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PROTECTED THREE-PIN MOSGATED POWER
SWITCH WITH SEPARATE INPUT RESET SIGNAL LEVEL

BACKGROUND OF THE INVENTION

- This invention relates to Smart Power MOSgated
devices, and more particularly relates to a Smart Power
circuit in which a unique reset signal for resetting the
fault latch circuit after a fau}t is applied to the
circuit input pin and in which the device off-signal
input level cannot reset the fault latch of the circuit.

Smart Power devices are well known power

switching devices in which a MOSgated device, typically a
power MOSFET, is provided with "intelligence" such as
circuits»whiqh monitor the device temperature, current
and voltage conditions and turn the device off when fault
conditions are measured or expected,' One well known
device of this type is the fully protected DMOS Power
Switch manufactured by the International Rectifier
Corporation, Type No. IRSF 3010, termed a SMARTFET
Transistor. SMARTFET is a trademark of the International
Rectifier Corporation, the assignee of this invention.



BAGKGROUND OF THE | NVENTI ON This invention relates to

Smart Power MOSgat ed devices, and nore particularly relates to a
Smart Power circuit in which a unique reset signal for resetting the
15 fault latch circuit after ‘faurt is applied to the circuit

i nput pin and in which the device off-signal I nput | evel cannot

reset the fault latch of the circuit. Smart Power devices
are well known power swi tching devices in which a MOSgat ed devi ce,

(P el 1Y 20 PouC iR lce, SPUBLAUATaSHL (ERIERNILOTCR, cBUTs
condi tions adetﬂthBWepmghags-ofDthhvnpaskage StYleS can be used.
The package has an input pin, a drain pin and a source
pin. The operating power for the control circuits is
5 provided from the input control signals at the input pin.
The device is a fully protected monolithic N-channel,
logic level power MOSFET with 80 ohms on-resistance and
with built-in circuit protection against overcurrent,
over-temperature, ESD and with active over-volfage
10 protection.
The device employs a latching circuit which is
integrated into the power FET chip, and which recognizes .
and memorizes the occurrence of an error and then removes
the turn-on signal from the power MOSFET gate. The latch
‘15 circuit is cleared and reset by holding the input low for
a specified minimum duration. Therefore, if a fault
condition persists, and the latch circuit is reset in the
next cycle of operation, the device turns on into the
fault condition and is tripped again, this condition |
20 lasting until the circuit is otherwise cleared.
This condition can be avoided by prov1d1ng a
separate reset pin for the package which receives a
separate reset input signal. However, this would require
a five-pin package and, further, would prevent -the use of
25 an SOT223 type package. It is very desirable, however,
to make this device as a three-pin package which can be a
drop-in replacement for other three-pin packages which
are with or without intelligence circuits.

BRIEF DESCRIPTION OF THE INVENTION

30 In accordance with the present invention, a
novel circuit, which may be employed with the circuit of
the IRSF 3010, uses analog multiplexing of reset and
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condi ti ons are neasured or expected. One well known device of this
type is the fully protected DMOS Power 25 Switch manufactured by the
International Rectifier Cor poration, Type No. IRSF 3010, terned a
SVARTFET Transi stor. SMARTFE? s a trademark of the International
Rectifier Corporation, the assignee of this invention. SPEC\ 98239

-2- The device is fornmed nonolithically in a three-

input on and off signals, and retains a three-pin input
circuit and package. The novel circuit employs two
different threshold voltages:

1. A reset threshold which may be typically 1

5 volt or less. Pulling the input pin below this threshold
resets the fault latch.

2. A set threshold which may be typically 3.2
volts. Pulling the input pin above this threshold turns
on the MOSgated device, and pulling it below 3.2 volts

10 will turn off the MOSgated device.

The input signal, in non-fault conditions, is
switched between a voltage above the reset voltage, for
"example, 2 volts to turn off the device and a voltage
above the set voltage, for example, 5 volts to turn the

15 device on. If the device is turned off due to a fault
condition which trips the fault latch, the fault latch
cannot be reset by the input off voltage which is higher
than the reset voltage. Thus, the latch is not reset
until a voltage lower than 1 volt is applied to the

20 input. '

Any desired three-state input circuit can be
used. However, a specific novel three state drive is
disclosed in which three distinct signals are provided
from a microcontroller having a resistive divider

25 consisting of resistors which may have two different
values, connected in series and across the input and
reset terminals of the micro-controller. The node
between the resistors is connected to the input terminal
pin of the MOSgated device circuit and will have a signal

30 voltage of three states or levels, depending upon the
signal levels of the two output ports of the micro- |
controller. These three signal levels can be 0 volts (to
reset), 2 volts (to turn the device off) and 5 volts (to
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pin TO 220 package.. Ot her package styles can be used. The package
has®an input pin, a drain pin and a source pin. The operating power
for the control circuits is 5 provided fromthe input control signals
at the input pin. The device i4s=a fully protected nonol i t hic

N- channel , | ogic | evel power MOSFET with 80 ohns on-resistance and
with built-in circuit protection agai nst overcurrent, .
over-tenmperature, ESD and with active over-voltage 10 tprottectloni .
The device e I n irc nt eqra into e
power FET ch?ﬁ#ﬂy g% qggégkégggnlzé?ylousaY'aﬁ&hﬁﬁhBP}?§§ gﬁburrence of
an error and4sS®sh renoves the turn-on signal fromthe power MOSFET

gate. The | at ch 15 iUl tthles Heahtd :@her e?’aﬁt pQ'I}S\ﬁal % Q.?xtet e faghut | ow

f or a ecified ﬁlnIﬁUﬁld ration. ore
condition pe §t§e9%¥@t@h§qsﬁﬁcHH@P¢0§#BHB§ forea ‘threeepin next cycle

of opesatlonpﬁutédtﬁa M@Sbﬁk@ﬁ QeviiekQ the fault condition and is

tripped again, this co tio asting until the circuit is otherw se
clegfed ° %@h %?agﬂﬁﬁﬁtPBQ gdvaptages afdthe preFeatng a

separ at e resemwantnbm’wmma mecbmgeapbaﬁbntetebmeth& follow1n§eparate rezet
| nput signal 4 SE% %ﬁo @fS€WQU|9vE%QE €which refdrs L8 Rha Package an

further, woul he use 0
accompanylng drawings.

