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SEMICONDUCTOR DEVICE WHICH
REALIZES A SHORT-CIRCUIT
PROTECTION FUNCTION WITHOUT
SHUNT RESISTOR, AND SEMICONDUCTOR
DEVICE MODULE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a semiconductor device
and a semiconductor device module, and more particularly,
it relates to a semiconductor device and a semiconductor
device module including a short-circuit protection function
of an insulated gate type switching device such as an IGBT
(Insulated Gate Bipolar Transistor) and so on.

2. Description of the Background Art

A semiconductor device in which the insulated gate type
switching device such as the IGBT and so on and a control
circuit controlling a drive of that switching device are
packaged is called as an IPM (Intelligent Power Module),
and with regard to a conventional IPM, a short-circuit
protection is performed by connecting a shunt resistor
detecting a main current flowing between main power
terminals of the switching device outside the package and
monitoring the main current.

For example, in FIG. 1 of Japanese Patent Application
Laid-Open No. 2002-247857, a composition that a shunt
resistor detecting a DC current flowing between main power
terminals is connected outside a package is disclosed, and a
current detecting terminal to detect a voltage put on the
shunt resistor is set in the package.

As described above, with regard to the conventional IPM,
the short-circuit protection is performed by detecting the
main current of the switching device by the shunt resistor set
outside the package, thus the current detecting terminal is
necessary to detect the voltage put on the shunt resistor.

Moreover, it is necessary to set a filter circuit such as a CR
filter and so on outside the package to remove a noise
entering the shunt resistor and the current detecting terminal,
and there is a possibility that a device becomes massive.

Moreover, when a length of a wiring from a ground main
electrode to a ground terminal of the switching device
becomes long by setting the shunt resistor, a voltage surge
according to a switching of the switching device becomes
large, and there is also a possibility that an error occurs.

SUMMARY OF THE INVENTION

A semiconductor device which realizes a short-circuit

protection function without a shunt resistor and an IPM in 5

which the semiconductor device is built are provided.

An aspect of a semiconductor device according to the
present invention is that a semiconductor device controls a
drive of an insulated gate transistor by generating a control

output signal on a basis of a control input signal, and 3

includes a driver outputting the control output signal and a
short-circuit protection circuit detecting the control output
signal and controlling and forcing the driver to stop the
control output signal when a detecting voltage of the control
output signal exceeds a predetermined reference voltage
before a predetermined period passes after the control output
signal indicates a conduction of the insulated gate transistor.

According to the semiconductor device described above,
the short-circuit protection circuit detecting the control
output signal of the insulated gate transistor and controlling
and forcing the driver to stop the control output signal when
a detecting voltage of the control output signal exceeds a
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predetermined reference voltage before a predetermined
period passes after the control output signal indicates a
conduction of the insulated gate transistor is included, thus
a composition for the short-circuit protection can be sim-
plified.

These and other objects, features, aspects and advantages
of the present invention will become more apparent from the
following detailed description of the present invention when
taken in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a drawing illustrating a composition of an
inverter module according to the present invention.

FIG. 2 is a drawing illustrating a composition of a control
device in a preferred embodiment 1 according to the present
invention.

FIG. 3 is a drawing illustrating a composition of a
one-shot pulse generation circuit.

FIG. 4 is a timing-chart for describing a performance of
the one-shot pulse generation circuit.

FIG. § is a timing-chart for describing a performance of
the control device in the preferred embodiment 1 according
to the present invention.

FIG. 6 is a drawing illustrating a composition of a control
device in a preferred embodiment 2 according to the present
invention.

FIG. 7 is a drawing illustrating a composition of a filter
circuit.

FIG. 8 is a timing-chart for describing a performance of
the filter circuit.

FIG. 9 is a timing-chart for describing a performance of
the control device in the preferred embodiment 2 according
to the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

<Composition Example of an IPM Applying the Present
Invention>

An internal composition of an inverter module 100 is
described as an example of the IPM (Intelligent Power-
Module) applying the present invention in FIG. 1. Besides,
the inverter module 100 has a DIP (Dual-In-line Package)
structure that terminal rows are set in a row on two longi-
tudinal side surfaces of a package PG, respectively.

As shown in FIG. 1, groups of transistors 11 and 12, 21
and 22 and 31 and 32 (all N channel type) which are
insulated gate type switching devices such as an IGBT
(Insulated Gate Bipolar Transistor) and so on are connected
in a totem pole like between P-N terminals (between a high
potential main power terminal P and a low potential main
power terminal N) which are connected with a power source
PS and becomes a main power terminal, and connection
nodes are connected with output terminals U, V and W of a
U phase, a V phase and a W phase of the package PG,
respectively. Besides, the respective phases of a three-phase
motor M are connected with the output terminals U, V and
W, for example.

