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POVER “MOSFET W TH OVERCURRENT AND OVER- TEMPERATURE
PROTECTI ON BACKGROUND OF THE | NVENTI ON Thi s

i nvention relates to power MOSFETs and 5 nore specifically relates to
a power MOSFET havi ng i ntegrated on the sane sem conductor die,
novel over- tenperature and overcurrent protection circuits.

Power MOSFETs are well known in the art. A particularly well-known
power MOSFET is manufactured and 10 sold by International Rectifier
Cor por ati on of E1l Segundo, California,_ under its registered
trademar k HEXFET. Such power MOSFETS are adapted to handl e

el ectrical power of at |east about 1 watt and can be swi tched on

and of f by applying and renovipbgea MORFEESWITH MNERASKENeNtrol signal

bet ween the gate and source AND OVERToMPERAEORE phberdemi¢e. They are

packaged in various package styles, for exanple, a TO 220 style

package whi ch typically presents three termnals, gate, source and
BACKGROUND QOF THE INVENTION

This invention relates to power MOSFETs and
5 more specifically relates to a power MOSFET having
integrated on the same semiconductor die, novel over-
temperature and overcurrent protection circuits.
Power MOSFETs are well known in the art. A
particularly 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 packaged in various.
package styles, for example, a TO-220 style package which
typically presents three terminals, gate, source and
drain, for connection in an electrical circuit.

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 electrodes exceeds a particular value, for example,
S5 times rated current, or when the die temperature

25 exceeds a certain value, for example 150°C. Some known
devices act to turn off a power MOSFET in response to
either high current or high temperature, and others
respond to either condition.

For example, one known device employs a small

30 bipolar thyristor die which is glued to the power MOSFET

SPECW9871



drarn,'tOr connection in an electrical circuit. 20 It is
known to be desirable to turn off a power MOSFET, or ot herw se
control the circuit in whichit is connected, when the current fl ow
bet ween the source and -~ drain-electrodes exceeds a particul ar val ue,
for exanpl e, 5 tinmes rated current, or when the die tenperature 25
exceeds a certain value, for exanple 150[err]C.  Sonme known devi ces
act to turn off a power MOSFET in response to ei ther high current

or high tenperature, and others Bond to either condjtio

For exanple, on@l & rRA ERRH%&P%H&HCSRPQ??&ﬂ& e M§§FET gﬁFSoFﬁrt?ﬁy¥?§?%? di e
which is glued é@.lidf‘@ ml’tWFET SRECté8Pétature exceeds a given

- 2- dy &Eé@ q&ﬂﬂﬁ%& tggsNE§FEIog§t§ ERe%@%ﬁe

sour ce when the nper at ure excée |s
devi ce, homevercomﬁﬁﬁm%mﬁ¢cﬂ@ﬁ%?t$h9#ﬁﬂcﬁﬁQ%ét protecgd@Btant to offer short

circuit psotection. 5 another knowN@eRAkek@aploysvacemalp! pyporasnal |

bi pol ar transistor chip with emitter and collector electrodes
connected between the power MOSFET gate and source
terminals. The bipolar transistor base to emitter
circuit is connected across a voltage dropping resistor

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

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

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

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

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

A fourth known device provides current and
temperature sensing and has only three pins (gate, source
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tramsi'stor chip with emtter and collector electrodes connect ed
bet ween the power MOSFET gate and source termnals. The bipol ar

transistor base to emtter circuit is connected across a vol tage

droppi ng resistor 10 in the power -MOSFET source circuit, so that the

bi pol ar transi stor turns on under short circuit conditions to

short the power MOSFET gate to the source and |imt current.

rﬁmeveL if the power FET is exposed to a high current which is |ess
an short circuit _current, the 15 control oI ar_transis si_npl

reduces the poweand drainhpyptefhds devicguerny °¥ r3 Hf gffP alpfcﬁﬁ@r% ?ﬁrr’%g%/i on

and g POSsi Pé €1 hest resiriertedf beltwedaviche. ga,beepmerand lgate

circul oes not n|to e tgﬂger fyn f e; RRVET MOGE 20

A third known de¥fg %t]éo e?oﬂ"s a curr%n;i g‘é‘% r_EQ i current i FE‘IEE\Aﬁfgh

has a |inited nuabfaubt. cél‘h% RyotEss Clrcmtl\/EBFET"M%‘d tTt‘b HFIRR B8 of

an output gi gnal aMé@iEbaf? MOSFET dotfieRtedl Betweenl théegdd ntp@urirarur r ent,

and al so has a at.ure noni uit t nitor t
tenperature 25 teB‘Pl’Pﬁ%s I\fi‘élﬁé‘le Rovyer W?é'*‘? Eﬁl ggr’?o‘?& n%éé l:fc’ungql ons are
integrated into MCSanmnmdétl§¥§knhaxeﬂmWrreaquoreouﬁr-temperaﬁunaI iary

power source to e circuits. This auxiliary power is
applied to the pgmﬁﬁ k%gﬁéT via a fourth term nal, ddition to
the source, drain and 30 The gepldags AropPing TEAiBEQEN T (D ?Pé;Qﬁﬁn ce is
not pin 39 gegpati bseswhidreics iduigngent déBbghTeradeoffs. Thus, A

fourth known devi,ce, provides curre nt and e e | anRd
has only three pi"ﬁ t? af BS1RWRA B D§3Ela k88, 1% SCHPEA A e WA
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 invention, the gate pin

and the input voltage for the power MOSFET is connected
to the gate electrode throﬁgh 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
faster than that of the prior art device using a
4,000 ohm resistor. The current drawn from the gate
pin and through the series MOSFET is, typically,
660 pA but can be lower, depénding



-3 - and drain) but this device enploys a 4K vol tage dropping
rési stor connected between the gate pin and gate el ectrode in order
tolimt the input current in case of a fault. The protect circuit

t hen operates to turn on an 5 auxi-l kary 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. he EESIsléﬁ aJue i.s too | ow,

Thus, ift
a high pin curreé &g design °r%bé"b§r é\thﬁFoﬁbﬁc?ﬁE R If the

resi stor otatrent S too high, switching tine is |ncreased for the

mai n power FET. 15 BRIEE %M}{J%R&QEJ‘E' ﬁwWé%\éﬁh §hae T £

accordance with the |nvent|on i nput Vo
for the power MOBSFERTC Y ¥ @76 18I QM@ T - temperﬁéurﬁelga%a@v@d 3t her ough a
first series conpesiddt circuitCOtHelfiMgbFhbsFETseaans sontddliddIEtel is

comected 20 R 4l sdie,nd sauiogalest foee ol gamer
the outputs of téinkedtmctthe gatie pdmschand the second MOSFET turns on to
short the power MOSFET gate to its source, thus turning
off the device at high speed.