10 BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a block dlagram of a prior art
protected MOS power switch.
Figure 2 is a perspective view of a typical
three~pin TO 220 package which houses the circuit of
15 Figure 1.

Flgure 3a shows the input signal to the 1nput
pin of the circuit of Figure 1 as a function of time.
Figure 3b shows the drain current of the
circuit of Figure 1 on the same time scale as that of
20 Figure 3a, in the presence of a continuing fault.
Figure 4 is a block diagram of the novel
protected circuit of the invention.
Figure 5 is a block diagram of the analog
output circuit for providing a three-level signal input
25 into the circuit of Figure 4.
Figure 6a shows the input signal to the input
pin of Pigure 5, produced by the circuit of Figure 5, as
a function of time.
Figure 6b shows the drain current of the
30 circuit of Figure 5 on the same time scale as that of
Figure 6a in the presence of a continuing fault.
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25 an SOT223 type package. It is very desirable, however, to

make this device as a three-pin package which can be a drop-in
repl acenent for other three-pin packages which are with or wthout
intelligence circuits. BRI EF"DESCRI PTI ON OF THE | NVENTI ON 30
In accordance with the present invention, a novel circuit, which
may be enployed with the circuit of the I RSF 3010, uses anal og

mul ti pl exi ng of reset and SPEC\ 98239

-3-

Figure 7 shows the hysteresis characteristic of
the circuit of Figure 4 to provide improved noise
immunity.

DETAITED DESCRIPTION OF EMBODIMENTS OF THE INVENTION

5 Referring first to Figure 1, there is shown a
block diagram of a prior art protected MOS controlled
switch device in which the protective circuits are
integrated into the same chip as the power device. The
circuit of Figure 1 is that of the prior art Smart FET

10 DMOS Power Switch Type IRSF 3010, referred to previously.

In Figure 1, the power device 10 is a current

sensing power MOSFET having a drain electrode connected
to a drain pin 11, a source electrode connected to the
source pin 12 and a current sensing output electrode 13

15 connected to resistor 14 as shown. The MOSFET gate
electrode 15 is connected through control MOSFET 16 to
input pin 17. It should be noted that MOSFET 10 could be '
any desired MOSgated device, for example, an IGBT or
Mosgated thyristor, with any desired current sensing

20 arrangement.

. The control circuits for the MOSFET 10 are
intended to protect the MOSFET 10 from fault conditions
which could otherwise damage or destroy the device or the
circuit which it controls. The control circuit could

25 take any form but, in Figure 1, consists of the
aforementioned control MOSFET 16 connected in series with
the input circuit of the main MOSFET 10, and a second
MOSFET 20 connected between the source and gate of the
main MOSFET 10. Also provided are the bias voltage

30 supply circuit 2la which derives its operating power from
the input signal at input pin 17, an R-S latch circuit
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i nput 6n and off signals, and retains a three-pin input circuit and
package.” The novel circuit enpl oys two different thres d—vol t ages:

1. A resetmstsiﬂéeeﬁ&mesh Rph&d| My be typl cally 1 AR

the input p hreshol o 6 r eset s\{thas SfeFET AR 2R,
2. Aset t BH may be typically 3.2 ?BP =
I nput pin a hol d turns on t he=EBgat ed devi ce,

pulling it below 3.2 volts 10 will turn off the NCSgated devi ce.
The input signal,, X3 a Lt ndiyt i , AbS b n a
q'themk f%: 3 aﬁa QE eHa ok c1rcP1t 2 %?§2F05§W§§

vol t age aboveé urn off
the devi ce &% anﬂommagglamp c1r&9@&e29nersé@0¢s|?égendfanQnaaﬁle 5 volts

to turn the 15 deviges e | u u aul t
condi ti on which trlps the fat:JLI"’L:]E 23 RQ%V&Q@S %Sb PQ%@eEEEoﬁ %oggﬁﬁg{ be

reset by th&ingnit amd %dé%ﬁcﬁhﬁslﬁl’&ﬁeﬁmltage: £RrEn exABPLEget
vol tage. Thus ﬂduydyﬁgj1|s not reset until a vol tage | ower than 1

Ubree.state | nput oi r 3He GEFHE OF Pigursed iFoaboun, VithI BoEk oyel
three state3dr. vi8lotk 30 corresponds to the integrated circuit
silicon chip which is conventionally contained within the
three-leaded TO 220 package 31 of Figure 2. Package 31
10 contains input lead terminal pin 11, drain terminal pin

and

(and tab) 17 and source pin 12, also referred to in

Figure 1. Note that the protected MOS device of Figures

1 and 2 will fit difectly into a receptacle designed for

a standard unprotected power MOSFET or similar MOSgated
15 device. :

The operation of the circuit of Figure 1 is
next described. An input signal source, for example, a
micro-controller provides input pulses to input pin 17 to
control the switching on and off of the drain current

20 between drain pin 11 and source pin 12 as desired by the
user. Note that any suitable load is connected in series
with the drain and source pins 11 and 12, such as a d-c
motor drive, a solenoid driver, a lamp driver or the
like. The device may be switched at frequencies below -

25 about 40 kHz with input waveforms switched between 0 and
5 volts to turn MOSFET 10 off and on respectively.

Figure 3a shows a typical input signal waveform
to pin 17, and Figure 3b shows the resulting drain
current at pin 11 on the same time scale. During normal

30 operation, when the signal at pin 17 is 5 volts, the
MOSFET 10 is on. The current signal-at resistor 14 is
less than the reference voltage Vyg and the over-
temperature signal T; is also less than the reference
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di'scl osed in which three distinct signals are provided froma

m c¢rocontrol l er having a resistive divider 25 consisting of resistors
whi ch may have two different val ues, connected in series and across
t he i nput and reset terniral® Bf the mcro-controller. The node
between the resistors is connected to the input term nal pin of the
MOSgat ed device circuit and will have:a signal 30 vol tage of three
states or |evels, depending upon the S|gnal | evel s of the two

out put ports, Cr o- | evel s
canpbe 8 voI ts ?A%g o Theres re, % %%ts :%]ﬂéﬁa?ea\“ ce g%%) and 5
volts (to 3oave low and the 1nput at R of the R-S latgh is

low. As a result, the output at Q is high, turning on
MOSFET 16 and the output atQ is low, holding MOSFET 20
5 off.
| Still considering normal operation, when the
signal at input pin 17 is zero volts, the gate voltage of
MOSFET 10 is zero and the device is off. When the input
signal is again switched to 5 volts, MOSFET 10 turns on
10 and drain current flows as shown in the first part of
Figure 3b, and the system operates normally.

