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le. Straight line b-b' represents the load character- istics; point b
denotes the conductive state of the BACKGROUND OF THE INVENTION
transistor and the point b' denotes its nonconduc- tive state. The curves
represented by the dashed The present invention relates to a large power
5   lines show the characteristics of a transistor Q1 4-semiconductor
device having a self-protection fea-   which has not been provided with a
protective ture. In particular, the invention is directed to a  switch such
as switch 02. large power switching transistor device provided        The
conventional protecton system described with a junction type field effect
transistor (J-FET)  above utilizes protective switch 02 to force transis-
acting as a protection circuit.                lo  tor Q1 into the cut off
region (i.e., values of VcE Recently, great progress has been achieved in
greater than or equal to Vco-Figure 2). This system, the fields of variable
motor control and automatic  however, is defective since at VCE voltage
values control of various machines. Also, the industry has  above Vco,
transistor Q1 does not operate. As seen witnessed the advent of power
transistors with      from Figure 2, curves Al -As have collector current
greater breakdown voltages. As a result, the de-  i5  (Ic) values equal to
zero above VCE voltage values mand for large power switching transistors
such as  greater than Vco. Therefore, it is difficult, if not a Darlington
transistor is sharply increasing. Under  impossible, to operate transistor
Q1 at point b or the circumstances, it is a serious concern in this  other
non-zero collector current values because field to develop large power
switching transistors  switch Q2 is constantly on and collector current Ic
Q, having a high breakdown voltage while permitting   20  is thereby
prevented from flowing. In order to per- the use of a relativley high
voltage (e.g., 480 volts  mit Q1 to pass some collector current while
switch AC), and operating over a wide area of safety       Q2 is operating,
it is necessary to set the bias point operation (ASO). ASO is the range of
Vce voltages   b" within the narrow range R. In particular, b" must which
can be applied to the transistor without a    be set between the operating
points R, and R2. R, breakdown occurring.                           25
represents the value of VcE which provides some If an accident occurs
during the operation of a  collector current for all curves Al - As. R2
repre- large power switching transistor (e.g., load short-  sents the
lowest value of VcE where breakdown circuiting, power surges, power source
fluctuation  occurs. etc.), a high voltage is applied between the collec-
In order to set the bias point b" in this fashion, tor and the emitter of
the transistor. A large current  3o  the power source voltage for driving
the transistor will suddenly flow through the transistor and the   must be
determined by the static characteristics of transistor will be instantly
destroyed. As a result, it  the transistor device including the protective
switch is customary in the prior art to provide large power  Q2. As a
result, a substantial and practical restric- switching transistors with a
protection circuit for  tion is imposed on the setting of the power source
protecting the transistor from destruction in the   35  voltage. In
addition, since the operating characteris- event of an accident. Such prior
art circuits sub-  tics vary among the individual protective circuits,
stantially increase the ASO during that time. It    the setting for the
source voltage must be changed should be noted that the ASO will decrease
in       for each transistor. Thus it is very difficult to design
proportion to the continuous time the transistor is  the power source
circuit. Additional difficulty is operating. Thus, it is necessary to
provide some   40   presented since the bias voltage must be suffi- method
in the prior art to prevent or limit break-  ciently stabilized in order to
enable the protective down as the transistor continues to operate.
circuit to operate normally despite the existence of Figure 1 shows a
conventional protection sys-    source voltage fluctuations. It is
extremely difficult, tem for a power transistor Q1. A protective switch
however, to stabilize the bias voltage due to the Q2, operable by the
collector voltage of 01, is  45  fluctuations. connected between the base
and emitter of Q1.           U.S. patent no. 4 441 116 by National Semi-
When an excess voltage is applied between the       conductor Corporation
discloses a bipolar transistor collector and emitter of Q1, protective
switch 02 is  protected by a J-FET which overcomes some of turned on to
short-circuit the base and emitter of  the problems discussed above.
