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1 R-1126, : | NTEGRATED MOSGA&E i
SEM. CONDUCTOR DEVI CE W TH HI GH NEGATI VE chE&ANP VOLTAGE AND
FAI L SAFE OPERATI ON

IR-1126

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

BACKGROUND OF THE INVENTION

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

15 High side switches employing cne or more
MOSgated power semiconductor devices with integrated
control circuits are well known, such as the IR6000
device manufactured by the International Rectifier
Corporation, the assignee of the present invention. When

20 such devices drive an inductive load, as in automotive
applications, the MOSgated power device is hard to turn
off, and may have to dissipate substantial amounts of
powexr due to inductive current during turn off.
Furthermore, when the logic ground for the high side

25 switch is at a different potential than the load circuit
ground, the power MOSgated device may be caused to
unintentionally conduct and dissipate high power which
can destroy the device.
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BAGKGROUND OF THE | NVENTI ON 10 This invention relates to

I nt egrated MOSgat ed power sem conductor devices, and nore
specifically relates to a novel circuit which permts rapid turn off
of a high side switch which drives a grounded load with | ow power

di ssipation for the MOSgated power device. 15 Hi gh side
"swi tches enpl oyi ng one or nore - MOSgat ed power semi conductor devi ces
with integrated control circuits are well known, such as the | R6000
devi ce manufactured by the International Rectifier Corporation, the
assignee of the present invention. Wen 20 such devices drive an

I nductive load, as in aqﬁgqgh&ye v..applications, the NCSgated ower
device is hard to turn ——=CItF AT ARMEY Ry ols §PESPpRFEPLERSt aREE Al
amount s of such ppiseruithe i radbhioet iav eeou pireitl ety whgrtbyn 9Ff the
Furthernore, when,ihe | & O or_,the. hi i.de swifchig at a
di fferent potent i‘al%{'tvhéalﬁ%t eﬁsgg%q'(?{wrgﬁ‘let %hre%%ﬁ&’gaﬁg,a%hgrp'éé@}: gat ed
devi ce may be & #FEE I MCSFET wiricht edeinpsalthy gateuct ahd dasai pate high

pover which  Mosgatt) fRRlY Rl J@YeChiain device cannot be turned

on on command.

BRIEF DESCRIPTION OF THE INVENTION
In accordance with the present invention, a
novel circuit is provided to control a control MOSFET

10 which connects the gate of the power device to its source

or another power electrode in response to a turn-off
signal. A level translator circuit couples the input
signal to an inverter circuit which, in turn, is coupled
to the gate of the control MOSFET to ensure that the

15 control MOSFET can be turned on when the output voltage
1s negative.

The threshold voltage of the control MOSFET is
chosen to be lower than that of the power device and
conducts to short the gate of the power device to its

20 source before the power device will conduct, thus
preventing the inadvertent turn on of the power device
during the turn-off process. A higher negative clamp
voltage can then be applied to the circdit to increase
di/dt during turn off, to shorten the turn-off time. It

25 is also possible to turn on the power device from an
intentional turn-on signal through the use of the level
translater circuit which drives the control MOSFET
device.
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- 2-. . Crcuits are known to avoid these probl ens, but

such CIrCUItS I ntroduce a new problem whereby, if the out put
voltage is below the threshold voltage of that of a control MCSFET
whi ch clanps the gate of the main 5 MOSgat ed power device, the main
devi ce cannot be turned on on conmmand. BRI EF DESCRI PTI ON OF
- THE | NVENTI ON In accordance with the present invention, a
novel circuit is provided to control a control MOSFET 10 whi ch connects
the gate of the power device to its source or anot her power

el ectrode in response to a turn-off signal. A level translator

circuit coupl eggﬁ:u.e bn@&%wﬂqi Fgl@ﬁm nverter circuit which, in

turn, is coupl rol MOSFET to ensure that
t he 15 . contr ol MOSFHLigare be isuraned mmuiwhdhnagmemootpat typhitadge
I's negative. 1? rt nonol Eﬂ@ Hﬂé§§nggk%ﬁhk%%?ngchhﬁaﬁogtEBQiNCSFET
IS Chosen 0 % | ower an t e power device
ground connected to a load having a load power ground.

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

Figure 3 shows a known modification to the
10 prior art circuit of Figure 1 which shortens the turn-off
time under inductive load and prevents unintended turn on
of the MOSgated power semiconductor device due to an off-
set ground voltage.
Figure 4a shows the turn-off signal of the
15 circuit of Figure 3 as a function of time.
Figure 4b shows the output and gate voltages
for the MOSgated power semiconductor device of Figure 3
on the same time scale as Figure 4a.
Figure Sa shows several cycles of the turn-off
20 signal in the circuit of Figure 3 as a function of time.
Figure 5b shows the output voltage of the
circuit of Figure 3 on the same time scale as in Figure
Sa and shows the prevention of an intended turn on.
Figure 6 is a circuit diagram of a preferred
25 embodiment of the present invention, employing a
transistor-resistor inverter and a level translation
circuit.
Figure 7a shows the turn-off signal in the
circuit of Figure 6 as a function of time.
30 Figure 7b shows the output voltage of the

circuit of Figure 6 as a function of time.
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conducts .to short the gate of the power device to its 20 source before

t he power device will conduct, thus preventing the inadvertent turn

on of the power device during the turn-off process. A higher negative

cl anmp vol tage can then be applied to the circuit to increase

di/dt during turn off, to shorten the turn-off tine. It 25 Is al so
“possible to turn on the power device from an I ntentional turn-on

signal through the use of the |evel translator circuit which drives

t he control MOSFET devi ce. - 3-

BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 is acircuit

diagramof a typical g gl g8l TROCHEEMLGRBLIeSE g SEhLCh whi ch has

present invention in which the inverter circuit uses CMOS

circuitry.

