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Description translated from Japanese

  The present invention relates to a semiconductor device and a semiconductor
device module, and more particularly to a semiconductor device and a
semiconductor device module having a short-circuit protection function for an
insulated gate switching device such as an IGBT (insulated gate bipolar transistor).

  A semiconductor device in which an insulated gate switching device such as an
IGBT and a control circuit for controlling driving of the switching device are
packaged is called an IPM (Intelligent Power Module). In addition, a shunt resistor
for detecting the main current Xowing between the main power supply terminals of
the switching device is connected, and the short circuit protection is performed by
monitoring the main current.

  For example, Patent Document 1 discloses a con5guration in which a shunt
resistor for detecting a direct current Xowing between main power supply terminals
is connected outside the package, and the package detects a voltage applied to the
shunt resistor. A current detection terminal was provided.

JP 2002-247857 A (FIG. 1)

  As described above, in the conventional IPM, since the short circuit protection is
performed by detecting the main current of the switching device by the shunt
resistor provided outside the package, a current detection terminal for detecting
the voltage applied to the shunt resistor is provided. It was necessary.

  Further, in order to remove noise entering the shunt resistor and the current
detection terminal, it is necessary to provide a 5lter circuit such as a CR 5lter
outside the package, which may increase the size of the device.

  Further, when the wiring length from the ground side main electrode of the
switching device to the ground terminal is increased by providing the shunt resistor,
a voltage surge accompanying switching of the switching device is increased,
which may cause a malfunction.

  The present invention has been made to solve the above problems, and an object
thereof is to provide a semiconductor device that realizes a short-circuit protection
function without using a shunt resistor and an IPM incorporating the
semiconductor device. .

A semiconductor device according to claim 1 of the present invention is a
semiconductor device that generates a control output signal based on a control
input signal and controls driving of the insulated gate transistor, and a driver that
outputs the control output signal; When the control output signal is detected and
the detection voltage of the control output signal exceeds a predetermined
reference voltage between the time when the control output signal indicates
conduction of the insulated gate transistor and the elapse of a predetermined
period. is e Bei a short-circuit protection circuit for controlling the driver to forcibly
stop the control output signal, the short-circuit protection circuit receives the
control input signal, the control input signal is the insulated gate transistor A pulse
generation circuit for outputting a 5rst pulse signal that is signi5cant only for the
predetermined period in accordance with a timing for instructing conduction of the
control signal, and a detection voltage of the control output signal A comparator
that outputs a second pulse signal that is signi5cant during a period in which the
detected voltage of the control output signal exceeds the reference voltage by
comparing with the reference voltage, and the 5rst and second Logic that receives
a pulse signal and outputs a stop signal for forcibly stopping the output of the
control output signal when the second pulse signal becomes signi5cant during a
period in which the 5rst pulse signal is signi5cant Circuit .

According to a 5fth aspect of the present invention, there is provided the
semiconductor device module according to the present invention, wherein the
semiconductor device module is inserted in series between the high-potential 5rst
main power supply terminal and the low-potential second main power supply
terminal and operates in a complementary manner. A pair of 5rst and second
insulated gate transistors, a 5rst controller for controlling driving of the 5rst
insulated gate transistor on the high potential side, and the second insulated gate
transistor on the low potential side A second control device that controls the
driving of the 5rst and second insulated gate transistors, and the 5rst and second
control devices are resin-sealed in a package. The semiconductor device according
to claim 1 or 2 is used as the control device.

According to a sixth aspect of the present invention, there is provided a
semiconductor device module according to the present invention, wherein the
semiconductor device module is inserted in series between a 5rst main power
supply terminal having a high potential and a second main power supply terminal
having a low potential, and operates in a complementary manner. A pair of 5rst and
second insulated gate transistors, a 5rst controller for controlling driving of the 5rst
insulated gate transistor on the high potential side, and the second insulated gate
transistor on the low potential side A second control device that controls the
driving of the 5rst and second insulated gate transistors, and the 5rst and second
control devices are resin-sealed in a package. The semiconductor device according
to claim 3 is used as the control device.

  According to the semiconductor device of the 5rst aspect of the present invention,
the control output signal of the insulated gate transistor is detected, and the
control output signal indicates that the insulated gate transistor is turned on until a
predetermined period elapses. When the detection voltage of the control output
signal exceeds a predetermined reference voltage, a short-circuit protection circuit
that controls the driver to forcibly stop the control output signal is provided, so that
the con5guration for short-circuit protection can be simpli5ed. .