However, the pro- transistor Q1. As a result, an excess collector cur-  so
tected transistor described is not able to fulifil the rent is prevented
from flowing, thereby preventing  parameters of enabling the transistor to
use rela- the destruction of transistor 01.                   tively high
voltages, have a high breakdown voltage Figure 2 is a graph showing the
static char-     and enabling it to operate over a wide ASO. acteristics of
transistor 01 and its protective switch  An object of the present invention
is to provide Q2. The collector-emitter voltage VcE of Q1 is  55   a novel
transistor device capable of protecting itself plotted on the abscissa,
while the collector current  from breakdown in the event of accidents, such
as 



Ic is plotted on the ordinate. A1 to As represent the  load
short-circuiting . change of Ic relative to VcE for each base current
More specifically, the present invention is in- 2    3                 EP0
186 518 B1                     4 tended to provide a large power switching
transis-  prises an n-type semiconductor substrate 1 having tor device with
appropriate breakdown protection,  a low impurity concentration. Substrate
1 acts as whereby the transistor is not driving into the cut off  the
collector region of a planar bipolar transistor 2 region despite the
occurrences of surge voltage    and as a first gate region of a junction
type field (e.g., load short-circuiting). Thus, the device is pro-   5
effect transistor 7 formed in the substrate. Refer- ~-  tected from
destruction, and the power source volt-  ence numerals 3 and 4 shown in
Figure 3 denote age needed for driving the transistor is not re-   the base
and emitter regions of bipolar transistor 2, stricted by the protective
circuit.                respectively; their conductivity type and impurity
The present invention utilizes a variable resis-  concentration are also
shown. An oxide film 5 over- tor element having the same construction as a
la  laps base and emitter regions 3 and 4. junction type field effect
transistor (J-FET) with two  A variable resistor element 6, functioning as
a gate regions. This resistor element is connected in  protective circuit,
is monolithically formed with tran- series with the base (i.e., input
stage) of a planar  sistor 2 in the substrate. Resistor element 6 com-
bipolar transistor. The drain electrode of the J-FET  prises a junction
type field effect transistor (J-FET) is electrically connected to the base
region of the   is  portion 7 and a diode portion 8. Portion 7 is elec-
bipolar transistor while the collector of the bipolar  trically connected
to base region 3 while portion 8 transistor is also the first gate region
of the J-FET.  is connected in a forward direction to collector The second
gate region of the J-FET is connected   region 1. The J-FET portion 7
comprises: a p-type to the collector via a diode. Due to this intercon-
channel region 9 having a low impurity concentra- Y    nected scheme, base
input resistance of the tran-  20  tion; a p-type source region 10 having a
high sistor is increased to reduce its base current when  impurity
concentration and formed within channel a high voltage is applied to its
collector during  region 9, a p-type drain region 11, spaced from
short-circuiting of the load. The base current, how-  region 10, having a
high impurity concentration and ever, is not reduced to zero; thus, the
transistor is  also formed within channel region 9; and an n-type not
turned off, although it is protected from the   25  second gate region 12
having a high impurity con- high voltage. In short, the present invention
pro-  centration and also formed within channel region 9 vides a large
power switching semiconductor de-    in a manner to cross both source
region 10 and vice with breakdown protection capability in the   drain
region 11. Second gate region 12 is used for event of load
short-circuiting. Particularly, the  controlling the thickness of the
diffusion layer (i.e., breakdown protected transistor in. accordance with
3o  the bottom portion 9a of the channel region imme- the instant invention
is not influenced by power   diately under this second gate) and for
decreasing source voltage fluctuations whereby it can be op-  the impurity
concentration of the diffusion layer.. erated at any power source voltage
provided the    The impurity concentration is higher in the upper voltage
is within the safe operation range.        portion of the diffusion layer
than in its lower por- 35  tion. A source electrode 13 is formed on the
sur- BRIEF DESCRIPTION OF THE DRAWINGS                  face of source
region 10. A second gate electrode 14 is formed on second gate region 12,
and a drain Figure 1 shows a conventional circuit including a  electrode 15
is formed on drain region 11. It should KS    transistor provided with a
protective switch;    be noted that drain electrode 15 is connected to a
Figure 2 shows the static characteristics of the   40  base electrode 16 of
the bipolar transistor 2. transistor circuit with a conventional protective
Diode portion 8 comprises an anode region 17 switch of Figure 1;
positioned to provide a pn junction together with Figure 3 is a cross
sectional view showing a    the collector region 1 of transistor 2.
