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The present invention relates to power
transistor devices, and particularly to short circuit and
overcurrent protection circuits and methods for power
transistor devices and in particular MOS gated power

transistors. Even more particularly, the present
invention relates to a method and apparatus for
protecting insulated gate bipolar transistors under short
circuit and overcurrent conditions.

A critical consideration in applying IGBTs to
pulse width modulated {PWM) inverter AC motor drives is
to protect them under short circuit conditions that can
occur from line to line or line to ground.

IGBTs are available that have short circuit
times approaching those of bipolar transistors. These
types can be protected by the same relatively slow acting
circuitry used for bipolar transistors.

The most efficient IGBTs, however, offer
significant advantages in terms of lower losses, smaller
packages, smaller heat sinks and compactness, but have
lower short circuit times, i.e., they can tolerate short
circuit conditions for a shorter period of time than
bipolar transistors. '

Traditional protection methods for bipolar
transistors are inapplicable to these high efficiency
IGBTs, because they do not provide the necessary speed in



BACKGROUND OF THE | NVENTI ON The present invention relates to
power tranS|stor devices, and particularly to short circuit and overcurrent
protection circuits and met hods f or power transistor devices and in
particcul ar MOS gated power transistors. Even nore particularly, the present
I nvention relates to a nethod and apparatus for protecting insulated gate
bi pol ar transistors under short circuit and overcurrent conditions.
A critical consideration in applying |GBTs to pul se wi dth nodul ated (PWJ)
i nverter AC notor drives is to protect=tRemw under short circuit conditions
that can occur fromline to line or line to ground. | GBTs are
avai l abl e that have short circuit tinmes approaching those of bipolar
transi stors. These
detecting a short circuit or over current condition. By
the time that these traditional circuits respond, the
IGBT may have been destroyed by the overcurrent.
IGBTs are becoming devices of choice in
5 applications such as variable speed motor controllers,
uninterrupted power supplies and high frequency welders.
They generally offer comparable or lower power
dissipation, higher operating frequency and
simplification of drive circuitry. Thus, systems using
10 IGBTs offer greater compactness, greater efficiency and
superior dynamic performance.

The properties of the IGBT that make these
advantages possible bring with them a new design
consideration. An IGBT that is designed to achieve

15 maximum efficiency has a relatively high gain and thus a
short circuit current that is significantly higher than
that obtained with a bipolar transistor. The power
density in the IGBT with an applied short circuit can
therefore be much higher than in the bipolar transistor.

20 An IGBT that is designed to minimize power
dissipation under normal load conditions, therefore, may
not be able to handle an unabated short circuit for as
long as a bipolar transistor. It is not as fault
tolerant, and therefore requires a more “alert" or fast

25 acting protective circuit. The circuit of the invention
provides a means which is particularly useful in
protecting IGBTs against such short circuits.
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types can be protected by the sane relatively slow acting circuitry used
for bipolar transistors. The nost efficient |1 GBTs, however, offer
significant advantages in terns of |ower |osses, smaller packages,

smal 'er- heat sinks and conpact ness, but have | ower short circuit tines,
I.e., they can tolerate short circuit conditions for a shorter period of
time than bipolar transistors. Tradi tional protection nethods for
bi pol ar transistors are inapplicable to these high efficiency |@BTs,
because they do not provide the necessary speed in

SUMMARY OF THE INVENTION

It is an object of the present invention to
provide a protection method and apparatus for power
transistors and in particular for IGBTs.

5 It is a further object of the present invention
to provide such a short circuit current protection
circuit for power transistors which operates more quickly
than circuits known heretofore and which is therefore
applicable to the protection of IGBTs.

10 It is yet still a further object of the present
invention to provide such a short circuit current
protection circuit for power transistors, including
IGBTs, which is particularly applicable to power
application control circuitry, for example, pulse width

15 modulators for motor drives.

It is yet still a further object of the
invention to provide a short circuit overcurrent
protection circuit for power IGBT devices which responds
to shut down the IGBT prior to any damage thereto by a

20 sensed overcurrent.

It is yet still a further object of the
invention to provide an overcurrent protection circuit
for power transistors, and particularly IGBTs, which will
reliably protect the power transistor devices in gye

25 event of actual high current faults, but will be able to
prevent nuisance trips in the event of spikes, transient
conditions and other events which cause momentary current
spikes for time periods less than would cause damage to
the power transistors.

30 The above and other objects of the present
invention are achieved by a circuit for detecting and
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-2- . detectlng a short circuit or over current condition. By the tine
that- these traditional circuits respond, the | GBT may have been destroyed
"by the overcurrent. | GBTs are becom ng devices of choice in
applications such as variable speed notor controllers, uninterrupted power
supplies and high frequency wel ders.
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protecting against an overcurrent condition in a power
transistor switching device, the power transistor
switching device having main terminals and a control
terminal, the main terminals having a range of normal
saturation voltage therebetween during normal conduction,
the circuit comprising driver means providing control
signals to the control terminal of the power transistor
device for switching the power transistor device on and
off, means coupled to the power transistor device for
sensing the saturation voltage of the power transistor
device, and means responsive to the sensing means and
coupled to the control terminal of the power transistor
device for removing the control signals from the control
terminal in the event the saturation voltage reaches an
abnormal level indicating an overcurrent condition in the
power transistor device.

Preferably, the sensing means comprises
comparator means having a first input coupled to the
power transistor device for sensing the saturation
voltage and having a reference voltage input such that if
the first input exceeds the reference voltage input due
to an increased saturation voltage, the comparator means
generates a signal to the removing means for removing the
control signals from the control terminal.

According to a preferred embodiment, the
sensing means further comprises a diode having one
terminal coupled to said power transistor device at the
potential of said saturation voltage, and having another
terminal coupled to resistor means, the resistor means
being coupled to said first input of said comparator

T



They generally offer conparable or |ower power dissipation, higher
operating frequency and sinplification of drive circuitry. Thus, systens
using | GBTs offer greater conpactness, greater efficiency and superior
dynam c performance. The properties of the I GBT that nmake these
advant ages possible bring with them a new desi gn consideration. An | GBT
that is designed to achieve maxi num efficiency has a relatively high gain
and thus a short circuit current that is significantly higher than that
obtained with a bipolar transistor. Thg gower density in the |GBT with an
applied short circuit can therefore be nuch higher than in the bipolar
transi stor. An | GBT that is designed to mnimze power

di ssi pati on under normal |oad conditions, therefore, nmay not be able to
handl e an unabated short circuit for as long as a bipolar transistor. It is

not as fault means and having a terminal coupled to a voltage
reference level.
The above and other objects of the present
invention are also achieved by a method for detecting and
5 protecting against an overcurrent condition in a power
transistor switching device, the power transistor
switching device having main terminals and a control
terminal, the main terminals having a range of normal
saturation voltage therebetween during normal conduction,
10 the method comprising providing control signals to the
control terminal of the power transistor device for
switching the power transistor device on and off, sensing
the saturation voltage of the power transistor device,
and removing the control signals from the control
15 terminal in the event the saturation voltage reaches an
abnormal level indicating an overcurrent condition in the
power transistor device.
Preferably, the step of sensing comprises
comparing the saturation voltage or a voltage related to
20 the saturation voltage to a reference voltage and
generating a signal to remove said control signals from
said control terminal if said saturation voltage or
related voltage exceeds said reference voltage.
Other objects, features and advantages of the
25 present invention will become apparent from the following
detailed description of the invention.
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tolerant, and therefore requires a nore "alert" or fast acting protective
circuit. The circuit of the invention provides a neans which is
"particularly useful in protecting | GBTs agai nst such short circuits.
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BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be described in greater
detail in the following detailed description with
reference to the drawings in which:

Fig. 1 shows a typical graph for an IGBT
relating collector to emitter saturation voltage to
permissible short circuit time in microseconds;

Fig. 2 shows a block/schematic diagram of a
protection circuit according to the present invention;

Fig. 3 shows the response of the protection
circuit shown in Fig. 2, including Fig. 3a showing the
gate voltage at the power transistor device, before,
during, and after a short circuit condition, and Fig. 3b
showing motor current when a short circuit occurs;

Fig. 4 shows the current through the IGBT power
device before, during, and after a short circuit
condition, and the response time of the circuit according
to the invention;

Fig. 5 shows a circuit diagram for a portion of
a motor control circuit using the protection circuit
according to the invention and driving an IGBT; and

Fig. 6 shows a simplified diagram of the
circuit shown in Fig. 5 to aid in explanation.

DESCRIPTION OF THE DRAWINGS

IGBTs with the most rugged intrinsic short
circuit performance generally have high saturation
voltages and high operating losses.

Conversely, IGBTs with the lowest saturation
voltages and low operating losses have very low tolerance
to high short circuit conditions.

U



SUMVARY. CF THE | NVENTI ON It is an object of the present invention
t.o provide a protection nmethod and apparatus for power transistors and in
particular for |GBTs. It is a further object of the present

i nvention to provide such a short circuit current protection circuit for
power transistors which operates nore quickly than circuits known

heretof ore and which is therefore applicable to the protection of |GBTs.

It is yet still a further object of the present invention to provide such a
short circuit current protection circuityfor power transistors, including

| GBBTs, which is particularly applicable to power application control
circuitry, for exanple, pulse width nodulators for notor drives.

With reference now to the drawings, Fig. 1
shows typical IGBT saturation voltage as a function of
permissible short circuit time. The data for this graph
assumes that sufficient voltage is applied to the gate to

5 keep the normal saturation voltage close to a practical
minimum and the same gate drive voltage is maintained
during the fault. Fig. 1 indicates that an IGBT with a
saturation voltage less than two volts (high efficiency
IGBT) typically has a permissible short circuit time of

10 five microseconds or less. A less efficient IGBT with a
saturation voltage of four volts to five volts can have a
short circuit time in the range of 30 microseconds. This
short circuit time is of the same order as for a typical
bipolar transistor, but the saturation voltage is now

15 higher than that for a bipolar transistor.

Ground faults or terminal to terminal short
circuits result in severe and sudden overload currents.
The conventional pulse width modulator loop used in
typical motor controllers is unable to guard against such

20 a fault, since the fault current bypasses motor or filter
inductances and rises very rapidly in the power
transistors. In the first instant of time, the
protection circuit must rely upon the intrinsic short
circuit capability of the transistors, followed by rapid

25 sensing of the fault and removal of the gate drive, if
the fault current persists beyond the permitted short
circuit period.

