
GB 2 047 494B  1 SPECIFICATION                                DISCLOSURE OF
THE INVENTION From one of its broad aspects the invention, Method of and
apparatus for high voltage     in summary, contemplates a method of repeti-
pulse generation                             tive high-voltage pulse
generation, that corn- 5                                            70
prises, substantially simultaneously repetitively TECHNICAL FIELD OF THE
INVENTION             charging a plurality of similar charge storage The
present invention relates to methods of  modules; substantially
simultaneously trans- and apparatus for high-voltage pulse genera-  ferring
and forming the energy of the charge tion, being more particularly
concerned with  in each module into similar narrow high-vol- 10 the
generation of high-voltage, high-power  75 tage output pulses in each
module; intercon- short duration pulses in a plurality of intercon-
necting the modules to add the high-voltage nected modules adapted for
continuous opera-  output pulses of all the modules to produce tion despite
possible individual module fail-  resultant high-voltage output pulses
corre- ures.                                        sponding to the
totality of the output pulses of 15
80 the modules; and preventing the peak voltage BACKGROUND ART
developed within each module from exceeding In the past, high-voltage,
high-power, short  the peak output voltage of the module inde- duration
pulses have been generated by such  pendently of the position of the module
in the circuits as Marx generators (more modern     plurality of modules.
Preferred constructional 20 versions of which are described, for example,
85 and other details follow. on pages 35-38 and elsewhere in Energy
Storage, Compression and Switching, Edited   BRIEF DESCRIPTION OF THE
DRAWINGS by W. H. Bostick et al, Plenum Press, N.Y.,    The invention will
now be described with 1976), insulated core transformers, or by the
reference to the accompanying drawings, 25 series interconnection of a
large number of  90  Figure 1 of which is a combined block and active
elements such as vacuum tubes, thyra-  schematic circuit diagram of a
preferred em- trons, thyristors, SCR's or transistors or the  bodiment
employing the method of pulse gen- like, (as described, for example, on
pages   eration of the invention, illustrated in connec- 144-147 of SCR
Applications Handbook, Ed-   tion with series connection of pulse generator
30 ited by Richard A. Hoft, International Rectifier   95 modules; Corp.,
1974).                                  Figure 2 is a fragmentary circuit
diagram of The Marx generators and similar charging-  a suitable charging
circuit for use in the discharging circuit are, however, greatly lim-
systems of Fig. 1, ited in frequency of pulse repetition rate and  Figures
3(a) and (b) are respectively an 35 number of shots (or pulses). The
insulated  100 equivalent circuit of Fig. 2 during the charg- core
transformer technique is bulky and also  ing interval, and a graph of
charging current greatly limited in producable pulse width and  and voltage
waveforms thereof; shape. The use of series interconnection of    Figure 4
is a circuit diagram of a preferred active elements, moreover, is expensive
and  pulse forming and transformer (PFT) circuit 40 unreliable, and subject
to system failure in-    105 using pulse compression; duced by one or more
element failures.         Figure 5 is a graph showing voltage and In
accordance with the present invention,  current waveforms of the PFT
circuit of Fig. 4; on the other hand, the high-voltage pulse      Figure 6
is an equivalent circuit thereof generation is subject to none of these
disad-  when one module fires late; and 45 vantages. No series
interconnections of active  110  Figure 7 is a circuit showing parallel
inter- elements are required, and failure of one    connection of pulse
generation modules. active element does not cause failure of other active
or passive elements; a wide variety of  BEST MODE FOR CARRYING OUT THE IN-
output pulse widths and shapes can be readily  VENTION 50 obtained by the
pulse forming networks of the  1 15  The high-voltage pulse generator of
Fig. 1 invention; and high pulse repetition rates   comprises a charging
circuit 1, a trigger cir- (1000 PPS or higher) can be readily obtained.