Collector semiconductor device according to one embodi-   region 1 also
acts as a cathode region of diode ment of the present invention;
45  portion 8. Diode portion 8 also comprises an anode Figure 4 shows the
static characteristics of the  electrode 18, which is connected to second
gate semiconductor device of the present invention;  electrode 14 of J-FET
portion 7 by use of connec- and
tor 19. Figure 5 is a schematic diagram of a semicon-       As shown in
Figure 3, a base current supply ductor device according to another
embodiment  so  terminal B is connected to source electrode 13 of 



of the present invention.                       J-FET portion 7. An emitter
electrode 20 and a collector electrode (not shown) of the bipolar tran-
DETAILED DESCRIPTION OF THE PREFERRED              sistor 2 are
respectively connected to a ground EMBODIMENTS
terminal E and a load as would normally be done ss   with a single
transistor. Figure 3 is a cross sectional view showing a       In the
semiconductor device of the present transistor device according to one
embodiment of   invention, the voltage between the emitter and col- the
present invention. The transistor device corn-  lector of the bipolar
transistor 2 induces the deple- 3    5                 EP0186518 B1
6 tion layer not only in the collector region but also in  transistor
without an appropriate protection circuit. the bottom portion 9a of channel
region 9. The          Curve Ci shows a flow of collector current of base
current and base input resistance of bipolar   approximately 280 A at a
base current Is of 2 A if a transistor 2 are controlled by the thickness of
the  voltage of 600 V is applied between the collector formed depletion
layer. It follows that, if a high   5   and the emitter due to
short-circuiting during op- 'voltage is applied between the emitter and
collec-    oration of the device. As a result, a conventional tor, the
thickness of the channel in which base     single transistor not provided
with a variable resis- current can now is decreased by the formed deple-
tor element will be destroyed in several micro- tion layer resulting in an
increased resistance be-  seconds after short-circuiting occurs. In the
semi- tween the source and drain regions. As a result, the   1o  conductor
device of the present invention, however, base input resistance of bipolar
transistor 2 is in-  the collector current Ic is held at a low level (e.g.,
creased, producing a reduction in base current.     20 A) at a base current
Is of 2 A, even with the In order not to impair the saturation character-
application of a high voltage, such as 800 V, due to istics of the
transistor, it is necessary to properly  an accident occurring during the
operation of the design the length-to-width ratio of bottom portion   is
device. This protection control can be seen from 9a. It should be noted
that a change in base input  curve C3. It is clear that the semiconductor
device resistance relative to a change in emitter-collector  of the instant
invention avoids breakdown and voltage depends on: the thickness of the
diffusion  maintains its operation since the base current is not layer, the
depth of second gate region 12 and on    interrupted. As can be seen from
Cs, collector i   the impurity concentration of the diffusion layer. In  20
current continues to flow but at a lower level. the embodiment described
above, the change in          It should also be noted that, in the semicon-
base input resistance relative to emitter-collector  ductor device of the
present invention, the base voltage is very large. Assuming, for example, a
p-  current 13 is decreased in accordance with an in- type channel region 9
having a depth of 10 uim and  crease in the emitter-collector voltage.
Although the a surface impurity concentration of 5 x 10'6/cm3   25
characteristics of the device are changed with a and an n-type gate region
12 having a depth of 5    change in base current 1Bcollector current
contin- ILm and a high impurity concentration are formed    ues to flow. in
an n-type substrate of a low impurity concentra-     Figure 5 shows a
semiconductor device ac- tion (i.e., 5 x 10'3/cm3). In this case, the base
input  cording to another embodiment of the present in- resistance can be
changed 100 times or more  30  vention. In this embodiment, the technical
concept when a voltage of 800 V is applied between the      of the present
invention is applied to a three stage collector and the emitter.