' If the fault is a transient that clears itself
before the permitted short circuit period has expired,

30 then the transistor should remain in conduction. Turning
off the transistor would only constitute a nuisance trip.

i



It is yet still a further object of the invention to provide a short
circuit overcurrent protection circuit for power | GBT devices which
responds to shut down the I GBT prior to any danage thereto by a sensed

overcurrent. It is yet still a further object of the invention to
provi de an overcurrent protection circuit for power transistors, and
particularly I &BTs, which will reliably protect the power transistor
devices in the event of actual high current faults, but will be able to

prevent nuisance trips in the event of. spikes, transient conditions and
ot her events which cause nonentary current spikes for tinme periods |ess

t han woul d cause damage to the power transistors. The above and
ot her objects of the present invention are achieved by a circuit for
detecting and

Diode reverse recovery current is an example of the type
of transient overcurrent which should be ignored.
Referring again to Fig. 1, the circuit according to the
invention, and to be discussed with reference to Fig. 2,
5 provides a reliable protection circuit for an IGBT with
the lowest saturation voltage and hence shortest
permissible short circuit time. The circuit according to
the invention provides reliable protection against real
faults, yet is sensitive to spikes, transients and other
10 false alarms.

Fig. 2 shows a functional schematic of a
protection circuit according to the invention. The
protection circuit according to the invention comprises a
comparator 10, diode D1, a resistor R1l, which may

15 comprise a portion of a voltage divider, and preferably
timers 20 and 30, the purpose of which will be explained.
A turn-off device 40 is also provided to remove gate
current from the power transistor device. The power
transistor device is shown as an IGBT 50. A buffer or

20 driver 60 provides gate pulses to the IGBT 50 through a
conventional gate resistance Rg. The IGBT 50 is coupled
between ground and a point 55 connected to a load, which
may comprise a suitable load device or another circuit
similar to the circuit shown in Fig. 2 for driving a high

25 side IGBT, as will be known to those of skill in the art.
Comparator 10 is provided with a reference voltage Vref.

Timer 20 is preferably adjusted to allow for
IGBT turn-on delay and the effect of overcurrent caused
by diode recovery time. This timer thus prevents false

30 triggering of the protection circuit during the initial
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I ng agai nst an overcurrent condition in a power

turn~on period, when the collector to emitter voltage of
the IGBT may still be high.

During normal conduction, the saturation
voltage of the IGBT is less than Vref, and therefore,
diode D1 is forward biased through resistor Rl coupled to
a positive voltage such as VCC, and the output of the
comparator therefore remains low. When an overcurrent
occurs, for example, due to short circuit in the load,
the collector-emitter voltage of the IGBT increases above
Vref causing the input to comparator 10 to go high, the
diode D1 to become back biased and thus causing the
output of the comparator to go high, initiating timer 30.
If the fault disappears before the end of the timer 30
period, which is set to allow the permissible short
circuit time, the output of the comparator goes low
before timer 30 is reset and normal operation proceeds.
If the fault is still present at the end of the timeout
period of timer 30, the timer output goes high, and
transistor 40, shown as a MOSFET, switches on and the
gate voltage to the IGBT 50 is removed, turning it off.
Alternatively, the output of timer 30 can be supplied to
a disable input of the driver 60, thereby removing gate
voltage from the IGBT 50.

The waveforms of Fig. 3 illustrate performance
of the above-described protection circuit. Fig. 3a shows
line to line voltage and Fig. 3b shows phase current at
the output of an inverter driving an AC motor. The first
part of Fig. 3a shows the conventional pulse width
modulated voltage waveform, and the first part of Fig. 3b
shows the conventional sinusoidal motor current. Under
the no load condition shown initially in Fig. 3, the
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transi stor switching device, the power transistor swtching device having
main termnals and a control termnal, the main termnals having a range of
normal saturation voltage therebetween during normal conduction, the
circuit conprising driver nmeans providing control signals to the control
term nal of the power transistor device for switching the power transistor
devi ce on and off, means coupled to the power transistor device for sensing
the saturation voltage of the power transistor device, and neans responsive
to the sensing neans and coupled to the gosrol termnal of the power

transi stor device for renoving the control signals fromthe contro

termnal in the event the saturation voltage reaches an abnormal | evel

i ndicating an overcurrent condition in the power transistor device.
Preferably, the sensing neans conprises conparator nmeans having a first

i nput coupl ed t @ident is five amperes RMS and the voltage switches

occur at 325 volts. At instant Tl1l, the output terminals
of the inverter were shorted out, activating the
protection circuit, forcing shutdown. As seen from Fig.
5 3, the short circuit lasted for about 12 milliseconds,
during which time the motor back EMF caused a large
current through the short 125 ampere peak. Upon removal
of the short circuit, current ceased to flow while the
EMF voltage appears at the motor terminal, as shown

10 by the sinusoidal voltage identified as the EMF
voltage in Fig. 3a.

Fig. 4 shows the actual short circuit current
through the IGBT. In this case, the output terminals of
the inverter were shorted while the motor was in the

15 locked rotor mode. The expanded scale shown in Fig. 4
shows that the IGBT current jumped up from the normal
operating current of 32 amperes at that instant to 85
amperes. The protection circuit removed the gate drive
voltage after approximately five microseconds, turning

20 the device off and shutting down the drive.

Fig. 5 shows in detail a portion of a motor
drive circuit utilizing the principles of the present
invention. The circuit shown in Fig. 5 is one~half of a
bridge circuit for one phase of a three-phase motor

25 drive. 8ix of such circuits would be employed, connected
in three series pairs, in order to drive a three-phase
motor.

Reference is now made to Fig. 5, and also Fig.
6, which shows a simplified version of the schematic
30 shown in Fig. 5, including portions of component 100
shown in Fig. 5.
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power transistor device for sensing the saturation voltage and having a
reference voltage input such that if the first input exceeds the reference
‘'voltage input due to an increased saturation voltage, the conparator neans
generates a signal to the renoving neans for renoving the control signals
fromthe control termnal. According to a preferred enbodi nent,
the sensing neans further conprises a diode having one termnal coupled to
sai d power transistor device at the potential of said saturation voltage,
and havi ng another term nal coupled to rgilstor means, the resistor means
being coupled to said first input of sai d“conparator

Turning now to Fig. 5, an IR 2125 current
limiting MOS gate driver, available from International
Rectifier Corp., the assignee of the present application,
is employed to drive an IGBT 50. The gate driver 100

5 includes an input terminal IN, an error terminal ERR,
conventional fixed and floating supplies VCC and VB,
output terminal OUT, ground return VS, power supply
voltage return VSS and a current sensing terminal Cs.

The functions of each of these terminals are known in the

10 art, but the terminal of primary importance is the
current sensing terminal CS. 1In the normal use of the IR
2125 device 100, the terminal CS is connected through a
sensing resistor to terminal VS. The sensing resistor
typically is connected intc the output circuit of the

15 power transistor device being gated. In the case of high
efficiency IGBTs, the use of the sensing resistor coupled
into the ocutput circuit will not offer a fast enough
response, and the currents through the sensing resistor
will be too high.

20 According to the invention, instead of using a
sensing resistor essentially in series with the power
transistor device, the collector emitter saturation
voltage of the IGBT 50 is sensed instead.

Returning again to gate driver 100, the error

25 terminal ERR is provided for logical shutdown of the
device 100 in the case of an error condition. A resistor
R4 and capacitor Cl1 are disposed as shown to provide a
time delay in the event of such an error originating from
a logic portion of another section of the control

30 circuit, not shown.
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The collector of IGBT 50 is connected to the
cathode of a diode D1 as also shown in Fig. 2. The anode
of the diode D1 is coupled to resistors R1 and R2.
Resistors Rl and R3 provide a voltage divider, with the
divider point being coupled to the CS terminal of the
device 100. Resistor R2 is coupled to the gate
resistance Rg and the gate of IGBT 50. Fig. 6 shows the
circuit of Fig. 5 in simplified form, so all components
are not shown there. The cathode of the zener diode DZ1
is connected to the OUT terminal of device 100. A second
diode D2 may be provided across resistor Rg, and a second
zener diode DZ2 provided between the gate drive and a
return bus 110. The return bus 110 is connected through
a diode D3 to the low voltage VCC return and through an
isolating resistor R5 to the high voltage V+ return. The
collector of IGBT 50 is connected to a load 120, which
may comprise a load device of another power transistor
device operating as the high side device, in which case
the common point between IGBT 50 and the high side device
is connected to one phase of the controlled load device,
for example, an AC motor.

A resistor R6 isolating the fixed and floating
voltage supplies and decoupling capacitors C2 and C3 are
provided as well known in the art. A further capacitor
C4, which provides a time delay, is provided across
resistor R3. The purpose of this time delay circuit will
be discussed in further detail below.

During normal operation, pulses are received by
device 100 at terminal IN and higher current output
pulses are supplied at the terminal OUT through zener
diode DZ1 and gate resistance Rg to the IGBT. The zener

This Sheet Has Been Reli

RN




means and having a term nal coupled to a voltage reference |evel.

The above and ot her objects of the present invention are also achieved by a
met hod for detecting and protecting against an overcurrent condition in a
power- transi stor switching device, the power transistor swtching device
having main termnals and a control termnal, the main termnals having a

range of nor nal

saturation voltage therebetween during normal conducti on,

t he net hod conprising providing control signals to the control term nal of
t he power transistor device for switchin he power transistor device on
and off, sensing the saturation voltage of the power transistor device, and
renmovi ng the control signals fromthe control termnal in the event the
saturation voltage reaches an

10
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diode DZ1 will be in avalanche mode during normal
operation. During normal operation, the collector
emitter saturation voltage is low, and diode D1 is
forward biased, bringing the common point between
resistors R1 and R3 to a level approaching the potential
of bus 110, i.e., approximately ground, and thereby
maintaining device 100 in its normal state. Device 100,
as shown in Fig. 6 and known in the art, includes an
internal comparator 10’ coupled to a reference voltage.

In the event of a transient condition, the
device 100 includes a 500 nanosecond built-in blanking
time which prevents turning the IGBT 50 off prematurely,
so high transient currents which are below the 500
nanosecond blanking time will not result in nuisance
trips. The blanking circuit is indicated by reference
numeral 130 in Fig. 6. The circuit 130 has also been
indicated schematically to have a logic control input 132
provided to remove the disable input to the driver stage
60 when the input VIN is zero so that the IGBT device 50
can turn on when an input is provided at VIN.

Device 130 thus may serve the function provided
by timer 30 in Fig. 2, as well as the start-up function
of timer 20.

Capacitor C4 in Fig. 5 also serves to delay the
voltage rise to CS if a transient occurs, and thus also
suppresses false turn—-off of the IGBT 50.

