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Abstract 

We describe an academic research program designed to 
investigate fundamental issues that will impact future 
pulsed power technology.  The project is intended to 
enhance the scientific footing for pulsed power, and to 
address issues in the development of compact, repetitive 
pulsed power.  These include physics issues implicit in 
switch development, including both solid state and gas-
phase, pulse generation at various levels from extremely 
small for fast high field generation to >100kV, and 
applications including ignition of jet fuels and biological 
response to electric fields. 

I. Introduction 

With the emergence of integrated circuits, the laser, new 
communications technology, and other areas, academic 
research related specifically to pulsed power diminished 
during the 60’s. Pulsed power has more recently tended to 
focus on larger-scale machines, typically undertaken by 
national laboratories.  In the late 70’s, however, research 
programs were initiated by the AFOSR1, ARO2, ONR3 
and the SDIO through DNA and the ONR brought 
attention to a range of problems in the pulsed power 
arena.  These programs diminished in the early 90’s, and 
have only now been reprised through Bob Barker’s 
AFOSR MURI for Compact, Portable Pulsed Power.  It is 
intended that this impetus will result in new initiatives, 
new applications, and importantly, new entrepreneurial 
activities that will significantly impact the technological 
base for pulsed power, and which supplies advanced 
pulsed power for new practical devices.     

Pulsed power has important problems that will ultimately 
benefit from academia.  This is because the issues that 
limit development require not only innovation in ideas, 
but inputs from a wide range of researchers.  As an 
example, discussed further below, solid state switches 
have serious limitations associated with contacts, doping, 
material science, engineering and growth, packaging, and 
other issues4.  These issues will not be resolved as a side 
effort for a program with specific near-term goals, but 
require specific and sustained attention. 

II. Switches  

Key needs lie in the areas of energy storage and 
switching.  The USC-TTU-UMC MURI is not tasked to 
address capacitor issues, and these are not discussed 
further here.  With regard to switch R&D, there are 
numerous issues, many with academic relevance as well 
as potential technological impact.  In this discussion we 
consider switches for which current rise rate is a 
specifically important problem. 

At present no universal solution exists for switch choice 
for pulsed power, and it is necessary to consider switches 
appropriate for specific applications.  For example, a high 
voltage (above 100 kV), high current (above 5kA) pulse 
generator designed to operate repetitively with pulse 
lengths under 1 µsec and with reasonably low output 
impedance places such stringent requirements on switches 
that research is needed specifically for development of 
this switch.  For switches 20 to 100 kV, 1kA, similar or 
possibly higher repetition rates (e.g. above 100 Hz), and 
100 nsec or less pulse widths, choices are emerging in 
pseudospark switches, still requiring R&D, however.  For 
solid state-based pulse generators, many issues, 
principally achieving high hold off voltage along with 
reasonable peak current, remain as very serious issues if 
rise rates to peak current is to occur in less than 50 nsec.  
For small pulse generators requiring of the order 1kV, few 
nsec rise time, peak current 10s of A, very interesting 
opportunities exist for switch architectures based on 
present-day MOSFET devices.  This is representative of 
the range of problems. 

III. Solid State Switches for Fast-Rise Pulsed 
Power 

Ideally one would like to fabricate a switch of pure 
diamond – a homonuclear compound, analogous to Si.  
The thermal conductivity is incredible, and the hold off 
voltage very high.  But diamond is to date not a very  
good switch.  Closer scrutiny shows many issues in 
fabrication, and clearly requires long range research in 
areas including doping, contacts, understanding defects.  
This is true at some level for essentially all candidates that 
would replace Si.  It would be very beneficial to have 
enough people working on these issues so that the 
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problems would become widely understood, and that a 
common knowledge of the real issues would emerge. 

A further example is GaAs – an attractive candidate for its 
optoelectronic properties, hold off, and its very high 
electron mobility.   The latter, the carrier mobility, 
suggests that this is a great solution for pulsed power – 
fast rise.  However, lurking as it were in the background is 
the possibility of scattering, through defects or through 
electron-electron collisions, into a different conduction 
band valley with less curvature, and hence much heavier 
effective mass (Gunn-type effect).  This results in 
saturation of electron velocities as a function of electric 
field, which results in a high forward drop.  Various 
deleterious effects result from this, in our experience none 
of them good.  To seek solutions, or at least to understand 
the limitations, the MURI has initiated investigations at 
the level of physics and device simulations levels.  These 
are described in the papers by Shui Qiong et. al.5 and 
Kathy Gu et. al.6 in this meeting, and in effect combines 
fundamental studies including Monte Carlo Ensemble 
calculations of ionization and scattering events with 
device simulations for FET-type structures.  The goal of 
this work is to find a path, if it exists, and build on 
previous work in device fabrication.  It is an area that 
would certainly benefit from a broader participation by 
the academic community, and by a roadmap approach. 