cuit 3, and a number of pulse generator An object of the invention,
accordingly, is  modules connected in series, labelled Module to provide a
new and improved method of      #1, Module #2, Module #3, etc. Each mo- 55
and apparatus for such pulse generation, void  120 dule consists of a
charge storage circuit 5 and of the above-mentioned and other limitations
a pulse forming and transformer circuit PFT. and restrictions of prior art
approaches.    These modules may, for example, be physi- A further object
is to provide novel pulse  cally stacked, one on top of the other, thus
generation apparatus and techniques and      forming a tall vertical
structure. The output 60 novel sub-assemblies thereof of more general   125
voltage of each module is indicated, for exem- applicability, as well.
plary purposes, as 100kV in Fig. 1, though Other and further objects are
explained    larger voltages are readily feasible. In an ac- hereinafter
and are more particularly delin-  tual application, of course, this voltage
de- eated in the appended claims.                pends upon the peak output
voltage required 130 and the number of modules, with a number of    



GB 2 047 494B      2 practical design factors affecting the choice of
thereby causing each successive module to module size and number, such as
insulation     rise in potential by an increment of 1OOkV, or material,
output peak power, and pulse width.  whatever the peak output voltage of -a
module The optimum selection of these parameters      is: designed to be.
In this manner, the peak 5 depends upon the particular generator require-
70 voltage within a module never exceeds the ments.
peak output voltage of the module, and this is The basic operation of the
pulse generator   independent of the module position in the is as follows.
Initially, capacitors C1 and C2 in  stack. Any number of modules can
accord- the charge storage circuit 5 of each module    irigly be connected
together in accordance 10 are charged up from the charging circuit 1   75
with the invention to produce any desired through the illustrated bifilar
wound inductor  output voltage without increasing the voltage L of each
module; the inductor L being wound   stress level of each module. such that
during the charging interval, only     A schematic circuit diagram of a
useful the leakage inductance affects the charging    charging circuit I is
shown in Fig. 2, compris- 15 current. The energy on capacitor C1 provides
80 ing a d-c power supply, so-labelled, a silicon the energy for the output
power pulse. The     controlled rectifier (SCR), and a charging in- energy
on C2, on the other hand, stored        ductor (Lc). The charging of the
modules is through diode CR, provides a relatively small  illustrated in an
equivalent circuit during the amount of power required for the control and
charging interval (Fig. 3(a)), and the voltage 20 reset (or bias) circuits
in the pulse forming  85 and current waveforms in Fig. 3(b). Referring and
transformer circuit PFT. When the charg-   to the equivalent circuit of
Fig. 3(a), the ing of C1 and C2 have been completed, the      charging
circuit is represented by the d-c trigger circuit 3 activates electronic
switches  power supply capacitor [err], the SCR trigger in each PFT
circuit, as later detailed in con-  switch, and the charging inductor L,,
with 25 nection with Figs. 4 and 5. This action trans-    90 each charging
module represented by a simi- fers the energy on capacitors C1 and C2 to
lar shunt capacitor and a similar series induc- the PFT circuit, which, in
turn, generates a   tor; that is, mdule #1 is represented by C1
high-voltage output pulse at high-voltage out-  and L , module #2 by C2 and
L2,    Cm-L put terminal OT. The triggering of the elec-   etc., forming
the ladder or stack structure of 30 tronic switches in the PFT circuit is
timed  95 Fig. 3(a). The inductances L; through Lm are such that the output
pulses of all modules     physically the leakage inductances of the bifi-
occur at the same instant of time, producing a  lar wound inductors of the
charge storage resultant high voltage output pulse of ampli-  circuits 5 of
the modules that couple succes- tude equal to the sum or totality of the
sive module charge storage circuits 5, and by 35 individual PFT circuit
outputs at OT.       100 design, the inductance values of the leakage The
voltage to which capacitors C1 are       inductances are made much smaller
than [err]. charged initially may be relatively low, typi-  Furthermore,
thesum of the capacitances C1 cally of the order of 1000 volts. By means of
through Cm is adjusted to be much smaller the later-described transformer
action in the  than the capacitance Cp. As a result, the 40 PFT circuit,
