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INTEGRATED MOSGATED POWER
SEMICONDUCTOR DEVICE WITH HIGH NEGATIVE
CLAMP VOLTAGE AND FATIL SAFE OPERATION

BACKGROUND OF THE INVENTION

This invention relates to integrated MOSgated
power semiconductor devices, and more specifically
relates to a novel circuit which permits rapid turn off
of a high side switch which drives a grounded load with
low power dissipation for the MOSgated power device.

High side switches employing cne or more
MOSgated power semiconductor devices with integrated
control circuits are well known, such as the IR6000
device manufactured by the International Rectifier
Corporation, the assignee of the present invention. When
such devices drive an inductive load, as in automotive
applications, the MOSgated power device is hard to turn
off, and may have to dissipate substantial amounts of
powexr due to inductive current during turn off.
Furthermore, when the logic ground for the high side
switch is at a different potential than the load circuit
ground, the power MOSgated device may be caused to
unintentionally conduct and dissipate high power which
can destroy the device.
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Circuits are known to avoid these problems, but
such circuits introduce a new problem, whereby, if the
output voltage is below the threshold voltage of that of
a control MCSFET which clamps the gate of the main
MOSgated power device, the main device cannot be turned
on on command.

BRIEF DESCRIPTION OF THE INVENTION

In accordance with the present invention, a

novel circuit is provided to control a control MOSFET
which connects the gate of the power device to its source
or another power electrode in response to a turn-off
signal. A level translator circuit couples the input
signal to an inverter circuit which, in turn, is coupled
to the gate of the control MOSFET to ensure that the
control MOSFET can be turned on when the output voltage
is negative.

The threshold voltage of the control MOSFET is
chosen to be lower than that of the power device and
conducts to short the gate of the power device to its
source before the power device will conduct, thus
preventing the inadvertent turn on of the power device
during the turn-off process. A higher negative clamp
voltage can then be applied to the circdit to increase
di/dt during turn off, to shorten the turn-off time. It
is also possible to turn on the power device from an
intentional turn-on signal through the use of the level
translater circuit which drives the control MOSFET

device.
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BRIEF DESCRIPTICN QOF THE DRAWINGS

Figure 1 is a circuit diagram of a typical
pricr art monolithic high side switch which has a logic
ground connected to a load having a load power ground.

Figures 2a, 2b and 2c show the off signal, load
voltage and load current respectively on a common time
base, for the circuit of Figure 1, with an inductive
load.

Figure 3 shows a known modification to the
prior art circuit of Figure 1 which shortens the turn-off
time under inductive load and prevents unintended turn on
of the MOSgated power semiconductor device due to an off-
set ground voltage.

Figure 4a shows the turn-off signal of the
circuit of Figure 3 as a function of time.

Figure 4b shows the output and gate voltages
for the MOSgated power semiconductor device of Figure 3
on the same time scale as Figure 4a.

Figure Sa shows several cycles of the turn-off
signal in the circuit of Figure 3 as a function of time.

Figure 5b shows the output voltage of the
circuit of Figure 3 on the same time scale as in Figure
Sa and shows the prevention of an intended turn on.

Figure 6 is a circuit diagram of a preferred
embodiment of the present invention, employing a
transistor-resistor inverter and a level translation
circuit.

Figure 7a shows the turn-off signal in the
circuit of Figure 6 as a function of time.

Figure 7b shows the output voltage of the

circuit of Figure 6 as a function of time.
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Figure 8 shows another embodiment of the

present invention in which the inverter circuit uses CMOS
circuitry.

DETAILED DESCRIPTION OF THE DRAWINGS

Referring first to Figure 1, there is shown a

circuit diagram of the main ccmponents of a high side
switch formed in a monolithic chip. Thus, an N channel
MOSgated power semiconductor device 20 is the main power
device and is formed in the same monolithic chip as the
control elements. The monolithic chip is then housed in
a package 21. The power semiconductor 20 is shown as an
N channel power MOSFET, but it could be any other
MOSgated type of device such as an IGBT, or the like.