Should a short circuit occur, the saturation
voltage VCE increases, diode D1 becomes reverse biased,
and the voltage at the comparator input accordingly
increases above the threshold voltage. The CS terminal
of device 100 rises toward the gate voltage through
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abnormal |evel indicating an overcurrent condition in the power transistor
devi-ce. Preferably, the step of sensing conprises conparing the
“saturation voltage or a voltage related to the saturation voltage to a

ref erence voltage and generating a signal to renove said control signals
fromsaid control termnal if said saturation voltage or related voltage
exceeds said reference voltage. O her objects, features and

advant ages of the present invention will becone apparent fromthe foll ow ng
detailed description of the invention_ 4, _

resistor R2. When the CS terminal goes above its
threshold, the output of device 100 turns off and
internally approaches ground, and diode D21 becomes
forward biased and pulls the IGBT gate voltage down.

5 Thus, the transistor device 40 shown in Fig. 2 has also
been implemented in the device 100 in the circuit of
Figs. 5 and 6. A built-in feature of device 100 allows
the output terminal OUT to be. pulled to half of its value
for a time period determined by capacitor C1 and a one

10 microsecond built-in delay and then to zero.

Diode D2 has been provided across the gate
resistor Rg to speed up the turn-off, allowing the
voltage developed at the gate of IGBT 50 rapidly to be
discharged through the device 100. Zener diode D22 is

15 provided for gate protection of IGBT 50, preventing the
gate voltage from rising above the avalanche voltage of
the zener diode DZz2.

An important feature of the circuit of the
present invention shown in Fig. 5 is that the short

20 circuit protection of transistor 50 is adaptive. For
example, should IGBT 50 have a delayed turn on, the
collector-emitter voltage will remain high until the
device is fully turned-on. This would appear like a
short circuit condition in the load. Since it is not

25 caused by a short circuit, but merely by a delayed turn-
on, the protection circuit should not be, and, in fact,
is not triggered, according to the invention. This is
because the IGBT 50 gate voltage is sensed at the gate,
and not at the common point between resistor Rg and diode

30 DZ1. Thus, if the gate voltage is delayed during turn on
of the IGBT, the protection circuit is also triggered
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-6- - BRI EF DESCRI PTI ON OF THE DRAW NGS The invention will be
described in greater detail in the follow ng detail ed description with
reference to the drawi ngs in which: Fig. 1 shows a typical graph
for an 1GBT relating collector to emtter saturation voltage to

10

15

20

only after the amount of the delay, thus preventing false
protective triggering.

Another feature of the invention shown in Fig.
S is that it eliminates the need for logic circuitry to
the timer (130 in Fig. 6 or 20 in Fig. 2) because the
protection adapts itself automatically to the turn-on
delay.

There has thus been described a circuit for
providing rapid turn-off of a power transistor device in
the event of a short circuit or overcurrent condition.
The detection of the saturation voltage of the power
transistor device allows the circuit to have an extremely
rapid response to short circuit and overcurrent
conditions, making it particularly applicable to high

- efficiency power IGBT devices which require rapid turn-

off in the event of short circuit conditions to prevent
damage to the devices.

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.
Therefore, the present invention should be limited not by
the specific disclosure herein, but only by the appended
claims,
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perm ssible short circuit time in mcroseconds; Fig. 2 shows a
bl ock/schematic diagramof a protection circuit according to the present

i nventi on; Fi-g. 3 shows the response of the protection circuit
shown in F| ing Fig. 3a showing the gate voltage at the power
transi il!n &HﬁJ during, and after a short circuit condition, and
Fig. 3 rrent when a short circuit occurs; Fig. 4

shows t he current through the | GBT power device before, during, and after a
short circuit condition, and the respgngg Lime of the circuit according to
the invention; Fig. 5 shows a circuit diagramfor a portion of a
notor control circuit using the protection circuit according to the

i nvention and driving an | GBT; and Fig. 6 shows a sinplified
diagram of the circuit showmn in Fig. 5 to aid in explanation.

WHAT IS CLAIMED JS:

1. A circuit for detecting and protecting
against an overcurrent condition in a power transistor
switching device, the power transistor switching device
having main terminals and a control terminal, the main

5 terminals having a range of normal saturation voltage
therebetween during normal conduction of the power
transistor device, the circuit comprising:

driver means providing control signals to the
control terminal of the power transistor device for

10 switching said power transistor device on and off;
means coupled to the power transistor device
for sensing the saturation voltage of the power
transistor device; and

means responsive to the sensing means and

15 coupled to the control terminal of the power transistor
device for removing said control signals from said
control terminal in the event said saturation voltage
reaches an abnormal level indicating an overcurrent
condition in said power transistor device.

2. The circuit of claim 1, wherein said
sensing means comprises:
comparator means having a first input coupled
to said power transistor device for sensing the
5 saturation voltage and having a reference voltage input
such that if said first input exceeds said reference
voltage input due to an increased saturation voltage,
said comparator means generates a signal to said removing
means for removing said control signals from said control
10 terminal.
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DETAI LED DESCRI PTI ON OF THE DRAW NGS | GBBTs with the nost rugged
‘Lntrinsic short circuit“berfornance general ly have high saturation voltages

and hi Conversely, I GBTs with the | owest
sat ur at igm m‘ I ow operating | osses have very |l ow tol erance to
hi gh s Itions.

3. The circuit of claim 2, further comprising
a diode having one terminal coupled to said power
transistor device at the potential of said saturation
voltage, and having another terminal coupled to resistor
5 means, the resistor means being coupled to said first
input of said comparator means and having a terminal
coupled to a voltage reference level.

4. The circuit of claim 3, wherein said
resistor means comprises a voltage divider, the voltage
divider being coupled between said other terminal of said
diode and said voltage reference level and having a

5 divider point coupled to said first input of said
comparator means.

5. The circuit of claim 1, further comprising
time delay means for disabling said comparator means
during a start-up condition such that said power
transistor device can be initially switched on during

5 said start-up condition.

6. The circuit of claim 5, wherein said time
delay means for disabling said comparator means during a
start-up condition is provided between said control
terminal of said power transistor device and a disable
5 input of said comparator means.

7. The circuit of claim 5, wherein said time
delay means for disabling said comparator means during a
start-up condition is provided between an output of said
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-7- Wth reference now to the draw ngs, Fig.

1 shows typlca

| GBBT saturation voltage as a function of perm ssible short circuit

|
The data for this graph assumes that sufficient VOltaﬁlM“@g“lﬁ“u
and

gate to keep the normal saturation voltage close to a
the same gate drive voltage is maintained during the fallt

I ndi cates that an | GBT with a. saturation voltage | ess than tmo vol ts (high

ef ficiency - 18 -

comparator means and a disable input of said driver
5 means, said removing means comprising said disable input

of said driver means.

8. The circuit of claim 4, further comprising
capacitor means coupled to said voltage divider for
providing a delay time in the event of transient
conditions at said power transistor device.

9. The circuit of claim 1, further comprising
time delay means coupled between an output of said
comparator means and said removing means for preventing
removing of said control signals in the event of a

5 transient overcurrent condition at said power transistor
device for less than a time period which would damage

said power transistor device.

10. The circuit of claim 1, wherein said means
for removing said control sigml camprises a switching device coupled to said
control terminal of said power transistor device for

coupling said control signals to ground.

11. The circuit of claim 1, wherein said means

for removing comprises a disable input to said driver
means coupled to switching means provided in said driver

means for removing said control signals from said control

5 ‘terminal.

12. The circuit of claim 11, wherein said
switching means comprises means for discharging said

control terminal.
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| GBT) typically has a pernissible short circuit time of five nicroseconds
or l.ess. Aless efficient |GBT with a saturation voltage of four volts to

“five volts can have a short circuit tine in the range of unlwl m ﬂmjlﬂ."i
This. short circuit tinme is of the same order as for a typ
transi stor, but the saturation voltage is now higher than that for
bi pol ar transistor. Gound faults or termnal to term nal short
circuits result in severe and sudden overload currents. The conventi onal
pul se wi dth nodul ator | oop used in typical notor controllers is unable to
guard agai nst such a fault, since thefa8 € current bypasses notor or
filter inductances and rises very rapidly in the power transistors. In the
first instant of tinme, the protection circuit nust rely upon the intrinsic
short circuit capability of the transistors, followed by rapid sensing of
the fault and renoval of the gate drive, if
13. The circuit of claim 12, further
comprising a gate resistance between said driver means
and said control terminal, and further comprising a diode
normally reverse biased across said gate resistance
5 during normal conduction of said power transistor device,
for rapidly discharging said control terminal during an

overcurrent condition through said switching means.

14. The circuit of claim 13, further
comprising an avalanche diode coupled in series with saiad
gate resistance, said avalanche diode being reversed
biased in avalanche mode during normal conduction of said

5 power transistor device and forward biased during an
overcurrent condition.

15. The circuit of claim 1, further comprising
an avalanche diode coupled between said control terminal
and ground for protecting said control terminal from over
voltage conditions.

16. The circuit of claim 1, wherein said power
transistor device comprises an IGBT.

17. A method for detecting and protecting
against an overcurrent condition in a power transistor
switching device, the power transistor switching device
having main terminals and a control terminal, the main

5 terminals having a range of normal saturation voltage
therebetween during normal conduction of the power
transistor device, the method comprising:
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the fault current persists beyond the permtted short circuit period.

I.Lf the fault is a transient that clears itself before the perm hor t
“circuit -period has expired, then the transistor should remauml lhﬂ UBI””“I
conduction. Turning off the transistor would only constitute; t s 'k

trip.

- 20 -

providing control signals to the control
terminal of the power transistor device for switching
10 said power transistor device on and off;
sensing the saturation voltage of the power
transistor device; and
removing said control signals from said control
terminal in the event said saturation voltage reaches an
15 abnormal level indicating an overcurrent condition in
said power transistor device.

18. The method of claim 17, wherein said step
of sensing comprises:
comparing the saturation voltage or a voltage
related to the saturation voltage to a reference voltage
5 and generating a signal to remove said control signals
from said control terminal if said saturation voltage or
related voltage exceeds said reference voltage.

19. The method of claim 18, further comprising
reverse biasing a diode during an overcurrent condition
when the saturation voltage reaches the abnormal level
and causing a voltage across a resistance to exceed said

5 reference voltage thereby generating said signal.

