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This invention relates to ignition systems for internal 
combustion engines, and more particularly to an im 
proved transformer coupled ignition system utilizing con 
ventional breaker points. 
With the increasing commercial availability of tran 

sistors, a large number of various types of transistorized 
ignition systems have been proposed. Among these is 
a general category wherein a transistor is used to break 
the current through the ignition coil in place of the con 
ventional breaker points, and the breaker points are used 
to actuate a circuit to trigger the transistor. Some ad 
vantages of such systems are that the breaker points do 
not switch large currents and therefore have longer life, 
and that the system may be readily incorporated into 
existing ignition systems without extensive modification 
thereof. 
A difficulty with such systems is that although transis 

tors have been improved in their voltage capacities, tran 
sistors capable of withstanding the high voltage transients 
generally produced by ignition coils may be difficult or 
expensive to obtain. One way of obviating this difficulty 
is to utilize a transformer coupling the breaker points to 
the transistor. In this type of ignition system, the reverse 
transient spike produced by the collapsing field in the 
coupling transformer places a reverse bias on the tran 
sistor for rapid switching and to drive the transistor into 
a region of high voltage breakdown capability. In a 
transformer coupled ignition system, a difficulty presents 
itself at low engine speeds as the breaker points are open 
ing more slowly and pulses in the transformer get very 
long. As a result, the current induced in the secondary 
may deteriorate, causing poor switching operation. 

Accordingly, it is an object of this invention, to provide 
a transformer coupled ignition system wherein sure con 
trol of the switching transistor is maintained at low engine 
speeds. 
Another object of the invention is to provide an im 

proved transformer coupled transistor ignition system 
which may be produced at a minimum cost. 

Still another object of the invention is to provide a 
transformer coupled ignition system which is effectively 
directly coupled at low engine speeds. 
A feature of the invention is the provision, in a trans 

former coupled transistor ignition system, of an induct 
ance coil coupled in series between the transistor and the 
breaker points to provide an additional control circuit at 
low speeds. - 

Another feature of the invention is the provision of a 
transistor ignition system having a coupling transformer 
with a primary winding in series with the breaker points 
across the source of voltage and with the secondary wind 
ing connected across base and emitter of the transistor. 
A further connection is made of an inductance coil be 
tween the base of the transistor and the juncture between 
the primary winding and the breaker points. 

Referring now to the drawing: 
FIG. 1 is a schematic diagram of an ignition System 

constructed in accordance with the invention; and 
FIG. 2 is a schematic diagram of a further embodi 

ment of the invention. 
In accordance with the invention, an ignition System 
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for an internal combustion engine includes a switching 
transistor having its emitter to collector path connected 
in series with an ignition coil across a voltage Source. 
A coupling transformer is provided for coupling a pair 
of breaker points to the transistor for controlling the lat 
ter. The coupling transformer has a primary winding 
which is connected in series with the breaker points across 
the voltage source, and a secondary winding which is 
connected across the base and emitter portions of the 
transistor. A second control circuit for low speed oper 
ation is provided by connecting an inductance coil from 
the base portion of the transistor to the juncture between 
the primary winding of the coupling transformer and the 
breaker points. In one embodiment of the invention, 
the ignition coil may be connected in the collector circuit 
of the transistor, while in another embodiment the igni 
tion coil may be connected in the emitter circuit, 

Referring now to FIG. 1, there is shown a circuit ex 
tending from storage battery 1 through switch 21 
through a ballast resistor 12 and a diode 13 to the emitter 
electrode 14 of a switching transistor 15. The collector 
electrode 16 of transistor 15 is connected in series with 
the primary winding 17 of ignition coil 18. The second 
ary winding 19 of ignition coil 18 may be connected to 
the distributor for supplying firing pulses to the ignition 
means of an internal combustion engine. 

Firing pulses are produced by the switching action of 
transistor 15, as will be more fully explained subsequently. 
When transistor 15 is on, current builds up in primary 
winding 17 of ignition coil 18. When transistor 15, is cut 
off, the collapsing current in ignition coil 18 results in 
a high voltage transient spike appearing in the secondary 
winding 19. This spike is used for firing the spark plugs 
of an internal combustion engine, as is well known in the 
art. 

Switching control of transistor 15 is provided as fol 
lows. A connection is made from battery 11 through 
ignition switch 21 to the primary winding 22 of a cou 
pling transformer 23. The opposite end of primary 
winding 22 is connected through a pair of intermittently 
opened breaker points 24 to ground. A capacitor 25 may 
be connected in parallel across breaker points 24 to re 
duce arcing across the contacts of breaker points 24, and 
to discharge the transformer 23 more rapidly for opti 
mum switching. Breaker points 24 may be operable in 
timed relation with the internal combustion engine, as is 
well known in the art. The secondary winding 26 of 
transformer 23 is connected through diode 13 across base 
27 and emitter 14 of transistor 15. A resistor 28 is con 
nected across base 27 and emitter 14, in parallel with the 
secondary winding 26 of transformer 23. 
As breaker points 24 open, the collapsing current in 

transformer 23 induces a reverse voltage across base 27 
and emitter 14 of transistor 15, suddenly biasing transistor 
15 to cut off. Such a reverse voltage will also bias tran 
sistor 15 into the BVceX breakdown region wherein tran 
sistor 15 is capable of withstanding very high breakdown 
voltages between the emitter and collector thereof. 
Accordingly, transistor 15 will be able to withstand the 
high voltage transient spike induced by the collapsing 
field in high voltage coil 18. Resistor 28 helps spread out 
this reverse bias over the duration of the spike from high 
voltage coil 18, but may not be necessary in all cases, 
or may be designed into the transformer 23 itself. Diode 
13 is optional and merely serves as a safety valve to pro 
vide additional breakdown protection. 
At low engine speeds, such as for example 20 r.p.m., 

