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CIRCUIT FOR LIMITING THE OUTPUT
YOLTAGE OF A POWER TRANSISTOR

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

BACKGROUND

I. Field of the Invention

This invention relates to a circuit for limiting the output
voltage from a power transistor employed to drive a resonant
clectric load which 1s connected to a voltage supply and
more particularly to a circuit for limiting the output voltage
from a power transistor used to drive an ignition coil or
fransformer 1n an automobile.

II. Prior Art

Most automobiles currently use gasoline powered engines
which rely on spark plugs to 1gnite a fuel mixture in a
combustion chamber. The combustion applies pressure to a
piston which ultimately provides power to the automobile.
The spark plugs 1gnite the fuel mixture by providing a spark
at a controlled time, typically just after the piston passes
through what 1s commonly known as top dead center. The
spark of a spark plug 1s created by applying a high voltage,
typically 40,000 volts, across the gap of the spark plug. In
the past, the high voltage necessary to create the spark was
generated with 1gnition points, a condenser, and an 1gnition
coll. However, modern cars have replaced the ignition points
with electronic 1gnition modules which utilize power
devices such as bipolar transistors.

The 1invention concerns 1n particular, but not exclusively,
a power device used 1n the automotive industry for driving
an 1gnition coil or a transformer. For this purpose, either a
single transistor of the bipolar type, or a pair of transistors
in a Darlington configuration, or a MOS type of transistor
are used as the power element.

FIG. 1 shows a power transistor T1 which 1s periodically
turned on and off by a driver circuit 1 as controlled by an
appropriate mput signal Vin. In essence, the power transistor
acts as a switch (ignition points) which is open or closed by
the 1nput signal supplied to the driver circuit. With the
switch 1n the closed state, a current flows through the load.
As the switch 1s opened, a positive overvoltage establishes
between the load and the switch which 1s followed by a
series of negative voltage peaks dependent on the parasitic
capacitances of the load and the way the energy which has
been stored 1n the load 1s discharged upon the switch being
opened. This positive overvoltage and series of negative
voltage peaks are shown in FIG. 2. These negative voltage
peaks pull the output voltage of the device several volts
below ground level. Where the driver circuit and power
device are provided in the integrated circuit form, certain
parasitic components associate with the active components
of the driver circuit which, as said voltage drops below
oround level, enter a conduction state, thereby shorting out
the active components of the driver circuit and impairing the
operation of the latter.

More speciiically with reference in particular to the
example of FIG. 1, an electric load ZL, schematically
represented by 1ts equivalent electric circuit R-L-C, 1s con-
nected to a circuit node at a voltage Vs. The load ZL 1is
driven by a power device, specifically a bipolar transistor T1
of the NPN type, which 1s turned on and off by a signal from
a driver circuit 1, known per se, under control by an
appropriate input signal Vin. The output voltage of the
power device 1s designated Vc.
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Shown 1n FIG. 2 1s the pattern vs. time of the voltage Vc
when the transistor T1 1s in the off state. It can be seen that
a posifive voltage first establishes itself at said node, fol-
lowed by a series of negative voltage peaks. These negative
voltage peaks will pull the output voltage of the device even
several volts below ground level. With reference to FIG. 3,
shown 1n vertical section therein 1s a portion of the inte-
orated structure of the circuit illustrated by FIG. 1. This
portion comprises an N+ doped substrate, indicated as
region 2, wherein a power transistor T1 1s formed whose
collector, base and emitter regions are respectively defined
by regions 3, 7 and 8. Formed 1n the region 2 as a part of the
driver circuit 1, 1s a second transistor T4 whose collector,
base and emitter regions are respectively defined by regions
4, 9 and 6. The transistor T4 1s contained 1n an 1solation well
formed of a buried region 5 of the P type and two regions 10,
11 of the P+ type. The integrated structure just described
implies the presence of two parasitic transistors TS and T6.
The base of the transistor TS 1s 1n common with the collector
of the transistor T6, formed 1n the region 4 of the N+ type,
its emitter 1s formed 1n the region 9 of the P type, and its
collector 1s in common with the base of the transistor T6, 1n
the region 5 of the P type. Lastly, the emitter of the transistor
16 1s formed within the region 3 of the N type. The
connection pattern of the parasitic transistors TS, T6 1is
illustrated 1n FIG. 3 by a wiring diagram superimposed on
the cross-sectional representation of the integrated structure.