this voltage is stepped up to a  105  voltage waveforms across capacitors
C1, C2, considerably higher value, such as the illustra-  etc. during  the
charging interval are of the tive, for example, 1 00kV at the output; and
form shown in Fig.' 3(b). Because of the series this output voltage is
impressed across the    inductors; moreover, the capacitor voltage wa-
bifilar inductor L because the high voltage    veforms are slightly delayed
from each other, 45 output terminal OT is connected directly to  110 and
this delay increases with the order of the the low side of capacitor C1 on
the following  module section, such -that the last capacitor in module. The
appearance of the high output      the -ladder structure, Cm, has the
smallest voltage across L generates a current in the    voltage at time t1;
i.e. the time representing inductor windings, thereby causing some of
the end of the active charging interval in 50 the output pulse energy to be
transferred back  1 1 5 which current flows from the charging circuit into
the charge storage circuit 5. Because the  to the modules. Thus, at time t1
when the inductor L is bifilar wound, as before dis-    SCR turns off,- the
capacitors in -the- ladder cussed, it presents a low impedance (leakage
structure are charged to slightly- different vol- inductance) to the
charging current of capaci-  tage levels, with capacitor C1 having the lar-
55 tors C1 and C2, and a high impedance (self-   120 gest value and
capacitor Cm, the smallest. inductance) to the output pulse, such that the
During the remaining part of the charging energy transferred back to the
charge storage  interval, t1 to t2 in Fig. 3, these voltages circuit 5
(capacitors C1 and C2) of each       equalize to the final value E. module
-is, however, only a small fraction of    A schematic circuit diagram of a
suitable 60 the total pulse energy.           -        125 pulse forming
and transformer circuit (PFT) is Since, as stated, the high output voltage
is  shown in Fig. 4. This circuit uses a combina- impressed across the
inductor L, all the termi-  tion of SCR's and magnetic -pulse compres- nals
that interconnect successive modules are  sion circuits to generate very
narrow high at the same potential as the high voltage"     power pulses.
The circuit consists of two 65 output terminal of the preceding module,
130 parts; the- pulse -compression generator circuit    
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2 047 494B      3 PCG, and the reset supply circuit RS. The         t2
[err]t3, transfer of energy from C2' to load. PCG circuit comprises SCR1,
series induc-      It should be further observed from Fig. 5 that tance
L1', shunt capacitor C1', a first satura-  each of these time intervals
gets progressively ble reactor SR1, a second saturable reactor     shorter,
typical values of the same, for exam- 5 SR2, a third saturable reactor SR3,
and capa-    70 ple, being: citor C2' interconnecting the last two-named
[err], 25 usec; saturable reactors.                               [err], 5
usec; and The RS circuit illustrated in Fig. 4, com-      [err], 1 usec.
prises SCR2 triggered by signal "Trig.2",        While this magnetic pulse
compression of 10 series inductor L2', shunt transformer T1,    75 energy
discharge time of the circuit of Fig. 4 series diode CR 1, shunt capacitor
C3' series   occurs in two stages, any number of magnetic variable resistor
R1, and output inductor L3'.  pulse compression stages can be implemented
The operation of the PCG circuit is as        by the further cascading of
series-connected follows. A trigger signal ("Trig. 1 ") applied  capacitors
and shunt-connected saturable re- 15 from the trigger circuit 3 (Fig. 1) to
the gate  80 actors, enabling very narrow high peak power of SCR 1 causes
SCR 1 to conduct and trans-     pulses to be generated, as desired, from
rela- fers or discharges the energy on the capaci-    tively wide low peak
power pulses. tors C1 of the charge storage circuit 5 of Figs.  In the
embodiment of Fig. 4, both SR2 and 1, 2 and 3, to capacitor C1' through
inductor   SR3 are connected as effective step-up auto- 20 L1'. This energy
transfer takes place in the  85 transformers, such that the low voltage
pulse time interval to to [err] of Fig. 5. Since the     on capacitor C1 '
is converted into a narrow saturable reactor SR1 is biased into negative
high voltage pulse at the output. As an illus- saturation by the reset
current 1, from the     tration, a voltage of 1 Kv on C1 ' is converted
reset supply circuit RS, Fig. 4, prior to energy  into a 100Kv output
voltage pulse if a step-up 25 transfer, the voltage developed across C1 '
90 of 10 is used in each saturable reactor (as- drives the first saturable
reactor SR 1 from    suming zero losses). In view of practical cir-