If an overcurrent or over-temperature condition
develops, as shown by the fault spike "x" in Figure 3D,
either or both comparators 22 and 23 have a high output

15 - so that the output of OR circuit 24 goes high. This
causes the R-S latch to switch the outputs at Q andQ to
~turn off the MOSFET 16, disconnecting the input pin 17
and the gate of MOSFET 10, and to turn on MOSFET 20 to
clamp the source pin 12 to the gate of MOSFET 10. Thus,

20 the MOSFET 10 turns off in response to the fault
condition.

After a predetermined length of time, the R-S
latch is reset by the low input signal at input pin 17.
The MOSFET 10 will next turn on when a turn-on signal (a

25 high V,) appears at the input 17. If, however, the fault
condition still exists, the fault pulse "y" of Figure 3b
will appear, and latch 21 will again operate, this
sequence continuing until the fault is cleared or the
circuit is timed out.

30 This condition can be avoided by providing a
separate reset pin to provide a separate reset signal to
the latch 21 from the microcontrol circuit, and after
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{ turn the device on). Obviously, other values can be used.

1 Thus, the present invention provides the effect : of a separate reset
i nput signal for a three-pin 5 protected MdSgated device.
O her features and advant ages of the present invention will become
~apparent fromthe foll ow ng description of the invention which
refers to the acconpanyi ng draw ngs. 10 BRI EF DESCRI PTI ON OF
THE DRAW NGS ' Figure 1 is a block diagramof a prior art
protected MOS power sw tch. Figure 2 is a perspective
view of a typical three-pin TO220 package whi ch houses the circuit
of 15 Figure 1. Figure 3a shows the input signal to
t he i nput pin of the circuit of Figure 1 as a function of tine.
Figure 3b shows the drain current of the circuit of Figure 1 on the
sanme time scale as that of

clearing the fault. However, it is very desirable to
retain the three-pin configurétion of Figure 2.

. In accordance with the present inveption, a
novel circuit is provided, using a three-pin
configuration, but wherein the input on-signal will not
reset the latch after a fault operation.

The circuit of the invention is shown
schematically in Figure 4 and its novel signal source is
shown in Figure 5. Components similar to those of Figure
1 have the same identifying numerals in Figure 4. The

. circuit of Figure 4 is modified, however, in that the R-§
latch.21 has a Schmitt trigger 41 associated therewith,
having a trigger voltage higher than the reset threshold .
of latch 21. For example, latch 21 has a reset threshold
of one volt and trigger 41 a threshold of 3.5V. The
output of trigger 41 and the § output of latch 21 are
applied to the inputs of AND circuit 42. The butput of
AND circuit 42 is applied to the gate of control MOSFET
16 and to inverter 43. The output of inverter 43 is
applied to the gate of control MOSFET 20. The reset
threshold of latch 21 at inputR is 1 volt in the
embodiment described. That is, the voltage at pinR must
be 1 volt or less for the latch 21 to reset.
Consequently, the circuit of Figure 4 will react as
follows to three different input signal levels at input
terminal 17.

If the input is at 5 volts and there is no
fault condition, the inputs to AND circuit 42 will be
high, MOSFET 16 will be on and MOSFET 20 will be off.

If the input voltage is reduced to 2 volts,
trigger 41 is operated, and the output from trigger 41 is
low. Thus, the output of AND gate 42 is low, MOSFET 16
turns off and MOSFET 20 turns on toc turn off the main
power MOSFET 10. This operation is schematically shown

SPEC\151003



20

Figure 4 is a bl ock diagram of the novel
i nventi on.

circuit of Figure 4.
t he i nput
a function of tine.

"Figure 3a, in the presence of a continuing fault.

the 30
Figure 6a in the presence of a continui'ng fault. SPEC\ 98239
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circuit of Figure 5 on the sanme tine scale as that of

in Figures 6a and 6b. So long as the input is switched
between 2 and 5 volts, the device will operate like the
prior art device of Figure 1 when the input switches
between 0 and 5 volts. Note that latch 21 does not reset
during this time.

If now a fault occurs, latch 21 is operated and
Q goes low so that MOSFET 16 stays off and MOSFET 20
stays on. This condition continues until a third reset
signal below the reset threshold voltage of latch 21,
preferably 0 volt, is applied to input 17. Pulling the
input pin 17 below 1 volt therefore resets the fault
latch 21 so that normal operation can gontinue, as shown
in Figure 7b.

Figure 5 shows a novel input circuit for
producing three different voltage levels to the input
terminal under any suitable control, for example, a
micro~controller 50. Thus micro-controller 50 has an IN
port and RESET port. The voltage at the IN port may be a
square wave of controlled duty cycle and switches between
0 and 5 volts as required by the user. The voltage at
RESET port may be at 5 volts, but can be switched to 0
volt for reset purposes. A resistive divider cohsistinq
of resistors 51 and 52, for example 2,000 ohms and 3,000
ochms, respectively, is connected across ports IN and

RESET and are connected at node 53. The resistors 51 and

52 may have the same value, or other values than those
stated. Node 53 is connected to input 17 in Figure 5.

The circuit of Figure 5 provides a three state
drive using simply two logic outputs and the resistive
divider, and operates as follows:

To produce a 5 volt output, the IN port goes to
5 volts and the RESET port goes to 5 volts. The voltage
at node 53 will then also be 5 volts.

protected circuit of the
Figure 5 is a block diagram of the anal og '
output circuit for providing a three-level signal input 25 into the
Figure 6a shows the input signa

pin of Figure 5, produced by the circuit of Figure 5, as
Figure 6b shows the drain current of

to



Fi gure’7 shows the hysteresis characteristic of the circuit of

Figure 4 to provide inproved noi se I mmuni ty.
DESCRI PTI ON OF EMBODI MENTS OF THE I NVENTION 5

DETAI LED
Ref erring

first to Figure 1, there is shown a 10 - bl ock diagram of a prior art
protected MOS controll ed. switch device in which the protective
circuits are Integrated into the sane chip as the power device. The

circuit of Figure 1 is that of the prior art Smart FET 10

DNCS Power

Switch Type | RSF 3010, referred to previqQusly. ' Fi gure
1, the power device 10 1{% pf‘t‘ﬁ’r"reerﬂ% voit °‘é§r\’sﬁ'n&lﬁfo\ﬁ§‘r 395§F§Per?a\ﬁ%g a

drai n el ect r ddevaldnreanl ethe RESET pbntardnainspatl 8lvohtsourTkeel ectrode

cloctrode 13 2qstor At (RAld 1 filh 3¢ Hd BodREJAqihle

el ectrode 15 nade@hect ed through contr ol NDSFET 16 to

I nput pin

17. 1t ghoul d be not ed §3irdddeidEo Mb1tUY A€ the node 53 (for reset
of the latch 21), it is only necessary to make the

voltage at the RESET port 0 volt and the voltage at port

IN also 0 volt.

