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Abstract

The injector for the second axis of the Dual-Axis
Radiographic Hydrotest Facility (DARHT II) is now
undergoing commissioning tests at Los Alamos National
Laboratory. A Marx generator develops a 3.2 MV, 2 us
pulse that is applied to the diode through a high voltage
(or Marx) dome, current stalk and high voltage insulator
column. The 2 kA electron beam source is a 165-mm-
diameter thermionic dispenser cathode operating near 120
kV/cm. The extracted beam enters a series of eight pulsed
power-driven injector induction cells that accelerate the
beam to approximately 4.5 MeV. The beam then passes
through a beamhead clean-up zone (BCUZ) to “scrape
off” the off-energy portion of the beam (the beam leading
edge and, to a lesser extent, the beam trailing edge). A
crowbar switch fired at the end of 2 ps produces a short
fall time.

This paper focuses on the electrical and mechanical
design and testing of the Marx generator. The Marx
consists of 88 stages, each half stage of which is a +/- 50
kV type E PFN. The Marx was tested for over 8000 shots
before shipment to Los Alamos and demonstrated 6 ns
jitter and good reliability with only 8 prefires out of 5000
shots. At the end of December 2002, nearly 800 shots
have been fired in the process of commissioning the
DARHT machine. The results of both series of these tests
are given in this paper.

. INTRODUCTION

The first axis of DARHT utilizes a well-engineered
conventional Linear Induction Accelerator (LIA) to

produce a single high-resolution x-ray image.
Hydrotesting needs require production of four high-
quality images over a time-span of 2-microseconds with
the second axis of DARHT. This requirement is met with
a 2-microsecond pulse-width injector and LIA whose
output is chopped into four pulses of variable pulse-width
and spacing. A layout of the second axis is shown in
Fig. 1.
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Figure 1. Layout of the 2-microsecond pulse-width
DARHT second axis accelerator system.

Space restrictions within the existing DARHT facility
forced the injector [1] to occupy two levels. On the
bottom level is the Marx prime power feeding a vertical
insulating column and stalk that drives a flat, 165-mm dia.
thermionic dispenser-cathode [2] with polished stainless
steel electrodes. The 444.5-cm tall, oil-filled insulator

* This work performed under the auspices of the US Department of Energy under contracts W-7405-ENG-36 (LANL),

and DE-AC03-76SF00098 (LBNL)
* email: knielsen@lanl.gov

0-7803-7915-2/03/$17.00 ©2003I EEE.

634



Form Approved

Report Documentation Page OMB No. 0704-0188

Public reporting burden for the collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and
maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information,
including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington
VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to a penalty for failing to comply with a collection of information if it
does not display a currently valid OMB control number.

1. REPORT DATE 2. REPORT TYPE 3. DATES COVERED
JUN 2003 N/A -
4. TITLE AND SUBTITLE 5a. CONTRACT NUMBER

Design And Performance Of The Marx Generator For The Darht Second | o -\t NUMBER

AxisElectron I njector
5c. PROGRAM ELEMENT NUMBER

6. AUTHOR(S) 5d. PROJECT NUMBER

5e. TASK NUMBER

5f. WORK UNIT NUMBER

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION
L os Alamos National Laboratory, PO Box 1663, Mail Stop P-939 L os REPORT NUMBER
Alamos, NM 87545 USA

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’'S ACRONY M(S)

11. SPONSOR/MONITOR'S REPORT
NUMBER(S)

12. DISTRIBUTION/AVAILABILITY STATEMENT
Approved for public release, distribution unlimited

13. SUPPLEMENTARY NOTES

See also ADM002371. 2013 | EEE Pulsed Power Conference, Digest of Technical Papers 1976-2013, and
Abstracts of the 2013 | EEE International Conference on Plasma Science. | EEE International Pulsed Power
Conference (19th). Held in San Francisco, CA on 16-21 June 2013. U.S. Government or Federal Purpose
RightsLicense, Theoriginal document contains color images.

14. ABSTRACT

Theinjector for the second axis of the Dual-Axis Radiographic Hydrotest Facility (DARHT I1) isnow
under going commissioning tests at L os Alamos National Laboratory. A Marx generator developsa3.2MV,
2ispulsethat isapplied to the diode through a high voltage (or Marx) dome, current stalk and high
voltage insulator column. The 2 kA electron beam source is a 165-mmdiameter ther mionic dispenser
cathode operating near 120 kV/cm. The extracted beam enters a series of eight pulsed power -driven
injector induction cellsthat accelerate the beam to approximately 4.5 MeV. The beam then passes through
a beamhead clean-up zone (BCUZ) to scrape off the off-ener gy portion of the beam (the beam leading edge
and, to a lesser extent, the beam trailing edge). A crowbar switch fired at the end of 2 is produces a short
fall time. Thispaper focuses on the electrical and mechanical design and testing of the Marx generator.
The Marx consists of 88 stages, each half stage of which isa +/- 50 kV type E PFN. The Marx was tested for
over 8000 shots before shipment to L os Alamos and demonstrated 6 nsjitter and good reliability with only
8 prefiresout of 5000 shots. At the end of December 2002, nearly 800 shots have been fired in the process of
commissioning the DARHT machine. Theresults of both series of thesetestsare given in this paper.

