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POWER MOSFET WITH ‘OVERCURRENT
AND OVER-TEMPERATURE PROTECTION

This invention relates to power MOSFETs and
more specifically relates to a pwer'.lVDSFEI.‘ having integrated on the
&mésaﬂamdn&rcﬁe,nmmlowwhumpraUEeamlmmmmmem;mnﬂwtkmcﬁmmﬁs.

This application is a di&isional application from U.K.
patent application No. 9418179.9.

Power MOSFETs are well known in the art. A
particularly well-known power MOSFET is manufactured and
sold by International Rectifier;porporation of
El Segundo, California, under its registered trademark
HEXFET. Such power MOSFETs are adapted to handle
electrical power of at least about 1 watt and can be
switched on and off by applying and removing a low
voltage control signal between the Qate and source
electrodes of the device. They are packaged.in various
package styles, for example, a TO-220 style package which -
typically presents three terminals, gate, source and
drain, for connection in an electrical circuit.

It is known to be desirable to turn off ‘a power
MOSFET, or otherwise control the circuit in which it is
connected, when the current flow between the source and
drain electrodes exceeds a particular value, for example,
5 times rated current, or when the die temperature
exceeds a certain value, for example 150°C. Some known
devices act to turn off a power MOSFET in response to
either high current or high temperature, and others
respond to either condition.

For example, one known device employs a small
bipolar thyristor die which is glued to the power MOSFET

;' i This Sheet Has Been Peplac
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Eomer MOSFETs are well known in the art. A particularly well-known power
MOSFET i s manufactured and sold by International Rectifier Corporation of
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die and turns on to connect the MOSFET gate to the MOSFET
source when the MOSFET die temperature exceeds a given
value. This device, however, has too long a thermal time
constant to offer short circuit protection.

S Another known device employs a small bipolar
transistor chip with emitter and collector electrodes
connected between the power MOSFET gate.and source
terminals. The bipolar transistor base to emitter
circuit is connected across a voltage dropping resistor

10 in the power MOSFET source circuit, so that the bipolar
transistor turns on under short circuit conditions to
short the power MOSFET gate to the source and limit
current. However, if the power FET is exposed to a high
current which is less than short circuit current, the

15 control bipolar transistor simply reduces the power'
MOSFET drive, causing very high power dissipation and
possible destruction of the device. Moreover, this
circuit does not monitor the temperature of the power
MOSFET die.

20 A third known device employs a current-sensing
power MOSFET which has a limited number of cells of the
MOSFET devoted to production of an output signal which is
representative of the main power current, and also has a
temperature monitoring circuit to monitor the temperature

25 of the MOSFET die. The circuits for these functions are
integrated into the power MOSFET die, but require an
auxiliary power source to power these circuits. This
auxiliary power is applied to the power MOSFET via a

- fourth terminal, in addition to the source, drain and

30 gate terminals. Consequently, the device is not pin
compatible with sxisting power MOSFETs.

A fourth known device provides current and
temperature sensing and has only three pins (gate, source

SPEC\49871
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“voltage control signal between the gate and source el ectrodes of the

devi ce. They are packaged in various package styles, for exanple, a TO 220
:Styl e package which typically presents three termnals, gate, source and
drain, for connection in an electrical circuit. It is known to be desirable
to turn off a power MOSFET, .or ot hervii Se "control the circuit in which it is

and drain) but this device embloys a 4K voltage dropping
resistor connected between the gate pin and gate
electrode in order to limit the input current in case of
a fault. The protect circuit then operates to turn on an

5 auxiliary MOSFET connected between the gate to source

- terminals of the power MOSFET to turn off the power
MOSFET under given overcurrent or over-temperature
conditions.

The voltage dropping resistor in the above

10 device is subject to stringent design tradeoffs. Thus,
if the resistor value is too low,'a high pin current will
be drawn through the turn-off MOSFET. 1If the'resistof
value is too high, switching time is increased fof the

main power FET.

15 BRIEF SUMMARY OF THE INVENTION
In accordance with the invention, the gate pin

and the input voltage for the power MOSFET is connected
to the gate electrode through a first series connected
control MOSFET. A second control MOSFET is connected

20 between the gate and source electrodes of the power
MOSFET. The gates of the first and second MOSFETs are
controlled by the outputs of the protect circuit such
that the first is turned off and the second is turned on
in response to a given fault condition. The protect

25 " circuit is powered by the input source voltage to the
series MOSFET. When on, the second MOSFET can have a
resistance of about 200 ohms. Thus, the switching time
of the main power device will be about 20 times that of
the prior art device using a 4,000 ohm resistor. The

30 current drawn from the gate pin and through the series
MOSFET is, typically, 660pA but can be lower, depending

SPEC\49371
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“connected, when the current.flow between the source and drain el ectrodes
exceeds a particular value, for exanple, 5 tines rated current, or when the
;di e tenperature exceeds a certain value, for exanple 150[err]C Sone known
devices act to turn off a power MOSFET in response to either high current
cr high tenperature, and others respond*to either condition.

[TrIS SHEET HAS BREN \
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on the design of the protect circuit which draws the

current.

The protect circuit operates such that, when an

overcurrent or over-temperature is measured by the

5 protect circuit, the first MOSFET turns off to isolate
the gate from input voltage and to limit the current
sinked by the gate pin, and the second MOSFET turns on to
short the power MOSFET gate to its source, thus turning
off the device at high speed.

10 The novel invention described above is
applicable to any power MOSFET type device over all
voltage and current ranges. This includes devices using
a MOSgate to control the switching on and off of a device
and expressly includes IGBTs, power integrated circuits,

15 MOSgate controlled thyristors (MCTs) and power FETs such
as the HEXFET device previously described.

In accordance with a further feature of the
invention, a novel "boot-strap" circuit is provided to
provide a gate voltage for the series MOSFET described

20 above which is higher than the input gate voltage of the
power MOSFET. ‘More specifiéally, if the power MOSFET is
an N channel device, and the series MOSFET is also an N
channel device, the gate voltage to turn on the series
MOSFET must be higher than the input gate voltage. The

25 novel boot strap circuit employs all N channel MOSFETSs
and contains a capacitor which, when charged, increases
the voltage on the gate of the series MOSFET to above the
voltage at the gate pin so that the series MOSFET can
turn on when potential is applied to the gate pin of the

30 power MOSFET.

o As a still further feature of the invention,
there is provided a novel temperature shutdown circuit

and a novel trimmer circuit for trimming the set
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“For exanple, one known device enpl oys a small bipolar thyristor die which
Is glued to the power MOSFET Hgvgnﬂﬁblhgglﬁﬂ:t) connect the MOSFET ate

.to the MOSFET source when the MO$
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dmgqﬁgggeratu e exceeds a given

temperature. The novel temperature shutdown circuit has
a first transistor circuit configured to prodﬁée a gate
voltage for a control MOSFET which increases with
temperature, and a second transistor circuit (inverter)
which has an input threshold with a negative temperature
coefficient. These two output characteristics are
combined such that their intersection defines a threshold
temperature which, if reached, produces an output to
trigger the turn-off of the main power MOSFET. The exact
value of the crossover can be trimmed by trimming the
working area of a transistor in a zero temperature
coefficient segment of the circuit.

A further feature of the present invention is a
novel structure and circuit to prevent conduction of the
P well containing the control components for the power
MOSFET if the N(-) substrate goes to a negative potential
relative to the source of the power MOSFET. More
specifically, a novel bipolar switching transistor is
built into the substrate adjacent the P well. This
transistor has its collector connected to the P well
whereby, if the N(-) substrate goes negative with respect
to the source, the bipolar transistor shorts the P well
to the N(-) substrate and prevents conduction of the
diode formed at the junction of the P well and N(-) body.

Other features and advantages of the present
invention will become appérent from the following
description of the invention which refers to the

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 shows a prior art overcurrent and

over-temperature control circuit for a power MOSFET.
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“val ue. This device, however, has too long a thermal tine constant to offer
short circuit protection. Anot hen |ce enploys a snmall bipolar
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fles connect ed between the
| transistor base to
pi ng resistor

EPLAGEDI pol
I s connected across a-v®ltage

Figure 2 shows a circuit diagram of the novel
circuit of the invention for deriving control circuit
power from the gate supply circuit.

Figure 3 shows a novel bootstrap circuit used
with the present invention to permit use of N channel
control MOSFETs in an N channel power MOSFET. '

Figure 4 shows a novel temperature shutdown
circuit for use with the circuits of Figures 2 and 3.

Figﬁres 4a and 4b show characteristic curves
for the circuit of Figure 4. _

Figure 5 shows a cross-section of a power
MOSFET die having a P well for receiving the control
circuits integrated into the die, and further shows a
novel circuit to prevent the forward bias of the
P well/N(-) substrate junction.

DETAILED DESCRIPTION OF THE DRAWINGS

Referring first to Figure 1, there is shown a
prior art power MOSFET, with over-temperature and
overcurrent protection circuits. The power MOSFET has a
conventional power section having gate, drain and source
terminals 10, 11 and 12. Integrated into the same die
which contains the power section is a control section
including a 4K resistor 13, a control MOSFET 14 and the
protect circuits 15. Note that the source acts as a
ground for the internal protective circuits. While not
shown, the power MOSFET section may have a current sense
section which delivers source current information to the
protect circuits 15. An input terminal 16 (sometimes
referred to as a gate or input pin) is the third terminal
pin of the device along with terminal pins 11 and 12.
Thus, the device is pin-compatible with power MOSFETSs

without integrated protective circuits.
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in the power MOSFET source circuitesq that the bipolar transistor turns on
under short circuit conditions t '@ﬂ&snEEﬁﬁAEQﬂﬁﬁ]gCSFET gate to the source

zand limt current. However, if the_povRBPLKEEpi S exjposed to a high current
which is less than short circuit curren The—contr ol bi pol ar transi stor
sinply reduces the power MOSFET drive, au5|ng very high power dissipation
and '

In cperation, the operating power for the
protect circuits is derived from input pin 16 which is
from 5 to 10 volts. 1In the absence of a fault, MOSFET 14
is off and no current flows in resistor 13. 1If a fault

5 condition occurs, MOSFET 14 turns on and, with a 200 ohm
MOSFET on-resistance, draws from 1250 puA to 2500 pA
through resistor 13, for a S volt and 10 volt supply
respectively at pin 16.