DETAILED DESCRIPTION OF THE DRAWINGS

5 Referring first to Figure 1, there is shown a

circuit diagram of the main ccmponents of a high side
switch formed in a monolithic chip. Thus, an N channel
MOSgated power semiconductor device 20 is the main power
device and is formed in the same monolithic chip as the

10 control elements. The monolithic chip is then housed in
a package 21. The power semiconductor 20 is shown as an
N channel power MOSFET, but it could be any other
MOSgated type of device such as an IGBT, or the like.

The circuit of Figure 1 has a V. input voltage

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

20 signal pin 25.

Also contained in the same chip as MOSFET 20 is
a conventional charge pump circuit 26, a turn-off
N channel MOSFET 27, a logic control circuit 28 and
protection circuits 29 which can monitor, for example,

25 voltage, current and temperature conditions of the chip
to turn MOSFET 20 off under selected conditions. An
input terminal 25 to logic 28 is connected to a user’s
microcontroller or the like, to turn MOSFET on and off in
a given sequence or under certain conditions.

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

is intended to ke at the same potential as logic ground
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ground connected to a | oad having a | oad power ground. 5

Fi gures 2a, 2b and 2c show the off signal, |oad vol tage and | oad
current respectively on a common tine base, for the circuit of
Figure 1, with an inductive - | oad. Figure 3 shows a
known nodi fication to the 10 prior. art circuit of Figure 1 which
“shortens the turn-off time undér i nductive |oad and prevents

uni nt ended turn on of the MOSgat ed power sem conductor device due to
an of f- set ground voltage. Figure 4a shows the
turn-of f signal of the 15 circuit of Figure 3 as a function of tine.

Flgure 40 Shows it AULAUL 303k ko) £3898a11y pe LI ahBEMRPR! £, pOVer
sem conduct or device of Figure the Lame Find scalé as Frgure
4a. or the ldkeur Opsgabiensroay shel veythee Bec mhdchuin she 20

signal in the fidddeli v JPlula 3 oas wBullineki 9Bodt 1hMolts.  The
Fi gure 5b shows the output “voltage of the circuit o? Figure 3 on the
sane tinme scal IS PUARy e Providessa ¥Adt3ABWSOL RESpFaten®f dPeWweT an

i ntendeds t ur n MOBFET 20 which is 5 tBl 44l €c@tkShaghkkCHhhndvagtammakea
preferred 25 enbadi.nent of the present invention, enploying a

transi stor - r esi%SERSS & TFd 81 MPSFEL, 28s! at i on circuit.
Figure 7a shows the turrehef faukigiakyl NOBFET 27 is Gkedutd ehrfigffe 6 as a

function of ti ._Fiqgure 7b shows the .ouf put ge., of
t he Ci rM(Q:SlFtE%ng FRyuee e ess 189t g#c?t 98Eeof'°t grgund WheH ud8rEPE
turns on.
10 ) The circuit of Figure 1 has two major problems.

The first shows up when load 30 is an inductive load.
When driving an inductive load, the output voltage is
clamped at turn off of MOSFET 20 to (-V,) where V, is the
gate-to-source voltage of MOSFET 20 during load current
15 conduction. This voltage is typically 3 to 5 volts. The
low negative voltage across the load inductance during
turn-off results in a low di/dt for the source current
and therefore a long time is needed for the current to
decay to zero. This results in higher power dissipation
20 in MOSFET 20 and in long response times for the load.
This effect can be seen from Figures 2a, 2b and
2c. Thus, the input terminal applies a signal at time t,
to the leogic circuit 28 which, in turn, produces the
turn-off signal of Figure 2a (a high signal on the gate
25 of MOSFET 27). MOSFET 27 then turns on at time t, in
Figures 2a, 2b and 2c¢, and the load voltage (Figure 2b)

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

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

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

of the logic ground 24. This can occur due to parasitic
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-4- . Figure 8 shows anot her enbodi nent of the
present invention in which the inverter circuit uses CMOS circuitry.
DETAI LED DESCRI PTI ON OF THE DRAW NGS 5 Referring first to
Figure 1, there is shown a circuit diagram of the nmain conponents of
a high side switch forned in % monol i thic chip. Thus, an N channel
MOSgat ed power sem conductor device 20 is the main power devi ce and
is fornmed in the same nonolithic chip as the 10 control elenents. The
nmonolithic chip is then housed in a package 21. The power
sem conductor 20 is shown as an

inductances, resistances, corrosion, or accidental
disconnection of connectors and the like. This produces
an offset voltage, shown schematically in Figure 1 by
battery 40. If, as a result of this offset voltage, the
5 logic ground is more than 1 threshold of the power MOSFET
20 above the power ground 31, the power MOSFET 20 will
begin to conduct a high current from V. terminal 22 to
ground 31, and will dissipate high power in MOSFET 20,
which can lead to the destruction of the high side
10 switch.
The above-described drawbacks have been avoided
through the addition to the circuit of Figure 1 of a
suitable clamping circuit, as shown in Figure 3. Thus,
there is added between charge pump 26 and MOSFET 20 a
15 clamping circuit consisting of resistor 50, resistor 51,
zener dicde 52 and a second control MOSFET or transistor
53. Transistor 53 is designed to have a lower threshold
voltage than that of power MOSFET 20. This known
structure is used in the IR 6000 high side switch
20 manufactured by the International Rectifier Corporation,
the assignee of this invention. '
In the circuit of Figure 3, assume that MOSFET
20 is on and the load 30 is activated. 1If now the off
signal to MOSFET 27 goes high (at time t; in Figures 4a
25 and 4b), MOSFET 27 turns "ON". This discharges the gate
of MOSFET 20 to ground and MOSFET 20 turns off. If the
load 30.is inductive, of if the power ground 31 is below
the logic ground 24, the output voltage at terminal 23
will beccme negative.
30 Thus, as shown in Figure 4b, the source voltage
reduces to (-Vys;,) (the negative of the threshold voltage
of MOSFET S53) so that, at time t, in Figure 4b,