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

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

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

20 above which is higher than the input gate voltage of the
powexr 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 gate 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 circuit for trimming the set
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that the first is turned off and the second is turned on I n response

to a given fault condition. The protect 25 circuit is powered by the

i nput source voltage to the series MOSFET. When on, the second
MOSFET can have a resi stance ot about 200 ohms. Thus, the swi tching
tinme of the main power device will be about 20 tines faster
than that of the prior art device using a 4, 000 ohmresistor. The
furrenfldramm fron%gge gate . pin and through the series MOSFET is,
ypically, err] A hut can be_| ower di n s .

-4- cﬁ?"tﬂ?é”&é’s‘?e]qn cb#‘et HBVBEOF%IB?G“E?F‘&E tnb%'f‘g%wrhrca{\ﬁ:?utlﬁehas
current. a first traHsdspoet etrcuitcoonf bpered eso sprsidudeaia, galten an

overcurrent or ur e circuit,
the first NCSFE$X% ﬁ%ﬁgﬁﬁak c%nE?oﬂeﬁégﬁﬁ@ @Ml&ﬁ gﬁék??%ﬁﬁf%ﬁﬁﬁ ool age

and to limt thetmﬁreﬁrﬁure: and g; ﬁEGGHBytfﬁBsbﬁF r FhECuHy iy
MOSFET turis on ¢wich has a‘ihqrrxbuthehlaembla/EBEEH gahegawive s:mm,urehus

o descr b i o ol UgeBSl: Wharacperisticn alie novel

~device over all 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 value of the crossover can be trimmed by trimming the
working area of a transistor in a zero temperature
coefficient segment of the circuit. |

A further feature of the present invention is a

novel structure and circuit to prevent conduction of the

15 P well containing the control components for the power
MOSFET if the N(-) substrate goes to a negative potential
relative to the source of the power MOSFET. More
specifically, a novel bipolar switching transistor is
built into the substrate adjacent the P well. This

20 transistor has its collector connected to the P well
whereby, if the N(-) substrate goes negative with respect
to the source, the bipolar transistor shorts the P well
to the N(-) substrate and prevents conduction of the
diode formed at the junction of the P well and N(-) body.

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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vol tagé ‘and current ranges. This includes devices using a MOSgate to
control the switching on and off of a device and expressly includes
| GBTs, power integrated circuits, 15 MOSgat e controlled thyristors
(MCTs) and power FETs such as t hes HEXFET devi ce previously

descri bed. 1n accordance with a further feature of the

I nvention, a novel "boot-strap" circuit is provided to provi de a
gate voltage for the series NCSFET described 20 above whi ch is higher
than the input gate voltag -ET. Mor ecifically,
e power NORET 1o OFidure B ehaHRch ST diagreRt ceEPESPRUBRET | s
al so an N chanuid ofetihee inveatdehefop| dergering contred thecsdri es

MOSFET nust be hi flt]%mn t Y The 25 novel boot
strap circuit enﬂ%%%% Ii)'halsfg'eg égﬁ'SQ}éﬂg% and contains a
capacitor which, when char Jé@urendr sho¥s a novel haptsygppagéreHithusgdte of

the seri eSF$E/_IQSFE-Rviﬂ1 aimy prieent 1nvent¥@ht@élepeii¥m1tth%s§abq Nj[ &ht&ﬁntamaz t he
series MOS can pof ent i is a o the gate pin
of the 30 tﬁ\ﬁisﬁﬁ%%s in an N ;’annefl ﬁgrsk‘%&u

rther feature

of the invention Figuee ¢ phpvsdgdnewetnngmpegapamatshatdbwndomn
circuit A0tk IOy e TVRERCERE bl bl d JFTHi B reBe 258ha 3.
SPEC/ 49671 . s
Figures 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
novel circuit to prevent the forward bias of the
1% P well/N(-) substrate junction.

DETAILED DESCRIPTI OF THE DRAWING
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, drain and source
terminals 10, 11 and 12. Integrated into the same die
which contains the power section is a control section
including a 4K resistor 13, a control MOSFET 14 and the
protect circuits 15. Note that the source acts as a

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

30 pin of the device along with terminal pins 11 and 12.
Thus, the device is pin-compatible with power MOSFETs
without integrated protective circuits.
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t enperiature. The novel tenperature shutdown circuit has a first
transistor circuit configured to produce a gate vol tage for a
control MOSFET which increases wth tenperature, and a second
transistor circuit (inverter) 5 Wi ¢h has an input threshold with a
negative tenperature coefficient. These two output characteristics
are conbi ned such that their intersection defines a threshold
tenperature which, if reached, produces an output to trigger the
turn-of f of the main power MOSFET.  The exact 10 . val ue qQf the crossover
can be trimmed by trinm ngft RREration, (& R E/ATLDPUN S %r‘fgi §?‘8r in a
ie;o Eﬁnpe;altnwprotect cdeebfitsi tat dsegrehtfiodm tivgput e 1.6 which is
urther featur r.e I nvent, | . s and
circuit to pr evefreﬁoqiostn S’c?iooﬁggksf heﬁTS&@ A%%eﬁ ocforﬁ ;f%*lqr? ?Eg%?q‘:l?#ol
conponents for tife qffivand no curpesreilevys (i 1§sHstomdd-at igfefaidta
2322}( :c }’gaﬁ);en;'i?g‘d“i@“ oF%'u%Ei, ytﬂo.ﬁpg-r h% sauite o driy pdwdr AVRBIBEShm\br e
, vel bipolar. switchi ransi st S ui l.t into the
substrate adj acdMSEER qu'\ﬁﬁlsll.sg?ﬁfzg'z‘gpaws ?%s%%dor“%é;s? iztss?% cbrl ect or
connected to theHrowdH resistor MAerfby, aif Yokt N(nd Ubsltatsappdas

negative with r . tQ:t.he,source, the bipolar transistor shorts
the P wel | ezségﬁéo“t‘ﬁ’ee%( ac Pin e 1

strate and prevents conductjon of the
di ode forned at the junct {The §RIRReCP FR$istRR 1§ -3 tﬁ)oﬁfaduf?éf between
Q her fteaifmrestatmigh faéhﬁ&m}ﬁl gk 3RS tafet BE Prhespdwer MOSFET, nileidh dmowelaselsecone
appar en romthe, f.ol.l.ow n . descr i piion ' | vsentd %Pp'
refers to the Yith h@%&ﬁf&ﬁﬁfﬁ&“ﬁ?avﬁ%gw oflrddl® dARSE e Whigat
pin 16, which increases as the value of resistor 13

reduces. A resistor value of 4000 ohms produces a
switching time of about 15 microseconds and a current