In order to prevent the power device output from attaining,
a negative voltage value relative to ground, thereby trigger-
ing on the parasitic components, a circuit must be connected
to that output which can provide real time control of the
output voltage to hold it within predetermined limits. A
known technical approach to providing such a limiter circuit
1s disclosed 1n U.S. Pat. No. 5,189,317 1ssued on Feb. 23,
1993 and 1s herein incorporated by reference. The limiter
circuit described 1 U.S. Pat. No. 5,189,317 includes a
comparator which performs a comparison of the output
voltage from the power device with a predetermined refer-
ence voltage. Where the output voltage 1s slightly below the
reference voltage, the comparator supplies the load with a
current effective to prevent the output voltage from dropping
below the reference voltage. This prior approach, while
being advantageous from many aspects, 1s a structurally
complex one and uses up an arca of the integrated circuit
which accounts for a significant proportion of the total area
of the device. Its structural complexity unavoidably implies,
moreover, such added disadvantages as increased cost and
rate of device rejects.

Therefore, 1t 1s an object of the mvention to provide a
limiter circuit as indicated, which has such structural and
functional features as to prevent the output of the power
device, that 1s 1ts collector connected to the load, from
attaining a negative voltage relative to ground and triggering,
on the parasitic components.

It 1s further an object of the invention to decrease the cost
and rate of device rejects by simplifying the prevention
solution over prior art solutions.

SUMMARY OF THE INVENTION

This invention can be summarized as a circuit for limiting
the output voltage from a power transistor connected in
serics with a resonant load between a voltage supply and a
voltage reference, ground. The circuit includes a semicon-
ductor junction element, in particular a diode of the SCR
type, having an anode terminal connected to the voltage
supply, a cathode terminal connected to a common circuit
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node between the power transistor and the resonant load, and
a control terminal connected to a reference voltage of
predetermined value. The reference voltage can be con-
structed by using a resistor connected 1n series with a diode
across the voltage supply. The SCR diode 1s constructed
using the parasitic PNP-NPN transistors in the structure of
a power transistor.

The features of this invention will be more clearly appar-
ent from the following detailed description of embodiments
thereof, shown by way of example and not of limitation in
the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a diagram showing schematically a driver circuit
and a power device with a load driven thereby, as known 1n
the prior art.

FIG. 2 illustrates the pattern vs. time of the voltage
present at the output node of the power transistor, as known
in the prior art.

FIG. 3 1s an enlarged vertical section view showing
schematically a portion of an 1ntegrated circuit incorporating
a prior art driver circuit and power transistor arrangement, as
known 1n the prior art.

FIG. 4 1s a wiring diagram of the power transistor and
associated limiter circuit according to the 1nvention.

FIG. 5 shows a modified embodiment of the limiter circuit
in FIG. 4, 1n accordance with the invention.

FIG. 6 shows the patterns vs, time of certain electric
signals present 1n the circuits of the preceding Figures.

