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SUMMARY OF RESEARCH FINDINGS

A low pressure glow discharge switch that has a number of features that are desirable for
high power applications has been designed and operated. The switch has achieved high
stand-off voltage (30 kV), and peak current (70 kA), has very fast current rate of rise, and
operates near the glow-to-arc transition in hydrogen or helium. It appears to have
intriguing scaling possibilities. Closure is initiated by light incident on the back of the
cathode. We call it a BLT (Back-Lighted Thyratron). Surface damage within the area of
illumination is less than surrounding areas, in contrast to most laser triggered switches.
We have continued to develop our new high power glow discharge switch for pulsed
power applications (Appl. Phys. Lett. 49, 494 (1986)). The switch is a back-of-the-
cathode light-activated thyratron type switch (BLT). This switch should be considered for
applications where high power thyratrons are a limitation. The current research effort
includes a detailed study of the operation of this switch directed towards optimizing switch
performance. Two experimental switches have been built with removable electrodes that
allow for the testing of different electrode materials and hole sizes. An experimental circuit
and gas handling vacuum system has been set up and is being used to study switch
operation. Peak current, maximum standoff voltage, current rate of rise, delay and jitter
have been measured and show promising results.

Several interesting results have been recently obtained pertaining to hydrogen thyratrons
and related plasma physics. A severe limitation of the thyratron as a high-power closing
switch is the maximum repetition rate. Through a time-dependent theoretical plasma
calculation and innovative experimental measurements, 2 much better understanding of the
recovery phase of a hydrogen thyratron has been obtained. This work has shown that the
atomic temperature plays a very important role in the rate of recovery. To make the
required measurements, a new method appropriate for use in a hydrogen thyratron has been
developed to measure the time-resolved electron density.

We have found a method for optically gating -- opening and closing -- a high voltage glow
discharge. The switch has operated reliably at currents of the order of 20 mA, and the
experiments yield information on a new method for optical control of the glow discharge.

The experimental results were obtained using a hollow electrode discharge structure, or
back lighted thyratron (BLT), in parallel with a small capacitor. The discharge is initiated
and extinguished by a short pulse of light from a UV flashbulb. The current is supplied by
a high voltage supply through a current limiting resistor. The switch is filled with H3 to
about 0.5 torr and will hold off ~ 1.5kv. When the lamp is flashed once a glow discharge -
is initiated at 20mA with a forward drop of ~ 200v. When the lamp is flashed a second time
the discharge is extinguished and the voltage returns to ~ 1.5kv. &I

These results demonstrated a reliable optically controlled gas opening switch. Research ed
has established the feasibility of the BLT switch, and has also defined areas of switch tio
studies, and applications of both the switch, and the principles upon which the switch is
based. Itis possible to achieve higher current, higher dI/dt, and other results (described
below), in this new family of switches, which operate in a glow discharge. It has thus 1on/
been possible to establish that this glow, thyratron-type switch is a candidate to replace
spark gaps, and hence extend applications.
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Recently this laboratory demonstrated a cold, hollow cathode that operates in thyratron type
switches at higher currents than dispenser and oxide thermionic cathodes -- without
forming an arc. Current densities that are about 2 orders of magnitude over heated cathode
current densities ~- 10,000 A/cm? vs. 100 A/cm? -- have been achieved over cathode areas
of approximately 1 cm2, 20,000 A peak current is readily achieved in a simple, unheated
configuration, and it may be possible to extend performance to peak currents over 100,000
A. In addition, this cathode has demonstrated thyratron operation with greatly improved
dl/dt, 100 % reverse current capability, and lower forward drop. This is an anomously
high regime of operation for a cold cathode operating in a glow discharge plasma, and is of
interest because in spite of the considerable phenomenological understanding of gas
discharge phenomenon, these data were not predicted, and these results apparently will
have important device applications. Although in the past higher but localised current
densities have been achieved through the formation of filamentary arcs, devices (e.g. spark
gaps) tend to be limited melting, sputtering and cratering of electrode material, and addition
of electrode material to the arc plasma. This new cathode allows currents that formerly
required arc-type devices, such as spark gaps.

