
EP 0 428 813 B1 Description The present invention relates to a device for
protection against the short circuit of an MOS-type power de- vice, with a
preset dependance on the temperature at which the power device operates. 5
The accomplishment of a protection against the short circuit of an MOS-type
power device, integrated in the same chip and using only the technology of
such powerdevices, is a requirement which is quite widespread in the
market. The devices for protection against the short circuit currently
available on the market depend substantially on temperature. Such a
dependance limits the ability to supply current on the part of the power
device, even 10  though it may be considered useful for reasons of thermal
protection. DE-A-3 821 065 discloses a MOSFET power device which Is
provided with a short circuit protection device as defined in the preamble
of claim 1. The object of the present invention is to accomplish a device
for protection against the short circuit of an MOS-type power device,
wherein the limiting current is a preset funcion of temperature. 15      A
further object is to accomplish the protection device in integrated
technology together with the MOS pow- er device without using any
processing stage over in addition to those required for the accomplishment
of the standard power device. According to the invention such object is
attained with a device for protection against the short circuit of an
MOS-type power device, which includes the further features defined in the
characterizing part of claim 1. 20      The characteristics of the present
invention shall be made more evident by an embodiment illustrated as a
example in the enclosed drawings wherein: Fig. 1 illustrates a circuital
accomplishment of the unit consisting of the powerdevice and of the
protection device according to the invention; Fig.s from 2 to 8 show
possible embodiments in integrated technology of the power MOS device and
of 25      the components of the protection device.. The  circuit shown in
Fig. 1 consists essentially of a main branch 1 including a power MOS
transistor T1 and two parallel secondary branches 2 and 3 including
respective control MOS transistors T2 and T3 having the same
characteristics as the power transistor and an ability to conduct a current
equal to a fraction (say, one thousandth) of that of the power transistor.
The gate and the drain of the power MOS transistor T1 are 30   connected
with the gates and with the drains of the control MOS transistors T2, T3..
The source of transistor T2 is connected with the base of the NPN bipolar
transistor T6 and, by means of resistance R3, with the collector of an NPN
bipolar transistor T4. the emitter of transistor T4 is connected by means
of a resistance R2 with the source of transistor T1 and with the emitter of
an NPN bipolar transistor T5. The base of transistor T4 Is connected,
directly with the corresponding collector and with the baseoftransistorT5.
The collector of transistor 35   T5 is connected with the source of
transistor T3 and with the emitter of transistor T6. The collector of
transistor T6 is connected with the gate of the transistor T3 and, by means
of a resistance R1, with a signal input 1. Figure 2 shows a  possible
embodiment, in integrated technology, of the power MOS transistor T1, whose
gate G is accomplished at strips of polysilicon 10, while the source S is
accomplished at regions 11 of type N+ which are in turn obtained inside a
body region 16 of type P, set on an epitaxial stratum 12 of type N, in 40
its turn obtained on a substratum 17 of type N+, which also constitutes the
drain of transistor TI. Figure 3 shows a possible embodiment, in vertical
DMOS integrated technology, of the control MOS tran- sistors T2, T3, whose
gate G is accomplished at strips of polysilicon 13, while source S is
accomplished at regions 14 of type N+ which are in turn obtained inside a
body region 18 of type P set on an epitaxial stratum 15 of type N in its
turn obtained on a substratum 19 of type N+ which also constitutes the
drain of transistors 45   T2, T3. Figures 4, 5,6 illustrate different
embodiments in integrated technology of the bipolar transistors T4, T5,
T6.. As illustrated in Fig. 4, on a substratum 20 of type N+ there is set
an epitaxial stratum  21 of type N, on which there is obtained a body
region 22 of type P which forms the base of the single transistor T4, T5,
TO, 50   whose collector is obtained in regions 23 of type N+ and whose
emitter is obtained in a region 24 of type N+, regions 23 and  24 being
obtained at the summit of body region 22. The  characteristics of  the
single transistor T4 T5, T6 are improvable by adding a type P+ masking and