transistor 53 turns on and connects the gate of MOSFET 20
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N channel: power MOSFET, but it could be any other MOSgat ed type of
devi ce such as an I GBT, or the Ilike. The circuit of Figure
1 has a V[err] input voltage 15 term nal 22 which is connected to the
drain of MOSFET 20 and an output term nal 23 connected to the source
of MOSFET 20. Termnals 22 and 23-may be term nal pins for t he
package 21, schematically shown in dotted-Iline outline, along with a
| ogic ground pin 24 and an input 20 signal pin 25. Al so
contained in the sane chip as NCSFET 20 is a conventional charge punp
circuit 26, a _turn-off N channel MOSFET 27, a logic control circuit
28 and SPot&St SOHEERr cuNPEe 2BhAhi ER1gafcHeRs torforeMQSEEDIZY 25

vol t age, curremm.bﬂ@lheﬁbetahdt@tCEQQ&&Q@”@OQFE?h§3C@éQ a lower 1O TUrN
MOSFET 20 offb¥@%%r ggt ted cop gltlg T ut termnal 25 to
logic 28 is connecte Ca‘-ader C FEF1%?ocoﬁ?r%ﬁ?eﬁuQﬂuqrﬁ9hqqeﬁ to

turn MOSFET oegodiesf fioire negativa, gMUSFETeR0IeSELy &M o BN c AR d MABFET
condi tiens. 3@ The output termnal 23 is connectible to a |oad

3
30 which is connecteg to its own power ground 31, which is intended
to be at the sane potenPhakingsthegakoyeopndcess, resistor 51 and zener

diode 52 limit the gate-to-source voltage of MOSFET 53 to
a safe value. Resistor 50 limits the current through
MOSFET 27.

10 The actual negative voltage (-V clamp) (Figure
4b) reached by the output voltage depends on external
circuit conditions and may be the value of the ground
offset, the avalanche voltage of MOSFET 20 or an internal
clamping voltage. This voltage can be much higher than

15 Vegon Of Figure 2b and, therefore, will force a higher
di/dt than that of Figure 2c and faster turn off of the
switch. The voltage (-V clamp) and the increased di/dt
produced thereby are also shown in dotted lines in
Figures 2b and 2c respectively. .

20 While the prior art circuit of Figure 3 solves
the two problems referred to for the circuit of Figure 1,
it introduces a new prcelem. Thus, while the output
voltage at terminal 23 is below the negative threshold
voltage (-V,) of MOSFET 53, it is impossible to turn on

25 power MOSFET 20. This action is shown in Figures Sa and
Sb. Figure 5a shows the complement of the input signal
as the off signal, appl:ied to the gate of MOSFET 27. In
Figure Sa, the off signal at time t, goes low to turn off
MOSFET 27 and turn on MOSFET 20. However, as discussed

20 in reference to Figure 4b, the device must wait until the
inductive lcad is totally deenergized before accepting
the new turn-on signal at t, in Figure Sb and turn on

cannot occur until some time after time t,, for example
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termnal -24. Load 30 may typically be an autonotive | oad or the

i ke,, operable fromthe voltage V[err] which in the autonotive
application would be about 12 volts. The charge punp 26 provides a
voltage to the gate of power 5 MOSFET 20 which is 5 to 10 volts higher
-than Vcc to nake It possible-té turn on MOSFET 20.
The auxiliary MOSFET 27 is used to turn off MOSFET 20 by connecti ng
its gate to ground when MOSFET 27 turns on. 10 The
circuit of Figure 1 has two major problens. The first shows up when
| oad 30 is an inductive | oad. Wien driving an inductive |oad, the

out put vol t agett £ime t,. clanpedrbio timprefibld tVOIEER 20 MOSFEY @rOr])
where Vierr] isf th® power 32l 91584%r #@g4ekt 89¢ % P%E¥ﬁgg 1 urlng | oad
\

current 15 conductjon..” This voltage Ps typi cal The
| ow negative Vot MSed aG%e Of o NASFRIUEB aRE OUuEhﬂgloglc 9r@wm® 3

results in a low di/dt foe tp&@s&@@f Qﬁvéﬁ&&@ﬁt as discBffedihenefree a long
time is Qeeded for theéﬁurre to zero._This results in

hi gher power digiat idn F3gure 6V aME%éETtﬁé QHGV?nPFﬁhbeWe¥$b%%e tinmes for

t he | oad. retaining the other advantages of the circuit of Figure
3. Components of Figure 6, which are the same as those
of Figures 1 and 3, have the same identifying numerals
and the same function. Added components are resistors

10 60, 61 and 62, MOSFET transistors 63, 64, 65 and 66,
bipclar transistor 67, and zener diodes 68, 69 and 70.
Components 60, 61, 63, 64, 65, 68 and 69 act as a level
translator for MOSFET 53. Components 62, 66, 67 and 70
act as an inverter for the input off signal, referenced

15 to Vee.

The novel circuit of Figure 6 operates as
follows:

If the off signal to transistors 66 and 27 is
high, the circuit operates like the circuit of Figure 3.