The value of resistor 13 is a tradeoff between

10 the switching time of the power MOSFET, which incréases
with higher resistance, and the current drain from input
pin 16, which increases as the value of resistor 13
reduces. A resistor value of 4000 ohms produces. a
switching time of about 15 microseconds and a current

15 drain on the input of 3 to 4 milliamperes (at a 10 volt
input) .

The novel circuit of Figure 2 provides the
necessary V., to power the protective circuits, but
retains much higher switching speed and a much lower

20 current drain on the input terminal. More specifically,
in Figure 2, components similar to those of Figure 1 have
the same identifying numerals although, in Figure 2, the
power MOSFET can be any MOSgated device, for example, an
IGBT or MOSgated thyristor or the like.

25 In the present invention, the resistor 13 of
Figure 1 is replaced by a MOSFET 20 which, like MOSFET
14, is controlled by an output from the protect circuits
15. MOSFETs 14 and 20 are oberated in opposite phase.

Thus, when a voltage appears at terminal 16 to

30 turn on the main power MOSFET, the MOSFET 14 is off and
MOSFET 20 turns on to charge the gate at terminal 10 of
the power MOSFET. .The MOSFET 20 is designed to produce a
resistance of about 200 ohms. -Therefore, it has only a

SPEC\49871
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\possi bl e destruction of the devige__Mreover, this circuit does not nonitor
the tenperature of the power FERISSHEETAIABERL Jnown devi ce enpl oys a
<-current-sensing power MOSFET whijch haBERLAGHB t € umber of cells of the
MOSFET devoted to production of an output stgmar—hhich is representative of
the main power current, and also has a ©® ~
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minor effect on the turn-on and turn-off switching times
of the power MOSFET which is 20 times faster than with
the 4000 ohm resistor of Figure 1.

To implement the circuit of Figure 2 With a
simple process, it is desirable that the power MOSFET is
an N channel device, and that the MOSFET 20 alsoc be an N
channel MOSFET. The gate voltage to turn on MOSFET 20,
however, is then higher than the voltage at the pin 16.

In accordance with the invention, a novel
"boét—strap" circuit, shown in Figure 3, is provided to
generate a high encugh gate voltage to operate MOSFET 20
if it is an N channel device.

Referring-to Figure 3, components similar to
those of Figure 2 are given the same identifying
numerals. Thus, pin 16 is connected in series with
MOSFET 20 to gate 10 of the power MOSFET section, and
MOSFET 14 connects pin 16 and MOSFET 20 to pin 12.

Also provided in Figure 3 is a boot-strap
capacitor 30 connected between the node between MOSFETs
14 and 20, and the node 31 between the gate electrode of
MOSFET 20 and a depletion mode MOSFET 32. The depletion
mode MOSFET 32 is connected to the gate and source of
depletion mode MOSFET 33. Node 31 is further connected
to a shutdown driver MOSFET 34 having a gate connected to
terminal 35 to which "smart" circuits which develop turn-

" off information produce an input to cause turn off of the

power MOSFET.

Also provided in Figure 3 is an added depletion
mode MOSFET 36 which provides an added current path to
ensure permanent turn-on of the power section and a
MOSFET 37, which acts as a diode, to ensure turn-off of

the power section in response to a signal at terminal 16.
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tenperature nonitoring circuit to nDnltor the tenperature of the MOSFET
die. The circuits for these fun ted into the power MOSFET
.die, but require an auxiliary p r these circuits. This
auxiliary power is applied to t Ma a fourth termnal, in
addition to the source, drain and gate termnals. Consequently, the device:
IS not pin : .

The operation of the boot-strap circuit of
Figure 3 is as follows: When a voltage V. is applied to
terminal 16, the potential at node 38 will follow V.
because MOSFET 39 is off. The transistor 32 next turns

5 on and node 31 begins to charge up to V.. Since node 31
is at V., MOSFET 20 turns partially on and starts to
charge the gate of the power MOSFET at terminal 10. When
terminal 10 reaches the threshold voltage of MOSFET 39,
it turns on. Node 38 then drops to ground and MOSFET 32

10 turns off. Node 31 is now floating, and capacitor 30
stays charged, and MOSFET 20 stays fully on. At the end
of this switching process, the voitage at node 31 is,
theoretically 2 x V., (but is less because of leakage and
charge sharing). The boot-strap capacitor 30 is a

15 | 1 picofarad capacitor. '

In order to turn off the power section in
response to an output from the intelligence section of
the circuit, a signal is applied to terminal 35 to turn
on MOSFET 34 and to cause the turn-off of the MOSFET 14

20 and the power circuit. |

It is to be understood that all components of
Figure 3 are N channel devices, integrated into the same
silicon die as the power section.

Figure 4 shows one of the intelligence circuits

25 which is operated from V., of Figures '2 and 3, and which
applies a turn-off signal to terminal 35 when a given
. over-temperature condition is measured. In Figure 4, the
pin 16 is connected to MOSFET 40, which is a constant
current source and then to MOSFET 41. The MOSFET 41 is
30 connected in parallel with other MOSFETs 42 to 46, which
' are trimmer areas which can bé removed from the circuit,

as will be later described.
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“corrpati ble with existing power MOSFETs. A fourth known device provides
current and tenperature sensing and has only three pi ns (gate, source
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The node 50 is intended to have a zero
temperature coefficient so that the potential at that
node, preferably about 1.6 volts for a selected process,
is fixed by trimming the area of transistor 41 and its
parallel transistors 42 to 46. The node 50 has a
constant voltage because its potential V,y can be
expressed as the sum of the threshold voltage Viy of
transistor 41 (a negative temperature coefficient) and
the quantity I,/g,, where I, is the drain current of
transistor 41 and g, is the g, of transistér 41. Since
g, has a negative temperature coefficient, the quantity
1,/9. haé a positive temperature coefficient.

The above is illustrated in Figure 4a where Vyy
is a fixed value for a given drain current for transistor
41. '

More specifically, the curve shown in Figure 4a
has the form: |

Ip = Kp (Vg - Vipy)?

The quantity ofleN_can be expressed as:

Vion = Vqy + {Ip/Kp
where K, has a negative temperature coefficient. Since
Kp has a negative temperature coefficient, the '
temperature coefficient of (f;EET is positive.

At a low current I, the value Vi -dominates,
producing an overall negative temperature coefficient.

At high I,, the value JE;EZT dominates, producing a
positive coefficient.

However, there is only one value of I, for
which
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and drain) but this device enploys a 4K vol tage droppi ng resistor connected
between the gate pin and gate electrode in order to |limt the input current
in case of a fault. The protect circuit then operates to turn on an

auxi | iary MOSFET connected between the gate to source ternmnals of the
power MOSFET to turn off the power MOS under given overcurrent or

over-tenperature
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This value represents the trimmed point of the

circuit, as is later described.

The potential at node 50 of Figure 4 is
connected to MOSFET 51 which is connected in series with
a MOSFET 52, operated as a current source. The voltage
at node 53 has a positive temperature coefficient, and is
applied to the gate of MOSFET 54. MOSFET 54 is connected
to the MOSFET 55.

The voltage at node 56 may now be considered,
and it will be seen that, for a temperature higher than a
given fixed value, the MOSFET 54 turns on and, for a
temperature lower than that value, it remains off. This
operation is demonstrated in Figure 4b, where curve Vss is
the voltage at node 53 (a positive temperature
coefficient) and Vqy is the threshold voltage of
transistor 54 (a negative coefficient). The intersection
of these curves defines the shutdown temperature since a
temperature higher than this value Tgyrpown turns on MOSFET 54
while a hmpaaumelower than this value leaves the MOSFET
54 off. .

The voltage at node 56 is then applied through
a logic inverter circuit to the shutdown input terminal
35 in Figure 3. Thus, when the temperature of the die
containing the power FET exceeds the temperature TsuuTpown
in Figure 4b, the power section is turned off. MOSFET 52

creates a positive feedback circuit and provides some

hysteresis on the value of Tgyrpown-

As stated previously, the size of transistors
41 to 46 must be trimmed to ensure a zero temperature
constant at node 50. The trimming is accomplished by
assigning different areas to transistors 41 to 46 and
then open-circuiting those transistors which must be
removed to provide the desired temperature compensation

—‘__‘
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‘conditions. The voltage dropping resistor in the above device is subject to
stringent design tradeoffs. Thus, if the resistor value is too |low, a high
.pin current will be drawn through the turn-off MOSFET. If the resistor
value is too high, switching tinme is increased for the main power FET.