15. SUBJECT TERMS

16. SECURITY CLASSIFICATION OF: 17. LIMITATION OF | 18.NUMBER | 19a. NAME OF
ABSTRACT OF PAGES RESPONSIBLE PERSON
a REPORT b. ABSTRACT c. THISPAGE SAR 4

unclassified unclassified unclassified




Standard Form 298 (Rev. 8-98)
Prescribed by ANSI Std Z39-18



column [3] has both alumina and Mycalex insulating
rings. Fig. 2 shows a layout of the injector. Hydraulic
umbilical cables run along the length of the Marx tank
and drive an AC generator and power supplies inside the
Marx dome to heat the cathode. The aluminum stalk
connecting the Marx and cathode domes not only
connects the two electrically but also contains cabling for
the heater current, the bucking coil solenoid and
temperature sensors as well as water cooling for the
cathode dome and a hydraulic hexapod system for
positioning the cathode. The vacuum vessel is 4 meters
diameter and 9 meters tall.
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Figure 2. Layout of the DARHT second axis injector. The
current/electronics stalk is inside the insulator column,
between the Marx and cathode domes.

Since the injector provides the electron beam with its
initial energy to the accelerator, its performance is crucial
to the performance of the system. Reliability is important
because of the high cost of each hydrodynamics test.
Injector voltage waveform flatness is necessary to provide
the required injected electron beam quality. Finally, low
jitter is essential in providing proper timing of the injected
beam to the accelerating pulse in the LIA and ultimately
to the hydrodynamic test.

The DARHT-II injector Marx was designed and
constructed by Titan PSD under subcontract to LBNL.
Titan PSD, LBNL and LANL personnel from May
through August 2000 tested it into a dummy load in
California. Testing by LANL personnel at LANL began in
June 2002 and testing with beam began in July 2002.

I.LMARX DESIGN

The Marx is constructed in 88 stages. Each half stage is
a 7 section PFN that has operated up to +/- 45.5 kV.
Sections 1 & 2 are a damped Gibbs network to quickly
charge injector stray capacitance. The next 5 sections
form a 3.65 Q, type E PFN to produce a flattop pulse. The
Marx is therefore a 643 Q PFN delivering a 2.1 ps pulse
and up to 4.0 MV to a matched load. Matched load and
crowbar limit late time diode energy. A ballast resistor at
the Marx dome can be external adjusted to provide a
matched load. An 83 Q Marx series resistor limits
capacitor reversal to 84 % in case of a shorted load fault
or early crowbar closure. The Marx system is designed to
accommodate diode impedances from open circuit to 714
Q. A varistor stack on the side of the Marx limits
overvoltage to 3.7 MV or 117 % of normal, 3.2 MV.

The Marx series resistor, ballast and crowbar series
resistor are all externally adjustable liquid resistors. All
use sodium thiosulphate electrolyte with passivated 304
stainless steel electrodes. Continuous solution flow is
provided with inlet and outlet flow tubes routed from the
Marx dome to ground. No conductive solution is routed
along the Marx umbilical because of uncertainty of
voltage distribution during the Marx erection. Resistivity
and temperature of each solution is measured at its
external cooling unit. Solid plastic tubes are used to
define each resistor’s geometry.

Pulse width at flat top can be adjusted from 2.1 ps to 60
ns in 6 discrete steps by sequentially disconnecting PFN
sections. Pulse flatness is tuned by adjustment of PFN
inductors. The crowbar switch minimizes pulse fall time
and late time energy to the load. The Marx is laid out in
two columns to minimize stray capacitance of sequential
gaps and produce low jitter at a low percentage of self-
break and therefore a low prefire rate.

The Marx is constructed with reliability and low
maintenance in mind. The charging and case-to-case
resistors are encapsulated ceramic HVR-C2654 and the
trigger resistors are Milwaukee NS-10 wirewound. The
spark gaps are Maxwell’s pancake gaps, now Titan
PSD’s, with Swarzkopf K33S copper-tungsten electrodes.
The gaps are UV illuminated and use dry air with
continuous flow.