20 Thus, transistor 66 will be on and node 80 is low.
Further, node 81 is negative by an amount equal to V,, of
transistor 67 plus the zener voltage of zener diode 70.
Transistors 64 and 65 are made to be identical so that
the same current will flow in identical resistors 60 and

25 61 respectively so that resistors 60 and 61 drop the same
voltage. Therefore, the potential at node 82 will be
lower than that at node 83. Since the gate of transistor
65 is biased close to its threshold voltage V,
transistor 63 will be biased below its threshold V; and

30 will be off. Because MOSFET transistor 63 is off, the
remainder of the circuit will operate as described for

Figure 3 when the input or off signal is high.
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This effect can be seen from Figures 2a, 2b and 2c. Thus, the input

term nal applies a signal at tine t[err] to the logic circuit 28
which, in turn, produces the turn-of f signal of Figure 2a (a high
signal on the gate 25 of MOSFET 27). MOSFET 27 then turns on at tine
t[err] in Figures 2a, 2b and-2®, -and the | oad voltage (Figure 2b)
begins to decay toward (-V[err]). The load current will now decay
slowy (Figure 2c) until, at time t[err], it reaches zero and the

| oad voltage returns to zero. 30 A second problemarises with
the circuit of Figure 1 when the power ground 31, for exanple, an

aut onobi | e chassis, is af aqottédet iofIf @iibhelean Fhiguwrehat is low, of the
|ggi ¢ ground ZdosidY So& s WA e JaR BRI 38 tiniigt_rh. Zener diode 70 has
e a zener voltage which is lower than [V - V,(67)] so
that node 81 is posifive. Since resistors 60 and 61 drop
5 the same voltage, node 82 will be above node 83. Since
the gate of MOSFET 65 is biased close to its threshold
voltage V,, the gate of MOSFET 63 will be biased above
its threshold voltage V, and it will conduct. This will
turn off MOSFET 53 to permit turn on of power MOSFET 20,
10 even though the output voltage is below (-Vy) of MOSFET
53 as shown in Figure 7a and 7b. Thus, in Figure 7b, the
MOSFET 20 can be turned on at t,, and as soon as the
input signal at Figure 7a goes low. Therefore, the main
problem introduced by the circuit of Figure 3 is avoided.
15 The circuit of Figure 6 also provides an added
protective function. Thus, if Ve is below V, of
transistor &7 plué the zener voltage of zener diode 70,
node 81 will go negative whenever the output voltage at
terminal 23 goes negative. This keeps power MOSFET 20
20 off whenever V.. is low and the output voltage is
negative. This is a desirable protective feature.

The components of the circuit of Figure 6 can
be easily implemented with N channel MOSFETs and an NPN
bipolar transistor. Thus, the circuit can be easily

25 monclithically integrated. Obviously, other compcnents
could be chosen for the described functions.

Another embodiment of the inventicn is shown in
Figure 8 in which the components having the same
structure and function as those of Figure 6 have the same

30 identifying numerals. The inverter translator receiving
the input off signal consists of three MOSFET transistors
90, 91 and 92. These act in such a way that, as was the

case of Figure 6, when the off input is low, node 81 is
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i nduct ances, resistances, corrosion, or accidental di sconnecti on of

connectors and the |ike. This produces an of fset voltage, shown
schematically in Figure 1 by battery 40. If, as a result of this

of fset voltage, the 5 l ogic ground is nore than 1 threshold of the
power MOSFET 20 above the powaro ground 31, the power MOSFET 20 w ||
begin to conduct a high current fromVferr] termnal 22 to gr ound
31, and will dissipate high power in MOSFET 20, which can lead to
the destruction of the high side 10 swi t ch. The
above-descri bed drawbacks have been avoi ded t hrough the addition to

the circuit ofebRvguitde]l ggspbuad potentigit adhé whampihg @ff cinput &ss shown in
Figure 3. ThU%ign, nodel B8 &8sl pedddednBebWE8AdCHAEES PATP 2otk MSFET 20

a 15 clanping circuit consisting of Tesistor 50, resistaor 51,
zener diode 52MEn@%3IEAGRE EEnERSI CHESRET 6f Fi@REest pre obtaingd in
Transi st or 53 dhe @q&bgaedogoﬂagmgeaglomer threshold voltage t han

t hat of power MOSFET 20. TSP ?u g@ ructure is used in the IR 6000
hi gh side switch 20 2etutes B§e§ﬁEtIﬁF§?ﬂ5%?%ﬁ%?s Tt fier

Cor porati on, describele iastegaedcal tbhparthveharosmbodiments thereof, I n the
circuit of Figure assune..t hat a gad 30 is
activat ed. Ifgn Oﬁherfyarlatlongl8H§Im?8lﬁt%?§*°3 %%%s ﬁhéﬂ'?é saflne
t[err] in Figwidd dmc2he appactedl) toMOBBEE 8KilledsiniONie afmthi s I sihar ges
the gate refle J.%. FEI %‘}etf%r%m‘dﬂgtaeﬂeg’ﬁggg!néo vé:@él&ifbe'f the

|l oad 30 is |néhct|ve OWer groun the logic
ground 3%, t hd iguted n@@l ﬂoargéhst SPér:mfnal dpgclosure hereln, but only

by the appended claims.
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w I'l becone negative. 30 Thus, as shown in Figure 4b, the
source vol tage reduces to (-V[err]) (the negative of the threshold
vol t age of MOSFET 53) so that, at time t[err] in Figure 4b,
transi stor 53 turns on and connects the gate of MOSFET 20
-7- to its source. Note 4l +his occurs before MOSFET 20
can begin to conduct because MOSFET 53 has a | ower threshol d vol t age
than MOSFET 20. As the output voltage. beconmes nore negative, MOSFET
20 stays off because MOSFET 5 53 is on. During the
above process, resistor 51 and zener diode 52 limt the
gat e- t 0- sour cHEAT tEHLIHIMADGEST 53 to a safe value. Resistor 50
limts the current through pa highMe®BETs@{tch circuit having a

MOSgated semiconductor power device having first and

second power electrodes and a control electrode, an input

circuit which produces signals for turning said power

5 device off or on, a main control MOSFET connected between

said first power electrode and said control electrode of

said power device for turning off said power device when

said main control MOSFET turns on, a signal level

translator circuit and an inverter circuit; said signal

10 level translator circuit coupled between said input

circuit and said inverter circuit; said inverter circuit

being coupled to said main control MOSFET to turn on said

control MOSFET in response to an input turn-off signal;

the threshold conduction voltage of said main control
15 MOSFET keing lower than the threshold conduction voltage

of said MOSgated semiconductor power device.

