
2228639 PROTECTED DARLINGTON TRANSISTOR ARRANGEMENT Introduction 5
This invention relates to Darlington transistor arrangements and
particularly to such arrangements having over-voltage protection.  Such
protected Darlington transistor arrangements find application in, for
example, automotive applications which are subject to ignition, or 10
solenoid drive, induced voltage spikes. It is known to provide a protected
Darlington transistor arrangement comprising: first and second bipolar
transistors each having a 15      base, a collector and an emitter, the
base of the first transistor being coupled to the base of the Darlington
transistor, the collectors of the first and second transistors being
coupled to the collector of the Darlington transistor, the emitter of the
first 20      transistor being coupled to the base of the second
transistor, and the emitter of the second transistor being coupled to the
emitter of the Darlington transistor; and a third bipolar transistor having
a base, a 25      collector coupled to the collector of the Darlington
transistor, and an emitter. Such an arrangement is shown in Figure 1 of the
accompanying drawings in which the base of the third 30  transistor is
connected to the base of the Darlington transistor and the emitter of the
third transistor is connected to a point between two resistors connected in
series between the base of the first transistor and the emitter of the
second transistor. 35 The protected Darlington transistor arrangement of
Figure 1 has a number of disadvantages: it is subject to  



-2- unwanted oscillation which can cause reliability problems in the 5
field; there is typically a delay of 500ns or more before the protection
provided by the third transistor comes into effect; and the protection
provided varies widely over a working temperature range of [err] to [err]
It is also known, for example from Japanese patent no. 10  4293368, to
protect a Darlington transistor by using an arrangement which is shown in
Figure 2 of the accompanying drawings and which is similar to that of
Figure 1 except that the third transistor is replaced by a Zener diode
connected between the base and collector of the first transistor.  Such a
protected Darlington transistor 1 5  arrangement suffers from  the
following disadvantages: there will typically be a delay of 2[err] before
the protection provided by the Zener diode comes into effect; the breakdown
voltage of the Zener diode will typically vary by more than 60V over a
working temperature range of [err] to [err] the protection is highly 20
dependent on the impedance connected between the base and emitter of the
Darlington transistor. It is an object of the present invention to provide
a protected Darlington transistor arrangement wherein one or more of the
above mentioned disadvantages may be overcome or at least alleviated. 25
Summary of the Invention In accordance with the present invention there is
provided a protected Darlington transistor arrangement having a base, a 3 0
collector and an emitter comprising: a first bipolar transistor forming the
driver stage of the Darlington transistor having a base, a collector and an
emitter; and a second bipolar transistor forming the output stage of the
Darlington transistor having a base, a collector and an emitter, 3 5
the base of the first transistor being coupled to the base of the
Darlington transistor, the collectors of the first and second 



transistors being coupled to the collector of the Darlington transistor,
-3- the emitter of the first transistor being directly coupled to the base
5   of the second transistor, and the emitter of the second transistor
being coupled to the emitter of the Darlington transistor; and a third
bipolar transistor having a base, a collector coupled to the collector of
the Darlington transistor, and an emitter, wherein  the Darlington
transistor arrangement further 1 0   comprises: a Zener diode coupled
between the collector of the Darlington transistor and the base of the
third transistor, the base of the third transistor being coupled to the
emitter of the second transistor, and the emitter of the third transistor
being 1 5   coupled to the base of the second transistor. Brief Description
of the Drawings One protected Darlington transistor arrangement in
accordance 20   with the present invention will now be described, by way of
example only, with reference to the accompanying drawings, in which: Figure
1 shows a circuit diagram  of the already referred to 25         first
prior art protected Darlington transistor arrangement; Figure 2 shows a
circuit diagram  of the already referred to second prior art protected
Darlington transistor arrangement; and 30 Figure 3 shows a circuit diagram
of the protected Darlington transistor arrangement in accordance with the
present invention.    -4- 



