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PCN\ER I\/§§FET W TH OVERCURRENT ' ' ' AND OVER- TEMPERATURE
. PRGTECTI ON BACKGROUND OF THE | NVENTI ON - This .
i nvention relates to power MOSFETs and nore specifically . relates to

a power MOSFET having integrated on the same sen conductor die,
novel , over-tenperature and overcurrent protection circuits.

This is a divisional application fromU K patent application No.
9418179. 9. Power MOSFETs are well known in the art. A
parti-cularly well-known power MOSFET is nmanyfactured and 10 sol d by
International Rectifier Corporation of El Segundo, Cal i fornia,

under its reglstered t rademar k
' POWER MOSFET WITH OVERCURRENT

OVER-TEMPERA ROT ION

BACKGROUND OF THE INVENTTON

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

This is a divisional application from U.K. patent appllcatlon

No. 9418179.9- .
Power MOSFETs are well known in the art. A

_partlcularly well-known power MOSFET is manufactured and
10- sold by International Rectifier Corporation of _
El Segundo, California, under its registered trademark
"HEXFET. Such power MOSFETs are adapted to handle
electrical power of at least about 1 watt and can be
switched on and off by applying and removing a low
15 voltage control signal between the. gate and source
electrodes of the device. They are packéged in various
package styles, for example, a TO-220 style package which
typically presents three terminals, gate, source and

. drain, for connection in an_electrical'circuit;

20 - . It is known to be desirable to turn off a power
MOSFET, or otherwise control the circuit in which it is
--connected, when the current flow between the source and

drain electfodes exceeds a particular value, for example,
5 times rated current, or when the die temperature |
25 exceeds a certain value, for example . 150°C. Some known
devices act tq-turﬁ off a'ppwer'MOSFET in response to
either high current or high temperature,'and others
respond to either condition. '
. For example, one known device employs a small
30 _  bipolar thyristor die which is glued to the power MOSFET
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HEXFET. _Such power MOSFETs are adapt ed t o handl e el ectrical poﬁer

of . at |'‘éast about 1 watt and can be switched on and of f by appl yi ng
and rermoving a | ow 15 vol tage control signal between the gate and
source el ectrodes of the device. They are packaged in various
package styles, for exanple, a TO 220 syle package which typically
presents three termnals, gate, source and drain, far connection in
an electrical circuit. 20 It is known to be desirable to
turn off a power MOSFET, or otherw se control the circuit in which

it is congectady el tometeueeﬂmecél m? #J&% W MYSFET

drain eIectrodes exceeds a particular. val ue, exa ‘5 times rated
current, or wherSQYRCSlivwharefher NOSFET gie te@R%E%‘éfér% ?9&9%%9% & GLYE" f or

exanpl e 150[err ]\EélueSOWErHﬁ@\&év1ce,. howeveeeshasttd® Iaorid DftheanpAwWarime

MOSFET i n respeggﬁg% Eﬁtﬂﬁgﬂ %ﬁaF%ghﬁrgﬁigqérggngﬁghtenperature, and

ot hers For exanpl e,
one known Slevi ce enploys Amsrphler Boown Bepbtaremploystarsmild WHipsdars gl ued

to the power N{E§¥3n51stor chip with emitter and collector electrodes
connected between the power MOSFET gate and source
terminals. The bipolar transistor'base to emitter
circuit is connected across a voltage dropping resistor
10 in the power MOSFET eburce'circuit so that the bipolar
transistor turns on under short c1rcu1t condltlons to
short the power MOSFET gate to the source and limit
current However, if the power FET is exposeéed to a high
 current which 1s less than short circuit current, the
15 control bipolar transistor simply reduces the power
MOSFET drive, causing very high power dissipation and
possible destruction of the device. Moreover, this
circuit'does not monitor the temperature of the power
MOSFET die.
20 A third known device employs a current- sens;ng
power MOSFET which has a limited number of cells of the
MOSFET devoted to production of an output signal which is
representative of the main power current, and also has a
temperature monitoring circuit to monitor the temperature
25 of the MOSFET die. The circuits for these functions are
integrated into the power MOSFET die, but require an
auxiliary power source to power these circuits. This
auxiliary power is applied to the power MOSFET via a
fourth terminal, in addition to the source, drain and
30 gate terminais. Consequently, the device is not pin
compatible with existing power MOSFETSs.
A fourth known device provides current and
temperature sensing and ‘has only'three pins (gate, source
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-2- ' die and turns on to connect t he MOSFET: gate to the MOSFET
source mhen the MOSFET die tenperature exceeds a given val ue. This
devi'ce, however, has too long a thermal tine constant to offer short
circuit protectlon 5 Ano%her known devi ce enpl oys a snal

bi pol ar transistor chip with emtier and coll ector el ectrodes
connect ed between the power MOSFET gate and source _ termnals. The
bi pol ar transi stor base to emtter circuit is connected across a
vol t age dropping resistor 10 in the power MOSFET source circuit, so

that the bipol ar and drain)amsitsthist de0scOrenplisfs shaK veilitaet deeﬁﬁhhgons
to short the..n Ig(g%F t source and |iimt
]‘he ﬁ%&fe EIEETglnggen meh eaprﬁngﬁnd gate o\ rent

current. However, power exposed
which is |ess thalestoradeciinc grdesutpehinit Heha._sinput cowreot Bnpohse of

transi stor sinply rf?éiiﬂctes e BQWEéct circudORHeh &; e‘i%:te‘éa‘tlﬁ' Eng\(/DBM high

power d|53|£at|on an SSi de éructlon of the device reover

this ci r c¥* thpsﬁgﬁlFBPn?FEF &€ PatRe tRofRRTCE
MOSFET die. 20 terminals of Ahthpode K MMOSFRIE W & 1D bEES theCPowEHL - SENS| ng

