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POWER MOSFET WITH OVERCURRENT
AND OVER-TEMPERATURE PROTECTION AND CONTROL
CIRCUIT DECOUPLED FROM BODY DIODE

RACKGROUND OF INVENTION

. This invention relates to power MOSFETs having
integrated control circuits on a common chip, and more
particularly relates to a novel control circuit which
prevents the false resetting of the control circuit fault
latch, and which decouples the entire control circuit
P well (in an N channel device) from the MOSFET body
diode.

. The device of applicant’s application Serial No.
08/121,288 filed Sept.14,1993 1S 2 fully protected three-
terminal monolithic "Smart Power" MOSFET that features
overcurrent shutdown for short circuit protection and a
gate-to-drain clamp for over-véltage protection. More
specifically, the device is simply a power MOSFET with a
control circuit powered'from its gate-to-source voltage.
This FET device is a "SMARTFET", a trademark of the
International Rectifier Corporation, the assignee of the
present invention. Within the control circuit are 1) an



gate-to-drain clanp for over-voltage protection. Mre specifically, the
device is sinply a power MOSFET with a control circuit powered fromits
gate-to-source voltage. This FET device is a "SMARTFET", a trademark of the
International Rectifier Corporation, the assignee of the present invention.
Wthin the control circuit are 1) an -2- on/off circuit, or power MOSFET
driver which responds to an externally applied input-to-source voltage, and
the output of a logic circuit, 2) an overcurrent protection circuit, 3) an

over-tenperatur.e protection circuit, and 4) a logic circuit to process al

of these control -2 - '

on/off circuit, or power MOSFET driver which responds to
an externally applied input-to-source voltage, and the
output of a logic circuit, 2) an overcurrent protection
circuit, 3) an over-temperature protection circuit, and
4) a logic circuit to process all of these control
signals. 1In addition, the device contains an active
drain-to-gate over-voltage clamp circuit. In either an
over-temperature or overcurrent condition, a fault latch
within the logic circuit is supposed to set, turning the
power MOSFET off. Furthermore, this latch should remain
set until the power MOSFET input-to-source voltage (which
provides the power for the latch) is cycled to zero.

. We have found that in certain applications, for
example, when the power MOSFET is driving an inductive
load in a "low side switch" configuration, and during a
so-called "clamped inductive flyback" in response to an
over-temperature condition in the power MOSFET that the
fault circuit can be unintentionally reset even though
the fault condition still exists.

More specifically, in the simple case of a
grounded-source power MOSFET (without integrated control
circuits), used as a d-c switch driving an inductive load
which is tied between the MOSFET drain and a positive
power supply, the sum of conduction and switching losses
within the MOSFET could become high enough to drive the
die junction temperature to a high enough value that the
reliability of the device would suffer. With a SMARTFET
device, however, if the power device junction temperature
rises above a predefined threshold (typically 160°C), the
control fault latch will set, pulling the MOSFET gate
low, turning it off. Once the MOSFET gate has been
pulled low, the current in the inductive load will need
to decay, so the voltage across the load reverses (since



signal's. In addition, the device contains an active drain-to-gate
over-voltage clanp circuit. In either an over-tenperature or overcurrent
condition, a fault latch within the logic circuit is supposed to set,
turning the power MOSFET off. Furthernore, this latch should remain set
until the power MOSFET input-to-source voltage (which provides the power
for the latch) is cycled to zero. W have found that in certain
applications, for exanple, when the power MOSFET is driving an inductive
load in a "low side switch" configuration, and during a so-called "cl anped
I nductive flyback™ in response to an ever-tenperature condition in the
power MOSFET that the fault circuit can be unintentionally reset even

t hough the fault condition still exists. Mre specifically, in the sinple

case of a
V = Ldi/dt, and di/dt is negative), and the power MOSFET
drain voltage will rise. 1In the absence of any clamping,
and with a heavily inductive load, this drain voltage can
rise until the power MOSFET drain-to-source junction
breaks down, after which the decaying load current flows
through the MOSFET drain-to-source junction.

Because power MOSFETs are not very rugged in
this breakdown region of operation, SMARTFET devices have
an active drain-to-gate clamp which turns the power
MOSFET on when the drain-to-gate voltage exceeds a _
predetermined threshold, and at a drain-to-source voltage
less than the breakdown voltage of the drain-to-source
diode. In this way, the energy which can be absorbed by
the power MOSFET (normally referred to as its "avalanche
rating”) may be greatly increased (by a factor of
10-100). _

Accordingly, in the above-mentioned SMARTFET
device. over-temperature condition, the gate would
initially be pulled low, the drain would go high (MOSFET
off), and then the gate would be pulled high again by the
drain-to-gate clamp (the drain-to-gate clamp overrides
the fault latch signal). However, even while the drain-
to-gate clamp and power MOSFET are on, the fault latch is
requifgd to maintain its "latched off" logic state, so
that once the current in the inductive load has decayed
to near zero, the drain voltagé recovers with the power
MOSFET off. '

The problem we have observed is that once the
load current has decayed sufficiently, the recovery of
the drain voltage in a standard power MOSFET can, in
certain applications, appear as a poorly damped
oscillation which eventually settles out to the supply
voltage and which can, in a transient mode, forward bias



grounded- source power MOSFET (w thout integrated control circuits), used as
a d-c swtch driving an inductive [oad which is tied between the MOSFET
drain and a positive power supply, the sum of conduction and sw tching

| osses within the MOSFET coul d becone high enough to drive tthe die junction
tenperature to a high enough value that the reliability of the device would
suffer. Wth a SMARTFET devi ce, however, if the power device junction
tenperature rises above a predefined threshold (typically [err]), the
control fault latch will set, pulling the MOSFET gate low, turning it off.
Once the MOSFET gate has been pulled- dw~ the current in the inductive |oad
will need to decay, so the voltage across the |oad reverses (since

the drain-to-source body diode of the device. When this
body dicde is forward biased, parasitic inverse bipolar
NPN action occurs between the drain/epi (NPN emitter)
voltage, the control circuitry P well tied to the power
MOSFET source (NPN base), and any N+ region at the
surface of the semiconductor control circuit (multiple
NPN collectors). The latter N+ regions could be formed,
for example, by the drain or source reQions of NMOS
devices used in the control circuit. In the case of a
typical NMOS inverter, such a parasitic NPN would cause
the output of the inverter to become a logic low,
regardless of its input voltage. The body diode
conduction of the power MOSFET then causes the fault
latch to be reset so that, after recovering from an over-
temperature shutdown condition, the power MOSFET is on
when it should be off, which defeats the purpose of over-
temperature protection.