THIS SHEET HAS BEEN
REPLACED

at node 50. By way of ekample, probe pads 60 to 64 can
be provided for transistors 46 to 42, respectively.
These pads can be connected to respective zener diodes,
not shown, which can be blown in short circuit by a
5 potential applied to the pad in orxder to remove one or
more of transistors 42 to 46 from the circuit. To carry-
out the trimming operation, the die is held at a
temperature of 160°C and a binary search is made to
determine which transistor areas must be removed for good
10 temperature compensation. The necessary zeners are then
‘ blown to short circuit their respective transistors in
the well-known manner.
Referring next to Figure 5, there is
illustrated a cross-section of a junction pattern of a
15 small part of a power MOSFET and the P well which carries
the control circuits which have been described. Thus, in
Figure 5, as section of a die is shown containing a
plurality of P+ base cells diffused into an N(-)
epitaxial body. The epitaxial body is commonly formed on
20 an N+ substrate which has a drain electrode 74 on its
bottom. A large number of cells can be used, frequently
in excess of several thousand, which are symmetrically
disposed over the surface of the N(-) body. The topology
of these cells can be as desired and they may have any
25 polygonal shape, such as hexagons, elongated rectangles
or squares. - The power section can also use an
interdigitated topology.
Each of the base cells contains a respective N+
source region to define invertible channel regions in the
30° P bodies which are covered by a gate oxide and then by
polysilicon gates 75 to 78. The gates are insulated and
a source electrode 79 dverlies the gates and the power

section.
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"4 Accordi ng to the present invention there is provided a tenperature
shutdown circuit for connection to the gate of an MOS-gated power devi ce,
.the tenperature shutdown circuit conprising:
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The other components, including all control
MOSFETs prev1ously described, are preferably formed in
one or more P wells, shown as P well 80.

It has been found thét, during operation of the
power section, the N(-) substrate can be negatively
biased relative to the source electrode 79. Thus, if the
P well 80 is directly connected to electrode 79 (source
12 in Fig. 2); the junction 81 will be forward biased.
This produces minority carrier injection into the P well
which will interfere with the operation of the components
in the P well. '

In accordance with another feature of the
invention, a bipolar transistor means 90 is formed in the
N(-) substrate, consisting of a P base 91 and N+
collector 92. The N(-) substrate is the emitter of the
transistor. The base 91 has a contact 93 connected to
source terminal 12, and the P well has a contact 94 also
connected to source 12 through 10 ohm resistor 95. The
actual value used must be so low that the bias current of
the control circuit does not offset, too greatly, the
ground of the control circuit with respect to source 12.
N+ region 92 is connected to contact 94 via conductor 96.

In operation, if the N(-) region goes negative
relative to the source 12, the transistor 90 turns on.
The N+ region potential, and thus the potential of P well

'_80, is then pulled down to the potential of the N{(-)

substrate to prevent the forward biasing of junctiqn 8l.
Although the present invention has been
described in relation to particular embodiments thereof,
many other variations and modifications and other uses
will become apparent to those skilled in the art. It is
preferfed, therefbre, that the present invention be
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\\II\\\\ il



a first circuit nmeans for. producing an output signal which rises as the
tenperature of the MOS-gated power device rises; a second circuit neans
whi ch has an input threshold | evel which decreases as the tenperature of
t he MOS-gated power device rises; and a third circuit nmeans for producing
an output signal to turn the MOS-gated péwer—dewi-eeqof f when t he out put
signal fromthe first circuit neaﬁsMﬁc%@Eﬁ%eWﬁ%vshol d level of the
second circuit neans. REPLACED :

limited not by the specific disclosure herein, but only
by the appended claims.
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In a preferred enbodinment the circuit further conprises a current source
nmeans coupled to the first and second circuits for producing a fixed
.reference output which is invariant with tenperature; the current source
means including a MOSFET device of tri bl e channel w dth for adjusting
t he val ue of ‘the reference output.,TH'e1 ovel invention described above is
applicable to any power MOSFET t ' | vol tage and current
ranges. This includes devices usi ntrol the switching on
and off of a device and expressly gower i ntegrated
circuits,

Claims

1. A trimmable shutdown circuit for comection to
the gate of a MOSgated power device; said temperature
shutdown circuit comprising positive temperature
coefficient circuit means for producing an output signal

5 which rises with increasing die temperature; a negative
temperature coefficient comparator circuit which has an
input threshold signal which reduces with increasing die
temperature; and circuit means for producing an output
signal to turn off said MOSgated device.

2. The device of claim 1 which includes a
current source means coupled to said positive and
negative circuits for establishing a fixed reference
output which is invariant with temperature; said current

5 source means including a MOSFET device of trimmable
channel width to adjust the value of said fixed reference

output.
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;NCSgate controlled thyristors (MCTs) and power FETs such as the HEXFET
devi ce previously descri bed. 5 Ot her features and advantages of the

.present invention will become apparent fromthe
16

POWER MOSFET WITH OVERCURRENT

'AND OVER-TEMPERATURE PROTECTION
THIS SHEET HAS BEEN
REPLACED

A trimmable shut down circuit for connection to the

gate of a MOSgated device (54) has a circuit which
produces. an output signal which increases with
temperature. This signal is fed to a comparator circuit

which has a threshold which decreases with temperature.



foll owi'ng description of the invention which refers to the acconpany
drawi ngs. Figure 1 shows a prior art overcurrent and over-tenperature
control circuit for a power MOSFET.;
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Ficure 2 shows a circuit diagramof the circuit for
deriving control circuit power fromthe gate supply CIrCUIt Figure 3 shows
a bootstrap circuit used with the present invention to permt use of
N channel control MOSFETs in an N channel power MOSFET. Ficure 4 shows a

novel tenperature shutdown
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circuit for use with the circuits of Figures 2 and 3. Ficures 4a and 4b
show characteristic curves for the circuit of Figure 4. Figure 5 shows a
.cross-section of a power MOSFET die having a P well

control circuits integrated int{
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P owel I/ N(-) substrate junction. DETAILED DESCRI PTI ON OF THE DRAW NGS
Referring first to Figure 1, there is shown a prior art power MOSFET, with
-over-tenperature and overcurrent protection circuits. The power MOSFET has

a conventional power section havi NguBadgeTdAN BeeNg source termnals 10, 11
and 12. Integrated into the same die grgpacED
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whi ch contains the power section is a control section including a 4K
resistor 13, a control MOSFET 14 and the protect circuits 15. Note that the

source acts as a ground for the i ; circuits. Wile not
shown, the power MOSFET section WHISMEE HA® BEBN [sense section which
delivers source current informatilon t oOREPMAQRDOt ect |circuits 15. An input
termnal 16 (sonetines 5/5 o
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referred to as a gate or input pin) is the third termnal pin of the device

along with termnal pins 11 and 12.° Thus, the device is_an-eeﬁpar+bf%;¥Tth
MOSFETs wi thout i | Nrkui | REPLACEMENT SHEE

power
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1. A trimmable shutdown circuit for comection to
the gate of a MOSgated power device; said temperature
shutdown circuit comprising positive temperature
coefficient circuit means for producing an output signal
which rises with increasing die ﬁemperature; a negative
temperature coefficient comparator circuit which has an
input threshold signal which reduces with increasing die
temperature; and circuit means for producing an output
signal to turn off said MOSgated device. |

2. The device of claim 1 which includes a
current source means coupled to said positive and
negative circuits for establishing a fixed reference
output which is invariant with temperature; said current
source means including a MOSFET device of trimmable
channel width to adjust the value of said fixed reference

output.

\\_.\\
This Sheet Has Bee

e

i

L g

] s *

Selt}R



-7- 1n operation the oper'ati ng powe'r for the protect cir

cuits is

frominput pin 16 which-is from5 to 10 volts. In the
MOSFET 14 is off and no current B 13.
occurs, MOSFET 14 turns on and,| WHSH Hhm I\/[_PSFET )n

from1250 pAto 2500 [err] A '___ —

15 ‘i(,o‘bf’l"’
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1. A temperature shutdown circuit for connectlbn to the gate of an MOS-gated power

device, the temperature shutdown circuit comprising:

a first circuit means for producing an output 51gnal which rises as the temperature of

the MOS-gated power device rises;

a second circuit means which has an- mput threshold level which decreases as the

temperature of the MOS-gated power device rises; and

a third circuit meansfor producing an output signal to turn the MOS-gated power
device off when the output signal from the first circuit means exceeds the threshold level of

the second circuit means. -

2. A circuit as claimed in claim 1 and further comprising a current source means coupled
to the first and second circuits for producing a fixed reference output which is invariant with
temperature; the current source means including a MOSFET device of trimmable channel
width for adjusting the value of the reference output.
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t hrough resistor 13, for a 5 volt and 10 volt supply resq
“16. The value of resistor 13 is a tradeoff between the svﬁ&@LﬁﬁEﬁfﬁhégﬁﬁﬁT
" the power MOSFET, which increases with higher resistance, dnd the curren

drain frominput pin 16, which increases as the val ue of |ré¢si $90CTLHIg
reduces. A resistor value of 4000 ohns produces a

- 1 -

POWER MOSFET WITH OVERCURRENT
AND OVER-TEMPERATURE PROTECTION

This invention relates to power MOSFETs and
more specifically relates to a power MOSFET having integrated on the
same semiconductor die, novel over-temperature and overcurrent protection circuits.

_ This application is a divisional application from U.K.
patent application No. 9418179.9.

Power MOSFETs are well known in the art. A
particularly well-known power MOSFET is manufactured and
sold by International Rectifier Corporation of
El Segundo, California, under its registered trademark
HEXFET. Such power MOSFETs are adapted to handle
electrical power of at least about 1 watt and can be
switched on and off by applying and removing a low
voltage control signal between the gate and source
electrodes of the device. They are packaged in various

" package styles, for example, a TO-220 style package which
typically presents three terminals, gate, source and
drain, for connection in an electrical circuit.