MOSFET under given overcurrent or over- -temperature
conditions. ' . '
The voltage dropping resistor in the above
10 device is subject to strihgeﬁt design tradeoffs. Thus,
' if the resistor value is too low, a high pin current will
’ be drawn through the turn-off MOSFET. If the resistor '
value is too high, switching time is increased for the
main power FET. ' -

. 15 BRIEF SUMMARY OF THE INVENTION
In accordance with the iﬁvention, the gate pin
and the input voltage for the power MQSFET'is connected
to the gate electrode through a first series connected
control MOSFET. A second control MOSFET is connected
20 between the gate and source electrodes of the power
MOSFET. The gates of the first and second MOSFETs are
‘controlled by the outputs of the protect circuit such
that the first is turned off and the second is turned on .
in response to a given fault condition. The protect
25 circuit is powered by the input source voltage to the
' series MOSFET. When on, the second MOSFET can have a
resistance of about 200 ohms. Thus,'the switching time
" of the main power. device will be about 20 times that of
the prior art device using a 4,000 ohm resistor. The
30 current drawn from the gate pin and through the series
MOSFET is, typically, 660uA but can be lower, depending

-
- This-Sheet Has Been

WA AT !lll

SPEC\49871 .




power MXFET which has a limted nunber of cells of the MOSFET
devoted to producti on of an output signal which is representative of
the.'main power current, and also has a . tenperature nonitoring
circuit to nonitor the tenperature 25 _ _of the MOSFET die.  The circuits
for these functions are integrated into t he power MOSFET die, but
require an auxi | i ary power source to power these circuits. This
auxiliary power is applied to the power MOSFET via a fourth
terminal, in addition to the source, drain and 30 gate term nal s.
Consequent |y, thendele céesigmaif pibe protectcedpatibl ehith heawstiieg power
MOSFETSs. A fourth known device provides current and

rren
tenperature sen5|ng and has only three pins (gate, source
3 . . The protect c1rcu1t operates such that, when an

_ overcurrent or over- temperature is measured by the

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

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

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

In accordance with a further feature of the
invention, a nerl "boot-strap" circuit is provided to

, provide a gate voltage for the series MOSFET described

20 above which is higher than the input gate voltage.of the

' ' power MOSFET. More specifically, if the power MOSFET is
an N channel device, and the series MOSFET"is also an N
channel device, the gate voltage to turn on the series
MOSFET must be higher than the input gate voltage. The

25 novel boot strap circuit employs all N channel MOSFETs

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

30 - power MOSFET.

As a still further feature of the invention,
there is provided a novel temperature shutdown circuit
and-a novel trimmer circoit for trimming the set
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and drajn) but this device enploys a 4K voltage dropplng resi stor

connected bet ween the gate pin and gate - electrode in order to limt
the 'input current in case of a fault. The protect circuit ‘then
operates to turn on an 5 auxi liary MOSFET connected between the gate to
source termnals of the power MOSFET-to turn off the power

" MOSFET under given overcurrent or over-tenperature condi ti ons.
The vol tage dropping resistor in the above 10 . device is subject to
stringent design tradeoffs. . Thus, i f the resistor value is too | ow,
a high pin current wll be drawn through the turn-off MOSFET. |f the
resi stor vadienperatuxe -hi Jire sevedhtagperature shibdowe Figsuithias

main power FET. a first transistor circuit conflgured to producéta gate
According to thedpresent nvention tg gﬁ #g rovi ded -a_devi ce Q ving a
power section and’3LF3ER (FYe S GTTRLYREFET Wit An ?WW ction and
the fault temperature, and.a second transistor circuit (inverter)
S which has an input threshold with a negative tempefature
coeff1c1ent These two output characteristics are _
combined such that their intersection deflnes a threshold
temperature which, if reached, produces an output to
trigger the turn-off of the main power MOSFET. The exact
10 : valﬁe of the crossover can be trimmed by trimming the
wofking area of a transistor in a zerxo temperature
. coefficient segment of the circuit.
_ A further feature of the present invention is a
_ novel structure and circuit to prevent conduction of the
1s P well containing the control components for the power
MOSFET if-the N(-) substrate goes to a negative potential
relative to the source of the power MOSFET. More
specifically, a novel bipolar switchinj transistor is
built irnto the substrate.adjacent the P well. This
20 transisﬁbr has its collector connected to the P well
whereby, if the N(-) substrate goes negative with respect
to the source, the bipolar transistor shorts the P well
to the N(-) substrate and prevents conduction of the _
dlode formed at the junctlon of the P well and N(-) body.
25 ' Other features and advantages of the present
invention will become apparent from the following
~description of the invention which refers to the

accompanying-drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
30 _ "Figure 1 shows a prior art overcurrent and
over-temperature control circuit for a power MOSFET.
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responsive control section being integrated into a common seni conduct or

di e; wherei n the power section includes a power MOSgated device.
_havi'ng a source el-ectrode; wherei'n the control section is fornmed in a
P-type well in an N-type substrate; ° ~and wherein the control section

further conprises a transistor neans mt%grat ed in the N-type substrate,
the transi stor means having a first electrode connected to the N-type
substrate and a second el ectrode connected to the P-type well and a control.
el ectrode numintai ned at the potential of the source electrode of the