SUMMARY OF THE INVENTION

One feature of the present invention is to
prevent this parasitic NPN from causing the logic circuit
to malfunction by introducing another intentional inverse
NPN transistor. '

N The novel inverse NPN P well bias may also be
used for the entire control circuit P well, to decouple
the entire control circuit P well from the MOSFET body
diode. Thus, in many applications of SMARTFET devices,
for example, in an H-bridge circuit, the designer will
utilize the body diode of a power MOSFET to recirculate
the load current. In this case, the body diode does not
conduct for a brief transient, but conducts large current
for up to many milliseconds. The parasitic NPN
transistor associated with all of the control circuitry,
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-3- V= Ldi/{dt, and di/dt is negative), and the power MOSFET drain voltage
wll rise. In the absence of any clanping, and with a heavily inductive

| oad, this drain voltage can rise until the power MOSFET drain-to-source
junction breaks down, after which the decaying |oad current flows through
t he MOSFET drai n-to-source junction. Because power MOSFETs are not very.
rugged in this breakdown regi on of operation, SMARTFET devi ces have an
active drain-to-gate clanp which turns the power MOSFET on when the

drai n-to-gate voltage exceeds a predeterm ned threshold, and at a

drai n-to-source voltage | ess than the-bseakdown vol tage of the
drain-to-source diode. In this way, the energy which can be absorbed by

including a large N+ to P-body input protection zener,
will conduct. Not only will the control circuitry then
malfunction, but the large N+ region in the input
protection structure will pﬁll the input pin of the
SMARTFET device below ground. Thus, in one test, it was
found that when the FET body diode conducted 1 ampere,
the input pin collected SOmA. This would be
catastrophic to whatever circuit was driving the
SMARTFET.

- The application of the above-described new idea’
of a deliberately introduced parasitic inverse NPN
transistor alleviates this condition.

~ In more detail, the novel circuit of the

invention employs a capacitor to hold the voltage at one
of the inputs to the fault latch high (which represents
holding the power MOSFET off) during the body diode
transient, thus ehsuring that when the drain of the
MOSFET has fully recovered, the power device remains off.

A second aspect of this circuit involves tieing
the:- P well in which the switch which drives said holding
capacitor and input in the fault latch (the P well) close
to the epi potential during the body diode transient,
thus disabling the inverse NPN associated with that
P well. In effect, a deliberately designed inverse NPN
to hold off the parasitic inverse NPN associated with a
specific NMOS device P well within the fault latch is
provided, and relies upon the voltage on the holding
capacitor to ensure that, when the drain of the power
MOSFET récovers, the fault latch is set in the proper
state. ' '

Other features and advantages of the present
invention will become apparent from the following
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t he power MOSFET (normally referred to as its "aval anche rating") may be
greatly increased (by a factor of 10-100). Accordingly, in the
above-nmenti oned SMARTFET devi ceover-tenperature condition, the gate woul d
initially be pulled low, the drain would go high (MOSFET off), and then the
gate woul d be pulled high again by the drain-to-gate clanp (the
drain-to-gate clanp overrides the fault latch signal). However, even while
the drain- to-gate clanp and power MOSFET are on, the fault latch is
required to maintain its "latched off" logic state, so that once the
current in the inductive | oad has decaged to near zero, the drain voltage
recovers with the power MOSFET off. The probl em we have observed is that
once the '

description of the invention which refers to the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a block circuit diagram of a known
type of power MOSFET with integrated control circuits,
used as a low-side switching regulator, driving an
inductive load.

Figure 2A shows the input voltage as a function
of time.

Figure 2B shows the reverse voltage induced
across the device due to the clamped inductive load in
Figure. 1, on the same time line as Figure 2A.

Figure 2C shows the temperature of the power
MOSFET junctions, responsive to a fault into the
inductive load, on the same time line as Figure 2A.

Figure 2D shows the power MOSFET gate voltage
on the same time line as Figure 2A.

Figure 3 éhows, in enlarged form, the damped
oscillation of the drain voltage of the power MOSFET of
Figure 1 in a circuit using the clamped inductive
flyback, and illustrates how the body diode of the MOSFET
can become forward biased. |

~ Figure 4 shows the input logic circuit of
Figure 1, which employs a novel, intentional parasitic
NPN transistor which, when turned on, isolates the ,
control P well from the body diode of the power MOSFET,
and a novel short-time storage capacitor.

Figure 5 is a cross-section of the junction
pattern of a power integrated circuit incorporating the
present invention.

| Figure 6 is a schematic diagram used to
illustrate the operation of the pfesent invention.



| oad current has decayed sufficiently, the recovery of the drain voltage in
a standard power MOSFET can, in certain applications, appear as a poorly
danped oscillation which eventually settles out to the supply voltage and
whi ch can, in a transient node, forward bias -4- the drain-to-source
body. di ode of the device. -Wen this body diode is forward biased, parasitic
I nverse bi polar NPN action occurs between the drain/epi (NPN emtter)
voltage, the control circuitry P well tied to the power MOSFET source (NPN
base), and any N+ region at the surface of the sem conductor control

circuit (nmultiple -7 -

Figure 7 is a further schematic representation
of the operation of the invention.

DETATLED DESCRIPTION OF THE INVENTION

Referring first to Figure 1, there is shown a
known power integrated circuit in which a power MOSFET
section 10 is integrated with control circuits in the
same silicon chip. .

The power MOSFET 10 is shown as a current-
sensing device, having a drain pin 11, source pin 12, and
input 13, the device being contained within a three-pin
TO220 type housing. Such a device can be a pin-
compatible replacement for any T0220 power MOSFET.
Howevér, the invention to be described is applicable to
any power integrated circuit package.

_ The overall device may be used in any circuit
for example, circuits for reverse voltage ratings of 60
volts but, more generally, circuits which range from 30
volts to in excess of 600 volts. The input voltage at
terminal 13 can be about 10 volts or less. An auxiliary
current-sensing output 14 is also provided.

The control circuit, which is integrated into
the same silicon chip as contains power MOSFET 10
includes the ON/OFF switch circuit 20, which can be a
MOSFET circuit, a logic circuit 21 which, as will be
later described, contains the novel features of the
invention, an overcurrent monitor circuit 22 and an over-
temperature monitor circuit 23. Circuits 20 to 23 may be
constructed as shown in copending application Serial No.
08/121,288.