by enriching region 22 during the process stage. As shown in Fig. 5, there
is thus formed a further region 25 



of type P+ in the proximity of the bottom  of region 22. 55      As an
alternative, with reference to Figure 6, it is possible to.execute a
further phosphorus masking op- eration with the object of creating a
further region 26 of type P- inside region 22 of type P. With reference to
Figure 7, an embodiment in integrated technology of resistances R1, R2, R3
provides for the formation of a region 27 of type N+ accomplished with an
arsenic diffusion inside a body region 28 of 2    EP 0 428 813 B1 type P
connected to ground. Such region 28 is obtained on an epitaxial stratum 29
of type N in turn superim- posed on a substratum 30 of type N+. With
reference to Figure 8, such resistances R1, R2, R3 may also be accomplished
by means of a stratum of polysilicon 31 included in superficial oxide 32. 5
From Figures 2-8 it is possible to observe that all the components of the
protection device (circuit branches 2 and 3 of Fig. 1 with the addition  of
transistor T6 and of resistance R1) may be accomplished on the same chip as
power device T1 without adding any process stages, except of course for
those providing improvements of Figures 5 and 6. Before going on  the
description of the operation of the circuit illustrated in Figure 1 it is
necessary to 10   make some considerations on the size of the components
which have been introduced Into the protection de- vice. A first
consideration refers to the fact that the area of transistor T4 is greater
than that of transistor T5, so that the current supplied-by transistor T4
is normally greater than that supplied by transistor T5. A further
consideration refers to the fact that resistance R2 has been dimensioned so
as to cause across 15    its terminals a voltage drop such as to equal the
currents flowing through T4, T5 should the current supplied by transistor
T2 reache a threshold value above which the triggering of the protection
device is required. With reference to Figure 1, the circuit operates as
follows. Under normal operating conditions, control transistors T2 and T3
are passed through by currents equal to a fraction (say, one thousandth) of
that of power transistor T1 and the voltage drop across R2 is such that 20
the current mirrored by T5 is lower than that mirrored by T4, in turn
forced by T2. Under these conditions the point A, the base of transistor
T6, is at a voltage high. T3, being a current generator accomplished in the
same manneras T2, attempts to supply the same current as T2 and thus the
collector of T5 is at a voltage high (rough- ly the drain voltage of T3,
T2, T1). Under this condition T6 cannot conduct since the voltage between
base and emitter is negative, since the voltage of the emitter of T6 is
roughly equal to the drain voltage of transistor 25    T1 and the voltage
at the base of T6 is equal to the voltage at point A. There is thus no
limitation of current. Once the current of T2 has reached the threshold
value above which it is required to trigger the protection device, that is
in the presence of a potential short circuit condition of the power
transistor T1, there is a voltage drop across the terminals of resistance
R2 which gives the result of equalling the currents flowing through T4, T5.
The collector of transistor T5 which is forced to conduct the same current
supplied by T3, since I(T3)=I(T2) 30  is always true, and which coincides
with the emitter of T6, is lowered in voltage and, as soon as the voltage
drop across R2 rises a little more, T6 enters into conduction and
accomplishes the protection. With this circuit it is possible to accompish
a constant temperature protection (or at least with a very low variation
less than 9%). It is thus seen that the mechanism triggering the protection
is the difference of Vbe between T5 and T4 which, as is well known, has a
positive coefficient of variation with temperature. 35        If the
dependance of such difference of Vbe with temperature were to be equal to
the dependance of R2 with temperature, there would be a protection against
short circuits which is independentoftemperature, that is constant
withtemperature. Thus If a resistance is used which has a positive
coefficient of variation with temperature an attempt may be made to obtain
the same coefficient of variation of the difference of Vbe. 40      The
following are some examples of numerical accomplishments of the circuit.
Supppose that the current on the power MOS transistor (TI) is to be limited
to 2.75A. If is we suppose that the area of T2, T3 is one thousandth of the
area of T1, the current flowing on T2, T3 will always be equal to roughly
one thousan dth of that flowing on  T1. 



