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CAPACITOR DISCHARGE IGNITION SYSTEM 
INCLUDING SPARK DURATION EXTENDER 

MEANS 

BACKGROUND 

This invention relates generally to electronic ignition 
systems for automotive vehicles and more particularly 
to capacitive discharge ignition systems. 
As the automotive industry becamefaced with more 

rigid anti-pollution standards, they turned to electronic 
ignition systems as a means for decreasing pollution 
and to increase the performance of an internal combus 
tion engine in a vehicle. 

ln selecting an ignition system for use in vehicles, the 
highly desirable capacitive discharge ignition system 
was put aside in favor of other solid state systems, some 
of which use bulky ballast resistors, may require a 
heavy battery chain and which have high speed limita 
tions. One of the reasons for the decision to use these 
other systems rather than the capacitive discharge igni 
tion system, is the ability in the ?rst-mentioned systems 
to obtain a spark of longer duration with a conventional 
ignition coil than could be provided by the capacitive 
discharge ignition system. The spark duration provided 
by these systems is roughly 1.2 milliseconds, while with 
a conventional capacitive discharge ignition system the 
spark duration is on the order of 0.4 milliseconds. 
With the shorter spark duration of the capacitive dis 

charge ignition system, spark plugs of the engine in 
which the system is used have a longer life,'but it is 
more difficult to start the engine in colder weather and 
timing becomes more critical. 

lf the spark duration in a capacitive discharge igni 
tion system could be increased from 0.4 milliseconds to 
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within a range of 0.75 to 0.9 milliseconds to overcome - 
the short spark duration problems, the capacitive dis 
charge ignition system would out perform the conven 
tional transistorized system in so far as being more ef? 
cient, providing a more constant voltage output, having 
a higher speed capability and providing longer spark 
plug life, and yet overcome the starting and timing 
problems associated therewith. 

SUMMARY 

Accordingly, it is a primary object of the present in 
vention to provide a new and improved capacitive dis 
charge ignition system which has a longer spark dura 
tion than conventional capacitive discharge ignition 
systems. ' 

It is yet another object of the invention to provide cir 
cuitry for use with a conventional capacitive discharge 

' ignition system which extends the duration of the spark 
therein to avoid'the drawbacks of conventional capaci 
tive discharge ignition systems having shorter spark du 
rations. 

’ lt is still another object of the present invention to 
provide a new and improved capacitive discharge igni 
tion system of the above described type which has all 
of the attributes of a conventional capacitive discharge 
ignition system and which avoids substantially the limi 
tations of such a system as‘ described heretofore. > 

Briefly, a preferred embodiment of a capacitive dis 
charge'ignition system‘according to the invention in 
cludes a storage capacitor which is initially charged. An 
auxiliary capacitor in a spark duration extending or 
lengthening circuit is also charged vwith the main stor 
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age capacitor. Thereafter, a triggering pulse provided 
by points or a magnetic breakerless arrangement oper~ 
ates a first silicon controlled recti?er to discharge the 
main capacitor into the ignition coil. The discharge 
provides a transistor of a blocking oscillator employed 
initially to charge the capacitors, with base bias. The 
emitter voltage of the lastmentioned transistor thereby 
provides a signal to operate a timer circuit in the spark 
duration lengthening circuit. The timer circuit, after a 
0.4 millisecond delay, triggers a second silicon con 
trolled recti?er in the auxiliary circuit, to in turn, dis 
charge the auxiliary capacitor into the ignition coil. 
The additional energy from the auxiliary capacitor sub 
sequent to the 0.4 millisecond delay, ‘provides an in— 
crease in spark duration of approximately 0.350 milli 

. seconds, depending on the size of the auxiliary capaci 
tor and the timer circuit. 