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

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

20 current drain on the input terminal. More specifically,
in Figure 2, components similar to those of Figure 1 have
the same identifying numerals although, in Figure 2, the
power MOSFET can be any MOSgated device, for example, an
IGBT or MOSgated thyristor oxr 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 voltage appears at terminal 16 to

30 turn on the main power MOSFET, the MOSFET 14 is off and
MOSFET 20 turns on to charge the gate at terminal 10 of
the power MOSFET. The MOSFET 20 is designed to produce a
resistance of about 200 ohms. Therefore, it has only a
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BRI.EF ‘DESCRI PTI ON OF THE DRAW NGS 30 Figure 1 shows a prior

art overcurrent and over-tenperature control circuit for a power
MOSFET. SPEC/ 49871 - 6-

Figure 2 shows a circuit diagram of thesnevel circuit of the
invention for deriving control circuit power fromthe gate supply
circuit. Figure 3 shows a novel bootstrap circuit used

5 with the present invention to permt use of N channel cont rol
MOSFETs in an N channel power MOSFET. shows a .
novel tenperat urEingt t on the furagep pad feerw@hh st“h‘gzcé'}’rrt%lttléne&

Fi gures 2 and 3of the power MOSFET hihgheds4aoanimed fdunertaacwdtlstic

curves CIrCUIt af_ Figur. Figure 5
shows a cross se e%AStorg%feFéEgEET die having a P well for
recei ving the cont roI To implemeints the: edraudtl ehidigure B &itdh@® furt her

shows a s dianfle Gridddds,t A thiQY JilsirBB1 EOENAE et Jsowdir IMUBFEND is P
wel [/N(-) substrate I 4ictlad"s d that the MOSFET 20 also be an N
anne evice, an a e also be an
channel MOSFET. The gate voltage to turn on MOSFET 20,
however, is then higher than the voltage at the pin 16.
In accordance with the invention, a novel
10 "boot-strap" circuit, shown in Figure 3, is provided to
generate a high enough gate voltage to operate MOSFET 20
if it is an N channel device.
Referring to Figure 3, components similar to
those of Figure 2 are given the same identifying
15 numerals. Thus, pin 16 is connected in series with
MOSFET 20 to gate 10 of the power MOSFET section, and
MOSFET 14 connects pin 16 and MOSFET 20 to pin 12.
Also provided in Figure 3 is a boot-strap
capacitor 30 connected between the node between MOSFETS
20 14 and 20, and the node 31 between the gate electrode of
MOSFET 20 and a depletion mode MOSFET 32. The depietion
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
25 terminal 35 to which "smart" circuits which develop turn-
off information produce an input to cause turn off of the
powexr MOSFET. |
Also provided in Figure 3 is an added depletion
mode MOSFET 36 which provides an added current path to
30 ensure permanent turn-on of the power section and a
MOSFET 37, which acts as a diode, to ensure turn-off of
the power section in response to a signal at terminal 16.
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DETAI'LED DESCRI PTI ON OF THE DRAW NGS Referring first to
Figure 1, there is shown a prior art power MOSFET, with
over-tenperature and overcurrent protection circuits. The power

" MOSFET has a 20 conventi onal power ge<ction having gate, drain and
source termnals 10, 11 and 12. Integrated into the sanme die

whi ch contains the power section is a control section I ncl udi ng a
4K resistor 13, a control NCSFET 14 and the protect circuits 15.

Note that the source acts as a ground for the internal protective
circuits. \Wile not Thesﬁ‘Bﬁﬁattlﬂ% ‘b%\/\‘ie‘?e MSSHEFEER: cdrchHay Rive a
current sense FigurseTtisoaswibtbodet i iglien soum:‘.&acger Mentisi applbadi o to

the prot g6l n?ir(a%“ 16 the ﬁ?téﬂ@{ﬂ%]é {‘v{]rﬁéﬁ[ 3 w(ﬁ‘i”?ggfgv% v,

referred to as agaeor n|dut m nal n of
t he devi ce al ong beécanse MASFAT Qﬁnslefénd Tihe transistorhdg, nexd uuvnae is

pi n-conpatidl e wWidd I oddSTERRgins to cNAtd®Ulp ItY egr.at 84nBEOLEEE T ¥E
ci I‘CUI ts. SPEC 49871 -7
at V., MOSFET 20 turns partially on and starts to

charge the gate of the power MOSFET at terminal 10. When
terminal 10 reaches the threshold wvoltage of MOSFET 39,
it turns on. Node 38 then drops to ground and MOSFET 32

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

15 1 picofarad capacitor.

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

20 and the power circuit.

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

Figure 4 shows one of the intelligence circuits

25 which is operated from V. of Figures 2 and 3, and which
applies a turn-off signal to terminal 35 when a given
over-temperature condition is measured. In Figure 4, the
pin 16 is connected to MOSFET 40, which is a constant
current source and then to MOSFET 41. The MOSFET 41 is

30 connected in parallel with other MOSFETs 42 to 46, which
are trimmer areas which can be removed from the circuit,
as will be later described.
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I n.operation, the operating power for the protect circuits is
derived frominput pin 16 which is from5 to 10 volts. In the
absence of a fault, MOSFET 14 is off and no current flows in "
resistor 13. If a fault 5 condi t4 axd occurs, MOSFET 14 turns on and,
with a 200 ohm MOSFET on-resistance, draws from 1250 [err] A to 2500
[err] A t hrough resistor 13, for a 5 volt and 10 volt supply
respectively at pin 16. - The value of resistor 13 is a

tradeoff between 10 wi tching.tine I\/%FET whi ch
i ncreases with hi gﬁg‘re SesPands, 1558“??,‘2 Eﬁq? T ArET P from i nput
pin 16, which i ncempaescase tdoe ffdkienaf speshatothQSPO‘:entlal aafuceat A

i st | hj f 5
resistor value Z‘I‘a C,urrtgérgafgmd%gﬁc . t§V‘E6f angeiéa&& phbeeiis 1

m croseconds an ain on t e _input of nélllarrperes
(at a 10 volt is fixerhy trimming the area ofTﬁgaqal%%q‘.melﬁJCLﬁrg A gure

