
4                                          997,199     gate current.
ponding breakdown voltage exceeding 300      The controlled rectifier
device as repre-  volts, controlled rectifier has the characteris-
sented by the characteristics of Figure 4 has  tic of holding current in
excess of 3 am-    shorted reverse characteristics as represented  peres,
and switch 70 being the points in the  5  by the numeral 33. In other
words, the de-  distributor of an automobile ignition system. 70    vice
will conduct in the reverse direction  For optimum  performance,
transformer 60    and is almost equivalent to a short circuit as  will have
characteristics specially designed    in contrast to the reverse
characteristics of  for use in the circuit. Transformer 60 has    the
controlled rectifier device represented by  a primary inductance of
approximately 50- 10 the characteristics of Figure 3. The numeral  100
microhenries and a secondary to primary 75    25 of Figure 3 denotes the
reverse charac-  turns ratio of 200 and an effective capacit-    teristics
and indicates that the device will  ance shunting the primary whose value
is    not conduct in the reverse direction. The  much less than that of
capacitance 56.    shorted reverse characteristic 33 of the de-  Assuming
that switch 70 is closed when the 15 vice as shown in Figure 4 is attained
during  battery voltage of approximately 12 volts is 80    the diffusion
process when fabricating the  initially applied to terminal 75, current
will    device. The shorted reverse characteristics  flow through resistor
52 to ground 72. Cur-    attained during this diffusion progess aid in
rent will not pass through the other series    giving the device the
desired high holding  combination of the circuit since the gate 63 20
current.                                    of  controlled rectifier 62 is
at  ground 85      Figure 5 illustrates a circuit that has  potential when
switch 70 is closed.    applicability in an automobile ignition sys-
When switch 70 is opened, current will    tem and employs the controlled
rectifier  flow from terminal 75 through resistor 52    previously
described in Figure 4. The circuit  and through gate 63 of controlled
rectifier 25 depicted in Figure 5 is capable of attaining  62 to ground 72.
This gate current turns  90     a very hot spark across the gap 61 of the
on controlled rectifier 62 and allows a     secondary winding 59 of the
transformer 60,  current of approximately 3 amperes to flow     and at the
same time allowing both very  from terminal 75 through resistor 50, diode
fast and very slow  switching rates. The  54, inductance 55, primary 58 of
trans- 30 schematic circuit depicted in Figure 5 in-  former 60 to ground
72 through controlled 95     cludes: A serial combination of resistor 50
rectifier 62. The load line of controlled     is connected between the
positive battery  rectifier 62 is such as not to allow the con-     voltage
terminal 75 and diode 54, the other  duction current to exceed the holding
current     end of diode 54 is connected to one end of  31 referred to in
Figure 4. Therefore, con- 35 inductance 55 whose other end is connected
trolled rectifier 62 must be fabricated in such 100     to the primary 58
of transformer 60, and the  a way as to give it a holding current     other
end of the primary 58 is connected  characteristic exceeding 3 amperes.
During     to ground 72 through controlled rectifier 62.  the time the
current is being conducted     The serial combination just described is
through controlled rectifier 62, energy is 40 shunted by resistor 52 which
is connected  stored in inductance 55 in the amount of 105    between
positive battery voltage terminal  1/2 LI[err].  Energy, greatly in
deficiency of    75 and ground 72 through switch 70. Capa-  that stored in
inductance 55, is also stored    citor 56 is connected between the terminal
in the primary 58 of transformer 60 due to    71 of primary 58 of
transformer 60 and  the same current flow of 3 amperes. The 45 ground 72.
circuit remains in this condition until switch 110 



To more fully understand the operation of  70 is again closed. As switch 70
is closed,     the circuit depicted in Figure 5, a descrip-  gate 63 of
controlled rectifier 62 is returned     tion will be given that includes
specific  to ground potential. Since the conduction     values of all
components, although other  current of controlled rectifier 62 has not ex-
50 suitable values of these components may be  ceeded at the holding
current, the device 115     used without departing from the scope of  will
return to its " off " state when gate 63     the invention. The following
values of the  is returned to ground potential. Current no     components
of the circuit as depicted in  longer flows through controlled rectifier
62,     Figure 5 are known to give optimum results  but due to the energy
stored in and the  55 for the use of the circuit as an automobile
effective capacitance shunting the primary  120     ignition circuit
switching at both fast and  58 of transformer 60 as the current is     slow
speeds: Eb is the battery voltage and  abruptly  stopped, a  damped
sinusoidal     is equal to 12 volts, resistor 50 has resistance
oscillation, commonly known as "ring",     of 3 ohms, resistor 52 has
resistance of 100  is set up in the oscillator composed of pri-  60 ohms,
diode 54 has the characteristic of low  mary 58 and the effective shunting
capacity 125     forward resistance and breakdown voltage  thereacross.