It is to be noted that the invention can be

10 used over any desired range of voltages so long as the
reset voltage for the fault latch is lower than the low
signal voltage for turning off the MOSFET 10 during non-

fault operatlon.

As previously stated, the circuit of Figure 4

15 has hysteresis due to the Schmitt trigger 41.

Thus, as

shown in Figure 7, there is shown the curve of the drain
current I, as a function of the input voltage Vgs at the
gate of MOSFET 10. As input voltage Vgs of the MOSFET 10
increases, trigger 41 operates at value 1 which is in

20 excess of 3.5 volts and MOSFET 10 turns on, and current
I, flows. However, during turn off, the gate voltage
drops below the value it had at turn-on to a second value
of less than about 3.5 volts. This hysteresis effect

creates good noise immunity for the circuit.

25 Although the present invention has been

described in relation to particular embodiments thereof,

many other variations and modifications and other uses

will become apparent to those skilled in the art.

It is

preferred, therefore, that the present invention be

30 limited not by the specific disclosure herein, but only

by the appended claims.
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any desired MoSgated device, for exanple, an | GBT or MOSgat ed
thyristor, with any desired current sensing 20 . enent .

The control circuits for the MOSFET 10 are ct the
MOSFET 10 fr WHATLIS Cig : whi ch co STAL or
destroy the device or the circuit which i s——1he comtrol
circuit could 25 take any formbut, in Figure consi sts of the

af or ement i oned cont rol MOSFET GantahRiggnit |%SPW?1F| MOSgatedt he | nput

circuit of theireiit M ﬂ&veﬁﬂ&b&;@@é‘d’r&hrcult hamEﬂz?QtCQﬂﬂeCt ed
bet ween the source anqggqte of the 0. Also provi ded

FET 1
are the bias SR erminal, Bing rﬂﬁta 2’1%?% "'c 2V RIBts operating
power from whereby raidpiriput dredmirial moin gomtAd] s arhdr- Sivitchibngi onui t

SPEC\ 98239 ana off of said power MOSgated circuit between its said

main terminal pins; said power MOSgated circuit including
a MOSgated power device having first and second main
electrodes connected to said first and second terminal
pins and a input electrode; said control circuit

10 including protective circuit means for monitoring at
least one operating condition of said MOSgated power
device and for turning off said MOSgated power device
when said operating condition exceeds a given value; said
control circuit further including at least a first

15 control MOSFET means coupled between said input terminal
pin and said input electrode for controlling the turn on
and turn off of said MOSgated power device when a turn-on
signal is applied to said input terminal pin; first
circuit means coupling said input terminal pin to said

20 control MOSFET means to turn on and off said first
control MOSFET means and said MOSgated power device in
response to signals of first and second voltage
magnitudes respectively; a resettable latch circuit means
having an input coupled to said protective circuit means

25 and an output coupled to said first control MOSFET means
whereby said latch means is switched to a first latch
condition in response to an output of said protective
circuit means thereby to disable said first control
MOSFET means so that said MOSgated power device turns

30 off; and means coupling said resettable latch means to
said input of said latch means for resetting said latch
means in response to a signal of a third voltage
magnitude which is lower than the lowest of said first
and second voltage magnitudes, whereby said power

MISC\150961
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- 6- P 21, conparators 22 and 23, the OR circuit 24, zener diode
25,-and the clanp circuit zener diode 26 and di ode 27.
Zener di ode 25 provides ESD protection for the Ci rcui

al so

limts the input voltage, for exanpLey .5 AS BEEN

The circuit of Figure 1 is showmn within block - ock 3
corresponds to the integrated circuit qLLi —chiy ' 1S
conventionally contained within the t hree-|1 eaded TO 220 package 31
of Figure 2. Package 31 10 contains input lead termnal pin 17, drain

term ngé pin Mosgated(elifichab) id7resgestiivedypitnrh2d ainsandefofifr @nd ds n

Figure 1. Note that e_prote d i f El. : 2
Wil fit dircEerse; ﬁ#ge’épPe%Eﬁﬁchmugéq%%s?’SF@l%r %igna*f‘lé‘"t of FiFR,
unpr ot ect ed pseeondOSR&Tthirdi woltagkssyhich are disfdwngydshable from
The operationgpl LAStREECHpp192EaFtBUERid fput terminal pin.

2. The circuit of claim 1 wherein said power
MOSgated circuit is housed in a three-pin TO 220 style
package.

3. The circuit of claim 1 wherein said
protective circuit means includes a current measuring
circuit and a temperature measuring circuit.

4. The circuit of claim 1 wherein said
control circuit includes a second control MOSFET
connected between said input electrode and one of said
main electrodes of said MOSgated power device whereby the

5 conduction of said second MOSFET turns off said MOSgated
power device; said second control MOSFET being coupled to
said input terminal pin and to said latch means such that
when said first control MOSFET means is on or off, said
second control MOSFET is off or on, respectively.

5. The control circuit of claim 1 wherein
said latch circuit means is an R-S latch.

6. The control circuit of claim 1 wherein
said first, second and third voltages have different
voltage magnitudes of about 5 volts, about 2 wvolts, and
about 0 volt, respectively.