An optoelectronic bistability in GaP has been observed. The bistable mechanism is based
on trap filling, and has several possible applications. This simple bistable device can be
realized using a commercial light emitting diode. The bistability is based on a negative
resistance effect that can be observed in commercial GaP light emitting diodes (LEDs). An
optical bistability is observed in both luminescence intensity and peak wavelength, and is
produced by light incident on an electrically biased sanaiple. The optical bistable operation
with the GaP LED differs from that reported in semiconductors such as InSb, InAs, GaAs
and CdHgTe, which are based on optical nonlinearity and typically use the same light for
input and output. Also, the effect reported here is not a change in transmitted light intensity
through a Fabry-Perot resonator due to an intensity-dependent refractive index change.
The bistable states were shown to switch with an optical gating. The bistable mechanism
was explained as a consequence of traps affecting the carrier characteristics (which also
results in the negative resistance region of the diode I-V curve). It is also suggested that
optically coupled devices may be possible in an integrated form.

The technological relevance of this work is in several important areas. These include the
excimer laser industry, accelerators and beam switching applications in high energy
physics, and several defense related activities. Applications to excimer lasers have
generated considerable interest.

In addidon to the switch work, additional applications include electron and ion beams, x-
ray and microwave production, modulator development for various applications, a new
superemissive cathode, applications for the cathode, and applications to plasma loaded
devices such as accelerators and plasma lenses. These applications are being pursued
independently, and are not considered in detail in this report. However, the potential
impact supports the value, and encourages the further technological research and
development of the present effort. As an example, the superemissive cathode produces

10,000 A/cm? over ~ 1 cm2. This should be compared to cathodes that are presently
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considered highly emissive -- with = 50 A/cm?2! Details that have recently been published
in Physical Review Letters.

A parenthetical result is the new BLT application for high energy physics plasma lenses.
The lens is based on a hollow cathode stable Z-pinch plasma that operates in a superdense
glow mode, and has the following demonstrated characteristics: Current deasity 10 to 40

kA/cm2, plasma density 3x10!5 cm-3, the plasma extends very uniformly over an area of ~
1 cm2, and the current pulse length is variable between = 10 ns and 10 ps. Active
focussing due to the magnetic field of the high current plasma and self focussing due to the
strong radial wakefields generated in the beam-plasma interaction for a 20 Mev and 50 Gev
have been analyzed.




ARO
DAAG29-85-K-0240 9/1/85-2/28/89

PUBLICATIONS

“Measurement of excited-state densities during high-current operation of a hydrogen
thyratron using laser-induced fluorescence,” D.A. Erwin and M.A. Gundersen, Appl.
Phys. Lett. 48, 1773 (1986).

"Determination of electric field and electron temperature in the positive column of a high-
power hydrogen thryatron from non-intrusive measurements,” D.A. Erwin, J.A. Kunc and
M.A. Gundersen, Appl. Phys. Lett. 48, 1727 (1986).

Book Review,"High speed pulse technology," by Frank B.A. Frungel, IEEE J. Quant.
Electr. QE-21 1974 (1985).

“Semi-empirical Formalism for Wavevector Dependent Deep Level Impurity
Wavefunctions in Semiconductors," H-H. Dai, C.W. Myles, and M.A. Gundersen,
Meeting of the American Physical Society, Bull. Am. Phys. Soc. 31, 503 (1986).

"Fundamental processes in high current glow discharge switches," M.A. Gundersen, J.A.
Kunc, D. Erwin, and C. Braun, Proceedings, Fifth IEEE Pulsed Power Conference, June
10-12, 1985.

"A low pressure, light initiated, glow discharge switch for high power applications," G.F.
Kirkman and M.A. Gundersen, Appl. Phys. Lett. 49, 494 (1986).