negative to positive saturation. The saturable -  cuit losses, however, a
value slightly less than reactor SR1 is designed such that at time [err]
1 00Kv will be obtained in actual operation. (the completion time of energy
transfer), it    As further indicated in Fig. 5, moreover, the 30 reaches
positive saturation, and the impe-    95 initial voltages [err] and [err]
on C1 ' and C2' are dance of SR1 then switches from a very high
slightly negative, resulting from the reset cur- to a low value. Since the
saturable reactor     rent I,. Through transformer action in SR1, SR2 is
biased into negative saturation by the   SR2 and SR3, the reset current
charges up reset current Ir, and the saturable reactor SR3  these
capacitors in the inter-pulse interval to a 35 is biased into positive
saturation by the same    100 slightly negative value. reset current, SR2
acts like an autotransfor-     The timing of the trigger pulses for each
mer and SR3 as a short circuit or very low      PFT module is adjusted, in
accordance with impedance for the current i2, Fig. 5, that flows  the
invention, such that the saturable reactor through SR1. Thus, when the
saturable reac-     SR2 of each PFT module saturates at the 40 tor SR1
saturates, the energy on capacitor   105 same instant of time. Since the
saturable C1 ' is transferred to capacitor C2' in the time  reactor
windings of SR3 are connected in interval t to t2 of Fig. 5. The saturable
reactor  series, the pulse generator output voltage is SR2 is driven from
negative to positive satura-  the sum of the PFT module output voltages.
tion by the voltage [err]' across capacitor C2'.  In case the output pulse
of one of the mo- 45 Reactor SR2 is designed such that at time t2'   1 10
dules does not, however, coincide in time it reaches positive saturation
and it becomes a  with the output pulses of the other modules, low
impedance for current flowing in the        the saturable reactor SR3 of
the non-conform- positive direction as defined by the current    ing module
will act like a forward-conducting arrow i3. The voltage on capacitor C2'
is       diode for the current generated by the other 50 therefore
impressed across the saturable reac-   115 modules. This important property
is illustrated tor SR3; and since this reactor is biased into  in the
equivalent circuit of Fig. 6. Thus, by positive saturation by the reset
current 12, the  the technique herein employed, the voltage current i3
resulting from the impressed [err]'    across the output of a module can
never voltage drives SR3 into the unsaturated re-     exceed its own peak
output voltage, providing 55 gion. Saturable reaction SR3 then starts to
act  120 novel features of fail-safe operation under all like an
autotransformer and the energy on C2'   trigger conditions, and without the
prior art is discharged into the load during the time     use of series
interconnection of high-voltage interval t2 to t3.
diodes or other protective devices. The inven- As seen from the waveform
graph Fig. 5,       tion additionally makes possible timing trigger 60 the
operation of the circuit is characterized by   125 adjustment at full power
operation. three energy transfer time intervals:             While the
pulse generator embodiment of [err], transfer of energy from charging cir-
Fig. 1 is shown as a series interconnection of cuit 1 to C1' of Fig. 4;
modules, with the number of modules being [err], transfer of energy from
C1' to C2';  determined by the ratio of the total output 65 and
130 power required to the output power of each    



module, for very large pulse generators, both  voltage output pulse, with
the said high-vol- parallel and series interconnections of mo-  tage output
pulse of each module thereby dules may be necessary and/or desirable. In
occuring at substantially the same instant of Figs. 7 (a) and (b),
accordingly, the modules n  time, producing a resultant high-voltage out-
5and n + 1, with respective saturable reactors    70 put pulse
corresponding to the totality of the [err] -[err] and [err] -[err], are
output pulses of the pulse forming and trans- shown parallel-connected at A
and B, receiv-  former circuit means of the plurality of mo- ing current
Ip. Again, however, in accordance  dules; and means cooperative with the
con- with the method underlying the invention,      nections between: the
successive modules for 10 there are no problems resulting from non-   75
preventing the peak voltage within each mo- coincidence of output current
pulses of mo-    dule from exceeding the peak output voltage dules so
connected in parallel. All parallel-  of the module independent of the
position of connected modules can also be adjusted in     the module in the
plurality of modules. time while operating at full power, which has    2.