Moreover, free-wheeling diodes 111, 121, 211, 221, 311
and 321 are in inverse-parallel connection with the transis-
tors 11, 12, 21, 22, 31 and 32, respectively.

Moreover, control devices HIC1, HIC2 and HIC3 are
provided to control the transistors 11, 21 and 31 which are
high potential devices, respectively. Besides, the control
devices HIC1 to HIC3 are a so-called HVIC (High Voltage

IPR2023-00453
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Integrated Circuit) and are functionally identical with each
other, thus identical terminal codes are put on them.

The inverter module 100 has a composition that a control
output signal is supplied to respective gate electrodes of the
transistors 11, 21 and 31 from respective control signal
output terminals HO of the control devices HIC1, HIC2 and
HIC3.

Moreover, respective reference potential terminals Vg of
the control devices HIC1 to HIC3 are connected with not
only the output terminals U, V and W but also reference
potential terminals Vs, Vz.sand V¢ of the package PG.
Moreover, respective drive voltage terminals V; of the
control devices HIC1 to HIC3 are connected with drive
voltage terminals V , g, Vzp and V. of the package PG.
Besides, the drive voltage terminal V is a terminal provid-
ing a drive voltage VB of high potential side to the respec-
tive HVIC, and the reference potential terminal Vg is a
terminal providing a reference potential VS of high potential
side to the respective HVIC.

Moreover, the control devices HIC1 to HIC3 have a drive
voltage terminals V., a ground terminal COM and a
control signal input terminal IN, respectively.

Then, the respective drive voltage terminals V. of the
control devices HIC1 to HIC3 are connected with drive
voltage terminals V,, V, and V; of the package PG, and
the respective ground terminals COM are connected with a
ground terminal V-~ of the package PG in common.

Moreover, the respective control signal input terminals IN
of the control devices HIC1 to HIC3 are connected with
control signal input terminals U, V, and W, of the package
PG.

Moreover, a control device LIC is provided in the inverter
module 100 to control the transistors 12, 22 and 32 which are
low potential devices. Besides, the control device LIC is a
so-called LVIC (Low Voltage Integrated Circuit).

The inverter module 100 has a composition that a control
output signal is supplied to respective gate electrodes of the
transistors 12, 22 and 32 from control signal output termi-
nals Ugr -y Vorr and W, of the control device LIC,
respectively.

Moreover, a reference potential terminal V., of the
control device LIC is connected with the main power
terminal N of low potential side of the package PG. Besides,
the reference potential terminal V,, is a terminal providing
a reference potential (ground potential) of low potential side
to the control device LIC.

Moreover, the controldevice LIC has control signal input
terminals Uy, V, and W, to which a control output signal
to control the respective transistors 12, 22 and 32 is supplied

and has a drive voltage terminal V -, a fault terminal F,, an 5

error output time setting terminal CF ,, setting a time since an
abnormal state such as a short-circuit and so on occurs until
a protection performance is cancelled and also has a ground
terminal GND.

Moreover, the drive voltage terminal Vcc, the fault ter- 3

minal F, the error output time setting terminal CF , and the
ground terminal GND of the control device LIC are con-
nected with a drive voltage terminal V), a fault terminal
FO, error output time setting terminal CFO and the ground
terminal V- of the package PG, respectively.

Moreover, the control signal input terminals U, V,, and
W, of the control device LIC are connected with control
signal input terminals U,, V,, and W, of the package PG,
respectively.

The inverter module 100 described above has a compo-
sition that a shunt resistor and a current detecting terminal
connecting the shunt resistor which are conventionally nec-

—
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essary are not included but the LVIC or the HVIC in the
module includes the short-circuit protection function.

A case that the LVIC and the HVIC include the short-
circuit protection function is described hereinafter in pre-
ferred embodiments 1 and 2, respectively.

<A. Preferred Embodiment 1>

<A-1. Composition of the Device>

A composition of the control device LIC including the
short-circuit protection function is illustrated in FIG. 2 as the
preferred embodiment 1 according to the present invention.
Besides, in FIG. 2, the composition is described by applying
a circuit performing a switching control of the transistor 12
as an example in the control device LIC.

As shown in FIG. 2, the control output signal is supplied

5 to the gate electrode of the transistor 12 from the control

signal output terminal U,, ., of the control device LIC,
however, with regard to the insulated gate transistor, the
control output signal is also influenced when that transistor
is short-circuited, and a signal waveform different from that
in a normal operating state occurs. The present invention is
focused on this phenomenon, and it detects the short-circuit
by monitoring the control output signal of the insulated gate
transistor, and in case of the short-circuit, the short-circuit
protection of the insulated gate transistor is performed by
forcing the control device LIC to stop the control output
signal.