According to the semiconductor device module of the 5fth aspect of the present
invention, when the short circuit state is detected by monitoring the control output
signal of the low potential side insulated gate transistor, and the insulated gate
transistor is short-circuited. Since the second control device for forcibly stopping
the control output signal is incorporated, it is not necessary to provide a shunt
resistor outside the package. This eliminates the need for a current detection
terminal for measuring the voltage of the shunt resistor in both the package and
the second control device, which makes it possible to reduce the size of the
module and eliminate noise entering the shunt resistor and the current detection
terminal. This eliminates the need for a 5lter circuit for reducing the size of the
apparatus. Further, since the shunt resistor is not required, the wiring length from
the ground side main electrode to the ground terminal of the insulated gate
transistor can be shortened, and the voltage surge accompanying switching can be
reduced.

According to the semiconductor device module of the sixth aspect of the present
invention, when the short circuit state is detected by monitoring the control output
signal of the high potential side insulated gate transistor, and the insulated gate
transistor is short-circuited. Since the second control device for forcibly stopping
the control output signal is incorporated, it is not necessary to provide a shunt
resistor outside the package. This eliminates the need for a current detection
terminal for measuring the voltage of the shunt resistor in the package, reduces the
size of the module, and eliminates the need for a 5lter circuit for removing noise
entering the shunt resistor and the current detection terminal. Thus, the overall size
of the apparatus can be reduced. Further, since the shunt resistor is not required,
the wiring length from the ground side main electrode to the ground terminal of the
insulated gate transistor can be shortened, and the voltage surge accompanying
switching can be reduced. 

<Con5guration example of IPM to which the present invention is applied> 
FIG. 1 illustrates an internal con5guration of an inverter module 100 as an example
of an IPM (Intelligent Power Module) to which the present invention is applied. The
inverter module 100 has a DIP (Dual-In-line Package) structure in which one row of
terminal rows is provided on each of two longitudinal side surfaces of the package
PG.

  As shown in FIG. 1, an IGBT (insulated gate type) is connected between a PN
terminal (between a high potential main power terminal P and a low potential main
power terminal N) connected to a power source PS and serving as a main power
source terminal. A pair of transistors 11 and 12, 21 and 22, 31 and 32 (both N-
channel type), which are insulated gate switching devices such as bipolar
transistors), are totem pole connected, and each connection node is a U phase of
the package PG, They are connected to V-phase and W-phase output terminals U, V,
and W. For example, each phase of a three-phase motor M is connected to the
output terminals U, V, and W.

  Further, free wheel diodes 111, 121, 211, 221, 311 and 321 are connected in
reverse parallel to the transistors 11, 12, 21, 22, 31 and 32, respectively.

  Control devices HIC1, HIC2, and HIC3 are provided to control the transistors 11,
21, and 31, which are high potential side devices, respectively. The control devices
HIC1 to HIC3 are so-called HVICs (High Voltage Integrated Circuits), which are
functionally the same, and therefore have the same terminal codes.

  A control output signal is applied to each gate electrode of the transistors 11, 21,
and 31 from the control signal output terminals HO of the control devices HIC1,
HIC2, and HIC3.

The reference potential terminals V S of the control devices HIC1 to HIC3 are

connected to the output terminals U, V, W, respectively, and to the reference
potential terminals V UFS , V VFS , V WFS of the package PG. The drive voltage

terminals V B of the control devices HIC1 to HIC3 are connected to the drive

voltage terminals V UFB , V VFB , and V WFB of the package PG, respectively. The

drive voltage terminal V B is a terminal for supplying the high potential side drive

voltage VB into each HVIC, and the reference potential terminal V S is a terminal for

supplying the high potential side reference potential VS into each HVIC. is there.

Each of the control devices HIC1 to HIC3 has a drive voltage terminal V CC , a

ground terminal COM, and a control signal input terminal IN.

The drive voltage terminals V CC of the control devices HIC1 to HIC3 are connected

to the drive voltage terminals V P1 , V P2 and V P3 of the package PG, respectively,

and the ground terminals COM are commonly used for the ground terminal V NC of

the package PG. It is connected.

Further, the control signal input terminal IN of the control device HIC1~HIC3 are
connected control signal input terminal U P package PG, the V P and W P.

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

The gate electrodes of the transistors 12, 22 and 32 are con5gured to receive
control output signals from the control signal output terminals U OUT , V OUT and W

OUT of the control device LIC.

Further, the reference potential terminal V NO controller LIC is connected to the

mains terminal N on the low potential side of the package PG. Incidentally, the
reference potential terminal V NO is a terminal for supplying a reference potential

on the low potential side (ground potential) in the control device LIC.

In addition, the control device LIC has control signal input terminals U IN , V IN and

W IN to which control output signals for controlling the transistors 12, 22 and 32

are given, as well as a drive voltage terminal V CC and a fault terminal. It has an

error output time setting terminal CF O and a ground terminal GND for setting the

time from the occurrence of an abnormal situation such as F O and a short circuit

until the protection operation is canceled.

The drive voltage terminal V CC , fault terminal F O , error output time setting

terminal CF O and ground terminal GND of the control device LIC are the drive

voltage terminal V N1 , fault terminal FO and error output time setting terminal CFO

of the package PG, respectively. And a ground terminal V NC .