DESCRIPTION OF THE’ DRAWING 

In‘ the single FIGURE of the drawing, there is illus 
trated a schematic diagram of the improved capacitive ‘ 
discharge ignition system including spark duration ex 
tender circuitry according to the invention. 7 

DETAILED DESCRIPTION 

Referring now to the single FIGURE of the drawing, 
there is illustrated therein a capacitor discharge igni 
tion system for an automotive vehicle according to the 
invention, designated generally by the numeral 10. The 
ignition system includes a capacitive discharge ignition 
circuit portion and spark duration extender circuit por 
tion, each of which is outlined in dashed lines. ‘ 
The capacitive discharge ignition circuit portion of 

the ignition system comprises an oscillator circuit, in 
cluding a transistor 18 having base, emitter and collec 
tor electrodes 20, 22, 24, respectively. The base elec 
trode 20 is connected through a bias resistor 26 to junc 
tion 28 whereat a capacitor 30 and parallel diode resis 
tor combination 32 are connected. The lastmentioned 
combination is also connected to the secondary 34 of 
a transformer 36; the primary 38 of the transformer 
being connected to the emitter 22 of the transistor 18. 
The collector 24 of transistor 18 is connected via lead 
40 through a reverse polarity protecting diode 42 and 
an ignition switch 44 to the vehicle battery (not 
shown). . 

Capacitor 30.is also connected over lead 46 to the 
emitter 48 of a second transistor 50 of the capacitive 
discharge circuit portion 12. A resistor 47 is connected 
between the emitter 48 of transistor 50 and lead 40, 
and a capacitor 49 is coupled between lead 40 and 
ground potential. The transistor 50 includes base and 
collector electrodes ,52, 54, respectively, the latter of 
which is connected to ground potential. The base elec 
trode 52 of transistor 50 is connected through a tran 
sient protecting diode 56 and resistor 58 to circuitry in? 
cluding the system storage capacitor 60. ' 
The last-mentioned circuitry includes a transformer 

winding 62 coupled inductively to the transformer 36. 
Connected in series with the winding 62 is a silicon 
controlled rectifier switch 64, the primary 66 of igni 
tion coil 68 of the system and diodes 70, 72. Capacitor 
60 is connected across the output winding 62 alongv 
with a “free wheeling” diode 74 which permits contin 
ued current flow in the ignition coil subsequent to. the 
discharge of the capacitor 60, and a transient protect 
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ing device 76. The secondary 78 of the ignition coil is 
coupled to a distributor (not shown). 
The controlled recti?er switch 64 includes a control 

electrode 80 which is connected through a transformer 
82 to the breaker points or magnetic pickup (not 
shown) of the system which provides a trigger pulse to 
operate the silicon controlled recti?er to an on condi 
tron. 

Connected to the capacitive discharge ignition cir 
cuit portion of the system 10, is a spark duration ex 
tender circuit portion. The last-mentioned circuit por 
tion includes an auxiliary storage capacitor 84 con 
nected at one terminal at junction 86 to the main stor 
age capacitor 60, and at the other terminal at junction 
88 whereat the cathode of a diode 90 and anode of a 
second silicon controlled recti?er switch 92 is also con 
nected. The anode of the diode 90 is coupled over lead 
94 to one side of winding 62 and the cathode of the sili 
con controlled recti?er 92 is coupled at junction 96 to 
the cathode of silicon controlled recti?er 64. Gate elec 
trode 98 of the silicon controlled recti?er 92 is coupled 
through a transformer to a programmable unijunction 
transistor (PUT) 102 forming a portion of a timing cir 
cuit, including also, capacitor 106 connected between 
ground potential and junction 108 whereat the anode 
of the PUT and a resistor 110 are also connected. The 
control electrode 112 of the PUT 102 is coupled 
through a voltage divider network including resistors 
114, 116, and a diode 118 and over lead 120 to one 
side of the primary winding 34 of transformer 36 of the 
blocking oscillator 16. 

