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BACKGROUND OF THE INVENTION

The present invention pertains generally to pulse cir-
cuit devices and more particularly to inductive storage
pulsgse circuit devices. This invention is the result of a
contract with the Department of Energy (Contract No.
W~7405-ENG~36) . 4

With the advent of pulse lasers and other such devices
which require electrical pulse enerqy for operation, the
requirements for a device capable of producing repetitive
high power pulses of electrical enerqy have increased

greatly. 1In applications where pulse power is needed for
a limited period, energy storage systems have many practi-
cal advantages over continuous duty power sources. The
high energy storage density of inductors (2-20 MT/m3)
versus the energy storage of capacitors (0.2 MJ/m3) is

the controlling factor favoring inductive storage systems
over capacitive storage systems, particularly for large
scale applications where size, weight, and cost are over-
riding considerations. '

Utilization of inductively stored energy normally re-
quires the interruption of a charging current with an
opening switch, as illustrated in Fiqure 1. Figdre 1
schematically illustrates a simplified inductive energy
storage and transfer system. The power supply 10 which is
usually a relatively low voltage power supply, charges the

~ energy storage coil 12 through switch 14 to a peak current

level IO' Switch 14 must be capable of carrying the
coil current during the charge and hold times with low



10

15

20

25"

30

dissipation. To cause the current to transfer to the load
16, switch 14 must be rapidly opened to rapidly increase
I:s imﬁedance to a value much greater than the impedance
of load 16. After transfer of energy f;om the switch 14
to the load 16, the opening switch must withstand the re-
covery voltage generated by the load. For repetitive
operation, the switch must close again to terminate each
6utput pulse and then repeat the opening/closing cycle.
The obtainable pulse rise time, pulse width, and pulse
repetition rate are all dependent upon the operational
characteristics of switch 14. Since requirements for
pulse circuit devices have increased dramatically, it is
desirable to control these parameters separately to pro-
vide desired pulse wave characteristics at high power
levels. |

To achieve the desired parameters regarding puise ,
repetition frequenc% pulse rise time, etc., prior art de-
vices have attempted to improve the characteristics of
opening switch 14 illustrated in Figure 1. A number of
these prior art methods are disclosed in the Proceedings
of the Workshop on Repetitive Opening Switches (January
28-30, 1981, Durango Colorado) published April 20, 1981.
Some of the methods disclosed of achieving repetitive
energy transfers include the use of a dense plasma focus
switch, an electron beam controlled switch, a magnetically
controlled vacuum arc switch, and multiple fused or ex-
plosively actuated switches. The dense plasma focus
switch suffers from loss of control once operation is
initiated, erratic self-triqggering, a Biqh conduction
drop, and a minimum current level required for operation,
The electron beam controlled switch suffers from a high

conduction drop and the requirement of an external elec-

tron beam source. The vacuum arc switch suffers from high
switch dissipation during interruption, the requirement of
an external magnetic field source, and apparent difficulty
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in scaling to much higher power levels. Fuses and explo-
sively actuated switches suffer from the obvious require-
ment of the necessity for an additional element for each
output pulse desired.
SUMMARY OF THE INVENTION
It is therefore an object of the present invention to
provide a pulse circuit device.

It is also an object of the present invention to pro-
vide an inductive storage pulse circuit device.

Another object of the present invention is to provide
an improved inductive storage pulse circuit device.

Another object of the present invention is to provide
a pulse circuit device for delivering electrical pulses to

a load.

. ‘Another object of the present invention is to prévide
a circuit device for delivering electrical power pulses to
a load.

Another object of the present invention is to provide
a pulse circuit device for delivering electrical pulses to
a load such that pulse rise time, pulse width, and pulse
repetition freguency can be controlled independently.

Additional objects, advantages and novel features of
the invention will be set forth in part in the description

~which follows, and in part will become apparent to those

skilled in the art upon examination of the following or
may be learned by practice of the invention. The objects
and advantages of the invention may be realized and at-
tained by means of the instrumentalities and combinations
particularly pointed out in the appended claims.