Further, the control signal input terminals U IN , V IN and W IN of the control device

LIC are connected to the control signal input terminals U N , V N and W N of the

package PG, respectively.

  The inverter module 100 described above does not have a shunt resistor and a
current detection terminal for connecting the shunt resistor, which are
conventionally required, and the short circuit protection function is provided in the
LVIC or HVIC in the module.

  Hereinafter, in each of Embodiments 1 and 2 according to the present invention, a
case where the LVIC and the HVIC have a short-circuit protection function will be
described.

<A. Embodiment 1> 
<A-1. Device con5guration> 
As Embodiment 1 which concerns on this invention, the structure of the control
apparatus LIC provided with a short circuit protection function is shown in FIG. In
FIG. 2, a circuit that performs switching control of the transistor 12 in the control
device LIC will be described as an example.

As shown in FIG. 2, a control output signal is applied to the gate electrode of the
transistor 12 from the control signal output terminal U OUT of the control device

LIC. In an insulated gate transistor, the control output signal is output when the
transistor is short-circuited. The signal waveform is different from the normal
operation state. The present invention focuses on this phenomenon, and detects a
short-circuit state by monitoring the control output signal of the insulated gate
transistor, and forcibly stops the control output signal when the short-circuit state
occurs. In this way, the insulated gate transistor is short-circuit protected.

  Speci5cally, the control output signal of the insulated gate transistor, that is, the
gate driver GD composed of the P channel MOS transistor 4 and the N channel
MOS transistor 5 connected in series between the drive voltage VCC and the
ground potential GND. The output signal is supplied to the gate electrode of the
transistor 12 as the control output signal S3, and also input to the + side input
terminal of the comparator 2 as the detection voltage of the control output signal
S3. In the comparator 2, the reference given to the − side input terminal
Comparison with the voltage V1 is performed and the comparison result is output
as a comparison result signal S4. The resistor R1 inserted in the + side input line of
the comparator 2 and the capacitor C1 inserted between the + side input line and
the ground potential GND constitute a noise 5lter.

  Here, as a con5guration for supplying the reference voltage V1, for example, as
shown in FIG. 2, a simple con5guration using a constant current source CS and a
Zener diode ZD can be adopted, and the Zener voltage characteristic of the Zener
diode ZD can be adopted. The drive voltage VCC is clamped to a desired voltage
using the reference voltage V1.

On the other hand, for control of the transistor 12, the control signal input terminal
U IN control input signal supplied from the outside via the S1 is supplied to the gate

driver GD via an inverter circuit G3, NOR circuits G4 and the inverter circuit G5 At
the same time, it is also given to the one-shot pulse generation circuit 1.

  The one-shot pulse generating circuit 1 is a circuit that outputs a pulse signal S2
that rises at the rising timing of the control input signal S1 and maintains a high
potential (“H”) state for a predetermined period of time. .

  Here, a con5guration example and operation of the one-shot pulse generation
circuit 1 will be described with reference to FIGS.

  As shown in FIG. 3, the one-shot pulse generation circuit 1 includes four inverter
circuits G11, G12, G13, and G14 connected in series, and an inverter circuit G15 in
which inverter circuits G11 to G14 are arranged in parallel. OR circuit G16 receiving
the outputs of inverter circuits G14 and G15, inverter circuit G17 receiving the
output of OR circuit G16, between the connection point of inverter circuits G11 and
G12 and ground potential GND, and inverter circuit G12 Capacitors C11 and C12
are provided between a connection point with G13 and the ground potential GND,
respectively.

  In FIG. 3, the signal input parts of the inverter circuits G11 and G15 are point A, the
output point of the inverter circuit G14 is point B, the output point of the inverter
circuit G15 is point C, and the output point of the inverter circuit G17 is point D. The
signal state at the points is shown in FIG.

  The pulse signal at point A shown in FIG. 4 corresponds to the control input signal
S1 given to the one-shot pulse generation circuit 1.

  The pulse signal input to the inverter circuit G11 is delayed due to the presence of
the capacitor C11 while passing through the inverter circuits G12 and G13, and
becomes a signal greatly delayed at the point B as shown in FIG.

  On the other hand, the pulse input to the inverter circuit G15 is inverted and output
at the point C, but no delay occurs. Therefore, when signals at points B and C are
input to the OR circuit G16 and the output of the OR circuit G16 is input to the
inverter circuit G17, a one-shot pulse having a pulse width corresponding to the
signal delay width is obtained at the point D. It will be.

  In this way, by inputting a pulse signal to the one-shot pulse generation circuit 1, a
pulse that maintains the "H" state for a predetermined period set by the internal
con5guration of the circuit in synchronization with the rising of the input pulse
signal. Can be obtained.