2 providesgthe paralldlea8ssikexer ap o newer'rhéen@d@tmtha@ Zircuits,
but retains rmch hi gher t chi ng e e 20

current drain onCPPREFMp u‘f&'{l‘@gﬁ au%b nggﬁg%% Iy‘°“ ¢ ® in Figure
2, conponents smxﬂ:mssmd tdm:)s:éxeofsuﬁl gfr ¢hé hhveshold voltage s¥meof

| dentifying numegalge fééépllﬁh d R aQ‘irvpe %emb@?ature coePE¥@{eMSFEIacan be
any MdSgated devrCe,

MOSgat ed .t hyri stor or
the like. 25 the quantity Ep(ﬁev prheses tLej ?ﬁe'l%%? o&a%‘he‘g'}%?‘%'i dﬁ 13 of
Figure 1 he repl ggglsDytsr MSHRE &) W8I ehe §j, kef M¥drislistor 41. 18ince

controlled by an o ut fromthe protect circui Hhs, 14
and 20 are opera?tz'(ly)l""iP % disEStiye pﬁgg\gerature Ebéfeicient, T%}gs,gﬁen ‘?
vol t age appears a}/d.chasnal pd6itive Iemperauune goefifdcignt.power MOSFET,

the MOSFET 14 is off and gdog tp HeE 08at YRepal € Ot
termnal 10 of theTtbeo abOJI%'I—SE:Fl SE%E " 15 es?l e ol

produce a israsfixedcealte dissurd me@hﬁawhspérs% £ox ﬂﬁ%nﬁﬁF§°5
15 41,
More specifically, the curve shown in Figure 4a

has the form:
Ip = Kp (Vg - Vr)?
The quantity of Vy can be expressed. as:
20 Vion = Vi + {In/Kp
where K, has a negative temperature coefficient. Since
Kp has a negative temperature coefficient, the
temperature coefficient of ﬁ:/_l-(-: is positive.
At a low current Ip, the value Vi dominates,
25 producing an overall negative temperature coefficient.
At high I,, the value ﬁn_/-KT dominates, producing a
positive coefficient.
However, there is only one value of I, for
which
30 3 Veon

d e
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SPEC 49871 - 8- m nor

effect on the turn-on and turn-off switching tines of the power
MOSFET which is 20 tines faster than with t he 4000 ohm resi stor of
Figure 1. To i npl enent 1tthe 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 voltage to turn on MOSFET 20, however, is then higher than
the voltage at the pin 16. . I n accordance with the
invention, a novel 10 ~ TBb8tvalvgpreryssants, togoknimResi paint oL che
provi ded to cirgeie; ahe fshigbeendegpdrigaide voltage to operate MOSFET 20

if it is an N channel devi . fecring .t igure 3,
conponents simlar to Ji:ﬁ\et?n"?)%eentz'ﬂ‘a\]Fiagt_:urnec"_jf gﬁeggi \béﬁuf‘%efs %e

i dentifying 15 conneabed| So MJBERT P} whigh dscoonsectddi kinsserkes witth
MOSFET 20 §o gatg M@OspETt B8 p&%@fa%&iﬂ S%rrefc 8Bdrce. ThLRHa

t in 16 and FET 20 to pin . Al so provided in
E?gﬂ?g Z P;na b06¥-§$$§p53 as a ézsitfae temperature coefficfen , and is

applied to the gate of MOSFET 54. MOSFET 54 is connected
to the MOSFET 55.
The voltage at node 56 may now be considered,
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 lower than that value, it remains off. This
operation is demonstrated in Figure 4b, where curve Vs: is
the voltage at node 53 (a positive temperature
15 coefficient) and Vyy is the threshold voltage of
transistor 54 (a negative coefficient). The intersection
of these curves defines the shutdown temperature since a
temperature higher than this value Tgymowy turns on MOSFET 54
while a temperature 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 input terminal
35 in Figure 3. Thus, when the temperature of the die
containing the power FET exceeds the temperature Tsuyrpown
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 Tﬁm"mgn.
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
assigning different areas to transistors 41 to 46 and
then open-circuiting those transistors which must be
removed to provide the desired temperature compensation
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capaci‘t'or 30 connected between the node between MOSFETs 20 14 and 20,
and the node 31 between the gate el ectrode of MOSFET 20 and a

depl eti on node MOSFET 32. The depl etion node MOSFET 32 is connected
to the gate and source of depl et i@n-node MOSFET 33. Node 31 is
further connected to a shutdown driver MOSFET 34 having a gate
connected to 25 termnal 35 to which "smart" circuits which devel op
turn- VOSFET off information produce an input to cause turn off of the
power : Al so rOVId |n Fi ure 3

depl eti on atBHedeNBREETES 6¥ AN é@ﬁ' ? gﬁt g ?% to
30 ensur e pempeotitednfon bfammmm%@nl@w ;;qe@p&ctlvely MOSFET
37, which acts asya %gas EQneﬂéufgnr%é!E@e@on Hes 7e1ctive LBRePOMEHaEEGE i ON

in response to a signa term na SPE . .
- 9- _ not” shown, Twélﬁbe?%§|?ﬁ1?#°Y¢m94) orty CAFCUiECRYt 2ot
Figure 3 1 as f@dt@ﬁf&la‘i\hﬁﬁp&ﬂ!@ t@gfhé/[pdd]m orjEY ited remove one or

(el 15, L0 Ll Bl Dpdes oy AT of LA e, nobesaly”

tur ns
out the trimming operation, the die is held at a

temperature of 160°C and a binary search is made to
determine which transistor areas must be removed for good

10 temperature compensation. The necessary zeners are then
blown to short circuit their respective transistors in
the well-known manner. '

Referring next to Figure S, there is

illustrated a cross-section of a junction pattern of a

15 small part of a power MOSFET and the P well which carries
the control circuits which have been described. Thus, in
Figure 5, as section of a die is shown containing a
plurality of P+ base cells diffused into an N(-)
epitaxial body. The epitaxial body is commonly formed on

20 an N+ substrate which has a drain electrode 74 on its
bottom. A large number of cells can be used, frequently
in excess of several thousand, which are symmetrically
disposed over the surface of the N(-) body. The topology
of these cells can be as desired and they may have any

25 polygonal shape, such as hexagons, elongated rectangles
or squares. The power section can also use an
interdigitated topology.

