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1« INTRODUCTION

There is a growing requirement for multiterawatt power sources with
bimodal polarity and variable output-voltage profiles into load imped-
ances in the 2- to 10-Q range, Variable pulse durations up to 150 ns
with very fast rise times (<20 ns) also are needed. Typical of the
applications that can be considered within these parameter regimes are
(1) high-intensity, fast rise ¥ simulators for source-region electro-
magnetic pulse (SREMP) investigations, (2) large-area electron beams for
thermal structural response studies, and (3) ion diodes for inertial-
confinement fusion studies,

To meet these requirements, several proposals have been suggested by
tne Harry Diamond Laboratories (HDL) for modifying the existing AURORA
High-Intensity Flash X-Ray Facility. One proposal is that, in each of
the AURORA Blumleins, the intermediate cylinder be electrically tied to
the corresponding inner cylinder at its output end, thus reducing each
Blumlein to a simple 8.5-Q line source, With a new and suitable switch
between these 1lines and the high-voltage end of the insulator stack,
these 8.5-0 sources could deliver significantly more power into a low-
impedance load than the existing AURORA in positive polarity. Disadvan-
tages of this proposal are the high cost of the conversion and the
adverse impact that it would have on normal AURORA operations.

Another proposal is to reestablish the AURORA Modification Program
(AMP) as a subohm source, The conversion to the low-impedance mode
would be accomplished by the addition of a water-~insulated pulse-forming
network attached to the Marx output (fig. 1). Apart from serious reser-
vations about the cost of this program, it is technically very question-
able whether ion diodes can be effectively designed to operate effi-
ciently at the subohm level, Moreover, the problem of ensuring the
complete integrity of the pulser against major oil and water spills is a
very difficult one, given the complexity of operation of the existing
differential-pressure control system and the vulnerability to rupture of
the dielectric diaphragm and the prepulse suppression slab.

The Improved Design AURORA Modification Program (IDAMP) is a simple,
effective alternative proposed to permit both of the prime objectives to
be met: (1) It would operate as a multiterawatt power source in both
positive and negative polarities with variable output-voltage profiles
into 2- to 10-Q load impedances., (2) It would operate that way with
minimal cost and operational impact on present AURORA operations. For
IDAMP, transformer oil is substituted for the water, and a new pulse-
forming line (PFL) is created to replace much of the old internal AMP
structure (fig. 2). Although water, as a dielectric medium, is superior
to oil for low-impedance operation, o0il is superior for the impedance
regime of interest here, 2 to 5 . Also, removing the rupturable dia-
phragm and prepulse slab virtually eliminates spill problems. These
advantages are offered by IDAMP:
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® The machine modifications and the experimental work can be per-
formed off line with much less disruption to AURORA operations than
would be associated with alternative in-line modifications,

® IDAMP can produce a power output of >5 TW at proven levels of
AURORA positive-polarity operation. (Volume breakdown in the Blumleins
has not been observed for Marx charge levels up to +110 kv,)

® Since there is only one input switch and one output switch, there
is no need for high~resolution, high-reliability synchronization of
switches within the pulser,

This alternative modification and its advantages are detailed in
section 2,

2. PHYSICAL DESCRIPTION OF PROPOSED IDAMP LINE MODIFICATION

The AURORA BRlumlein intermediate cylinders will be electrically tied
together and their combined outputs will feed the center electrode of
the 9-ft (2.7-m) vertical standpipe (fig. 2a). At the base of the
standpipe, an enerqgy diverter switch assembly will be installed to
remove, if desired, the low-energy, late-time transients delivered by t
the Blumleins, The AMP jintermediate store will be turned 180 deg and,
nested inside, it will thus help support the new PFL, which now runs
almost the entire length of the old AMP line. The input switch to this
new line, S , will be formed by the central conductor of the 2.,7-m
standpipe and the field-enhanced movable electrode on the intermediate
store. At the other end of this new PFL, a switch set, S , will take
the place of the AMP prepulse slab. Some hardware modifications will be
required to relocate the existing output switch hardware to these new
switch sites, but no major restructuring of the hardware is antici-
pated. The transit time isolator (TTI), also, will need to be replaced
by an inductive isolator; however, the existing TTI port can be effec-
tively used for providing clearance for the rod that supports the final
transformer line section, For positive-polarity operation, the tube
insulator rings will need to be inverted for high flashover strength,
For performance exceeding 5 MV, additional insulator stages will prob-
ably need to be added to the insulator stack. A simplified equivalent
circuit for IDAMP is shown in fiqure 2(b).