  Returning to the description of FIG. The pulse signal S2 output from the one-shot
pulse generation circuit 1 is given to the NAND circuit G1 together with the
comparison result signal S4 output from the comparator 2, and the output of the
NAND circuit G1 is sent to the RS Xip-Xop as the signal S5 via the inverter circuit
G2. It is given to the set input (S) of the circuit 3.

  The reset input (R) of the RS Xip-Xop circuit 3 is supplied with the inverted control
input signal S1 via the inverter circuit G3, and the Q output of the RS Xip-Xop circuit
3 is applied to one input of the NOR circuit G4. Given.

  The other input of the NOR circuit G4 is supplied with the inverted control input
signal S1 via the inverter circuit G3, and the output of the NOR circuit G4 is inverted
via the inverter circuit G5 to be inverted to the P channel MOS transistor 4 and This
is applied to the gate electrode of N channel MOS transistor 5. In FIG. 2, elements
other than the gate driver GD constitute a short circuit protection circuit SP.

<A-2. Device operation> 
Next, the operation of the control device LIC will be described using the timing
chart shown in FIG. 5 with reference to FIG.

The control input signal S1 supplied from the outside via the control signal input
terminal U IN turns on the transistor 12 in accordance with the rising edge, and the

transistor 12 remains on during the period when the control input signal S1 is in a
high potential state. .

  Therefore, as shown in FIG. 5, the control output signal S3 output from the gate
driver GD rises in accordance with the rise of the control input signal S1. When the
voltage of the control output signal S3 exceeds the threshold value of the transistor
12, the transistor 12 is turned on, and the collector-emitter voltage of the transistor
12 is lowered. Therefore, the voltage of the control output signal S3 is set to a
predetermined value due to the Miller effect. The voltage of the control output
signal S3 is increased to a value approximately equal to the drive voltage VCC of
the gate driver GD after that, although it is clamped to a constant voltage for a
period. Then, it falls in accordance with the fall of the control input signal S1, and
the transistor 12 is turned off.

  Thus, the transistor 12 which is an insulated gate switching device such as an
IGBT has a characteristic that, when operating normally, the control output signal
S3 is clamped to a constant voltage for a predetermined period from the rising
edge. ing.

  Here, the control output signal S3 is also supplied to the comparator 2 and
compared with the reference voltage V1, and when the voltage of the control
output signal S3 exceeds the reference voltage V1, the comparator 2 outputs the
comparison result signal S4 as its output in a signi5cant state. In this case, a high
potential “H” state is set. This state is maintained while the voltage of the control
output signal S3 exceeds the reference voltage V1. Therefore, when the transistor
12 shown in FIG. 2 is operating normally (when normal), the control output signal
S3 starts to increase after the clamp period has elapsed, and when the voltage
exceeds the reference voltage V1, the comparator 2 The comparison result signal
S4 is output. When the control output signal S3 starts to fall and falls below the
reference voltage V1, the comparison result signal S4 also falls.

  Thus, when the transistor 12 is operating normally, the comparison result signal
S4 output from the comparator 2 after the voltage of the control output signal S3
passes the clamp period is in a signi5cant state. The reference voltage V1 is set to
a value lower than the drive voltage VCC and higher than the clamp voltage. As an
example, a value of about 50% increase of the clamp voltage is adopted.

  Here, the one-shot pulse generation circuit 1 outputs a pulse signal S2 that
becomes a signi5cant state in accordance with the rising edge of the control input
signal S1, but during the period t1 in the signi5cant state, in this case “H” state, the
control output The signal S3 is set to be approximately equal to the period during
which the signal S3 is clamped at a constant voltage. Therefore, when the
transistor 12 is normal, the pulse signal S2 and the comparison result signal S4
output from the comparator 2 do not become signi5cant at the same time, so that
the signal S5 applied to the set input of the RS Xip-Xop circuit 3 has a low potential
(“ L ") state is maintained, and the Q output of the RS Xip-Xop circuit 3 also
maintains the" L "state. Therefore, the control output signal S3 is also maintained,
and the on state of the transistor 12 is maintained.

  By setting the period t1 in this way, the transistor 12 can be prevented from being
forcibly turned off even when the control output signal S3 exceeds the reference
voltage V1 when the transistor 12 is normal.

  On the other hand, when the transistor 12 is turned on in a state where the source
and drain of the transistor 12 are short-circuited, or when the transistor 11 (FIG. 1)
connected to the transistor 12 is turned on (FIG. 1) is turned on ( In the case of arm
short-circuit, there is no voltage clamping period in the control output signal S3,
and the voltage of the control output signal S3 rapidly rises to a value
approximately equal to the drive voltage VCC. This state is shown as a waveform
of the control output signal S3 at the time of short circuit in FIG.

  As shown in FIG. 5, when the transistor 12 is short-circuited, the voltage of the
control output signal S3 rapidly increases and exceeds the reference voltage V1 of
the comparator 2, and the comparison result signal S4 output from the comparator
2 becomes signi5cant.