FIG. 7 1s an enlarged vertical section showing schemati-
cally a portion of an integrated circuit incorporating the
power transistor and limiter circuit of this invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

The principle of this invention will now be explained with
reference to the embodiment shown 1n FIG. 4. The power
device T1 consists of a bipolar transistor of the NPN type.
The emitter of the transistor T1 i1s connected to ground,
whilst 1ts collector 1s connected to a load ZL, specifically a
coll or a transformer. The load ZL represents the load of an
ignition coil 1n an automobile as will be understood by
persons skilled i the art. The other end of the load ZL 1s
connected to a node at a voltage Vs which could be a battery
voltage 1n an automobile. Associated with the collector of
the transistor T1 1s a Iimater circuit 40 for 1ts related output
voltage Vc. The limiter circuit 40 imncludes a semiconductor
junction element, 1n particular a controlled diode of the SCR
type having an anode terminal A, a cathode terminal K, and
a control terminal G. The anode terminal A 1s connected to
the node at the voltage Vs, the cathode terminal K 1is
connected to the common circuit node between the power
transistor T1 and the resonant load ZI., and the control
terminal G 1s connected to the positive pole of a generator
E of a predetermined value. The negative pole of this
generator 15 connected to the circuit ground.

In the embodiment shown 1n FIG. 5, the controlled diode
of the SCR type 1s formed of two transistors T2, T3 of a
mutually complementary type. In particular, these transistors
12, T3 are bipolar transistors of the PNP and NPN type,
respectively. The emitter of the first transistor 12 is the
anode terminal A of the SCR diode, whereas the emitter of
the second transistor T3 1s the cathode terminal K of the
diode. The collector of the first transistor T 1s connected to
the base of the second transistor T3, and i1s the control
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terminal G of the SCR diode, and the base of the first
transistor T2 1s connected to the collector of the second
transistor T3. Also shown i1n FIG. 5 1s an embodiment of the
fixed voltage generator E. This reference voltage 1s obtained
through a diode D1 which 1s forward biased by a resistor R1.
A terminal of this resistor 1s connected between the circuit
node at the voltage Vs and the anode terminal of the diode
D1, the cathode terminal of the diode D1 being connected to
the circuit ground.

Shown 1n FIG. 6 1s the pattern vs. time of certain electric
quantities which appear in the circuits described in the
foregoing and 1llustrated by FIGS. 1, 4 and 5. In particular,
the curve designated 51 represents the pattern vs. time of the
voltage V¢ present at the output node of the power device as
the transistor 11 is turned off and 1n the absence of a limiter
circuit for said output voltage. It can be seen that a positive
overvoltage first establishes itself at said node which 1is
followed by a series of negative voltage peaks.

The curve designated 52 represents the pattern vs. time of
the voltage Vc present at the output node of the power device
as the transistor T1 1s turned off, in the presence of the
limiter circuit of this invention. It can be seen that the value
of the voltage V¢ remains positive all the time.

The curve designated 53 illustrates the pattern vs. time of
the current Iscr through the diode 40 of the SCR type. The
controlled diode 40 will be conducting when the voltage
between the control terminal G and the cathode terminal
exceeds a given threshold value, typically 1in the 0.6 to 0.7
volts range.

Shown 1n FIG. 7 1s a vertical section view of the inte-
orated structure of the limiter circuit depicted schematically
in FIG. 5, and of that of the power transistor T1. This
structure comprises an N+ doped substrate, denoted by 2,
wherein the power transistor T1, the two transistors T2 and
T3, the resistor R1 and the diode D1 are formed. The
collector, base and emitter regions of the power transistor T1
are respectively defined by the regions 3, 7 and 8. The two
transistors 12, T3 of the limiter circuit in FIG. 5 are formed
in four superimposed layers which are doped with impurities
of the P type and the N type, alternately. More specifically,
the base of the transistor T2 1s 1n common with the collector
of the transistor T3 1n a region 13 of the N+ type; 1ts emitter
1s formed 1n a region 14 of the P type; 1ts collector 1s 1n
common with the base of the transistor T3 1n a region 12 of
the P type; and the emitter of the transistor T3 1s formed
within the region 3 of the N type.

It will be appreciated that the structure of the regions
forming such transistors substantially corresponds to the
structure of the parasitic transistors TS, T6 present in the
driver circuit portion shown 1n FIG. 3. This similarity of the
two structures enhances the simplicity of the solution
proposed, because 1t makes for extremely simple integration
of the limiter circuit to the mtegrated circuit to be protected.