Since the effective shunting     exceeding 300 volts, inductor 55 has an
capacitance is slight and the energy stored in     inductance of about 6
millihenries and a re-  primary 58 is relatively small, the resulting
sistance of about 1 ohm, capacitor 56 has a  "ring" is of very high
frequency, thereby  65 capacitance of 4 microfarads with a corres-
allowing the core of transformer 60 to ab- 130
997,199                                            5              sorb
almost entirely all of the energy re-            mary 58 and capacitor 56,
very large energy     '       presented by the "ring". Practically no
per unit time can be transferred to the energy is transferred to the
secondary 59              secondary 59 of transformer 60 to produce
of the transformer 60 due to stopping the 3            the necessary spark
at gap 61.          5 ampere current flow in the primary 58, and
During the discharge of capacitor 56, the            therefore, preignition
or sparking at gap 61            primary 58 of transformer 60 and
controlled does not occur at this time.  Due to the          rectifier 62
will withstand a large current              tendency of inductance 55 to
maintain the              for a very short period of time say, approxi-
current flow, capacitor 56 will be charged             mately 40 amperes.
As soon as capacitor 56        10 to a voltage greatly exceeding that of
the           is discharged, normal current will flow, say
battery potential E[err], e.g., to approximately       approximately 3
amperes, through in-                150 volts.  At this time current ceases
to             ductance 55 and transformer primary 58.    flow in
inductance 55.  Due to the high                   Again, energy is stored
in inductance 55,             voltage of capacitor 56 a means is necessary
and the cycle starts over.  By operating the *-      15 to prevent backward
discharging through in-           switch 70 in the desired sequence, the
spark               ductance 55 and resistor 50.  (Since controlled
in gap 61 may be obtained at desired in-            rectifier 62 is in its
"off" state no current          tervals.              can flow through this
portion of the circuit).           Figure 6 depicts a circuit that is very
Diode 54 prevents reverse current flow and                similar to that
of Figure 5 with the excep-         20 capacitor 56 retains its charge
until con-             tion that controlled rectififer 80 is charac-
trolled rectifier 62 again returns to its                 terized by a much
smaller holding current       "on" state.  Controlled rectifier 62 remains
value than that of controlled rectifier 62 



in its "off" state until switch 70 again                  previously
described.  The holding current                opens. At this time,
capacitor 56 discharges           value of controlled rectifier 80 is only
a few       25 rapidly through the primary 58 of trans-
milliamperes and when the controlled recti-                former 60 to
ground through controlleded                  fier is cut on, the conduction
current from rectifier 62.  The discharge results from the
P-emitter to N-emitter exceeds that of the                placing of
capacitor 56 in electrical parallel         holding current value.
Therefore, the opera-      -     with the primary 58 through which current
tion of controlled rectifier 80 in this circuit             30 can now flow
to ground 72.  The energy                    is similar to that as
described in Figure 3,                stored in capacitor 56 is much larger
than                and simply returning the gate 83 to ground
was previously stored in the primary 58                   potential does
not return the device to its                 when the 3 ampere current flow
was                        "off" condition.  Other techniques must
stopped.  The shunting capacitance due to                 therefore be used
to make the circuit operate       35 capacitor 56 greatly exceeds that of
the               successfully when using a controlled rectifier
effective shunting capacitance inherent in                of such small
holding current.  Figure 6              transformer 60.  Therefore, a
damped sinu-                is an example of such a circuit that will
soidal oscillation of much lower frequency                work
successfully.  However, it employs an                 than previously
described occurs as a re-                 additional capacitor and diode.