  At this time, the pulse signal S2 is output from the one-shot pulse generation
circuit 1 in accordance with the rise of the control input signal S1, but the
comparison result signal S4 is also signi5cant during the period in which the pulse
signal S2 is in a signi5cant state. There is a period in which the pulse signal S2 and
the comparison result signal S4 are simultaneously in a signi5cant state. During
this period, the signal S5 applied to the set input of the RS Xip-Xop circuit 3 is in the
“H” state. As a result, the Q output of the RS Xip-Xop circuit 3 changes to the “H”
state, the P channel MOS transistor 4 of the gate driver GD is turned off, the N
channel MOS transistor 5 is turned on, and the control output signal S3 becomes
“L”. ”And the transistor 12 is forcibly turned off. The signal S5 is sometimes called a
stop signal because it stops the signi5cant output of the control output signal S3
of the gate driver GD.

<A-3. Effect> 
As described above, in the control device LIC having the short circuit protection
function, when the short circuit state is detected by monitoring the control output
signal S3 of the transistor 12 constituting the main circuit, the transistor 12 is in the
short circuit state. Since the control output signal S3 is forcibly stopped, in the
inverter module 100, it is not necessary to provide a shunt resistor outside the
package PG (FIG. 1) as in the conventional IPM. For this reason, neither the
package PG nor the control device LIC needs a current detection terminal for
measuring the voltage of the shunt resistor, the module can be miniaturized, and
noise entering the shunt resistor and the current detection terminal is removed.
Therefore, the 5lter circuit is not required, and the apparatus can be downsized as a
whole.

  Further, since the shunt resistor is not required, the wiring length from the ground
side main electrode of the switching device to the ground terminal can be
shortened, and the voltage surge accompanying switching of the switching device
can be reduced.

<B. Second Embodiment> 
<B-1. Device con5guration> 
As Embodiment 2 according to the present invention, FIG. 6 shows a con5guration
of a control device HIC1 having a short-circuit protection function. The control
device HIC1 shown in FIG. 6 is a circuit that performs switching control of the
transistor 11, and the control devices HIC2 and HIC3 shown in FIG. 1 also have the
same function.

  As shown in FIG. 6, the gate electrode of the transistor 11 includes a gate driver
GD1 composed of a P-channel MOS transistor 17 and an N-channel MOS transistor
18 connected in series between the drive voltage VB and the reference potential
VS. The output signal is supplied from the control signal output terminal HO as the
control output signal S13, and the control output signal S13 is resistance-divided by
the resistors R11 and R12, and is also supplied to the + side input terminal of the
comparator 13 as a detection voltage of the control output signal S13. Entered.

  In the comparator 13, a comparison with the reference voltage V1 applied to the
negative input terminal is performed, and the comparison result is output as the
comparison result signal S14. In addition, what is necessary is just to employ |
adopt the structure shown in FIG. 2 as a structure for reference voltage V1 supply.

Here, in order to divide the control output signal S13 by resistance, a resistor R11
and a resistor R12 are provided in series between the control signal output terminal
HO and the reference potential VS, and a connection point between the resistor
R11 and the resistor R12. ND1 is connected to the input terminal of the
transmission gate 15. The reference potential side end of the resistor R12 is
connected to the input end of the transmission gate 16, and the output ends of the
transmission gates 15 and 16 are connected to the + side input terminal of the
comparator 13.

  As described above, by providing a con5guration in which the control output
signal S13 is resistance-divided, the control output signal S13 of the transistor 11
which is a so-called high potential device can be detected.

  The transmission gates 15 and 16 select and output a voltage obtained by
resistance-dividing the control output signal S13 and the ground potential based on
the pulse signal S12 output from the 5lter circuit 19, and are therefore referred to
as a signal selection unit SL.

  Also, the control signal S122 of the transmission gates 15 and 16 can be obtained
by inverting the pulse signal S12 output from the 5lter circuit 19 by the inverter
circuit G24. The control signal S122 is applied, and the control signal S122 is
further inverted by the inverter circuit G25 and applied to the gate of the
transmission gate 15 and the inverted gate of the transmission gate 16.

For the control of the transistor 11, the control input signal S10 supplied from the
outside via the control signal input terminal IN is supplied to the level shift unit 11 0
for level shifting.

That is, the transistor 11 is a high-potential device, and its reference potential is
supplied from the reference potential terminal V S. Therefore, the control input

signal S10 generated based on the ground potential, it is necessary to level-shifted
to the high potential side through the level shift unit 11 0.

Level shift device 11 0, based on a control input signal S10 provided to generate a
one-shot pulse signal indicating a timing of on and off of the transistor 11. Note
that the one-shot pulse signal is level-shifted to a signal referenced to high
potential via the high-voltage transistor of the level shift device 11 in 0, is output as
the one-shot pulse signals S21 and S22.