20. The method of claim 17, further comprising
providing a time delay disabling said step of comparing
during a start-up condition such that said power
transistor device can be initially switched on during

5 said start-up condition. |
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D ode reverse recovery current is an exanple of the type of
transi ent overcurrent which should be ignored. Referring agaln to Fig. 1,

to Fig. 2, provides a reliable protection circuit for an

the circuit according to the invention, and to be dISCUS @Eﬁfnce

| owest . saturatlon vol tage and hence shortest perm ssible shd?tLC|m
time. The circuit according to the invention provides reliable protection

agai nst
al ar s.

r eal

faults, yet is sensitive to spikes, transients and other false

Fig. 2 shows a functional schematic of a protection

circuit according to the invention. The 21 -

21. The method of claim 20, wherein said step
of providing a time delay, comprises disabling said step
of providing control signals during a start-up condition.

22. The method of claim 17, further comprising
delaying said step of sensing in the event of transient
conditions at said power transistor device.

23. The method of claim 17, further cbmprisinq
providing a time delay for preventing removing of said
control signals in the event of a transient overcurrent
condition at said power transistor device less than a
time period which would damage said power transistor
device.

24. The method of claim 17, wherein said step
of removing comprises coupling said control signals to
ground.

25. The method of claim 24, wherein said step
of removing comprises disgharging a voltage on said
control terminal.

26. The method of claim 25, further comprising
discharging said voltage on said control terminal through
a diode normally reverse biased during normal conduction of
said power transistor device.

27. The method of claim 26, further comprising
discharging said control terminal through an avalanche
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protectlon circuit according to the invention conprises a conparator
diode D1, a resistor Rl, which may conprise a portion of ?hVQL eB&%ﬁc
and prefrerably timers 20 and 30, the purpose of which wl
turn-of f device 40 is also provided to renbve gate current Jm m
transi stor device. The power transistor device is shown a
buffer or driver 60 provides gate pulses to the 1 GT 50 through a
conventional gate resistance Rg. The I GBT 50 is coupl ed between ground and
a point 55 connected to a | oad, which nag conprise a suitable | oad device
or another circuit simlar to the circuifshown in Fig. 2 for driving a
hi gh side TGBT, as will be known to those of skill in the art. Conparator
10 is provided with a reference voltage Vref. Timer 20 is
preferably adjusted to allow for I GBT turn-on delay and the effect of
overcurrent causgdode ForaA11$C PeersddDialiic iin Hvaldhthd mode idusrf tng e

normal conduction of said power transistor device.

28. The method of claim 17, further comprising

protecting said control terminal from over voltage
conditions using an avalanche device.

29. The method of claim 17, wherein said

method protects a power transistor device comprising an
IGBT.

SPEC\7467
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triggering of the protection circuit during the initial
_Fhis is the replacenent sheet
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A circuit and method for detecting and
protecting against an overcurrent condition in a power
transistor switching device, and particularly an IGBT.
The power transistor switching device has main terminals
and a control terminal, ‘the main terminal having a normal
saturation voltage therebetween during normal conduction
of the power transistor device. The circuit includes a
driver providing control signals to the control terminal
of the power transistor device for switching the power
transistor device on and off, a sensing circuit coupled
to the power transistor device for sensing the saturation
voltage of the power transistor device, and a switching
circuit coupled to the control terminal of the power
transistor device and responsive to the sensing circuit
for removing the control signals from the control
terminal in the event the saturation voltage reaches an
abnormal level indicating an overcurrent condition in the
power transistor device.

I
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If the fault di sappears before the end of the timer 30 period, which is set

to allow the perm ssible short ci @EuLlge
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shows t ke conventional sinusoi dal rjpt,bﬁ current. Under the no | oad
condition shown initially in Fig. 3, the
10 - "

— V+  RETURN
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current:is five anperes RVS and the voltggéhémﬁtches occur at 325 volts. At
i nst ant Tl the output termnals of the inverter were shorted out,
activating the protection circuit, forcing shutdown. As seen fron1Fig. 3,
the short circuit lasted for about 12 m | liseconds, during which tinme the
mot or back EMF caused a |l arge current through the short 125 anpere peak.
Upon renoval of the short circuit, current ceased to flow while the

EMF vol tage appears at the notor termnal, as shown by the sinusoidal

voltage identified as the EMF voltage in Fig. 3a. Fig. 4
shows the actual short circuit current through the | In this case, the
output termnals of . jhe inverter were shorted whil & notor was in the

| ocked rotor node. éib expanded scal e shown in Fig

This Sheet H,
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shows that the I GBT current junped up fromthe normal operating cur?@ﬁ%ﬁ of
32 anperes at that instant to 85 anperes. The protection circuit renoved
the gate drive voltage after approximtely five mcroseconds, turning the
déevice_off _and shutting down the drive. Fi.g.. 5 shows in detail.
portlﬁn of rarmton: dr4ve,0|rcgnt utflizing the ﬁrup0|ples of the present=:

i nventirom,; . .The Gi.rcuift shoyn.td Figy 5 is one-half,of a bridge cifecui ti: fors.

one phage of.. a thrqe phasg 1£@ﬁngr ve. Six of such circuits woul @ be; . ! a
enployedﬂ cgnnegteq in thhg§a§§riéé pairs, in ordes to drive. a thbee- phas@%
not or . . Referencg .S pdﬁfﬁﬁde to Fig. 5, 'and al'so Fi.g. & which; -
shows a S|an|f|ed VEersion '5¥“t tiesthemati ¢ shown in Flg 5, incl uding

portions of .conporent..100 shown-i-n-Fig. 5. 1 - A

MEIHQDwAHDmAEEABéiQ§_EQBh§HQEI_§IB§§IE~EBQIEQEIQH
OF POWER TRANSISTOR DEVICE

BACKGROUND OF THE INVENTION

The present invention relates to power
transistor devices, and particularly to short circuit and
overcurrent protection circuits and methods for power
transistor devices and in particular MOS gated power
transistors. Even more particularly, the present
invention relates to a method and apparatus for i
protecting insulated gate bipolar transistors under short
circuit and overcurrent conditions.

A critical consideration in applying IGBTs to
pulse width modulated (PWM) inverter AC motor drives is
to protect them under short circuit conditions that can
occur from line to line or line to ground.

IGBTs are available that have short circuit
times approaching those of bipolar transistors. These
types can be protected by the same relatively slow acting
circuitry used for bipolar transistors.

The most efficient IGBTs, however, offer
significant advantages in terms of lower losses, smaller
packages, smaller -heat sinks and compactness, but have
lower short circuit times, i.e., they can tolerate short
circuit conditions for a shorter period of time than
bipolar transistors,

Traditional protection methods for bipolar
transistors are inapplicable ﬁo_these high efficiency
IGBTs, because they do not provide the necessary speed in
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detecting a short circuit or over current condition. By
the time that these traditional circuits respond, the
IGBT may have been destroyed by the overcurrent.

IGBTs are becoming devices of choice in
applications such as variable speed motor controllers,
uninterrupted power supplies and high frequency welders.
They generally offer comparable or lower power
dissipation, higher operating frequency and
simplification of drive. circuitry. Thus, systems using
IGBTs offer greater compactness, greater efficiency and _
superior dynamic performance. '

The properties of the IGBT that make these
advantages possible bring with them a new design
consideration. An IGBT that is designed to achieve
maximum efficiency has a relatively high gain and thus a
short circuit current that is significantly higher than
that obtained with a bipolar transistor. The power
density in the IGBT with an applied short circuit can
therefore be much higher than.in the bipolar transistor.

An IGBT that is designed to minimize power
dissipation under normal load conditions, therefore, may
not be able to handle an unabated short circuit for as
long as a bipolar transistor. It is not as fault
tolerant; and therefore requires a more "alert"™ or fast
acting protective circuit. The circuit of the invention
provides a means which is particularly useful in
protecting IGBTs against such short circuits.
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Turning now to Fig. 5 an IR 2125 current limting MOS gate driver
available fromlInternational Rectifier Corp., the assignee of the present
application, is enployed to drive an | GBT 50. The gate driver 100 i ncl udes
an input termnal IN an error term nal ERR, conventional fixed and
floating supplies VCC and VB, output term nal OUT, ground return VS, power
supply voltage return VSS and-a current sensing termnal CS. The functions
of each of these termnals are known in the art, but the term nal of
primary inportance is the current Semsing termnal CS. In the normal use
of the IR 2125 device 100, the terminal CS is connected through a sensing
resistor to termnal VS. The sensing resistor

SUMMARY OF THE INVENTION

It is an obiect of the present invention to
provide a protection method and apparatus for power
transistors and in particular for IGBTs.

. It is a further object of the present invention
to provide such a short circuit current protection
circuit for power transistors which operates more quickly
than circuits known heretofore and which is therefore
applicable to the protection of IGBTs.

It is yet still a further object of the present
invention to provide such a short circuit current
protection circuit for power transistors, including
IGBTs, which is particularly applicable to power
application control circuitry, for example, pulse width
modulators for motor drives.

_ It is yet still a further object of the
invention to provide a short circuit overcurrent
protection circuit for power IGBT devices which responds
to shut down the IGBT prior to any damage thereto by a
sensed overcurrent.

It is yet still a further object of the
invention to provide an overcurrent protection circuit
for power transistors, and particularly IGBTs, which will
reliably protect the power transistor devices in the
event of actual high current faults, but will be able to
prevent nuisance trips in the event of spikes, transient
conditions and other events which cause momentary current
spikes for time periods less than would cause damage to
the power transistors.

The above and other objects of the present
invention are achieved by a circuit for detecting and

This is the replacement sheet

Date: 23 NG o



typically is connected into the output circuit of the power transistor
device being gated. In the case of high efficiency | GTs, the use of the

sensing resistor coupled into the output circuit will not offer a fast
enough response, and the currents through the sensing resistor will be too
hi gh. According to the invention, instead of using a sensing

resistor essentially in series with the power transistor device, the
collector emtter saturation voltage of the 1GT 50 is sensed instead.
Returning again to gate driver 100,4the error terminal ERR is provided for
| ogi cal shutdown of the device 100 in the case of an error condition. A
resistor R4 and capacitor Cl are di sposed as shown to provide a tine delay
in the event of such an error originating froma logic portion of another
section of the control circuit, not shown. _

protecting against an overcurrent condition in a power

transistor switching device, the power transistor
switching device having main terminals and a control
terminal, the main terminals having a range of normal
saturation voltage therebetween during normal conduction,
the circuit comprising driver means providing control
signals to the control terminal of the power transistor
device for switching the power transistor device on and
off, means coupled to the power transistor device for
sensing the saturation voltage of the power transistor
device, and means responsive to the sensing means and
coupled to the control terminal of the power transistor
device for removing the control signals from the control
terminal in the event the saturation voltage reaches an
abnormal level indicating an overcurrent condition in the
power transistor device. ‘

Preferably, the sensing means comprises
comparator means having a first input coupl:.-i1 to the
power transistor device for sensing the saturation
voltage and having a reference voltage input such that if
the first input exceeds the reference voltage input due
to an increased saturation voltage, the comparator means
generates a signal to the removing means for removing the
control signals from the control terminal.