The example which follows refers to a limitation to [err]. 45      Suppose
thatthe ratio between the areas of T4, T5 is 2/1 (this ratio may be chosen
at will so that the value of resistance R2 be the most convenient). The
difference of Vbe for this ratio (T4/T5=2) so that the currents in
transistors T4 and T5 are balanced is diff.Vbe = (KT)/q x 1g[A(T5)/A(T4)] x
[I(T4)/I(T5)] =18 x [err]V 50   where, K          = Boltzman's constant q
= electron charge A(T5)      = area, of emitter T5 A(T4)      = area of
emitter T4 55     I(T4)      = current of T4 collector I(T5)     = current
of T5 collector then R2 = diff.Vbe/IL2 = 18x[err]V/2.75x [err]VA = 6.540
ohms 3    EP 0 428 813 B1 where IL2 is the limitation current of T2. R3 is
dimensioned so as to ensure across its terminals a voltage drop of about
100mV, so as to ensure a certain dynamic for T5, R3 = 100Mv / 2.75mA =
36.36 ohm, and it may be accomplished in polysilicon. The size of T6 and R1
may be selected so as to ensure proper operation for a certain current at
circuit 5   input I. Considering that the coefficient of variation of the
difference of Vbe with temperature, with an areas ratio of 10 is
0.2mV/[err], for a ratio of 2 we will have (0.2mVx 1g2) / 1g10 =
0.06mV/[err]. Moreover if R2 is accomplished in aluminium, by means of a
path similar to that which connects the dif- 10    ferent elements of the
integrated circuit according to the known art, it will have a coefficient
of variation with temperature equal to 4500 ppm/[err]. Suppose that it is
required to bring the device to operate at a temperature of 150C. At this
temperature the difference of Vbe to balance the currents of T5 and T4
shall be 25.5mV, R2 shall be equal to 10.21, IL1 = IL2 x 1000 = 2.5mA where
IL1 is T1's current of limitation. 15      There is thus accomplished a
variation of only 9% in the current of limitation against a variation of
[err] in temperature. Suppose that it is required to obtain a protection
device to have a preset dependance on temperature. This is possible by
replacing resistance R2, accomplished in the previous case in aluminium,
with, say, resistances in polysilicon or resistances accomplished by the
diffusion of arsenic of type N+, which, having 20   different coefficients
of thermal variation, shall ensure different dependencies on temperature.
In particular, since a resistance accomplished with a diffusion of arsenic
of type N+ has a coefficient of variation with temperature of about 1500
ppm/[err] (against the 4500 ppm/C of the aluminium resistance), R2, with
the same circuit configuration of the previous case, would go from 6.54
ohms to 7.76 ohms. At the same time the difference of Vbe, as has already
been seen, goes from 18mV to 25.5mV, again for 25   a temperature variation
from [err] to [err]. In this case IL1 = 25.5 /7.76 = 3.28A.... We will
thus, In this case, have a current which increases with temperature.
Similarly, if R2 is accomplshed in polysilicon, since the coefficient of
variation for silicon is actually neg- ative, there will be an increase in
the current of limitation as the temperature rises which is even more pro-
30   nounced than in the previous case (resistance accomplished by the
diffusion of arsenic of type N+). Claims 35   1.    Device for protection
against the short circuit of an MOS-type power device, co mprising a first
and a sec- ond secondary circuit branch (2, 3) arranged in parallel with a
main circuit branch (1) including an MOS 



power transistor (T1), said first secondary branch (2) including a first
MOS control transistor (T2) and said second  secondary branch (3) including
a second MOS control transistor (T3), said MOS control transis- tors (T2,
T3) having the same characteristics as the MOS power transistor (T1) under
control and an abilty 40      to conduct a.current equal to a fraction of
that which flows through the MOS power transistor (T1) and having their
gates connected directly with that of the MOS power transistor (T1), said
first and second secondary branch (2, 3) including also means (T4, T5, .T,
R2, R3) sensitive to temperature which, in the case of a currentflow