Description of Preferred Embodiment Referring firstly to Figure 1, a first
known protected Darlington transistor arrangement comprises first and 5
second bipolar transistors T1, T2 connected in conventional Darlington
configuration.  A third bipolar transistor T3 has its base and collector
connected respectively to the base and collector of the transistor T1, and
has its emitter connected to the common point of two resistors R1, 10  R2
connected serially between the base of transistor T1 and the emitter of
transistor T2.  A protection diode D is provided across the collector and
emitter of the transistor T2 to protect the transistor in the event of
voltage of the wrong polarity being applied thereto.  As discussed above,
15  in such a known arrangement the connection of the emitter of the third
transistor T3 to the common point of resistors R1, R2 gives rise to
unwanted oscillation which can cause reliability problems in the field,
there is typically a delay of 500ns or more before the protection provided
by 20  the third transistor comes into effect, and the protection provided
varies widely over a working temperature range of -40 C to [err] Referring
now to Figure 2, a second known protected 25  Darlington transistor
arrangement comprises first and second bipolar transistors Q1, Q2 connected
in conventional Darlington configuration.  A Zener diode D1 is connected
across the base and collector of transistor Q1, and transistor Q1 has its
emitter connected to the middle of a 30  potential divider formed by
resistors r1, r2 connected serially between the base of transistor Q1 and
the emitter of transistor Q2.  A protection Zener diode D2 is provided
across the collector and emitter of the transistor Q2 to protect the
transistor in the event  of voltage of the wrong 35  polarity being applied
thereto.  As discussed above, in such a known arrangement there will
typically be a delay of 2ps before the protection provided by the Zener
diode 



- 5 - comes into effect, and the breakdown voltage of the Zener diode will
typically vary by more than 60V over a working temperature range of [err]
to [err] the protection depending upon the base to emitter impedance of the
5 Darlington transistor. Referring now to Figure 3, a protected Darlington
transistor arrangement in accordance with a preferred embodiment of the
invention includes a first bipolar npn 10 transistor 2 and a second bipolar
npn transistor 4 connected in conventional Darlington configuration, the
base of the first transistor 2 being connected to the base B of the
Darlington transistor, the collectors of the first and second transistors
being connected to the collector C 15  of the Darlington transistor, the
emitter of the first transistor being connected to the base of the second
transistor, and the emitter of the second transistor being connected to the
emitter E of the Darlington transistor. 20      A third bipolar npn
transistor 6 has its collector connected to the collector C of the
Darlington transistor and has its emitter connected, with the emitter of
the first transistor, to the base of the second transistor 4. Resistors 10,
12 are connected in series between the base 25  of transistor 2 and the
emitter of transistor 4.  A Zener diode 8 has its cathode connected to the
collector C of the Darlington transistor and has its anode connected to the
base of the transistor 6 via a resistor 14.  A further resistor 15 is
connected between the base of transistor 6 30  and the common point of the
resistors 10, 12.  The common point of the resistors 10, 12 is also
connected to the emitter of transistor 2. A protection diode 16 is provided
across the collector and emitter of the second transistor 4 



to protect the transistor in the event of voltage of the 35  wrong polarity
being applied thereto.  The values of the resistors 10 and 12 are typically
approximately [err] and [err] respectively, the value of the resistor 14 is
in the range approximately [err] - [err] and the value of the resistor 15
is approximately [err] In use of the.Darlington transistor arrangement of 5
Figure 3, the first transistor 2 acts as driver stage and the second
transistor 4 acts as output stage in conventional Darlington manner.  The
third transistor 6, together with the Zener diode 8 and the resistors
14.and 15, perform a clamp function to protect the Darlington pair 10  2, 4
in the event of voltage spikes appearing at the collector C of the
Darlington transistor.  It will be understood that as well as serving to
provide the clamp function to protect the Darlington pair 2, 4 as described
above, the third transistor 6 also serves to provide 15  temperature
compensation to the clamp function since the values of the resistors 14, 15
will vary with temperature in proportion to the variations in the values of
the resistors 10, 12. 20      It will be appreciated that since the emitter
of the third transistor 6 is connected to the base of the second transistor
4, rather than simply to the common point of the resistors 10, 12 as in the
known arrangement of Figure 1, unwanted oscillation in the arrangement of
Figure 3 is. 25  avoided. It will also be appreciated that when an
over-voltage spike occurssat the collector C of the Darlington transistor
of Figure 3, the protection provided by the 30  clamp function components
6, 8, 14 and 15 comes into operation with only a short delay.  The delay
time is 