‘MSgat ed_devi ce; whergBirel & LhGwd-4 VP& MBI disgRani bEvehy Rbesed
with respect to the N-type stbstrate the transistqor neans tgrns on_ and

connects the P-t Y&t OofothRelNVeRtiRN shffsidenlying SONEEO) BYERYIEhe
- juncti-on between gdwerP-firpme thel gaaéldsmﬂsplw—cinq@ﬁtsubst rate turning on. In

a preferred enbodi nent the an I st Jeans 3 r.tr
The i nvention descri bed abg@ Y é gp&?? st & véalark]J S%\fgapl\/éﬁéﬁgy%%e%evi ce
over all vd tage witd &lver presenhgisverTtion itwipeded tdusecof NschgnaeMoSgat e

to control the swidythiagmearand Qﬁfaﬁ’fN acl'%ﬁieqep%%rei‘lgéﬁﬁﬁ’l y includes
| GBBTs, power integrated cirguits, MJXSgate controlled thgrrstors MCTs) and

power ' FETs such as the HEXFE?“H%V?C%h?W%ﬂﬁ(ﬂﬁﬂ 8} §empprpiyre shutdown

" circuit for use with the circuits of Figures 2 and 3.
Flgures 4a and 4b show characteristic curves
10 for the circuit of Figure 4.
Figure 5 shows a cross-section of a power
_MOSFET die having a P well for receiving the control
circuits integrated into the die, and further shows a
ndvel_cireuit to prevent the forward bias of the
15 P well/N(-) substrate junction. -

DETAILED DESCRIPTION OF THE DRAWINGS .
Referring first to Figure 1, there is shown a

prior art power MOSFET, with over-temperature and
overcurrent protection circuits. The power MOSFET has a

20 - conventional power section having gate, draih and source
terminals 10, 11 and 12. - Integrated into the same die
which contains the power section is a control section
including a 4K resistor 13, a control MOSFET 14 and the

- protect circuits 15. Note that the source acts as a

25 ground for the internal protectlve circuits. While not
shown, the power MOSFET section may have a current sense
section which delivers source current information to the
protect circuits ‘15. An input terminal 16 (sometimes
referred to as a gate or input pin) is the third terminal

30 pin of the device along with terminal pins 11 and 12.
Thus, the device is pin-compatible with powei MOSFETs

without integrated protective circuits.
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5 . O her features and advant ages of the present

i nvention wll

becqnelépparent fromthe follow ng description of the invention which
refers to the acconpanyi ng draw ngs.

overcurrent and

-6-

the
protect circuits is derived
from 5 to 10 volts. 1In the

In operation,

'is off and no current'flbws

condition occurs, MOSFET 14
MOSFET on-resistance, draws

Figure 1 shows a prior art

over-tenperature control_circuit for a power MOSFET.

operating power for the
from input pin 16 which is
absence of a fault, MOSFET 14
in resistor 13. If a fault
turns on and, with a_200 ohm.
from 1250 pA to 2500 pA

through resistor 13, for a 5 volt and 10 volt supply
respectively at pin ls.

The value of resistor 13 is a tradeoff between

10 the switching time of the power MOSFET,

with higher resistance, and the current

which increases
drain from input
pin 16, which increases as the value of resistor 13

reduces. A resistor value of 4000 chms produces a

_ switéhing time of about 15 microseconds and a current
15 drain on the input of 3 to 4 milliamperes (at a 10 volt
input) .

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

20 "current drain on the input terminal. More specifically,
"in Figure 2, components similar to those of Figure 1 have
‘thé same iden;ifying numerals although, in Figure 2, the
power MOSFET can be any MOSgated device, for example, an
IGBT or MOSgated thyristbr or the like.
25 - " In the present invention, the resistor 13 of
Figure 1 is replaced by a MOSFET 20 which, like MOSFET
14, is controlled by an output from the protect circuits
15. MOSFETs 14 and 20 are operated in opposite phase.
Thus, when a'véltage appears at terminal 16 to
30 turn on the main power MOSFET, the MOSFET 14 is off and
MOSFET 20 turns on to charge the gate at terminal 10 of
the power MOSFET. The MOSFET 20 is designed to produce a .

resistance of about 200 ohms. Therefore, it has only a
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Figure 2 shows a circuit diagram of the novel circuit of the

inyqntfdn for deriving control circuit .~ power fromthe gate supply
circuit. B Figure 3 shows a novel bootstrap circuit used 5
with the present invention to permt usegof N channel ' contr ol '
MOSFETs in an N channel power MOSFET.. Figure 4 shows a
novel tenperature shutdown circuit for use with the circuits of
Figures 2 and 3. . _ Fi gures 4a and 4b show characteristic
- curves ‘10 - for the circuit of Figure 4. Figure 5 shows

a cross-section efimxmeffect on thdOSHHT-sh eathwWuig-2fE welikch@hgr eeaeyi ng

h | _ _ = e .
novel cicuit to% SEnboris PRERER ol Sy ' Libe HASCUEHRR Byen® °

substrate juncti &ie 4000 ohm PEFASEED PEKHIWE GN OF THE DRAW NGS

‘Referring first to Fi gure #g E'.Hﬁiéméﬁtsﬂ?é"rbﬁ*cuit of RilgQkedbl wROWEE
MOSFET, w th over-tenperature and overcurrent protection circuits..