A clamp circuit consisting of zener diode 30
and reverse-poled diode 31 is connected across the gate
to drain electrodes of power MOSFET 10. Power MOSFET 10



NPN coll ectors). The latter N+ regions could be forned, for exanple, by the
drain or source regions of NMOS devices used in the control circuit. In the
case of a typical NMOS inverter, such a parasitic NPN woul d cause the

out put of the inverter to becone a logic |low, regardless of its input

vol tage. The body di ode conduction of the power MOSFET then causes the
fault latch to be reset so that, after recovering froman over- tenperature
shut down condition, the power MOSFET is on when it should be off, which
defeats the purpose of over- tenperature protection. SUMARY OF THE

| NVENTI ON One feature of the present i-n8ertion is to prevent this parasitic
NPN from causing the logic circuit to mal function by introducing anot her

i ntentional inverse

also has an integral diode 32, as shown. A further zener
diode clamp 33 is connected between the source 12 and
input 13 pins.

The circuit of Figure 1 is commonly used to
drive an inductive load. Thus, a source of voltage VCC
at terminal 40 is shown schematically as in series with
inductor 41 and drain pin 11.

The circuit of Figure 1 operates as follows:

To turn on the power MOSFET 10, an input
voltage is applied at pin 13. This turns on the ON/OFF
switch circuit 20 to charge the gate-to-source
capacitance of MOSFET 10 to turn it on. Current can then
flow from terminal 40, through inductive load 41, to
drain pin 11, through MOSFET 10 and to source pin 12. If
either an overcurrent or over-temperature fault is sensed
by circuits 22 or 23, respectively, the logic circuit 21
is activated to turn off switch 20 and thus the power
MOSFET 10. Similarly, if the input signal at pin 13 is
removed, the ON/OFF switch 20 turns off the power
MOSFET 10.

Clamp circuit 30-31 acts to turn on during the
~turn off operation of MOSFET 10 to prevent avalanche
breakdown in MOSFET 10 during turn off. Thus, the clamp
30 sets a threshold which is below avalanche voltage to
prevenf parasitic turn on, and allowing the power FET to
handle all energy during turn off.

Figures 2A, 2B, 2C and 2D show the waveforms
which appear in the circuit of Figure 1 during an over-
temperature condition when the circuit is being used in a
switching regulator in which the power MOSFET 10 is
switched on and off with some variable frequency and duty

cycle, as determined by the user’s input to input pin 13
in Figure 1. " '



NPN t-ransi-stor. The novel inverse NPN P well bias may al so be used for the
entire control circuit P well, to decouple the entire control circuit P
wel | fromthe MOSFET body di ode. Thus, in many applications of SMARTFET
devices, for exanple, in an Hbridge circuit, the designer will utilize the
body di ode of a power MOSFET to recirculate the load current. In this case,
t he body di ode does not conduct for a brief transient, but conducts |arge

current for up to many mlliseconds. The parasitic NPN transistor
associated with all of the control circuitry, -5-

-9 =

Figure 2A shows the input voltage at pin 13.
Figure 2B shows the drain voltage on MOSFET 10, as
élamped by clamp 30 in Figure 1. Thus, when the input
signal turns MOSFET 10 off, the drain voltage has a high
peak due to the clamped inductive load. After reaching
the peak and being clamped, the drain voltage reduces,
and rings around the voltage VCC. This action is later
described in more detail in Figqure 3. _

Figure 2C shows the junction temperature Tj of
MOSFET 10, which is proportional to continuous drain
current. The over-temperature circuit 23 of Figure 1 is
designed to have.a threshold temperature of 160°C, at
which the MOSFET 10 of Figure 1 turns off. Note that
while power MOSFET 10 conducts, the temperature Tj
increases and, when MOSFET 10 is off, the temperature Tj
decreases. Note also that, for the example of Figure 2C,
the temperature Tj eventually exceeds 160°C.

Figure 2D schematically shows the gate voltage
of MOSFET 10. Thus, at the point where Tj exceeds 160°C
(Figure 2C), the fault latch within logic block 21 sets
in Figure 2D and turns off the power MOSFET 10 by pulling
the power MOSFET gate low (not shown in Figure 1). The
fault latch can only be reset after a turn off by the
logic ‘circuit 21 by cycling the input pin 13 to ground.

) Figure 3 shows the damped oscillation of the
drain voltage of MOSFET 10 due to clamped inductive
flyback. When the MOSFET 10 is on, the voltage is zero
or low. When MOSFET 10 turns off, however, the drain
Voltage raises to the clamp voltage set by clamp 30. The
drain voltage then oscillates or rings about the voltage

. VCC due to stray capacitance in the circuit.

It has been found that when the temperature Tj

is high, the first downward swing of the drain voltage



I ncludi-ng a large N+ to P-body input- protection zener, will conduct. Not
only will the control chmggtHysgegmp f unction, but the large N+ region

in the input protection ' pull th MARTFET
devi ce bel ow ground. Thu Bluﬂguw it was |f gHISISHERR HiB 8T FET body
di ode conducted 1 anpere,

—ZD

h
n col | ectled 50MEPLACER) ld be
catastrophic to whatever circuit was driving t . e application
of the above-described new idea of a deliberately introduced parasitic
i nverse NPN transistor alleviates this condition. In nore detail, the novel
circuit of the invention enploys a capagitor to hold the voltage at one of
the inputs to the fault latch high (which represents

may go below zero, as shown in Figure 3. At that point,
the MOSFET body diode of MOSFET 10 becomes forward biased
and injects minority carriers into the P type regions of
the MOSFET 10, as will be later shown. This injection of
minority carriers will also occur in the control circuit
components of the integrated circuit, thus invalidating
their operation. _

' Figure 4 is a schematic diagram of the input
logic block 21 of Fiqure 1. The inputs to the logic
circuit of Figure 4 include ground 50, an output OFF
terminal 51 (to ON/OFF circuit 20 in Figure 1), -input vCC
terminal 52, input VDD terminal 53 (from drain pin 11 of
Figurg 1), overcurrent input pin 54 and over-temperature
input pin 55. The input terminal 55 goes low when the
junction temperatﬁre in Figure 2 reaches 160°C.

A number of MOS control transistors M1 to M1l
are identified in Figure 4, which are integrated into the
silicon which also contains the junctions for the power
MOSFET 10. The two numbers alongside the transistors M1
to M11, for example 6/60 for transistor M2, describe the
ratio of the gate width to gate length for the transistor
in the preferred embodiment of the invention. These
transistors are usually formed in a P well which is
spaced laterally from the N channel power MOSFET section,
and have the following functions:

- MOSFETSs M1 and M2 form an inverter and switch
the OFF terminal 51 between high and lbw, depending on
the gate voltage on transistor M1 from the ON node.