40 sult of the oscillator composed of primary                  Capacitor 56
is connected between primary      58, capacitor 56 and the energy stored
58 of transformer 60 and switch 70 to serve              therein.  Because
of the low frequency of                 the dual purpose of aiding in
turning off                  oscillation, very little energy is lost in the
controlled rectifier 80 and also supplying         core of transformer 60,
and almost entirely               the current pulse that produces the spark
45 all of the energy is transferred to the                   at gap 61.
The additional capacitor 57 is                  secondary 61 of transformer
60 as a fast                  connected between gate 83 of controlled
transient high voltage pulse.  A spark is                 rectifier 80 and
switch 70 to serve the pur-                 ignition source.
pose of aiding in cutting off controleed               50 Since the rate of
energy being trans-                  by passes switch 70 in order to
provide a 115                   ferred through the primary 58 of
transformer    current path for discharge of capacitor 56.          60
determines the power dissipated across    Assuming  that switch  70  is
initially        gap 61, capacitor 56 must be allowed      closed  when
the battery  voltage E[err]  is                to discharge rapidly through
this portion    applied to terminal 75, current will flow                55
of the circuit.  Therefore, the time period  through resistor 52 to ground.
Controlled 120        of primary 58 and capacitor 56 is adjusted
rapidly to approximately one or two volts        so as to allow this fast
discharge. It is well  rectifier 80 will not conduct as yet since
known in the art that the cut-on time of    no gate current has been
provided to turn        four layer controlled rectifier is, in general,  it
on. When switch 70 is opened. current                much more rapid than
the cut-off time. Since      flows through the serial combination of re-
125                    the cut-on time of controlled rectifier 62 is
sistor 52, capacitor 57 and resistor 53 to                    very rapid,
the rate of discharge of capacitor     ground 72, thereby raising the
voltage at                    56 through primary 58 of transformer
gate 83 and cutting on controlled rectifier                is not increased
thereby.  Therefore, by             80. Current then flows  from  terminal
75                65 properly adjusting  the  time period of pri-
through resistor 50, diode 54, inductance 55, 130        



6                                          997,199     and primary 58 of
transformer 60 to ground    Illustrated in Figure 7 is a circuit very    72
through controlled rectifier 80.  The  similar to that of Figure 5 with the
ex-    voltage of terminal 71 between inductance  ception that controlled
rectifier 62 is re-    55 and primary 58 of transformer 60 drops  placed by
a transistor 90 of special charac-  5 above ground potential due to the
conduc-  teristics. Transistor 90 must have the charac- 70    tion of
controlled rectifier 80.  Once the  teristics of withstanding a current
flow of    voltage of terminal 71 is dropped to a low  approximately 3
amperes from collector to    value, current flows from  terminal 75
emitter. In addition, it must be able to with-    through resistor 52 and
capacitor 56, there-  stand the current surge of approximately 40 10 by
charging it to a value of approximately  amperes as capacitor 56 discharges
through 75    E[err] minus the one or two volts drop-across  primary 58 of
transformer 60 to produce    controlled rectifier 80.  During this time,
the spark at gap 61. By replacing con-    capacitor 57 is charged to its
full value, and  trolled rectifier 62 with transistor 90, the    current no
longer flows through the gate 83   concern with holding current is
eliminated, 15 of controlled rectifier 80.  Although gate  for transistor
90 may be cut off rapidly by 80    83 of controlled rectifier 80 is now
returned  simply returning the base 93 to ground    to ground potential,
the device continues to  potential.  The simple operation of open-
conduct since it has exceeded its holding  ing and closing switch 70 cuts
the transistor    current value. Also, during the conduction  90 on and
off. 20 time of controlled rectifier 80, energy is    The operations of the
circuits as illus- 85    stored in inductance 55 in the amount of  trated
in Figures 5 and 7 are identical with    1/2 LI[err]. The circuit now
remains in this  the exception that a transistor is interchanged    state
until switch 70 is again closed. When  with a controlled rectifier device.