the breaker points 24 open more slowly. Accordingly, 
the relatively longer pulses produced reduce the effective 
ness of the A.C. coupling, and the current in secondary 
winding 26 deteriorates. This causes the conduction of 
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transistor 15 to be impaired and since there is less current 
in the ignition coil to cut off, the voltage pulse output is 
reduced. This problem could also arise in a system which 
incorporated some other type of current interrupting de 
vice, such as another transistor. Such a control transistor 
could be switched by mechanical means or by some other 
type of pulses. Thus the problem is present in any sys 
tem wherein the control portions of the semiconductor 
switching device are transformer coupled to a current 
interruptor which opens more slowly as engine speeds 
decrease. This may be prevented by connecting an in 
ductance coil 29 from base 27 of transistor 15 to the 
juncture between primary winding 22 of transformer 23 
and breaker points 24. 

In effect, coil 29 provides a second control circuit for 
transistor 14, from voltage source 11 through ignition 
switch 21, resistor 12, diode 13 and the base emitter cir 
cuit of transistor 15, through coil 29 and breaker points 
24 to ground. The first control circuit is that provided 
by the transformer itself, that is, from battery 11 through 
ignition switch 21, primary winding 22 of transformer 23, 
and breaker points 24 to ground. Thus at low speeds, base 
27 of transistor 15 is direct coupled to ground through 
points 24 and induction coil 29. Reverse bias is provided 
by transients as the field in secondary winding 26 col 
lapses due to the opening of points 24. 
As engine speeds increase, the effect of transformer 23 

similarly increases as the pulse duration shortens. Coil 
29 acts as a low pass filter which presents an impedance 
which increases with frequency. As the speed of the 
engine increases, the frequency of pulses provided by 
breaker points 24 increases commensurately. Accord 
ingly, more and more control over the Switching of tran 
sistor 15 will be provided from transformer 23, and less 
and less by coil 29 until, at high speeds, coil 29 will effec 
tively be an open circuit. This maintains optimum per 
formance because at high speeds, direct coupling is un 
desirable. 

Referring now to FIG. 2 a further embodiment of the 
invention is shown. The circuit of FIGURE 2 is substan 
tially identical to that of FIG. 1 save for the fact that the 
primary winding 17 of ignition coil 18 is connected in 
series between ballast resistor 12 and the emitter 14 of 
transistor 15. Accordingly, the collector electrode 16 of 
transistor 15 may be grounded for improved heat dis 
sipation. 

It may therefore be seen that the invention provides an 
improved transformer coupled transistor ignition system 
wherein low speed operation is optimized by the simple 
addition of an extra inductance coil for direct coupling. 
On the other hand high speed operation of the System 
utilizes transformer coupling, and the effect of the added 
coil is negligible. 

I claim: 
1. A transformer coupled ignition system for use with a 

vehicular electrical system for an internal combustion 
engine, which electrical system incorporates a D.C. volt 
age source and intermittently operable breaker means, said 
ignition system including in combination, an ignition coil 
for supply nig high voltage pulses to the internal combus 
tion engine, semiconductor switching means adapted for 
connection in series with said ignition coil across the volt 
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4. 
age source to interrupt the current in said ignition coil 
and cause the same to produce high voltage pulses, trans 
former means having a primary winding connected be 
tween the voltage source and the breaker means and a 
secondary winding connected to said semiconductor 
switching means and supplying control pulses thereto in 
response to the operation of the breaker means, and in 
ductance means connecting said semiconductor Switch 
ing means to the breaker means in shunt with the coupling 
therebetween through said transformer means, said in 
ductance means providing direct coupling of Said semi 
conductor switching means across the voltage source 
through the breaker points at relatively low speeds of 
operation of the breaker means. 

2. A transformer coupled ignition system for use With 
a vehicular electrical system for an internal combustion 
engine, which electrical system incorporates a voltage 
source and a pair of intermittently operable breaker 
points, said ignition system including in combination, an 
ignition coil for supplying high voltage pulses to the in 
ternal combuston engine, transistor Switching means hav 
ing base, emitter and collector portions with said emitter 
and collector portions adapted for connection in series 
with said ignition coil across the voltage source to inter 
rupt the current in said ignition coil and cause the same 
to produce high voltage pulses, a control circuit for Said 
transistor switching means including transformer means 
having secondary winding means connected between said 
base and emitter portions of said transistor Switching 
means and having primary winding means connected in 
series with the breaker points across the voltage source, 
and inductance means connected between said base por 
tion of said transistor switching means and the juncture 
between said primary winding means and the breaker 
points, whereby said inductance means provides direct 
coupling of said transistor Switching means to the breaker 
points in shunt with the coupling through said transformer 
means and applies switching pulses to said transistor 
switching means at relatively low frequency operation of 
said breaker points. 

3. An ignition system in accordance with claim 2 in 
cluding resistance means connected in parallel with said 
Secondary winding means. 

4. An ignition system in accordance with claim 2 where 
in said ignition coil is connected between said collector 
portion and a reference potential. 

5. An ignition system in accordance with claim 2 where 
in said ignition coil is connected between the voltage 
Source and said emitter portion. 
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