The power MOSFET SHI®LE PEOcesseohbeht | 4ot rIRMethakc £hen PRUGFNYOFEEE, 14ir ai n
and source ant & ghaghell8evide pnand 2 hatd nihegMISEET 200albe Banandye

o1 Ch SOMAI . { MR ARG LBERh" e SRV HOburn on wbBEH0 2 46
however, is then higher than the voltage at the pin 16.
In accordance with the'invention, a novel
i0 . "boot-strap" circuit, shown in Figure 3, 1is provided to
. - generate a high-enough gate voltage to operate MOSFET 20
“if it is an N channel device. S
. Referring to Figure 3, compbnents similaf to
 those of Figure 2 are given the same identifying
15 . numerals. Thué, pin 16 is connected in series with
' MOSFET 20 to gate 10 of the power MOSFET section, and
MOSFET 14 connects pin 16 and MOSFET 20 to pin 12.
- _ Also provided in Figure 3 is a boot-strap
capacitor 30 connected between the node between MOSFETSs
20 14 and 20, and the node 31 between the gate electrode of
MOSFET 20 and a depletion mode MOSFET 32. The depletion
mode MOSFET 32 is connected to the gate and source of
.depletion mode MOSFET 33. Node 31 is.further ¢onnected
to a shutdown driver MOSFET 34 having a gate connected to
25 ‘terminal 35 to which "smart" circuits which develop turn-
off information produce an input to cause turn off of the
power MOSFET. '
Also'prbvided in Figufe 3 is an added depletion
mode MOSFET 36 which provides an added current path to
30 enéure permaﬁent tﬁrn-on of the power section and a
MOSFET 37, which . acts as a diode, to ensure. turn-off of
the power section in response to a signal at terminal 16.

SPEC\98T1 : ’ o .
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protect circuits 15. Note that the source acts as a 25 ground for the

internal protective circuits. Wiile not shown, the power MOSFET
section may have a current sense section which delivers source
~current information to the protegt circuits 15. An input term nal
16 (sonetines referred to as a gate or input pin) is the third
termnal 30 pin of the device along with termnal pins 11 and 12.

Thus, the device is pin-conpatible with -power MOSFETs wi t hout

i ntegrated protective circuits. ' -7-

I n operation, the operatintheopsrdtdon € the bootpsntaptci&duiﬁtcf i s
derived frominpeighid 36 WM LMedRows: wheh' §31E0qd Oy Ad Sl ddo
absence of a fauF kgs off &nd no urré WS

resi stor 13. |f ge:gyp@l 16, the potent1al at node 38 will follow Vcc

_ because MOSFET 39.is.off. The transistor 32 next turns

5 on and node 31 begins to charge up to V.. Since node 31
is at V., MOSFET 20 turns partially on and starts to
charge the gate of the power MOSFET at terminal 10. When
termina1'10 reaches the threshold voltage of MOSFET 39,
it turns on. Node 38 then drops to ground and MOSFET 32

10 turns off. Node 31 is now floating, and capacitor 30
stays charged, and MOSFET 20'stays fully on. At the end
of this switchihg process,-the'voltage'a; node 31 is;
théoretiéally 2 x V., (but is less because of leakage-and

' charge sharing). The boot-strap capacitor 30 is a
15 1 picofarad capacitor.

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

20 and the power circuit. _ .

' It is to be understood that all components of
Figure 3 are N channel devices, integrated into the same
s111con die as the power section.

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

as will be later described.
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5 condition occurs, MOSFET 14 turns on and, with a 200 ohm

MOSFET on-resi stance, draws from 1250 [err]A to 2500 [err] A t hr ough
resistor 13, for  a 5 volt and 10 volt supply respectively at pin
16. : The value of resistor 13 is a tradeoff between 10
the switching time of the power MOSFET, which increases : wi t h hi gher
resi stance, and the current drain from i nput pin 16, which

i ncreases as the value of resistor 13 reduces. A resistor value of
4000 ohns produces a switching tine of about 15 nicroseconds and a
current 15 . drai n on tFgei npde %0 Bstintknddd itambaves a( gera 10 vol t

i nput) . ' temperaturgh@oafffélgﬁéCéBttﬂgtI%H%“%%t%nﬁﬁ%ﬁ'gﬁsthgﬁ

necessary V[err] to power rotective circult retalins much
hi gher swi t chi ng "$9€ed PARGeRaRlEn2PRNerl - ©olts é@F?énﬁeﬁﬁﬁﬁﬁdoHrPﬁésﬁnput

t ﬁr m na:c : F More dpedibdedablyytrimming the ‘?@rf &rael@rﬂéttwlmq l&hﬁl haﬁ to
t hose o igure ent i ng r al t houg in
Figure 2, the par'&iﬁ&wéfaﬂftigﬂr %fﬁé 4%; o8 < 53 g@ for exanple
an | GBT constegst vdlthgeisecausy itm ddtemtialSVey can be In the

resent inventio sist 1 f ac by a
R)/DSFET 20 whi ch, %lep%%gSEa hé Che §m{? Of ,thes té’(%s?%ﬁa gogéaggpb %%t %lrom