Those    switch 70 is closed the voltage at terminal familiar in the art
will realize that a con- 25 71 and the voltage at gate 83 of controlled
trolled  rectifier device will much  more 90     rectifier 80 drop to about
eleven volts below  readily sustain the high current pulses neces-
ground potential due to the charge on capa-  sary for the operation of this
circuit. There-     citors 56 and 57, respectively. The negative  fore, the
circuit as illustrated in Figure 5     voltages applied across both
P-emitter 81/N-  is more desirable from this standpoint than 30 emitter 82
and gate 83/N-emitter 82 re-  that illustrated in Figure 7. It should be 95
duce the conduction current below the hold-  noted, however, that in both
circuits success-     ing current value, thereby causing the de-  ful
operation can be effected by simply open-     vice to return to its off
state. Transformer  ing and closing a switch 70. Figure 6 re-     60 with
its related primary and effective  presents a circuit in which the featured
type 35 capacitance features are essentially the same  of operation is
possible due to the charac-  100     as those described  in  conjunction
with  teristics of the controlled rectifier device     Figure 5 and no
preignition occurs at this  employed. However, as previously explained,
time.                                       successful operation is
effected by the action       As previously described in conjunction  of
capacitors 56 and 57 which aid in cutting 40 with Figure 5, inductance 55
tends to sus-  off the controlled  rectifier device when  105     tain the
current flow in the circuit.  Since  necessary. In addition, it should be
pointed     controlled rectifier 80 is now cut off and  out with regard to
Figure 6 that the switch     current cannot flow in this path, inductance
70, or what will normally be the points in an     5 charges capacitor 56 to
a large value  automobile ignition system, carries a high   - 45 to
approximately 150-200 volts. Diode 54  current during one portion of the
cycle as 110     again serves the purpose to prevent this  the stored
energy in inductance 55 charges     charge from  leaking off. As switch 70
is  capacitor 56 to the high voltage necessary     again opened, charging
current for capacitor  to produce the high current pulse. Switch 



57 flows to gate 83 and thence, to ground, 70 is closed at this time and
must carry 50 thereby causing  the controlled rectifier 80  approximately 3
amperes of current. How- 115     to return to its "on" state.   A  high
ever, no burning or pitting of the switch or     current discharge through
primary 58 of  points is encountered due to this high current
transformer 60 in the amount of approxi-  flow since the switch remains
closed during     mately 40 amperes is produced due to the  this interval.
The ordinary automobile points  55 high voltage charge on capacitor 56.
Diode  or switch are sufficiently large in cross- 120     85 provides the
path for which this dis-  sectional area to withstand a 3 ampere     charge
can take place since switch 70 is  current flow without great damage to the
now open. Once the discharge of capacitor  critical parts.  This is in
contrast to the     56 through the primary 58 of transformer  old
automobile ignition circuit in which 60 60 is completed, the cycle starts
over.     high voltage is generated across the points 125       It is seen
that the circuit as depicted in  or switch when they are opened. Such high
Figure 6 produces the same results as that  voltage increases tend to
produce a spark     of Figure 5 while the same time utilizing  across the
points thereby pitting them and     a controlled rectifier device that has
a much  burning them.  65 smaller holding current value.                For
successful operation of the circuit as 130
997,199   illustrated in Figure 5, the controlled recti-   nected to one
end of the primary 58 of   tier must have characteristics such that it
transformer 60; the other end of the primary                       will
stand a normal P-emitter to N-emitter       58 is connected to the
P-emitter 102 of con-    current flow of approximately 3 amperes
trolled rectifier 100, and the N-emitter          5  and have a high
holding current, that is, in     103 is connected directly to ground 72.
excess of three ampres. There are many           Capacitor 56 interconnects
the P-emitter 106 controlled rectifier devices that are pro-       of
controlled rectifier 104 with the junction duced that do not possess both
of these          between inductance 55 and primary 58 of        desirable
features.  In many instances a         transformer 60; and capacitor 57
inter- 10 controlled rectifier device can be fabri-        connects the
P-emitter 106 with gate 101 of    cated in such a way as to give it a
charac-      controlled rectifier 100, the gate 101 being    teristic of
high holding current but cannot        To more fully clarify the operation
of the        withstand the high P-emitter to N-emitter        circuit
referred to in Figure 8 assume that        current flow.  In other cases
where a con-       both controlled rectifiers 100 and 104 are 15 trolled
rectifier device is fabricated such      initially in their "off" state and
that switch that the device will withstand a high P-         70 is closed.