7. The control circuit of claims 1 or 4
wherein said first circuit means includes a Schmitt trigger.

MISC\150961
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next-.described. An input signal source, for exanple, a

m cro-control |l er provides input pulses to input pin 17 to control
the switching on and off of the drain current 20 between drain pin 11
and source pin 12 as desired by the user. Note that any suitable

| oad is connected in series with the draj anu g 'g@ 11 and
12, i L
re

such as a d-c not or drive, a sol enoi %égﬁum)d4 ver or

t he | i ke. The device nmay be swi tched at 5

about 40 kHz with input waveforns sgngched bet weén and - 5 volts to
turn MOSFET 10 off and on respectivél Figure 3a shows a
typi cal input signal waveform to pin 17, and Figure 3b shows the
resulting drain current at pin 11 on the sane tine scale. During
normal 30 operation, when the signal at pin 17 is 5 volts, the

MOSFET 10 is on. The currefiheSichntirodt ciesuitobflélaims 1 or 4l ess than the
ref erence volta e, V[er and .t he over- enperatuyre _signal T[er] is
al so | ess trﬁﬂﬁ ¥Ae§iﬁ§ t giEevgs gans inc1538E" &' Yehn¥el™®

trlgger.

8. The control circuit of claim 8 wherein
said first circuit means further includes an inverter
circuit having an input connected to the output of said
Schmitt trigger and to the input of said first control

5 MOSFET means and an output connected to the input of said
second control MOSFET. .

9. The control circuit of claim 9 which
further includes an AND circuit having a first input
connected to the output of said Schﬁitt trigger, a second
input connected to an output of said latch circuit means,

5 and an output connected to said input of said inverter
circuit.

10. The circuit of claim 1 which further
includes an input circuit connected to said input
terminal pin; said input circuit having means for
selectively producing said first, second and third signal

5 voltages; said input circuit including first and second
output ports each selectively switchable between first
and second respective voltage outputs and a resistive
divider circuit connected across said first and second
output ports and having a node connected to said input

10 terminal pin.

11. The circuit of claim 11, wherein the
resistance values of said divider circuit are different
on opposite sides of said node.
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7 ) voltage V[err]. Therefore, the out puts of conparators 22 -
and 23 are low and the input at R of the EET “low. As a
result, the output at Qis high, turning gﬁ Fis S @—BEFNM and t he out put

at [err] is low, holding MOSFET 20 5 REPLA . Still
consi dering normal operation, when the signal at input pin 17 is
zero volts, the gate voltage of MOSFET 10 is zer %(h\t‘hT device is
of f. Wen thQNlpwpt 17 5@ nal is again switched to ll’DSFET 10
turns on l_.._amd. drain.cutrient -4 ows -as -showR +» + | +st—part of
Figure 3b, and, the syst gperates nornally. 1 i1f an
overcurrent r,ovq.L_L.en&l- at ure conditlorzl devel o s}‘éa shown by the
fault spike "xj in FBiARe pb= eit @ bot h conpaphtors 22 and 23
have a hi gh o\ put l]J? o) tVat t he out put |of O?gl rcyit 24 boes high.
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causes the RS latch to switch the outputs at Qand [err] to turn

of f the MOSFET 16, disconnecting the input pin 17 and the gate of
MOSFET 10, and to turn on MOSFET 20 to cl anp the SOULQG pin 12 to
the gate of MOSFET 10. Thus, 20 t he %HCLPrQ ‘n response to
the fault condition. ' N é érn1ned | engt h
of time, the R-S | atch is reset by lHWVInQUf-atgﬂal at input
pin 17. The MOSFET 10 will next turn on when a turn-on signal (a
25 hi gh V[ergi% apy rs at the input 17 I f, however, the fault
condition still Fault ptH-sq "y" f—Figur e 3 wi ||
appear, and latch 2 mAII aghin operatd, thif 4eque ce conti nui ng
until the fault i | eared o} the ciycuit]is tijned 3
This condition canh’ beavordeg by provigrng a pararE‘réSE pinto
provi de a stE@?. EEAQt sighal to¢ ' the Iatch 21 fromthe '
m crocontro cui nd after ESPEC&98239: | : i
| Lo P
D : : : t FAULT ¢ :
e kx ; kY a
H : — 1
(LI S S AR R A
SVT ] ' ' ' ' ]
VSET
---------- : L
2V 1 VReseT i

FIG. 6A
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- 8- . clearing the fault. However, it is very desirable to
retain the three-pin configuration of Flgure 2. I n
accordance with the present invention, a Lt—J s provided,
using a three-pin conflguratlon but mﬁ@K%BHEHWmASBEEm n-si gna

w [l not reset the latch after a faullt _opeREBPLEGED f

The circuit of the invention is shown schemattcatr+y—=rFi gure 4 and
its novel signal source is
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shewn i Fi gure 5. Cbnponents ‘similar to those of Flgure 1 have the
sare identifying numerals in Figure 4. The |, FFETT gure 4 is
nmodi fi ed, however, in that the RS | a ctHlQBHE&§ %Sééﬁ‘ﬁﬁ_s trigger 41
associated theremﬁth, having a trigge voItB@EL&ﬁ%PMH n the reset
t hreshol d of latch 21. For exanple, | T—has a reset threshold
of one volt and trigger 41 a threshold of 3.5V. The out put of

trigger 41 and the [err] output of latch 21 are applied to the
i nputs of AND ci r CUIRROCTECTRIE THREEHPIN MOSGATEDAMEVICE (BOWEBR is applied to

t he gate of controgwygﬁﬁgﬁlg% §§P§ﬁ§T§n§%§9$if*ﬁ¥$e$1§é£$T§E¥§ﬂtp”t of

i nverter 43 is .. The reset
threshold of latch 21 at input is 1 volt in the enbodi nment
described. That is, the voltage at pin [err] nust be 1 volt or less
for the latch 21 to reset. Consequently, the circuit of Figure 4
will react oABSTIRACT OF THESDISCLOSURE(|fferent i nput signal |evels at

I nput t erm nal A7three-term1na1 smart! PolBe MOBghtea akviceolts and

there i s no F¥ gdltlon t he |nguts to AND CIFCH%t 42 wll be
hi gh, MOSFETR2E fhP b816ﬁ“& d RPRECeBBerpfirg apf over-vo | f
the input vopreagectiohcdn@ettheolikeo! t The controlt cliggaitdands theer at ed,

and the OUtpﬂioggggﬁbglgggéuiis'gre powered from an input or control
pin connected to a microprocessor. The output of the

microprocessor is connected to a resistive divider
circuit such that three potentials can be selectively
produced at the divider mode, and comprise an on-level
signal, an off-level signal and a reset level signal
respectively. The control circuit contains an R-S latch
which turns on in the absence of a fault signal to
connect the on and off signal levels to the MOSgated
device. During a fault, the R-S latch disconnects the
control circuit input from the MOSgated device, and is
reset only by the reset level signal which is distinct
from the off signal level which is incapable of resetting
the R-S latch.
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l-ow. Thus; the butput of AND gate 42 is | ow, MOSFET 16;Hﬁ§Jﬁ§%ﬂﬂﬁﬁﬁ§ggT
and  MOSFET 20 turns on to turn off the main poef  MCSFET™TU*=Th
qQperation is schematically shown SPEC\ 151003

o 26 NOV 199

-6-

21, comparators 22 and 23, the OR circuit 24, zener diode
25, and the clamp circuit zener diode 26 and diode 27.