"Research issues in power conditioning,” M.A. Gundersen, R. DeWitt, A.K. Hyder, C.R.
Jones, J.A. Kunc, M.J. Kushner, E.P. Muntz, G. Schaefer, and P.F. Williams,
Proceedings, 1986 Seventeenth Power Modulator Symposium, Hyatt Seattle, Seattle,
*Nashington, June 23-25, 1986.

"A linear thyratron for developmental research," C.G. Braun, D.A. Erwin, G.F. Kirkman,
and M.A. Gundersen, Proceedings, 1986 Seventeenth Power Modulator Symposium,
Hyatt Seattle, Seattle, Washington, June 23-25, 1986.

"A semi-empirical formalism for the calculation of deep level wavefunctions in k space,”
H-H. Dai, M.A. Gundersen, and C.W. Myles, Phys. Rev. B. 33, 8234 (1986).

"Fundamental processes affecting recovery in hydrogen thyratrons,” C. G. Braun, D. A.
Erwin and M.A. Gundersen, Appl. Phys. Lett. 50 (19), 1325 (1987).

"High power hollow electrode thyratron-type switches," K. Frank, E. Boggasch, J.
Christiansen, A. Goertler, W. Hartmann, C. Kozlik, G. Kirkman, C. G. Braun, V.

Dominic, H. Riege and M.A. Gundersen, Proceedings, Sixth IEEE Pulsed Power
Conference, 213, June (1987).

“High power pseudospark and BLT switches," K. Frank, E. Boggasch, J. Christiansen,
A. Goertler, W. Hartmann, C. Kozlik, G. Kirkman, C. G. Braun, V. Dominic, M.A.
gil%n?fgsscé\), H. Riege and G. Mechtersheimer, IEEE Trans. Plasma Science, Vol. 16 (2),

“Fiber optic triggered high-power low-pressure glow discharge switches,” C.G. Braun,
W. Hartmann, V. Dominic, G. Kirkman, M. Gundersen and G. McDuff, IEEE Trans.




ARO
DAAG?29-85-K-0240 _9/1/85-2/28/89

Electron Devices, Vol. 35, (4), 559 (1988).

"A flashlamp triggered high power thyratron type switch with remarkable plasma
characteristics," G. Kirkman, W. Hartmann, and M.A. Gundersen, App. Phys. Lett. 52,
613 (1988).

“Switch developments could enhance pulsed-laser performance,” S. Spencer Merz and
M.A. Gundersen, Laser Focus, 70 (1988).

"An optoelectronic bistability in gallium phosphide,” M.S. Choi, J.H. Jur, and M.A.
Gundersen, App. Phys. Lett. 52 (19), 1563 (1988).

"Phonon assisted indirect recombination of bound excitons in N-doped GaP, including
near resonant processes,” H. Dai, M.A. Gundersen, C. W. Myles and P. G. Snyder,
Phys. Rev. B 37, 1205 (1988).

“Origin of anomalous emission in superdense glow discharge,” W. Hartmann and M.A
Gundersen, Phys. Rev. Lett. 60, (23), 2371 (1988).

"Evidence for large area super-emission into a high current glow discharge,"” W.
Hartmann, V. Dominic, G.F. Kirkman, and M.A. Gundersen, App. Phys. Lett. S3 (18),
1699 (1988).

"A super-emissive self heated cathode for high power applications,” W. Hartmann, G. F.
Kirkman, V. Dominic, and M.A. Gundersen, IEEE Trans. Elect. Dev. 36 (4), 825
(1989).

“Studies of Fundamental Processes in Plasma Devices," W. Hartmann, G. Kirkman, and
M.A. Gundersen,Particle Beam Physics Topical Group/American Physical Society,
Baltimore, Maryland, April 18-21, 1988, Bull. Am. Phys. Soc. 33, 1082 (1988).

"New High Power Thyratrons for High Energy Physics Applications,” W. Hartmann, G.
Kirkman, M.A. Gundersen, K. Frank, and J. Christiansen, Particle Beam Physics Topical
Group/American Physical Society, Baltimore, Maryland, April 18-21, 1988, Bull. Am.
Phys. Soc. 33, 1082 (1988).