Transistors MQ, M10 and M1l act as a NAND
circuit and, when any of their inputs go low, the "FAULT"
line goes high. Transistors M8 and M3 are depletion mode
dummy load transistors.



hol ding the power MOSFET off) during the body diode transient, thus
ensuring that when the drain of the MOSFET has fully recovered, the power
device remains off. A second aspect of this circuit involves tieing the P
well in which the switch which drives said holding capacitor and input in
the fault latch (the P well) close to the epi potential during the body

di ode transient, thus disabling the inverse NPN associated with that P
well. In effect, a deliberately designed inverse NPN to hold off the
parasitic inverse NPN associated with a specific NMOS device P well within
the fault latch is provided, and rel4 4 upon the voltage on the hol ding
capacitor to ensure that, when the drain of the power MOSFET recovers, the
fault latch is set in the proper state.

In accordance with one aspect of the invention,
a novel transistor M7, shown as a depletion mode NMOS
device, turns on, and acts like a MOSFET diode during the
time that FAULT is high. The function of transistor M7
will be later discussed.

Transistors M4, M5 and M6 are turned on when
FAULT goes high. The node ON then goes low. Note that
transistors M4, M5 and M6 are cross-coupled with
transistors M9, M10 and M11l, to produce a regénerative
effect.

Capacitor Cl is provided to store, for a short
time (a few micro seconds), the condition of node X.

N There are also a number of unintended parasitic

NPN transistors in the circuit of Figure 4, such as
parasitic transistor 91. These transistors are disposed
in the P well containing the control circuit and will
turn on when the MOSFET body diode is forward biased
(Figure 3). When they turn on, they erroneocusly set the
latch and turn the power MOSFET back on.

In order to offset this operation of the
parasitic transistor 91, an NPN transistor 100 (also a
parasitic transistor) is intentionally added to the
circuit. Transistor 100 controls the P well of the novel
switch M7. Switch M7 is isolated from the power MOSFET
section since its P region is not electrically shorted to
ground. Resistor Rl is also provided in order to bias
the P well of switch M7 to the ground potential during
normal operation. The parasitic transistor 100 also
turns on with transistor 91 but, when transistor 100
turns on, it pulls the P well in which the transistor M7
sits close to the epi potential. This then isolates node
X" from the "FAULTY node while the body diode of MOSFET
10 is conducting. So during this conduction period,
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nodes ON and FAULT are pulled below ground, and node "X"
is high. Depletion mode NMOS transistor M7 behaves as a
low valued current source, and is designed to allow node
"X" to stay at a logic high level for at least as long as
the conduction period of the MOSFET 10 body diode. Any
other transistor, or circuit which performs the above-
stated function can be used in place of MOSFET M7.

Once the MOSFET 10 conduction period is over,
the parasitic NPN transistors 90 and 91 turn off, and the
circuit recovers with a logic high level at node "X".
This logic high level at node "X" then forces ON low,
ensuring that the MOSFET 10 is held off after its body
dlode conduction.

Figure 5 shows the junction pattern of the
power MOSFET and control circuits for a SmartFet device
made in accordance with the invention, and shows the
location of the parasitic inverse NPN transistors. 1In
Figure 5, the portion of the chip shown has an N+
substrate 110, which may also act as the power MOSFET
drain of Figure 1. An N(-) epitaxial layer 111 ("epi")
receives the cells such as cell 112 of the power MOSFET
section, which may each have the structure shown in U.S.
Patent 5,008,725. The N(-) epi layer 111 also receives a
P(-) well 120, which may be separated into a number of
control circuit wells by P+ sinkers such as sinkers 121,
122 and 123. The P+ sinkers may be formed at the same

: time as the P+ body portions of the power MOSFET cells
112. Consequently, when the body diode 130 is forward
biased (see Figure 3), all related parasitic body diodes
(131, 132) are also forward biased.

Typical control circuits using lateral MOSFETs
are shown in P(~) well portions 120a and 120b of P(~)
region 120. These P(-) wells also have integral



Figure 2B shows_the reverse voltage induced across the device due to the
.clanped i nductive Ioad in Figure 1, on the sane time I|ne as Figure 2A
Figure 2C shows t amBQOaf the p y i

to a fault into t mm*m on t fE SR

Fi gure 2D shows t gate vol‘g

"Figure 2A. Figure 3 shows, in enlarged fa =2 '

drain voltage of the power MOSFET of Figure 1 in a circuit using the

cl anped inductive flyback, and illustrates how t he body di ode of the MOSFET
can becone forward biased. Figure 4 shiBvs-the input logic circuit of Figure
1, which enploys a novel, intentional parasitic .

parasitic inverse NPN transistors 140 and 141. These
parasitic transistors correspond to transistors 90 and 91
in Figure 4 and have gain because they have lightly doped
P(~) regions. Therefore, when the P+ regions in the chip
are forward biased with the body diode of the main power
MOSFET, these will turn on.

Figure 6 shows, in more detail, the location of
the transistor 100 of Figure 4 in the silicon of Figure
5. Thus, Figure 6 shows the terminals and nodes for
ground 50, node "X", and "Fault" of Figure 4, and shows
the capacitors, formed of a polysilicon plate above the
P+ well, the depletion mode transistor M7 of Figure 4,
the polysilicon resistor Rl and the transistor 100.

The operation of the structure of Figure 6 is
as follows: '

When VDD goes below ground potential (i.e.,
when the body diode of MOSFET 10 is forward biased and
conducting), transistor 100 turns on in an inverse mode,
pulling the P well of depletion mode transistor M7 down
near the epi (VDD) potential. This prevents any
parasitic NPN action within the P well, and allows
capacitor Cl to hold the logic level high at node "X".
During the time transistor 100 is on, M7 behaves as a
lowévé;ued current sourde, and is designed so as not to
discharge capacitor Cl1 during conduction of the MOSFET 10
body diode. Obviously, if the conduction of the body
diode continues indefinitely, M7 will eventually totally
discharge Cl1l, and the fault information will be lost.
Therefore, the conduction time of this body diode should
be finite. Once conduction of the body diode of MOSFET
10 ceases, VDD goes high, transistor 100 turns off, and
the latch recovers in a predictable state because of the
logic level high at node "X". '



NPN transi stor which, when turned on, isolates the control P well fromthe
body di ode of the power MOSFET, and a novel short-tine storage capacitor.
Figure 5 is a cross-section of the junction pattern of a power integrated
circuit incorporating the present inventi @A. =Figure 6 is a schematic
diagramused to illustrate the operation of the present invention. -7-
Figure 7 is a further schematic representation of the operation of the

i nvention. DETAI LED DESCRI PTI ON OF THE | NVENTI ON

Figure 7 is another schematic representation of
the present invention, showing again the relationship of
resistor R1, transistor 100 and the parasitic NPN
transistor M7 in the schematically illustrated control
circuit. Transistor M7 is the NPN transistor associated
with the P well-to-epi junction diode. In accordance
with the invention, this transistor M7 is held off, or at
high impedance, during conduction of the body diode 32 of
the main power MOSFET 10 due to the turn on of transistor
100.