In operation, the ignition switch 44 is closed initially 
to provide power from the storage battery to the capac 
itive discharge ignition system for initiating operation 
thereof. A high voltage spike produced normally by the 
closing of the ignition switch 44 is usually sufficient to 
bias transistor 18 to the on condition to begin the igni 
tion cycle. In the event the high voltage spike is not 
present, most likely due to the abnormally slow closing 
of the ignition switch, transistor 50 insures the initia 
tion of the cycle. 

In the last~mentioned case, current from the battery 
charges capacitor 30 slowly through resistor 47. At this 
time, while cranking the engine, a trigger signal is pro 
vided from the magnetic pickup or points to the control 
electrode 80 of silicon controlled recti?ers (SCR) 64 
to turn the last-mentioned component on. Turning on 
SCR 64 provides a ground potential at the base elec 
trode 52 of transistor 50 to turn the transistor on also. 
The turning on of transistor 50 discharges capacitor 30 
and the SCR 64 turns off due to the high values of resis 
tors 47 and 58 which limit current to the SCR below 
that required to hold it on. With SC R 64 off, the ground 
at base 52 of transistor 50 is removed and the latter is 
also turned off. 
At this point in time, the emitter 48 of transistor 50 

is at the potential of the vehicle storage battery and ca 
pacitor 30 is once again charged through resistor 47. 
Current ?owing through the capacitor 30 provides base 
bias to transistor 18 of oscillator circuit 16 thereby to 
turn the transistor on. 
Once transistor 18 is turned on, either by the initial 

high voltage spike from the closing of ‘ignition switch 44 
or through the operation of transistor 50 as described 
heretofore, the ignition cycle has been initiated. 
Transistor l8 stays on so long as capacitor 30 is 

charging. Upon capacitor 30 being fully charged, the 
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4 
bias on transistor base 20 of transistor 18 is removed to 
turn the last~mentioned transistor off. During the oper 
ation of transistor 18, current was ?owing through 
emitter 22 and the winding 38 to ground. At the time 
the transistor is turned off, a high voltage appears at the 
winding 38 and is inductively coupled to winding 62 to 
produce a current ?ow therethrough for charging the 
main storage capacitor 60 via diode 72, and auxiliary 
capacitor 84 of the spark duration extender circuit por 
tion through diodes 90 and 72 with the polarities as 
shown in the drawing. 
A subsequent trigger signal from the ignition points 

or breakerless pickup, via transformer 82 ‘to control 
electrode 80 of SCR 64, operates the latter to complete 
a series circuit including capacitor 60, SCR 64, the pri 
mary 66 of ignition coil 68 and forward biased diode 70 
to discharge capacitor 60 into the ignition coil for pro 
vision of a spark via the vehicle distributor (not 
shown). . 

During the discharge of capacitor 60, the variation in 
current through winding 62 induces a voltage back into 
coil 38 of transformer 36 which is passed to the primary 
winding 34 and to base 20 of the transistor 18, to turn 
the last-mentioned transistor on. The operation of tran 
sistor 18 provides a voltage across winding 34 to pro 
duce a current on lead 120 for operating the timer cir 
cuit of the spark duration extender circuit portion. Ca 
pacitor 106 of the timer circuit is charged until the volt 
age at junction 108 is greater than the divided down 
voltage at the gate electrode 112 of PUT 102, thereby 
rendering the lastmentioned component conductive. 
Normally, the delay in operating PUT 102 is on the 
order of 0.4 milliseconds, sufficient to permit capacitor 
60 to be discharged. Subsequent to the operation of 
PUT 102, transistor 18 is rendered non-conductive. 
The time it takes transistor 18 to return to an off or 
non-conductive state is sufficiently longer than the time 
it takes to turn PUT 102 on. 
When PUT 102 is turned on, a trigger signal is pro 