Each of the base cells contains a respective N+

source region to define invertible channel regions in the

30 P bodies which are covered by a gate oxide and then by
polysilicon gates 75 to 78. The gates are insulated and
a source electrode 79 overlies the gates and the power

section.
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5 . -on and node 31 begins to charge up to V[err] Since node 31 S
at V[err] MOSFET 20 turns partially on and starts to charge the
gate of the power MOSFET at term nal 10. Wen term nal 10 reaches
the threshold voltage of MOSFET 39, - 13 - 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 swtching process, the voltage at node 31 is,

theoretically 2 x V . Lbut | b f Kk d
Char ge. shar i hg) . The boot L1 P BR,SenegTea8s; <ot §31R8 “afl TeonsagLy

capaci tor. MOSFETs previduslyr dersardbedr navéf prafepabby fexedninn

response to an (Eﬁéngrfﬂd¥gtﬂﬂﬁéfﬂ§ﬂ|§H$%%Cgssgcgégﬂ 8bh . the circuit,
a signal is applied to termnal 35t on MOSFET 34 andto

cause the turn-of f of the Nod@sr Z?n Zfﬁ’und thal .t furppgePPerrtipn of the
It is to b2 undegssteanksddatorn/! Itlzonienerubserate can bé&i gegat Bvely N

channel devi Ces’bia{ge%rzaéleéjtﬁw}g td e FRrce echF%bééC?g difn @S i fpwer

secti on. ure SNOWS oOne el l |_(71ence circuits
25 whi ch i s Bpgldk &P f¥ nac[e&trl]y senpegtedste ahgcBroded’hnfsource

applies a turn-off i ged. t2) ! aHE G@n&@.o‘mﬁﬂl ﬂl!llVBQ forward blased _
over-tenperature Condltléghls neasyred. In 6 is

connected to erﬁ“?’é“’f%nﬁaiﬁt"er 1n3ec£t‘:ﬂ?réﬂ?°s‘b‘ﬁﬁc€ t hen

to MOSFET1@1l. ThehiISREN U liniterfire withothecbpdraniparaf| the wdhpardrers

MOSFETs 42 to 4@5ﬂ@ﬂéﬂb wﬁﬁl are trimrer areas which can be renoved from
a be

the circuit, | at er descri bed. SPEC/ 49871
In accordance with another feature of the

invention, a bipolar transistor means 90 is formed in the
N(-) substrate, consisting of a P base 91 and N+

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 %4 also
connected to source 12 through 10 ohm resistor 95. The
actual value 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 contact 94 via conductor 96.

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 potential of P well
80, is then pulled down to the potential of the N(-)
substrate to prevent the forward biasing of junction 81.

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

30 many other variations and modifications and other uses
will become apparent to those skilled in the art. It is
preferred, therefore, that the present invention be
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- 10 - - The node 50 is intended to have a zero

t-enperature 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 Las- 5 parallel transistors 42 to
46. The node 50 has a constant voltage because its potenti al

V[err] can be expressed as the sumof the threshold voltage V[err]
of transi stor 41 (a negative tenperature coefficient) and

the quantity I[ecr]/ rr where 1Jerr]_is the drain current of 10
transistor 41 andi Pgég] n%>§ Prethg e'iI’F?ejmelct rdfiﬁ'ﬁl%b‘ff%%reﬁ’nc}é“t only
glerr] has a negbyi vRet appendsédirelained fici ent, the quantity
I[err]/g[err] has a positive tenperature coefficient.

The above is illustrated in Figure 4a where V[err] is a fixed val ue
for a given drain current for transistor 15 41. Mor e
specifically, the curve shown in Figure 4a has the form

I[err] = Klerr] (V[err] - VTH) [err] The quantity of Verr] can be
expressed as: 20 Vlerr] = V[err] + I[err]/Kerr]

where Klerr] has a negative tenperature coefficient. Since Klerr]

has a negative tenperature coefficient, the
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tenperature coefficient of I[err]/Klerr] is positive. At

a l owI f:urre'nt I[err], the value V[err] dom nates, 25 ~ ~7producing an
overa negative tenperature coefficient. Aty t he val ue
I[err]/Klerr] dom nates, producing a 5 positiv RS aLﬁEJn eplaced
However, there is only one value of I[é&fr] for : jm ﬂ
[err] SPEC/ 49871 T J#kesent s
the trimed point of.the circuit, as is later descfibed:
The potential at node 50 of Figure 4 is connected to MOSFET 51
which is connectWwaiAT ISSEUAGREM IH: 5 a MOSFET 52, operated as a
current source. The voltage | ] t
nt A naga < erature
coefficient, and is Ex pplnﬁ%% ?Laéd he é;[%gldo%%OQ EB 3 .HG‘I\I/%EEET 54 is
connect ed having a fault condition respon51ve control c1rcu1t

integrated into the same die which contains a power
section for said device; said device comprising a
5 semiconductor die having first and second main electrodes
and a gate electrode for controlling the conduction of
current between said first and second main electrodes;
said device having at least first, second and third
connection pins; said first and second pins connected to
10 said first and second main electrodes respectively; said
fault condition responsive control circuit being formed
in at least one separate well area within said
semiconductor die; said fault condition responsive
control circuit being operable to turn off a signal to
15 said gate electrode in response to a predetermined fault
_condition to turn off said device; said control circuit
having an input terminal for a control voltage V. needed
for the biasing and operation of the components of said
control circuit; said control circuit including a first
20 control MOSFET connected between said third connection
pin and said gate electrode and a second control MOSFET
connected between said gate electrode and one of said
first and second main electrodes; said input terminal of
said control circuit being connected to the voltage at
25 the node between said third pin and said first control
MOSFET; said control circuit being operable to turn off
said first control MOSFET and turn on said second control
MOSFET in response to a monitored fault ébndition.

2. The device of claim 1 wherein the
resistance defined by said first contxrol MOSFET is
substantially less than 4000 ohms and the current drawn
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to the MOSFET 55. The vol tage at node 56 may now be

consi dered, 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

tenperature |ower than that value, it Sgalns off. This operation
is denonstrated in Figure 4b, where cur Vierr] is t he vol tage at
node 53 (a positive tenperature 15 coefficient) and V[err] is the

t hreshol d vol tage of transi stor 54 (a negative coefficient). The

i ntersection of these curves defines the shutdown tenperature since

a : t enper Firdime sauahgaté hpﬂntm 1/ Ughall efddutt ur ﬂﬁlQ'iaR%@EET o4
while a te@perat i s val ue_ | eav s the NCSFET 2 54 off.