) According to a preferred embodiment, the
sensing means further comprises a diode having one
" terminal coupled to said power transistor device at the
potential of said saturation voltage, and having another
terminal coupled to resistor means, the resistor means
being coupled to said first input of said comparatoi
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means and having a terminal coupled to a'ﬁoltage
reference level.

The above and other objects of the present
invention are also achieved by a method for detecting and

- protecting against an overcurrent condition in a power

transistor switching device, the power transistor
switching device having main terminals and a control
terminal, the main terminals having a range of normal
saturation voltage therebetween during normal conduction,
the method comprising providing control signals to the - -
control terminal of the power transistor device for
switching the power transistor device on and off, sensing
the saturation voltage of the power transistor device,
and removing the control signals from the control
terminal in the event the saturation voltage reaches an
abnormal level indicating an overcurrent condition in the
.power transistor device. _

Preferably, the step of sensing comprises
comparing the saturation voltage or a voltage related to
the saturation voltage to a reference voltage and
generating a signal to remove said control signals from
said control terminal if said saturation voltage or
related voltage exceeds said reference voltage.

Other objects, features and advantages of the
presenﬁiinvention will become apparent from the following
detailed description of the invention.
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-.12 - The collector of IGBT 50 is connected to the cathode
of a diode D1 as also shown in Fig. 2. The anode of the diode D1 is coupled
to resistors RL and R2. ReSistors RL and R3 provide a voltage divider, with
t he di vider point being coupled to the CS termnal of the device 100.
Resistor R2 is coupled to the gate resistance Rg and the gate of | GBT 50.
Fig. 6 shows the circuit of Fig. 5in sinplified form so all conponents
are not shown there. The cathode of the zener diode DZ1 is connected to the
QUT term nal of device 100. A second €iode D2 may be provi ded across

resistor Rg, and a second zener di ode DZ2 provi ded between the gate drive
and a

RIEF DESC 8] H WINGS

The invention will be described in greater
detail in the following detailed description with
reference to the drawings in which:

N Fig. 1 shows a typical graph for an IGBT
relating collector to emitter saturation voltage to
permissible short circuit time in microseconds;

Fig. 2 shows a block/schematic diagram of a
protection circuit according to the present invention;

Fig. 3 shows the response of the protection
circuit shown in Fig. 2, including Fig. 3a showing the
gate voltage at the power transistor device, before,
during, and after a short circuit condition, and Fig. 3b
showing motor current when a short circuit occurs;

Fig. 4 shows the current through the IGBT power
device before, during, and after a short circuit
condition, and the response time of the circuit according
to the invention; _ '

Fig. 5 shows a circuit diagram for a portion of
a motor control circuit using the protection circuit
according to the invention and driving an IGBT; and

Fig. 6 shows a simplified diagram of the
circuit shown in Fig. 5 to aid in explanation.

AILED C ON OF RAW
s IGBTs with the most rugged intrinsic short

circuit performance generally have high saturation
voltages and high operating losses.

Conversely, IGBTs with the lowest saturation
voitages and low operating losses have very low tolerance
to high short circuit conditions.
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return bus 110. The return bus 110 is connected through a diode D3 to the
| ow vol tage VCC return and through an isolating resistor R5 to the high
voltage V+ return. The collector of 1GBT 50 is connected to a |oad 120,
whi ch may conprise a | oad device or another power transistor device
operating as the high side device, in which case the common point between
| GBBT 50 and the high side device is connected to one phase of the
controlled | oad device, for exanple, an AC notor. A resistor R6
isolating the fixed and floating voltage supplies and decoupling capacitors
C2 and C3 are provided as well RhndwTin the art. A further capacitor C4,
whi ch provides a tinme delay, is provided across resistor R3. The purpose of
this time delay circuit will be discussed in further detail bel ow.
Buring normal operation, pulses are received by device 100 at ternminal IN
and hi gher current WHih'eference now to the drawings, Fig. 1
shows typical IGBT saturation voltage as a function of
permissible short circuit time. The data for this graph
assumes that sufficient voltage is applied to the gate to
keep the normal saturation voltage close to a practical
minimum and the same gate drive voltage is maintained
during the fault. Fig. 1 indicates that an IGBT with a.
saturation voltage less than two volts (high efficiency
IGBT) typically has a permissible short circuit time of
five microseconds or less. A less efficient IGBT with a .
saturation voltage of four volts to five volts can have a
short circuit time in the range of 30 microseconds. This
short circuit time is of the same order as for a typical
bipolar transistor, but the saturation voltage is now
higher than that for a bipolar transistor.
Ground faults or terminal to terminal short
circuits result in severe and sudden overload currents.
The conventional pulse width modulator loop used in-
typical motor controllers is unable to guard against such
a fault, since the fault current bypasses motor or filter
inductances and rises very rapidly in the power
transistors. In the first instant of time, the
protection circuit must rely upon the intrinsic short
circuit capability of the transistors, followed by rapid
- sensing of the fault and removal of the gate drive, if
the fault current persists beyond the permitted short
circuit period.
If the fault is a transient that clears itself
before the permitted short circuit period has expired,
then the transistor should remain in conduction. Turning
off the transistor would only constitute a nuisance trip.
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pul ses are supplied at the term nal OUT through zener diode DZ1 and gate
resistance Rg to the I GBT. The zener - 13 -

Diode reverse recovery current is an example of the type
of transient overcurrent which should be ignored.
Referring again to Fig. 1, the circuit according to the
invention, and to be discussed with reference to Fig. 2,
provides a reliable protection circuit for an IGBT with
the lowest saturation voltage and hence shortest
permissible short circuit time. The circuit according to
the invention provides reliable protection against real
faults, yet is sensitive to spikes, transients and other
false alarms. _

Fig. 2 shows a functional schematic of a
protection circuit according to the invention. The
protection circuit according to the invention comprises a
comparator 10, diode D1, a resistor R1l, which may
comprise a portion of a voltage divider, and preferably
timers 20 and 30, the purpose of which will be explained.
A turn-off device 40 is also provided to remove gate
current from the power transistor device. The power
transistor device is shown as an IGBT 50. A buffer or
driver 60 provides gate pulses to the IGBT 50 through a
conventional gate resistance Rg. The IGBT 50 is coupled
between ground and a point 55 connected to a load, which
may comprise a suitable load device or another circuit
similar to ‘the circuit shown in Fig. 2 for driving a high
side IGBT, as will be known to those of skill in the art.
Comparator 10 is provided with a reference voltage Vref,

Timer 20 is preferably adjusted to allow for
IGBT turn-on delay and the effect of overcurrent caused
by diode recovery time. This timer thus prevents false
triggering of the protection circuit during the initial
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di,ode DZ1 will be in aval anche node during normal operation. During nornal
operation, the collector emtter saturation voltage is |ow, and diode D1 is-
forward biased, bringing the cormmon point between resistors RL and R3 to a
| ével approaching the potential of bus 110, i.e., approximtely ground, and
t her eby maintaining device 100 in its normal state. Device 100, as shown in
Fig. 6 and known in the art, -includes an-internal conparator 10' coupled to
a reference vol tage. In the event of a transient condition, the
devi ce 100 includes a 500 nanosecomd <built-in blanking tine which prevents
turning the 1GBT 50 off prematurely, so high transient currents which are
bel ow t he 500 nanosecond blanking time will not result in nuisance trips.
The blanking circuit is indicated by reference nuneral 130 in Fig. 6. The
circuit 130 has al so been

turn-on period, when the collector to emitter voltage of

the IGBT may still be high.

During normal conduction, the saturation
voltage of the IGBT is less than Vref, and therefore,
diode D1 is forward biased through resistor Rl coupled to
a positive voltage such as VCC, and the output of the
comparator therefore remains low. When an overcurrent
occurs, for example, due to short circuit in the load,
the collector-emitter voltage of the IGBT increases above
Vref causing the input to comparator 10 to go high, the
diode D1 to become back biased and thus causing the
ocutput of the comparator to go high, initiating timer 30.
If the fault disappears before the end of the timer 30
period, which is set to allow the permissible short
circuit time, the output of the comparator goes low
before timer 30 is reset and normal operation proceeds.
If the fault is still present at the end of the timeout
period of timer 30, the timer output goes high, and
transistor 40, shown as a MOSFET, switches on and the
gate voltage to the IGBT 50 is removed, turning it off.
Alternatively, the output of timer 30 can be supplied to
a disable input of the driver 60, thereby removing gate
voltage from the IGBT 50.

The waveforms of Fig. 3 illustrate performance

- of the above-described protection circuit. Fig. 3a shows
line to line voltage and Fig. 3b shows phase current at
the output of an inverter driving an AC motor. The first
part of Fig. 3a shows the conventional pulse width
modulated voltage waveform, and the first part of Fig. 3b
shows the conventional sinusoidal motor current. Under
the no load condition shown initially in Fig. 3, the
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I ndi cated schematically to have a logic control input 132 provided to
renove the disable input to the driver stage 60 when the input VINis zero
so that the | GBT device 50 can turn on when an input is provided at YIN
Dévi ce 130 thus may serve the function provided by timer 30 in Fig. 2, as

well as the start-up function of tiner 20. Capacitor C4 in Fig. 5
al so serves to delay the voltage rise to CSif a transient occurs, and thus
al so suppresses false turn-off of the | GBT 50. Shoul d a short

circuit occur, the saturation volteag&oOVeE i ncreases, di ode D1 becones

reverse biased, and the voltage at the conparator input accordingly

I ncreases above the threshold voltage. The CS term nal of device 100 rises

toward the gate voltage through
current is five amperes RMS and the voltage switches
occur at 325 volts. At instant Ti, the output terminals
of the inverter were shorted out, activating the
protection circuit, forcing shutdown. As seen from Fig.
3, the short circuit lasted for about 12 milliseconds,
during which tire the motor back EMF caused a large
current through the short 125 ampere peak. Upon removal
of the short circuit, current ceased to flow while the

EMF voltage appears at the motor terminal, as shown

by the sinusocidal voltage identified as the EMF
voltage in Fig. 3a. '

Fig. 4 shows the actual short circuit current
through the IGBT. In this case, the output terminals of
the inverter were shorted while the motor was in the
locked rotor mode. The expanded scale shown in Fig. 4
shows that the IGBT current jumped up from the normal
operating current of 32 amperes at that instant to 85
amperes. The protection circuit removed the gate drive
voltage after approximately five microseconds, turning
the device off and shutting down the drive.