Although the present invention has been
described in relation to particular embodiments thereof,
many other variations and modifications 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.



Referring .first to Figure 1, there is show a known power integrated
circuit in which a power NCSFET section 10 is integrated with control
circuits in the same silicon chip. The power MOSFET 10 is shown_3
current- sensing device, having a drain pin 11, s{f input
13, the device being contained within a three-pin [
a device can be a pin- conpatible replacenment for , Siei
However, _Lhe_LnyenLLon—Lenbe-descrlbed is applicable to any power
|ntegrated bte f€.q The overall device may b used 1n any circuit
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WHAT IS CLAIMED IS:

1. A power MOSFET having a fault responsive
signal circuit integrated into the same silicon chip as
contains the junctions of said power MOSFET; said power
MOSFET comprising an N-type silicon body containing a
plurality of cells found in respective P-type bodies;
each of said cells having common source, drain and gate
electrodes; a P-type cell formed in said N-type
substrate; said fault responsive signal circuit being
formed in said P-type well; said fault responsive signal
circuit including a fault latch circuit means coupled to
said gate electrodes for turning off said power MOSFET in
respohse to a fault condition; said fault responsive
signal circuit including a bipolar transistor integrated
into said P-type well and being connected to be turned on
in an inverse mode in response to the forward biasing of
the body diode of said-power MOSFET; said bipolar
transistor shorting said N-type substrate to said P-type
well when turned on, and a series connected control
MOSFET transistor integrated into a second P-type well,
being turned off in response to turn on of said bipolar
transistor; said control MOSFET transistor coupled to
said fault latch circuit means for said power MOSFET to
disable said gates and turn off said power MOSFET when
said control MOSFET transistor conducts.

2. The device of claim 1 which further
includes a capacitor connected in series with said
control MOSFET transistor, whereby the node between said
control MOSFET transistor and said capacitor is decoupled

from said N type substrate when said bipolar transistor
turns on. '
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termnal 13 can be about 10 volts or less. An auxiliary- i ng

output 14 is also provided. The control circuit, which is

the sane silicon chip as contains power MOSFET 10 i ncl udeHM“EWﬁﬁmn “\
switch circuit 20, which can be a MOSFET circuit, a Iog o whi €h,
as will be later described, contains the novel features of the invention,
an overcurrent nonitor circuit 22 and an over- tenperature nonitor circuit
23. Circuits 20 to 23 may be constructed as shown in copendi ng application .
Serial No. 08/121,288. A clanp circuit consisting of zener diode 30 and
reverse-pol ed diode 31 is connected actbss the gate to drain electrodes of
power MOSFET 10. Power MOSFET 10 '

3. The device of claim 1 wherein said control
MOSFET transistor is a depletion mode MOSFET.

4, The device of claim 2 wherein said control
MOSFET transistor is a depletion mode MOSFET.

5. The device of claim 1 wherein said fault
latch circuit means is operated in response to an over-
temperature condition.

6. The device of claim 2 wherein said fault
latch circuit means is operated in response to an over-
temperature condition.

7. The device of claim 2 which further
includes a resistor coupled between the body of said
control MOSFET and in closed circuit with said capacitor
and a main electrode of said control MOSFET.

8. The device of claim 6 which further
includes a resistor coupled between the body of said
control MOSFET and in closed circuit with said capacitor
and a'main electrode of said control MOSFET.

9. The device of claim 8 wherein said control
MOSFET transistor is a depletion mode MOSFET.



al so has-an integral-diode 32 .as .shown A further zepner-diode-clamp-33 is

connected between the source 12 and input 13 pins. The circuit of Figure 1
i's commonly used to drive an inductive |oad. Thus, a source of vol tage VCC
at termnal 40 is shown scherratically as ig;\serles Wi th inductor 41 _and
drain pin 1h The circuit of Figure 1 operafes as foll ows:

power MOSFETN40, an input voltage is appli

In 13. oy
QN OFF svvltclq circuit 20 to charge the gate-ito- S%Jrce capaci t ah

10 to turn | Current can then flowfr1 nal 40, = oug inductlve
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drain pin 11, through MOSFET 10 and- teo-source pin.l2. :Jf_either an

overcurrent Bﬁ over - t emperatyre fault is sensed.byy (\k\rcwts 22 or 23,
\bfﬁt 21 is aclivated t rnQQR{ sw tch Oand

respectivel Y Nt he I cin
thus the pop&t MOS E}Q‘lo. E% larly, if 4he input ¥3gr@a pip 13\s
renmoved, the OV OFF W tch |20 turnsxQff {he power y h anpeti rcui t

30-31 acts | &Ntur urin tu of 1 ope ET 0 tx prevent
aval anche br&kdd’;\tm |ﬂ‘ I\/DSF%%t . durfang furn r‘q} ? s, \the np§0§ets a
threshol d which i® bel ow ayjal anche ol tage to Hr e\kenﬂ parhsl t| tur rﬂon,
and al | oW THEPOWET ~FET | i :
2A, 2B, 2C pnd 2D}show t he gar in thejci rcu t of Figure
1 during anf over - =
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t enper at ure-condi ti-on- when-t-he circuit -i-s -bei-ng—-dsed-+r—a-sw-t ehi-hg

regul ator in which the power MOSFET 10 is switched on and off with sone
vari abl e frequency and duty cycle, as deternmined by the user's input to
input pin 13 in Figure 1. -9- Figure 2A shows the input voltage at pi
13. Figure 2B shows the drain voltage on MOSFET 10, as [gFanped
in Figure 1. Thus, when the input signal turns MOSFET 1D e A1 G
vol tage has a high peak due to the clanped inductive |oad. Af eaehi-Ag
t he peak and being clanped, the drain voltage reduces, '
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and rings around the voltage VCC. This action is later described in nore
detail in Figure 3. Figure 2C shows the junction tenperature Tj of MOSFET
‘10; which is proportionat—te—conti-nuous—drain current. The over-tenperature

circuit 23 of Figure 1 is e ﬁ d to_h gve, a t hreshol d _t enperature of
[err], at which the NCSFE e‘turns of f. BT T E powner
NCSFET 10 conducts, the te creases anfgd,.. c S