If a d.c. voltage E[err] is applied     emitter and N-emitter current flow,
the hold-    at terminal 75, current will flow from ter-          ing
current is usually of a low value.  When     minal 75 through resistor 52
to ground 72,        such is the case, two controlled rectifiers
thereby preventing controlled rectifier 104      20 of different
characteristics are utilized as     from conducting by putting the gate 105
at 



illustrated in Figure 8 to perform the de-       ground potential 72.
Current also flows sired function as an automobile ignition         through
the series path of resistor 51, capaci-         system.  In Figure 8 the
points or switch        tor 57 and resistor 53 to ground 72.  During 70 are
operatively isolated from all possible    the time that capacitor 57 is
charging, some   25 high energy parts of the circuit, as distin-
current flows through gate 101 of controlled          guished from the
circuits of Figure 6.  Re-      rectifier 100 to ground 72, thereby causing
ferring to Figure 8, the switch 70 never         controlled rectifier 100
to conduct.  Reference        carries a current greater than a few milli-
to Figure 3 shows that controlled rectifier     amperes.  Controlled
rectifier 100 has a          100 is "cut on" by a relatively small gate  30
characteristic of sustaining a high current    current, say 10
milliamperes, and the con-               flow from P-emitter to N-emitter
but has         duction of current from the P-emitter 102 to the
disadvantage of a low holding current.       N-emitter 103 exceeds that of
the holding Controlled rectifier 104 does not have to        current, where
the holding current is less           withstand such high current flow but
does        than, say 20 milliamperes.  The voltage of     35 have a high
holding current.  Controlled       the P-emitter 102 drops from the
original E[err] rectifiers 100 and 104, respectively, act in     value to
approximately one volt above cooperation with one another such that the
ground potential due to conduction of con- desired switching from one to
the other          trolled rectifier 100, thereby allowing capa- may be
effected.                             citor 56 to charge through resistor
51.  At 40  The schematic circuit in Figure 8 in-          the same time,
current flows through the         cludes: Two controlled rectifiers 100 and
series combination of resistor 50, diode 54         104 acting in
cooperation with each other,       and inductance 55, thereby storing
energy in      controlled rectifier 104 performing the func-    inductance
55.  Also during this time,           tion of cooperating with switch 70 to
switch     capacitor 57 is charged up, and no more cur-   45 the controlled
rectifier 100 to the "on"         rent flows through resistor 53.  This
returns        state or the "off" state, whichever the          gate 101 to
ground potential but does not           case may be; the P-emitter 106 of
the con-       stop the controlled rectifier 100 from con-
trolled rectifier 104 being connected to the     ducting due to the
characteristics as ex-   positive battery terminal 75 through the
plained in connection with Figure 3.            50 series resistance 51,
and N-emitter 107 of         After capacitor 56 is charged, the circuit
the controlled rectifier 104 being connected     remains in a steady-state
condition until          directly to ground 72.  Resistor 52 is con-
switch 70 is opened.  The capacitors 56 and                    nected from
the positive battery ter-        57 are charged to a voltage of
approximately minal 75 to gate 105 of the controlled recti-    E[err].
When switch 70 is opened, current flows 55 fier 104 in shunt across the
serial combina-     through gate 105 of controlled rectifier 104 tion of
resistor 51 and controlled rectifier     and causes current to conduct from
P-emitter 104, and the gate 105 is also electrically       106 to N-emitter
107 but not in excess of the connected to the switch 70, the other side of
holding current.  The gate current required            switch 70 being
connected directly to ground     to turn on this device is approximately 10
60 72. One end of resistor 50 is connected        milliamperes.  The
characteristics of this de- to the positive battery terminal 75, the other
vice are as described in Figure 4 and this end of resistor 50 is connected
to the anode     operation should be distinguished from that of diode 54;
the cathode of diode 54 is con-     of controlled rectifier 100. nected to
one end of the inductance 55, the        As controlled rectifier 104
conducts, the   65 other end of the inductance 55 being con-       



8                                           997,199        voltage of the
P-emitter 106 drops from ap-  with respect to time.       proximately
E[err] to about one volt or less    Again, capacitors 56 and 57 charge to
above ground potential.  The voltages at  approximately Eb as before and
the cycle       connection 71 and gate 101 drop to approxi-  starts over.