It is known to be desirable to turn off a power
MOSFET, or otherwise control the circuit in which it is
connected, when the current flow between the source and
drain electrodes exceeds a particular value, for example,
5 times rated current, or when the -die temperature
exceeds a certain value, for example 150°C. Some known
devices act to turn off a power MOSFET in response to
elther high Currenty or: h;ghftsmperature, and others

i ew"-ﬁ e

respond to either condltlon‘. _
For example, one known dev1ce employs a small
bipolar thxrlstopﬂdle,yhlch is glued to the power MOSFET

Ce e L
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smntchlng time of about 15 m croseconds and a current_drain on the input of

3to4 mllianperes (at a 10 volt input). The h 2
provi des the necessary V[err] to power the protecti gE EKCE&@@U#QQEE bt ai ns

much hi gher switching speed and a nuch | ower- curren{ ¢@rain on the ihput
terminal. More specifically, P 19 OCT 1995

die and turns on to connect the MOSFET gate to the MOSFET

source when the MOSFET die temperature exceeds a given
valua. This device, however, has too long a thermal time
constant to offer short circuit protection.

Another known device employs a small bipolar
transistor chip with emitter and collector electrodes
connected between the power MOSFET gate and source
terminals. The bipolar transistor base to emitter
circuit is connected across a voltage dropping resistor
in the power MOSFET source circuit, so that the bipolar_.
transistor turns oﬁ under short circuit conditions to
short the power MOSFET gate to the source and limit
current. However, if the power FET is exposed to a high
current which is less than short circuit current, the
control bipolar transistor simply reduces the power
MOSFZT drive, causing very high power dissipation and
possible destruction of the device. Moreover, this
circuit does not monitor the temperature of the power
MOSFZT die.

A third known device employs a current-sensing
power MOSFET which has a limited number of cells of the
MOSF=ZT devoted to production of an output signal which is
representative of the main power current, and also has a
temperature monitoring circuit to monitoxr the témperature
of the MOSFET die. The circuits for these functions are
integrated into the power MOSFET die, but require an
auxiliary power source to pOWer these circuits. This
auxiliary power is applied to the power MOSFET via a
fourth terminal, in addition to the source, drain and
gate terminals. Conseguently, the device is not pin
compatible with =2xisting power MOSFETSs.

A fourth known device provides current and

temperature sensing and has only three pins (gate, source

—
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in"Figure 2, conmponents simlar to those of Figure 1 have the sane
.identifying nunerals although, in Figure 2, the power MOSFET can be any

"MOSgat ed device, for exanple, an | GBT or MOSgat ed thyristor or the like.

ted by a

the circuit of Figure 2, the resistor 13 of Fi
omthe

MOSFET 20 which, |ike MOSFET 14, is Contr°||RﬂPEKCENﬁQﬁfSﬁ'
protect circuits | e lalia

19 OCT 1996

and drain) but this device employs a 4K voltage dropping
resistor connected between the gate pin and gate
electrode in order to limit the input current in case of
a fault. The protéct circuit then operates to turn on an
auxiliary MOSFET connected between the gate to source
terminals of the power MOSFET to turn off the power
MOSFET under given overcurrent or over-temperature
conditions.

' The voltage dropping resistor in the above
device is subject to stringent design tradeoffs. Thus,
if the resistor value is too low, a high pin current will
be drawn through the turn-off MOSFET. If the resistor
value'is too high, switching time is increased for the

main power FET.

BRIEF SUMMARY QF THE INVENTION

In accordance with the invention, the gate pin
and the input voltage for the, power MOSFET is connected
to the gate electrode through a first series connected
control MOSFET. A second control MOSFET is connected
between the gate and source electrodes of the power
MOSFET. The gates of the first and second MOSFETs are
controlled by the outputs of the protect circuit such
that the first is turned off and the second is turned on
in response to a given fault condition. The protect
circuit is powered by the input source voltage to the
series MOSFET. When on, the second MOSFET can have a
resistance of about 200 ohms. Thus, the switching time
of the main power device will be about 20 times that of
the prior art device using a 4,000 ohm resistor. The
current drawn from the éate pin and through the series
MOSFET is, typically, 660pA but can be lower, depending
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15. MOSFETs 14 and 20 are operated in opposite phase. Thus, when a voltage
. appears at termnal 16 to turn on the main pawer MXSEET __the MOSFET 14 is
of f and MOSFET 20 turns on to charge the gat%ﬁ?LACﬁR@fﬁ?BFF fof the power
MOSFET. The MOSFET 20 is designed to producq g—+est+stance bout 200
ohnms. Therefore, it has only a
-4 - 19 OCT 1996

on the design of the protect circuit which draws the
current.

The protect circuit operates such that, when an
overcurrent or over-temperature is measured by the
protect circuit, the first MOSFET turns off to isblate'
the gate from input voltage and to limit the current
sinked by the gate pin, and the second MOSFET turns on to
short the power MOSFET gate to its source, thus turning
off the device at high speed.

The novel invention described above is
applicable to any power MOSFET type device over all
voltage and current ranges. This includes devices using
a MOSgate to control the switching on and off of a device
and expressly includes IGBTs, power integrated circuits,
MOSgate controlled thyristors (MCTs) and power FETs such
as the HEXFET device previously described.

In accordance with a further feature of the
invention, a novel "boot-strap" circuit is provided to
provide a gate voltage for the series MOSFET described
above which is higher than the input gate voltage of the
power MOSFET. More specifically, if the power MOSFET is
an N channel device, and the series MOSFET is also an N
channel device, the gate voltage to turn on the series
MOSFET must be higher than the input gate voltage. The
novel boot strap circuit employs all N channel MOSFETs

" and contains a capacitor which, when charged, increases
the voltage on the gate of the series MOSFET to above the
voltage at the gate pin so that the series MOSFET can
turn on when potential is applied to the gate pin of the
power MOSFET.

As a still further feature of the invention,
there is provided a novel temperature shutdown circuit

and a novel trimmer circuit for trimming the set
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8 minor effect on the turn-on and turn-off switchi ng tirres of t he power
MOSFET which is 20 tines faster than with th¢ ZQ ﬁﬂﬁh ar of Figure
1. To inplenent the circuit of Figure 2 with RE-JAC MENT Sih

E

L.-.

19 0CT 1996

temperature. The novel temperature shutdown circuit has
a first transistor circuit'configured to produce a gate
voltage for a control MOSFET which increases with
temperature, and a second transistor circuit (inverter)
which has an input threshold with a negative temperature
coefficient. These two output characteristics are
combined such that their intersection defines a threshold
temperature which, if reached, produces an output to
trigger the turn-off of the main power MOSFET. The exact
value of the crossover can be trimmed by trimming the
working area of a transistor in a zero temperature
coefficient segment of the circuit.

A further feature of the present invention is a
novel structure and circuit to prevent conduction of the
P well containing the control components for the power
MOSFET if the N(-) substrate goes to a negative potential
relative to the source of the power MOSFET. More
specifically, a novel bipolar switching transistor is
built into the substrate adjacent the P well. This
transistor has its collector connected to the P well
whereby, if the N(-) substrate goes negative with respect
to the source, the bipolar transistor shorts the P well
to the N(-) substrate and prevents conduction of the
diode formed at the junction of the P well and N(-) body.

Other features and advantages of the present
invention will become apparent from the following
'description of the invention which refers to the

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 shows a prior art overcurrent and

over-temperature control circuit for a power MOSFET.

heet Has Been Replaced
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sinple process, it is desirable that the power EET _is..an.N_channel
device, and that the MOSFET 20 al so be an N channQli:-;?;Aj\}{tiﬁ:fi‘._i 8HHE
voltage to turn on MOSFET 20, however, is then hi"”'T T age at
the pin 16. A "boot-strap” circuit, shown in FigLr 1 fqéyglda to
generate a high enough gate voltage to operate MPSEFET 2

- 6 -

Figure 2 shows a circuit diagram of the novel
circuit of the invention for deriving control circuit
power from the gate supply circuit.

Figure 3 shows a novel bootstrap circuit used
with the present invention to permit use of N channel
control MOSFETs in an N channel power MOSFET.

Figure ¢ shows a novel temperature shutdown
circuit for use with the circuits of Figures 2 and 3.

Figures 4a and 4b show characteristic curves
for the circuit of Figure 4.

Figure 5 shows a cross-section of a power
MOSFET die having a P well for receiving the control
circuits integrated into the die, and further shows a2
novel circuit to prevent the forward bias of the
P well/N(-) substrate junctioén.

DETAILED DESCRIPTION_ OF THE DRAWINGS

Referring first to Figure 1, there is shown a
prior art power MOSFET, with over-temperature and
overcurrent protection circuits. The power MOSFET has a
conventional power section having gate, drain and source
terminals 10, 11 and 12. Integrated into the same die
which contains the power section is a control section
including a 4K resistor 13, a control MOSFET 14 and the
protect circuits 15. Note that the source acts as a
ground for the internal proteétive.circuits. While not
shown, the power MOSFET section may have a current sense
section which delivers source current information to the
protect circuits 15. An input terminal 16 (sometimes
referred to as a gate or input pin) is the third terminal
pin of the devicé along with terminal pins 11 and 12.
Thus, the device is pin-compatible with power MOSFETs

without integrated protective circuits.
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if*it is an N channel device. Referring to Flgure 3, conponents simlar to
;those of Figure 2 are given the same identif ~thus, pin 16 is
connected in series with MOSFET 20 to gate- FET secti on,
and MOSFET 14 connects pin 16 and MOSFET 2 rovided in

Figure 3 is a boot-strap

In cperation, the operating power for the
protect circuits is derived from input pin 16 which is
from 5 to 10 volts. In the absence of a fault, MOSFET 14
is off and no current flows in resistor 13. If a fault
condition occurs, MOSFET 14 turns on and, with a 200 ohm
MOSFET on-resistance, draws from 1250 puA to 2500 pA
through resistor 13, for a 5 volt and 10 volt supply
respectively at pin 16. :

The value of resistor 13 is a tradeoff between
the switching time of the power MOSFET, which increases
with higher resistance, and the current drain from input
pin 16, which increases as the value of resistor 13
reduces. A resistor value of 4000 ohms produces a
switching time of about 15 microseconds and a current
drain on the input of 3 to 4 milliamperes (at a 10 volt
input).