Apparatus as claimed in claim 1 and in 15 the desirable features of
allowing automatic  80 which said charge. storage circuit means of timing
adjustment by means of digital feed-    each module comprises capacitor
means con- back loops of all modules. As more particu-    nected to be
charged through inductor means larly shown in Fig. 7(b), for example, the
presenting predetermind inductance effects output current pulse of each
module may be     during said charging, the said capacitor 20 sensed by
means of a current transformer; Tn    85 means providing the energy for.
generating the for module n, and [err]' for module n + 1,     high-voltage
pulse in the corresponding pulse with the signals from the transformers
being   forming and transformer circuit means, and used to determine the
time of occurrence of    control and reset energy therefor. the output
current pulse, as is well-known.      3. Apparatus as claimed in claim 2
and in 25   In certain applications (laser fusion, for ex-    90 which each
said pulse forming and transfor- ample), pulse energy levels of the order
of   mer circuit means comprises a triggered mag- 105 joules may be
required. With existing     netic pulse compression and step-up means
components, a reasonable energy output per     for generating relatively
narrow high peak module is 10 joules, requiring 10,000 mo-      power
pulses from the energy transferred ther- 30 dules. With such a large number
of modules,    95 eto from the capacitor means of the corre- the mean time
between failure would be in      sponding module charge storage circuit the
order of a few hours; such that, to obtain  means continual operation,
module failure of any       4. Apparatus as claimed in claim 3 and in kind
should not cause system failure. The only  which said magnetic pulse
compression 35 effect of a failed module in accordance with    100 means
comprises a plurality of stages of satu- the invention, fortuitously, is a
reduction in  rable, reactor means controlled by said trigger output pulse
power, this reduction being      -circuit means to transfer energy from
stage to equal to the output power of the failed mo-  stage in succesively
shorter time intervals and dule. Only failures of the type that cause
with succesive step-up of the pulse voltage 40 excessive current drain into
the failed module   105 generated in each stage. affects overall system
operation, and by         5. Apparatus as claimed in claim 2 and in means
of fuses or circuit breakers sensitive to  which means is provided for
controlling the excessive current (Fig. 7), the failed module  said
transfer of energy such that the charging can readily be disconnected from
the pulse     of the capacitor means of the charge storage 45 generator.
.         110 circuit means of the successive modules in the Further
modifications. will also occur to   plurality of modules is successively
slightly those skilled in this art, and such are consi-  delayed and
slightly less in voltage than in the dered to fall within the scope of the
invention  preceding module, with the voltage subse- as defined in the
appended claims.             quently substantially equalizing thereafter.