The vol tag€ at n§8§l§§ P?rPﬁgnOBEﬁﬁ?ﬁﬁpt?ﬁ “a logic inverter

circuit to the shutdown input term nal 35 in Figure 3. Thus, when

the tenperature of the dies, The SOM& Qt}f’%ﬂﬂ‘r‘n ROVRle rEER. Sé‘iﬁeﬁégi@e

tenperature T[err] in Figure 4b, ower section is turne
MOSFET 52 c°€ﬁé§ﬁ8§ éeﬁﬁgP?+W% 9%%&Hkﬁﬂé§nFQﬁHQPS&HG BPo®i des sone
hysteresis on theredetermind@esvércurrent between saldAilibat&ﬁdpéé&bﬂﬂS|y,

the size of tran o] to 46 nust imed,to ensute a zero
t enperature E ihc%%% %ta%%d 055 ﬁfie r%r ure FbOXSCSn%flgﬂed by
assi gni ng élfferﬁﬁﬂuareas to transistors 41 to 46 and t hen
open-circuiting those transistors which nust be removed to provide

the desired tenperature COgPens%ﬁec525%§gjs1E%Eglm 2 wherein said fault

condition responsive circuit is responsive to a
predetermined overcurrent between said first and second
main terminals and to a die temperature above a given

5 value.

5. The device of claim 1 wherein said power
section defines a power MOSFET.

6. The device of claim 1 wherein said power

section defines a MOSgated semiconductor device.

7. The device of claim 1 wherein said power
section is an N(-) channel device and said first and
second control MOSFETs are N channel devices.

8. The device of claim 7 wherein said fault
condition responsive circuit includes a boot strap
circuit which includes capacitor means which charges to a
voltage higher than the voltage on said third pin to

5 produce a voltage operable to turn on said first control
MOSFET during normal operation.

SPEC\49871



S 12 - at node 50. By way of exanple, probe pads 60 to 64 can

be provided for transistors 46 to 42, respectively. These pads can
be connected to respective zener diodes, not shown, which can be
blown in short circuit by a 5 potertial applied to the pad in order to
renove one or nore of transistors 42 to 46 fromthe circuit. To
carry out the trinmng operation, the die is held at a

tenperature of 160[err]C and a binary search is made to determ ne
whi ch transi stor areas must be renoved for good, 10 t enper.at ure

conpensation. The necessaly zdWeér Seyieet ﬁ@n"lalm 1 viigth IR I8985S 2ci rcui t
their reSpeCtlVetfiﬁmﬁbfécﬁémpdkature shhhﬂoWﬁ|b1£EEWW1iﬁN§Eﬂd fault

Referring next to ure 5, th t 9 on of
a junction pattef®? % %93£¥35p°%ﬁﬁ¥ﬁ AEFPLG éé%%vé§$$§k§h§¥ f§}4§§abb me?l
whi ch carries 01rCUimecqmnnxsﬂngnnaa;ﬁuyemhemhetﬁmurﬂxﬁﬂﬁﬁﬁ%ﬁﬂﬁnﬁed Thus,
In . Elgure Erc@§tﬁfgﬁdé”fd¥ prddu@ihg §H0$@t§ﬁEH§H§HdEth1ch rises

plurality of P+ ase ce d ffused into an - i taxi al body. The
epi taxi al body |%1%%n%%ﬁﬁ%aﬁkﬂgnﬁiﬁaﬁeﬂﬁeratué hﬁ-%ﬁﬂﬁﬁ*ﬁéﬁ??MHQﬁ?tﬁé? a
drain el ectrode ddepfitiént circuitdomparAtbargkeichuriees aof iogddts can be

oyt 11 cal Ty, ehreshold MENERNA WIRHSRELIONRE M o Klifhaliicpy ana
t opol ogy oirenbt aneans Lomprussdugingesnr @UtRRHY Fﬂﬁ}a Wél &% 25

pol ygonal 1ghape, 8118 lpGRe PEXAA0Ith WHeAN@ARCH ik CELmpEt fure exceedd s¥ddares.

The power section Ean al so use an
reference temperature.

10. The device of claim 8 which includes a
trimmable'temperature shutdown circuit in said fault
condition responsive circuit; said temperature shutdown
circuit comprising positive temperature coefficient

5 circuit means for producing an output signal which rises
with increasing die temperature; a negative temperature
coefficient circuit which produces an output signal which
reduces with increasing die temperature; circuit means to
compare the outputs of said positive and negative

10 temperature coefficient circuits to establish a fixed
reference temperature indication; and circuit means for
producing an output signal to turn off said power section
when the die temperature exceeds said reference

temperature.

11. The device of claim 9 which includes a
current source means coupled to said positive and
negative temperature coefficient circuits for
establishing a fixed reference output which is invariant

5 with temperature; said current source means including a
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i nterdigitated topol ogy. Each of the base cells contains
a'‘respective N+ source region to define i nveTtis Sheat HadBeamRéplacedgi ons
in the 30 P bodi es which are covered by a gate o y
polysilicon gates 75 to 78. The gates agg insulated a IR {Bbur ce

el ectrode 79 overlies the gates and the power section. - C/ 49871
- 13 - The ot her conponents, including all control
MOSFETs previously described, are preferably formed in one or nore
P wells, shown as P well 80. It has been found that,
during operati onMOESFERedevice opoveimsasle acrharirted MNidrhsubstdjtuetcahebe
negatively lLased att t r lL.ectrode 79. Thus, if the
P well 80 is dirggﬁp$ %Snﬁégée i%%de %%$§%§%¥f%& ggdrce 12 in Fig.
2), the junction 81 will be forward biased. This produces mnority
carrier injection into theiP.wehltrifinable WHudadnn irdheel ebgnvbtlat he

operation of thet%%”%%@%”%% a MOSgatéé'ﬁé%%%Paggfde; said temperature

shutdown circuit comprising positive temperature

coefficient circuit means for producing an output signal

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

13. The device of claim 12 which includes a
current source means coupled to said positive and
negative circuits for establishing a fixed reference
output which is invariant with temperature; said current

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

output.