‘the piotect circlregsistor 41153 RESﬁ#?N?:Pﬁﬂﬂﬁf%ﬂyr&r§°§§§ﬁaﬁéﬁt n2BBposi t e
phase. ' the quantIbysi,Mhenwhey@lt2de @Rpearaiat cherehtiadf 16 to 30

turn on.t qeo mai n %%QSQCBFEI angegmN?SsFltE: eléml gf Ot];:].:anasnijstor 41. Since
' dn has a negative temperature coeff1c1ent the quantity
14/9nm has a positive temperature. coeff1c1ent
' ‘The above is illustrated in Figure 4a where Veo
is a fixed value for a given drain current for transistor
15 41. - '
~ More speéifically,.the curve shown in Figure 4a
has the form:
C Ip = Kp (Vg - Vp)?
The quantity of V,y can be ekpresSed as:
20 Veon = Vg + m .
where K, has a.negative temperature coeff1c1ent Since
Kp has a negative temperature coefficient, the
temperature coefficient of Jf;ﬁﬂf is positive.
- At a low current I, the value Vi dominates,
25 producing an overall negative temperature coefficient.
At high Ij, the vélue {Ir/Kp dominates, producing a
positive coefficient. - '
However, there is only one value of I, for
which
30 . .8 Vo
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MOSFET 20-turns on to charge the gate at term nal 10 of t he power

MOSFET. The MOSFET 20 is designed to produce a _ resi stance of about
200 ohns. Therefore, it has only a SPEC 49871 ©m nor
effect on the turn-on and turn-off switghing times of the power
MOSFET which is 20 tines faster than w th t he 4000 ohm resistor of
Figure 1. To inplenent the circuit of Figure 2 with a 5
sinple process, it is desirable that the power MOSFET is an N channel
‘device, and that the MOSFET 20 al so be an N channel MOSFET. The gate

vol tage to turn on MOSFET 28is valuehospredents tiHeeningleer poliah dfethe
vol tage at the'pbqr%%it; as is later described.
The potential at. node 50 of Figure 4 is
_ . connected to MOSFET 51 which is connected in series with
5 a MOSFET 52, operated as a current source. The voltage
at node 53 has a positive temperature cogfficient, and is
applied to the gate of MOSFET 54. MOSFET 54 is connected
| - to the MOSFET 55. | '
- ' o '~ The voltage at node 56 may now be considered,
. 10 and it will be seen that, for a temperature higher than a
given fixed value, the MOSFET 54 turns on and, for a
temperature lowexr than that value, it remains off.. This
operation is demonstrated in Figure 4b, where curve Vs is
the voltage at node 53 (a positive temperature
15 coefficient) and Vyy is the threshold voltage of
transistor 54 (a negative coefficient). The intersection
of these curves defines the shutdown température since a
temperature higher than this value Tgymowy tUrns on MOSFET 54
while a temperatire lower than this value leaves the MOSFET -
20 54 off. . | |
' ' The voltage at node 56 is then applied through
a logic inverter circuit to the shutdown ihput terminal
35.in Figure 3. Thus, when the temperature of the die
. .. containing the pewef FET exceeds the temperature Tﬂwnbwﬂ
25 - in Figure 4b, the power section is turned off. MOSFET 52
creates a positive feedback circuit and provides some
hysteresis on the value of Tguyrpown: .
As stated previously, the size of transistors
41 to 46 must be ‘trimmed to ensure a zero temperature
30 - constant at node 50. The trimming is accomplished by
assigniﬁg different areas to transistors 41 to 46 and
then open-circuiting those transistors which must be
removéd to provide the desired temperature compensation
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10 "boot-strap” circuit, shown in Figure 3, is provided to

generate a hi gh enough gate voltage to operate MOSFET 20 if it is an

N channel device. - Referring.to Figure 3, conponents

simlar to - those of Figure 2 are.given the sane identifying 15 _
nuneral s. Thus, pin 16 is ‘connected in series with - MOSFET 20 to gate
10 of the power MOSFET sectlon and MSFET 14 connects pin 16 and
MOSFET 20 to pin 12. : Al so provided in Figure 3 is a

boot - strap '~ capacitor 30 connected between the node between MOSFETS

20 14 and 20, ancdhddee S00deBglwhet 0f cexcamel gatpradee gtadsd®Ootto 64 caMOSFET
20 and a depl eti F 3 € T 32 is
connected to the% rl’ge}%an?gaot']jfr-lo-gegr?u:[ggsggpé 4¢%on m) I\/%SE%E 3.. Node 31

is further conne e pads FénathG?%ﬂﬁt%ﬁl%rrWW 26R¢Tn§19d88: e
connected to 25 not! &hdwhg! w&5ch0c&m§él bEdw tin CetHd‘zLH ted refiieh bgrewel op

turn- off |%fo%na i on uce aa %g t. to C turn off of the
power MOSFET. potential app lﬁ sBop? *Wt?ﬁ cérggovﬁ S88e8*
depl etion . muneke oMOBEETs38tohs ch2 prov4 &l efram tztmd@irwmtent Tpatarry 30