Zener diode 25 provides ESD protection for the

circuit and also limits the input voltage, for example,
5 to 10 volts.

The circuit of Figure 1 is shown within block
30. Block 30 corresponds to the integrated circuit
silicon chip which is conventionally contained within the
three-leaded TO 220 package 31 of Figure 2. Package 31

10 contains input lead terminal pin 13, drain terminal pin
~ (and tab) 17 and source pin 12, also referred to in
Figure 1. Note that the protected MOS device of Figures
1 and 2 will fit directly into a receptacle designed for
a standard unprotected power MOSFET or similar MOSgated
15 device.
' The operation of the circuit of Figure 1 is
next described. An input signal source, for example, a
micro-controller provides input pulses to input pin 17 to
control the switching on and off of the drain current
20 between drain pin 11 and source pin 12 as desired by the
user. Note that any suitable load is connected in series
with the drain and source pins 11 and 12, such as a d-c
motor drive, a solencid driver, a lémp driver or the
like. The device may be switched at frequencies below
25 about 40 kHz with input waveforms switched between 0 and
5 volts to turn MOSFET 10 off and on respectively.

Figure 3a shows a typical input signal waveform
to pin 17, and Figure 3b shows the resulting drain
current at pin 11 on the same time scale. During normal

30 operation, when the signal at pin 17 is 5 volts, the
MOSFET 10 is on. The current signal'at resistor 14 is
less than the reference voltage Vi, and the over-
temperature signal T; is also less than the reference

SPEC\98239



in Figures 6a and 6b. So long as the input is swij

5 volts, the device will operate like the ptipr art device

1 when the input swtches between 0 and 5 vpl{s. t

does not reset during this tine. ZNﬂanévgaa

occurs, latch 21 is operated and [err] goes

stays off and MOSFET 20 stays on. This condition continues unfi
third reset signal below the reset threshol dvolrtage of latch 21
preferably 0 volt, is applied to input 17. Pulling the I nput pin 17
bel ow 1 volt theref or PRIEREGRED H@*R&NRIN MOSGATHD: (PEVICFp ROWRR nor mmal

operation can conti nggrTes WFPWNSEPARATENRESEY ENFOT SIGNAL LEVEL

Figure 5 shows a novel 1nput circuit for produci ng three different
voltage | evels to the input term nal under any suitable control, for
exanple, a m cro-controller 50. Thus mcro-controller 50 has an IN

B oo RERAGH Bri A B sRtobg N port T e 8 o, sl veve

required by the user. Thd &breggtexminal SmaptsPowesrMOfggted deviceol ts,

but can be sw heBednb@tOcircuit,V8vbriebmp8atuPl’ RRECSVeF-V82LAGEY E

di vider consistin ] of resistors 51 and 52, for exanpple 2,000 ohns

and 3, 000 protection and the like. The control circuit and the
protective circuits are powered from an input or control
pin connected to a microprocessor. The output of the
microprocessor is connected to a resistive divider
circuit such that three potentialé can be selectively
produced at the divider mode, and comprise an on-level
signal, an off-level signal and a reset level signal
respectively. The control circuit contains an R-S latch
which turns on in the absence of a fault signal to
connect the on and off signal levels to the MOSgated
device. During a fault, the R-S latch disconnects the
control circuit input from the MOSgated device, and is
reset only by the reset level signal which is distinct
from the off signal level which is incapable of resetting
the R-S latch.

Fig. 4



ohms, respectively, is connect ed across port TNT epnnoE! and are
connegted at node 53. The resistors 51 and mpﬁAm t he sane

val ue, or other values than those stat gd. Node 53 isjcqnnected to
input 17 in Figure 5. The dji ricui2t6 NOVFI9QéT ¢ provi des a
three state drive using sinply two | ogijc outputs andthe resistive
di vider, and operates as foll ows: 1 To producefa 5 volt

\?gf PSF’TLQevl):\I ‘m%ﬂ.rgoie? tgt' 'rﬁaeng \\//\npll then also be 5 v .NS 1t1(-) °
SPEC\ 151003 et =107 T -0
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To produce a 2 volt out p.ut, the I N port goes to Q volt and the RESET

port remains at 5 volts. The resi stor divider e

produce 2 volts at node 53. 5 T)R-EPL CFME - 'E) at
t he node 53 (for reset : of the latch 21), it isjoply necessary ko
make the voltage at the RESET port O volt and {hp RONDPEIWS por

IN also O volt. It is40 be noted that_the inventign jcan
be 10 used over any desired range dof—voltages so [ong as the

reset voltage for thejf h latch is |lower than the |1 }

vol tage for turni ns FET A0—duwiing Rpen t operation.
As previously stated, the cirquit of Figure 4{15 has| hysteresis due to
the Schmtt triggepf . Thus,| as shoywn in |Fi gurfe 7, there is shown
the curve of the drdin CUrTEMt—tTer T as e fumctromot—the fnput

vol t age Vgs a‘fl@ ;A gat'e of :NDSFET 10. tAs input viol tagé Vgs of the
MOSFET 10 *in ses, tri gge.r 41 bperates att value 1 which is in 20

excess of 3.5 volts and I\/DSFE'E 10 t-urns pn, ahd current i

\ FAULT |

1 kx kx

— -t
FIG. 3B ¢ ¢ § 1 i
AL T R S A
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VsET
MiVesl A
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DS

I[[err] flows. However, during turn off, the gate v

bel ow the value it had at turn-on to a second val ug

abouf 3.5 volts. This hysteresis effect Cr 6
for the circuit. 25 Al t hough the pré
described in relation to particul ar enbodi nents thd
vari ations and nodifications and ot her gses

bsg¢nt i nvention ha
b 0f26 NOV 1996 man

i1l _becone_ appaf

han

pmunity

5 been

y ot her
ent to
he

erein,

those skilled in the art. It is —preferred, [therefore, that t
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- 11 - VWHAT | S CLAI MBS 1. A contr