Fig. 5 shows in detail a portion of a motor
drive circuit utilizing the prihciples of the present
invention. The circuit shown in Fig. 5 is one-half of a
bridge circuit for one phase of a three-phase motor
drive. Six of such circuits would be employed, connected
in three series pairs, in order to drive a three-phase
motor.

Reference is now made to Fig. 5, and also Fig.
6, which shows a simplified version of the schematic
shown in Fig. 5, including portions of component 100
shown in Fig. 5. '
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Turning now to Fig. 5, an IR 2125 current
limiting MOS gate driver, available from Internaticnal
Rectifier Corp., the assignee of the present application,
is employed to drive an IGBT 50. The gate driver 100
includes an input terminal IN, an error terminal ERR,
conventional fixed and floating supplies VCC and VB,
output terminal OUT, ground return VS, power supply
voltage return VSS and a current sensing terminal CS.

The functions of each of these terminals are known in the
art, but the terminal of primary importance is the . -
current sensing terminal CS. 1In the normal use of the IR
2125 device 100, the terminal CS is connected through a
sensing resistor to terminal VvS. The sensing resistor
typically is connected into the output circuit of the
power transistor device being gated. In the case of high
efficiency IGBTs, the use of the sensing resistor coupled
into the output circuit will not offer a fast enough
response, and the currents through the sensing resistor
will be too high.

According to the invention, instead of using a
sensing resistor essentially in series with the power
transistor device, the collector emitter saturation
voltage of the IGBT 50 is sensed instead.

" Returning again to gate driver 100, the error
terminal ERR is provided for logical shutdown of the
device 100 in the case of an error condition. A resistor
R4 and capacitor Cl are disposed as shown to provide a
time delay in the event of such an error originating from
a logic portion of another section of the control
circuit, not shown.
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resistor R2. Wien the CS term nal goes above its threshold, the output of
device 100 turns off and internally approaches ground, and di ode DZ1
beconmes forward biased and pulls the 1 GBT gate voltage down. Thus, the
transi stor device 40 shown in Fig. 2 has also been inplenented in the
device 100 in the circuit of Figs. 5 and 6. A built-in feature of device
100 allows the output termnal OQUT to be pulled to half of its value for a
time period determi ned by capacitor C and a one mcrosecond built-in del ay
and then to zero. D ode=D22has been provi ded across the gate
resistor Rg to speed up the turn-off, allowi ng the voltage devel oped at the
gate of I GBT 50 rapidly to be discharged through the device 100. Zener

di ode DZ2 is provided for gate protection of | GBT 50, preventing the gate

voltage fromrising above the aval anche _voltage, of
The collector of IGBT 50 is connected to the

cathode of a diode D1 as also shown in Fig. 2. The anode
of the diode D1 is coupled to resistors Rl and R2.
Resistors Rl and R3 provide a voltage divider, with the
divider point being coupled to the CS terminal of the
device 100. Resistor R2 is coupled to the gate
resistance Rg and the gate of IGBT 50. Fig. 6 shows the
circuit of Fig. 5 in simplified form, so all components
are not shown there. The cathode of the zener diode D21
is connected to the OUT terminal of device 100. A second
diode D2 may be provided across resistor Rg, and a second
zener diode DZ2 provided between the gate drive and a
return bus 110. The return bus 110 is connected through
a diode D3 to the low voltage VCC return and through an
isolating resistor RS to the high voltage V+ return. The
collector of IGBT 50 is connected to a load 120, which
may comprise a load device of another power transistor
device operating as the high side device, in which case
the common point between IGBT 50 and the high side device
is connected to one phase of the controlled load device,
for example, an AC motor.

A resistor R6 isolating the fixed and floating
voltage supplies and decoupling capacitors €2 and C3 are
provided as well known in the art. A further capacitor
C4, which provides a time delay, is provided across
resistor R3. The purpose of this time delay circuit will
be discussed in further detail below.

' During normal operation, pulses are received by
device 100 at terminal IN and higher current output
pulses are supplied at the terminal OUT through zener
diode D21 and gate resistance Rg to the IGBT. The zener

This is the replacement sheet

bate: 2 3 AUG 189



the zener di ode DZ2. An inportant feature of the circuit of the
present invention shown in Fig. 5is that the short circuit protection of
transistor 50 is adaptive. For exanple, should |IGBT 50 have a del ayed turn
on, the collector-emtter voltage will remain high until the device is
fully turned-on. This would appear like a short circuit condition in the

|l oad. Since it is not caused by a short circuit, but nerely by a del ayed-
turn- on, the protection circuit should,not be, and, in fact, is not
triggered, according to the invention. thi’s is because the | GBT 50 gate
voltage is sensed at the gate, and not at the common point between resistor
Rg and di ode DZ1. Thus, if the gate voltage is delayed during turn on of
the GBT, the protection circuit is also triggered

diode DZ1 will be in avalanche mode during normal
operation. During normal operation, the collector
emitter saturation voltage is low, and diode D1 is
forward biased, bringing the common point between
resistors Rl and R3 to a level approaching the potential
of bus 110, i.e., approximately ground, and thereby
maintaining device 100 in its normal state. Device 100,
as shown in Fig. 6 and known in the art, includes an
internal comparator 10’ coupled to a reference voltage.

In the event of a transient condition, the
device 100 includes a 500 nanosecond built-in blanking -
time which prevents turning the IGBT 50 off prematurely,
so high transient currents which are below the 500
nanosecond blanking time will not result in nuisance
trips. The blanking circuit is indicated by reference
numeral 130 in Fig. 6. The circuit 130 has also been
indicated schematically to have a logic control input 132
provided to remove the disable input to the driver stage
60 when the input VIN is zero so that the IGBT device 50
can turn on when an input is provided at VIN.

Device 130 thus may serve the function provided
by timer 30 in Fig. 2, as well as the start-up function
of timer 20. '

Capacitor C4 in Fig. 5 also serves to delay the
voltage rise to CS if a transient occurs, and thus also
suppresses false turn-off of the IGBT 50.

Should a short circuit occur, the saturation
voltage VCE increases, diode D1 becomes reverse biased,
and the voltage at the comparator input accordingly

s increases above the threshold voltage. The CS terminal
of device 100 rises toward the gate voltage through
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resistor R2. When the CS terminal goes above its
threshold, the output of device 100 turns.oﬁf and
internally approaches ground, and diode DZ1 becomes
forward blased and pulls the IGBT gate voitage down.
Thus, the transistor device 40 shown in Fig. 2 has also
been implemented in the device 100 in the circuit of
Figs. 5 and 6. A built-in feature of device 100 allows
the output terminal OUT to be pulled to half of its wvalue

- for a time period determined by capacitor €1 and a one
microsecond built-in delay and then to zero.

Diode D2 has been provided across the gate
resistor Rg to speed up the turn-off, allowing the
‘voltage developed at the gate of IGBT 50 rapidly to be
discharged through the device 100. Zener diode DZ2 is
provided for gate protection of IGBT 50, preventing the
gate voltage from rising above the avalanche voltagé of
the zener diode DZ2. .

An important feature of the circuit of the
present invention shown in Fig. 5 is that the short
circuit protection of transistor 50 is adaptive. For
example, should IGBT 50 have a delayed turn on, the
collector-emitter voltage will remain high until the
device is fully turned-on. This would appear like -a
short circuit condition in the load. Since it is not
caused._by a short circuit,.but merely by a delayed turn-
on, the protection circuit should not be, and, in fact,
is not triggered, according to the invention. This is
because the IGBT 50 gate voltage is sensed at the gate,
and not at the common point between resistor Rg and diode
DZ1. Thus, if the gate voltage is delayed during turn on
of the IGBT, the protection circuit is also triggered
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only after the anmobunt of the delay, thus preventing fal se protective
triggering. Anot her feature of the invention shown in Fig. 5is
that it elimnates the need for logic circuitry to the tiner (130 in Fig. 6
or 20 in Fig. 2) because the protection adapts itself automatically to the
turn-on del ay. There has thus been described a circuit for
providing rapid turn-off of a power transistor device in the event of a
short circuit or overcurrent condition. The detection of the saturation

vol tage of the power transistor devilt® allows the circuit to have an
extrenely rapid response to short circuit and overcurrent conditions,
making it particularly applicable to high

only after the amount of the delay, thus preventing false
protective triggering.

Another feature of the invention shown in Fig.
5 is that it eliminates the need for logic circuitry to
the timer (130 in Fig. 6 or 20 in Fig. 2) because the
protection adapts itself automatically to the turn-on
delay.

There has thus been described a circuit for
providing rapid turn-off of a power transistor device in
the event of a short circuit or overcurrent condition.
The detection of the saturation voltage of the power
transistor device allows the circuit to have an extremely
rapid response to short circuit and overcurrent
conditions, making it particularly applicable to high
efficiency power IGBT devices which require rapid turn-
off in the event of short circuit conditions to prevent
damage to the devices.

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.
Therefore, the present invention should be limited not by
the specific disclosure herein, but only by the appended
claims.
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efflC|encyjmaM%~+£;ﬂ;de¥Lces which require rapid furn- off in the event of
~short C|r ons to prevent damage to the devices.

At houg mm M nti on has been described in relation to particular
embodi me , other vari ations and nodifications and ot her uses

w || becone apparent to those skilled in the art. Therefore, the present

i nvention should be linmted not by the specific disclosure herein, but only
by the appended cl ai ns.

WHAT IS CLAIMED IS:

1. A circuit for detecting and protecting
against an overcurrent condition in a power transistor
switching device, the power transistor switching device
having main terminals and a control terminal, the main
terminals having a range of normal saturation voltage
therebetween during normal conduction of the power
transistor device, the circuit comprising:

driver means providing control signals to the
control terminal of the power transistor device for
switching said power transistor device on and off;

means coupled to the power transistor device
for sensing the saturation voltage of the power ~
transistor device; and '

means responsive to the sensing means and
coupled to the control terminal of the power transistor
device for removing said control signals from said
control terminal in the event said saturation voltage
reaches an abnormal level indicating an overcurrent
condition in said power transistor device.

" 2. The circuit of claim 1, wherein said
sensing means comprises:
comparétor means having a first input coupled

to said power transistor device for sensing the

- saturation voltage and having a reference voltage input
such that if said first input exceeds said reference
voitage input due to an increased saturation voltage,
said domparator means generates a signal to said removing

means for remov1ng said control signals from said control
terminal. T I
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3. The circuit of claim 2, further comprising
a diode having one terminal coupled to said power
transistor device at the potential of said saturation
voltage, and having another terminal coupled to resistor
- means, the resistor means being coupled to said first
input of said comparator means and having a terminal
coupled to a voltage reference level.