The circuit of Figure 1 has a V. input voltage
terminal 22 which is connected to the drain of MOSFET 20
and an ocutput terminal 23 connected to the source of
MOSFET 20. Terminals 22 and 23 may be terminal pins for
the package 21, schematically shown in dotted-line
outline, along with a logic ground pin 24 and an input
signal pin 25.

Also contained in the same chip as MOSFET 20 is
a conventional charge pump circuit 26, a turn-off
N channel MOSFET 27, a logic control circuit 28 and
protection circuits 29 which can monitor, for example,
voltage, current and temperature conditions of the chip
to turn MOSFET 20 off under selected conditions. An
input terminal 25 to logic 28 is connected to a user’s
microcontroller or the like, to turn MOSFET on and off in
a given sequence or under certain conditions.

The output terminal 23 is connectible to a load
30 which is connected to its own power ground 31, which

is intended to ke at the same potential as logic ground
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terminal 24. Load 30 may typically be an automotive load
or the like, operable from the voltage Vo which in the
automotive application would be about 12 volts. The
charge pump 26 provides a voltage to the gate of power
MOSFET 20 which is 5 to 10 volts higher than V¢ to make
it possible to turn on MOSFET 20.

The auxiliary MOSFET 27 is used to turn off
MOSFET 20 by connecting its gate to ground when MOSFET 27
turns on.

The circuit of Figure 1 has two major problems.
The first shows up when load 30 is an inductive load.
When driving an inductive load, the output voltage is
clamped at turn off of MOSFET 20 to (-V,) where V, is the
gate-to-source voltage of MOSFET 20 during load current
conduction. This voltage is typically 3 to 5 volts. The
low negative voltage across the load inductance during
turn-off results in a low di/dt for the source current
and therefore a long time is needed for the current to
decay to zero. This results in higher power dissipation
in MOSFET 20 and in long response times for the load.

This effect can be seen from Figures 2a, 2b and
2c. Thus, the input terminal applies a signal at time t,
to the leogic circuit 28 which, in turn, produces the
turn-off signal of Figure 2a (a high signal on the gate
of MOSFET 27). MOSFET 27 then turns on at time t, in
Figures 2a, 2b and 2c¢, and the load voltage (Figure 2b)

begins to decay toward (-V The load current will now

w) -
decay slowly (Figure 2c¢) until, at time t,, it reaches
zero and the load voltage returns to zero.

A seccnd problem arises with the circuit of
Figure 1 when the power ground 31, for example, an
automobile chassis, is at a potential different from that

of the logic ground 24. This can occur due to parasitic
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inductances, resistances, corrosion, or accidental
disconnection of connectors and the like. This produces
an offset voltage, shown schematically in Figure 1 by
battery 40. If, as a result of this offset voltage, the
logic ground is more than 1 threshold of the power MOSFET
20 above the power ground 31, the power MOSFET 20 will
begin to conduct a high current from V. terminal 22 to
ground 31, and will dissipate high power in MOSFET 20,
which can lead to the destruction of the high side
switch.

The above-described drawbacks have been avoided
through the addition to the circuit of Figure 1 of a
suitable clamping circuit, as shown in Figure 3. Thus,
there is added between charge pump 26 and MOSFET 20 a
clamping circuit consisting of resistor 50, resistor 51,
zener dicde 52 and a second control MOSFET or transistor
53. Transistor 53 is designed to have a lower threshold
voltage than that of power MOSFET 20. This known
structure is used in the IR 6000 high side switch
manufactured by the International Rectifier Corporation,
the assignee of this invention. '

In the circuit of Figure 3, assume that MOSFET
20 is on and the load 30 is activated. 1If now the off
signal to MOSFET 27 goes high (at time t; in Figures 4a
and 4b), MOSFET 27 turns "ON". This discharges the gate
of MOSFET 20 to ground and MOSFET 20 turns off. If the
load 30.is inductive, of if the power ground 31 is below
the logic ground 24, the output voltage at terminal 23
will beccme negative.