2. The circuit of claim 1 which includes a

Vee terminal connected to said second power electrode of

said power device, an output voltage terminal connected

to said first power electrode of said power device and a

5 logic ground terminal.

3. The circuit of claim i wherein said

MOSgated power device is a power MOSFET.

4. The circuit of claim 2 wherein said

MOSgated power device is a power MOSFET.

5. The circuit of claim 2 wherein said power

device and said control MOSFET are N channel devices

which are integrated into a common semiconductor chip,
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10° T The actual negative voltage (-V clanp) (Figure 4b)

reached by the output voltage depends on external circuit conditions
and may be the value of the ground of fset, the aval anche voltage of
MOSFET 20 or an internal cl anpi ng voltage. This voltage can be nuch
hi gher than 15 Vlerr] of Figure 2lmiand, therefore, will force a higher
di/dt than that of Figure 2c and faster turn off of the switch. The
voltage (-V clanp) and the increased di/dt produced t hereby are al so
shown in dotted lines in Figures 2b and 2c respectively. 20

VWhile the prior art circuit of Figure 3 solves the two probl ens

referred to f@nd hegaiauiseiss iAvgutericircuit apd tnansbates ainewit

probl emsg Thus,zhidigd g Qlst S ow t he
negative threé%old tgg&ﬁ@ggélFFe[gﬁrh)égﬁm@ﬁ %%#ﬂégﬁéugé?g ?Q 0Ssi bl e

to turn on 25 power MOSFET 20. This action is shown in Figures 5a and

Sb. Figure 5a shows theGCOWDHQEE&&rQﬁlthgflBQHRmshgﬂﬁéreln said aSowde Of f
signal, applie to the g%é e_b5a, the off

signal at tinES[ErT lpoﬁppﬁrPErWO§FFT are N RhﬁﬁgﬁiZ@e%hﬂe?urn on

MOSFET 20. Howéme:h an d.meg&ﬁeddSQnt:o al Bommbar eafecbadht goir ecdbp, t he
deener i zed

devi ce nust I td ucti.ve
bef ore accep}tNlaanéi%lrje %t%alﬁeﬁPFﬁFEeSnC§F§H§ 8Pdtf£??fi?%°£|§h¥% b and
turn on5 arsamicio docegrated isbpesaidecaftmen tsembcofductorfohipxanpl e

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

5 one end of said second MOSFET connected to said output
voltage terminal; said node between said resistor and
said second MOSFET connected to the gate of said main
control MOSFET.

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

second control MOSFET and said output voltage terminal.

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

5 are also integrated into said common semiconductor chip.

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

5 are also integrated into said common semiconductor chip.
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-8- B at time t[err] It is also inpossible to turn on MOSFET 20

I f the power ground 31 of Figure 3 is nore than the t hreshol d

vol tage of MOSFET 53 bel ow the |ogic ground 24. _ _ The
present invention, as disclosed in the 5 circuit of Figure 6, avoids
.the above problemwhile retat ming-t he ot her advantages of the
circuit of Figure 3. Conponents of Figure 6, which are the sane as

t hose of Figures 1 and 3, have the sanme identifying nunerals

and the sane function. Added components are resistors 10 60, 61 and 62,
MOSFET transistors 63, 64, 65 and 66, bi pol ar transistor 67, and
zener diodes 68, 69 and 120. The circyiponénrcdad®d, 26wheb8inbdaid5, 68 and 69

act as a | eveltranslatdd AN LALrVBEEE 23: ERURONGELS 0fa ffeql] and

70 act ., an inverter for the input o sl gna reference
Verr]. {dentical Crames 1Geel M@ﬁF@EPtaaﬂ FigeEeagdoperards as

fol | ows: identical trafslat@rofbssk@Bak;t 9at HaR$L-SE 0583 68806 27 1S
5 translator MOSFETs being connected in series with said

first and second translator resistors respectively; said
first and second translator MOSFETs being connected to
said output terminal; said first translator resistor
being connected to said ground terminal; the node between

10 said first translator MOSFET and first translator
resistor connected to the gates of said first and second
translator MOSFETs; the node between said second
translator MOSFET and said second translator resistor
connected to the gate of said second control MOSFET; and

15 a coupling circuit means coupling said second translator

resistor to said input circuit.

12. The circuit of claim 11 wherein said
coupling circuit means includes a MOSFET means in series
with a pull-up resistor which is connected to said Vecc
terminal; the gate of said MOSFET means connected to said

5 input circuit; the node between said MOSFET means and
said pull-up resistor connected to the base of a bipolar
transistor; and a zener diode connected between the
emitter of said bipolar transistor and said second

translating resistor.