corresponding to the short circuit current of the MOS power transistor
(T1), act on the gate common to the MOS control and power transistors (T2,
T3; T1) so as to lower its voltage and 45      thus limit the conduction of
same, characterized in that said means (T4, T5, T6, R2, R3) comprise a
first bipolar transistor (T4) inserted in the first secondary branch (2)
and a second bipolar transistor (T5) inserted in the second secondary
branch (3), said first bipolar transistor (T4) being dimensioned to conduct
normally a current greater than that flowing through said second bipolar
transistor (T5), said means (T4, T5, T6, R2, R3) comprising in 50
addition a resistance (R2) connected between said first bipolar transistor
(T4) and the source of said MOS power transistor (T1) and dimensioned so
that the flow of a current corresponding to the short circuit current
through the MOS power transistor (T1) causes a voltage drop across it so as
to force equal currents through said first and second bipolar transistors
(T4, T5), said means (T4, T5, T6, R2, R3) comprising lastly a third bipolar
transistor (T6) connected between the common gate of said MOS transistors
(T1, T2, T3) and the sec- 55         ond bipolar transistor (T5) and with
its base connected with a point (A) of said first secondary branch (2) set
between said first MOS control transistor (T2) and said first bipolar
transistor (T4) so as to lower the gate vol- tage of the  MOS transistors
(T1, T2, T3) when said voltage drop is established across said resistance
(R2) as a consequence of a short circuit current in the MOS power
transistor (T1).    where IL2 is the limitation current of T2. R3 is
dimensioned so as to ensure across its terminals a voltage drop of about
100mV, so as to ensure a certain dynamic for T5, R3 = 100Mv / 2.75mA =
36.36 ohm, and it may be accomplished In polysilicon. The size of T6 and R1
may be selected so as to ensure proper operation for a certain current at
circuit 5   input I. Considering that the coefficient of variation of the
difference of Vbe with temperature, with an areas ratio of 10 is
0.2mV/[err], for a ratio of 2 we will have (0.2mV x 1g2) / 1g10 =
0.06mV/[err]. Moreover if R2 is accomplished in aluminium, by means of a
path similar to that which connects the dif- 10  ferent elements of the
Integrated circuit according to the known art, it will have a coefficient
of variation with temperature equal to 4500 ppm/[err]. Suppose that it is
required to bring the device to operate at a temperature of [err]. At this
temperature the difference of Vbe to balance the currents of T5 and T4
shall be 25.5mV, R2 shall be equal to 10.21, IL1 = IL2 x 1000 = 2.5mAwhere
IL1 is T1's current of limitation. 15      There is thus accomplished a
variation of only 9% in the current of limitation against a variation of
1250C in temperature. Suppose that it Is required to obtain a protection
device to have a preset dependance on temperature. This is possible by
replacing resistance R2, accomplished in the previous case in aluminium,
with, say, resistances in polysilicon or resistances accomplished by the
diffusion of arsenic of type N+, which, having 20   different coefficients
of thermal variation, shall ensure different dependencies on temperature.
In particular, since a resistance accomplished with a diffusion of arsenic
of type N+ has a coefficient of variation with temperature of about 1500
ppm/[err] (against the 4500 ppm/[err] of the aluminium resistance), R2,
with the same circuit configuration of the previous case, would go from
6.54 ohms to 7.76 ohms. At the same time the difference of Vbe, as has
already been seen, goes from 18mV to 25.5mV, again for 25   a temperature
variation from [err] to [err]. In this case IL1 = 25.5 / 7.76 = 3.28A. We
will thus, in this case, have a current which increases with temperature.
Similarly, if R2 is accomplished in polysilicon, since the coefficient of
variation for silicon is actually neg- 



ative, there will be an increase in the current of limitation as the
temperature rises which is even more pro- 30   nounced than in the previous
case (resistance accomplished by the diffusion of arsenic of type N+).