MOSgat ed circuit; saidjjpowersivesgaiedeg|ricuit having REEEA\E@@@@E“#?ﬁ“
terminal pins and a in jut temﬂmnahgpln reby said inpt
control's the smntchlng*cﬁ—aﬁé‘ =d-power MOSgat ¢
its said nmain termnal pins; said power (§O0Sgated cir ¢ui
MOSgat ed power device having first and second main el et
said first and second ternmnal pins and a input electrode;
circuit including protective circuit nmeans for nonit
operating condition of said MXSgated power device and for turning off said

Sai d cont Fol i reuit furfher THEISRISPLERAAC £F Tk oh P {BErET -
means coupl ed saidefirstidircowit neanms urther ainchudes i apuineexter ode for
control I'ing thgiEHﬁﬂtoﬂaving an input connected to the output of said
Schmitt trigger and to the input of said first control
S MOSFET means and an output connected to the input of said
- second control MOSFET.

said contro

9. The control circuit of claim 8 which
further includes an AND circuit having a first input
connected to the output of said Schmitt trigger, a second
input connected to an output of said latch circuit means,

5 and an output connected to said input of said inverter
circuit.

10. The circuit of claim 1 which further
includes an input circuit connected to said input
terminal pin; said inpuf éircuit having means for
selectively producing said first, second and third signal

5 voltages; said input circuit including first and second
output ports each selectively switchable between first
and second respective voltage outputs and a resistive
divider circuit connected across said first and second

output ports and having a node connected to said input
10 terminal pin.

11. The circuit of claim 10, wherein the

resistance values of said divider circuit are different
on opposite sides of said node.
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and twurn of f of sai d MOSgat edepawer—device-when-a turn-on signal is applied

to- said input termnal pin; firHisSHEETIHASEBEEN [COUp|-ng-—said input

termnal pin to said control FE'PEFH.@NEHO tutin on| REA ACEMENT SHERTH!
n 10

control MOSFET neans and sai d-WoSgared—power—aa¥ ce nal s
of first and second vol tage nmagni tudes rldspecti vel y;| a rgﬁsttable | gt gh
circuit neans having an i nput coupled to said protec e JAN 2002edns

.an output coupled to said first control MOSFET means erehy said |dtdh
means i s sw

: WHATY LS CLAIMED IIS¥ ch condition in respﬁnse to an out put |of
said protective circuit neans thereby to disable sai ' SFET

nmeans so that said MOSgat ed power device turns off; and coupling said
_resettable latch neans %0 sdt chnrﬁﬁﬂel SLTERF Ta% R quaeﬁeéfti ng said

latch means igirSRONSald powdryMisqite tdirah MolHagmgragindticendvhi ch is
lsg},\grpgc\gp ”le.%c!o% SirEaicl)'I t':sea}.lmdinallr S';}in"isndans caoriqu\{lqj_ t%i%mﬁﬂges, ‘wher eby

whereby said input terminal pin controls the switching on

and

and off of said power MOSgated circuit between its said
main terminal pins; said power MOSgated circuit including
a MOSgated power device having first and second main
electrodes connected to said first and second terminal
pins and a input electrode; said control circuit
including protective circuit means for monitoring at
least one operating condition of said MOSgated power
device and for turning off said MOSgated power device
when said operating condition exceeds a given value; said
control circuit further including at least a first
control MOSFET means coupled between said input terminal’
pin and said input electrode for controlling the turn on
and turn off of said MOSgated power device when a turn-on
signal is applied to said input terminal pin; first
circuit means coupling said input terminal pin to said
control MOSFET means to turn on and off said first
control MOSFET means and said MOSgated power device in
response to signals of first and second voltage
magnitudes respectively; a resettable latch circuit means
having an input coupled to said protective circuit means

and an output coupled to said first control MOSFET means

whereby said latch means
condition in response to
circuit means thereby to

is switched to a first latch
an output of said protective
disable said first control

MOSFET means so that said MOSgated power device turns

-off; and means coupling said resettable latch means to

.said input of said latch

means for resetting said latch

means in response to a signal of a third voltage

magnitude which is lower

than the lowest of said first

and second voltage magnitudes, whereby said power

L L]

. * ¢ s *
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- A2 MOSgat ed ci rcui tre=t lvely turned on and off and is
réset after a fault by three’?fﬁmﬁgﬁ éﬁh&é- T5of _first, second and third
vol tages which are dlStIﬂgUI' 3=

term nal pin. o= Ftkﬁﬁ?ﬁ ngﬂﬂifgﬂfﬁ OQEPUt

MOSgated circuit is housed in a three—pﬂﬂ TO 220 dtyfl e ackage.
3. The circuit of claim1 wherein said protectivd dirdldJANZGZ i{n¢l udes a

current neasuring circuit and a tenperature neasurfirjg circuit.

MOSgated circuit is respectively turned on and off and is
reset after a fault by three respective signals of first,
second and third voltages which are distinguishable from
one another applied to said input terminal pin.

2. The circuit of claim 1 wherein said power
MOsgated circuit is housed in a three-pin TO 220 style
package.

3. The circuit of claim 1 wherein said
protective circuit means includes a current measuring
circuit and a temperature measuring circuit.

4. The circuit of claim 1 wherein said
control circuit includes a second control MOSFET
connected between said input electrode and one of said
main electrodes of said MOSgated power device whereby the
conduction of said second MOSFET turns off said MOSgated
power device; said second control MOSFET being coupled to
said input terminal pin and to said latch means such that
when said first control MOSFET means is on or off, said
second control MOSFET is off or on, respectively.

5. The control circuit of claim 1 wherein
said latch circuit means is an R-S latch.

6. The control circuit of claim 1 wherein
said first, second and third voltages have different
voltage magnitudes of about 5 volts, about 2 volts, and
about 0 volt, respectively.