14. The device of claim 1 wherein said
separate well area is a P type well in an N type
substrate; and a control transistor means integrated into
'said N type substrate and having first and second main

5 electrodes connected to said N type substrate and said
P well respectively, and having a control electrode at
the potential of said first main electrode of said device
whereby, if said P well is biased positive relative to
said substrate, said control transistor means turns on to
10 connect said P well to the potential of said substrate to
prevent turn-on of said P well/substrate junction.

SPEC\49871
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In, accordance with another feature of the I nvention, a bipolar
transistor neans 90 is forned in the N(-) substrate, consisting of
a P base 91 and N+ 15 collector 92. The N(-Th 1§$}ba1ﬂla93eenk licdle emitter

of the transi stor. The base 91 jpas-a co_nt dto
source termnal 12, and the P well has a contact = connect ed
to source 12 through 10 ohmresistor 95. The Ny ac :ua va“ue used nust
be so low that the bias current of 20 t he control circuit does not

of fset, too greatly, the ground of the control_ circuit with respect
to source 12. N+ By orin!f-’z deyigenfccdadimoleonbareinssaid conduct or
96. control Nt £RLE i mdadnd e M bipbeairobrgaesstegat i ve
relative to the source 12, the transistor 90 turns on. 25 The N+
region potential, and thus the potential of P well 80, is then

pul  ed down to t he pot ent i &6 . of A tN@SdYted device hQMbBQratBO‘t'@rpﬁ%@é*ﬂnthe

forward blaS|ng 9hal YneLi o @éspo sive control sect@bﬁhQHQQgiQ@é@rfﬁ%ﬁ“a
i nventi on has been escrlrt)ed In relation to gartlcu ar enbodi nents

thereof, 30 Cﬁﬁﬁ‘ynoﬁﬁ@%cmlf%ttqli)r%leamfaﬁgdPPP’E&t SAEIGR BT Fises
wi || become appagefitctOelbosfod] |4l idorth®laskectlibni being formed efimra ed,

Ehiaefore,sthat EhgyBéeﬁgfi iﬂvgﬁ“&‘¥bé£3suﬁgﬁﬁgké?sZ&d a transistor

means integrated into said N type substrate and having
first and second main electrodes connected to said N type
substrate 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
relative to said substrate, said transistor means turns
on to connect said P well to the potential of said
substrate thereby to prevent the turn on of the junction
between said P well and said substrate.

17. The device of claim 16 wherein said

transistor means is a bipolar transistor.

SPECW9871
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limped not by the specific disclosure herein, but only .~ by the

appended cl ai ns.
Appent This Sheet

I

ZOWER MOSFET WITH OVERCURRENT

=ND CVER-TEMPERATURE SROTECTION

1

28STRACT 2F TUE DISCLOSUR
A power integraced circuit is pin-compatible

with a three-terminal power MOSFET and contains

integrated circuits to turn off the device in the event

of an overcurrent or an over-temperature condition.
Control power voltage V. is applied through a. first
MOSFET (20) connected between the gate pin (16) and the gate
electrode (10) of the power device. A second control MOSFET (14)
is connected across the power device gate (10) and source (12)
electrodes. The first control MOSFET is turned off and
the second control MOSFET is turned on in response to a
fault condition. The turn off of the first MOSFET limits
the current sinked by the gate pin. A novel boot strap
circuit is disclosed which permits the use of all

N channel MOSFETs with an N channel power device, and a
novel trimmable temperature shutdown circuit is provided.
An integrated bipolar transistor is also integrated into
‘the chip to prevent conduction of the P well/N epi diode
formed in the device substrate.
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CLAI M5!

condi tion responsive control
contains a power

1.

_section for.  said device;

circuit

A MOSgat ed sem conduct or power device having a fault
integrated into the sane die which
sai d device conpri.sing a

sem conductor die having first and second main el ectrodes and a gate
t he conduction of current between said first and

el ectrode f
second mai n

pr controllin
el ectr odes;

bins; said fi
el ectrode

connecti on
second nmi n
control cirtuit being
sem conduct br di e; sai

operable to turn off

predeterm ned fault c$i§
N
o
[

havi ng an input term
bi asi ng and operation
control circuit inclu
third connegtion pin
connect ed betmeen sai

el ectr odes;

t he voltage at the node b meen said third

“said input

9\\
A

rie

d device having a
and second pins
ectively; said fa
d in at |east one

| east first,

second and third

onnected to said first and
ult condition responsive
separate wel |

f&ylt condi tion responsive control circuit being

o

Ror a control voltage V[err] needed for the

13

e

al to said gate e
on to turn off sa

e conponents of s

| ectrode in response to a
id device; said contro
sai

aid control circuit;

area within said

circuit
\!
a N

first control -MOSFET connected between said
id gate éfEtTTUUE*th asecond-Tont To— v 1))
el ectrode and one said first and second nmin

1 nal
in

of said controlfcircuit being connect g
knd said first contro

bd to

ed

MOSFET; said control C|rqE0t bei ng operabl e ODgurn off said first coftrol
MOSFET and turn on said segond control NCSFET ifn response to a nonitot
fault condition. y
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2.,

The device of claim1 wherein the resistance defined by said first

control MOSFET is substantially less than 4QQ0 ohns and the current drawn
-_16 - | fromsaid gate pin is lesks than about 1 nillianpere 5
during normpl operation of said device. 3. The devi ce
of clain11n¥herein said fault conditi responsive crrcurt ib]
responsive §0 a ___JHJﬂuT:;wﬁ ned overcurkent hprmpggaiaLd_ilrst and-
second : main ferm nal skdnd to |[a die tenperature e a gilven ﬁj
val ue. 4.77 The device of claim2 whéerein said fauljt
condition résponsivelcircuit iL_Lespunsive t o—a gr edet er 1fi nedQ ?}
overcurrent {between gsaid first and second mai n term nal s {and a
die tenperature abovg¢ a given 5 val ue. - k\¥<
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5. . Thé device of claim1 wherein said power

power MOSFET.
power

section defines a
6. The device of claim1l wherein said

secti.ondefines a MOSgated sem.conductaor.devi.ce.

section is an N(-)