To achieve the foregoing and other objects, and in ac-
cordance with the purposes of the present invention, as
embodied and broadly described herein, the apparatus of
this invention may comprise a pulse circuit device for de-
livering electrical pulses to a load comprising: an in-

ductive storage device; a power supply for generating a
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charging current, said power supply connected to said in-
ductive storage‘device; first switch means for applying
said charging current to said inductive storage device in
a predetermined direction to charge said inductive storage
device; an array of commutation switches connected in par-,
allel to said first switch means; a commutation capacitor
connected to said array of commutation switches; means for
controlling said array of commutation switches to dis-
charge said commutation capacitor through said first
switch means in a direction opposite to said piedetermined
direction to generate zero current in said first switch
means to turn-off said first switch means; second switch
means connected to said inductive storage device and said
load for delivering electrical pulses to said load when
said first switch means is turned-off; whereby said second
switch means controls the risetime and said array commuta-

tion switches controls the pulse repetition frequency of

said electrical pulses.

The present invention may also comprise, in accordance
with its objects and purposes, a circuit device for deliv-
ering electrical power pulses to a 1o0ad comprising: power
supply means for generating electrical power; an inductive
storage device connected to said power supply means; first
switch means connected to said inductive storage device
and said power supply; two sets of commutation switches
connected in parallel to said first switching means; ca-
pacitive storage means connected between said two sets of
commutation switches for delivering a reverse current to
said first switch means to turn-off said first switch
means whenever at least one set of said commutation
gswitches are turned-on; second switch means for delivering
an electrical power pulse from'said inductive storage de-

vice to said load each time said first switch means is
turned-off. '
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The advantages of the present invention are that pulse
rise time, pulse width, and pulse repetition frequency can
be controlled independently in accordance with the pre-
ferred embodiment of the invention within the switching
characteristics of separate circuit elements utilized in
the device ofAthe present invention. Additionally, the
present invention provides a unique switching arrangement
utilizing conventional circuit elements which can provide
high output power pulses not previously obtainable.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in
and$form a part of the specification, illustrate an emhod-
iment of the present invention and, together with the des-
cription, serve to explain the principles of the inven-
tion. In the drawings:

FIGURE 1 is a schematic illustration of a conventional
inductive storage pulse circuit device.

FIGURE 2 is a schematic illustration of the pulse cir-
cuit device of the present invention.

FIGURE 3 is a schematic illustration of the cdntrol
circuitry for the device of Figure 2.

FIGURE 4 is a graph illustrating coil current versus
time. ‘

FIGURE 5 is a graph illustrating current through sili-

con controlled rectifier 24 illustrated in Figure 2 versus

time.

FIGURE 6 is a graph of voltage across commutation ca-
pacitor 34 versus time,

‘ FIGURE 7 is a graph of current delivered to load 38
versus time.

FIGURF. 8 is a schematic illustration of a spark gap
switch which can be utilized in place of the silicon con-
trolled rectifiers illustrated in Figqure 2.

FIGURE 9 is a schematic illustration of a self-
breakdown spark gép switch which can be utilized in place
of silicon controlled rectifier 36 illustrated in Figure 2.
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FIGURE 10 is a schematic illustration of a self-
breakdown silicon controlled rectifier which can be uti-
lized in place of silicon controlled rectifier 36 illus-
trated in Figure 2. '

FIGURE 11 is a schematic illustration of a saturable
reactor used to improve the turn-on and turn-off capabili-
ties of the silicon controlled rectifiers illustrated in
Figure 2.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT OF THE INVENTION