SiC is seeing increased applications, and research in 
industry and academia is exploring various device 
implementations.  This material is a candidate for nearer 
term applications.  To address this, the MURI through 
collaborations is investigating optically triggered device7 
fabrication, device simulation, and fundamental 
investigations of intrinsic limitations.  This work is 
described in the papers of Nunnally’s group89, and S. 
Qiong et. al.  Direct comparisons with Si and GaAs are 
attempted in order to better understand ultimate 
applications and limitations. 

IV. Liquid Switch Physics 

The fundamental breakdown physics of biodegradable oil 
poses questions for switching applications, and for this 
reason is under study within the MURI with high speed 
electrical and optical diagnostics with temporal resolution 
down to several 100ps10. The set up employs a cable 
discharge into a coaxial system with axial discharge and 
load line to simulate a matched terminating impedance. A 
unique feed-through design creates no discontinuities in 
the system lines through the discharge chamber. The 
impedance of the system is matched at 50 ohms including 
a novel design for impedance matching transitions from 
discharge cable to coaxial system to load line allowing for 
a sub-nanosecond response. This paper presents results on 
self breakdown with voltages of up to 60 kV. Self 
breakdown is achieved by charging the discharge cable 
and load line to +/-30 kV respectively. Transmission line 
type current sensors and a capacitive voltage divider with 
fast amplifiers/attenuators are used in order to obtain a 
complete range of information from amplitudes of 0.1 mA 

to 1kA with temporal resolutions of 300 ps. Optical 
measurements11 include high speed photography and 
shadow graphy. Detailed optical diagnostics along with 
high speed electrical diagnostics will address the 
mechanism initiating/assisting biodegradable oil volume 
breakdown12. 

V. Gas Phase Switches: Pseudosparks and BLTs 

The pseudospark, and the optically triggered back-lighted 
thyratron (BLT), offer high hold off voltage, high current, 
and fast rise13.  An example, for a 50 nsec pulse, might be 
a 25 nsec rise time for 10 kA switched, 30 kV hold off, 
rep rate to >1kHz.  This short pulse would be difficult to 
achieve with other switches, particularly if reliability and 
life is an issue. 

Several areas of physics and applications are worth study.  
The cathode emission mechanisms, consisting of a hollow 
cathode mode of operation followed by a so-called super-
emissive mode14, are interesting from a scientific 
standpoint, and also have potentially other useful 
applications in the production of electron beams, ions, and 
other areas.  However, the pseudospark has potentially 
breakthrough possibilities for high voltage, high current 
rep-rate applications.  This is because of the fast rise, high 
current and high voltage, as well as lower housekeeping 
and optical triggering possibilities.  Thus the MURI is 
investigating MARX configurations, in order to provide a 
basis for development of a future generation of pulse 
generators15. 

Recently an application has emerged for pseudospark 
pulse generators requiring output characteristics such as 
those above for igniting fuels.  The pseudospark-based 
pulse generator under development and reported at this 
meeting shows approximately a factor of two 
improvement in rise rate, which is essential for the 
application16. 

VI. Small Pulsed Power Generators 

Several applications have emerged requiring small pulse 
generators for applications including biology.  These are 
described in more detail in the talks and papers 
accompanying the presentations at this conference.  Of 
interest from the point of view of compact pulsed power 
are the implementations.  These include MOSFET-based 
pulse generators suitable for implementation in 
microscopes, cuvettes17, and other applications18.  Solid 
state architectures including an interesting Transmission 
line transformer19 ,20 are also described. 

VII. Summary 

In considering physics issues of importance, contacts and 
cathodes, for solids and gases, respectively, come into 
focus as extremely important, and deserving of academic 
investigation.  The fabrication issues for contacts for solid 
state switches, and likely for capacitors, are broad-ranging 
issues requiring involvement of many areas of 
engineering and applied science.  Thus the contact 
material, doping and preparation of the region of the 
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contact, and specifics of the contact interface all require 
work for solid state switches.  Similarly cathode emission, 
including heating, self-heating, microscopic and 
macroscopic arcs require study in the context of high 
current switching, high hold-off voltage, and long life. 

For high voltage, current, µsec pulse, and fast rise, 
pseudosparks deserve study, engineering and 
development.  The USC-TTU-UMC MURI is working 
collaboratively to accomplish the first stages of this long 
range need.  The physics, and further applications for the 
beams, of these devices promises fascinating areas of 
work with productive applications. 

We believe that there is an important role for academia in 
pulsed power research.  Areas for investigation include 
solid state interfaces, doping, bulk materials, materials 
science.  Cathode-plasma interfaces, and other aspects of 
gas phase switches remain important and often poorly 
understood.  Energy storage, particularly capacitors, are 
extremely important, in need of increased attention.  
Exploitation of pulsed power for areas such as biology, 
combustion, and new devices holds exciting prospects.   

The next generation of scientists and engineers that will 
lead this area will be the product of today’s academic 
environment. The talents of these people must be served.  
Finally, the idea as yet unthought, resulting in a new path, 
is well know as a benefit of serious academic research.  
What important pathway may emerge, outside of the 
program, may be the most important of all. 
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