50                                            11 5  .6. .Apparatus as
claimed in claim 2 and in CLAIMS
which said modules are successively series- 1. High voltage generator
apparatus hav-   connected in the said plurality of modules. ing, in
combination, repetitively triggered      7. -Apparatus as claimed in claim
6 and in charging circuit means; a plurality of succes-  - which the
charging circuit means comprises 55 sively connected similar
pulse-generating mo-   1 20 triggered power supply capacitor means and
dules connected with the charging circuit     charging inductance,  with
the said predeter- means and each comprising charge storage       mined
inductance presented during said circuit means and pulse forming and
transfor-  charging by the said inductor means of the mer circuit means;
trigger circuit means oper-  charge storage circuit means of-the modules 60
able upon each charging of said charge sto-    125 being adjusted to be of
value smaller than rage circuit means of each module for there-  that of
said charging inductance, and the sum upon triggering the transfer of the
energy of  of the capacitance of said capacitor means of such charging to
the corresponding module    each module charge storage circuit means pulse
forming.and transformer circuit means  .being adjusted to be substantially
smaller than 65 in order to form therein a stepped-up high-  130 the said
power supply capacitor means.    4
GB 2 047 494B     4 



module, for very large pulse generators, both  voltage output pulse, with
the said high-vol- parallel and series interconnections of mo-   tage
output pulse of each module thereby dules may be necessary and/or
desirable. In   occuring at substantially the same instant of Figs. 7 (a)
and (b), accordingly, the modules n  time, producing a resultant
high-voltage out- 5 and n + 1, with respective saturable reactors    70 put
pulse corresponding to the totality of the SR2, - SR3n and [err] - [err],
are         output pulses of the pulse forming and trans- shown
parallel-connected at A and B, receiv-  former circuit means of the
plurality of mo- ing current Ip. Again, however, in accordance  dules; and
means cooperative with the con- with the method underlying the invention,
nections between the successive modules for 10 there are no problems
resulting from non-   75 preventing the peak voltage within each mo-
coincidence of output current pulses of mo-   dule from exceeding the peak
output voltage dules so connected in parallel. All parallel-  of the module
independent of the position of connected modules can also be adjusted in
the module in the plurality of modules. time while operating at full power,
which has   2. Apparatus as claimed in claim 1 and in 1.5 the desirable
features of allowing automatic  80 which said charge storage circuit means
of timing adjustment by means of digital feed-   each module comprises
capacitor means con- back loops of all modules. As more particu-   nected
to be charged through inductor means larly shown in Fig. 7(b), for example,
the    presenting predetermind inductance effects output current pulse of
each module may be    during said charging, the said capacitor 20 sensed by
means of a current transformer; Tn    85 means providing the energy for
generating the for module n, and Tn+1 for module n + 1,      high-voltage
pulse in the corresponding pulse with the signals from the transformers
being  forming and transformer circuit means, and used to determine the
time of occurrence of   control and reset energy therefor. the output
current pulse, as is well-known.     3. Apparatus as claimed in claim 2 and
in 25   In certain applications (laser fusion, for ex-    90 which each
said pulse forming and transfor- ample), pulse energy levels of the order
of   mer circuit means comprises a triggered mag- 1 05 joules may be
required. With existing    netic pulse compression and step-up means
components, a reasonable energy output per    for generating relatively
narrow high peak module is 10 joules, requiring 10,000 mo-     power pulses
from the energy transferred ther- 30 dules. With such a large number of
modules,    95 eto from the capacitor means of the corre- the mean time
between failure would be in     sponding module charge storage circuit the
order of a few hours; such that, to obtain  means. continual operation,
module failure of any      4. Apparatus as claimed in claim 3 and in kind
should not cause system failure. The only  which said magnetic pulse
compression 35 effect of a failed module in accordance with    100 means
comprises a plurality of stages of satu- the invention, fortuitously, is a
reduction in  rable reactor means controlled by said trigger output pulse
power, this reduction being      circuit means to transfer energy from
stage to equal to the output power of the failed mo-   stage in succesively
shorter time intervals and dule. Only failures of the type that cause
with succesive step-up of the pulse voltage 40 excessive current drain into
the failed module   105 generated in each stage. affects overall system
operation, and by        5. Apparatus as claimed in claim 2 and in means of
fuses or circuit breakers sensitive to  which means is provided for
controlling the excessive current (Fig. 7), the failed module  said
transfer of energy such that the charging can readily be disconnected from
the pulse    of the capacitor means of the charge storage 45 generator.