Thus, as shown in Figure 4b, the source voltage
reduces to (-Vys;,) (the negative of the threshold voltage
of MOSFET S53) so that, at time t, in Figure 4b,
transistor 53 turns on and connects the gate of MOSFET 20
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to its socurce. Note that this occurs before MOSFET 20
can begin to conduct because MOSFET 53 has a lower
threshold voltage than MOSFET 20. As the output voltage.
beccmes more negative, MOSFET 20 stays off because MOSFET
53 is on.

| During the above process, resistor 51 and zener
diode 52 limit the gate-to-source voltage of MOSFET 53 to
a safe value. Resistor 50 limits the current through
MOSFET 27.

The actual negative voltage (-V clamp) (Figure
4b) reached by the output voltage depends on external
circuit conditions and may be the value of the ground
offset, the avalanche voltage of MOSFET 20 or an internal
clamping voltage. This voltage can be much higher than
Vegon Of Figure 2b and, therefore, will force a higher
di/dt than that of Figure 2c and faster turn off of the
switch. The voltage (-V clamp) and the increased di/dt
produced thereby are also shown in dotted lines in
Figures 2b and 2c respectively. .

While the prior art circuit of Figure 3 solves
the two problems referred to for the circuit of Figure 1,
it introduces a new prcelem. Thus, while the output
voltage at terminal 23 is below the negative threshold
voltage (-V,) of MOSFET 53, it is impossible to turn on
power MOSFET 20. This action is shown in Figures Sa and
Sb. Figure 5a shows the complement of the input signal,
as the off signal, applied to the gate of MOSFET 27. In
Figure 5a, the off signal at time t, goes low to turn off
MOSFET 27 and turn on MOSFET 20. However, as discussed
in reference to Figure 4b, the device must wait until the
inductive locad is totally deenergized before accepting
the new turn-on signal at t, in Figure Sb and turn on

cannot occur until some time after time t,, for example
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at time t,. It is also impossible to turn on MOSFET 20
if the power ground 31 of Figure 3 is more than the
threshold voltage of MOSFET 53 below the logic ground 24.

The present invention, as disclosed in the
circuit of Figure 6, avoids the above problem while
retaining the other advantages of the circuit of Figure
3. Components of Figure 6, which are the same as those
of Figures 1 and 3, have the same identifying numerals
and the same function. Added components are resistors
60, 61 and 62, MOSFET transistors 63, 64, 65 and 66,
bipclar transistor 67, and zener diodes 68, 69 and 70.
Components 60, 61, 63, 64, 65, 68 and 69 act as a level
translator for MOSFET 53. Components 62, 66, 67 and 70
act as an inverter for the input off signal, referenced
to Vee.

The novel circuit of Figure 6 operates as
follows:

If the off signal to transistors 66 and 27 is
high, the circuit operates like the circuit of Figure 3.
Thus, transistor 66 will be on and node 80 is low.
Further, node 81 is negative by an amount equal to V,, of
transistor 67 plus the zener voltage of zener diode 70.
Transistors 64 and 65 are made to be identical so that
the same current will flow in identical resistors 60 and
61 respectively so that resistors 60 and 61 drop the same
voltage. Therefore, the potential at node 82 will be
lower than that at node 83. Since the gate of transistor
65 is biased close to its threshold voltage V,
transistor 63 will be biased below its threshold V,; and
will be off. Because MOSFET transistor 63 is off, the
remainder of the circuit will operate as described for

Figure 3 when the input or off signal is high.
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If now the off signal in Figure 6 is low,
MOSFET 66 is off and node 80 is high. Zener diode 70 has
a zener voltage which is lower than [V - V,(67)] so
that node 81 is posifive. Since resistors 60 and 61 drop
the same voltage, node 82 will be above node 83. Since
the gate of MOSFET 65 is biased close to its threshold
voltage V,, the gate of MOSFET 63 will be biased above
its threshold voltage V, and it will conduct. This will
turn off MOSFET 53 to permit turn on of power MOSFET 20,
even though the output voltage is below (-V;) of MOSFET
53 as shown in Figure 7a and 7b. Thus, in Figure 7b, the
MOSFET 20 can be turned on at t,, and as soon as the
input signal at Figure 7a goes low. Therefore, the main
problem introduced by the circuit of Figure 3 is avoided.