of f, the tenperature Tj Iso that BN
Figure 2C, the tenperature Tj eventually exceeds =i

schematically shows the gate voltage of MOSFET 10 Thus, at the p0|nt wher e
Tj exceeds: 1600C (Figure 2C), the fault latch within Ioglc bl ock 21 sets in
Figure 2D and turns off the power MOSFET 10 by pul ling
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be reset after a turn off by the logic circuit 21 by cyclli ng tinsp ARE
13 to ground. Figure 3 shows the danped oscillation of the-drakn-vetiag
MOSFET 10 due to cl anped inductive flyback. Wen the MOSFET 10 is on, the
voltage 1s zero or ow. Wen MOSFET#EQ turns off, however, the drain
vol t age—+atses—to the clanp voltage|se y clamp 30. Jme drai nm-vol tage then
osci | | aﬁgssShg Hras s a out the el t age due to stray capacitange in the
circuit. ndtb\atQ\Mo@rl\thet erature fj is high, the first
downvvard ra| n I}‘\ba%

\.

t he power MOSFET gate | ow (not shown in Figure 1). The f&uimqls@ﬁ;@ﬁr j
p!
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- 10 - may go below zero, as shown in Figure 3. At thatre
body di ode of MOSFET 10 becomes forward bi ased and injec
carriersinto the P type reglons of the MOSFET 10, as wi
Thi s |njedhs§mmdhs ﬁg carriers will also.occur in tHk i ' LerUI["
conponents i ted circuit, thus inyalidating thelr operati on.
Figure 4 is i agr am of he i nput J-Qgi ¢ bl ock—21of ﬁ|QUPe 1.
The inputs to the logic circuit of &igure 4 ipclmde ground 50, an out put
OFF terminal 51 (to ONVOFF circuit PO in Figufegt), J'nput VCC terminal 52,

i nput VDD termnal 53 (fromdrain p{n 11 of F S, overcurrent input
pin 54 and over-tenperature input EEn 55.  The ingutJterm nal 5% goes |ow
oy _
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junction tenperature.in Figure 2 reaches [err]. A nunber of MOS control
transistors ML to M1 are identified in Figure 4, which are integrated into

the si-licon which also contai the junctions for the poyer NOBFEF=10
These transistors HsSh o hﬁgd ina P well which i! ﬁﬁaééﬂfﬁaV BELY
H Lgui SARED ons:

fromthe N channel ection, and have the fol--qui "
MOSFETs ML and M2 f r and switch the OFF term nal BT

hi gh and | ow, depending on the gate voltage on transistor ML fromthe éN

node. Transistors MB, MO and Ml act as a NAND circuit and, when any of

their inputs go 1ow, the "FAULT" |line goes high. Transistors MB and M3 are

depl eti on node
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dummy | oad transistors. In aceeLdangg_MLLD_ggg“ﬁspe f:§#=tﬂ§:anent|on
a novel transistor M/, shown asT? | etion node NMOS de P@@Hftwmag

acts |ike a MOSFET di ode during i dLhi gh.ReFhe s

of transistor M7 will be |ater 'J ” i stors M,

turned on when FAULT goes hi gh. n goes |OM/ Not e t hat
transistors MA, Mb and M6 are cross-coupled wth.transistors M@, MO and

ML1l, to produce a regenerative effect. Capacitor Cl is provided to store,
for a short

POWER_MOSFET WITH OVERC ENT

AND OVER~TEMPERATURE PROTECTION AND CONTROL
CIRCUIT DECOUPLED FROM BODY DIODE

ABSTRACT OF THE DISCLOSURE

An NPN transistor is added to the chip of a
power integrated circuit which contains a power MOSFET
and a control circuit in a common chip. The NPN
transistor is coupled between the P well containing the
integrated circuit components and the N type substrate of -
the chip and is turned on in response to the forward
biasing of the body diode of the power MOSFET. A
depletion mode control MOSFET transistor is coupled,
'throuéh a fault latch circuit, to the power MOSFET géte
and is in series with a capacitor. The node between the
power MOSFET gate and capacitor is decoupled from the
N- type substrate when the bipolar transistor turns on, to
turn off the power MOSFET.



"time (a few mcro seconds), the condition of node X. There are also a
nynmber of .uni ntended parasitic NPN transistors in the circuit of Figure 4,
-such as para5|t|c transi'stor 91. These transistors ar

wel | - containing the control circuit and will.turn on Lﬁ@%@a%ﬁﬁ%ﬁt&bo y
diode is forward biased (Figure 3). Wen they turn o £:0n | yliset
the latch and turn the power MOSFET back on. |n order Eﬁﬁpf1§kt“ihls - p
operation of the para5|t|c transi stor- Qi;dan NPN t r ansistas S ’
parasitic transistor) is intentionally added to the circuit. Transistor 100 -
controls the P well of the novel switch M7. Switch M/ is isolated fromthe .

power MOSFET section since its P region s not elgetrically shorted to

~ground Re3|stor Rl is al so prOV|dedbEﬁ'6?der térhuas
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the P well of switch M/ to the ground potential during nornal operatlon
The parasitic transistor 100 also turns on with trangks S

transistor 100 turns . on, it pulls the P well in whi cf , 3
sits close to the epi potential. This then isolates jpode " fron1the i
"FAULT" .node while the body di ode of MOSFET 10 is co duwg4n§ MARd1896n ¢
"this conduction period, - -12- nodes ON and FAULT are=pt d—helow-—geound,
and node "X" is high. Depletion node NMOS tranS|stor NV behaves as a |l ow -
“val ued current source, and is designed t@a Iom1node "X'to stay at a logic
- high level for at |least as |long as- .
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t he conduction period of the MOSFET 10 body di ode. Any;
circuit which perforns the above- stated function can
MOSFET M7. Once the MOSFET 10 conduction period is ov
transistors °~ 91 turn off, and the circuit rec
hi gh |l evel at node "X . This Ioglc high level at node &

| ow, ensuring that the MOSFET 10 is held off after its ‘body dlode
conduction. Figure 5 shows the junction pattern of the power MOSFET and
control circuits for a SmartFet device made in accordance with the _
i nvention, and shows the |ocation of theipara5|t|c inverse NPN transistors.
In Figure 5, the portion of the chip shown has an N+ substrate 110, mhlch

may aI so act as: the power . I\/DSFET Z w
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drain of Figure 1. An N(-) epitaxial layer 111 ("epi") receives the cells
such as cell 112 of the power MOSFET section, which may_each have the
structure shown in U S Patent 5,008,725. The N(-) ep] - :
receives a P(-) well 120, which may be separated into R %u'%ﬁ%ﬁéﬁ%%l o
circuit wells by P+ sinkers such as sinkers 121, 122 afnd, 333 MAR

sinkers may be forned at the sane tinme as the P+ . body poriions of fH& Haver
MOSFET cel | s° 112. Consequently, when the body diode 130 is forward biased
(see Figure 3), all related parasitic body diodes (131, 132) are also o
forward biased, Typical control circuits #Si ng | ateral MOSFETs are shown in
P(-) well portions 120a and 120b of P(-) _Tegion 120. These P(-) wells also
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transi stors correspond to transistors
because they have |ightly doped P(-)

regions in the chip are forward biased with the body dio
Fi gure 6 shows,

power. MOSFET, .

these will turn on.

regi ons.

