed of the terminal P4 after the time T4 is faster than the
voltage decline speed from the time T2 to the time T4.
[0061] As the voltage at the terminal P4 decreases, the
operating state of the switching element MO is gradually
switched to OFF, and transitions from, for example, the
saturation region to the linear region. Along with this, the
voltage at the terminal P5 starts to drop from the voltage
VDD. As aresult, a potential difference is generated between
the terminal P1 and the terminal P5, and a partial resistance
determined by the resistors R1 and R2 is applied to the node
N1. As a result, a potential difference (denoted in FIG. 2 as
“Vgs of M2” or “V,, »5s”) between the gate and the source
of the switching element M2 is generated.

[0062] At the time T5, the potential difference Vy,, s is
greater than a threshold voltage Vth of the switching element
M2, and the switching element M2 is switched to ON.
Accordingly, the terminals P4 and P5 are electrically
coupled via the switching element M2, and the path between
the terminals P4 and P5 is substantially shortened. Thereby,
the charge of the terminal P4 is rapidly drawn toward the
terminal P5, and, at the time T6, the switching element M0
is completely switched to OFF.

[0063] By the above-described operation, the switching
element M0 can be quickly switched to OFF after the switch
SW is switched to OFF, and it is possible to suppress the
likelihood of malfunction of the switching element MO
caused by the switch SW being switched to OFF.

1.3 Effects of Present Embodiment

[0064] According to the first embodiment, it is possible to
suppress malfunction caused by potential change of the
terminal P2. Below, the effects of the present embodiment
will be described.

[0065] The boost circuit 15 is configured to be able to
apply the voltage VOUT to the terminal P4. However, the
boost circuit 15 cannot apply the voltage VOUT if the
voltage supplied to the terminal P2 changes from the voltage
GND1 to being indeterminate. As a result, the voltage at the
terminal P4 changes from the voltage VOUT to being
indeterminate.

[0066] According to the first embodiment, the switching
element M2, the resistor R4, and the resistor R7 having a
smaller resistance value than the resistor R4 are coupled in
parallel to each other between the terminal P4 and the
terminal P5. The switching element M4 is coupled in series
with the resistor R7 between the terminal P4 and the
terminal P5. Further, the resistor R5, the switching element
Q1, the diode D1, the switching element M3, and the resistor
R6 are configured to switch, in response to the voltage at the
terminal P4 changing from the voltage VOUT to being

Jul. 30, 2020

indeterminate, the switching element M4 from OFF to ON,
and subsequently to switch the switching element M2 from
OFF to ON. As a result, it is possible to suppress an increase
of'the period in which the switching element M0 is switched
to ON despite the terminal P4 being indeterminate.

[0067] Supplementally, since the resistor R4 is a path
continuously electrically coupled between the terminal P4
and the terminal P5, it has the effect of drawing the charge
of the terminal P4 toward the terminal P5 even in the normal
state. Therefore, although reducing the resistance value of
the resistor R4 more than necessary can cause the switching
element M0 to be quickly switched to OFF when the
terminal P4 is indeterminate, it is not preferable because the
boost performance of the boost circuit 15 in the normal state
can also diminish. Therefore, using only the path via the
resistor R4 to draw the charge of the terminal P4 toward the
terminal P5 until the switching element M2 is switched to
OFF may cause the switching element M0 to malfunction
over a long period of time.

[0068] On the other hand, according to the first embodi-
ment, when the voltage at the terminal P4 is gradually
decreased by the resistor R4, the switching element M3 is
switched to OFF before the switching element M2 is
switched to OFF. Thus, the switching element M4 can be
switched to ON before the switching element M2 is
switched to OFF. Therefore, the terminals P4 and P5 are
electrically coupled via the resistor R7, and a path in which
current flows more easily than the resistor R4 is formed. In
this manner, the voltage at the terminal P4 can be reduced
earlier than in a case of using the path via the resistor R4, so
that the switching element M2 can be switched earlier to
ON, and the time it takes for the switching element M0 to
be switched to OFF can be shortened.

