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Introduction

Eagle Harbor Technologies (EHT), Inc. has designed and built a pulsed
magnetron driver that will be delivered to the Lithium Tokamak Experiment
(LTX) at the Princeton Plasma Physics Laboratory. Earlier in the program,
EHT developed and tested a 10-kV solid-state switch. To build the
magnetron driver, EHT has stacked four of the 10-kV switches in series to
achieve the 40-kV output. The driver can produce 40 kV for 5 ms and source
up to 100 A. The rise time of the output pulse has been tailored for the
specific magnetron at LTX. EHT has also developed short-circuit protection
that will shut down the magnetron driver in less than 1 µs. EHT will present
results of the development of the pulsed magnetron driver during the Phase
II program.

Single Board Testing

After constructing the third generation HV switch, EHT conducted extensive
single pulse into a variety of resistive loads.

System Assembly and Testing

Four HV switch modules are required to produce the -40 kV output pulse
to drive the magnetron. These switches were installed in a rack along with
the control board, energy storage capacitors, and charge dump system. This
system was tested for short pulses widths at EHT. Full testing will take place
this winter at PPPL with the appropriate magnetron.

Third Generation HV Switch

The second generation prototype has eight switches with rise times of 50ns
– 70ns. However, to meet the rise time specifications for driving the pulsedmagnetron, EHT incorporated switches with slower rise times. The PCB
was redesigned as the new switches are rated at 4 kV instead of 1.7 kV.
This reduced the number of stages from eight to four. The reduction in the
number of stages is advantageous since it reduces the component costs on
the PCB as well as significantly reducing the size and cost of the isolation
transformer required to provide control power. The four-stage transformer is
significantly smaller and lighter than the eight-stage isolation transformer.

Single pulse testing: A pulse of 5 µs into at a charge voltage of 10 kV with a load of 50
Ω, 100 Ω, 196 Ω and 440 Ω respectively.
Circuit diagram (left) and physical layout (right) of multiple pulsed magnetron driver.

Two-Board Series-Stack Testing

After single board testing, EHT conducted extensive single pulse testing
with two boards in series.

Output voltage (blue) and switch voltage (yellow) for 40 kV pulse switching 23 A (left)
and 102 A (right). The pulse had a rise time of 780 ns.

Left: Two-board series-stack test setup. Right: 20 kV, 100 A pulse.

Conclusion

Second (left) and third (right) generation HV Switch PCB.

Fault Mitigation
HV Switch Model

The HV switch board was combined with two power isolation boards in
series to construct a 10 kV module. Four modules in series are needed to
reach the 40 kV output. Corona bars were incorporated into the design due
to the tight tolerances needed for integration into a rack.

EHT developed overvoltage and overcurrent protection that can protect the
HV Switch modules on fast timescales. The overcurrent protections keeps
the current below 120 A and response in 260 ns. The overvoltage protection
can measure overvoltage in the tens of voltage and shuts down in 500 ns.

EHT has designed, built, and tested a third generation HV Switch,
which uses fewer switches per stage than the second generation. This
four-switch module has been tested alone and in series with two other
units. The pulsed magnetron driver has been assembled and tested
at EHT. The unit has been shipped to PPPL where it will be tested
with a pulsed magnetron. Ultimately, the magetron and driver will be
integrated onto the Lithium Tokamak Experiment for plasma startup
and localized electron heating. The magnetron will be operated for
5-10 ms.
For more information: http://www.eagleharbortech.com/

Third Generation HV Switch mounted with corona bars and isolation transformers.

Left: Overvoltage testing when one switch does not trigger. System shuts down within
500 ns. Right: Overcurrent testing in short circuit condition. System turns off within
260 ns.
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