Ther ef

LA

Figure 4

ore,

in nore detai

anTAc

- 13 - parasitic inverse NPN transistors 140 and 141. Th eqparé§:f]~'*'
- 91 in Frav e
eMAR 1955

.... HT. ........... | ’

t he

| ocation of the transistor 100 of Figure™ in the silicon of Flgure 5.
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the polysilicon resistor RL and the transistor 100. The operat
structure of Figure 6 is as follows: Wen VDD goes bel ow grou
(T.e., when the body di ode of MOSFET 10 is forward bi ased and
transi stor 100 turns on in an inverse no pulling the P well
node transi stor M/ down near the epi (V potential. This pr
parasitic NPN action within the P well, and allows: capaci t or

| ogi c | evel high at- node "X Duri ng the ti
behaves as a | owval ued current soywce, and

.di scharge capacitor Cl during condygtion of

. Cbviously, if the conduction of thewbody dio
will eventually totally |

ohti nifes i ndg
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di scharge Cl, and the fault information wll be |ost. Therefore, the
conduction time of this body diode should be finite. Once~conduction of the
body di ode of MOSFET 10 ceaseS, VDD-goes high, transistor ﬁ@QLﬁaf@sN¢Fp;FT]
and the latch recovers in a predictable state because of {fhe logic |evel 1
hi gh at node "X". - 14 - Figure 7 is another schemati d Dg@r&iphy@t] ___________ fij
the present invention, showi ng again the relationship of lesistaed4d »——et
transistor 100 and the parasitic NPN transistor M/ in the schenatlcally
illustrated control circuit. Transistor NZ_is the NPN transistor associated
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with the P well-to-epi junction diode. In accordance with t ; O,

this transistor M/ is held off, or at high inpedance, during| BERUACEMENTSHEET

fhe .body ‘di ode -32 of the main power MOSFET 10 due to the turfh on of 3 MAR 1995

~transistor 100. Although the present invention has been desdf iDBtd..i-frmeserieene
relation to particul ar enbodi ments thereof, nmany other vari atfFons and ' '

modi fi cations and other uses will becone apparent to those skilled.in the

art. It is preferred, therefore, that the present invention be |limted not

by the specific disclosure herein, but only by the appended cl ai ns. '

POWER MOSFET WITH OVERCURRENT _
AND OVER-TEMPERATURE PROTECTION AND CONTROL
CIRCUIT DECOUPLED FROM BODY._ DIODE

ABSTRACT OF Tﬂﬁ DISCLOSURE _

An NPN transistor is added to the chip of a
power 1ntegrated c1rcu1t whlch contalns a power MOSFET
'and a control c1rcu1t in a common chip. The NPN

| transistor is coupled between the P well containing the
integrated circuit components and the N type substrate of
the chlp and is turned on in response to the forward
biasing of the body diode of the power MOSFET. A.
depletion mode control MOSFET transistor is coupled,
through a fault latch circuit, to the power MOSFET gate
and is in series with a_capecito:. The node between the
power MOSFET gate and capacitor is decoupled from the
N type substrate when the blpolar tranSLStor turns on, to
turn off the power MOSFET.
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N 15, -"WHAT IS CLAIMED | S 1. A power MOSFET haV|ng a fault
responsive signal circuit integrated into the sang hi-p Egint.ai ns -
f'he junctions of said power- MOSFET; said . povier MOS
silicon body containing a plurality of cells found
bodi es; each of said cells having common source, diiahdiea ?‘ldt MﬁRe ecilf odes:
a P-type-cell forned in said N-type substrate; salk At FESPONST. '
circuit being formed in said P-type well; said fault respon5|ve si gnal
circuit including a fault latch circuit nmeans coupled.to said gate

el ectrodes for turning off said power M8SFET i n response to a fault
~condition; said fault responsive signal circuit ‘including a bipolar
transi stor integrated- : S

may go below zero, as shown in Figure 3. At that point,
the MOSFET body diode of MOSFET 10 becomes forward blased
and injects mlnorlty carriers into the P type reglons of
the MOSFET 10, as will be later shown. This injection of
minority“carriers will also occur in the coutroi Circuit
components of the integrated circuit, thus 1nva11dat1ng
thelr operation. '
Figure 4 is a schematlc diagram of the input
'loglc block 21 of Flgure 1. The inputs to the 1og1c
circuit of Flgure 4 include ground 50{ an output OFF
terminal 51 (to ON/OFF circuit 20 in Figure 1), .input VCC
"terminel 52 input VDD terminal 53 (from drain pin 11 of
-Flgure 1), overcurrent 1nput pin 54 and over-temperature
input pin 55. The 1nput termlnal 55 goes low when the
junction temperature in Figure 2 reaches 160°C.
| A number of MOS control transistors Mi. to M11 _
are identified in Figure 4, which are integrated into the
'silicon which also_cdntains the junctions for the power
MOSFET 10.

_ These
transistors are usually formed in a P well which is
spaced laterally from the N channel power MOSFET sectlon,

"and have the follow1ng functions:

MOSFETs M1 and M2 form an 1nverter and switch
the OFF termlnal 51 between hlgh-and low, depending on
the gate vqltage'on transistor M1 from the ON node.