[0069] In addition, the current source 25 is configured to
stop, in response to the voltage at the terminal P2 changing
from the voltage GND1 to being indeterminate, the current
output to the terminal P5 via the resistor R3. Thus, the
switching element M1 can be switched to ON while the
current is output from the current source 25, and can be
switched to OFF when the voltage at the terminal P2 goes
from the voltage GNDI1 to being indeterminate.

[0070] Also, the switching element M1 couples, together
with the resistor R2, between the gate and the source of the
switching element M2. For this reason, while the current
source 25 operates normally, the switching element M2 is
always short-circuited between the gate and the source by
the switching element M1, so the switching element M2 can
always be switched to OFF. On the other hand, when the
current source 25 detects that the terminal P2 is indetermi-
nate etc., and switches the switching element M1 to OFF, a
potential difference between the gate and the source of the
switching element M2 can be increased by the resistor R2,
and the switching element M2 can be switched to ON in
response to the decrease in voltage at the terminal P5.
Therefore, it is possible to ultimately short-circuit the ter-
minals P4 and P5 and suppress malfunction of the switching
element MO.

2. Second Embodiment

[0071] Next, a semiconductor device according to a sec-
ond embodiment will be described. The second embodiment
is different from the first embodiment in the regard that what
is used is not a voltage source that can determine the
potential difference between the node N2 and the terminal
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P5 independently of the resistor R5, but one that can
determine the potential difference based on voltage division
with the resistor R5. In the following, descriptions of
configurations and operations same as in the first embodi-
ment will be omitted, and mainly configurations and opera-
tions different from those of the first embodiment will be
described.

2.1 Configuration

[0072] FIG. 3 is a circuit diagram for explaining a con-
figuration of the semiconductor device according to the
second embodiment. FIG. 3 corresponds to FIG. 1 of the first
embodiment.

[0073] As shown in FIG. 3, the semiconductor device 1
includes a GND disconnection-protecting circuit 20A
instead of the GND disconnection-protecting circuit 20
shown in FIG. 1.

[0074] The GND disconnection-protecting circuit 20A
includes a resistor R8a instead of the switching element Q1
and the diode D1. In other words, the resistor R8a includes
a first end coupled to the node N2, and a second end coupled
to the terminal P5. The resistors R5 and R8a are configured
to determine the voltage (partial voltage) applied to the node
N2 according to the ratio of the respective resistance values.

2.2 Operation

[0075] FIG. 4 is a timing chart for explaining an operation
of the semiconductor device according to the second
embodiment. FIG. 4 corresponds to FIG. 2 of the first
embodiment.

[0076] As shown in FIG. 4, the operations up to the time
T2 are the same as those of FIG. 2.

[0077] Atthe time T2, the switch SW is switched from ON
to OFF due to, for example, the occurrence of a disconnec-
tion. As a result, the voltage at the terminal P2 goes from the
voltage GND1 to being indeterminate, and is drawn by the
voltage at the terminal P1 to become the voltage VDD.
Therefore, the boost circuit 15 cannot boost the voltage
VDD, and stops the output of the voltage VOUT to the
terminal P4. The voltage at the terminal P4 changes from
being fixed to the constant voltage VOUT to being indeter-
minate.

[0078] As the voltage at the terminal P4 is indeterminate,
the terminal P4 is gradually drawn toward the terminal P5
either via the resistor R4, via the resistors R5 and R8a, or via
the switching element M3 and the resistor R6. Since the
voltage at the terminal P4 gradually decreases from the
voltage VOUT, the potential difference between the terminal
P4 and the terminal P5 gradually decreases.

[0079] On the other hand, as described above, the resistor
R8a functions as a voltage source that determines the
voltage of the node N2 in accordance with the ratio of the
resistance value to the resistor R5. Thus, the voltage of the
node N2 gradually decreases as the voltage at the terminal
P4 decreases. For this reason, the potential difference Vi, -
gradually decreases.

[0080] It should be noted that, although not shown in FIG.
4, the current source 25 stops the output of the predeter-
mined current toward the terminal P5 when the voltage at the
terminal P2 is indeterminate. Thus, there is no potential
difference between the gate and the source of the switching
element M1, and the switching element M1 is switched to
OFF. As a result, the only path connected between the gate
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and the source of the switching element M2 is the path via
the resistor R2. At the time T2, since the terminal P5 is at the
voltage VDD, the switching element M2 is still switched to
OFF.