The novel circuit of Figure 2 provides the
necessary V., to power the protective circuits, but
retalns much higher sw1tch1ng speed and a much lower
current drain on the input terminal. More specifically,
in Figure 2, components similar to those of Figure 1 have
the same identifying numerals although, in Figure 2, the
power MOSFET can be any MOSgated device, for example, an
IGBT or MOSgated thyristor or the like.

In the present invention, the resistor 13 of
Figure 1 is replaced by a MOSFET 20 which, like MOSFET
14, is controlled by an output from the protect circuits
15. MOSFETs 14 and 20 are operated in opposite phase.

Thus, when a voltage appears at terminal 16 to
turn on the main power. MOSFET, the MOSFET 14 is off and
MOSFET 20 turns on to charge the gate at terminal 10 of
the power MOSFET. The MOSFET 20 is designed to produce a
resistance of about 200 ohms. Therefore, it has only a

........... et _‘
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capaci tor 30 connected between the node between MOSFETs 14 and 20, and the
.node 31 between the gate el ectrode of MOSFET 20 and a depl eti on node MOSFET
32. The depl etion node MOSFET 32 is connécted td at d; it ce of

depl eti on node MOSFET 33. Node 31 is further corggggégﬁﬁg]g? $u£ own driver
MOSFET 34 having a gate connected to term nal 3§ which "smar§"fcircuits

whi ch devel op turn- -8 - 19OCT 1996

minor effect on the turn-on and turn-off switching times
of the power MOSFET which is 20 times faster than with
the 4000 ohm resistor of Figure 1.

To implement the circuit of Figure 2 with a
simple process, it is desirable that the power MOSFET is
an N channel device, and that the MOSFET 20 also be an N
channel MOSFET. The gate voltage to turn on MOSFET 20,
however, is then higher than the voltage at the pin 16.

In accordance with the invention, a novel
"boot-strap" circuit, shown in Figure 3, is provided to
generate a high enough gate voltage to operate MOSFET 20
if it is an N channel device.

Referring to Figure 3, components similar to
those of Figure 2 are given the same identifying
numerals. Thus, pin 16 is connected in series with
MOSFET 20 to gate 10 of the power MOSFET section, and
MOSFET 14 connects pin lé and MOSFET 20 to pin 12.

Also provided in Figure 3 is a boot-strap
capacitor 30 connected between the.node between MOSFETs
14 and 20, and the node 31 between the gate electrode of
MOSFET 20 and a depletion mode MOSFET 32. The depletion
mode MOSFET 32 is connected to the gate and source of
depletion mode MOSFET 33. Node 31 is further connected
to a shutdown driver MOSFET 34 having a gate connected to
terminal 35 to which "smart" circuits which develop turn-
off information produce an input to cause turn off of the
power MOSFET. '

Also provided in Figure 3 is an added depletion
mode MOSFET 36 which provides an added current path to
ensure permanent turn-on of the power section and a
MOSFET 37, which acts as a diode, to ensure turn-off of
the power section in response to a - signal at terminal 16.

is Sheet Has Been Replaced
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of f informati on produce an input to cause turn off of the power MOSFET.
Al'so provided in Figure 3 is an added depl eti on node MOSFET 36 which

provi des an added current path to ensure:pernayﬁgééggﬁg@Tp

section and a MOSFET 37, which acts as a diode
power section in response to a signal at termpa

I

e power
@ngf of the

16.
. 19 OCT 1996

The operation of the boot-strap circuit of
Figure 3 is as follows: When a voltage V., is applied to
terminal 16, the potential-at node 38 will follow V_
because MOSFET 39 is off. The transistor 32 next turns
on and node 31 begins to charge up to V.. Since node 31
is at V., MOSFET 20 turns partially on and starts to
charge the gate of the power MOSFET at terminal 10. When
terminal 10 reaches the threshold voltage of MOSFET 39,
it turns on. "Node 38 then drops to ground and MOSFET 32
turﬁs off. Node 31 is now floating, and capacitor 30
stays charged, and MOSFET 20 stays fully on. At the end
of this switching process, the voltage at node 31 is,
theoretically 2 x V., (but ‘is less because of leakége and
charge sharing). The boot-strap capacitor 30 is a
1 picofarad capacitor.

In order to turn off the power section in
response to an output from the inteiligence section of
the circuit, a signal is applied to terminal 35 to turn
on MOSFET 34 and to cause the turn-off of the MOSFET 14
and the power circuit.

It is to be understood that all components of
Figure 3 are N channel devices, integrated into the same
silicon die as the power section.

Figure 4 shows one of the intellicence circuits
which is operated from V. of Figures 2 and 3, and which
'applies a turn-off signal to terminal 35 when a given
over-temperéture condition is measured. In Figure 4, the
pin 16 is connected to MOSFET 40, which is a constant
current source and then to MOSFET 41. The MOSFET 41 is
connected in parallel with othexr MOSFETs 42 to 46, which
are trimmer areas which can be removed from the circuit,

as will be later described.

. This Sheet Has Becn Replaced

[



-9: The operation of the boot-strap circuit of Figure 3 is as follows: Wen

.a voltage V[err] is applied to term nal 16, the _patential at.-nede 38 wl|
foltow Verr] REPLACENENT SHET
19 OCT 1996
- 10 -

The node 50 is intended to have a zero
temperature coefficient so.that the potential at that
node, preferably about 1.6 volts ror ‘a selected process,
is fixed by trimming the area of tranSLStor 41 and its
parallel transistors 42. to 46. The node 50 has a
constant voltage because its potential V,y can be
expressed as the sum of the threshold voltage Vqyy of
transistor 41 (a negative temperature coefficient) and
the quantity I,/g,, where I, is the drain current of
transistor 41 and 9m is the g, of transistor 41. Since
9, has a negative temperature coefficient, the quantity
I,/9n has a positive temperature coefficient.

The above is illustrated in Figure 4a where Vg
is a fixed value for a given drain current for transistor
41.

' More specifically, the curve shown in Figure 4a
has the form:

Ip = Kp (V, - Vipy)?

The quantity of V,y can be expressed as: .

Vion = Vry + (I:)_/_;(_P-
where K, has a negative temperature coefficient. Since
K has a negative temperature coefficient, the
temperature coefficient of I,/K; 1is positive.

At a low current I, the value Vqy dominates,
producing an overall negative temperature coefficient.

At high I,, the value jf;ﬁar dominates, producing a
positive coefficiént. | '

However, there is only one value of I, for

which

a VSON

= 0. - This Sheet Has Been R eplaced
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because MOSFET 39 is off. The transistor 32 next-—iurns..on.and._node 31

.begins to charge up to V[err]. Since node 31 is R{PDA@?N&@%EE%E?QT 20 turns
at

partially on and starts to charge the gate of th t erm nal

10. Wien termnal 10 reaches the threshold vol} b@ﬁﬁgg it turns
on. Node 38 then drops to ground "and NMOSFET 32 fu ns OP 31 IS now
fl oating, and capacitor 30

This value represents the trimmed point of the
circuit, as is later described.

The potential at node S0 of Figure 4 is
connected to MOSFET 51 which is connected in series with’
a MOSFET 52, operated as a current source. The voltage
at node S3 has a positive temperature coefficient, and is.
applied to the gate of MOSFET 54. MOSFET 54 is connected
to the MOSFET 55.

The voltage at node 56 may now be considered,
and it will be seen that, for a temperature higher than a
given fixed value, the MOSFET 54 turns on and, for a
temperature lower than that value, it remains off. This
operation is demonstrated in Figure 4b, where curve Vs is
the voltage at node 53 (a positive temperature
coefficient) and Vqy is the threshold voltage of
transistor 54 (a negative coefficient). The intersection
of these curves defines the shutdown temperature since a
temperature higher than this value Tsyyrpown turns on MOSFET 54
while a temperature Iower than this value leaves the MOSFET
54 off.

The voltage at node 56 is then applied through
a logic inverter circuit to the shutdown input terminal
35 in Figure 3. Thus, when the temperature of the die
containing the power FET exceeds the temperature Tsyyrpown
in Figure 4b, the power section is turned off. MOSFET 52
creates a positive feedback circuit and provides some
hysteresis on the value of Tsyyrpown-

As stated previously, the size of transistors
41 to 46 must be trimmed to ensure a zero temperature
constant at node 50.. The trimming is accomplished by
assigning different areas to transistors 41 to 46 and
then open-circuiting those transistors which must be

removed to provide the desired temperature compensation
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stays charged, and MOSFET 20 stays fully on. At the end of this swi t chi ng
. process, the voltage at node 31 is, theoretically 2 x Vierr], (but is |less

because of

pi cof arad capacitor. In order to turn of f the

an out put f

| eakage and charge sharlng) The bophg tﬂgﬁhfﬁgﬁgu&fi 30 is atl
' esponse to

the intelligence section of
romine tntetity N 19 OCT 1996

at node 50. By way of example, probe pads 60 to 64 can
be provided for transistors 46 to 42, respectively.
These pads can be connected to respective zener diodes,
not shown, which can be blown in short circuit by a
potential applied to the pad in order to remove one or
more of transistors 42 to 46 from the circuit. To carry
out the trimming operation, the die is held at a
temperature of 160°C and a binary search is made to
determine which transistor areas must be removed for good
temperature compensation. The necessary zeners are then
blown to short circuit their respective transistors in
the well-known manner.