Formed 1n the region 2 again within the structure of FIG.
7, are also the resistor R1, defined in a region 15 of the P
type, and the diode D1, having its anode formed in a region
16 of the P type and cathode formed 1n a region 17 of the N+
type. The wiring diagram of the integrated components just
described 1s shown, again in FIG. 7, superimposed on the
sectional view of the integrated structure.

As to the operation of the circuit of FIG. 4, the controlled
diode of the SCR type, contained 1n the limiter circuit 40,
will be conducting current as the voltage between the control
terminal G and the cathode terminal K exceeds a given
threshold value, typically 1n the 0.6 to 0.7 volts range. Since
the voltage at the control terminal G of the diode SCR 1s held
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constant by the voltage generator E, the diode will be
conducting as the voltage at 1ts cathode terminal K reaches
a value close to zero volts. The current supplied to the load
by the diode SCR maintains the voltage Vc at the collector
of the power transistor T1 positive, as shown by the curve 52

in FIG. 6.

In the embodiment shown 1n FIG. §, the limiter circuit 40
comprises two transistors T2, T3, respectively of the PNP
and NPN type, and the voltage reference E 1s formed by a
diode D1 forward biased by a resistor R1. The base of the
transistor T3, which represents the control terminal of the
SCR diode, 1s connected to the anode of the diode D1,
whereby, when the voltage Vc tends to go negative, the
transistor T3 begins conducting through the resistor R1; as
a result, the transistor T2 will also be conducting and supply
the resonant load with the required current to hold the
collector of the transistor T1 at a voltage close to zero during
the time when it would tend to go negative due to the
capacitance present at the resonant load.

Again 1 FIG. 5, it can be seen that, as V¢ becomes
positive, perhaps by more than 400 volts 1n the instance of
a circuit driving an automotive ignition coil, the emitter-base
junction of the transistor T3 1s also to withstand that voltage.
In fact, 1ts base 1s connected to a potential of about 0.7 volts,
whilst 1ts emitter 1s connected to the collector of the high-
voltage transistor T1. This junction, which 1s to withstand
high voltages, can be readily implemented 1n the VIPower
technology employed for making the integrated structures
shown 1n FIGS. 3 and 7. FIG. 7 shows indeed an embodi-
ment wherein the base-emitter junction of the transistor T3,
the regions 3 and 12, 1s provided by diffused regions similar
to those, the regions 3 and 7, utilized to form the collector
and base, respectively, of the transistor T1, which 1s a high
voltage power transistor.

To summarize, this mvention does provide a circuit for
limiting the output voltage from a power transistor arranged
to drive a resonant load, which circuit 1s quite simple
construction-wise and affords significant savings 1n inte-
orated circuit area compared to prior art solutions. In
particular, the area occupied by the limiter circuit of this
invention 1s ten times smaller than the area occupied by the
prior circuit described 1n the above-referenced patent appli-
cation. Furthermore, the manufacture of the circuit i1s spe-
cially advantageous where the circuit 1s implemented 1n the
VIPower technology, as 1s normally used for power devices
which incorporate a logic control portion.

I claim:

1. A circuit for driving a resonant load which has a first
end connected to a voltage source and has a second end, the
circuit for driving the resonant load comprising;:

a power [transistors] transistor having a control element
and a conductive path between the second end of the
resonant load and a ground voltage;

a means for controlling the power transistor connected to
the control element of the power transistor;

a semiconductor junction element for limiting an output
voltage of the power transistor, the semiconductor
junction having a first, a second, and a third terminals,
the first terminal connected to the voltage source, the
second terminal connected to a common circuit node
between the power transistor and the resonant load, and
the third terminal connected to a reference voltage of a
predetermined value.

2. A circuit according to claim 1 wherein the semicon-

ductor junction element comprises an SCR diode wherein
the first, the second, and third terminals correspond respec-
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6

tively to an anode terminal, a cathode terminal, and a control
terminal of the SCR diode.