Figure 2 schematically discloses the circuitry of the
pulse circuit device of the present invention. The pres-
ent invention is also disclosed in Los Alamos National
Laboratory unclassified report LA-UR-81-269 which was pub-
,1ished in the Proceedings of the Workshop on Repetitive
opening switches (January 28-30, 1981, Durango, Colorado)
April 20, 1981 which is hereby incorporated by reference
for all that it teaches. As illustrated in Figure 2, un-
der initial conditions all switches are open with the ex-
ception of bypass 22 which is closed. Power supply 18
charges the indhctive storage device 20 which may comprise
a superconducting, cryogenic, or conventional coil
device. The inductive storage device 20 is charged to a
current level I through bypaés switch 22, Simultaneously,
an additional power supply (not shown) charges commutation
capacitor 34 to a predetermined voltage V. After a steady
state condition is reached, bypass switch 22 is opened at
the same time silicon controlled rectifier 24 is triggered
80 that the current T is transferred entirely to silicon
controlled rectifier 24. Once the current I is estab-
lished through silicon controlled rectifier 24 and the
voltage V is established on commutation capacitor 34 in
the direction illustrated in Figure 2, silicon controlled
iectifiers 30 and 32 are triggered to discharge commuta-
tion capacitor 34 through silicon controlled rectifier 24
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in a direction opposite to the inductive storage device
current I. The charge on commutation capacitor 34 is suf-

"ficient to cause a net current zero in silicon controlled

rectifier 24 so that interruption occurs and silicon con-
trolled rectifier 24 is turned-off. The inductor current

I is then caused to flow through silicon controlled recti-

fiers 32 and 30 causing commutation capacitor 34 to be
charged in the opposite direction to a predetermined volt-
age V. When commutation capacitor 34 reaches -V, silicon
controlled rectifier 36 is triggered to produce a high
rate of voltage rise in load 38. The full inductor cur-
rent I now flows through 1oad 38 with a risetime deter-
mined by the switching time of silicon controlled recti-
fier 36. When it is desired to terminate the pulse deliv-
ered to load 38, silicon controlled rectifier 24 is trig-

gered to provide a lower resistance path of conduction.

This same sequence is then repeated with the exception
that silicon controlled rectifiers 26 and 28 are triggered
at the appropriate time due to the reverse. charge on com-
mutation capacitor 34. Similarly, on the third sequence,
commutation silicon controlled rectifiers 30 and 32 are
used since commutation capacitor 34 will again be forward
charged after the second seguence. This procedure éontin-
ues for the desired number of pulses to be delivered to
load 38. To terminate this procedure, silicon controlled
recitifier 24 is triggered and hypass switch 22 is then
closed. —_

Figure 3 illustrates the circuitry for controlling the
trigger pulses of the silicon controlled rectifiers of
Figure 2. Controller 40 provides activation pulses for
timers 42 which in turn activate trigger pulse circuitry
44. Trigger circuitry 44 can employ pulse transformers to
enhance pulse triggering.

Figure 4 illustrates the current flowing through in-

ductive storage device 20 versus time. At time t, power



10

15

20

25

30

35

supply 18 is ﬁutned-on to charge the inductive storage de-

vice 20. At time t,, a current I is produced in induc-

tive‘storage device 20. At this point, power supply 18
may be removed or turned-off and can be replaced by an
additional bypass switch (not shown). At time t2 bypass

 switch 22 is opened and silicon controlled rectifier 24 is

triggered via timer 1 and trigger 1, illustrated in Figure
3. At time t3, silicon controlled rectifiers 30 and 32
are turned-on via timer 2 and trigger 2 and trigger 3, il-
lustrated in Figure 3. At time t4, silicon controlled
rectifier 24 turns~off automatically from the reverse cur-
rent produced by commutation capacitor 34. At time ts
silicon controlled rectifier 36 is turned-on via timer 4
and trigger 6. Additionally, silicon controlled recti-
fiers 30 and 32 turn-off automatically due to a lack of
current flowing through them. At time t6 silicon con-
trolled rectifier 24 is again triggered via timer 1 and
trigger 1 to cause current I from the inductive storage
device to flow through the silicon controlled rectifier 24
and, consequently, end the pulse delivered to load 38. At
time t7, silicon controlled rectifiers 26 and 28 are
triggered via timer 3 and, triggers 4 and 5, causing a re-
verse current to flow through silicon controlled rectifier
24, thereby causing silicon controlled rectifier 24 to
turn-off at time tg. At time tg, silicon controlled
rectifier 36 is triggered via timer 4 and trigger 6 and
silicon controlled rectifiers 26 and 28 turn-off automati-
cally due to a lack of current flowing through them. At
time tlo; silicon controlled rectifier 24 is triggered

via timer 1 and trigger 1 to repeat the same process.