In particular, the control output signal of the insulated gate
transistor, that is to say, an output signal of a gate driver GD
composed of a P channel MOS transistor 4 and a N channel
MOS transistor § connected in series between a drive
voltage VCC and the ground potential GND is supplied as
a control output signal S3 to the gate electrode of the
transistor 12, and it is inputted to a + (plus) side input
terminal of a comparator 2 as a detecting voltage of the
control output signal S3, too, and in the comparator 2, a
comparison with a reference voltage V1 supplied to a -
(minus) side input terminal is performed, and its comparison
result is outputted as a comparison result signal S4. Besides,
a resistance R1 inserted in a + side input line of the
comparator 2 and a capacitor C1 inserted between that + side
input line and the ground potential GND constitute a noise
filter.

Here, as a composition to supply the reference voltage V1,
an easy composition employing a constant current source CS
and a zener diode ZD can be applied as shown in FIG. 2, for
example, the reference voltage V1 can be obtained by
clamping the drive voltage VCC to a desired voltage with
employing a zener voltage characteristic of the zener diode

In the meantime, a control input signal S1 supplied to
control the transistor 12 from the outside through the control
signal input terminal Uy, is supplied not only to the gate
driver GD via an inverter circuit G3, a NOR circuit G4 and
an inverter circuit GS but also to an one-shot generation
circuit 1.

The one-shot pulse generation circuit 1 is a circuit which
rises according to a timing of a rising of the control input
signal S1 and outputs singly a pulse signal S2 maintaining
a high potential (“H”) state for a certain period which is
predetermined.

Here, a composition example and a performance of the
one-shot pulse generation circuit 1 is described with
employing FIG. 3 and FIG. 4.

As shown in FIG. 3, the one-shot pulse generation circuit
1 has four inverter circuits G11, G12, G13 and G14 con-
nected in series with each other, an inverter circuit G15
provided in parallel with the inverter circuits G11 to G14, an

IPR2023-00453
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OR circuit G16 receiving outputs of the inverter circuits G14
and G185, an inverter circuit G17 receiving an output of the
OR circuit G16 and capacitors C11 and C12 provided
between a connection point of the inverter circuits G11 and
G12 and the ground potential GND and between a connec-
tion point of the inverter circuits G12 and G13 and the
ground potential GND, respectively.

In FIG. 3, a signal input part of the inverter circuits G11
and G1S is illustrated as an A point, an output point of the
inverter circuit G14 is illustrated as a B point, an output
point of the inverter circuit G15 is illustrated as a C point and
an output point of the inverter circuit G17 is illustrated as a
D point, and signal states in the respective points are
illustrated in FIG. 4.

Besides, a pulse signal in the A point illustrated in FIG. 4
corresponds to the control input signal S1 supplied to the
one-shot pulse generation circuit 1.

A delay occurs on a pulse signal inputted to the inverter
circuit G11 while going through the inverter circuits G12
and G13 by a presence of the capacitor C11, and the pulse
signal becomes one delayed sharply in the B point, as shown
in FIG. 4.

In the meantime, a pulse inputted in the inverter circuit
G15 is outputted inverted in the C point, however, the delay
does not occur. Accordingly, when signals in the B point and
the C point are inputted to the OR circuit G16 and the output
of'the OR circuit G16 is inputted to the inverter circuit G17,
an one-shot pulse having a pulse width corresponding to a
signal delay width can be obtained in the D point.

In this manner, a pulse which is synchronous with the
building-up of the inputted pulse signal and also can main-
tain the “H” state for a certain period set in an internal
composition of the circuit can be obtained by inputting the
pulse signal to the one-shot pulse generation circuit 1.

Here, the description of FIG. 2 returns again. The pulse
signal S2 outputted by the one-shot pulse generation circuit
is supplied to a NAND circuit G1 with the comparison result
signal S4 outputted by the comparator 2, and an output of the
NAND circuit G1 is supplied to a set input (S) of a RS
flip-flop circuit 3 as a signal S§ via an inverter circuit G2.

Moreover, the control input signal S1 inverted via the
inverter circuit G3 is supplied to a reset input (R) of the RS
flip-flop circuit 3, and a Q output of the RS flip-flop circuit
3 is supplied to one input of the NOR circuit G4.

The control input signal S1 inverted via the inverter
circuit G3 is supplied to the other input of the NOR circuit
G4, and an output of the NOR circuit G4 is inverted via the
inverter circuit G5 and is supplied the gate electrodes of the
P channel MOS transistor 4 and the N channel MOS
transistor 5. Besides, elements except for the gate driver GD
constitute a short-circuit protection circuit SP in FIG. 2.