It is a distinct feature of this     5 mately a value of E[err] below
ground potential  circuit that because of the well adjusted load 70
due to the voltages on capacitors 56 and 57,  line characteristics of both
controlled recti-       thereby back-biasing both the P-emitter/N-  fiers
100 and 104 and the transfer of the       emitter and gate/N-emitter of
controlled  energy to the primary of transformer 60 dur-       rectifier
100, cutting it off. As previously  ing the cut-on time of controlled
rectifier    10 indicated, no spark or large energy release at  100, high
repitition rates can be attained and 75       gap 61 of transformer 60
occurs at this time  at the same time ample energy can be trans-       due
to the relative values of the circuit com-  ferred to the gap 61 of
transformer 60. The       ponents.
importance of the action of capacitors 56 and Inductance 55 will tend to
sustain the  57 in back-biasing controlled rectifier 100 to    15 cent flow
even though controlled rectifier  aid in cutting it off, and the
transferring of 80       100 acts as an open circuit. Therefore, in-  the
high energy current pulse by capacitor 56       ductance 55 will force
current from terminal  through the primary 58 of transformer 60       75
through capacitor 56 and controlled recti-  should be noted.       fier 104
to ground 72. The large amount of    In certain instances it would be
desirable   20 energy stored in inductance 55 will be trans-  to have more
voltage across capacitors 56 .85.       ferred to capacitor 56 as a large
voltage, say  and 57 than represented by  E[err] during the       150-200
volts. Diode 54 prevents the energy  time that these capacitors are
back-biasing       represented by this voltage from draining off
controlled rectifier 100. Figure 9 represents       until the proper
current path is provided.  an arrangement which accomplishes this. It   25
As switch 70 is again closed, thereby  depicts a circuit very similar to
that of 90       grounding gate 105 of controlled rectifier 104  Figure 8
except for a series combination of       and consequently returning it to
its "off"  diode 108 and inductance 109 which have       state, current
flows through resistor 51, been added between resistor 51 and P-
charging up capacitor 57 through both re-  emitter 106 of controlled
rectifier 104.   30 sistor 53 and gate 101 of controlled rectifier    The
operation of the circuit in Figure 9 is 95       100. This action again
turns on controlled  the same as that of Figure 8 with the excep-
rectifier 100, thereby returning it to its "on"  tion that the serial
combination of diode 108       state. At the instant controlled rectifier
100  and inductance 109 increase the voltage on       turns on, the large
voltage stored in capacitor  capacitors 56 and 57 during their initial   35
56 discharges through the primary 58 of  charging time. Assume that the
circuit is 100       transformer 60 as a high current transient  switching
from the operation of one con-       pulse. The conduction path for this
current  trolled rectifier to the other due to the open-       pulse is
through primary 58, controlled recti-  ing and closing of switch 70. If
switch 70       fier 100 to ground and back through con-  is closed,
controlled rectifier 104 will be off,   40 trolled rectifier 104 in the
reverse direction.  controlled rectifier 100 will be conducting, 105
As stated previously the shorted reverse  and capacitors 56 and 57 wil be
charged to       characteristics of controlled rectifier 104 act  a voltage
of approximately E[err]. If switch 70       as a short circuit thereby
allowing current  is opened, controlled rectifier 104 will con-       to
flow through it in the reverse direction.  duct due to gate current from
gate 105 to   45 As the high energy current pulse passes  ground 72.  A
larger current then flows 110       through primary 58 of transformer 60, a
high  through the serial combination of resistor 51,       energy voltage
pulse is transferred to the  diode 108 and inductance 109 due to the
secondary 59, thereby causing a spark to be  conduction of controlled
rectifier 104, there- 



generated across gap 61.                     by storing energy in
inductance 109. None   50   As previously mentioned, the cut-on time  of
this current flows through capacitors 56 115       of controlled rectifier
100 is much more  and 57 due to the voltage across them in the       rapid
than the cut-off time. In order to  amount of Eb. Because of the conduction
of       exploit this relationship advantageously, the  controlled
rectifier 104, controlled rectifier       circuits are arranged so that the
high energy  100 is back biased by capacitors 56 and 57 as   55 current
pulse creating the spark across gap  before. Inductance 55 charges
capacitor 56 120       61 passes through primary 58 of transformer  to a
large voltage as before. The voltage       60 during the cut-on time of
controlled recti-  across capacitor 56 remains there until       fier 100.