110 circuit means of the successive modules in the Further modifications
will also occur to    plurality of modules is successively slightly those
skilled in this art, and such are consi-  delayed and slightly less in
voltage than in the dered to fall within the scope of the invention
preceding module, with the voltage subse- as defined in the appended
claims.            quently substantially equalizing thereafter. 50
115  6. Apparatus as claimed in claim 2 and in CLAIMS
which said modules are successively series- 1. High voltage generator
apparatus hav-    connected in the said plurality of modules. ing, in
combination, repetitively triggered     7. Apparatus as claimed in claim 6
and in charging circuit means; a plurality of succes-  which the charging
circuit means comprises 55 sively connected similar pulse-generating mo-
120 triggered power supply capacitor means and dules connected with the
charging circuit     charging inductance, with the said predeter- means and
each comprising charge storage      mined inductance presented during said
circuit means and pulse forming and transfor-  charging by the said
inductor means of the mer circuit means; trigger circuit means oper-
charge storage circuit means of the modules 60 able upon each charging of
said charge sto-    125 being adjusted to be of value smaller than rage
circuit means of each module for there-  that of said charging inductance,
and the sum upon triggering the transfer of the energy of  of the
capacitance of said capacitor means of such charging to the corresponding
module     each module charge storage circuit means pulse forming and
transformer circuit means   being adjusted to be substantially smaller than
65 in order to form therein a stepped-up high-  1 30 the said power supply
capacitor means.    GB 2 047 494B                  5 



8. Apparatus as claimed in claim 2 and in     the charge storage modules
are charged. which modules of said plurality of modules         16. A
method as claimed in claim 15 and are connected in parallel.
in which said pulse compressing and step- 9. Apparatus as claimed in claim
8 and in     ping-up are effected through triggered mag- 5 which said pulse
forming and transformer      70 netic saturable reactor energization.
circuit means of parallel-connected modules        17. A method as claimed
in claim 15 and comprise triggered magnetic pulse-compres-      in which
said transferring and forming steps sion stages embodying saturable
reactors,       are effected in response to triggering the with the
parallel connection occuring between   discharge of the said energy of the
charge in 10 saturable reactor stages of successive mo-    75 each module,
and timing adjustment of such dules.
triggering is effected at full power operation. 10. Apparatus as claimed in
claim 1 and         18. A method as claimed in claim 13 and in which the
charge storage circuit means of    in which the successive charge storage
mo- the successive modules each comprise capaci-    dules are inductively
connected and the inter- 15 tor means and inductor means across the      80
connecting of successive modules is effected latter of which the
hgh-voltage output of a     at the same potential as the high voltage
preceding module is impressed, with the ter-    output terminal of the
preceding module. minals that interconnect successive modules       19.
High voltage pulse generation appara- being at the same potential as the
high vol-    tus substantially as hereinbefore described 20 tage output
terminal of the preceding mo-     85 with reference to the accompanying
drawings. dules.                                            20. A method of
high voltage pulse gener- 11. Apparatus as claimed in claim 10 and
ation substantially as hereinbefore described in which each of said
inductor means com-      with reference to the accompanying drawings. prise
a bifilar wound inductance adjusted such 25 that during the charging
interval only the       Printed for Her Majesty's Stationery office.
leakage inductance thereof affects the charg-   by burges & son (abingdon)
ltd - 1983. ing current.                                    Published at
the Patent Office, 25 Southampton Buildings, 12. Apparatus as claimed in
claim 10 and      London, WC2A 1AY, from which copies may be obtained. in
which the said inductor means of the 30 charge storage circuit means of a
module is connected to the said capacitor means of the charge storage
circuit means of the next suc- cessive modules. 13. Apparatus as claimed in
claim 4 and 35 in which means is provided to cause saturable reactor means
of a module, the output of which may not coincide in time with the output
pulses of the other modules of the plurality of modules, to act in the
nature of a 40 forward-conducting means for the current gen- erated by the
other modules. 14. A method of repetitive high-voltage pulse generation,
that comprises, substantially simultaneously repetitively charging a
plurality 45 of similar charge storage modules; substan- tially
simultaneously transferring and forming the energy of the charge in each
module into similar narrow high-voltage output pulses in each module;
interconnecting the modules to 50 add the high-voltage output pulses of all
the modules to produce resultant high-voltage output pulses corresponding
to the totality of the output pulses of the modules; and pre- venting the
peak voltage developed within 55 each module from exceeding the peak output
voltage of the module independent of the position of the module in the
plurality of modules. 15. A method as claimed in claim 14 and 60 in which
said transferring and forming steps are effected by successive pulse
compressing of the said energy of the charge in each module and successive
stepping-up of the resulting pulse voltage to form the similar 65 narrow
high-voltage output pulse each time    