Darlington transistor. As seen from the drawing, the In view of possible
breakdown voltage of the     semiconductor device comprises a bipolar
transis- device, it is not desirable to tie the potential of the  tor
portion 2A formed of a three stage Darlington second gate region 12 with
the potential of the   35  transistor and a variable resistor element 6
con- source electrode or drain electrode in an attempt to  nected in series
with the base of a first transistor fix the potential of the second gate
region 12. In  driving stage in transistor portion 2A. Variable re- such a
case, the collector-base breakdown would     sistor element 6 is similar to
the one shown in occur when the depletion layer in the channel re-   Figure
3. The semiconductor device also com- gion has expanded to reach the second
gate re-  40  prises speed-up diodes (SUDs) as well as a base gion.
Therefore, in accordance with one embodi-     current supply terminal B and
a collector current ment of the present invention, gate region 12 is
supply terminal C similar to those shown in Figure connected to the anode
region of the diode portion  3. 8 to fix the potential. If, however, the
breakdown      If a high voltage is applied to the collector of 



voltage of junction. 12 and 11 are sufficiently large,  45  the transistor
output stage of transistor portion 2A, there is no need to utilize diode
portion 8         the resistance of the channel portion within the Figure 4
shows the IOCVCE characteristics of     resistor element 6 is increased,
thereby increasing both a semiconductor device designed in accor-      the
base input resistance of transistor portion 2, as dance with the present
invention and a conven-      previously described with the embodiment of
Fig- tional single transistor. The semiconductor device   so  ure 3. As a
result, the base current 11 is decreased. of the present invention has 0.1
ohms of initial base  It follows that the collector current Ic is also de-
input resistance. Also, the amount of change in     creased for preventing
the destruction of portion resistance during application of the collector
volt-  2A. It should also be noted that breakdown of age is 100 times the
original value. Curves C3, C4  transistor portion 2A is prevented even if
load and Cs represent the ICOVCE. characteristics of a   6s
short-circuiting occurs as discussed in the embodi- device constructed in
accordance with the present   ment of Figure 3. invention. Dashed lines C,,
02 and Cs represent         The large power switching semiconductor de- the
lc-VcE characteristics of a conventional single  vice of the present
invention will avoid breakdown 4    7                  EP0186518B1
8 even if a load short-circuiting occurs and, thus, it is:  bipolaren
Transistors (2) mit Drain (11) des J- protected from  destruction. It
follows that the         FET (7) gakoppelt ist und der Kollektor des
present invention provides a semiconductor device        bipolaren
Transistors (2) mit einem  ersten with a substantially enlarged safety
operation re-       Gate-Bereich des J-FET (7) gekoppelt ist, der ) gion in
the event of short-circuiting. In addition, the    5  J-FET einen zweiten
Gate-Bereich (12) enthilt, power source voltage is not restricted by the
pro-       der zwischen dem  Source-Bereich (10) und tection circuit,
thereby making it unnecessary to        dem  Drain-Bereich (11) des J-FET
gebildet take additional precautions to stabilize the power       wird,
dadurch gekennzelchnet, dass der source voltage.
zweite Gate-Bereich (12) mit dem Kollektor (1) In the embodiments described
above, the vari-  ro     Ober einen Bereich eines zweiten Leitungstyps able
resistor element 6 is formed monolithically         gekoppelt ist und somit
mit dem  Kollektor with transistor 2. The variable resistor element 6
durch eine Diode (8) gekoppelt ist, um den and the transistor 2, however,
may be formed in          Basis-Eingangswiderstand  zu  erh5hen, wo-
separate chips to thereby provide a hybrid struc-        durch der
Basisstrom  des bipolaren Transi- ture.