ensure permanent Jfjir gyan t‘}flmh*ﬂﬁgpﬁs‘@{-?éf&ﬁ' %é"&ié‘ is held MeSEET 37, which
acts as a diode, to .ensure turn- power sectiqn in response
to a signal at t &empsFRtuge of 160°C and a blnary search is made to
determine which transistor areas must be removed for good
10 temperature compensation. The necessary zeners are then
- blown to short circuit their respectlve transistors in
- the well known manner.
Referrlng next to Figure S, there is
illustrated & cross-section of a junction pattern of a -
15 small part of a power MOSFET and the_P_well.which carries
the control circuits which have beeh described. Thus, in
Figure 5, as section of a die is shown containing a
plurality of P+ base cells diffused into an N(-)
- epitaxial body. The epitaxial body is commonly formed on
20 "an N+ substrate which has a drain electrode 74 on its
bottom. A large number of cells can be used' frequently
in excess of several thousand, which are symmetrically
disposed over the surface of the N(-) body. The topology
. of these cells can be as desired and they may have any
_ 25 polygonal shape, such as hexagons, elongated rectangles
or squares. The power section can also use an
interdigitated topology.
_Each of the base cells contains a respective N+
source region to.define invertible channel regions in the
30 P bodies which are covered by a gate oxide and then by
-polysilicon gates 75 to 78. The gates are insulated and
a source electrode 79 overlies the gates and the power

section.
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-9- . The operation of the boot-strap circuit of
Figure 3 is as follows: Wen a voltage V[err] is applied to '

termnal 16, the potential at node 38 will follow V[err] ' because
MOSFET 39 is off. The transistor 32 ngxg turns 5 on and node 31
begins to charge up to V[err]. Since n de” 31 Is at V[err], MOSFET
20 turns partially on and starts to charge the gate of the power
MOSFET at term nal 10. Wen termnal 10 reaches the threshold
vol t age of MOSFET 39, it turns on. Node 38 then drops to ground
and MOSFET 32- 10 t ur nshef dt heNastnpthdnt s)0Wnklladinggal @andosepati t or 30

stays, sharged, aeBREEL 0 e dlua, e L0EcElluyy rormpl 14"
V[err], (but is PaesobevausePofellkajwwmads P well 8Barge sharing). The
boot-strap capacitor 30 iS1@ hd® been ERIHOtHR] 88PAAL! Bperation of the
In order to turn off the power section in
5 power section, the N(-) substrate can be negatively
biased relative_to the source electrode 79. Thus, if the
P well 80 is directly connected to electrode 79 (source
12 in Fig. 2), the.junctibn 81 will be forward biased.
This produces minority carrier injection into the P well
10 which will interfere with the operation of the components
- in the P well. ' ' '
In accordance with another feature of the
invention, a bipolar transistor means.so is formed in the
N(-) substféte, conéiSting of a P base 91 and N+

15 . collector 92. The N(-) substrate is the emitter of the
transistor. The base 91 has a contact 93 connected to
source terminal 12, and the P well has a contact 94 also
connected to sourcé 12 through 10 ohm resistor 95. The
actual wvalue used.must be so low that the bias current of

20 the control circuit does not offset, too greatly, the
ground of the control circuit with respect to source 12.
N+ region 92 is connected to éontact 94 via conductor 956.
. In operation, if the N(-) region goes negative
relative to the source 12, the transistor 90 turns on.

25 The N+ region potential, and thus the poteﬂtial of P well
80, is_then pulled down to the potential of the N(-)
subs;rate to prevent the forward biasing of junction 81.

Although the present invention has been’
described in relation to particular embodiments thereof,

30  many other variations and modifications and other uses
will become'apparent to those skilled in the art. It is
preferred, therefore, that the pfesent invention be

SPECW9871



response to'an.output fromthe intelligence section of the circuit,

a S|gnal is applied to termnal 35 to turn on MOSFET 34 and to
cause the turn-off of the MOSFET 14 - 20 and the power circuit.

It is to be understood that all conpongni g of Figure 3 are N
channel devices, integrated into the sane silicon die as the power
section. _ Figure 4 shows one of the intelligence circuits
25 which is operated fromV[err] of Figures 2 and 3, and which

appties a turn-off signal to termnal 35 when a given
over -t enper at ur e timited omot onddwuseeciflic Higulesdretherein, but pinlyl6 is

connected to MOS éHHé&Séi G@iast ant current source and then
to MOSFET 41. ThEE%CSFEf%Q% I'S z connected in parallel with other
MOSFETs 42 to 46, which are trimer areas which can be renoved from

t he circuit, as will be later described. SPEC\ 49871
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The node 50 is intended to have a zero tenperature coefficient so

that the potential at that. node, preferably about 1.6 volts for a
sel ected process, is fixed by trimmng the area of transistor 41 and its

5 - parallel transistors 42 to 46. The node 50 has a _ '~ const ant
-vol tage because its potential V[err] eap-be expressed as the sum
of the threshold voltage VTH of. transistor 41 (a negative
tenmperature coefficient) and ' the quantity I[err]/g[err], where
I[err] is the drain current of 10  transistor 41 and g[err] is the
glerr] of transfed8:41. Since glerr] has a negative tenperature
coefficient, the quantity - I[err]/glerr] has a positive

t enperature. coefficient. The above is illustrated in
Figure 4a where V[err] 1. A Mosgatéa>da§r¢alhaving a pbwen secetiomurrent
: Lﬁﬁvgrgﬂzkztﬁa §$6u?efa%;élrespons1W$ CQﬁ$r°} sectlyg ?nEQSQEEéaaiAQb g he

CIerr]= Kerr] ¢afon] semifgendigtfay die; said P°W¢he599§h9nt9aﬁ#na¢%rr] can
,be expressed asgoyreglelectrode; said aéﬂyﬂah se¥tebh] paihgr £dihed rid K err]
5 - P type well in an N type substrate; and a transistor

- - means 1ntegrated into said N type substrate and having
. first and second main electrodes connected to said N type
_subétrate and said P well respectively, and having a
_ control electrode at the potential of said source
10 electrode whereby, if said P well is biased positive
o relative to said substrate, said trénsistor means turns
on to connect said P well to the potential of said
substrate théreby.tq prevent - the turn on of the junction
between said P well and said substrate.