Claims 35  1.  Device for protection against the short circuit of an
MOS-type power device, comprising a first and a sec- ond secondary circuit
branch (2, 3) arranged in parallel with a main circuit branch (1) including
an MOS power transistor(T1), said first secondary branch (2) including a
first MOS control transistor(T2) and said second secondary branch (3)
including a second MOS control transistor (T3), said MOS control transis-
tors (T2, T3) having the same characteristics as the MOS powertransistor
(T1) undercontrol and an ability 40      to conduct a current equal to a
fraction of that which flows through the MOS power transistor (T1) and
having their gates connected directly with that of the MOS power transistor
(T1), said first and second secondary branch (2, 3) including also means
(T4, T5, T6, R2, R3) sensitive to temperature which, in the case of a
current flow corresponding to the short circuit current of the MOS power
transistor (T1), act on the gate common to the MOS control and power
transistors (T2, T3; T1) so as to lower its voltage and 45      thus limit
the conduction of same, characterized in that said means (T4, T5, T6, R2,
R3) comprise a first bipolar transistor (T4) inserted in the first
secondary branch (2) and a second bipolar transistor (T5) inserted in the
second secondary branch (3), said first bipolar transistor (T4) being
dimensioned to conduct normally a current greater than that flowing through
said second bipolar transistor (T5), said means (T4, T5, T6, R2, R3)
comprising in 50       addition a resistance (R2) connected between said
first bipolar transistor (T4) and the source of said MOS power transistor
(T1) and dimensioned so that the flow of a current corresponding to the
short circuit current through the MOS power transistor (T1) causes a
voltage drop across it so as to force equal currents through said first and
second bipolar transistors (T4, T5), said means (T4, T5, T6, R2, R3)
comprising lastly a third bipolar transistor (T6) connected between the
common gate of said MOS transistors (T1, T2, T3) and the sec- 55
ond bipolar transistor (T5) and with its base connected with a point (A) of
said first secondary branch (2) set between said first MOS control
transistor (T2) and said first bipolar transistor (T4) so as to lower the
gate vol- tage of the MOS transistors (T1, T2, T3) when said voltage drop
is established across said resistance (R2) as a consequence of a short
circuit current in the MOS power transistor (T1). 4    Patentainprsirche 1.
Vorrichtung zum Schutz einer iOS-Typ-Lelstungsvorrchtung, mit einem ersten
und elnem zwelten Ne- benschaltbngszwelg (2, 3), dle. paralel zu einem
Hauptschaltungszweig (1) mit elnem MOS-Leistungs- ')-   5  transistor (TI)
angeordnet sind, wobel dererste Nebenzweig (2) einen erstn
MOS-Steuertranslstor (T2) und de4zwieite Nebenzweig (3) einen zweiten
MOS-Steuertransistor (T3) aufweist und die MOS-Steuer- transistoren (T2,
T3) die gleichen Eigenschafiten wie dergesteuerte MO'S-Leistungstransistor
(TI) haben und eine Fihigkeit asufweisen, oinen Strom-zu leiten, der gleich
einem Bruchteil des durch den MOS-Lel- astungitransistor (TI) fliebenden
Stroms ist, und wobel deren Gates direitt mit dem des MOS-Leistungs- 10
trarisistors (TI) verbundon sind, .wobe der erste und der zweite N`
benzwelg (2, 3) such elne auf Tempe- ratuiansprichende Einrichtung
i T5, T6, R2, R3) aufweisen, dIrn Fall eines Stromflusses, der dem
Kurz1chluBtrom des MOS-Lelstung transistors (TI) entspicht, auf das den
MOS-Stbuer- und -Lel- stunggtraisoren (T2 T3; TI) 0emeinaame Gate wirken,
uhGi dessen Spannung herabzusetzen und so- mit oeren Leilten zu begrenzen,.
-- 15      dadureh gekennzelchnet,..         -: daiidie Einrichtung (T4,
T5, T6.R2; R3) einen in den ersten Nebenzweig (2) eingefligton ersten
Bipolar- transistor (T4) und olnen in den zweiten Nebenzweig
(3).eingeffigten zweiten Bipolartransistor (T5) auf- weist, wobel dererste
Blpolartransistor(T4) so dimensioniert ist, dap~ernormalerwelse elnen Strom
leltet, der gr6Ber Ist als der durch den zweiten Bipolartransistor (T5)
flielIende Strom, dal& die Einrichtung (T4 20       T5, T8, R2, R3)
zusAtzilch elnen Widerstand (R2) aufweist, der zwlschen den ersten
Blpolartransistor (T4) und die Source des MOS-Leistungstransistors (TI)
geschalte und derart dimensioniert ist, daB der FluB elnes Stroms, der dom
KurzschluPstrom durch den MOS-Lelatungstransistor (TI) entspricht, Ober
die- eAnn eanlin, Spannungsabfall bewirkt, derart, daf gleiche Strome durch
den ersten und den zwelten Bipo- 



lartransistor(T4, T5) erzwungen werden, daB die Einrichtung (T4, T5, T6,
R2, R3) schileBlich einen dritten 25       Bdpolartransistor (T6) .aufwesti
.der zwlschen das gemeinsame GCate der MOS-Transistoren (TI, T2, T3) und
dean zweiten Bipolartransistor (T5) geschaltet Ist und dessen Basis mit
einem Punkt (A) des ersten Nebenzwelges (2) verbunden ist, der spich
zwischen dem ersten MOS-Steuertransistor (T2) und dem er- sten
Bipolar~translstor(T4) bofindetdererte daB deGatespannung
derMOS-Transistoren (T1, T2, T3) her- abgesetzt wird, wenn .dor
Spannungsabfqll Ober dem Widerstand (R2) als slne Folge eines KurzschluB-
30      stronsm in dem MOS-Leistungstransistor (TI) festgestellt wird..