Reconfiguring the vacuum feed region of the present AMP hardware
should present no major problems. For 5-{ electron and ion-beam load
impedances, the existing AMP front end (fig. 3), which had been designed
for imploding plasma loads, requires these changes (fig. 4):
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Figure 3. Existing AMP front end.
® Shorten the cathode support assembly 2 in. (5 cm) and adjust the
anode cone to its extreme forward position to open up the anode-cathode
(A~X) gap from 1 to 10 cm.

® Remove the flux excluder,

® Replace the conical imploding- plasma -load vacuum-feed section
with a short 20-Q vacuum coaxial feed section.

® Reverse the diagnostic-chamber dome closure to provide extra room
for the electron- or ion-beam diode.




IVM:UUM COAX

3 EXTENSION FOR

\ VACUUM  ADDITION OF

B8z FELD

OR 10N

\ \[ BUNCHING _ ,,
COAXIAL VACUUM FEED

el |l CATHODE L, o
50 [[Ano

LOAD :
24 cm RADS |

200 6255

[/™"33.5 cm RADUS

SHORTEN
CATHODE 2 . /
AND ROUND OFF 7/ ADJUST ANODE REVERSED
ALL THE WAY DOME
FORWARD CLOSURE

= /
REMDVE
FLUX

EXCLUDER

Figure 4, Front end modifications for IDAMP.

These modifications can be accomplished with a minimum of ma-
chining, These modifications can be compared directly with the existing
AMP front end in figure S. ©Especially attractive is that this modifi-
cation preserves the existing anode centering and alignment apparatus.
Additional flexibility can easily be provided with IDAMP by extending
the 20-Q coaxial vacuum-feed section through the 75-cm-diameter door
opening in the dome closure. This extension will permit the addition of
external magnetic-field (B,) coils for high-fluence electron beams or
the addition of an evacuated drift tube for jion focusing and bunching.
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Figure S, Comparison of IDAMP front end with existing AMP front end,

3. POWER FLOW ANALYSIS

3.1 Circuit

Figure 6 shows a schematic diagram of the IDAMP pulser
.including the AURORA Marx and Blumleins and the IDAMP modifications to
the existing AMP water line., The intermediate cylinder in each of the
four Blumleins is connected in parallel with the other three interme-
diate cylinders, giving a total capacitance to ground of 55 nF. It is




estimated that the interconnection between the intermediate cylinders
and their connection to the vertical coaxial transmission line has an
inductance of 6.7% uH.

As proposed, IDAMP would function in much the same way as the
AMP water line, The intermediate cylinders of the Blumleins act as
intermediate storage capacitors. This intermediate store dumps its
energy into a 7-nF PFL, which consists of virtually all of AMP up to the
position of the epoxy prepulse slab. This slab is replaced with an oil
output switch estimated to be 65 nH and consisting of 12 electrodes that
discharge the new PFL into the load through the epoxy-vacuum inter-
face. The flux excluders of AMP are removed to shape the front end as
shown in fiqure 4,

For this report, the circuit of fiqure 6 was analyzed hy using
the general circuit analysis program NET II. To facilitate an auxiliary
analysis wusing the HDL adaptation of the Naval Research Laboratory
transmission-line transient analysis program, some inductors and capac-
itors were modeled as short transmission lines,

For the analysis, calculations were run in three stages. In
the first stage, a computer run was done of the Marx-to-Blumlein energy
transfer without any switching in AMP. From this first run, a voltage
was chosen for which it appeared there would be an optimal transfer to
the new PFL, In the second stage, a run was done for which the main
switch fired at that voltage, but for which the output switch remained
open., From this second stage run, a firing voltage for the output
switch was chosen on which the third stage run was based., This third
stage run simulated the entire sequence from the charge of the Blumleins
to the discharge to the load. In figure 6, the coaxial Blumlein cylin-
ders represent the parallel combination of the four actual Blumlein
networks,