Then, the one-shot pulse signals S21 and S22 are, RS respectively given to the set
input of the Xip-Xop circuit 12 0 (S) and a reset input (R), from the Q output of the
RS Xip-Xop circuit 12 0, the control input signal S10 Is output as a level-shifted
signal S11 equivalent to.

  The level-shifted signal S11 is supplied to the gate driver GD1 through the inverter
circuit G21, the NOR circuit G22, and the inverter circuit G23, and is also supplied to
the reset input of the RS Xip-Xop circuit 14.

  On the other hand, the comparison result signal S14 is given to the set input of the
RS Xip-Xop circuit 14, and the Q output of the RS Xip-Xop circuit 14 is given to one
input of the NOR circuit G22.

  The other input of the NOR circuit G22 is supplied with the level-shifted signal S11
that is inverted via the inverter circuit G21, and the output of the NOR circuit G22 is
inverted via the inverter circuit G23, so that the P-channel MOS transistor 17 And
applied to the gate electrode of N channel MOS transistor 18.

  Here, a con5guration example and an operation of the 5lter circuit 19 that
operates as a pulse generation circuit will be described with reference to FIGS.

Filter circuit 19 as shown in FIG. 7, a constant current source CS1, a drain
connected to the constant current source CS1, the N-channel MOS transistor Q1
having a source connected to the reference potential VS, the RS Xip-Xop circuit 12 0
An inverter circuit G31 that receives the output level-shifted signal S11, inverts the
signal S11 and applies the inverted signal S11 to the gate electrode of the
transistor Q1, a comparator 191 having the drain of the transistor Q1 connected to
the + side input terminal, the drain and the reference potential VS and capacitor
C21 inserted between the comparator 191 and inverter circuit G32 which receives
an output signal S121 of the level-shifted signal S11 output by the output and the
RS Xip-Xop circuit 12 0 of the inverter circuit G32 NAND circuit G3 receiving If, and
an inverter circuit G34 which inverts the output of NAND circuit G33 as the pulse
signal S12.

Next, the operation will be described. When the level-shifted signal S11 is in the “H”
state and the transistor Q1 is turned off, a current Xows from the constant current
source CS so as to charge the capacitor C21. When the voltage of the capacitor
C21 exceeds the value of the reference voltage VREF applied to the comparator 191,

the output signal S121 of the comparator 191 becomes “H” state. Note that the
time until the rise of the signal S121 is set by the capacitance of the capacitor C21
and the value of the reference voltage VREF .

  As shown in FIG. 8, during the period in which the level-shifted signal S11 is in the
“H” state and the signal S121 is in the “L” state, the pulse signal S12 is in the “H”
state (signi5cant state). Is a period during which the short-circuit protection
function is activated, and is set to be substantially equal to the period during which
the control output signal S13 is clamped at a constant voltage.

Further, in FIG. 6, the gate driver GD1, a level shift device 11 0 and the RS Xip-Xop
circuit 12 nonzero elements constituting the short-circuit protection circuit SP1.

<B-2. Device operation> 
Next, the operation of the control device HIC1 will be described using the timing
chart shown in FIG. 9 with reference to FIG.

Control input signal supplied from the outside via the control signal input terminal
IN S10 is by the level shifters 11 0, the one-shot pulse signal S21 which rises in
accordance with the the rising, the one-shot pulse signal S22 which rises
accordance with the falling And converted to

Then, the one-shot pulse signals S21 and S22 are provided to the RS Xip Xop circuit
12 to zero, the level-shifted signal S11.

  The level-shifted signal S11 turns on the transistor 11 in accordance with the rise
thereof, and the transistor 11 is kept on during the period when the signal S11 is in
a high potential state.

  As shown in FIG. 9, the control output signal S13 output from the gate driver GD1
rises in accordance with the rise of the level shifted signal S11, and the level
shifted signal S11 is substantially the same as the control input signal 10.
Therefore, the level-shifted signal S11 may be referred to as a control input signal.

  Note that the waveform of the control output signal S13 during normal operation
and short-circuiting of the transistor 11 is the same as the control output signal S3
described in the 5rst embodiment, and thus description thereof is omitted.
Although FIG. 9 shows that the control output signal S13 and the reference voltage
V1 are compared, this is a convenient description, and actually the divided voltage
of the control output signal S13 and the reference voltage V1 are Compare

  The control output signal S13 is divided by the resistors R11 and R12, supplied to
the comparator 13, and compared with the reference voltage V1. While the pulse
signal S12 output from the 5lter circuit 19 is “L”, the transmission gate 16 Is turned
on, the reference potential VS is applied to the comparator 13, and the comparison
result signal S14 output from the comparator 13 is always in the "L" state.