"A plasma lens candidate with highly stable properties,” G.F. Kirkman, H.Figueroa, and
M.A. Gundersen, Proceedings of the 1989 Workshop on Advanced Accelerator Concepts,
Lake Arrowhead, California, Jan. 9-13, 1989.

"High -power thyratron-type switch for laser applications,” G. Kirkman, W. Hartmann,
T.Y. Hsu, R.L. Liou, P. Ingwersen, M. Gundersen and S.S. Merz, SPIE Proceedings
1046, Los Angeles, California, Jan. 19-20, 1989.

"An analysis of the anomalous high current cathode emission in pseudo-spark and BLT
switches," W. Hartmann, V. Dominic, G. Kirkman, and M.A. Gundersen, J. Appl.
Phys., to be published May 1989.




ARO
DAAG?29-85-K-0240 9/1/85-2/28/89

PRESENTATIONS

“Radiative Processes in a Hydrogen Glow Discharge," J.A. Kunc, C. Braun, D.
Erwin, and M.A. Gundersen, NATO Advanced Study Institute Program, Radiative
Processes in Discharge Plasmas, Pitlochry, Scotland, June 23 to July 5, 1985.

"Laser-Induced Fluorescence for the Study of Glow Discharges,” D. Erwin, C.
Braun, J.A. Kunc, and M.A. Gundersen, NATO Advanced Study Institute Program,
Radiative Processes in Discharge Plasmas, Pitlochry, Scotland, June 23 to July S,
1985.

"Laser-Induced Fluorescence Diagnostics in High-Current Glow Discharge Plasmas," D.
Erwin and M.A. Gundersen, 38th Annual Gaseous Electronics
Conference, Monterey, California, October 15-18, 1985.

"An Analytical Solution of a Three Level Atomic Model for Non-Equilibrium Argon
Plasmas,” C. Braun, J. Kunc, and M.A. Gundersen, IEEE LEOS Meeting at University of
Southern California, November 14, 1985.

"Optical Energy Extraction from the Triplet States of Molecular Hydrogen,"
G.F. Kirkman ar1 M.A. Gundersen, IEEE LEOS Meeting at University of Southern
California, November 14, 1985.

"Deep Level Wavefunctions in Semiconductors,” H-H. Dai and M.A. Gundersen, IEEE
LEOS Meeting at University of Southern California, November 14, 1985.

"Model for Phonon-assisted Indirect Recombination at N-bound Exciton in GaP," H
H. Dai, C.W. Myles, P.G. Snyder, and M.A. Gundersen, Meeting of the American
Physical Society, Bull. Am. Phys. Soc. 31, 504 (1986).

"Semi-empirical Formalism for Wavevector Dependent Deep Level Impurity
Wavefunctions in Semiconductors," H-H. Dai, C.W. Myles, and M.A. Gundersen,
Meeting of the American Physical Society, Bull. Am. Phys. Soc. 31, 503 (1986).

"Research Issues in Power Conditioning,” R. DeWitt, M.A. Gundersen, A.K. Hyder,
C.R. Jones, J.A. Kunc, M.J. Kushner, E.P. Muntz, G. Schaefer, and P.F. Williams,

1986 Sc\g:ntccnth Power Modulator Symposium, Hyatt Seattle, Seattle, Washington, June
23-25, 1986.

"A Linear Thyratron for Developmental Research," C.G. Braun, D.A. Erwin, G.F.
Kirkman, and M.A. Gundersen, 1986 Seventeenth Power Modulator Symposium,
Hyatt Seattle, Seattle, Washington, June 23-25, 1986.

"Fundamental processes in high current glow discharge switches,” M.A. Gundersen, J.A.
Kunc, D. Erwin, and C. Braun, Proceedings Elektronenrdhren und Vakuumelectronic,
NTG-Fachberichte 95, 94 (1986).

"Light Activated Pseudospark High Power Switches Research,” M.A. Gundersen,
University of Erlangen, Erlangen West Germany, May 9, 1986.