Next, a performance of the control device LIC is
described with employing a timing chart illustrated in FIG.
S in reference to FIG. 2.

The control input signal S1 supplied from the outside 3

through the control signal input terminal U, makes the
transistor 12 be ON according to its rising and the transistor
12 maintains the ON state during a period when that control
input signal S1 is in a high potential state.

Accordingly, as shown in FIG. 5, the control output signal
S3 outputted from the gate driver GD rises according to the
building up of the control input signal S1. Moreover, when
a voltage of the control output signal S3 exceeds a threshold
value of the transistor 12, the transistor 12 comes to be in
ON state, and a collector-emitter voltage of the transistor 12
drops, thus a voltage of the control output signal S3 is
clamped to a certain voltage for a determined period by a

20
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mirror effect, however, the voltage of the control output
signal S3 rises to be a value almost equal to the drive voltage
VCC of the gate driver GD after that. Moreover, it falls
according to a trailing edge of the control input signal S1,
and makes the transistor 12 be OFF.

In this manner, the transistor 12 which is the insulated
gate type switching device such as the IGBT and so on has
a characteristic that its control output signal S3 is clamped
to a certain voltage for the determined period after its rising,
in case that it normally operates.

Here, the control output signal S3 is supplied to the
comparator 2, too, and compared with the reference voltage
V1, and the comparator 2 makes the comparison result
signal S4 which is the output of the comparator 2 be in a

5 significant condition and a high potential “H” state in this

case, when the voltage of the control output signal S3
exceeds the reference voltage V1. The state is maintained
while the voltage of the control output signal S3 exceeds the
reference voltage V1. Accordingly, in case that the transistor
12 illustrated in FIG. 2 is activated normally (in a normal
state), the voltage of the control output signal S3 begins to
increase after passing a clamp period, and when it exceeds
the reference voltage V1, the comparator 2 outputs the
comparison result signal S4. Moreover, the control output
signal S3 begins to fall and when if falls below the reference
voltage V1, the comparison result signal S4 falls, too.

In this manner, in case that the transistor 12 normally
operates, the comparison result signal S4 outputted from the
comparator 2 after the voltage of the control output signal S3
passes the clamp period comes to be in the significant
condition. Besides, a value of the reference voltage V1 is set
to be lower than the drive voltage VCC and higher than the
clamp voltage. A value increasing approximately fifty per-
cent of the clamp voltage is applied as an example.

Here, the one-shot pulse generation circuit 1 outputs the
pulse signal S2 which comes to be in the significant condi-
tion according to the building up of the control input signal
S1, and a period t1 in the significant condition, in the “H”
state in this case, is set to be almost equal to a period when
the control output signal S3 is clamped to a certain voltage.
Accordingly, when the transistor 12 normally operates, the
pulse signal S2 and the comparison result signal S4 output-
ted by the comparator 2 do not come to be in the significant
condition synchronously, thus the signal SS supplied to the
setting input of the RS flip-flop circuit 3 maintains the low
potential (“L”) state, and the Q output of the RS flip-flop
circuit 3 maintains the “L” state, too. Accordingly, the
control output signal S3 is maintained, too, and the ON state
in the transistor 12 is maintained.

By setting the period t1 in this manner, it is possible to
prevent the transistor 12 from being forced to be turned OFF,
even if the control output signal S3 exceeds the reference
voltage V1 when the transistor 12 normally operates.

In the meantime, in case that the transistor 12 comes to be
ON in a state that a short-circuit occurs between the source
and the drain of the transistor 12, or, in case that the
transistor 12 comes to be ON in a state that the transistor 11
connected in the totem pole like with the transistor 12 (FIG.
1) is ON (arm short-circuit), a clamp period of the voltage
does not exist in the control output signal S3, and the voltage
of the control output signal S3 rises rapidly to be almost
equal to that of the drive voltage VCC. This state is
illustrated in FIG. § as a waveform of the control output
signal S3 in a short-circuit state.

As shown in FIG. 5, when the transistor 12 is short-
circuited, the voltage of the control output signal S3 rises
rapidly and exceeds the reference voltage V1 of the com-

IPR2023-00453
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parator 2, and the comparison result signal S4 outputted
from the comparator 2 comes to be in the significant
condition.

In this time, the pulse signal S2 is outputted from the
one-shot pulse generation circuit 1 according to the rising of
the control input signal S1, and the comparison result signal
S4 also comes to be in the significant condition during the
period when the pulse signal S2 is in the significant condi-
tion, thus a period when the pulse signal S2 and the
comparison result signal S4 are in the significant condition
synchronously exists, and the signal S§ supplied to the
setting input of the RS flip-flop circuit 3 comes to be in the
“H” state during that period. As a result, the Q output of the
RS flip-flop circuit 3 changes to be in the “H” state, the P
channel MOS transistor 4 of the gate driver GD comes to be
in OFF state, the N channel MOS transistor 5 comes to be
in ON state, the control output signal S3 comes to be in the
“L” state and the transistor 12 is forced to be in OFF state.
Besides, there is a case that the signal SS is called as a stop
signal, too, by reason that it stops a significant output of the
control output signal S3 of the gate driver GD.