7. The control circuit of claims 1 or 4
wherein said first circuit means includes a Schmitt trigger.

_—
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i i _ s circuit |ncludes a second
ENSSHEETIHASUBERN drct r ouE—am mai n
€l ectrodes of said MOSgated power RERE QmerebE t ECiohidli ERER

second MOSFET turns off said gat e I ce] s$aid second cotho
MOSFET bei ng coupled to said input ter n3r?na‘t pin-an 10 1; 'J}Z\N%ﬁ" epns
such that when said first control MOSFET neans is ¢n off, said fecond
control MOSFET is off or on, respectively. '-1?——‘Hﬁrﬂﬂm% r pl

circuit of claimi1 wherein said latch circuit nmeang is an RS [ atch
6. The control circuit of claiml1l wherein said first, second and third

vol tages have different voltage nagnitudes of about 5 volts, about 2 volts,

and about O volt, respectiv@®ey control circuit of claims 1 or 4
wherein said first circuit means includes a Schmitt

4. The circuit of claim1l
c¢ontrol MOSFET connected bet

aa BN

trigger.

8. The control circuit of claim 8 wherein
said first circuit means further includes an inverter
circuit having an input connected to the output of said
Schmitt trigger and to the input of said first control
MOSFET means and an output connected to the input of said
second control MOSFET.

9. The control circuit of claim 9 which
further includes an AND circuit having a first input
connected to the output of said Schmitt trigger, a second
input connected to an output of said latch circuit means,
and an output connected to said input of said inverter
circuit.

10. The circuit of claim 1 which further
includes an input circuit connected to said input
terminal pin; said input circuit having means for
selectively producing said first, second and third signal
voltages; said input circuit includihg first and second
output ports each Sglectively switchable between first
and second respective voltage outputs and a resistive
divider.circuit connected across said first and second
output ports and having a node connected to said input
tefminal pin.

11.. The circuit of claim 11, wherein the
resistance values of said divider circuit are different
on opposite sides of said node.
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7. The control circuit of clains 1 or 4 wherein said flrst circuit means

i ncludes a Schm t t trigger. ~l3
8 . The control circuit of claim 7 wherein sai d REPL%CEMEN’{NS}DE@ ns
fcurt her includes an inverter circuit having an |n ut conmectedt d t he
out put. of said Schmtt trigger .and to the inpuf ngi{)'”@t ;
control 5 MOSFET neans and an out put connected toth ﬂﬁg fU%aild
second control MOSFET.

WHAT IS CLAIMED IS:

1. A control circuit for a power MOSgated
circuit; said power MOSgated circuit having first and
second main terminal pins and a input terminal pin
whereby said input terminal pin controls the SWitching on
and off of said power MOSgated circuit between its said
main terminal pins; said power MOSgated circuit including
a MOSgated power device having first and second main
electrodes connected to said first and second terminal
pins and a input electrode; said control circuit
including protective circuit means for monitoring at
least one operating condition of said MOSgated power
device and for turning off said MOSgated power ‘device
when said operating condition exceeds a given value; said
control circuit further including at least a first
control MOSFET means coupled between said input terminal
pin and said input electrode for controlling the turn on
and turn off of said MOSgated power device ﬁhen a turn-on
signal is applied to said input terminal pin; first
circuit'means coupling said input terminal pin to said
control MOSFET means to turn on and off said first
control MOSFET means and said MOSgated power device in
response to signals of first and second voltage
magnitudes respectively; a resettable latch circuit means
having an input coupled to said protective circuit means
and an output coupled to said first control MOSFET means
whereby said latch means is switched to a first latch
condition in response to an output of said protective
circuit means thereby to disable said first control
MOSFET means so that said MOSgated power device turns
off; and means coupling said resettable latch means to
said input of said latch means for resetting said latch
means in response to a signal of a third voltage
magnitude which is lower than the lowest of said first
and second voltage magnitudes, whereby said power

—
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9. The control, circuit of claim8 which further i ncl udes an AND

cirguit having a first input connected to the output of said Schmtt
trigger, a second ' i nput connected to an output of said lateh ETeu|t
oeans, 5 and an out put connected to said input of RFﬂgugﬂﬂﬂNﬁéﬂﬂE
circuit. 10. The circujt_of claim —eh—turtiher _

I ncl udes an i nput circuit connected to Said I nput te%gyﬁgqqn cai d
i nput circuit having neans for sel ectively pro uc!n st,
second and third signal 5 vol tages; said input cirjcyit _includirg—Finst
and second out put ports each selectively swtchable betmeen flrsq 3
and second respective vol tage outputs and a resistive v der circui't

connect ed a§b§§?§ %'flrst ag?é%%%pn%ﬁyq}y turﬂgg J%ngﬁ%zgg%ha¥ing a node

connected t
circuit of reseln afterher danlthdy three ewispeatdvey alidgm lef c&alﬁxdsﬁll der

circuit aregdibh8 §Ak thira 981220828 LRi1¥hI6% Ll 9% ab1e from

one another applied to said input terminal pin.

2. The circuit of claim 1 wherein said power
MOsgated circuit is housed in a three-pin TO 220 style
package. '

3. The circuit of claim 1 wherein said
protective circuit means includes a current measuring
circuit and a temperature measuring circuit.

4. The circuit of claim 1 wherein said
control circuit includes a second control MOSFET
connected between said input electrode and one of said
main electrodes of said MOSgated power device whereby the
conduction of said second MOSFET turns off said MOSgated
pover device; said second control MOSFET being coupled to
said input terminal pin and to said latch means such that
when said first control MOSFET means is on or off, said
second control MOSFET is off or on, respectively.

5. The control circuit of claim 1 wherein
said latch circuit means is an R-S latch.

6. The control circuit of claim 1 wherein
said first, second and third voitages have different
voltage magnitudes of about 5 volts, about 2 volts, and
about 0 volt, respectively.

7. The control circuit of claims 1 or 4
wherein said first circuit means includes a Schmitt trigger.
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8. The control circuit of claim 7 wherein
said first circuit means further includes an inverter

- circuit having an ‘input connected to the output. of said

Schmitt trigger and to the input of said first control
MOSFET means and an output connected to the input of said
second control MOSFET.

9. The control circuit of claim 8 which
further includes an AND circuit having a first input
connected to the output of said Schmitt trigger, a second
input connected to an output of said latch circuit means,
and an output connected to said input of said inverter
circuit.

. '10.  The circuit of claim 1 which further
includes an input circuit connected to said input
terminal pin; said input circuit having means for
selectively producing said first, second and third signal
voltages; said input circuit including first and second
output ports each selectively switchable between first.
and second respective'voltaqe outputs and a resistive
divider circuit connected across said first and second

output ports and having a node connected to said input
terminal pin.

11. The circuit of claim 10, wherein the
resistance values of said divider circuit are different
on opposite sides of said node. '
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