Because of the extremely fast cut-  switch 70 is closed, and then
discharges       on time of controlled rectifier 100, this  through the
primary 58 of transformer 60,   60 allows the high energy current pulse to
have  producing the spark at gap 61. During the 125       an extremely fast
transient time. This, of  operation of closing switch 70, thereby cut-
course, means that the current pulse delivers  ting off controlled
rectifier 104, inductance       a large amount of power to the secondary of
109 tends to sustain the current flow. Due       transformer 60 since the
power is directly  to this stored energy and the battery voltage   65
proportional to the rate of change of energy  of E[err] capacitors 56 and
57 are charged to a 130                                      997,199
voltage of approximately 2E[err] or greater.  and all equivalence,
modifications and adap- These greater voltages allow capacitors 56  tions
which may be employed without depart- 55          and 57 to more forcefully
backbias controlled  ing from the scope of the claimed inven-
rectifier 100 at the appropriate time. Since  tion.        5 capacitors 56
and 57 are charged to a volt-   WHAT WE CLAIM  IS:-           age greater
than E[err], the excess charge would    1. A pulse generating circuit
comprising         leak-off were it not for the presence of diode  an
inductor, a transformer and a semicon- 60           108.
ductor switching device connected in series             It is possible to
operate circuits similar to  across a direct current power supply, a  10
those of Figures 8 and 9 without the special  capacitor connected with said
inductor and           shorted reverse current characteristic de-  said
transformer, circuit means including           scribed for controlled
rectifier 104. For in-  said semiconductor switching device effective 65
stance, Figure 10 depicts a switching circuit  at one time for establishing
current flow with-           with controlled rectifier 120 having reverse
in said inductor thereby to store energy        15 current characteristics
essentially the same as  therein, circuit means including said semi-
those of controlled rectifier 100 as described  conductor switching device
effective at an-           in conjunction with Figure 3. However, the
other time for discharging the energy stored 70           forward current
characteristics of controlled  in said inductor into said capacitor thereby
rectifier 120 are essentially the same as those  to charge said capacitor
to a voltage higher        20 of controlled rectifier 104 shown in Figures
than the voltage of said direct current power           8 and 9 and
described for in Figure 4. In  supply, and circuit means including said
such case, controlled rectifier 120 is bypassed  semiconductor switching
device effective at 75           by the diode 124 such that current willow
still another time for abruptly discharging           in the reverse
direction as capacitor 56 dis-  said capacitor through said transformer
25 charges through transformer 60 to create the  thereby to induce an
abrupt pulse of high           spark at gap 61. Diode 124 only conducts
voltage therein. 



in one direction and does not effect the    2. A circuit according to claim
1 wherein 80           operation of the circuit in any other manner.  the
said capacitor is connected in parallel             Although the invention
has been illu-  with the transformer and the switching        30 strated by
particular embodiments thereof,  device.           it is not limited to the
specific circuits herein    3. A circuit as claimed in either claim 1
disclosed. Various applications, modifica-  or claim 2 in which the
switching device is a 85           tions, and arrangements of the invention
will  controlled semiconducting rectifier.           readily occur to those
skilled in the art. For    4. A circuit as claimed in either claim 2
35 example, in certain embodiments, a mechani-  or claims 2 and 3 in which
the said capacitor           cal switch may be advantageously employed  is
connected in series with a rectifier and in           for alternately
closing and opening the elec-  which the capacitor and the rectifier are
con- 90           trical path through the spark coil or trans-  nected in
parallel with the transformer and           former. In addition, in other
embodiments,  the switching device.        40 transistors could be
variously employed to    5. A circuit as claimed in any one of the
effect the desired switching operations. In  preceding claims in which the
series con-           still other embodiments, different transducing
nected inductor and switching device are 95           elements could be
employed as, for example, connected in series with a diode.
gas-discharge lamps for producing  high    6. A  circuit substantially as
described        45 energy flashes of light.                    with
reference to and as shown by any one              The terms and expressions
hereinbefore  of Figures 5 to 10 of the accompanying            employed in
reference to the invention are  drawings.