4, The circuit of claim 3, wherein said _
resistor means comprises a voltage divider, the voltage
divider being coupled between said other terminal of said
diode and said voltage reference level and having a
divider point coupled to said first input of said
comparator means.

5. The circuit of claim 1, further comprising
time delay means for disabling said comparator means
during a start~up condition such that said power
transistor device can be initially switched on during
said start-up condition.

6. The circuit of claim 5, wherein said time
delay means for disabling said comparator means during a
staré-up condition is provided between said control
terminal of said power transistor device and a disable
o _input of said comparator means.

7. The circuit of claim 5, wherein said time
delay means for disabling said comparator means during a
start-up condition is provided between an output of saiad
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CLAIMS 1. A circuit+-for_detecting and protecting agai nst an overcurrent
conditio ated power transistor SMAtChIng devi ce, the MOS-gated
power trgm ﬂgﬂm device having main termnals and an MOS-gate
term nal, *t als having a range of normal saturation voltage

t her ebet ween duri ng nornal conduction of the power transistor device, the

circuit conprising: driver nmeans providing control signals to the
MOS-gate term nal of the MOS-gated power transistor device for sw tching
said MOS-gated power transistor devige-on and off; vol t age di vi der

means for dividing the voltage across the main termnals of the MOS-gated
power transistor

comparator means and a disable input of said driver
means, said removing means comprising said disable input
of said driver means.

8. The circuit of claim 4, further comprising
capacitor means coupled to said voltage divider for
providing a delay time in the event of transient
conditions at said power transistor device.

9. The circuit of claim 1, further comprising
time delay means coupled between an output of said
comparator means and said removing means for preventing
removing of said control signals in the event of a
transient overcurrent condition at said power transistor
device for less than a time period which would damage
said power transistor device.

10. The circuit of claim 1, wherein said means
for removing said control sigmal comprises a switching device coupled to said
control terminal of said power transistor device for
coupling said control signals to ground.

11. The circuit of claim 1, wherein said means
for rgmoviﬁg comprises a disable input to said driver
means coupled to switching means provided in said driver
means for removing said control signals from said control
"terminal.

12. The circuit of claim 11, wherein said
switching means comprises means for discharging said
control terminal.
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deV|ce sensing means coupled to the MXS-gated power transistor device

for vol tage and for conparing the divided voltage with
a thre M" m mnrfm nmeans responsive to the sensing neans and coupl ed
to the ersm ral of the MOS-gated power transistor device for
renovi ng sald control signals fromsaid MOS-gate termnal in the event the
saturation voltage reaches a | evel indicating an overcurrent condition in
said MOS-gated power transistor device; and ti me delay nmeans, coupl ed
bet ween an out put of said nmeans fer 1enrsing and said neans for renoving,
for preventing the renoval of said control signals when a transient
overcurrent condition is present at said MOS-gated power transistor device
for less than a tinme period which woul d damage sai d MOS-gat ed power
transi stor device after said M3XS-gated power transistor device has

13. The circuit of claim 12, further
comprising a gate resistance between said driver means
and said control terminal, and further comprising a diode
normally reverse biased across said gate resistance
during normal conduction of said power transistor device,
for rapidly discharging said control terminal during an
overcurrent condition through said switching means.

14. The circuit of claim 13, further
comprising an avalanche diode coupled in series with said
gate resistance, said avalanche diode being reversed
biased in avalanche mode during normal conduction of said
power transistor device and forward biased during an
overcurrent condition.

15. The circuit of claim 1, further comprising
an avalanche diode coupled between said control terminal
and ground for protecting said control terminal from over
voltage conditions.

16. The circuit of claim 1, wherein said power
transistor device comprises an IGBT.

) 17. A method for detecting and protecting
against an overcurrent condition in a power transistor
switching device, the power transistor switching device
having main terminals and a control terminal, the main
terminals having a range of normal saturation voltage
therebetween during normal conduction of the power
transistor device, the method comprising:
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iniT*af+y~smLLgﬂgg‘99\S 2. Acircuit as clainmed in claim1l1, wherein said
sens ns conprise conpar at or neans having a first input coupled
to s ’Iww 2 power transistor device for
sen5|ﬂ hﬂ”oltage and having a reference voltage i nput such that
I f said

providing control signals to the control

terminal of the power transistor device for switching
. said power transistor device on and off;

sensing the saturation voltage of the power
transistor device; and

removing said control signals from said control
terminal in the event said saturation voltage reaches an
abnormal level indicating an overcurrent condition in
said power transistor device.

 18. The method of claim 17, wherein said step -
of sensing comprises:
comparing the saturation voltage or a voltage
related to the saturation voltage to a reference voltage
and generating a signal to remove said control signals
from said control terminal if said saturation voltage or
related voltage exceeds said reference voltage.

19. The method of claim 18, further comprising
"reverse biasing a diode during an overcurrent condition
when the saturation voltage reaches the abnormal level
and causing a voltage across a resistance to exceed said
reference voltage thereby generating said signal.

) 20. The method of claim 17, further comprising
providing a time delay disabling said step of comparing
during a start-up condition such that said power
transistor device can be initially switched on during
said start-up condition.
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first input exceeds said reference voltage input due to an increased

saturation voltage, said conparator neans generates a signal to said

renovi ng means for renoving said control signals fromsaid MOS-gate

term rl llllemllulmmmmjlt as claimed in claim2, further conprising a diode

havi mﬂ I upled to said MOS-gated power transistor device at

the poterfti & Bf ¥ai'd saturation voltage, and havi ng another ternina

coupled to resistor means, the resistor nmeans being coupled to said first

i nput of said conparator neans and hag'ng a termnal coupled to a voltage
|

reference | evel. 4. Acircuit as clainmed in claim3, wherein said
resi stor neans conprises a voltage divider, the voltage divider

21. The method of claim 20,Twherein said step
of providing a time delay, comprises disabling said step
of providing control signals during a start-up condition.

22. The method of claim 17, further comprising
delaying said step of sensing in the event of transient
conditions at sai@ power transistor device.

23. The method of claim 17, further comprising
providing a time delay for preventing removing of said
control signals in the event of a transient overcurrsnt
condition at said power transistor device less than a
time period which would damage said power transistor
device.

24. Tbe method of claim 17, wherein said step
of removing comprises coupling said control signals to
ground.

25. The method of claim 24, wherein said step
of removing comprises disgharging a voltage on said
control terminal.

26. The method of claim 25, further comprising
discharging said voltage on said control terminal through
a diode normally reverse biased during normal conduction of
said power transistor device.

27. The method of claim 26, further comprising
discharging said control terminal through an avalanche
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bei-ng coupl ed between said other term nal of said diode and said voltage

refereniﬂww nd having a divider point coupled to said first input of

- said co Eﬂ/l/u / 5. Acircuit as clainmed in claim1, further
conprisihg i MWans for disabling said nmeans for renoving during a
start-up condition Euch that said MOS- gat ed power transistor device can be
initially swtched on during said start-up condition. 6. Acircuit as
claimed in claim5, wherein said tinme delay nmeans for disabling said neans
for renoving during a start-up condBBien is provided between said MOS-gate
term nal of said MOS-gated power transistor device and a di sable input of
sai d conparat or neans

diode normally reversed biased in avalanche mode during
normal conduction of said power transistor device.

28. The method of claim 17, further comprising
protecting said control terminal from over voltage
conditions using an avalanche device.

_ 29. The method of claim 17, wherein said
method protects a power transistor device comprising an
IGBT.

—

This Sheet Has Been Replac

M

This is the replacement sheet

Date: £ 3 AUG 1998



7. Acircuit as clainmed in claim5, wherein said tinme delays neans for
di sabling said conparator means during a start-up condition is provided
between an output of said conparator neans and a disable input of said
driver means, 3 said renoving neans
conprising said disable input of said

23
METHOD AND APPARATUS FOR SHORT CIRCUIT PROTECTION
F_POW SISTOR DEVIC

ABSTRACT OF THE DISCLOSURE

A circuit and method for detecting and
protecting against an overcurrent condition in a power
transistor switching device, and particularly an IGBT.
The power transistor switching device has main terminals
and a control terminal, the main terminal having a normal
.saturation voltage therebetween during normal conduction
of the power transistor device. The circuit includes a
driver providing control signals to the control terminal
of the power transistor device for switching the power
transistor device on and off, a sensing circuit coupled
to the power transistor device for sensing the saturation

. voltage of the power transistor device, and a switching
circuit coupled to the control terminal of the power
transistor device and responsive to the sensing circuit
for removing the control signals from the control
terminal in the event the saturation voltage reaches an
abnormal level indicating an overcurrent condition in the
power transistor device.

‘FIGURE 2
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driver means. 8. Acircuit as clained in claim4, further conprising
capaci tor neans coupled to said voltage divider for providing a delay tine
in the event of transient conditions at said MOS-gated power transistor
devi ce. 9. Acircuit as clainmed in claim1, wherein said neans for
renoving said control signal conprises a switching device coupled to said
MOS-gate term nal of said MOS-gated powerqtransi stor device for coupling
said control signals to ground. 10. Acircuit as claimed in claiml1,

wherein said neans
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for renoving conprises a disable input to said driver neans coupled to
swi tching neans provided in said driver neans for renoving said control

signals fromsaid MOS-gate term nal . 11. Acircuit as clainmed in claim
10, wherein said switching nmeans conprises nmeans for discharging said
MOS- gate term nal . 12. Acircuit as4lainmed in claim1l, further
conprising a gate resistance between id driver neans and’'said MOS-gate

termnal, and further conprising a diode normally reverse biased across
said gate resistance during normal conduction of said MOS-gated power
transi stor device, for rapidly discharging sawa MOS-gate term nal during an
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overcurrent condition through said sw tching neans. 13. Acircuit as
claimed in claim 12, further conprising an aval anche di ode coupled in
series with said gate resistance, said aval anche di ode being reversed

bi ased i n aval anche node during normal conduction of said MOS-gated power
transi stor device and forward biased during an
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overcurrent condition. 14. Acircuit as clained in claim1, further
conpri sing an aval anche di ode coupl ed between said MOS-gate term nal and
ground. for protecting said MOS-gate termi nal from over voltage conditions.
15. Acircuit as clainmed in claim1, wherein said MOS-gated power

transi stor device conprises an | GBT. 16. A nethod for detecting and
protecting against an overcurrent condition in a MOS-gated power transistor
swi t ching device, the MOS-gated powerérewwistor swi t chi ng devi ce havi ng
main termnals and a MOS-gate term nal® the
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main termnals having a range of normal saturation voltage therebetween
during. normal conduction of the MOS-gated power transistor device, the

met hod conpri si ng: provi ding control signals to the MOS-gate term na

of the MOS‘gated power transistor device for switching said MOS-gated power
transi stor device on and off; di viding the voltage across the main
termnals of the MOS-gated power transistgr devi ce; sensirng the divided
vol tage and conparing the divided voltage with a threshold vol t age;
removi ng said control signals fromsaid MOS-gate termnal in the event said
saturation voltage reaches a level indicating an overcurrent condition in
said MOS-gated power transistor device; and providing a tinme delay for
preventing the renmoval of said control signals when a transient overcurrent
condition is present q&'said MOS- gat ed power transi stor
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devi ce, for Iess than a ti:me; periqd which would damage said MOS-gat ed pﬁﬁ%ﬁ

tran3|st02/deV|ce after said Nﬁﬁjgated power transistor-device has v
initiallly¥switched op....: %7, Btgiod: as cl ai med |r1Hﬁnan 16, . whes@tay gai d