Referring next to Figure 5, there is
illustrated a cross-section of a junction pattern of a
small part of a power MOSFET and the P well which carries
the control circuits which have been described. Thus, in
Figure 5, as section of a die is shown containing a
plurality of P+ base cells diffused into an N(-)
epitaxial body. The epitaxial body is commonly formed on
an N+ substrate which has a drain electrode 74 on its
bottom. A large number of cells can be used, frequently
in excess of several thousand{ which are symmetrically
disposed over the surface of the N(-) body. The topolegy
of these cells can be as desired and they may have any
polygonal shape, such as hexagons, elongated rectangles
or squares. The power section can also use an
interdigitated topology.

Each of the base cells contains a respective N+
source region to define invertible channel regions in the
P bodies which are covered by a gaté oxide and then by
polysilicon gates 75 to 78. The gates are insulated and
a source electrode 79 overlies the gates and the power

section.
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the circuit, a signal is applied to termnal 35 to turn on NCSFET 34 and to
~cause the turn-off of the MOSFET 14 and the pOMﬁf it EE 0 be
understood that all conponents of Figure 3 are %QBE&G%M* Qéﬂ‘i

integrated into the same silicon die as the power {SEEtT0n. Fi gufe|4 shows
one of the intelligence circuits 9f the present Hvemgmnm“wgb '

The other components, including all control
MOSFETs previously described, are preferably formed in
one or more P wells, shown as P well 80.

It has been found that, during operation of the
power section, the N(-) substrate can be negatively
biased relative to the source electrode 79. Thus, if the
P well 80 is directly connected to electrode 79 (source
12 in Fig. 2), the juncﬁion 81 will be forward biased.
This produces minority carrier injection into the P well
which will interfere with the operation of the components
in the P well. '

In accordance with another feature of the
invention, a bipolar transistor means 90 is formed in the
N(-) substrate, consisting of a P base 91 and N+
collector 92. The N{(-) substrate is the emitter of the
transistor. The base 91 has a contact 93 connected to
source terminal 12, and the P well has a contact 94 also
connected to source 12 through 10 ohm resistor 95. The
actual value used must be so low that the bias current of
the control circuit does not offset, too greatly, the
ground of the control circuit with respect to source 12.
N+ region 92 1is connected to contact 94 via conductor 56.

In operation, if the N(-) region goes negative
relative to the source 12, the transistor 90 turns on.
The N+ region potential, and thus the potential of P well
80, is then pulled down to the potential of the N{-)
substrate to prevent the forward biasing of junction 81.

- 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 tﬁose skilled in the art. It is

preferred, therefore, that the present invention be

Tlns Sheet Has Been Repl
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which is operated fromV[err] of Figures 2 and 3, and which applies a
.turn-off signal to termnal 35 when a given over-tenperature condition is
nmeasured. In Figure 4, the pin 16 is connected ggh-“ i N is a
constant current source and then to MOSFET 41. TH O S nnect ed
in parallel with other MOSFETs 42 to 46, which are%trlnner ar eas| whi ch can
be removed fromthe circuit, - 14 - } 19 OCT 1996

limited not by the specific disclosure herein, but only
by the appended claims.
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as will

be | ater descri bed. - 10 - The node 50 is intended to have a

. zero tenperature coefficient so that the potential at that

Claims

REPLACEMENT SHEET‘
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1. A trimmable shutdown circuit for comection to
the gate of a MOSgated power device; said temperature
shutdown circuit comprising positive temperature
coefficient circuit means for producing an output signal
which rises with increasing die temperature; a negative
temperature coefficient comparator circuit which has an
input threshold signal which reduces with increasing die
temperature; and circuit means for producing an output
signal to turn off said MOSgated device.

2. The device of claim 1 which includes a
current source means coupled to said positive and
negative circuits for establishing a fixed reference
output which is invariant with temperature; said current
source means including a MOSFET device of trimmable
channel width to adjust the value of said fixed reference

output.

A

“This Sheet Has Been Replaced

[T




node, preferably about 1.6 volts for a selected process, is fixed by
_trimmng the area of transistor 41 and its parallel transistors 42 to 46.
The node 50 has a constant voltage because its potential V[err] can be
expressed as the sumof the threshold voltage V[err] of transistor 41 (a
negative tenperature coefficient) and the quantity I[err]/g[err], where
I[err] is the drain current’ of 16

POWER MOSFET WITH OVERCURRENT

AND OVER-TEMPERATURE PROTECTION

ABSTRACT OF DISCLOSURE

A trimmable shut down circuit for connection to the
gate of a MOSgated device (54) has a circuit which
produces an output signal which increases with

temperature. This signal is fed to a comparator circuit

which has a threshold which decreases with temperature.
)

FIGURE 4

IR




transistor 41 and g[err] is the g[err] of transist Lnce glerr] has a
.negative tenperature coefficient, the quantity I[ PLACEWN

tenperature coefficient. The above is illustrated/i A

is a fixed value for a given drain current for trgan |s,t¢)b %1. Mor
specifically, the curve shown in Figure 4a CT 1996
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has the form I[err] = Klerr] (Verr]

. V[err] can be expressed as:
negative tenperature coefficient.

VC <

- V[err]) [err] The quantity of
Vl[err] = V[err]H + [err] where Klerr] has a

Since Klerr] has a negative tenperature

coefficient, the tenperature coefficient of [err] is pj'ﬁptxﬁEM NT SHEE
| N SREET
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At" a low current I[err],

. hegative tenperature coeff|C|ent

domi nat es,

value of I[err] for which [err]
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- 17 - This value represents the tri poi nt of tLe circuit,

as i1 s

descri bed. The potential at node 50 of” Figure 4 is
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¢dhnected to MOSFET 51 which.is connected in series with a MOSFET 52,
;operated as a current source. The voltage at node 53 has .a positive

tenperature coefficient, and-is applied to the gate of FEHEET4
is connected to the MOSFET 55. The vol tage% §era%l‘§‘§‘mm
considered, and it will be seen that, for gﬁﬁerq ure hilgher thﬂﬂﬁaﬁﬁg

WDS wm

POWER MOS-GATED DEVICE WITH
OVER-TEMPERATURE PRQTECTION

This invention relates to a power MOS-gated device
and more specifically to a power MOS-gated device having an

over-temperature protection circuit.

This application is a divisional application from U.K.
patent application No. 9418179.9.

_ Power MOSFETs are well known in the art. A
ﬁarticularly well-known power MOSFET is manufactured and
sold by International Rectifier Corporation of
El Segundo, California, under its registered trademark
HEXFET. Such power MOSFETs are adapted to handle
electrical power of at least about 1 watt and can be
switched on and off by applying and removing a low
voltage contrel signal between the gate and source
electrodes of the device. They are packaged in various
package styles, for example, a TO-220 style package which
tyrically presents three terminals, gate, source and
drain, for connection in an electrical circuit.

It is known tc be desirable to turn off a power
MOSFET, 'or otherwise control the circuit in which it is
connected, when the current flow between the source and
"drain electrodes exceeds a particular‘value, for example,
S times rated current, or when the dié temperature
exceeds a certain value, for example 150°C. Some known
devices act to turn cfI a power MOSFET in response to
either high current cr high cempera:ute, and others
respond to either con<dition.
For example, cne known device employs a small
bipolar thyristor die which is glued to the power MOSFET



gt ven fixed val ue, -.the MOSFET 54 turns on and, for a tehperature | ower than
. that value, it remains off. This operation is denonstrated in Fi
" where curve V[err] is the voltage at node 53 (a positive
coefficient) and V[err] is the threshold voltage of tran
negative coefficient). The intersection of these curves

shut down tenperature since a

-2 -

T

die and turns on to connect the MOSFET gate to the MOSFET

source when the MCSFET die temperature eXceeds a given
value. This device, however, has tco long a thermal time
constant to offer short circuit protection.

Another known device employs a small bipeolar
transistor chip with emitter and collector electrodes
connected between the power MOSFET gate and source
terminals. The bipolar transistor base to emitter
circuit is connected across a voltage dropping resistor
in the power MOSFET source circuit, so that the bipolar
transistor turns on. under short circuit conditions tec
short the power MOSFET gate to the source and limit
current. However, if the power FET is exposed to a high
current which is less than short circuit current, the
control bipolar transistor simply reduces the. power

- MOSFET drive, causing very'high power dissipation andé
possible destruction of the device. Moreover, this
circuit does not monitor the temperature of the power
MOSFET die. ' :

A ;hird known device eﬁploys a.current-sensing
power MOSFET~thch has a limited number of cells of the
MOSFET devoted to production of an output signal which is
representative'of the main power current, and also has =
temperature monitoring circuit to monitor the temperature
of the MOSFET die. The circuits for these functions are
integrated into the power MOSFET die, but require an
auxiliary power source to power these circuits. This
auxiliary power is applied to the power MOSFET via a
fourth terminal, in addition to the source, drain and
gate terminals. Consequently, the device is not pin
compatible with existing power MOSFETSs.