  On the other hand, since the transmission gate 15 is turned on while the pulse
signal S12 is “H”, the divided voltage of the control output signal S13 is given to the
comparator 13, and the comparison result signal S14 output from the comparator
13 Based on the comparison result between the voltage and the reference voltage
V1, the state becomes “H” or “L”.

  That is, when the divided voltage of the control output signal S13 exceeds the
reference voltage V1, the comparator 13 sets the output of the comparison result
signal S14 in a signi5cant state, in this case, the “H” state.

  When the transistor 11 is short-circuited, the voltage of the control output signal
S13 rises rapidly and the divided voltage exceeds the reference voltage V1 of the
comparator 13. At this time, since the pulse signal S12 is in the “H” state, the
comparator 13 Sets the comparison result signal S14, which is the output, to the
“H” state (signi5cant state). 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 Xip-Xop circuit 14 changes to the “H” state, the P-channel MOS
transistor 17 of the gate driver GD1 is turned off, the N-channel MOS transistor 18
is turned on, and the control output signal S13 becomes “L”. The transistor 11 is
forcibly turned off. The signal S13 may be called a stop signal because it stops the
signi5cant output of the control output signal S13 of the gate driver GD1.

  In the case where the transistor 11 is operating normally (normally), the voltage
starts increasing after the clamp period of the control output signal S13 and
exceeds the reference voltage V1, but at this time, the pulse signal S12 is “ Since it
is in the “L” state, the comparison result signal S14 is in the “L” state. As a result,
the Q output of the RS Xip-Xop circuit 14 maintains the “L” state, and the control
output signal S13 maintains the “H” state, so that the transistor 11 maintains the
on state.

<B-3. Effect> 
As described above, in the control device HIC1 having 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 the transistor 11 is short-
circuited. Since the control output signal S13 is forcibly stopped, in the inverter
module 100, it is not necessary to provide a shunt resistor outside the package PG
(FIG. 1) as in the conventional IPM. This eliminates the need for a current detection
terminal for measuring the voltage of the shunt resistor in the package PG, allows
the module to be downsized, and eliminates the need for a 5lter circuit for
removing noise entering the shunt resistor and the current detection terminal.
Thus, the overall size of the apparatus can be reduced.

  Further, since the shunt resistor is not required, the wiring length from the ground
side main electrode of the switching device to the ground terminal can be
shortened, and the voltage surge accompanying switching of the switching device
can be reduced.

  Further, since the 5lter circuit 19 sets the period t1 during which the short-circuit
protection function is activated and monitors the control output signal S13 only
during the period t1, the burden on the monitoring system can be reduced.

<B-4. Modi5cation> 
The second embodiment described above is premised on application to HVIC, but
can also be applied to LVIC.

In this case, the level shift device 110 and the RS Xip-Xop circuit 120 are not
necessary, and the control input signal S1 is supplied to the inverter circuit G21 and
the 5lter circuit 19 instead of the level-shifted signal S11. The ground potential GND
is used instead of the reference potential VS.

  In the 5rst and second embodiments described above, various signals are treated
as having no delay with respect to the control input signal. For example, the pulse
signal S2 is slightly different from the control input signal S1. There may be a delay,
but even in that case, the operation of the present invention is not hindered.

  In the 5rst and second embodiments described above, the insulated gate
transistors 11 and 12, 21 and 22, 31 and 32 are all described as N-channel type, but
they are con5gured as P-channel type. You can also.

It is a 5gure which shows the structure of the inverter module which concerns on
this invention. It is a 5gure which shows the structure of the control apparatus of
Embodiment 1 which concerns on this invention. It is a 5gure which shows the
structure of a one-shot pulse generation circuit. 6 is a timing chart for explaining
the operation of the one-shot pulse generation circuit. It is a timing chart explaining
operation | movement of the control apparatus of Embodiment 1 which concerns
on this invention. It is a 5gure which shows the structure of the control apparatus
of Embodiment 2 which concerns on this invention. It is a 5gure which shows the
structure of a 5lter circuit. It is a timing chart explaining operation | movement of a
5lter circuit. It is a timing chart explaining operation | movement of the control
apparatus of Embodiment 2 which concerns on this invention.

Explanation of symbols

LIC, HIC1 to HIC3 control device, GD, GD1 gate driver, SP, SP1 short circuit
protection circuit, SL signal selection unit. 

