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FPGA-based upgrade to RITS-6 control system, designed with EMP considerations

The existing control system for the RITS-6, a 20-MA 3-MV pulsed-power accelerator
located at Sandia National Laboratories, was built as a system of analog switches because
the operators needed to be close enough to the machine to hear pulsed-power
breakdowns, yet the electromagnetic pulse (EMP) emitted would disable any processor-
based solutions. The resulting system requires operators to activate and deactivate a
series of 110-V relays manually in a complex order. The machine is sensitive to both the
order of operation and the time taken between steps. A mistake in either case would cause
a misfire and possible machine damage.

Based on these constraints, a field-programmable gate array (FPGA) was chosen as the
core of a proposed upgrade to the control system. An FPGA is a series of logic elements
connected during programming. Based on their connections, the elements can mimic
primitive logic elements, a process called synthesis. The circuit is static; all paths exist
simultaneously and do not depend on a processor. This should make it less sensitive to
EMP. By shielding it and using good electromagnetic interference-reduction practices, it
should continue to operate well in the electrically noisy environment.

The FPGA has two advantages over the existing system. In manual operation mode, the
synthesized logic gates keep the operators in sequence. In addition, a clock signal and
synthesized countdown circuit provides an automated sequence, with adjustable delays,
for quickly executing the time-critical portions of charging and firing.

The FPGA is modeled as a set of states, each state being a unique set of values for the
output signals. The state is determined by the input signals, and in the automated segment
by the value of the synthesized countdown timer, with the default mode placing the
system in a safe configuration. Unlike a processor-based system, any system stimulus that
results in an abort situation immediately executes a shutdown, with only a tens-of-
nanoseconds delay to propagate across the FPGA.

This paper discusses the design, installation, and testing of the proposed system upgrade,
including failure statistics and modifications to the original design.
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