A fourth known device provides current and

. temperature sensing and has only three pins (gate, source



tehperature hi gher than this value T[err] turns on MOSFET 54 while a
stenperature |lower than this value | eaves the MOSFET 54 of f __The voltage at..

node 56 is then applied through a logic inverter circuit té gimrsbMENT
input termnal 35 in Figure'3. Thus, when the tenperature ¢f fhp_gyg VSHEET

contai ning the power FET exceeds the tenperature T[err] _
| . 17 AUG 1993

and drain) but this device employs a 4K voltage dropping
resistor connected between the gate pin and gate
electrode in order to limit the input current in case of
a fault. The protect circuit then operates to turn on an
auxiliary MOSFET connected between the gate to source
terminals of the power MOSFET to turn off the power
MOSFET under given overcurrent or over-temperature
conditions. '

The voltage dropping resistor in the above
device is subject to stringent design tradeoffs. Thus,
if the resistor value is too low, a high pin current will.
be drawn through the turn-off MOSFET. If the resistor
value is too high, switching time is increased for the

main power FET.




in Figure-4b, the power section is turned off. MOSFET 52 creates a p05|t|ve
sfeedback circuit and provides some hysteresis on the val ge—of—H-erri=
stated previously, the size of transistors 41 to 46 nust thPﬂ_ACHﬂEN‘i’tSHEET
ensure a zero tenperature constant at node 50. The trinmm ?—-I-@-W‘Ej
by assigning different areas to transistors 41 to 46 and 17 AUG 1999
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According to the present invention there is provided a temperature shutdown circuit for
connection to the gate of an MOS-gated power device, the temperature shutdown circuit
comprising:

a first circuit means for producing an output signal which rises as the temperature of
the MOS-gated power device rises;

a second circuit means which has an input threshold level which decreases as the
temperature of the MOS-gated power device rises; and

a third circuit means for producing an output signal to turn the MOS-gated power
device off when the output signal from the first circuit means exceeds the threshold level of
the second circuit means.

In a preferred embodiment the circuit further comprises a current source means coupled to the
first and second circuits for producing a fixed reference output which is invariant with
temperature; the current source means including a MOSFET device of trimmable channel
width for adjusting the value of the reference output. '

The novel invention described above is applicable to any power MOSFET type device
over all voltage and current ranges. This includes devices using a MOSgate to control the
switching on and off of a device and expressly includes IGBTSs, power integrated circuits,
MOSgate controlled thyristors (MCTs) and power FETs such as the HEXFET device
previously described.




t hen open-circuiting those transistors whi ch nmust be renoved to provide the

:desired tenperature conpensation - 2 - at node 5C. By T I &,
probe pads 60 to 64 can EPLACEMER SHEET

17 AUG 1999

Other features and advantages of the present invention will become apparent from the

following description of the invention which refers to the accompany drawings.

Figure 1 shows a prior art overcurrent and over-temperature control circuit for a

power MOSFET. g




be provided for transistors 46 to 42, respectively. These pads can.be

sconnected to respective zener diodes, not shown, which ca ﬁEPﬂNGmMENTnSHEET
short circuit by a potential applied to the pad in order fo Lemnve qne
nore of transistors 42 to 46 fromthe circuit. To carry qut] the Agb @g
operation, the die is held at a tenperature of 160[err] C &ang bi gﬁb

search is made to

Ficure 2 shows a circuit diagram of the
circuit . for deriving control circuit
power from the gate supply circuit.

Figure 3 shows a bootstrap circuit usec
with the present invention to permit use of N channel
control MOSFETs in an N channel power MOSFET.

Figure 4 shows a novel temperature shutdown
circuit for use with the circuits of Figures 2 and 3.

Figures 4a and 4b show characteristic curves
for the circuit of Figure 4.

Figure S shows a cross-section of a power
MOSFET die having a P well for receiving the control
circuits integrated into the die, and further shows a
novel circuit to prevent the forward bias of the
P well/N(-) substrate junction.

DETAILED DESCRIPTION OF THE DRAWINGS

.Referring first to Figure 1, there is shown =
prior art power MOSFET, with over-temperature and
overcurrent protection circuits. The power MOSFET has &
conventional power section having cate, drain and source
terminals 1C, 11 and 12. Integratec into the same die
which contains the power section is a éontrol section
including a 4X resistor 13, a control MOSFET 14 and the
protect circuits 15. Note that the source acts as a
ground for the internal protective circuits. While not
shown, the power MOSFET section may have a current sense
section which delivers source current information to the
protect circuits 15. An input terminal 16 (sometimes
referred to as a gate or input pin) is the third terminal
pin of the cevice along with terminal pins.11l and 12.
Thus, the device is pin-compatible with power MOSFETs
without integrated protective circuits.



det ermi ne which transistor areas nust be removed for good tenperature

sconpensation. The necessary zeners are then bl own to shorp—eteti-t—t-he+
respective transistors in the well-known manner. ReferrlngEEkACHWENH'SHEET

5 there is illustrated a cross-section of a junction patjt epf—ef—a—strett-
part of a power MOSFET and the P well which carries 17 AUG 1999
o . _ UL

In cperation, the operating power for the
Drotect circuits is cderived from input pin 16 which is
from S to 10 volts. In the absence of a fault, MOSFET 14
is off and no current flows in resistor 13. If a fault
condition occurs, MOSFET 14 turns on and, with a 200 ohm
MOSFET on-resistance, draws from 1250 upuA to 2500 pA
through resistor 13, for a S volt and 10 volt'supply
respectively at pin 16.

The value of resistor 13 is a tradecff between
the switching time of the power MOSFET, which increases
with higher resistance, and the current drain from input
pin 16, which increases as the value of resistor 13
reduces. A resistor value of 4000 ohms produces a
switching time of about 15 microseconds and a current
drain on the input of 3 to 4 milliamperes (at a 10 volt
input).

The circuit of Figure 2 provides the
necessary V., to power the protective circuits, but
retains much higher switching speed and a much lower
current drain on the input terminal. More specifically,
in Figure 2, components similar to those of Figure-l have
the same identifying numerals although, in Figure 2, the
power MOSFET can be any MOSgated device, for example, an
IGBT or MOSgated thyristor or the like.

_ In the circuit of Figure z, the resistor 13 of
Figure 1 is replaced by a MOSFET 20 which, like MOSFET
14, is controlled by an output from the protect circuits
1S. MOSFETs 14 and 20 are operated in opposite phase.

Thus, when a voltage appears at terminal 16 to
turn on the main power MOSFET, the MOSFET 14 is off and
MOSFET 20 turns on to charge the gate at terminal 10 of
the power MOSFET. The MOSFET 20 is designed to produce a
resistance of about 200 ohms. Therefore, it has only a



~the control circuits which have been described. Thus, in Figure 5, as

.section of a die is shown containing a plurality of P+

into an N(-) epitaxial body. The epitaxial body is conm

substrate which has a drain.electrode 74 on its bottom
cells can be used, frequently in excess of several thou
symmetrically P

base cells diffused

AR e
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minor effect on the turn-on and turn-off switching times

of the power MOSFET which is 20 times faster than with

the 4000 ohm resistor of Figure 1.

To implement the circuit of Figure 2 with a

simple process, it is desirable that the power MOSFET is

an N channel device, and that the MOSFET 20

also be an N

channel MOSFET. The gate voltage to turn on MOSFET 24,

however, is then higher than the voltage at

the pin 16.

"boot-strap” circuit, shown in Figure 3, is

A
provided to

generate a high enough cate voltage to opetate MOSFET 20

if it is an N channel device.
Referring to Figure 3, components

similar to

those of Figure 2 are given the same identifying

numerals. Thus, pin 16 is connected in series with
MOSFET 20 to gate 10 of the power MOSFET section, and
MOSFET 14 connects pin 16 and MOSFET 20 to pin 12.

Also provided in Figure 3 is a boot-strap
capacitor 30 connected between the node between MOSFETSs

14 and 20, and the node :1 between the gate

electrode of

MOSFET 20 and a depletion mode MOSFET 32. The depletion

mcde MOSFET 32 is connected to the gate and

source of

depletion mode MOSFET 33. Node 31 is further connected
to a2 shutdown driver MOSFET 34 having a gate connected to

terminal 35 to which "smart" circuits which

develop turn-

off information produce an input to cause turn off of the

power MOSFET.

Also provided in Figure 3 is an added depletion
mode MOSFET 36 which provides an added current path to

ensure permanent turn-on of the power section and a

MOSFET 37, which acts as a diode, to ensure

turn-off of

the power section in response to a signal at terminal is.



di'sposed over the surface of- t he N(-) body. The topol ogy of these cells can
. be as desired and they may have any pol ygonal shape,- suc? as_hexaggnsﬂ____T
~elongated rectangl es or squares. The power section can a|5REPENEEMENT SHEET
rnterdigitated topol ogy. Each of the base cells contains respectlyve Nt
source region to define invertible ghannel regions in thg 17 AUG 1999
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The operaticn of the boot-strap circuit of
Figure 3 is as follows: When a voltage V, is applied to
terminal 16, the potential at node 38 will follow V.,
because MOSFET 39 is off. The transistor 32 next turns
on and node 31 begins to charge up to V.. Since node 31
is at V., MOSFET 20 turns partially on and starts to
charge the gate_bf the power MOSFET at terminal 10. . When
terminal 10 reaches the threshold voltage of MOSFET 39,
it turns on. Node 38 then drops to ground and MOSFET 32
turns off. Node 31 is now floating, and capacitor
stays charged, and MOSFET 20 stays fully on. At the end
of this switching process, the voltage at node 31 is,
theoretically 2 x V., (but is less because of leakage and
charge éharing). The boot-strap capacitor 30 is'a
1 picofarad capacitor.

In order to turn off the power section in
response to an output from the intelligence section of
the circuit, a signal is applied to terminal 35 to turn
on MOSFET 34 and to cause the turn-off of the MOSFET 14
and the power circuit.

It is to be understood that all components of
_Figure 3 are N channel devices, integrated into the same
silicon die as the power section.

_ Figure 4 shows one of the intelligence circuits of the present inventicr,
which is operated from V., of Figures 2 and 3, and which
applies a turn-off signal to terminal 35 when a given
over-temperature condition is measured. In Figure 4, the
pin 16 is connected to MOSFET 40, which is a constant
current source and then to MOSFET 41. The MOSFET 41 is
connected in parallel with other MOSFETs 42 to 46, which
are trimmer areas which can be removed from the circuit,
as will be later described.