Claims (6) Hide Dependent 
translated from Japanese

A semiconductor device that performs drive control of an insulated gate transistor
by generating a control output signal based on a control input signal, 
A driver for outputting the control output signal; 
When the control output signal is detected and the detection voltage of the control
output signal exceeds a predetermined reference voltage between the time when
the control output signal indicates conduction of the insulated gate transistor and
the elapse of a predetermined period. Comprises a short-circuit protection circuit
that controls the driver to forcibly stop the control output signal , 
The short circuit protection circuit is: 
A pulse generation circuit that receives the control input signal and outputs a 5rst
pulse signal that is signi5cant only for the predetermined period in accordance with
a timing at which the control input signal instructs conduction of the insulated gate
transistor; 
A comparator that receives the detection voltage of the control output signal,
compares the reference voltage with the reference voltage, and outputs a second
pulse signal that is signi5cant during a period in which the detection voltage of the
control output signal exceeds the reference voltage; , 
When the 5rst and second pulse signals are received and the second pulse signal
becomes signi5cant during a period in which the 5rst pulse signal is signi5cant, the
output of the control output signal is forcibly stopped. a logic circuit for outputting
a stop signal to comprise Ru semiconductor device. A semiconductor device that
performs drive control of an insulated gate transistor by generating a control
output signal based on a control input signal, 
A driver for outputting the control output signal; 
When the control output signal is detected and the detection voltage of the control
output signal exceeds a predetermined reference voltage between the time when
the control output signal indicates conduction of the insulated gate transistor and
the elapse of a predetermined period. Comprises a short-circuit protection circuit
that controls the driver to forcibly stop the control output signal, 
The short circuit protection circuit is: 
A pulse generation circuit that receives the control input signal and outputs a 5rst
pulse signal that is signi5cant only for the predetermined period in accordance with
a timing at which the control input signal instructs conduction of the insulated gate
transistor; 
A signal selection unit that receives a detection voltage of the control output signal
and a predetermined voltage lower than the reference voltage, and selects and
outputs one based on the 5rst pulse signal; 
A comparator that receives the output of the signal selection unit, compares the
reference voltage with the reference voltage, and outputs a second pulse signal
that is signi5cant during a period in which the output exceeds the reference
voltage; 
The signal selector is 
When the 5rst pulse signal is received and the 5rst pulse signal is signi5cant, a
detection voltage of the control output signal is selected, and a predetermined
voltage lower than the reference voltage is selected during other periods. Output, 
The comparator receives the detection voltage of the control output signal only
during a period when the 5rst pulse signal is signi5cant, and outputs the second
pulse signal when the detection voltage of the control output signal exceeds the
reference voltage. Signi5cant, 
The semiconductor device, wherein the second pulse signal functions as a stop
signal for forcibly stopping the output of the control output signal when it becomes
signi5cant . The semiconductor device according to claim 2 , wherein the detection
voltage of the control output signal is detected by a dividing resistor connected in
series between the output terminal of the driver and a reference potential . The
predetermined period of the 5rst pulse signal becomes signi5cant, when operating
normally in the insulated gate transistor, the voltage of the control output signal is
set based on the period which is clamped to a 5xed, claim 1 A semiconductor
device according to claim 2 . At least one set of 5rst and second insulated gate
transistors which are inserted in series between a high potential 5rst main power
supply terminal and a low potential second main power supply terminal and
operate in a complementary manner; 
A 5rst controller for controlling the driving of the 5rst insulated gate transistor on
the high potential side; 
A second control device for controlling the driving of the second insulated gate
transistor on the low potential side, 
The at least one set of 5rst and second insulated gate transistors, the 5rst and
second control devices are resin-sealed in a package; 
Wherein as the second control device, using the semiconductor device according
to claim 1 or claim 2, wherein the semiconductor device module. At least one set of
5rst and second insulated gate transistors which are inserted in series between a
high potential 5rst main power supply terminal and a low potential second main
power supply terminal and operate in a complementary manner; 
A 5rst controller for controlling the driving of the 5rst insulated gate transistor on
the high potential side; 
A second control device for controlling the driving of the second insulated gate
transistor on the low potential side, 
The at least one set of 5rst and second insulated gate transistors, the 5rst and
second control devices are resin-sealed in a package; 
The semiconductor device module which uses the said semiconductor device of
Claim 3 as said 1st control apparatus.
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JP2001250890A * 2000-03-07 2001-09-14 Fuji Electric Co Ltd Semiconductor device and its manufacturing method

Family To Family Citations

EP0487964A3 * 1990-11-29 1993-08-18 Siemens
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concept
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JP6094032B2 * 2011-08-26 2017-03-15 サンケン電気株式会社 Level shift circuit

US9322852B2 * 2014-07-15 2016-04-26 Ford Global Technologies,
Llc

Gate drive under-voltage detection

JP6086101B2 * 2014-07-16 2017-03-01 トヨタ⾃動⾞株式会社 Semiconductor device

CN109302169B * 2018-08-23 2022-04-22 北京⻓峰天通科技有限公司 SiC MOSFET drive protection circuit and protection method thereof

WO2021072746A1 * 2019-10-18 2021-04-22 Texas Instruments
Incorporated

Pin-short detection circuits
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JP4531500B2 2010-08-25 Semiconductor device and semiconductor device module
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US7595667B2 2009-09-29 Drive circuit

JP6428939B2 2018-11-28 Semiconductor device
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