[0081] At the time T3, the operating state of the switching
element M3 is gradually switched to OFF, and transitions
from, for example, the saturation region to the linear region.
Along with this, the decrease of the potential difference
Vo, nn accelerates, and the potential difference Vi, s
between the gate and the source of the switching element M4
starts to increase.

[0082] The subsequent operations are the same as those
shown in FIG. 2.

[0083] By the above-described operations, the switching
element M0 can be quickly switched to OFF after the switch
SW is switched to OFF, and malfunction of the switching
element M0 caused by the switch SW being switched to OFF
can be suppressed.

2.3 Effects of Present Embodiment

[0084] According to the second embodiment, the gate of
the switching element M3 is coupled between the resistor RS
that is coupled to the terminal P4 and the resistor R8a that
is coupled to the terminal P5. As a result, the same effects as
in the first embodiment can be obtained by using the voltage
source determining the potential difference between the
terminal P5 and the node N2 by the partial voltage instead
of the voltage source that can keep the potential difference
between the terminal P5 and the node N2 constant, for
example, the pnp transistor and the Zener diode coupled in
series.

3. Modifications

[0085] Although various embodiments have been
described above, the first embodiment and the second
embodiment are not restricted to the aforementioned, and
may be modified in various ways.

[0086] For example, although the first embodiment and
the second embodiment have described the case where the
switching elements M3 and M4 have the p-type conductiv-
ity, the present invention is not limited to this. Specifically,
the switching elements M3 and M4 may have, for example,
an n-type conductivity.

3.1 Configuration

[0087] FIG. 5 is a circuit diagram for describing a con-
figuration of a semiconductor device according to a modi-
fication. FIG. 5 corresponds to FIG. 1 of the first embodi-
ment.

[0088] As shown in FIG. 5, the semiconductor device 1
includes a GND disconnection-protecting circuit 20B
instead of the GND disconnection-protecting circuit 20
shown in FIG. 1.

[0089] Instead of the resistors R5, R6, and R7, the switch-
ing elements M3, M4, and Q1, as well as the diode D1, the
GND disconnection-protecting circuit 20B includes resistors
R5b, R6bh, and R7b, switching elements M3bh, M4b, and
Q15, and a diode D14. The switching elements M35 and
M4b include, for example, MOS transistors having an n-type
conductivity. The switching element Q15 includes, for
example, a pnp transistor. The diode D15 includes, for
example, a Zener diode.
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[0090] The switching element Q15, the diode D15, and the
resistor R55 coupled in series are coupled in parallel to the
switching element M2 and the resistor R4 between the
terminal P4 and the terminal P5.

[0091] The switching element Q15 includes a first end
(emitter terminal) coupled to the terminal P4, and a second
end (base terminal) and a third end (collector terminal) that
are coupled to the output terminal of the diode D15b. The
diode D15 includes an input terminal coupled to a node N25b.
The switching element Q15 and the diode D15 function as
a constant voltage source that keeps a potential difference
between the terminal P4 and the node N2b at a predeter-
mined value.

[0092] The resistor R55 includes a first end coupled to the
node N2b and a second end coupled to the terminal. P5.
[0093] The resistor R6b and the switching element M35
coupled in series are coupled in parallel to the switching
element M2 and the resistor R4 between the terminal P4 and
the terminal PS.

[0094] The resistor R65 includes a first end coupled to the
terminal P4 and a second end coupled to a node N3b. The
switching element M35 includes a first end (drain end)
coupled to the node N3b, a second end (source end) coupled
to the terminal P5, and a gate coupled to the node N25.
[0095] The resistor R76 and the switching element M4b
coupled in series are coupled in parallel to the switching
element M2 and the resistor R4 between the terminal P4 and
the terminal PS.

[0096] The resistor R75 includes a first end coupled to the
terminal P4 and a second end coupled to the first end (drain
end) of the switching element M4b. The switching element
M4b includes a second end (source end) coupled to the
terminal P5, and a gate coupled to the node N3b. That is, the
resistor R75 and the switching element M35 are coupled in
series between the terminal P4 and the terminal P5.