Fig. 3 shows an elevation view of the Marx. Some of
the components are: (A) and (C) hydraulic and fiber
optics control lines in the umbilical to the Marx dome, (B)
the Marx generator, (D) flange for crowbar resistor and
switch, (E) Marx dome, (F) one of four parallel ballast
resistors, (G) Stalk to cathode dome, (H) Marx series
resistor, (I) Torlon rod and trolley from which Marx is
hung. Fig. 4 is a photo of the Marx showing the nylon
support structure, field shapers tied to the Gibbs sections,
case to case resistors, stainless inductors which comprise
half the Marx series resistance, copper inductors and
bottom field shapers. Fig. 5 is a photo of the Marx from
above and shows the four rows of charging resistors and
two rows of trigger resistors just above the spark gaps.
The Marx is triggered by a cable trigger unit which, when
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the spark gap at the cable end is closed, delivers twice the
charge voltage to the spark gap midplane.

Figure 5. Top view of Marx showing charging and trigger
resistors.

Fig. 6 is a photo of the high voltage end of the Marx.
The varistors are shown on the left and the charging bars
in the center. The second capacitors of the Gibbs sections
are missing. The Marx output plate is shown but it is not
connected to the final Marx stage. Fig. 7 shows the Marx
stage configuration for a 400 ns pulse.

Figure 6. End view of Marx with second capacitors of
Gibbs section missing.
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Figure 7. Configuration of injector Marx stage for 400 ns
pulse. Note missing inductors and that bottom four
capacitors are shorted.

I1.TEST RESULTS

The Marx was tested for over 8000 shots in California
before shipment to Los Alamos, and all requirements
including reliability were satisfied. A dummy load
capacitor of 423 pF was attached between the Marx dome
and ground to replicate the combined stalk and cathode
dome capacitances and the ballast resistor adjusted to 684
Ohms. The tests demonstrated 6 ns jitter and only 8
prefires out of 5000 shots with two prefires in the last
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2877 shots. The crowbar switch was tested in a series of
300 shots at 3.2 MV with one prefire and no no-fires. In
another series of shots the Marx was charged to normal
voltage, +/- 41.6 kV, and held for 60 seconds and then
erected for 10 normal output shots and dumped for
another 10 shots. No prefires and no erections of the
Marx, upon dumping, were experienced. Finally, the
varistor stack was tested. Ten shots were fired at full
voltage and the ballast resistance increased from the
normal 684 Q to 2325 Q. Varistor current increased from
the normal peak of 80 Amp to 2250 Amp and Marx dome
voltage was clamped at 4.2 MV. The varistor stack will
have to be reduced to 8/9 the number of units to clamp at
3.7 MV. Fig. 9 is an 8 shot overlay of output voltage at
the Marx dome while Fig. 10 demonstrates crowbar
switch shortening of the pulse tail.
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Figure 10. Crowbar switch is used to shorten tail of pulse.
The pulse is flat to +/- 1 % for 2 ps.

The injector has now been used at LANL for over
1000 shots in the process of commissioning the second
axis accelerator.[4] Operation of the Marx has been
without difficulty. For all tests at LANL to date, May
2003, the Marx has been configured in the 400 ns mode to
minimize damage to the beamline in the event of beam
impingement. Fig. 11 shows an overlay of the 400 ns
pulse with pulses from the earlier tests in California. The
100 ns pulse does not get to full voltage and the 2.7 MV

was achieved only with +/- 45.5 kV charge and the load
increased to 2000 Q. The one problem that has been
experienced regarding the Marx and injector
configuration at DARHT II is an 8 MHz oscillation in
amplitude of near +/- 1.5 % on voltage at the cathode.
This oscillation is a result of the capacitances at the Marx
and cathode domes and the stalk inductance between the
two. A method to reduce the oscillations has been
identified and will be implemented in the event that a 2-
kA beam does not damp out the oscillations sufficiently
during the rise time of the injector pulse.
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Figure 11. Voltage Waveforms at Marx Dome for 100-,
400- and 2000 ns Marx Configurations.

IV.ACKNOWLEDGEMENTS

The authors wish to acknowledge the considerable
contributions to design and testing of the Marx from D
Anderson, now at ORNL, D Pellinen, now at Bechtel-
Nevada, Livermore, J Quicksilver and H Kirbie of LANL
and S Putnam and I Smith of Titan Pulse Sciences
Division.

V.REFERENCES

[1] E. Henestroza et al., “The DARHT-II electron
injector,” in Proc. of the XX International Linac
Conference, 2000, p. 434.

[2] C. Peters et al., “Design and construction of the 3.2
MeV cathode assembly for DARHT II,” in Proc. of the
XX International Linac Conference, 2000, p. 437.

[3] C. Peters et al., “Design and construction of the 3.2
MeV high voltage column for DARHT II,” in Proc. of the
XX International Linac Conference, 2000, p. 440.

[4] B. McCuistian et al., “DARHT-II Commissioning
status,” this conference.

637