2. The device of claim 1 wherein said

transistor means is a bipolar transistor.

T
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where Klerr] has a'hegative tenperaturé coefficient. Since Klerr]

has a hegative tenperature .coefficient, the _ tenperature
coefficient. of [err]l[err]/Kerr] 'is positive. At a |ow current

- I[err], -the value V[err] dom nates, f - producing an overall negative
t enperature coefficient. At h %h I[err] the val ue

[err]I[err]/Klerr] dom nates roduci-n ositive coefficient.
However, there is only orROWER Lﬁb @ﬁ&? ?YFRCURREN@ whi ch
Lerr] SPEC\ 49871 AND OVER-TEMPERATURE PROTECTION

An MOS-gated device hae a control section comprising a

'ttansistor (90) formed in an ﬁ—type substrate, with the

substrate acting as the emitter. A P-type well (80) in the
substrate is connected to the collector (92) of the
trans1stor. The source of the MOS-gated device 1s.
connected to the base of the transistor. If the
N-substrate goes negatlve with respect to the source of
the MOS-gated device the transistor turns on, 80 that the
potential of the.P-type well is equal to the potentlal of

the N-substrate.



This val ue represents the trimmed p0|nt of the circuit, as is later
descri bed. _ The potential .at node 50 of Flgure 4 1is
connected to MOSFET. 51 which is connected in series with . 5 a MOSFET
52, operated as a current source. The voltage at node 53 has a
positive tenperature coefficient, and is . - applied to the gate of
MOSFET 54. MOSFET 54 is connected /y t he MOSFET 55.

The voltage at node 56 may now be considered, 10 and it will be seen
that, for a tenperature higher than a gi ven fixed val ue, the MOSFET

54 turns on and, for a t I r than.that vg ue, it
remains off.. This o Mrated in Figdrge? , Where
curve V53 is t he vol taggaﬁ/ppgld,ﬁ@r(a positive tenpé"r‘é re 15
coefficient) and Vlerr] is the threshol t age of tlr ansi stor 54
(a negative coefficient). The intersection of these qurves defines

t hé shutdown tenperaturfg since a 7%  tenperature,high han this val ue
T[err] turns on MOSFET 464 whil & a tenperatur€ | o than this val ue

| eaves the - ge at node 56
is then applied through a logic inverter ciFfepit he shut down
i nput term nal 35.ig Figure 3. Thus, wHen the tenperjature of the
die ' '
' , 74
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containing t he power FET exceeds the tenperature Tlerr] 25 in Figure

4b, the“power section is turned off. MOSFET 52 . Ccreates a positive .
f eedback circuit and provi des sone hysteresis on the val ue of

T[err] As stated previously, the size of transistors
41'to 46 nust be trinmed to ensure a .zero tenperature 30 const ant at :
node 50. The trimmng is acconplished bfZ assigning different areas
to transistors 41 to 46 and t hen& égtﬂr(nnting t hose transistors
whi ch nust be ~kenoved to provi de t'he desired tenperature

conpensation SPE 98Q1 - 12 -
at node 50. By wa gmanple, probe pads 60 to 64 can _
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be provi ded for transistors 46 to 42, respectively. These pads can
be.connected to respective zener dlodes not shown, which can be
blown in short circuit by a 5 - potential applied to the pad in order to
renove one or nore of transistors 42 to 46 fromthe circuit. To
carry - out the trimmng operation, the die is held at a

tenperature of 160[err]C and a bi nar ch is nmade to det erm ne
whi ch transi stor areas must be renpvga7§5: good 10 t enperature
conpensati on. The necessary zeners are 't hen bl own togshort circuit

their respective transistors in tfmrme???knuwnﬂﬂmwﬂﬂf‘ -
Referring next to Fi AR LLlustn -2 Crgss-section of

a junction pattern ( al | .part of a p MOSKET and t he P wel
whi ch carries circuits which hgve bee desp?ibed. Thus,

t he cqntr ol

in Figure 5, as sectton of a die [rsS Shown cont ai nifng

plurality of P+ basq cells diffused intofan N(-) . : pth%baI body.

The epitaxial body ijs commonly formed on | 20 an N+ sulystr whi ch has

a drain el ectrode 74~vn-rrg=; pottom A Targg | of c&lls can be
used, frequently In;:ﬁiﬁiﬂ of several thousgnd, mkichﬁpre :
symmetrically : di spo r- the 4) body. The

t opol ogy of fthese cells can be ag desired and tae) may have any 25
pol ygonal shape, sugh as h&kagons el o ed rectangl es ' or squares. .

interdigitated tlopol ogy.