[0097] The resistor R754 has a lower resistance than the
resistors R4, R5b, and R6b. Further, among paths coupled
between the terminals P4 and P5, the resistor R75 can have
a resistance value lower than a combined resistance of: a
resistance value of the path via the resistor R4, a resistance
value of a path via the resistor R55, and a resistance value
of a path via the resistor R6b.

[0098] By the above-described configuration, the switch-
ing element Q15, the diode D15, the resistors R5h and R6b,
and the switching element M35 can function as a switching
element control circuit configured to switch the switching
element M4b from OFF to ON when the voltage at the
terminal P4 is indeterminate. Also, a path via the resistor
R7b where the switching element M4b is switched to ON is
a path that, except for the path via the switching element M2
where the switching element M2 is switched to ON, has a
lower resistance than the other paths coupled in parallel
between the terminal P4 and the terminal PS.

3.2 Operation

[0099] FIG. 6 is a timing chart for explaining an operation
of the semiconductor device according to the modification.
FIG. 6 corresponds to FIG. 2 of the first embodiment.

[0100] Asshown in FIG. 6, at the time T1, the voltage VIN
is applied to the terminal P3. Thus, the boost circuit 15
outputs, based on the voltage VDD supplied from the
terminal P1 and the voltage GND1 supplied from the
terminal P2, the voltage VOUT (>IVDD-GND1l) to the
terminal P4. Along with this, the switching element MO is
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switched to ON, and the supply of the voltage VDD to the
load RO starts (that is, the voltage at the terminal PS5 rises to
the voltage VDD).

[0101] The voltage at the node N2b decreases relative to
the voltage at the terminal P4 to a predetermined value
determined by the characteristics of the switching element
Q15 and the diode D1b. As a result, a potential difference
(denoted in FIG. 6 as “V 5 0of M35” or “V,,, »5") between
the gate and the source of the switching element M35 is
generated. Since the potential difference V,,, »s exceeds a
threshold voltage Vth of the switching element M35, the
switching element M35 is switched to ON, and the terminal
P4 and the terminal P5 are electrically coupled via the
resistor R6b.

[0102] The voltage of the node N3b becomes the voltage
VDD when the switching element M35 is switched to ON.
Therefore, there is no significant potential difference (de-
noted in FIG. 6 as “V 55 of M4b” or “V,5,_»s") between the
gate and the source of the switching element M4b. Since the
potential difference V5, ps is below a threshold voltage Vth
of the switching element M4b, the switching element M4b
is switched to OFF.

[0103] It should be noted that, although not shown in FIG.
6, the current source 25 outputs a predetermined current
toward the terminal P5. As a result, a potential difference
occurs between the gate and the source of the switching
element M1, and the switching element M1 is switched to
ON. Therefore, the gate and the source of the switching
element M2 are electrically coupled via the switching ele-
ment M1, and the switching element M2 is switched to OFF.

[0104] Subsequently, at the time T2, due to, for example,
the occurrence of disconnection, the switch SW is switched
from ON to OFF. As a result, the voltage at the terminal P2
goes from the voltage GND1 to being indeterminate. In the
example of FIG. 6, the terminal P2 is drawn by the voltage
at the terminal P1 and becomes the voltage VDD. As a
consequence, the boost circuit 15 cannot boost the voltage
VDD, and stops the output of the voltage VOUT to the
terminal P4. The voltage at the terminal P4 changes from
being fixed at the constant voltage VOUT to being indeter-
minate.

[0105] As the voltage at the terminal P4 becomes inde-
terminate, the charge of the terminal P4 is gradually drawn
to the terminal P5 via either: the resistor R4; the switching
element Q1b, the diode D15, and the resistor R56; or the
resistor R6b and the switching element M3b. Since the
voltage at the terminal P4 gradually decreases from the
voltage VOUT, the potential difference between the terminal
P4 and the terminal P5 gradually decreases.

[0106] On the other hand, as described above, since the
switching element Q14 and the diode D15 function as a
constant voltage source, the voltage of the node N2b gradu-
ally decreases as the voltage at the terminal P4 decreases.
Therefore, the potential difference V,,, s gradually
decreases.