vided by the discharge of capacitor 106 therethrough, 
through transformer 100 to gate electrode 98 of SCR 
92 to turn the last-mentioned component on. Turning 
on SCR 92 completes a circuit including auxiliary ca 
pacitor 84, SCR 92, the primary 66 of ignition coil 68 
and diode 70, to discharge the auxiliary capacitor into 
the ignition coil. The discharging of capacitor 84 
thereby extends the spark duration initiated by the dis 
charge of capacitor 60. The spark duration is increased 
by approximately 0.350'milliseconds. 
Subsequent to the full discharge of capacitor 84 into 

the ignition coil, SCR 92 is rendered non-conductive. 
Upon the turning off of transistor 18, a high voltage is 
induced from winding 38 of transformer 36 into wind 
ing 62 to once again charge capacitors 60 and 84 and 
to repeat the cycle. . 

Thus, the circuit according to the invention provides 
a capacitive discharge ignition system which has the at 
tributes of a conventional capacitive discharge ignition - 
circuit, as well as a sufficiently long-spark duration to 
provide better engine starting in cold weather and to 
lessen the criticality of timing of the engine with which 
the capacitive discharge ignition system is used. 
While a particular embodiment of the invention has 

been shown and described, it should be understood that 
the invention is not limited thereto since many modi? 
cations may be made. It is therefore contemplatedto 
cover by the present application any and all such modi 
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fications as fall within the true spirit and scope of the 
appended claims. 

I claim: 
1. In a capacitive discharge ignition system for use 

with an internal combustion engine, including a main 
storage capacitor, an ignition coil coupled electrically 
to said storage capacitor for providing ignition output 
voltage for operating the engine, means coupled elec 
trically to said storage capacitor for charging said ca 
pacitor, means for producing trigger pulses in accor 
dance with the operation of the engine and controlled 
switch means coupled electrically to said pulse trigger 
means and said storage capacitor for operation in ac 
cordance with the receipt of a pulse from said trigger 
means to discharge said storage capacitor into said igni 
tion coil, spark duration extending circuit means in 
cluding in combination: an auxiliary capacitor coupled 
electrically to said ignition coil and to said charging 
means and being charged by said last-mentioned 
means, a second controlled switch means connected 
electrically to said auxiliary capacitor for discharging 
the last-mentioned capacitor in accordance with the 
operation of said second controlled switch means, os 
cillator circuit means inductive means coupling said os 
cillator circuit means to said main and auxiliary capaci 
tors and timer circuit means coupled electrically to said 
oscillator circuit means and to said second controlled 
switch means, said oscillator circuit means being oper 
ated in response to the receipt of a voltage inductively 
provided upon the discharge of said main‘capacitor, 
said oscillator means thereby providing a signal to said 
timer circuit means, said timer circuit means being op 
erable in response to the receipt of said signal from said 
oscillator circuit to operate said second controlled 
switch means for discharging said auxiliary capacitor 
into said ignition coil, said timer circuit means includ 
ing delay means having a predetermined delay period 
for delaying the discharge of said auxiliary capacitor a 
predetermined time after the initiation of the discharge 
of said main storage capacitorrthereby to extend the 
duration of the ignition output voltage of said ignition 
coil, 

2. A capacitive discharge ignition system as claimed 
in claim 1 wherein said oscillator circuit means com 
prises said charging means and wherein said oscillator 
circuit means is operable between an on and off condi 
tion, said oscillator circuit means being operable be 
tween said on and off condition ?rstly for inductively 
charging said main and auxiliary capacitors and se 
condly, upon discharge of said main capacitor, for op 
erating said timer circuit means and for recharging said 
capacitors. 

3. A capacitive discharge ignition system as claimed 
in claim 1 further including ignition switch means oper 
able between actuated and unactuated positions, and 
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connected electrically to a source of power, and , 
wherein said capacitor charging means includes solid 
state switch means coupled to said ignition switch 
means and operable in accordance with the actuation 
of the latter to an on condition and transformer means 
coupled electrically to said solid state switch means and 
to said main storage and auxiliary capacitors, said solid 
state switch meansremaining in the on condition for a 
predetermined time period after‘actuation of said igni 
tion switch means and thereafter being operated to an 
off condition, to induce a high voltage in said trans 
former means for charging said capacitors. 