The power section Can_aLSQ]gif an
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Each of the base cells contains a respective N+ source region to

def.i ne Ynvertible channel regions in the 30 P bodi es which are covered
by & gate oxide and then by | polysilicon gates 75 to 78. The gates
~are insulated .and a source electrode 79 overlies the gates and the
‘power - section. SPEC\ 49871 ' -
13 - : ' - The other conponents, including all control
MOSFETs previously described, are pref%- formed in one or nore
P wells, shown as P well| 80. It has been found that,

during operation of the 5 po the N(-) substrate can be
negatively o .?I:.;._ga- _ '

.1

Ve

Tswyroown



biésed relative to the source electrode 79. Thus, if the

“is-directly connected to el ectrode 79 (source

junction 81 will be forward biased. :
which wi ||
inthe Pwell.

i nventi ofy
N(-) substrate, co
The N(-) substrate

injection into the P well 10
the conponents

anot her feature of the
formed in the
col l ector 92.

The base 91 has a contact 93 con

the P well has .a contact 94 al
resistor 95. The ac@&a
current of 20 the control® ¢

ground of the control circuit w
92 is connected to contact 94 vi
operation, if the N(-) region go
12, the transistor 90 turns on.
the potential - of P well
the N(-) . Substrate t§§pr
Al t hough the present invention
particul ar enbodi nent's thereof, -
nodi fi cati ons and ot her uses
inthe art. It is
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' : , , Tosig2—4
preferred, therefore, that the present invention be SPEC\ 49871

-2 14 - limted not by the specific disclosure herei nf but only
by. t he appended cl ai ns. '

15

CLAIMS

1. A device having a power section and a fault responsive control section, the
power section and the fault responsive control section being integrated into a
common semiconductor die;
wherein the power section includes a power MOSgated device having a
source electrode; .
wherein the control section is formed in a P-type well in an N-type
substrate; _
and wherein the control section further comprises a transistor means
integrated in the N-type substrate, the transistor means having a first electrode
, connected to the N-type substrate and a second electrode connected to the P-type
-/ well and a control electrode maintained at the potential of the source electrode of
the MOSgated device;
whereby, if the P-type well is positively biased with respect to the N-type
substrate the transistor means turns on and connects the P-type well to the N-
type substrate so as to prevent the junction between the P-type well and the N-
type substrate turning on.

2. A device as claimed in claim 1 wherein the transistor means is a bipolar
transistor

e
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‘main power FET.

- REPLACEMENT SHEET

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

'~ The voltage dropping resistor in the above
device is subject to stringent design tradeoffs. Thus,
if the resistor value is too low, a high pin current will
be drawn through the turn-off MOSFET. If the resistor
value is tooc high, switching time is increased for the
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According to the present invention there is provided a device having a power
section and a fault responsive control system, the power section and the fault
responsive control section being integrated into a common semiconductor die;

wherein the power section includes a power MOSgated device having a
source electrode;

wherein the control section is formed in a P-type well in an N-type
substrate;

and wherein the control section further comprises a transistor means .
integrated in the N-type substrate, the transistor means having a first electrode.
connected to the N-type substrate and a second electrode connected to the P-type
well and a control electrode maintained at the potential of the source electrode of
the MOSgated device;

whereby, if the P-type well is positively biased with respect to the N-type
substrate the transistor means turns on and connects the P-type well to the N-
type substrate so as to prevent the Juncuon between the P-type well and the N-

~ type substrate turning on.

In a preferred embodiment the transistor means is a bipolar transistor.

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




' REPLACEMENT oncts
15 E&LAIMS 1. A devi ce havi ng a power section and a fault responsive
contrel section, the power section and the fault responsive control section
being integrated into a common seni conduct or di e; wherein the power
section includes a power MOSgated device having a source el ectrode;
wherein the control section is forned in a P-type well in an N-type
sSubstrat e; and wherei'n the control section further conprises a
transi stor nmeans integrated in the N-type substrate, the transistor neans
having a first electrode connected to the N-type substrate and a second
el ectrode connected to the P-type well and a control el ectrode maintained

at the pot mhbﬁreahxémanamtsé@c&ﬂmepﬁheﬁhﬂwm will bevorme;
wher ep % %ﬁﬂﬁmptﬁayf&ﬁo%”é desca bﬁ'oﬁhx rﬁ@é&&%&&&@&%ﬁ% the the N-type

substr ans rns on and connects th type well to the
N- ty to prevent the junction between the P-type well and
the NN type _substrate turning on. 2. A device as clainmed in claiml
wher ei n t h&igwemlshows aprAL arkovergupventand over-temperature control

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

To implement the circuit of Figure 2 with a
simple process, it is desirable that the power MOSFET is
an N channel device, and that the MOSFET 20 also be an N
channel MOSFET. The gate voltage tc turn on MOSFET 20,

however, is then higher than the voltage at the pin 1s.

A
*boot-strap” éiicuit, shown in Figure 3, is provided to
generate a high enough gate voltage to operate MOSFET 20
if it is an N channel device.

Referring to Figure 3, components similar to

~ those of Figure 2 are given the same identifying
‘pumerals. Thus, pin 16 is connected in series with

MOSFET 20 to gate 10 of the power MOSFET section, and

MOSFET 14 connects pin 16 and MOSFET 20 to pin 12.
Also provided in Figure 3 is a boot-strap

capécitor 30 connected between the node between MOSFETSs

14 and 20, and the node 31 between the gate electrode of

MOSFET 20 and a depletion mode MOSFET 32. The depletion
mode MOSFET 32 is connected to the gate and source of
depletion mode MOSFET 33. Node 31 is further connected .
to a shutdown driver MOSFET 34 having a gate connected to
terminal 35 to which "smart® circuits which develop turn-
off information produce an input to cause turn off of the

power MOSFET.

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