[0107] It should be noted that, although not shown in FIG.
6, the current source 25 stops the output of the predeter-
mined current toward the terminal P5 when the voltage at the
terminal P2 is indeterminate. Thus, there is no potential
difference between the gate and the source of the switching
element M1, and the switching element M1 is switched to
OFF. As a result, the only path coupled between the gate and
the source of the switching element M2 is the path via the
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resistor R2. At the time T2, the voltage at the terminal P5 is
the voltage VDD, and the switching element M2 is still
switched to OFF.

[0108] At the time T3, the operating state of the switching
element M3b is gradually switched to OFF, and transitions
from, for example, the saturation region to the linear region.
Accordingly, the decrease of the potential difference V,,,, »s
accelerates, and the potential difference V5, s between the
gate and the source of the switching element M4b starts to
increase.

[0109] At the time T4, the potential difference V5, »s is
smaller than the threshold voltage Vth of the switching
element M3b, and the switching element M35 is switched to
OFF. Accordingly, the node N3b5 is electrically disconnected
from the terminal P4, and the potential difference V5, »s
becomes greater than the threshold voltage Vth of the
switching element M4b. As a result, the switching element
M4b is switched to ON, and the path electrically connected
between the terminal P4 and the terminal P5 via the resistor
R7b is formed.

[0110] Here, the resistance value of the resistor R754 is
smaller than the resistance value of the resistor R4. That is,
the force for drawing the charge from the terminal P4 toward
the terminal P5 is greater on the path via the resistor R74
than on the path via the resistor R4. Therefore, the voltage
decline speed of the terminal P4 after the time T4 is faster
than the voltage decline speed from the time T2 to the time
T4.

[0111] As the voltage at the terminal P4 decreases, the
operating state of the switching element MO is gradually
switched to OFF, and, transitions from, for example, the
saturation region to the linear region. Along with this, the
voltage at the terminal P5 starts to drop from the voltage
VDD. As a result, a potential difference between the terminal
P1 and the terminal P5 is generated, and a partial voltage
determined by the resistors R1 and R2 is applied to the node
N1. In this manner, a potential difference (denoted in FIG.
2 as “Vgg of M2” or “Vy, ps”) between the gate and the
source of the switching element M2 is generated.

[0112] At the time T5, the potential difference Vy, s
becomes greater than a threshold voltage Vth of the switch-
ing element M2, and the switching element M2 is switched
to ON. Accordingly, the terminals P4 and P5 are electrically
coupled via the switching element M2, and the path between
the terminals P4 and P5 is substantially shortened. Thereby,
the charge of the terminal P4 is rapidly drawn toward the
terminal P5, and the switching element M0 is completely
switched to OFF at the time T6.

[0113] By the above-described operations, the switching
element M0 can be quickly switched to OFF after the switch
SW is switched to OFF, and malfunction of the switching
element M0 due to the switch SW being switched to OFF
can be suppressed.

3.3 Effects of Present Modification

[0114] According to the present modification, the switch-
ing element M35 has an n-type conductivity and includes the
gate coupled to the node N2b. The resistor R55 is coupled
between the terminal P4 and the node N2b, and the switch-
ing element Q15 and the diode D15 are coupled between the
terminal P5 and the node N2b. Thus, even when the switch-
ing element M35 has an n-type conductivity, it is possible to
switch, in response to the voltage at the terminal P4 chang-
ing from the voltage VOUT to being indeterminate, the
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switching element M35 from ON to OFF before the switch-
ing element M2 is switched to ON.

[0115] Further, the switching element M4b has an n-type
conductivity, and the resistor R75 is coupled between the
terminal P4 and the switching element M4b. Thus, while the
switching element M35 is switched to ON, the switching
element M4b is switched to OFF, and, in response to the
switching element M35 being switched to OFF, is switched
to ON. In this manner, it is possible to form a path coupled
between the terminal P4 and the terminal P5 via the resistor
R7b before the switching element M2 is switched to ON.
[0116] Further, the resistor R75 has a smaller resistance
value than the resistor R4b. Therefore, by switching the
switching element M4b to ON before the switching element
M2 is switched to ON, the voltage at the terminal P4 can be
reduced more quickly.