13. The circuit of claim 7 wherein said
translatecr circuit comprises first translator and second
identical translator MOSFETs and first and second

identical translator resistors; said first and second

un

translator MOSFETs being connected in series with said

first and second translator resistors respectively; said
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high, the circuit operates like the circuit of Figure 3. 20 Thus,
transistor 66 will be on and node 80 is | ow. Further, node 81 is
negative by an anount equal to V[err] of transi stor 67 plus the
zener voltage of zener di ode 70. Transistors 64 and 65 are nmade to
be identical so that the sane tarrent will flowin identical
resistors 60 and 25 61 respectively so that resistors 60 and 61 drop

t he sane vol tage. Therefore, the potential at node 82 will be

| ower than that at node 83. Since the gate of transistor 65 is

bi ased close to, its threshold voltage V[err], transistor 63 will be
bi ased beIOM/ifer?hr%EﬁuﬁQFQH &Eriyga tg¢ MOSFETS| beéngf tonnBetadseoMOSFET

transi stor 63 gsi®fdut Jﬁftermlnalre@%h@d%ﬁx%E the i%EBEt @Ekg Bgerate as
descri bed for ure 3 when the input or OP% af =i ﬁ
_o- being coné’cted to said ground termlnal the node between
10 said first translator MOSFET and first translator
resistor connected to the gates of said first and second
translator MOSFETsS; the node between said second
translator MOSFET and said second translator resistor
connected to the gate of gaid second control MOSFET; and
15 a coupling circuit means coupling said second translator

resistor to said input circuit.

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

15. The circuit of claim 13 wherein said
coupling circuit means includes a MOSFET means in series
with & pull-up resistor which is connected to said Vcc
terminal; the gate of said MOSFET means connected to said

5 input circuit; the node between said MOSFET means and
said pull-up resistor connected to the base of a bipolar
transistor; and a zener diode connected between the
emitter of said bipolar transistor and said second
translating resistor.

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

5 to the gate of said third MOSFET means.

17. The circuit of claim 11 which further
includes third MOSFET means coupled between said gate of

AN
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If now the off signal in Figure 6 is |ow, MOSFET 66 is off and node
80 is. high. Zener diode 70 has a zener voltage which is [ ower than
[Vcc - V[err](67)] so that node 81 is positive. Since resistors 60
and 61 drop 5 t he sane vol tage, node 82 will be above node 83. Since
~the gate of MOSFET 65 is biased closeigo-its threshold vol t age
V[err], the gate of MOSFET 63 will be biased above its threshold
voltage V[err] and it will conduct. This wll turn of f MOSFET 53 to
permt turn on of power MOSFET 20, 10 even though the output voltage is
bel ow (-V[err]) of MOSFET 53 as shown in Figure 7a and 7b. Thus, in
Fi gure 7b, trmﬁaxd pOW@KI§§§ﬁQ§)unm®ug@ audnedtongatresfistot, amddsasdsoon as

the TS 178 s %‘1%5- Bg[t IQ%EGRgeggﬁig c88bTeqa

probl em i nt roduced by tl‘he circuit of ure i S avoi

The circuit of it &a-alxo S;?rl&n»@égdai’ﬂoé@’@é‘d protective function.
Thus, if V[err] is below V[err] of tranS|stor 67 plus the zener
voltage of zener di ode 70, go negati ve whenever the

out put vol tage at 1§ ¢r rﬁ%|c12§u@5e9fnééaﬂmvé3 Whi@hk’é‘éEE #Bwer MOSFET

20 20 of f mhenewar cHierd ]naos&thOWe&&@ hbao%apubtweéhagglasgace of
negative. This is;a deS|QPbIe protective featu

conponents of e AR (A9FE G e an lmlthgbﬁeﬁéﬁFP§ ?ﬂﬂlﬁﬁ%ﬂted with
N channel NCSHEEaamgranndW%&rmlnal lsiapdl dnputanirstat. bébng, cbtipledr cui t

can be ﬁ%am ly 29 the Lﬁtgg:qegldft hical It%‘orrrat ﬁl@rsg"ﬁ%d Obvi ously, other

conpone chosen €scri bed functions.
Anot her enbodi nent of the invention is shown in Figure 8 in which

the conponents having the saMe circuit of claim 18 which further

includes a zener diode connected between the gate of said

second control MOSFET and said output voltage terminal.

20. The circuit of claim 18 wherein said
translator circuit comprises first translator and second
identical translator MOSFETs and first and second
identical translator resistors; said first and second

5 translator MOSFETs being connected in series with said
first and second translator resistors respectively; said
first and second translator MOSFETs being connected to
said output terminal; said first translator resistor
being connected to said ground terminal; the node between

10 said first translator MOSFET and first translator
resistor connected to the gates of said first and second
translator MOSFETs; the node between said second
translatcr MOSFET and said second translator resistor
connected to the gate of said second control MOSFET; and

15 a coupling circuit means coupling said second translator

resistor to said input circuit.

21. The circuit of claim 20 wherein said
coupling circuit means includes a MOSFET means in series

SPEC\100824
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structure and function as those of Figure 6 have the same 30

I dentijfying nunerals. The inverter translator receiving t he i nput
of f signal consists of three MOSFET transistors 90, 91 and 92.
These act in such a way that, as was the case of Figure 6, when the
.off input is low, node 81 is - 16 - - 10 -
above the ground potential, and when the off input is hi gh, node 81
is below the ground potential. Therefore, t he advant ages of the
circuit of Figure 6 are obtained in the circuit of Figure 8. 5

Al t hough the present invention has been described in relation to

particul ar entédieht@ulheirofesistor wh&qw dsheprnwectkeati bassand Vecc
modi fi cations gy gidrer *ﬁ%*ﬁa e of Wdily BREGER %Q%ﬁ%eBEnBQcEQQSQOSEEkﬁed in

the art. It S pr ef erred there ore t hat present 1 nvention
input circuit; the node between sald MOSFET means and

said pull-up resistor connected to the base of a bipolar
transistor; and a zener diode connected between the
emitter of said bipolar transistor and said second
translating resistor.