15       stors (2) verringert, aber nicht eliminiert wer- den kann, urn den
Transistor vor einer Bescha- Claims
digung infolge elner zu hohen Spannung zu schOtzen, die dem Kollektor des
Transistors 1. A transistor device formed on a substrate of a
zugefrhrt wird, und doch der Betrieb des Tran- first conductivity type
comprising  .       20       sistors (2) aufrecht erhalten wird. a bipolar
transistor (2) having a collector region of said first conductivity type;
and      2. Transistorvorrichtung nach Anspruch 1, da- a junction type
field effect transistor (J-       durch gekennzelchnet, dass der zweite
Gate- FET) (7), such that the base (3) of said bipolar     Bereich (12) an
die Anode (17) der Diode (8) transistor (2) is coupled to the drain (11) of
25   gekoppelt ist. said J-FET (7) and that the collector of said bipolar
transistor (2) is coupled to a first gate  S  Transistorvorrichtung nach
Anspruch 1 oder 2, region of said J-FET (7), said J-FET includes a
dadurch gekennzelchnet, dass das Substrat second gate region (12) formed
between the           (1) als der genannte erste Gate-Bereich und source
(10) and drain (11) regions of the J-FET   30  der genannte Kollektor
arbeitet. characterised In that said second gate region (12) is coupled to
said collector (1) by a region  Revendlcatfons of a second conductivity
type and is thereby coupled to said collector by a diode (8) for     1.
Dispositif a transistor forme sur un substrat increasing the base input
resistance, thereby   35   d'un premier type de conductivite, comprenant
enabling the base current of said bipolar tan- sistor (2) to be reduced,
but not eliminated, for        un transistor bipolaire (2) muni d'une re-
protecting the transistor from being damaged         gion de collecteur
dudit premier type de 



due to a high voltage being applied to the           conductivit6; et
collector of said transistor, yet maintaining the   40   un transistor a
effet de champ a jonction operation of said transistor (2).
(J-FET) (7), de telle sorte que la base (3) dudit transistor bipolaire (2)
est couplee au drain 2. A transistor device as claimed in claim 1, in
(11) dudit J-FET (7) et en ce que le collecteur which said second gate
region (12) is coupled        dudit transistor bipolaire (2) est coupl4 a
une to the anode (17) of said diode (8).        45       premibre r6gion de
grille dudit J-FET (7), ledit J-FET (7) englobant une seconde region de 3.
A transistor device according to claim 1 or 2,        grille (12) form6e
entre les r6gions de source in which said substrate (1) functions as said
(10) et de drain (11) du J-FET, caracterise en first gate region and said
collector.                ce qua ladite seconde region de grille (12) est
so      coupl6e audit collecteur (1) par une region PatentansprUche
d'un second type de conductivitd et est ainsi couplee audit collecteur par
une diode (8) afin 1. Transistorvorrichtung, die auf einem Substrat
d'augmenter la resistance d'entree de base, eines ersten Leitungstyps
ausgebildet ist, das       permettant ainsi de redulre le courant de base
einen bipolaren Transistor (2) mit einem Kol-  s5    dudit transistor
bipolaire (2), sans l'liminer, lektorbereich dieses ersten Leitungstyps
urn-        pour proteger le transistor contre la degrada- fasst und einen
Sperrschicht-Feldeffekttransi-       tion due a une tension 6levde
s'appliquant au stor [J-FET (7)], so dass die Basis (3) des
collecteur dudit transistor, tout en maintenant 5    7                 EP0
186 518 B1                       8 even if a load short-circuiting occurs
and, thus, it Is  bipolaren Transistors (2) mit Drain (11) des J- protected
from  destruction. It follows that the        FET (7) gekoppelt ist und der
Kollektor des present invention provides a semiconductor device
bipolaren Transistors (2) mit einem  ersten with a substantially enlarged
safety operation re-      Gate-Bereich des J-FET (7) gekoppelt ist, der
gion in the event of short-circuiting. In addition, the   5  J-FET einen
zweiten Gate-Bereich (12) enthAlt, power source voltage is not restricted
by the pro-      der zwischen dam  Source-Bereich (10) und tection circuit,
thereby making It unnecessary to       dam  Drain-Bereich (11) des J-FET
gebildet take additional precautions to stabilize the power      wird,
dadurch gekennzelchnet, dass der source voltage.