<A-3. Effect>

As described above, with regard to the control device LIC
including the short-circuit protection function, the short-
circuit state is detected by monitoring the control output
signal S3 of the transistor 12 constituting the main circuit,
and in case that the transistor 12 comes to be in the
short-circuit state, the control output signal S3 is forced to
stop, thus it is not necessary for the inverter module 100 to
set the shunt resistor outside of the package PG (FIG. 1),
differing from the conventional IPM. According to this, the
current detecting terminal to measure the voltage of the
shunt resistor is not necessary for the package PG and the
control device LIC, and it is possible to make the module
small, and moreover, the filter circuit to remove the noise
entering the shunt resistor and the current detecting terminal
is not necessary, too, thus it is possible to make the device
small totally.

Moreover, the shunt resistor is not necessary, thus the
length of the wiring from the ground main potential to the
ground terminal of the switching device can be made to be
short, and the voltage surge according to the switching of the
switching device can be reduced.

<B. Preferred Embodiment 2>

<B-1. Composition of the Device>

A composition of the control device HIC1 including the
short-circuit protection function is illustrated in FIG. 6 as the
preferred embodiment 2 according to the present invention.

Besides, the control device HIC1 illustrated in FIG. 6 is a

circuit performing a switching control of the transistor 11,
and the control devices HIC2 and HIC3 illustrated in FIG.
1 also have a similar function.

As shown in FIG. 6, an output signal of a gate driver GD1

composed of a P channel MOS transistor 17 and a N channel ;

MOS transistor 18 connected in series between the drive
voltage VB and the reference potential VS is supplied as a
control output signal S13 to the gate electrode of the
transistor 11 from the control signal output terminal HO, and
moreover, the control output signal S13 is resistively divided
between a resistance R11 and a resistance R12 and is
inputted to a + (plus) side input terminal of a comparator 13
as a detecting voltage of the control output signal S13, too.

In a comparator 13, a comparison with the reference
voltage V1 supplied to the — (minus) side input terminal is
performed, and its comparison result is outputted as a
comparison result signal S14. Besides, the composition

—
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illustrated in FIG. 2 can be applied as a composition to
supply the reference voltage V1.

Here, the resistance R11 and the resistance R12 are set in
series between the control signal output terminal HO and the
reference potential VS to divide resistively the resistance of
the control output signal S13, and a connection point ND1
of the resistance R11 and the resistance R12 is connected
with an input terminal of a transmission gate 15. Moreover,
a reference potential side end part of the resistance R12 is
connected with an input terminal of a transmission gate 16,
and an output terminal of the transmission gates 15 and 16
is connected with a + (plus) side input terminal of the
comparator 13.

In this manner, the control output signal S13 of the
transistor 11 which is a so-called device of high potential
side can be detected by including the composition of divid-
ing resistively the control output signal S13.

Besides, the transmission gates 15 and 16 output the
voltage and the ground potential that the control output
signal S13 is resistively divided on the basis of a pulse signal
S12 outputted by a filter circuit 19 selectively, thus they are
called as a signal selective part SL.

Moreover, a control signal S122 of the transmission gates
15 and 16 can be obtained by inverting the pulse signal S12
outputted by the filter circuit 19 in an inverter circuit G24,
and the control device HIC1 has a composition that the
control signal S122 is supplied to an inverted gate of the
transmission gate 15 and a gate of the transmission gate 16
and the control signal S122 inverted furthermore in an
inverter circuit G285 is supplied to a gate of the transmission
gate 15 and an inverted gate of the transmission gate 16. A
control input signal S10 supplied from outside through the
control signal input terminal IN to control the transistor 11
is supplied to a level shift device 110 for a level shifting.

That is to say, the transistor 11 is the device of high
potential, and its reference potential is supplied from a
reference potential terminal Vs. Accordingly, it is necessary
to level-shift the control input signal S10 generated on a
basis of the ground potential to the high potential side
through the level shift device 11.

The level shift device 11 generates an one-shot pulse
signal indicating a timing of ON and OFF of the transistor
11 on a basis of the control input signal S10 supplied to it.
Besides, that one-shot pulse signal is level-shifted to a signal
based on the high potential through a high voltage transistor
in the level shift device 11 and is outputted as one-shot pulse
signals S21 and S22.