The circuit of Figure 6 also provides an added
protective function. Thus, if Ve is below V, of
transistor &7 plué the zener voltage of zener diode 70,
node 81 will go negative whenever the output voltage at
terminal 23 goes negative. This keeps power MOSFET 20
off whenever V.. is low and the output voltage is
negative. This is a desirable protective feature.

The components of the circuit of Figure 6 can
be easily implemented with N channel MOSFETs and an NPN
bipolar transistor. Thus, the circuit can be easily
monclithically integrated. Obviously, other compcnents
could be chosen for the described functions.

Another embodiment of the invention is shown in
Figure 8 in which the components having the same
structure and function as those of Figure 6 have the same
identifying numerals. The inverter translator receiving
the input off signal consists of three MOSFET transistors
90, 91 and 92. These act in such a way that, as was the

case of Figure 6, when the off input is low, node 81 is
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above the ground potential, and when the off input is
high, node 81 is below the ground potential. Therefore,
the advantages of the circuit of Figure 6 are obtained in
the circuit of Figure 8.

Althcugh the present invention has been
described in relation to particular embodiments thereof,
many other variations and mecdifications and other uses
will become apparent to those skilled in the art. It is
preferred, therefore, that the present invention be
limited not by the specific disclosure herein, but only
by the appended claims.
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WHAT IS CIATMED IS:

1. A high side switch circuit having a
MOSgated semiconductor power device having first and
second power electrodes and a control electrode, an input
circuit which produces signals for turning said power
device off or on, a main control MOSFET connected between
said first power electrode and said control electrode of
said power device for turning off said power device when
said main control MOSFET turns on, a signal level
translator circuit and an inverter circuit; said signal
level translator circuit coupled between said input
circuit and said inverter circuit; said inverter circuit
being coupled to said main control MOSFET to turn on said
control MOSFET in response to an input turn-off signal;
the threshold conduction voltage of said main control
MOSFET being lower than the threshold conduction voltage

of said MOSgated semiconductor power device.

2. The circuit of claim 1 which includes a
Vee terminal connected to said second power electrode of
said power device, an output voltage terminal connected
to said first power electrode of said power device and a

logic ground terminal.

3. The circuit of claim i wherein said

MOSgated power device is a power MOSFET.

4. The circuit of claim 2 wherein said
MOSgated power device is a power MOSFET.

5. The circuit of claim 2 wherein said power
device and said control MOSFET are N channel devices

which are integrated into a common semiconductor chip,
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and wherein said inverter circuit and translator circuit

are also integrated into said common semiconductor chip.

6. The circuit of claim 4 wherein said power
device and said control MOSFET are N channel devices
which are integrated into a common semiconductor chip,
and wherein said inverter circuit and translator circuit

are also integrated into said common semiconductor chip.

7. The circuit of claim 2 wherein said
inverter circuit comprises a resistor and a second
control MOSFET connected in series and having a node; one
end of said resistor connected to said ground terminal;
one end of said second MOSFET connected to said output
voltage terminal; said node between said resistor and
said second MOSFET connected to the gate of said main
control MOSFET.

8. The circuit of claim 7 which further
includes a zener diode connected between the gate of said

second control MOSFET and said output voltage terminal.

9. The circuit of claim 7 wherein said power
device and said main control MOSFET are N channel devices
which are integrated into a common semiconductor chip,
and wherein said inverter circuit and translator circuit

are also integrated into said common semiconductor chip.

10. The circuit of claim 8 wherein said power
device and said main control MOSFET are N channel devices
which are integrated into a common semiconductor chip,
and wherein said inverter circuit and translator circuit

are also integrated into said common semiconductor chip.
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11. The circuit of claim 2 wherein said
translator circuit comprises first translator and second
identical translator MOSFETs and first and second
identical translator resistors; said first and second
translator MOSFETs being connected in series with said
first and second translator resistors respectively; said
first and second translator MOSFETs being connected to
said output terminal; said first translator resistor
being connected to said ground terminal; the node between
said first transiator MOSFET and first translator
resistor connected to the gates of said first and second
translator MOSFETs; the node between said second
translator MOSFET and said second translator resistor
connected to the gate of said second control MOSFET; and
a coupling circuit means coupling said second translator

resistor to said input circuit.