3.4 Other

[0117] Moreover, although the first embodiment and the
second embodiment described cases where the output ter-
minal of the current source 25 is coupled to the gate of the
switching element M1, the present invention is not limited
to this. For example, instead of the current source 25, any
switching element control circuit can be applied as long as
it is configured to be able to output a signal that can switch
the switching element M1 to ON when the voltage VDD is
supplied to the terminal P1 and the voltage GNDI1 is
supplied to the terminal P2, and that can switch the switch-
ing element M1 to OFF when the voltage supplied to either
the terminal P1 or the terminal P2 is indeterminate.

[0118] While certain embodiments have been described,
these embodiments have been presented by way of example
only, and are not intended to limit the scope of the inven-
tions. Indeed, the embodiments described herein may be
embodied in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such
forms or modifications as would fall within the scope and
spirit.

1. A semiconductor device, comprising:

a boost circuit configured to apply a first voltage to a gate
terminal;

a first switching element, a first resistor, and a second
resistor that are coupled in parallel between the gate
terminal and a source terminal;

a second switching element coupled in series with the
second resistor between the gate terminal and the
source terminal;

a switching element control circuit configured to switch,
in response to a change of a voltage from the first
voltage applied from the boost circuit to the gate
terminal to being indeterminate, the first switching
element to on state after switching the second switching
element to on state,

wherein a resistance value of the second resistor is smaller
than a resistance value of the first resistor,

wherein the switching element control circuit includes:
a third switching element and a voltage source each

coupled in parallel to the first switching element and
the second switching element between the gate ter-
minal and the source terminal;
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a third resistor coupled in series with the third switch-
ing element between the gate terminal and the source
terminal; and

a fourth resistor coupled in series with the voltage
source between the gate terminal and the source
terminal,

wherein the second switching element includes a gate
coupled between the third switching element and the
third resistor, and

wherein the third switching element includes a gate
coupled between the voltage source and the fourth
resistor.

2. (canceled)

3. The device of claim 1,

wherein the resistance value of the second resistor is
smaller than a resistance value of the third resistor and

a resistance value of the fourth resistor.

4. The device of claim 1,

wherein the voltage source includes a resistor.

5. The device of claim 1,

wherein the voltage source includes a diode and a tran-
sistor coupled in series.

6. (canceled)

7. The device of claim 17, wherein

the second voltage is greater than the third voltage.

8. The device of claim 7, wherein

the first voltage is greater than a difference between the
second voltage and the third voltage.

9. The device of claim 17, wherein

the switching element control circuit further includes:

a fifth resistor and a sixth resistor that are coupled in
series between the power supply terminal and the
source terminal;

a fourth switching element coupled in parallel to the
sixth resistor between the fifth resistor and the source
terminal; and

a current source configured to switch, based on the
second voltage and the third voltage, the fourth
switching element to on state, and to switch, in
response to a change of the voltage of the ground
terminal from the third voltage to being indetermi-
nate, the fourth switching element to off state.
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10. The device of claim 9, wherein

the switching element control circuit further includes a
seventh resistor coupled between a gate of the fourth
switching element and the source terminal.

11. The device of claim 1,

wherein the second switching element has a p-type con-
ductivity, and

wherein the second resistor is coupled between the second
switching element and the source terminal.

12. The device of claim 11,

wherein the third switching element has a p-type conduc-
tivity, and

wherein the third resistor is coupled between the third
switching element and the source terminal.

13. The device of claim 12,

wherein the fourth resistor is coupled between the voltage
source and the gate terminal.

14. The device of claim 1,

wherein the second switching element has an n-type
conductivity, and

wherein the second resistor is coupled between the second
switching element and the gate terminal.

15. The device of claim 14,

wherein the third switching element has an n-type con-
ductivity, and

wherein the third resistor is coupled between the third
switching element and the gate terminal.

16. The device of claim 15,

wherein the fourth resistor is coupled between the voltage
source and the source terminal.

17. The device of claim 1,

wherein the boost circuit is configured to apply the first
voltage to the gate terminal based on a second voltage
supplied to a power supply terminal and a third voltage
supplied to a ground terminal, and

wherein the voltage applied from the boost circuit to the
gate terminal changes from the first voltage to being
indeterminate in response to a change of a voltage of
the ground terminal from the third voltage to being
indeterminate.