Moreover, the one-shot pulse signals S21 and S22 are
supplied to a set input (S) and a reset input (R) of a RS
flip-flop circuit 120, respectively, and they are outputted as
a level-shifted signal S11 equal to the control input signal
S10 from a Q output of the RS flip-flop circuit 120.

The level-shifted signal S11 is supplied to the gate driver
GD1 via an inverter circuit G21, a NOR circuit G22 and an
inverter circuit G23, and moreover, it is also supplied to a
reset input of a RS flip-flop circuit 14.

In the meantime, the comparison result signal S14 is
supplied to a setinput of the RS flip-flop circuit 14, and a Q
output of the RS flip-flop circuit 14 is supplied to one input
of the NOR circuit G22.

The level-shifted signal S11 inverted via the inverter
circuit G21 is supplied to the other input of the NOR circuit
G22, and an output of the NOR circuit G22 is inverted via
the inverter circuit G23 and is supplied to gate electrodes of
a P channel MOS transistor 17 and a N channel MOS
transistor 18.

IPR2023-00453
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Here, a composition example and a performance of the
filter circuit performing as a pulse generation circuit is
described with employing FIG. 7 and FIG. 8.

As shown in FIG. 7, the filter circuit 19 includes a
constant current source CS1, a N channel MOS transistor Q1
whose drain is connected with the constant current source
CS1 and source is connected with the reference potential
VS, an inverter circuit G31 receiving the level-shifted signal
S11 outputted from the RS flip-flop circuit 120 and inverting
that level-shifted signal S11 and supplying it to the gate
electrode of the transistor Q1, a comparator 191 whose +
(plus) side input terminal is connected with a drain of the
transistor Q1, a capacitor C21 inserted between the drain of
the transistor Q1 and the reference potential VS, an inverter
circuit G32 receiving an output signal S121 of the compara-
tor 191, a NAND circuit G33 receiving an output of the
inverter circuit G32 and the level-shifted signal S11 output-
ted by the RS flip-flop circuit 120 and an inverter circuit G34
inverting an output of the NAND circuit G33 and outputting
it as the pulse signal S12.

Next, the performance is described. When the level-
shifted signal S11 comes to be in the “H” state and the
transistor Q1 comes to be OFF, a current flows from the
constant current source CS to charge the capacitor C21.
Moreover, when a voltage of the capacitor C21 exceeds a
value of a reference voltage V .. supplied to the comparator
191, the output signal S121 of the comparator 191 comes to
be in the “H” state. Besides, a time passed until a rising of
the output signal S121 is set according to a capacitance of
the capacitor C21 and a value of the reference voltage Vg

As shown in FIG. 8, the pulse signal S12 comes to be in
the “H” state (significant condition) during a period when
the level-shifted signal S11 is in the “H” state and the output
signal 8121 is in the “L” state, and this period t1 is a period
when the short-circuit protection function is activated, and it
is set to be almost equal to a period when the control output
signal S13 is clamped to a constant voltage.

Moreover, in FIG. 6, elements except for the gate driver
GD1, the level shift device 11 and the RS flip-flop circuit
120 constitute a short-circuit protection circuit SP1.

<B-2. Performance of the Device>

Next, a performance of the control device HIC1 is
described with employing a timing chart illustrated in FIG.
9 in reference to FIG. 6.

A control input signal S10 supplied from the outside
through a control signal input terminal IN is converted by
the level shift device 11 into the one-shot pulse signal S21
rising according to a leading edge of the level shift device 11
and the one-shot pulse signal S22 rising according to a
trailing edge of the level shift device 11.

Moreover, the one-shot pulse signals S21 and S22 are
supplied to the RS flip-flop circuit 12 and become the
level-shifted signal S11.

Moreover, the one-shot pulse signals S21 and S22 are

supplied to the RS flip-flop circuit 120 and become the 5

level-shifted signal S11.

As shown in FIG. 9, the control output signal S13
outputted from the gate driver GD1 rises according to the
leading edge of the level-shifted signal S11, and the level-
shifted signal S11 is substantially identical with the control
input signal 10, thus there is also a case that the level-shifted
signal S11 is called as a control input signal.

Besides, a waveform of the control output signal S13
when the transistor 11 normally operates and also when it is
short-circuited is identical with that of the control output
signal S3 described in the preferred embodiment 1, thus the
description is omitted. Besides, in FIG. 9, the control output
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signal S13 and the reference voltage V1 are illustrated as to
compare with each other, however, this is a description for
convenience, and actually, a divided voltage of the control
output signal S13 and the reference voltage V1 are compared
with each other.