12. The circuit of claim 11 wherein said
coupling circuit means includes a MOSFET means in series
with a pull-up resistor which is connected to said Vecc
terminal; the gate of said MOSFET means connected to said
input circuit; the node between said MOSFET means and
said pull-up resistor connected to the base of a bipolar
transistor; and a zener diode connected between the
emitter of said bipolar transistor and said second
translating resistor.

13. The circuit of claim 7 wherein said
translatecr circuit comprises first translator and second
identical translator MOSFETs and first and second
identical translator resistors; said first and second
translator MOSFETs being connected in series with said

first and second translator resistors respectively; said
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first and second translator MOSFETS being connected to
said output terminal; said first translator resistor
being connected to said ground terminal; the node between
said first translator MOSFET and first translator
resistor connected to the gates of said first and second
translator MOSFETsS; the node between said second
translator MOSFET and said second translator resistor
connected to the gate of gaid second control MOSFET; and
a coupling circuit means coupling said second translator
resistor to said input circuit.

14. The circuit of claim 13 which further
includes a zener diode connected between the gate of said
second control MOSFET and said output voltage terminal.

15. The circuit of claim 13 wherein said
coupling circuit means includes a MOSFET means in series
with & pull-up resistor which is connected to said Vcc
terminal; the gate of said MOSFET means connected to said
input circuit; the node between said MOSFET means and
said pull-up resistor connected to the base of a bipolar
transistor; and a zener diode connected between the
emitter of said bipolar transistor and said second
translating resistor.

16. The circuit of claim 7 which further
includes third MOSFET means coupled between said gate of
said power device through a limiting resistor and said
logic ground terminal; said input circuit being coupled
to the gate of said third MOSFET means.

17. The circuit of claim 11 which further
includes third MOSFET means coupled between said gate of
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said power device through a limiting resistor and said
logic ground terminal; said input circuit being coupled
to the gate of said third MOSFET.

18. The circuit of claim 13 which further
includes third MOSFET means coupled between said gate of
said power device through a limiting resistor and said
logic ground terminal; said input circuit being coupled
to the gate of said third MOSFET.

19. The circuit of claim 18 which further
includes a zener diode connected between the gate of said

second control MOSFET and said output voltage terminal.

20. The circuit of claim 18 wherein said
translator circuit comprises first translator and second
identical translator MOSFETs and first and second
identical translator resistors; said first and second
translator MOSFETs being connected in series with said
first and second translator resistors respectively; said
first and second translator MOSFETs being connected to
said output terminal; said first translator resistor
being connected to said ground terminal; the node between
said first translator MOSFET and first translator
resistor connected to the gates of said first and second
translator MOSFETs; the node between said second
translatcr MOSFET and said second translator resistor
connected to the gate of said second control MOSFET; and
a coupling circuit means coupling said second translator

resistor to said input circuit.

21. The circuit of claim 20 wherein said
coupling circuit means includes a MOSFET means in series
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with a pull-up resistor which is connected to said Vce
terminal; the gate of said MOSFET means connected to said
input circuit; the node between said MOSFET means and
said pull-up resistor connected to the base of a bipolar
transistor; and a zener diode connected between the
emitter of said bipolar transistor and said second
translating resistor.

22. The circuit of claim 11, wherein said
coupling circuit means includes a first MOSFET means in
series with a pull-up resistor which is connected to said
Vce terminal; the gate of said first MOSFET means
connected to said input circuit; the node between said
first MOSFET means. and said pull-up resistor connected to
the base of a higher transistor; and a second MOSFET
means connected between the emitter of said bipolar
transistor and said second translating resistor; the gate
of said second MOSFET transistor being connected to its -
drain.
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