65 
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4. A capacitive discharge ignition system as claimed 

in claim 3 wherein said timer circuit means is coupled 
electrically to said transformer means and wherein 
upon discharge of said main storage capacitor, a volt 
age is induced in said transformer means to operate 
said solid state switch means to provide current to said 
timer circuit means for operation thereof. 

5. A capacitive discharge ignition system as claimed 
in claim 4 wherein said timer circuit means ‘of said 
spark duration extender circuit includes solid state 
switch means and capacitor means coupled thereto, 
said capacitor means being charged in response to cur 
rent from said charging means upon discharge of said 
main storage capacitor, said capacitor means having a 
predetermined charging time, said solid state switch 
means being operable to an on condition in response to 
the charging of said capacitor means, thereby to dis— 
charge said capacitor means for operation of said sec 
ond controlled switch means. 

6. A capacitive discharge ignition system for use with 
an internal combustion engine, including in combina 
tion; a main storage capacitor, an auxiliary storage ca 
pacitor, an ignition coil coupled electrically to said , 
main and auxiliary capacitors for providing a high volt 

. age output for operation of said engine, charging means 
coupled electrically to said main and auxiliary capaci 
tors, said charging means being operable to charge said 
capacitors, trigger pulse means operable to provide 
periodic trigger pulses in accordance with the opera 
tion of said engine, ?rst switch means connected to said 
main storage capacitor and to said trigger pulse means 
and operable in response to the receipt of a pulse from 
said trigger pulse means to discharge said main storage 
capacitor into said ignition coil, second switch means 
connected to said auxiliary capacitor and to said igni 
tion coil, and timer circuit means coupled electrically 
to said system and to said second switch means, said 
timer circuit means being operable in response to the 
discharge of said main storage capacitor to operate said 
second switch means for discharging said auxiliary ca 
pacitor into said ignition coil, said timer circuit means 
having a delay period for delaying the operation of said 
second switch means for a predetermined time 

whereby said auxiliary capacitor is discharged in suc 
cession with said main storage capacitor to extend the 
duration of output voltage from said ignition coil, 
wherein said charging means includes oscillator circuit 
means having ?rst winding means, and second winding 
means connected to said main and auxiliary capacitors, 
said oscillator circuit means being inductively coupled 
by means of said ?rst winding means and said second 
winding means to said main and auxiliary capacitors, 
and wherein said timer circuit means is connected elec 
trically to said oscillator circuit means, whereby upon 
operation of said last-mentioned circuit means between 
an on and off condition, charging voltage is provided 
inductively via said ?rst and second winding means, re 
spectively, for charging said capacitors and upon dis 
charge of said main storage capacitor, a return voltage 
is inductively provided through said second winding 
means and ?rst winding means of said oscillator circuit , 
means, respectively, to operate said oscillator circuit 
means between an on and off condition, said oscillator 
circuit means in response thereto providing a signal to 
said timer circuit for the operation thereof“ 

7. A capacitive discharge ignition system as claimed 
in claim 6 wherein said timer circuit means includes a 
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controlled switch means and a capacitor coupled elec 
trically to said lastmentioned switch means, said capac 
itor being charged in response to the signal received 
from said oscillator circuit means, said controlled 
switch means being operated to an on condition upon 
the charging of said capacitor to a predetermined level 
thereby to operate said second switch means. 
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8 
8. A capacitive discharge ignition system as claimed 

in claim 7 wherein said ?rst and second switch means 
each comprise a silicon controlled recti?er and 
wherein said controlled switch means of said timer cir 
cuit means include a programmable unijunction tran 
sistor. 

* * * * * 