A voltage of the control output signal S13 is divided by
the resistances R11 and R12, supplied to the comparator 13
and compared with the reference voltage V1, however, the
transmission gate 16 is ON during the period when the pulse
signal S12 outputted by the filter circuit 19 is in the “L”
state, thus the reference potential VS 1is supplied to the
comparator 13, and the comparison result signal S14 out-
putted by the comparator 13 is always in the “L” state.

In the meantime, the transmission gate 15 is ON during
the period when the pulse signal S12 is in the “H” state, thus
the divided voltage of the control output signal S13 is
supplied to the comparator 13, and the comparison result
signal S14 outputted by the comparator 13 comes to be in the
“H” or the “L” state on a basis of a comparison result
between that divided voltage and the reference voltage V1.

That is to say, when the divided voltage of the control
output signal S13 exceeds the reference voltage V1, the
comparator 13 makes the comparison result signal S14
which is the output of the comparator 13 be in the significant
condition, the “H” state in this case.

When the transistor 11 is short-circuited, the voltage of
the control output signal S13 rises rapidly and its divided
voltage exceeds the reference voltage V1 of the comparator
13, however, the pulse signal S12 is in the “H” state at this
time, thus the comparator 13 makes the comparison result
signal S14 which is the output of the comparator 13 be in the
“H” state (the significant condition). This state is maintained
while the divided voltage of the control output signal S13
exceeds the reference voltage V1. As a result, the Q output
of'the RS flip-flop circuit 14 changes to be in the “H” state,
the P channel MOS transistor 17 of the gate driver GD1
comes to be in OFF state, the N channel MOS transistor 18
comes to be in ON state, the control output signal S13 comes
to be in the “L” state and the transistor 11 is forced to be in
OFF state. Besides, there is a case that the signal S13 is
called as a stop signal, too, by reason that it stops a
significant output of the control output signal S13 of the gate
driver GD1.

Besides, in case that the transistor 11 normally operates
(in a normal state), the voltage begins to increase after
passing the clamp period of the control output signal S13
and exceeds the reference voltage V1, and the pulse signal
S12 is in the “L” state at this time, thus the comparison result
signal S14 is in the “L” state. As a result, the Q output of the
RS flip-flop circuit 14 maintains the “L” state, and the
control output signal S13 maintains the “H” state, thus the
transistor 11 maintains the ON state.

<B-3. Effect>

As described above, with regard to the control device
HIC1 including the short-circuit protection function, the
short-circuit state is detected by monitoring the control
output signal S13 of the transistor 11 constituting the main
circuit, and in case that the transistor 11 comes to be in the
short-circuit state, the control output signal S13 is forced to
stop, thus it is not necessary for the inverter module 100 to
set the shunt resistor outside of the package PG (FIG. 1),
differing from the conventional IPM. According to this, the
current detecting terminal to measure the voltage of the
shunt resistor is not necessary for the package PG, and it is
possible to make the module small, and moreover, the filter
circuit to remove the noise entering the shunt resistor and the
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current detecting terminal is not necessary, too, thus it is
possible to make the device small totally.

Moreover, the shunt resistor is not necessary, thus the
length of the wiring from the ground main potential to the
ground terminal of the switching device can be made to
short, and the voltage surge according to the switching of the
switching device can be reduced.

Moreover, the period t1 when the short-circuit protection
function is activated is set and the control output signal S13
is monitored only in that period t1 by the filter circuit 19,
thus a strain on a motor system can be reduced.

<B-4. Modification Example>

The preferred embodiment 2 described above is premised
on being applied to the HVIC, however, it can be applied to
the LVIC, too.

In that case, the level shift device 11 and the RS flip-flop
circuit 120 are not necessary, and the control input signal S1
is supplied to the inverter circuit G21 and the filter circuit 19
instead of the level-shifted signal S11. And the ground
potential GND is used instead of the reference potential VS.

Moreover, each signal is described as one which does not
have a delay as compared with the control input signal in the
preferred embodiments 1 and 2 described above, however,
there is also a case that, for example, the pulse signal S2 is
delayed as compared with the control input signal S1 in
some degree, however, a trouble does not occur to the
performance of the present invention even in that case.

Moreover, the insulated gate transistors 11, 12, 21, 22, 31
and 32 are described as the N channel type transistors in the
preferred embodiments 1 and 2 described above, however,
the P channel type is also applicable to constitute them.

While the invention has been shown and described in
detail, the foregoing description is in all aspects illustrative
and not restrictive. It is therefore understood that numerous
modifications and variations can be devised without depart-
ing from the scope of the invention.