' Transistors M9, M10 and M1l act as a NAND
circuit and, when any of their inputs go low, the "FAULT"
line goes high. Trans1stors M8 and M3 are depletion mode
dummy load tran51stors.



into said .P-type cell and being. connected to be turned on in an inverse
node in response to-:the ‘forward biasing of the bady _diode of s
MOSFET; sai d bi pol ar transistor shorting said N yﬁgpﬁgbslf@?engTs |d
P-type well when turned on, and a series connect d control MOSFE
transistor integrated into a second P-type well _bgg@g‘thMAﬂ ﬁﬁm [
response to turn on of said bipolar transistor;
transi stor coupled to said fault latch circuit means for sald power MOSFET
to diisable said gates and turn off said power MOSFET when said contro
MOSFET transi stor conducts. 2.- The-dgylce of claim1 which further

i ncl udes a capacitor connected in series . wth sai d control MOSFET _
transistor, whereby the node between sald control MOSFET transistor and
sai d capaC|tor i s decoupl ed o o

nodes ON and FAULT are pulled below ground, and node "X"
is high. Depletion mode NMOS trénsistor M7 behaves as a
low valued current source, and is'deSigned to allow node
- "X" to stay at a logic high level for at least as long as
the conduction period of the MOSFET 10 body diode. Any
other tran51stor, or circuit which performs the above-
stated function can be used in place of MOSFET M7.
' Once the MOSFET 10 conduction perlod is over)
the parasitic NPN transistors ' 91 turn off, and the
_ circuitlrecdvers with a logic high level at node "X".
This IOQic'high level at node "X" thén‘fordes ON low,
ensurlng that the MOSFET 10 is held off after its body
dlode conductlon. _

Figure 5 shows the junction pattern of the
pdwer MOSFET and control circuits for a SmartFet device
made in accordance with the invention, and shows. the

location of the paraSitic inverse NPN transistors. 1In
Figure 5, the portion of the chip shown has an N+
substrate 110, which may also act as the power MOSFET
drain of Figure 1. 2an N(-) epitaxial layer 111 ("epi")
receives the cells such as cell 112 of the power MOSFET
sectlon, which may each have the structure shown in U.S.
_Patent 5,008,725. The N(-) epi layer 111 also receives a
P(-) well 120, which may be separatéd into a number of
control éircuit wells by P+ sinkers such aslsinkers 121,
122 and 123. The P+ sinkers may be formed at the same
time as the P+ body portions of the power MOSFET cells
112. Consequently,'when-the body diode 130 is forward
biased (see Figure 3), all related parasitic body diodes
(131, 132) are also forward biased. _
o Typical control circuits using lateral MOSFETs
are shown in'P(-)jwell portions 120a and 120b of P(-)
‘region 120. These P(-) wells also have.integ:al



fromsaid N type substrate .when. said bipolar transistor turns on. - 16 -
.3. . The device of claim1 wherein said control MOSFET transistor is a '
-depl etion node MOSFET. 4. - The device of claim?2 Lo
MOSFET transistor i's.a depletion node MOSFET. 5. ﬁb,“gﬁymgﬁTnggyﬁtm 1
‘wherein said fault latch circuit nmeans is operateg in response to an over- .
‘tenperature condition. 6.  The device of claim?2 V\gt]@r\ql md;s‘é@.‘i'..t 'l atch
circuit means S operated in response to an over - U=

_13-

parasitic inverse NPN transistors 146 and 141. These
- parasitic transistors correspond to transistors _ 91
in Figure 4 and have gain because they have lightly doped_
P(-) :eglons. Therefore, when the P+ regions in the chip
 are forwefd biased with the body dlode of the main power
MOSFET, these will turn on.
| Figure 6 shows, ln_more'detail, the location of
‘the transistor 100 of Figure 4 in the silicon of Figure
5. Thus, Figure 6 shows the terminals and nodes for
' ground 50, node "X", and "Fault” of Figure 4, and shows
the capacitors, formed of a polysilicon plate above the
P+ well, the depletlon mcde transistor M7 of Figure 4,
the polysilicon re51stor R1 and the transistor 100.

The operatlon of the structure of Figure 6 is
as follows'

When VDD goes below ground potential (i.e.,
when the body diode of MOSFET 10 is forward biased and
conducting), transistor 100 turns on in an inverse mode,
pullihg the P well of depletion mode transistor M7 down
near the epi (VDD) potential. This prevents any
parasitic NPN action within ﬁhe P well, and.allowé
capacitor €1 to hold the logic level high at node "X".
During the'time transistor 100 is on, M7 behaves as a
low-valued current:scurce, and is designed so'ae not to
discharge.capaeiter Cl during conduction of the MOSFET 10
body diode;_ Obv1ously, if the conduction of the body

- diode continues lndeflnltely, M7 will eventually totally
dlscharge Cl, and the fault information will be lost.
Therefore, the-bonductioq time of this body diode should
be finite. Once conduction of the body diode of MOSFET
10 ceases, VDD goes high; transistor 100 turns off, and

the latch recovers in a predictable state because of the
logic level high at node "X". |
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tenperature condition. 7. .- The. device of claim 2 which further I ncl udes a
resistor coupled betweer the body of said controlg psed
circuit with said capacitor and a main el ectrode Tﬁgﬁyu¢5qun¢ﬁém:JVC$FET. 8.
The device of claim®6 which further includes a refist bet ween the .
body of said control MOSFET and in closed circuit! \ma&d% ﬁg‘?&?cﬁ citor and a . .
main el ectrode of said control MOSFET. 9. - The dievice of:»ckaiim 8 mhereln'

~ said control MOSFET transistor is a depletlon node NCSFET

e | © Illll I IIII-’

| WHAT IS CLAIMED IS: |

R 1. A power MOSFET having a fault responsive
signal cirouit integrated into the same.silicon chip as
_contalns the junctions of said power MOSFET, said power
MOSFET compr1s1ng an N-type 5111con body contalnlnq a
plurallty of cells found in respective P-type bodies;
.each of said cells hav1ng common source, drain and gate

.electrodes, a P-type cell formed in sald N-type
substrate; sald fault respon51ve signal 01rcu1t being
formed in said P-type well; said fault responsive 51gnal
c1rcu1t lncludlng a fault latch circuit means coupled to
Sald gate electrodes for turnlng off said power MOSFET in
-response to a fault condltlon, said fault responsive
51gnal circuit 1nc1ud1ng a bipolar transistor 1ntegrated
into said P-type_gell and being connected to be turned on
in an inverse mode in response to the forward biasing of
the body diode of said power MOSFET; said bipolar
trans1stor shorting sald N-type substrate to said P-type
well when turned on, and a series connected control
MOSFET tran51stor integrated into a ‘'second P-type well,

: d being turned off in response to turn on of said blpolar

' tran51stor, sald control MOSFET tran51stor coupled to
said fault latch c1rcu1t means for said power MOSFET to
d1sable said gates and turn off said power MOSFET when
_sald control MOSFET tran51stor conducts.

2. The dev1ce of c1a1m 1 whlch further
1nc1udes a capacztor connected in series. w1th said
control MOSFET tran51stor, whereby the node between said
control MOSFET tran31stor and said capac1tor is decoupled

from sald N type substrate when said blpolar trans1stor
turns on. ' ' '



