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(57) Abstract: A switching arrangement for a high voltage load provides high voltage pulses to the load. The switching arrangement
includes switching modules, where n is typically (75). A load capacitance is Cd is required to avoid voltage overshoot at the load
and is provided by a capacitance of nCd arranged in parallel with each switch.
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HIGH VOLTAGE SWITCHING APPARATUS

This invention relates to high voltage switching
apparatus, and in particular, but not exclusively to a
switching apparatus for providing pulses to a pulse switched
lToad. Do ,

Our UK patent applicgtions 6899290?4§§ and GB9928049.7
describe a pulsed switching apparatus for an eht load such
a5 a magnetron. A stack of FET switch modules are arranged
in an oil filled chamber surrounded by four capacitors which
are mounted.within a plastics houéing. The switch stack
receives an eht supply, typically at about -55kVv and
delivers a serie's of eht pulses to the magnetron. The switch
also includes various control circuitry which operates at lt
voltages. This' circuitry controls: functions such as
triggering of the FET switches. ¢

In these devices, when the load is switched, it is
desirable for the voltage to rise smoothly to the operating
voltage as shown in Figure 1. In practicg,ﬁhowever, there is
a tendency to a voltage overshoot as-shown in Figure 2. This
is because the load is not a purely resistive load but is
of a non-linear nature and includes a capacitive component.

A known way of cbrrecting-for this voltage overshoot is
to include ‘a further’ capacitance in parallel with the load
as shown in Figure 3. In that figure,:the load is shown as
R, the switch as S and the added capacitance as Cd. The
problem with this approach is that the added capacitance is
large, typically in the order of 200pF, expensive and very
large in size. It is therefore desirable to £ind an
alternative way of compensating for voltage overshoot.

In its broadest ‘fotm, the inéentioﬁ"distributes the
load capacitance over the switches of the switch stack. More
specifically, there is provided a ‘high voltage switching
arrangement’ for applying a pulse ‘across & load, comprising
a capacitor for providing electrital energy to the load and

a switch stack for connecting the capacitor to the load, the
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switch stack comprising a plurality of switches arranged in
series, and a plurality of load capacitances in parallel
across the switches.

Preferably, each switch has a capacitance nCd in
parallel across the switch, where Cd is the required
additional capacitance across the load and n is the number
ot switches. .

By arranging a capacitance nC, where n is the number of
switches, across each switch in the switch stack, the
effects of stray capacitances in the stack are avoided as
the stray capacitances aré swamped. This enables the voltage
at each switch to be more closely controlled which is
advantageous. Furtherriore, the arrangement enables small
cheap capacitors to be used with the switches instead of a
single expensive and véry bulky load capacitor.

An embodiment of the invention will now be described,
by way of example, and with reference to the accompanying
drawings, in which:

Figure 1 (referred to previously) dis a graph of
voltage/time! showing an ideal rise in load voltage when a
switch is closed;

Figure 2 (referred to previously) is & similar graph to
Figure 1 showing actual Joltage rise including overshoot;

Figure 3 (referred to previously) is a circuit diagram
if a known solution to the problem; -

Figure 4 is a schematic longitudinal view of a high
voltage switching mechanism;

Figure 3 is a schematic cross-section of the line V-V
in Figure 4: _

Figure & i: a circuit diagram of an equivalent
representation of the known circuit of Figure 3; and

Figure 7 shows how the capacitance of Figure 6 may be
distributed -in accordance with an embodiment of the
invention.

Figures 4 and 5 show the switching mechanism disclosed
in our earlier applications GB%928074.5 and GB9928049.7. The
mechanism provides high voltage pulses to a high voltage
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load, such as a magnetron, by switching a capacitance. The
switching is triggered by trigger pulses derived from a high
voltage supply and the capacitance is also charged by that
supply.

The switching arrangement shown in Figures 4 and 5
comprises a switch staeck arranged within a chamber
surrounded by a plurality of capacitances. The switch stack
comprises a number of FET modules 1, 2, 3, 4,...n, each of
which includes one or more FET switches. There may be, for
example, 75 FET modules in the stack and each module may
include three FET switches arranged in parallel. The modules
are mounted in close proximity to one another and are
stacked along the axis 'in Figure 1. As well as the FET
switch, each module includes a secondary transformer winding
6 with a common primary winding®7 éxtending along the length
of the axis to act as the primary for each module. The
primary is used to provide powér to the FET switches. Power
to the switching arrangement is applied from a source 8 to
a trigger driver 9 at the high voltage end of the stack
which is maintained at -55kV. The trigger driver is formed
as a module “of similar' dimensions to the FET modules and
forms the end module of the stack. The load 10, for example
a magnetron, is connected to an output’ 11 of the switching
maechanism to receive pulses from the switching mechanism,
The output 11 also probides an outﬁut 12 to a heater
transformer for heating the maghetroﬁ‘cathode. The pover for
the transformer is provided from a power source 12.