7. The device of claim1l wherein said power

channel device and said first and second~-control MOSFETs are N
channel devi ces. 8. The dpvice of claim7 wherein said
faul t condition responsive circuﬁi_anLudes boot strap

circuit which includes capacitor neans rciT chaFged~@ a vol t age
hi gher than the voltage on said third pln to 5 produce a voltage

operable to turn on said first contro
operati on. SPEC/ 49871
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-7 - 9. The device of claim1 which includes a
tri mmabl e tlenperature shutdown circuit in said fault condition
responsi ve :cir.cuit;~said-tenperature shutdown.-. -3 ci rcuit--conpri-si-Ag————.—

positive tenperature coefficient 5 cimguit nmeans for producing an

out put signal which rises mjth" ereas+ng -di e tenperature; a
negative tenperature coefficiel A‘ircuit conparate~, whi ch has an
i nput t hreshol d decreasing w Lucreasing dje tenpgnature; and
circuit nmeans for producing an ofpM $kjgnal to turp off 1 sai d power
section when the die tenperature Bilsai d N\ refergpce tenperature
10. The device of claim8 which i*ncl iiges [ ri muabli¢ tenperature
shutdown circuit in said fault sponsi veMcircuit; said
t enper at ur e shut down circuit tive temperature
coefficient 5 circuit neans fo put put $ignal whi ch
rises . - with increasing die tenpelf§ ; At i ve t @frper ature
coefficient circuit which produc T 1 i whi ch - reduces
wWith increasing die tenperature;Adir C are -t he
out puts of isaid positive and negét' efature efficient
circuits to establish a fixed , iggmoeratur i ndi cation; and
circuit neans for produci ng a T to tu of f said power
section _ when the die tenperafu QX8 d refefénce
t enper at ur é.
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11. The device of claim9 which includes a

+..l

coupled™ o said positive and negative te
circuits for establishing a fixed refere
I nvari ant 5 wth tenperature; said _current
SPEC/ 49871 - 15 - 18 -

tri mmabl e channel width to adjust the value of s
12. The device of claim 1l wherein said separate
in an N type substrate; and a control transistor
N type substrateLsmg: having first and second mai
said N type subsStrate and_said_P well éfiﬁgglive

el ectrode at the potential-of 2aldSF2F L

current source neans

perattre—coeftictient
RIEPTAGEMENTHSHEET |s

sofitceé neans 1 ndl udi ng a

i d:\/ﬁigq@pygn e out put.

e H—area—t+s—a+ tlype well
means integrated nto said
el ectrodes connected to

y, and havi a control
P6d8°HFrs§8318%vice

whereby, if sai HaRingl b Eaubtasendpoion i vesparisihvieveohtrol circuit
integrated into the same die which contains a power

section for said device; said device comprising a

semiconductor die having first and second main electrodes

and a gate electrode for controlling the conduction of

current between said first and second main electrodes;

said device having at least first,

second and third

connection pins; said first and second pins connected to

said first and second main electrodes respectively; said

fault condition responsive control circuit being formed

in at least one separate well area within said

semicoriductor die; said fault condition responsive

control circuit being operable to

turn off a signal to

said gate electrode in response to a predetermined fault -

condition to turn off said device;

said control circuit

having an input terminal for a control voltage V. needed

for the biasing and operation of the components of said

control circuit; said control circuit including a first

control MOSFET connected between said third connection

pin and said gate éieqtrode and a

second control MOSFET

connected between said gate electrode and one of said

first and second main electrodes;

said input terminal of

said control circuit being connected to the voltage at

the node between said third pin and said first control

MOSFET; said control circuit being operable to turn off

said first control MOSFET and turn on said second control
MOSFET in response to a monitored fault condition.

2. The device of claim 1 wherein the
resistance defined by said first control MOSFET is
substantially less than 4000 ochms and the current drawn

—_—
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said'suQ§trate, said control transistor nmeans turns on to connect sald P
well .to the potential of said substrate to prevent turn-an -

wel | /'substrate junctien. 13. The devi -?«Eﬁﬁgﬁﬁ anw :rein
said control transistor neans is a bipolar transiS‘-’

-19- 15. The devicg of claim 1¥ |

control transistor neans is a bipolar Pafsi st or. 6. A
MOSgat ed devi ce havi ng a power section and &

control section integrated into a comon seri said
power section having a source el ectrode; saild EC |on bei ng
formed ina 5 Mos?zry@evwélof rtﬂm:ﬁésw%h%!fmtlr &&achaes &dﬁ{xéestﬁéor
means |ntegrate iL!Pnto ald%%ége trate and having first and
second main el e¢trode: contec OGS PEput. substrate and said P
wel | respectively, and having a control electrode at the potential

of said source 10 el ectz.od&hshalestiyce idf gdadmPlweheresnbsas@d positive
relative to sai Se?albéﬁé ajeL] Sieh tf@%'pskgﬁgwﬁéﬁi EH'8R N type ON 1O

connect said P to the (ftentlal of
strate; a control transistor means integrated into

said N type substrate and having first and second main
electrodes connected to said N type substrate and said

P well respectively, and having a control electrode at
the potential of said first main electrode of said device
whereby, if said P well is biased pdsitive relative to
said substrate, said control transistor means turns on to
connect said P well to the potential of said substrate to
prevent turn-on of said P well/substrate junction.

13. The device of claim 12 wherein said control

transistor means is a bipolér transistor.

[N IIIII IIIII lI IIII
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substrate thereby to prevent the turn on of the_junction

et ween

sai d E wel | and.said substrate.
16 wherein said , transi stor neans is a bi
- SPEC/ 49871 : - 19 -

-

P

ef—t+anRsSt+St

UR .

LACEMENTISHERE | of claim
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ZOWER M
AND QVER-TEMPERATUE

-
)

TTY OVERCURRENT

with a three-terminal power MOSFET and contains

power incegracsd circuit is pin-compatible

integrated cixrcuits to turn ¢Ii the device in the event

of an cvercurrent or an cver-tamperature condition.

Contxrol power voltage V. is applied through a first

MOSFET (20) connected between the gate pin (16) and the gate

- 2lectrode (10) of the power device. A second control MOSFET (14)
"is connected across the power device gate (10) and source (12)
electrodes. The first control MOSFET is turned off and
the second control MOSFET is turned on in response to a
fault condition. The turn off of the first MOSFET limits
. A novel boot strép
circuit is disclosed which permits the use of all

N channel MOSFETs with an N c;hannel power device, and a
novel trimmable temperature shutdown circuit is provided.
An integrated bipolar'transist_or is also integrated into
the chip to prevent conduction of the P well/N epi‘ diode

the current sinked by the cate pin.

formed in the device substrate.
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