Rovendications-                                            . 35
protecton        c        ontre losurts-cir its d'un disppsitlf de
puissance de type MOS comprenant unemgalArem eotunesocon6de brsnohe de
circuitsecondaire (2,3) agenc6es en parallble avec une branche do circuit
pjincipa e (I) conprenant un transistor MOS de puissance (TI), la premlbre
branche de circuit secondair. (2) comprenant un preamie transistor MOS do
cammande (T2) et la deuxibme branche secon- daire 3 .cormprenant un deuxi
me transistor MOS de commando (T3), !os transistors MOS do commando 40
(T2, T3) ayant la meme caractdristique de commando quele transistor MOS
de.puissance (TI) et une capacite.A conduire un courant 4gal A une fraction
de celul qui parqourt le transistor MOS de puissance (Ti) et ayant leurs
grilles connect6es directement a celles du transistor MOS de puissance
(TI), les pre- miere et seconds branches secondaires. (2, 3) comprenant
Agalement des moyens (T4, T5, T6, R2, R3) sensibles .a Ia tempratur .qui,
en cas docir.culation de courant correspondant au courant deo court-circult
45       du transistor MOS de puissanco.(T1), agissent sur la grille
comnmune aux transistors MOS de commando et de puissance (T2, T3; TI) pour
abaisser sa tension et donc limiter sa conduction, caract6ris6 on ce quo
lesdits moyens (T4, T5, T6, .2, .R3) comprennent un premier transistor
bipolaire (T4) ins6rb dans la premibre branche secondaire (2) et-un
deuxibme transistor bipolaire .(T.5) inser6 dans la deuxieme branche
secondaire. (3), le premier transistor bipolaire (T4) etant dimensionne
pour conduire normalement un cou- 50      rant superieur.a celui circulant
dens 10 deuxieme transistor bipolaire (T5), lesdits moyens (T4, T5, T6, R2,
R3) oomprennent en outre uno r6sistance (R2) connectee entre le premier
transistor bipolaire (T4) et la source du transistorMOS do: ulssaence (T1)
et dimensionn~e do sorte quo la circulation d'un courant correspondent au
courant do court-rircuit A travers ie transistor MOS de puissance (TI)
provoque une chute do tension A ses bornes propro A forcer des courants
6gamk dans les premler et deuxibme transis- 55   -tars bipolrs (T4, T5),
lesdits moyer (T4, T5, T6, R2, R3.) oomprenant enfin un troisieme
transistor bi- polaire (TO) connecte entre 1a grille cormmune des
transistors MOS (TI, T2, T3) et Il deuxilme transistor bipolaire .(T5), .et
dont la base eat connect6e A un point A de la premiere branche secondalre
(2) dispose entrele prem.ier transistor r:os .de comnmande (T2) et le
premier transistor bipolaire (T4) de fagon A abals- -:   ' .  5:- :     :
: -    * -        -      - -   EP 0 428 813 B1:        -
c   L ser la tension de grille deottransistors MOS (TI, T2, T3) quand la
chute de tension et eblie eux barnes de Ia-rtsistance (R2) par suite d'un
courant de court-circuit dans Is transistor MOS de piissance (TI). 10 15 20
25 30 35 40 45 50 55 6    