The switching mechanism'is arranged within a housing
14. The housing is formed of a“non-conductive material such
as a plastics material and comprises outer and inn:r walls
15, 16 defining an annular chamber therebetween, and an
interior chamber 23 bounded by the inher walls and in which
the switching stack is arranged. The annular chamber and the
interior chamber 23 communicate via apertures 24, 25 in the

inner wall 16.

As can be seen from Figure 2, the housing and the
annular and interior chambers are réctangular in cross
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section. Four capacitoxs 17, 18, 19, 20 are arranged in the
annular chamber, one on each side, and extend along the
length of the chamber shielding the switching mechanism. The
capacitors are connected at the high voltage end to the
first switch module and to the load 10 at the low voltage
end, which may be at ground. The capacitors each comprise a
plurality of parallel plates forming.capacitor elements
which are interconnected so that a nominally linear voltage
gradient appears from the power supply end to the zero volt
end. The capacitors may each be 0.15 pf.

The unit is oil filled for heat dissipation and
insulation. Oil can pass between the annular and inner
chambers through: passageways 24, 25. An expansion tank 26 is
connected to the chambers which includes a diaphragm, and
which moves with the changes in oil volume, for example due
to temperature changes.

The switching stack also comprises a control module 40
which is mounted on the stack between the trigger driver
madule and the first FET-module 1 and .which is of similar
dimensions to the FET modules. The control module controls
triggering of the FET switches and floats at the high
voltage of -55kV but has its own lt power supply to operate
the control circuitry.

Figure 6 shows an equivalent circuit to the known
voltage overshoot solutien in Figure 3. In this arrangement,
the compensating capacitance is placed in parallel with the
switeh S. v

It will' be appreciated from the above description that
the switch is not a single switch but a series of switches.
In a typical switch stack, there may be 75 switch modules.
Fach of these switches have their own capacitance C; which
may vary from switch to switch. '

A capacitor may be placed across each of the switch
modules instead of &' single ‘capacitor across the load.
However, to obtain the same capacitance, the wvalue of each
capacitor must ‘be nCd, where n is the number of switch

modules, or looking at it another way, the-number of series
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connected capacitors. The value of nCd is such that the
dpplied capacitance greatly exceeds and swamps any stray
capacitances generated at the switch.

Figure 7 shows this arrangement. In Figure 7, each of
the switches S1, S2 - Sn are shown with a capacitance nCd in
parallel and a further capacitance C; in phantom as the
effect is minimal compared to the effect 9; nCs.

The arrangement described has a number of advantages.
First, the provision of a large number of switch capacitor
reduces costs as small surface mounted capacitors may be
used which are more common place and very cheap, typically
in the order of about 20p each. In. contrast, a simple
capacitance used in parallel with a magnetron is physically
very big and expensive, typically in the order of about £50.

Furthexmore, by placing the load capacitance across the
switches, the value greatly exceeds the value of any stray
capacitance, which overwhelms any effect that might be
caused by those stray capacitances. This enables the voltage
at each switch to be the same which is highly desirable.

Various modifications to the embodiment described are
possible and will occur to those skilled in the art without
departing friom the invention. For example, in the embodiment
described, a capacitance of nCd is arranged in parallel
across each switch, or switch wmodule. As in a preferred,
each switch module comprises a number M of switches arranged:
in parallel, the capacitance nCd may be distributed as nCd/M
across each of the parallel switches. In practical
realisations; this makes ‘for a more flexible layout. The
number of switches and the number of switch modules may vary
as may the value of load capacitance required, depending on
the nature of the load’ and the operatinb conditions.
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CLAIMS

1, A high voltage switching arrangement for applying a
pulse across a load, comprising a capacitor for providing
electrical energy to the load and a switch stack for
connecting the capacitor to the load, the switch stack
comprising a plurality of switch modules arranged in series;
and a plurality of load capacitances in parallel across the
switch modules.

2. A switching arrangement according to claim 1 wherein
each switch module has a capacitance nCd in parallel across
the switch, where Cd is the capacitance of the load and n is
the number of switch modules.
) R

3. A switching arrangement &ccording to claim 2, wherein
the parallel load capacitance nCd are chosen such that nCd
>»C., where C, is the stray capacitance of each switch

module.

4. A switching arrangement according to claim 1, 2 or 3,

wherein the switch module comprise FET switches.

5. A switching arrangement according‘tofclaim 4, wherein
the FET switches are arranged on circuit boards, with the
load capacitances, and the circuit boards are stacked in

"1

close proximity to each other.
6. A switching arrangement according to any preceding
claim, wherein each switch module comprises a plurality of
switches arranged in parallel and a capacitance of nCd/M is
arranged across each switch where M is the number of
switches.
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7. A high wvoltage switching arrangement substantially as
herein described with reference to Figures 4 to 7 of the
accompanying drawings.
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