100            used as terms of description and not of
limitation, and there is no intention in the        J. A. KEMP & CO.,
50 use of such terms and expressions of ex-          Chartered Patent
Agents,            cluding equivalence of the features shown
14 South Square,            and described or parts thereof, but on the
Gray's Inn,            contrary it is intended to include herein any
London, W.C.1.         Berwick-upon-Tweed: Printed for Her Majesty's
Stationery Office by The Tweeddale Press Ltd.-1965        Published at The
Patent Office, 25 Southampton Buildings, London, W.C.2 from  which copies
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997,199          voltage of approximately 2E[err] or greater.  and all
equivalence modifications and adap- These greater voltages allow capacitors
56  tions which may be employed without depart- 55 and 57 to more
forcefully backbias controlled  ing from  the scope of the claimed inven-
rectifier 100 at the appropriate time. Since  tion.       S capacitors 56
and 57 are charged to a volt-   WHAT WE CLAIM  IS:-         age greater
than E[err], the excess charge would    1. A pulse generating circuit
comprising         leak-off were it not for the presence of diode  an
inductor, a transformer and a semicon- 60         108.
ductor switching device connected in series           It is possible to
operate circuits similar to  across a direct current power supply, a
10 those of Figures 8 and 9 without the special  capacitor connected with
said inductor and 



shorted reverse current characteristic de-  said transformer, circuit means
including         scribed for controlled rectifier 104. For in-  said
semiconductor switching device effective 65         stance, Figure 10
depicts a switching circuit  at one time for establishing current flow
with-         with controlled rectifier 120 having reverse  in said
inductor thereby to store energy      15 current characteristics
essentially the same as  therein, circuit means including said semi-
those of controlled rectifier 100 as described  conductor switching device
effective at an-         in conjunction with Figure 3. However, the  other
time for discharging the energy stored 70         forward current
characteristics of controlled  in said inductor into said capacitor thereby
rectifier 120 are essentially the same as those  to charge said capacitor
to a voltage higher     20 of controlled rectifier 104 shown in Figures
than the voltage of said direct current power         8 and 9 and described
for in Figure 4. In  supply, and circuit means including said         such
case, controlled rectifier 120 is bypassed  semiconductor switching device
effective at 75         by the diode 124 such that current will flow  still
another time for abruptly discharging         in the reverse direction as
capacitor 56 dis-  said  capacitor through said transformer     25 charges
through transformer 60 to create the  thereby to induce an abrupt pulse of
high        spark at gap 61. Diode 124 only conducts  voltage therein.
in one direction and does not effect the    2. A circuit according to claim
1 wherein 80        operation of the circuit in any other manner.  the said
capacitor is connected in parallel           Although the invention has
been illu-  with  the transformer and  the switching     30 strated by
particular embodiments thereof,  device.        it is not limited to the
specific circuits herein    3. A circuit as claimed in either claim  1
disclosed. Various applications, modifica-  or claim 2 in which the
switching device is a 85        tions, and arrangements of the invention
will  controlled semiconducting rectifier.        readily occur to those
skilled in the art. For    4. A circuit as claimed in either claim 2     35
example, in certain embodiments, a mechani-  or claims 2 and 3 in which the
said capacitor        cal switch may be advantageously employed  is
connected in series with a rectifier and in        for alternately closing
and opening the elec-  which the capacitor and the rectifier are con- 90
trical path through the spark coil or trans-  nected in parallel with the
transformer and        former. In addition, in other embodiments,  the
switching device.     40 transistors could be variously employed to    5. A
circuit as claimed in any one of the        effect the desired switching
operations. In  preceding claims in which the series con-        still
other embodiments, different transducing  nected inductor and switching
device are 95        elements could be employed as, for example, connected
in series with a diode.        gas-discharge lamps for producing  high
6. A  circuit substantially  as described     45 energy flashes of light.
with reference to and as shown by any one          The terms and
expressions hereinbefore  of Figures 5 to 10 of the accompanying
employed in reference to the invention are  drawings.
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