1

step of "sensi n COﬂDfISGS - g ardn t he divi ded||w 4 ce
p g AN 57(:8'
voltage and . - Lend tvimfmjnn 1 Dme ............................. .
. CLAIMS o | T
S EROULT | tklep

1. A circuit for detecting and protecting against an
overcurrent condition in an MOS-gated power transistor
switching device, the MOS-gated power tramsistor switching
device having main terminals and an MOS-gate terminal, the
main terminals having a range of normal saturation voltage
therebetween dufing normal conduction of the power
transistor device, the circuit comprising:

driver means providing control signals to the MOS-gate
terminal of the MOS-gated power transistor device for
switching said MOS-gated power transistor device on and
off;. _ ) |
voltage divider means for dividing the voltage across
the main terminals of the MOS-gated power tramsistor
devlce,

' senszng‘means coupled to the MOS-gated power
t;anszstor device for sensing the divided voltage and for
comparing the divided vdltage with a threshold voltage;

means responsive to the sensing means ahd coupled to
the MOS-gate terminal of the MOS-gated power transistor
devicer for removing said control signals from said
MOS-gate terminal in the event the saturation voltage
reaches a level indicating an overcurrent condition in
said MOS-gated power transistor device; and

time delay means, coupled between an dutput of said
means for sensing and said means for removing, for
preventing the removal of said control signals when a
transient overcurrent condition is present at said
MOS-gated power transistor device for less than a time
period which would damage said MOS-gated power transistor
device after said MOS-gated power transistor device has
initially switched on.

2. A circuit as claimed in claim 1, wherein said sensing

means comprises:
comparator means having a first input coupled to said
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generating a signal to renove said control signals fromsaid MOS-gate
termnal if said saturation voltage or rel ated voltage exceeds said

ret erence vol t age. 18. A nmethod as clained in claim17, further
conprising reverse biasing a diode during an overcurrent condition when the
saturation voltage reaches the abnormal 2l evel and causing a vol tage across

a resistancepbQe@x¢aphsiditd Qfeeheiu: efdP| d egei idetiebyd fendedt viod tagied
i del ayaepsgﬁw?%‘?g Ep AR YORRATT gttt | ch ERER L3 @Y, O
such that safdrbE51@@madqmmu!ds said reference voltage input due to an

increased saturation voltage, said comparator means

generates a signal to said removing means for removing

sald control signals from said MOS-gate terminal.

3. A circuit as claimed in claim 2, further comprising a
diode having one terminal coupled to said MOS-gated power
transistor device at the potential of said saturation
voltage, and having another terminal coupled to resistor
means, the resistor means being coupled to said first
input of said comparator means and having a terminal
"coupled to a voltage reference level.

4, A circuit as claimed in claim 3, wherein said resistor
means comprises a voltage divider, the voltage divider
being coupled between said other terminal of said diode
and said voltage reference level and having a divider
point coupled to séid first input of said comparator means.

S. A circuit as claimed in claim 1, further comprising
time delay means for disabling said means for removing
during a start-up condition such that said MOS-gated power
transistor device can be initially switched on during said

start-up condition.

6. A circuit as claimed in claim 5, wherein said time
delay means for disabling said means for removing during a
start-up condition is provided between said MOS-gate
terminal of said MOS-gated power transistor device and 2

disable input of said comparator means.

7. A circuit as claimed in claim 5, wherein said time
delays means for disabling said comparator means during a
start-up condition is provided between an output of said

comparator means and a disable input of said driver means,
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transi stor device can be initially switched on during said start-up

condi‘ti on. 20. A nmethod as clainmed in claim19, wherein said step of
providing a tine delay, conprises disabling said step of renoving control
signals during a start-up condition. 21. A nmethod as clained in claiml16,

further conprising delaying said step 8f sensing in the event of transient
conditions at said MOS-gated power transistor device. 22. A nmethod as

claimed in cl aiaDdl Goend el ) sl SéRPrDéih@MPNLAJALOEPLESERPURURE RG1%AI d

control signaﬁiﬁé%éné%ggg

8. A circuit as claimed in claim 4, further comprising
capacitor means coupled to said voltage divider for
Providing a delay time in the event of transient
conditions at said MOS-gated power transistor device.

9. A circuit as claimed in claim 1, wherein said means
for removing said control signal comprises a switching
device coupled to said MOS-gate terminal of said MOS-gated
power transistor device for coupling said control signals
to ground.

10. A circuit as claimed .in claim 1, wherein said means
for removing comprises a disable input to said driver
means coupled to switching means provided in said driver
means for removiﬁg said control signals from said MOS-gate
terminal.

11. A circuit as claimed in claim 10, wherein said
switching means comprises means for discharging said
MOS-gate terminal.

12. A circuit as claimed in claim 11, further comprising a
gate resistance between said driver means and said
MOS-gate terminal, and further comprising a2 diode normally
reverse biased across said gate resistance during normal
conduction of said MOS-gated power transistor device, for
rapidly discharging said MOS-gate terminal during an
overcurrent condition through said switching means.

13. A circuit as claimed in claim 12, further comprising
an avalanche diode coupled in series with said gate
resistance, said avalanche diode being reversed biased in
avalanche mode during normal conduction of said MOS-gated
power transistor device and forward biased during an

R O ORI

This is the replacement sheet

16 0CT 1897

Date:



23. A nethod as clainmed in claim22, wherein said step of renoving
conprises discharging a voltage on said MOS-gate terninal. 24. A met hod
as‘claimed in claim23, further conprising discharging said voltage on said
MOS-gate term nal through a diode normally reverse biased during norna
conduction of said MOS-gated power trandi stor device.

overcurrent condition.

14. A circuit as claimed in claim 1, further comprising an
avalanche diode coupled between said MOS-gate terminal and
ground for protecting said MOS-gate terminal from over

voltage conditions.

1S. A circuit as claimed in claim 1, wherein said
MOS-gated power transistor device comprises an IGBT.

16. A method for detecting and protecting against an
overcurrent condition in a MOS-gated power transistor
switching device, the MOS-gated power transistor switching
device having main terminals and a MOS-gate terminal, the
main terminals having a range of normal saturation voltage
therebetween.during normal conduction of the MOS-gated
power transistor device, the method comprising:

providing control signals to the MOS-gate terminal of
the MOS-gated power transistor device for switching said
MOS-gated power transistor device on and off;

dividing the voltage across the main terminals of the
MOS-gated power transistor device;

sensing the divided voltage and comparing the divided
voltage with a2 threshold voltage;

removing said control signals from said MOS-gate
terminal in the event said saturation voltage reaches a
level indicating an overcurrent condition in said |
MOS-gated power transistor device; and

providing a time delay for preventing the removal of
said control signals when a transient overcurrent
condition is present at said MOS-gated power transistor
device for less than a time period which would damage said
MOS-gated power transistor device after said MOS-gated
power transistor device has initially switched on.

17. A method as claimed in claim 16, wherein said step of
sensing comprises:
comparing the divided with a reference voltage and

A0 )
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6 25, A nethod as clainmed in claim24, further conprising discharging
sai.d MOS-gate term nal through an aval anche diode normally reversed biased
i n aval anche node during normal conduction of said MOS-gated power

transi stor devi ce. 26. A nethod as clainmed in claim 16, further
conprising protecting said MOS-gate term nal from over vol tage conditions
usi ng an aval anche devi ce. 27. A nmethod as clainmed in claim16, wherein

sai d et hod . \
generating a signal to remove said control signals from
said MOS-gate terminal if said saturation voltage or
related voltage exceeds said reference voltage.

18. A method as claimed in claim 17, further comprising
reverse biasing a diode during an overcurrent condition
when the saturation voltage reaches the abnormal level and
causing a voltage across a resistance to exceed said
reference voltage thereby generxating said signal.

19. A method as claimed in claim 16, further comprising
providing a time delay disabling said step of comparing
during a start-up condition such that said MOS-gated power
transistor device can be initially switched on during saigd
start-up condition.

20. A method as claimed in claim 19, wherein said step of
Providing a time delay, comprises disabling said step of
removing control signals during a start-up condition.

21. A method as claimed in claim 16, further comprising
delaying said step of sensing in the event of transient
conditions at said MOS-gated power'transistor device.

22. A method as claimed in claim 16, wherein said step of
repoving comprises coupling said control signals to ground.

23. A method as claimed in claim 22, wherein said step of
removing comprises discharging a voltage on said MOS-gate
terminal.

24. A method as claimed in claim 23, further comprising
discharging said voltage on said MOS-gate terminal through
a2 diode normally reverse biased during normal conduction
of said MOS-gated power transistor device.
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protects a MOS-gated power transistor device conprising an | GBT. 28. A
method as clainmed in claim16 and further conprising the step of protecting
the MOS-gate term nal from an overvoltage condition by preventing the
MOS-gate term nal voltage fromrising a%ove an aval anche vol t age.

25. A method as claimed@ in claim 24, further comprising
discharging said MOS-gate terminal through an avalanche
diode normally reversed biased in avalanche mode during
normal conduction of said MOS-gated power transistor
device.

26. A method as claimed in claim 16, further comprising
protecting said MOS-gate terminal from over voltage
conditions using an avalanche device.

27. A method as claimed in claim 16, wherein said method
protects a MOS-gated power transistor device comprising an
IGBT. '

28. A method as claimed in.claim 16 and further comprising
the step of protecting the MOS-gate terminal from an
overvoltage condition by preventing the MOS-gate terminal
voltage from rising above an av;lanche'voltage.
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