22. The circuit of claim 11, wherein said
coupling circuit means includes a first MOSFET means in
series with a pull-up resistor which is connected to said
Vce terminal; the gate of said first MOSFET means
connected to said input circuit; the node between said
first MOSFET means. and said pull-up resistor connected to
the base of a higher transistor; and a second MOSFET
means connected between the emitter of said bipolar
transistor and said second translating resistor; the gate
of said second MOSFET transistor being connected to its -
drain.
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10 li-mted not by the specific disclosure herein, but only by the

appended cl ai ns. VWHAT IS CLAIMED | S:
1. . A high side switch circuit having a MOSgat ed semi _conductor p r
device having first and second power el ectrodes faRENASBERT HA$ BEEN
el ectrode, an input : circuit which produces signals forrREPULACEING sai|d
power 5 device off or on, a main control MOSFET cofffrecTed DeL Ween
said first power electrode and said control el ectrode of sai d power
device for turning off said power device when said nmain control
MOSFET turns on, a signal |evel transl at opgc yGGit and an inverter
circuit; said signal 10 ____level _translator_circCui gpupLeﬁ bet ween sai d
I nput circuit ar}d said inverter circuit; sai@ i nver:t Y circuit
N :; 128 | charee 1 D20
25’1 1 ouT
L
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bei ng coupled to said main control MOSFET to turn on said control
MOSFET in response to an input turn-off signal; the threshol d
conduction voltage of said nain control 15 MOSFET being | ower than the
t hreshol d conducti on vol tage of sai d MbSgat ed
devi ce. 2. The circuit of claim|l ﬁgﬁETﬁéﬁdﬁﬁg

V[err] term nal connected to said second power el ect LACED saj d
power device, an output voltage term nal connected to said first
power el ectrode of said power device and a 5 | ogi ¢ ground term nal.

3. The circuit of claimi wherein said MOSgat ed power device is a
power MOSFET. 4. The circygg of claim2 wherein said
MOSgat ed power device. is-a-power MOSEET._ ____p----- 5. The circuit
of claim2 wherein said power devi ce sald.control MOSFET are N
channel devices ! whichy ar e Sﬁtegrated I'mMfo a cdnmon seni conduct or

chi p, & CHARGE 20

PUMP i 121
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- 12 - : and wherein said inverter circuit and translator circuit 5
are also integrated into said commopn sem conductor chip.

6. The circuit of claim4 wherein said power devi-ce—and sajd control
MOSFET are N channel devices whi ch are int eqr BUSPHERT &IAS REENDN
sem conduct or chi p, and wherein said invert ci r BERLACERd t r ahsl at or
circuit 5 are also integrated into said conmmon sem conductor chrip.
7. The ci I‘CUI f§m§ﬁmp 2 wherein said i nverter circuit conprises a
resi stor and a o control MOSFET connected in series and having a
node; one en OsMaFl’kEMENTleﬁ connected to said ground terminal; 5
one end of said seconqle%F ct ed to said out put vol t age
term nal; said nodel be n_sal eS| stor_and
OFF iy
okl iy
FIG. 5A AL
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sai d secqoqnd MOSFET connected to the gate of said main control MOSFET.
8. The circuit of claim7 which further i ncludes a zener diode
connected between the gate of said second control MOSFET and said
out put voltage term nal. 9. The Cieit—0f claim7
wherei n said power devi ce and said main control | NEEES-BHEER BANBERMr|nel
devi ces which are integrated into a common seni ¢ondudtEBEACED p,
and wherein said inverter circuit and translator circuit 5 are al so

I nt egrated into EFd fGNAPD sem conduct or chi p. 10. The
circuit of claim8 wherein said power device and said nmain contro
MOSFET are N channel fdevi ces which are integrated into a conmon

sem conduct or chi p, and wherein said inverter circuit and transl ator
circuit 5 are al o0 integrated into said conmon semi conductor chip.
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-18 -, 11. The circuit of claim2 wherein said
translator circuit conprises first translator and second i denti cal
transl ator MOSFETs and first and second i dentical translator
resistors; said first and second 5 transl at or MOSFETs bei ng connect ed

.in series with said first and second translator resistors

respectively; said first and second trans g
connected to said output termnal; said fjrs B of "resi stor
bei ng connected to said ground term nal; the nod idfirst

transl ator MOSFET and first transl ator resistor connected to the
gates of said first and second transl at or MOSFETs; the node between
sai d second transl ator MOSFET and said second transl ator resistor
connected to the gate of said second control MOSFET; and 15 a coupling
circuit neans coupling said secondric¢RASERIMOSGATED FStor to said input
circuit. sEmi2oNibeTor roavicoiwri@ainndH newTeivE sai d

coupling circuit means inctuges WOMIGEE AN FSI L SRR ICEERATION W th a
pul |l -up resistor which is connected to said Vcc
ABSTRACT OF THE DISCLOSURE

A high side switch having a MOSgated power
device has a control circuit which contains a control
MOSFET which is connected between the gate and source of
the MOSgated power device. The input signal to turn the
power device on and off is connected to a level '
translator circuit which is, in turn, connected to an
inverter circuit which drives the gate of the control
MCSFET. The control MOSFET then prevents the turn on of
the power MOSFET during the turn-off process. A high
negative clamp voltage causes a higher di/dt reduction of
current during turn off to shorten the turn-off time.
The power MOS device cannot be turned on whenever Vg is

low and the output voltage is negative.
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terminal; the gate of said MOSFET means connected to said 5REPLAGEMENT SHEET
circuit; the node between said MOSFET neans HeOF2 19 =glai d pul |l -up resistor

connected to e apRePppl ar t ransgsior; and a zener diode
connect ed bet Lgﬁﬁ £ T.SH :Fr tter of said bilg?lgar transi stor and said
second trlansl ati ng resgsgor. 13. The circuit of
claim7 wherdin s2bdNOV 1996 t fahsl ator circuit conprises first translator
and second i dentical tfapslator-MOSFETs and first and second
i dentical transtator resistors] said first and second 5 transl at or
MOSFETs bei ngl_connecfed in series with said first and second
transl ator resistors respectively; said Vee
- 14 - ‘ 22
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first and second translator MOSFETs bei ng connected to REPIAEMENT BMEET