This process then repeats itself from time t3 until |

"~ termination at which time bypass switch 22 is placed in

the closed position.

Figure 5 illustrates the current flowing through sili-
con controlled rectifier 24 at the various times described

B S
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above. Similarly, Figure 6 shows the voltage charge on
commutation capacitor 34 at the various times described
above. Fiqure 7 illustrates the current produced in load
38 at the various times described.

Figure 8 is a schematic illustration of a spark gap
switchiwhich can be utilized in place of any one of the
silicoﬁ,controlled rectifiers 24 through 32 and 36, illus-
trated in Figure 2. The spark gap switch illustrated in
Figure 8 operates in essentially the same manner as the
silicoh controlled rectifier in that a trigger voltage is

‘necessary to .cause conduction and a minimal current is re-

guired to maintain conduction. Figure 9 is a schematic
illustration of a self-breaksown spark gap switch which
can be utilized in place of silicon controlled rectifier
36 illustrated in Figure 2. Such a switch can reduce the
required control circuitry illustrated in Figure 3.

Figure 10 similarly illustrates a self-breakdown sili-
con controlled rectifier which can also reduce the amount
of control circuitry illustrated in Figure 3, Figure 11
schematically illustrates a saturable reactor which can be
connected in series with any of the silicon controlled
rectifier switches illustrated in Figure 2 or other
switches disclosed herein to enhance the switching capa-
bilities of these devices. '

The present invention therefore provides a circuit
which is capable of efficiently'ttansforming magnetic en-
ergy stored in an inductive storage device into rapid,
fast rise time pulses of direct current, The system may
be run in a continuous mode as well as an intermittent
mode with a prescribed number of pulses in each intermit-
tent pulse train. Again, the inductive storage device may
be superconducting, cryogenic, or a conventional inductive
device. Due to the nature of the present invention, the
load 38 may be resistive, capacitive, or inductive. TIf
the load 38 is inductive, a transfer capacitor can be
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placed in parallel with the load. The present invention
also allows the pulse width, pulse risetime, and pulse
repetition frequency to be varied using separate circuit
components to match the desired application, Presently
available silicon controlled rectifiers allow the repeti-

tion rate to be as high as 20 kHz for high power applica-

tions and much higher frequencies at lower power levels.
Moreover, high voltages and currents can be achieved by
utilizing arrays of silicon controlled rectifier's, such
as disclosed in the above-referenced Proceedings of the
Workshop on Repetitive Opening Switches. Consequently,
the present invention can provide high power pulses which
can be controlled with regard to initiation time, pulse
width, interval between pulses, and termination time. The
pulse repetition rate can range from zero to a value
limited by the repetition rate of the opening switch. The
output pulse risetime is independent of the opening switch
risetime limits. The commutation capacitor is recharged
from the inductive energy storage device just prior to
each output pulse. Therefore, the commutation capacitor
is ready, regardless of the characteristics of the load,
to commutate the opening switch for each succeeding output
pulse.

The foregoing description of a preferred embodiment of
the invention has been presented for purposes of illustra-
tion and description. It is not intended to be exhaustive
or to limit the invention to the precise form disclosed,
and obviously many modifications and variations are possi-
ble in light of the above teaching. The embodiment was
chosen and described in order to best explain the princi-
ples of the invention and its practical application to
thereby enable others skilled in the art to hest utilize
the invention in various embodiments and with various
modifications as are suited to the particular use contem-
plated. It is intended that the scope of the invention be
defined by the claims appended hereto.

-
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ABSTRACT OF THE DISCLOSURE
Inductive storage pulse circuit device which is capa-
ble of delivering a series of electrical pulses to a load
in a sequential manner. Silicon controlled rectifiers as
well as spark gap switches can be utilized in accordance
with the present invention. A commutation switching array

is utilized to produce a reverse current to turn-off the
main opening switch. A commutation capacitor produces the
reverse current and is initially charged to a predeter-
mined voltage and subsequently charged in alternating di-

rections by the inductive storage current.
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