zweite Gate-Bereich (12) mit dam Kollektor (1) In the embodiments described
above, the var-  7o    Uber oinen Bereich sines zweiten Leitungstyps able
resistor element 6 is formed monolithically        gekoppelt ist und somit
mit dem  Kollektor with transistor 2. The variable resistor element 6
durch eine Diode (8) gekoppelt ist, urn den and the transistor 2, however,
may be formed in         Basis-Eingangswiderstand  zu erhbhen, wo- separate
chips to thereby provide a hybrid struc-       durch der Basisstrom  des
bipolaren Transi- ture.                                           16
stors (2) verringert, aber nicht eliminiert wer- den kann, urn den
Transistor vor einer Beschl- Claims
digung infolge elner zu hohen Spannung zu schUtzen, die dom Kollektor des
Transistors 1. A transistor device formed on a substrate of a
zugefUhrt wird, und doch der Betrieb des Tran- first conductivity type
comprising          20      sistors (2) aufrecht erhalten wird. a bipolar
transistor (2) having a collector region of said first conductivity type;
and     2. Transistorvorrichtung nach Anspruch 1, da- a junction type field
effect transistor (J-      durch gekennzelchnet, dass der zweite Gate- FET)
(7), such that the base (3) of said bipolar    Bereich (12) an die Anode
(17) der Diode (8) transistor (2) is coupled to the drain (11) of  25
gekoppelt ist. said J-FET (7) and that the collector of said bipolar
transistor (2) is coupled to a first gate  3. Transistorvorrichtung nach
Anspruch 1 odor 2, region of said J-FET (7), said J-FET includes a
dadurch gekennzelchnet, dass das Substrat second gate region (12) formed
between the          (1) als der genannte erste Gate-Bereich und source
(10) and drain (11) regions of the J-FET   30  der genannte Kollektor
arbeitet. characterised in that said second gate region (12) is coupled to
said collector (1) by a region  Revendlcatlons 



of a second conductivity type and is thereby coupled to said collector by a
diode (8) for    1. Dispositif a transistor form4 sur un substrat
increasing the base input resistance, thereby   35  d'un premier type de
conductivity, comprenant enabling the base current of said bipolar tan-
sistor (2) to be reduced, but not eliminated, for       un transistor
bipolaire (2) muni d'une r4- protecting the transistor from being damaged
gion de collecteur dudit premier type de due to a high voltage being
applied to the          conductivity; et collector of said transistor, yet
maintaining the   40   un transistor & effet de champ & jonction operation
of said transistor (2).                   (J-FET) (7), de telle sorte qua
la base (3) dudit transistor bipolaire (2) est coupl~o au drain 2. A
transistor device as claimed in claim 1, in        (11) dudit J-FET (7) et
en ce quo le collecteur which said second gate region (12) is coupled
dudit transistor bipolaire (2) est coupld a une to the anode (17) of said
diode (8).        45      premiere ragion de grille dudit J-FET (7), ledit
J-FET (7) englobant une seconde region de &  A transistor device according
to claim 1 or 2,       grille (12) formeo entre les regions de source in
which said substrate (1) functions as said       (10) et de drain (11) du
J-FET, caractdris4 en first gate region and said collector.
ce quo ladite seconde r6gion de grille (12) est 50      couplde audit
collecteur (1) par une region PatentansprUche
d'un second type de conductivity et est ainsi couple audit collecteur par
une diode (8) afin 1. Transistorvorrichtung, die auf einem Substrat
d'augmenter la resistance d'entrde de base, eines orsten Leitungstyps
ausgebildet ist, das      permettant ainsi de rdduire le courant de base
oinen bipolaren Transistor (2) mit einem Kol-  55   dudit transistor
bipolaire (2), sans l'dliminer, lektorbereich dieses ersten Leitungstyps
urm-       pour protdger le transistor contre la ddgrada- fasst und eonen
Sperrschicht-Feldeffokttransi-      tion due A une tension 4levde
s'appliquant au stor [J-FET (7)], so dass die Basis (3) des
collecteur dudit transistor, tout on maintenant 5 * C   L   M   S *    9
EP0186518B1                           10 la miss en service dudit
transistor (2). 2.  Dispositif a transistor selon la revendication 1, dans
loquol ladite seconde region de grille (12) est couploe A I'anode (17) de
ladite diode (8).  5 3   Dispositif A transistor solon la revendication 1
ou 2, dans lequel ledit substrat (1) joue le ryle de ladite premibre region
de grille et dudit collecteur.                                   10 16 20
25 30 35 40 45 50 55 * C L M    