termnal; said first translator resistor bei ng connected to said
ground term ngt {1 npnx en 10 said first translator MOSFET and
first transl at EPtAEE mﬁ? Ktior connected to the gates of said first and

second ransl ator MOSFHTs; the node between said second

transl ator MOSFET 2gdoaigdésekond transl ator resistor connected to
the gate of sdid second contrpl NCSFETé and 15 a coupling circuit
means coupl i ng ' ansl at of - resistor to said input
circuit. 14 The circuit of claim13 which further

i ncl udes a zener di ode connected between the gate of said second
control MOSFET and sai d output voltage term nal. 15.
The circuit of claim 13 wherein said coMdd ng circuit neans

i ncl udes a MOSFET nepans-i-R -Sefd-88 - «cea--- wWth-a 4-~4p resistor which is
connected to said \cc termnal; the gaf@ lof said MOSFET neans

connected to said ;5 TTT C|rcymt; t he nod tmeen sai d MOSFET neans
and said p I-JﬁFUHKﬁSt ase'of a bipol ar

transistor; and a ene !Eﬂ: he 1 21 emtter of said
bi pol ar transistor ,and ating nésistor.
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16. The circuit of claim7 which further i ncl udes thig PW@E@ENT SHEET
nmeans coupl ed between said gate of sai d power device through a

limting resistor and said | ogic ground term nal; said input
circuit being coupled 5 to the gate of said third FET neans.

17. The circuit of claim 11 which further | ncl udesREP] ACEMERTSHERT

nmeans coupl ed between said gate of SPEC\ 100824
- 15 - said power device thrdugh a limting resi $taor and said
logic ground ternminal; said input circuit being coupl ed 26 §O0VMh 9% atle

of said third MBFETSIGNAL

(COMPLEMENT OF
INPUT SIGNAL)
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18. The circuit of claim 13 which further i ncl udes thi rpVRSERENT SHEET
nmeans coupl ed between said gate of sai d power device through a
limting resistor and said | ogic ground termnal; said input circuit
bei ng coupled 5 to the gate of said third MOSFET.
19. The circuit of claim18 which further i ncl uded [
connected between the gate of said second control &E&ﬁ_ﬁ_ﬁ-ﬁﬂ g AEET
out put voltage term nal. - 4 - 20. The circuift jof claim 18
wherein said translator circuit conprises first tragngl a2 6mMGh&®¥ecpnp
i dentical translator MOSFETs and first and second ildgnti cal
transl ator resistof0FF SHGMAL rst and second 5 transl gt or—mMISFETS ber ng
connected in series w th said first and second translator resistaors
respectively; said first and second transl ator MOSFETs bei ng
connected to said output termnal; said first translator resistor
bei ng connected to said ground termnal; the node between 10 said first
transl ator MOSFET and fji ré&)t ;ansl at ob regi stor connected to the
gates of said first ang_s n ansl at or \MOSFETs; the node bgtgeen
sai d second transl at or FET and said gg6ond translator resistor
connected to the gate of saidjsecond control FET; and
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15 a coupling circuit neans coupling said second transIaREPLACEMENT SHEET
resistor to said input circuit. 21. The circuit of claim
20 wherein said coupl i ng circuit means includes a MOSFET means in

series

- 16 - up
resi stor which is connected to said Vcc t erm nal REHLA'E EN@##EQF

MOSFET neans connect ed—te-said-5
MOSFET neans and said pull-up resistor connectef f o2t ROVaA996 Of

bi pol ar

emtter of said-bipolar
resistor.

jnput circuit; thel node bétween|said

transi st of yHRHERT2Q8SIESY pde connect ed| bet ween t he
t r ange@tAgEpand_sfi d second tTanstati g

INTECRATED MOSGATED POWER

ASSTRACT OF THT DISCLOSURE

A high side switch having a MOSgated power
device has a control circuit which contains a control
MCSFET which is connected between the gate and source of
the MOSgated power device. The input signal to turn the
power device on and off is connected to a level
translator circuit which is, in turn, connected to an
inverter circuit which drives the gate of the control

MCSFET. The control MOSFET then prevents the turn on of
the power MOSFET during the turn-off process. A high
negative clamp voltage causes a higher di/dt reduction of

current during turn off to shorten the turn-off time.
The power MOS device cannot be turned on whenever Vee is

low and the output voltage is negative.

FIGURE 6
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transi stor;
sai d bi pol ar
of said second MOSFET transistor being connected to ik%s e

603319 ~ |

22.:Thescircuit of claim11l, wherein said ;Q@upllng circuit neans

i ncludes a first MOSFET means in _ series mnth a puII-up resi stor which
is connected to said Vcc termnal; the gate of MOSERT neans
connected to said input circuit; the ngpg_betmeen SiRHY LZCE _qT FET
means. and said pull-up resistor connected to tih ase of a hi gher

and a second MOSFET nmeans connect ed jbey\geepp Uy e jter of

transistor and said second transljatling resistor;{tpe gate

INTEGRATED MOSGATED POWER
MICONDUCTOR DEVICE WITH HIGH NEGATIVE
LAMP VOLTAGE AND FAIL SAFE OPERATION

B
c

ABSTRACT OF THE DISCLOSURE

A high side switch having a MOSgated power
device has a control circuit which contains a control
MOSFET which is connected between the gate and source of
the MOSgated power device. The input signal to turn the
power device on and off is connected to a level

ranslator circuit which is, in turn, connected to an
inverter circuit which drives the gate of the control
MOSFET. The control MOSFET then prevents the turn on of
the power MOSFET during the turn-off process. A high
negative clamp voltage causes a higher di/dt reduction of
current cduring turn off to shorten the turn-off time.
The power MOS device cannot be turned on whenever Vg is

low and the output voltage is negative.

Figure 6