ARO
DAAG?29-85-K-024Q 9/1/85-228/89

"Laser Induced Fluoresence for Power Switches Research,” M.A. Gundersen, Technische
Universtdt Munich, May 12, 1986.

“A New High Power Switch," M.A. Gundersen, Sandia National Laboratory, May 19,
1987.

"Plasma Dynamics of a New High Power Switch and Application to Plasma Accelerators,"
M.A. Gundersen, presented to PS division, C.E.R.N., Geneva Switzerland, June 10,
1987.

"High Power Hollow Electrode Thyratron-type Switches,” K. Frank, E. Boggasch, J.
Christiansen, A. Goertler, W. Hartmann, C. Kozlik, G. Kirkman, C. G. Braun, V.
Dominic, M.A. Gundersen, and H. Riege, Sixth IEEE Pulsed Power Conference,
Washington D. C,, July 2, 1987.

"High Power Electronics," M.A. Gundersen, Quantum Electronics Seminar, University of
Southern California, Los Angeles, California, December 2, 1987.

“Optically Triggered High Power Glow Discharge Switches,” W. Hartmann, G. Kirkman,
V. Dominic, and M.A. Gundersen, 1988 High-Voltage Workshop, Monterey, California,
March 8-10, 1988.

“The BLT - A High Current Cold Cathode Switch," G. Kirkman, W. Hartmann, V.
Dominic, and M.A. Gundersen, 1988 Tri-Service Cathode Workshop, Ft. Monmouth,
New Jersey, March 22-24, 1988.

"New High Power Thyratrons," G. Kirkman and M.A. Gundersen, Argonne High Energy
Physics, Advanced Accelerator Test Facility Workshop, Argonne,Illinois, April 6-7,
1988.

"Fundamental Processes in Plasma Devices," G. Kirkman and M. A. Gundersen, Argonne

High Energy Physics, Advanced Accelerator Test Facility Workshop, Argonne, Illinois,
April 6-7, 1988.

“Studies of Fundamental Processes in Plasma Devices," W. Hartmann, G. Kirkman, and
M.A. Gundersen,Particle Beam Physics Topical Group/American Physical Society,
Baltimore, Maryland, April 18-21, 1988, Bull. Am. Phys. Soc. 33, 1082 (1988).

"New High Power Thyratrons for High Energy Physics Applications," W. Hartmann, G.
Kirkman, M.A. Gundersen, K. Frank, and J. Christiansen, Particle Beam Physics Topical

Group/American Physical Society, Baltimore, Maryland, April 18-21, 1988, Bull. Am.
Phys. Soc. 33, 1082 (1988).

"Optoclectronic bistability in gallium phosphide,* M.S. Choi, J.H. Jur, and M.A.
Gundersen, 1988 Conference on Lasers and Electro-Optics 59, 244, Anaheim, California,
April 27, 1988.

"A super-emissive cathode,” M.A. Gundersen, UCLA, May 6, 1988.




ARO
DAAG29-85-K-0240 9/1/85-2/28/89

"An experimental plasma lens device," M.A. Gundersen, SLAC Workshop on Plasma
Lenses, Stanford, California, May 9, 1988.

“Preliminary results from the III-V pulsed power device research program at USC," M.A.
Gundersen, Semiconductor Switch Workshop, Norfolk, Virginia, May 23-24, 1988.

“A review of high power hollow electrode thyratron-type switches," M.A. Gundersen,
1988 IEEE International Conference on Plasma Science, Seattle, Washington, June 6-8,
1988 (invited).

"Studies of Fundamental Processes in High Power Switches,” W. Hartmann, G. Kirkman,
V. Dominic, and M.A. Gundersen, European Particle Accelerator Conference, Rome,
Italy, June 7-11, 1988.

"High power hollow cathode glow discharge switches," W. Hartmann, G. Kirkman, V.
Dominic, and M.A. Gundersen, 18th Power Modulator Symposium, Hilton Head, South
Carolina, June 20-22 1988.

10