P bodi es whi ch are covered by a gate oxide and then by pol ys'i licon gates 75
.to 78. The gates are insulated and a source el ectrode 79 overlies the gates

and the power section. REPLAGCEMENT SHEET

17 AUG 1993

The node 50 is intended to have a zexo
temperature coefficient so that the potential at that
node, preferably about 1.6 volts for z selected process,
is fixed by trimming the area of transistor 41 and its
parallel transistors 42 to 46. The node 50 has a
constant voltage because its potential Vo4 can be
expressed as the sum of the threshold voltage Vqy of
transistor 41 (a negative temperature coefficient) and
the quantity I,/g,, where I, is the drzin current of
transistor 41 and g, is the g, of transistor 41. Since
S, has a negative'temperat:ure coefficient, the quantity
I,/9n has a positive temperature coefficient.

' The above is illustrated in Figure 4a where Vo
is a fixed value for a given drain current for transistcr
41,

More specifically, the curve shown in Figure 4z
has the form:

Ip = Kp (Vy - Vi)?

The quantity of Vo, can be expressed zs:

Vion = Vg + [Ip/Kp
where K, has & negative temperature coefficient. Since
Kr has a negative temperature coefficient, the
temperature cceifficient of (I /K, is positive. ’

_ At & low current I,, the value Vyy dominates,
producing an overall negative temperature coefficient.
At high I, the value (Iy/K, dominates, producing a
positive coefficient.

However, there is only one value of I for
which '

0 Vion

a © .



- 13 - The ot her conponents, including all control MCSFETs previously

~described, are preferably formed in one or nore P wells, shown as P well
80. It has been found that, during operation of .the povdnrﬁngMEthEm(
substrate can be negatlvely blased relatlve to the sourge PPfrn 8-"t9

Thus, if the | 7 AUG EBS
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This value represents'che trimmed point of the
circuit, as is later described.

The potential at node 50 of Figure 4 is
connected to MOSFET 51 which is connected in series with
& MOSFET 52, operated as a current source. The voltage
at node 53 has z positive temperature coefficient, and is
applied to the gate of MOSFET 54. MOSFET 54 is connected
to the MOSFET EE.

The voltage at node 56 may now be considereg,
and it will be seen that, for a temperature higher than =z
given fixed wvalue, the MOSFET 54 turns on and, for a
temperature lower than that value, it remains off. This
operation is demonstrated in Figure 4b, where curve Vs is
the voltaée at node 53 (a positive temperature
cogfficient) ané Viy is the threshold voltage of
transistor 54 (= negative coefficient). The intersection
of these curves defines the shutdown temperature since =z
temperature higher than this value Tgyrpown turns on MOSFET 54
while a temperature iower than this value leaves the MOSFET
54 off.
' The voltage at node 56 is then appiied throuch
a2 logic inverter circuit to the shutdown input terminal
35 in Figure =. Thus, when the temperature of the die
containing the power FET exceeds the temperature Tsyurpown
in Figure 4b, the power section is turned off. MOSFET 5z
creates a positive feedback circuit and provides some
hysteresis on the value of Tgurpown-

As stated previously, the size of transistors
41 to 46 must be trimmed to ensure & zero temperature
constant at node 50. The trimming is accomplished by
assigning different areas to transistors 41 to 46 and
then open-circuiting those transistors which must be
removed to provide the desired temperature compensation



p well so is directlly connected to el ectrode 79 (ssource 12 in Fig. 2), the
*junction 81 will be forward biased. This produces mnority carrier

injection into the P well which will interfere with thq‘TTFHTHTTﬂrT#‘EEFﬁ
conponents in the P well. In | - anot her ci|r BEPEAGEMENTo SH

transi stor neans 90 is fornmed in the
17 AUG 1839

at node 5C. 3y way of example, probe pads 60 to 64 can

be provided for transistcrs 46 to 42, respectively.

These pads can be connected to respective zener diodes,
not shown, which can be blown in short circuit by a
potential applied to the pad in order to remove one or
more of transistors 42 to 46 from the circuit. To carry
out the trimming operation, the die is held at =
‘temperature of 160°C and a binary search is made to
determine which transistcr areas must be removed for good
temperature compensation. The necessary zeners are then
" blown tc short circuit their respective transistors in

the well-known manner.

' Referring next to Figure 5, there is

.illustrated a cross-section of a junction pattern of a
small part of a power MOSFET and the P well which carries
the control circuits which have been describec. Thus, in
Figure £, as section of z die is shown containing a
plurzlity of P+ base cells diffused into an N(-)
epitaxizl body. The epitaxizl body is commonly formed on
an N+ substrate which has az drzin electrode 74 on its
bottom. A large number of cells can be used, frequently
in excess of several thousand, which are symmetrically
disposed over the surface of the N(-) body. The topology
of these cells. can be as desired and they may have any
polygenal shape, such as hexagons, elongated rectangles
or squares. The power section can also use an
interdigitated topology.

Each of the base cells contains a respective N+
source region to define invertible channel regions in the
P bodies which are covered by a gate oxide and then by
polysilicon gates 75 to 7€. The gates are insulated and
a source electrode 79 overlies the gates and the power

section.



N(-) substrate, consisting of a P base 91 and N+ col |l ector 92. 'The N(-)

. substrate is the emtter of the transistor. The base 91 has-a_contact 93

" connected to source terninal 12, and the P well has a con *Eplaéﬂﬁé
connected to source 12 through 10 ohmresistor 95. The adgtu V) ﬁﬁé%ﬁET

"must be so low that the bias current of the control circuit dp$s ﬂ
of fset, too greatly, the T AUG 1993

The other components, including all control
MOSFETs previously described, are preferably formed in
one or more P wells, shown as P well 80.

It has been found that, during operation of the
power section, the N(-) substrate can be negatively
biased relative to the source electrode 79. Thus, if the
P well 80 is directly connected to electrode 79 (source
12 in Fig. 2), the junction 81 will be forward biased.
This produces minority carrier injection into the P well
which will interfere with the operation of the components
in the P well. _

In . another circuit
& bipolar transistor means 90 is formed in the
N(-)-substrate, consisting of a P base 91 and N+
collector 92. The N(-) substrate is the emitter of the
transistor. The base 91 has a contact 93 connected to
- source terminal 12, and the P well has a contact 94 alsc
' connected to source 12 through 10 ochm resistor 95. The
actual value used must be so low that the bias current of
the control circuit does not offset, toc greatly, the
ground of the control circuit with respect to source 1l2.
N+ region 92 is connected to contact 94 via conductor 96.

In operation, if the N(-) region goes negative
relative to the source 12, the transistor 90 turns on.
The N+ region potential, and thus the potential of P well
80, is then pulled dcwn to the potential of the N{(-)
substrate to prevent the forward biasing of junction 81.

Although the present invention has been
described in relation to particular embodiments thereof,
many other variations ané modifications and other uses
will become apparent to those skilled in the art. It is
preferred, therefore, that the present invention be




ground of the control circuit with respect to source 12. N+ region 92 is
regi on

ctonnected to contact 94 via conductor 96. In operation, if the N(-)
goes negative relative to the source 12, the transistor
region potential, and thus the potential of P well 80, i
to the potential of the N(-) substrate to prevent the f

junction 81.
- 14 -

limited not by the specific disclosure herein, but only
by the appended claims.




Al t hough

t he present invention has been described in relation to particular

.enbodi ments thereof, many other variations and nodifications and -ot her uses
wi |l becone apparent to those skilled in the art. It is preferred,

therefore, that the present i nvention be

REPLACEMENT SHEET
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CLAIM
I. A temperature shutdown circuit for connection to the gate of an MOS-gated power

device, the temperature shutdown circuit comprising:

a first circuit means for producing an output signal which rises as the temperature of
the MOS-gated power device rises;

a second circuit means which has an input threshold level which decreases as the
temperature of the MOS-gated power device rises; and '

a third circuit meansfor producing an output signal to turn the MOS-gated power
device off when the output signal from the first circuit means exceeds the threshold level of
the second circuit means.

2. A circuit as claimed in claim 1 and further comprising a current source means coupled
to the first and second circuits for producing a fixed reference output which is invariant with
temperature; the current source means including a MOSFET device of trimmable channel
width for adjusting the value of the reference output.

- RN oy i



- 14 - linmited not by the specific di scl osure her ei n, but only by the

.appended cl ai ns.
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15 CLAI M5 1. A tenperature shutdown circuit for connection to the gate
.of an MOS-gat ed power device, the tenperature shutdown circuit conprising:
a first circuit neans for producing an out put signal whi rises as the

tenperature of -the MOS-gated:power device rises; a secon
whi ch has an input threshold I evel which decreases as th
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tenperature of the MOS-gated power device rises; and a third circuit
meansf or produci ng an output signal to turn the MOS-gated joower device off
when the output signal fromthe first circuit neans exceeq
| evel of the second circuit neans. 2. Acircuit as clai
and further conprising a current source means coupled to ‘ .
second circuits for producing a fixed reference output whc m§iAUGWQ nt
with tenperature; the current source neans including a El_device O
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wi dth for adjusting the value of the ref erence out put.

REPLACEMENT SHEET

17 AUG 1999

44
—tr=4a.

_Fr=44.

|

!

I 3.

| +)
l

™

I

-
Tsnyroowwn



-
o
.
@
=
<
™~
-—

%\g

L L L L L LLLLLLL L LL L L L7 LL L L L L LLL2LLLL L LLLZLLLLZ2 222 2222222272227

+*A

V4