3. A circuit according to claim 2 wherein the SCR diode
further comprises a first transistor and a second transistor of
a mutually complementary type.

4. A circuit according to claim 3 wherein the first tran-
sistor comprises a PNP bipolar transistor having an emitter,
a collector, and a base; and the second transistor comprises
an NPN ftransistor having an emitter, a collector, and a base;
wherein the emitter of the first transistor forms the anode
terminal of the SCR diode, the base of the first transistor
connects to the collector of the second transistor, the col-
lector of the first transistor connects to the base of the second
transistor to form the control terminal of the SCR diode, and
the emitter of the second transistor forms the cathode
terminal of the SCR diode.

5. The circuit of claim 3 wherein the power transistor and
the first and second transistor are formed on a semiconductor
substrate, the semiconductor substrate formed with four
superimposed layers alternately doped with impurities of the
P type and the N type, and having a respective base,
collector, and emitter regions.

6. A circuit according to claim 5 wherein the cathode
terminal of the SCR diode corresponds to the emitter region
of the first transistor and 1s formed 1n the first of said layers,
doped with impurities of the P type; the control terminal of
the SCR diode corresponds to the base region of the first
transistor and to the collector region of the second transistor,
and 1s formed in the second of said layers, doped with
impurities of the N type; the anode terminal of the SCR
diode corresponds to the emitter region of the second
transistor and 1s formed 1 the fourth of said layers, doped
with impurities of the N type; and the collector region of the
first transistor and the base region of the second transistor
are formed 1n the third of said layers, doped with impurities
of the P type.

7. A circuit according to claim 1 wherein the reference
voltage 1s generated by forward biasing a diode with a
resistor.

8. An 1gnition circuit 1n an automobile comprising;:

a resonant load which has a first end connected to a
voltage source and has a second end;

a power transistors having a control element and a con-
ductive path between the second end of the resonant
load and a ground voltage;

a means for controlling the power transistor connected to
the control element of the power transistor;

a semiconductor junction element for limiting an output
voltage of the power ftransistor, the semiconductor
junction having a first, a second, and a third terminals,
the first terminal connected to the voltage source, the
second terminal connected to a common circuit node
between the power transistor and the resonant load, and
the third terminal connected to a reference voltage of a
predetermined value.

9. A circuit according to claim 8 wherein the semicon-
ductor junction element comprises an SCR diode wherein
the first, the second, and the third terminals correspond
respectively to an anode terminal, a cathode terminal, and a
control terminal of the SCR diode.

10. A circuit according to claim 9 wherein the SCR diode
further comprises a first transistor and a second transistor of
a mutually complementary type.

11. A circuit according to claim 10 wheremn the first
transistor comprises a PNP bipolar transistor having an
emitter, a collector, and a base; and the second transistor
comprises an NPN transistor having an emitter, a collector,
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and a base; wherein the emitter of the first transistor forms
the anode terminal of the SCR diode, the base of the first
transistor connects to the collector of the second transistor,
the collector of the first transistor connects to the base of the
second transistor to form the control terminal of the SCR
diode, and the emitter of the second transistor forms the
cathode terminal of the SCR diode.

12. The circuit of claim 10 wherein the power transistor
and the first and second transistor are formed on a semicon-
ductor substrate, the semiconductor substrate formed with
four superimposed layers alternately doped with impurities
of the P type and the N type, and having a respective base,
collector and emitter regions.

13. A circuit according to claim 12 wherein the cathode
terminal of the SCR diode corresponds to the emitter region
of the first transistor and 1s formed 1n the first of said layers,
doped with impurities of the P type; the control terminal of
the SCR diode corresponds to the base region of the first
transistor and to the collector region of the second transistor,
and 1s formed 1n the second of said layers, doped with
impurities of the N type; the anode terminal of the SCR
diode corresponds to the emitter region of the second
transistor and 1s formed 1n the fourth of said layers, doped
with impurities of the N type; and the collector region of the
first transistor and the base region of the second transistor
are formed 1n the third of said layers, doped with impurities
of the P type.