formed by the cumulative delay times of the Zener diode 8 (typically in the
region of 100ns) and the third transistor 6 (typically in the region of
50ns, since the third 35  transistor 6 need only be switched on
sufficiently to sink a collector current of approximately lOmA, rather than
approximately 6A necessary to provide protection in the    -7- arrangement
of Figure 1).  Thus the total delay time for over-voltage protection to
come into effect in the arrangement of Figure 3 is typically in the region
of 150ns, compared with delay times in the region of 500ns and 5  [err] for
the known arrangements of Figures 1 and 2 resectively. It will also be
appreciated that in view of the temperature compensation provided by the
resistors 14 and 10  15, the protection provided by the clamp arrangement
6, 8, 14 & 15 exhibits greater temperature stability than the known
arrangements of Figures 1 and 2.  It will be appreciated that, since the
protection elements 6, 8, 14 & 15 are not connected to the base of the
Darlington 15  transistor but to the base of transistor 4, the protection
provided is insensitive to the impedance connected between the base and
emitter of the Darlington transistor, producing an effective collector
voltage clamp action whatever circuit may be connected to the base of the
20  Darlington transistor. Normally, the circuit arrangement of Figure 3
will be made in integrated circuit form, in which case the Zener diode 8
may be advantageously formed by a lateral pinch of 25  p+ and n+ layers in
known manner.  When the integrated circuit is made in this way, the Zener
diode possesses low variation of breakdown voltage with temperature. In a 



typical integrated circuit implementation of the arrangement of Figure 3
with the Zener diode 8 formed by 30  lateral pinch off as described, the
breakdown voltage of the Zener diode varies by approximately 10V over a
working temperature range of [err] to [err] It will be appreciated that for
certain applications, 35  for example in use with TTL circuitry, the value
of the resistor 10 may be made infinite, i.e. the resistor may be removed,
without affecting the proper functioning of the    -8- circuit. It will
also be understood that in a variation of the circuit of Figure 3 the
emitter of the first transistor 2 5  need not be connected to the resistor
15 and to the common point of resistors 10, 12; instead the emitter of the
transistor 2 may be connected to the base of the transistor 4 and to the
emitter of the transistor 6, and the resistor 15 may be connected directly
to the common point of 10  resistors 10, 12. It will be appreciated that
although the embodiment of the invention has been described above in
relation to Figure 3 as incorporating  npn transistors, the arrangement 15
could readily be built alternatively in equivalent form (not shown)
incorporating pnp transistors, without departing from the inventive
principle. 20 25 30 35    



9 Claims 5   1.   A protected Darlington transistor arrangement having a
base, a collector and an emitter comprising: a first bipolar transistor
forming the driver stage of the Darlington transistor having a base, a
collector and an emitter; and a second bipolar transistor forming the
output stage of the 1 0   Darlington transistor having a base, a collector
and an emitter, the base of the first transistor being coupled to the base
of the Darlington transistor, the collectors of the first and second
transistors being coupled to the collector of the Darlington transistor,
the emitter of the first transistor being directly coupled to the base 1 5
of the second transistor, and the emitter of the second transistor being
coupled to the emitter of the Darlington transistor; and a third bipolar
transistor having a base, a collector coupled to the collector of the
Darlington transistor, and an emitter, wherein the Darlington transistor
arrangement further 20   comprises: a Zener diode coupled between the
collector of the  Darlington transistor and the base of the third
transistor, the base of the third transistor being coupled to the emitter
of the second transistor, and the emitter of the third transistor being 25
coupled to the base of the second transistor. 2.   A Darlington transistor
arrangement according to claim  1 wherein the base of the third transistor
is coupled to the emitter of the second transistor via a first resistor. 30
3.   A Darlington transistor arrangement according to claim  1 or 2 wherein
the emitter of the first transistor is coupled to the emitter of the second
transistor via the first resistor. 3 5   4.   A Darlington  transistor
arrangement according to claim    -  10  - 



1, 2 or 3 wherein the emitter of the first transistor is coupled to the
base of the first transistor via a second resistor. 5  5.  A Darlington
transistor arrangement according to claim 2 wherein the base of the third
transistor is coupled to the first resistor via a third resistor. 6.  A
Darlington transistor arrangement according to any 10  preceding claim
wherein the Zener diode is coupled to the base of the third transistor via
a fourth resistor. 7.  A Darlington transistor arrangement according to any
preceding claim further comprising a protection diode 15  coupled between
the collector and the emitter of the Darlington transistor. 8.  A
Darlington transistor arrangement according to any preceding claim wherein
the Zener diode is formed by a 20  lateral pinch of layers of p+ and n+
conductivity. 9.  A Darlington transistor arrangement according to any
preceding claim wherein the first, second and third transistors are npn
transistors. 25 10. A Darlington transistor arrangement according to claim
1 or 2 fabricated in integrated circuit form. 11. A Darlington transistor
arrangement substantially as 30  hereinbefore described with reference to
Figure 3 of the accompanying drawings. 35    