What is claimed is:

1. A semiconductor device controlling a drive of an
insulated gate transistor by generating a control output
signal on a basis of a control input signal, comprising:

a driver outputting said control output signal and

a short-circuit protection circuit detecting said control
output signal and controlling and forcing said driver to
stop said control output signal when a detecting voltage
of said control output signal exceeds a predetermined
reference voltage before a predetermined period passes
after said control output signal indicates a conduction
of said insulated gate transistor, wherein

said short-circuit protection circuit includes:

pulse generation circuit receiving said control input signal
and outputting a first pulse signal being significant only
in said predetermined period according to a timing
when said control input signal indicates the conduction
of said insulated gate transistor;

a comparator receiving the detecting voltage of said
control output signal, performing a comparison with
said reference voltage and outputting a second pulse
signal being significant during a period when the
detecting voltage of said control output signal exceeds
said reference voltage; and

a logical circuit receiving said first and second pulse
signals and outputting a stop signal forcing said driver
to stop said control output signal when said second
pulse signal becomes significant during a period when
said first pulse signal is significant.

2. The semiconductor device according to claim 1,

wherein
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said predetermined period when said first pulse signal is
significant is set on a basis of a period when a voltage
of said control output signal is clamped constantly
when said insulated gate transistor normally operates.

3. A semiconductor device module, comprising:

at least one set of first and second insulated gate transis-
tors inserted in series between a high potential first
main power terminal and a low potential second main
power terminal and complementarily operating;

a first control device controlling a drive of said first
insulated gate transistor of a high potential side; and

a second control device controlling a drive of said second
insulated gate transistor of a low potential side, wherein

said at least one set of first and second insulated gate
transistors and said first and said second control devices
are sealed with a resin in a package and

said semiconductor device according to claim 1 is
employed as said second control device and

said second insulated gate transistor is controlled as said
insulated gate transistor.

4. A semiconductor device controlling a drive of an
insulated gate transistor by generating a control output
signal on a basis of a control input signal, comprising:

a driver outputting said control output signal and

a short-circuit protection circuit detecting said control
output signal and controlling and forcing said driver to
stop said control output signal when a detecting voltage
of said control output signal exceeds a predetermined
reference voltage before a predetermined period passes
after said control output signal indicates a conduction
of said insulated gate transistor, wherein

said short-circuit protection circuit includes:

pulse generation circuit receiving said control input signal
and outputting a first pulse signal being significant only
in said predetermined period according to a timing
when said control input signal indicates the conduction
of said insulated gate transistor;

a signal selective part receiving the detecting voltage of
said control output signal and a predetermined voltage
lower than said reference voltage and selectively out-
putting one of them on a basis of said first pulse signal;
and

a comparator receiving said output of said signal selective
part, performing a comparison with said reference
voltage and outputting a second pulse signal being
significant during a period when said output of said
signal selective part exceeds said reference voltage,
wherein

said signal selective part receives said first pulse signal,
selects and outputs the detecting voltage of said control
output signal during a period when said first pulse
signal is significant and selects and outputs the prede-
termined voltage lower than said reference voltage
during a period when said first pulse signal is not
significant,

said comparator receives the detecting voltage of said
control output signal only in the period when said first
pulse signal is significant and makes said second pulse
signal significant in case that the detecting voltage of
said control output signal exceeds said reference volt-
age and

said second pulse signal functions as a stop signal forcing
said driver to stop said control output signal when said
second pulse signal is significant.

5. The semiconductor device according to claim 4,

wherein
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the detecting voltage of said control output signal is
detected by a divided resistance connected in series
between an output terminal of said driver and a refer-
ence potential.

6. The semiconductor device according to claim 4,

wherein

said predetermined period when said first pulse signal is
significant is set on a basis of a period when a voltage
of said control output signal is clamped constantly
when said insulated gate transistor normally operates.

7. A semiconductor device module, comprising:

at least one set of first and second insulated gate transis-
tors inserted in series between a high potential first
main power terminal and a low potential second main
power terminal and complementarily operating;

a first control device controlling a drive of said first
insulated gate transistor of a high potential side; and

a second control device controlling a drive of said second
insulated gate transistor of a low potential side, wherein

said at least one set of first and second insulated gate
transistors and said first and said second control devices
are sealed with a resin in a package and
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said semiconductor device according to claim 4 is
employed as said second control device and

said second insulated gate transistor is controlled as said
insulated gate transistor.

8. A semiconductor device module, comprising:

at least one set of first and second insulated gate transis-
tors inserted in series between a high potential first
main power terminal and a low potential second main
power terminal and complementarily operating;

a first control device controlling a drive of said first
insulated gate transistor of a high potential side; and

a second control device controlling a drive of said second
insulated gate transistor of a low potential side, wherein

said at least one set of first and second insulated gate
transistors and said first and said second control devices
are sealed with a resin in a package and

said semiconductor device according to claim 5 is
employed as said first control device and

said first insulated gate transistor is controlled as said
insulated gate transistor.
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