14. A circuit according to claim 8 wherein the reference
voltage 1s generated by forward biasing a diode with a
resistor.

15. A circuit for driving a resonant load which has a first
end connected to a voltage source and has a second end, the
circuit for driving the resonant load comprising;:

a power transistors having a control element and a con-
ductive path between the second end of the resonant
load and a ground voltage;

a means for controlling the power transistor connected to
the control element of the power transistor;

a means for limiting an output voltage of the power
transistor having a first, a second, and a third terminals,
the first terminal connected to the voltage source, the
second terminal connected to a common circuit node
between the power transistor and the resonant load, and
the third terminal connected to a reference voltage of a
predetermined value.

16. A circuit according to claim 15 wherein the means for
limiting an output voltage of the power transistor comprises
an SCR diode wherein said the first, the second, and third
terminals correspond respectively to an anode terminal, a
cathode terminal, and a control terminal of the SCR diode.

17. A circuit according to claim 16 wherein the SCR diode
further comprises a first transistor and a second transistor of
a mutually complementary type.

18. A circuit according to claim 17 wherein the first
transistor comprises a PNP bipolar transistor having an
emitter, a collector, and a base; and the second transistor
comprises an NPN transistor having an emitter, a collector,
and a base; wherein the emitter of the first transistor forms
the anode terminal of the SCR diode, the base of the first
transistor connects to the collector of the second transistor,
the collector of the first transistor connects to the base of the
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second transistor to form the control terminal of the SCR
diode, and the emitter of the second transistor forms the
cathode terminal of the SCR diode.

19. The circuit of claim 17 wherein the power transistor
and the first and second transistor are formed on a semicon-
ductor substrate, the semiconductor substrate formed with
four superimposed layers alternately doped with impurities
of the P type and the N type, and having a respective base,
collector, and emitter regions.

20. A circuit according to claim 19 wherein the cathode
terminal of the SCR diode corresponds to the emitter region
of the first transistor and 1s formed 1n the first of said layers,
doped with impurities of the P type; the control terminal of
the SCR diode corresponds to the base region of the first
transistor and to the collector region of the second transistor,
and 1s formed in the second of said layers, doped with
impurities of the N type; the anode terminal of the SCR
diode corresponds to the emitter region of the second
transistor and 1s formed 1n the fourth of said layers, doped
with impurities of the N type; and the collector region of the
first transistor and the base region of the second transistor
are formed 1n the third of said layers, doped with impurities
of the P type.

21. A circuit for driving an inductive load, the circuit
COMprising:

first and second supply terminals;

an tnput terminal;
a drive terminal for driving the inductive load;
a reference node;

a power transistor having a control terminal coupled to
the input terminal and a conductive path coupled
between the first supply terminal and the drive termi-
nal; and

a semiconductor junction device having a first terminal
coupled to the second supply terminal, a second ter-
minal coupled to the reference node, and a third
terminal coupled to the drive terminal.

22. The circuit of claim 21, further comprising a

reference-voltage generator coupled to the reference node.

23. The circuit of claim 21, further comprising.

an impedance coupled between the second supply termi-
nal and the reference node; and

a diode coupled between the reference node and the first
supply terminal.

24. A circuit for driving a resonant load which has a first

end connected to a voltage source and has a second end, the

ctrcuit for driving the resonant load, the circuit comprising.

a power transistor having a control element and a con-
ductive path between the second end of the resonant
load and a ground voltage; and

a semiconductor junction element for limiting the output
voltage of the power transistor, the semiconductor
junction having a first, a second, and a third terminals,
the first terminal connected to a voltage source, the
second terminal connected to a common circuit node
between the power transistor and the resonant load,
and the third terminal connected to a reference voltage
of a predetermined value.
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