Two cases for using IDAMP were analyzed. The first case corre-
sponded to charging the Marx to 90 kv (a moderate voltage for both
positive and negative polarities) and assumed a 5-Q load, main switch
closure at 1820 ns, and output switch closure at 2500 ns. The second .
case corresponded to charging the Marx to 105 kv and assumed a 3.5-Q
load, main switch closure at 1880 ns, and output switch closure at 2730
ns, These sets of parameters kept the voltage across the oil-epoxy-
vacuum interface to a maximum around the 5 MV for which it was designed,

Figure 7 shows the voltage traces from the third stage run of 1
the 90-kV case. Also shown as a function of time is the accumulated
electromagnetic energy flowing downstream past various points in the
pulser., Similar traces are shown in figure 8, corresponding to the 105-
kV case.
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3,2 Pulse-Forming Line

To achieve a power output of >5 TW while holding the diode tube
voltage to <5 MV, it is necessary to reach a voltage level of =14 MV on
the IDAMP PFL before the switch closes, At this voltage, the electric
field on the inner 1line is 32 MV/m (negative polarity) and 25 MV/m
(positive polarity) on the outer coaxial cylinder, The intermediate
cylinders of the AURORA Blumleins operate reliably when subjected to
fields of at least 20 MV/m (negative polarity) and 17.5 MV/m (positive
polarity). Allowing for the much shorter effective time to which the
IDAMP PFL is subjected (200 versus 700 ns) and the much smaller (<1/6)
electrode areas exposed to the high electric field, the tolerable elec-
tric fields in IDAMP should be at least a factor of 1,65 over those
obtained in AURORA, That is, IDAMP electric fields of 33 MV/m (negative
polarity) on the inner coaxial cylinder and 28 MV/m (positive polarity)
on the outer coaxial cylinder should be as practical as conventional
AURORA operation., These values permit PFL voltages in excess of 14 MV
on IDAMP,

3.3 Diode

The following values of the diode parameters could easily be
obtained with the IDAMP pulser:

Peak electron energy 5 MevV 3 MeVv
Peak current 1 MA 142 MA
Load impedance S Q 2.5 0
Peak power 5 ™ 3.6 TW
FWHM (power pulse) 150 ns 150 ns
Energy to load 750 kJ 540 kJ
Ratio of current to 5.4 10

Alfvén current, I/Ip

By using the relativistically correct, one-dimensional space
charge limit derived by Jory and 'I‘rivelpiece1 and assuming a unjform
current density inside the radius r, the diode gap impedance is to a
close approximation

zr? 117¢

32 (Yl/é - 0.85)2 r for ¢ > 0.5 Mev ,

4. R. Jory and a. W. Trivelpiece, J. Appl. Phys., 40 (1969), 3924.
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where

Z = gap impedance,

r = cathode radius,

d = A-K gap,

¢ = cathode voltage (megavolts),
Y = e¢:/mc2 + 1.

For a 5-0 load at 5 MV, r/d = 4.4. For a 2.5-9 load at 3 MV, r/d = 6.7.

If the anode and cathode plasmas are both closing at 2 cm/us,
the impedance will decrease about 40 percent in the 150-ns pulse width,
with an A-X gap of 3 cm. Sn at 2.5 @, the cathode must be at least 20
cm in radius; at 5 2, at least 13 cm in radius. As seen in figure 4, a
24-cm-radius cathode is available with 1little modification to the
present AMP, allowing a 5.5-cm gap at 5 2, The suggested 20-Q vacuum
coaxial feed section should provide magnetic insulation for either 5 or
2.5 Q. As noted in figure 4, the present door at the rear of the
chamber is large enough to permit an extension of the vacuum coaxial
feed section,

4, APPLICATIONS
4.1 1Ion Diode

The trend in ion diodes at Sandia National Laboratories and the
Naval Research Laboratory is toward medium impedances of a few ohms at t
to 10 Mev, with this proposed IDAMP 5-TW diode, at 5 MeV one could
obtain ion beams suitable for transport, bunching, and target response
experiments. Depending on the pulse shape obtained, bunching will
require 1 to 4 m of drift distance, which is obtainable with the present
location of AMP.

4.2 Thermal Structures Response

The use of electron beams to simulate the effect of ¥ .ays on
structures requires a beam with an average electron energy of =3 MeV and
a delivered energy of >0.5 MJ (according to the Defense Nuclear
Agency). The only pulser in the United States to provide this beam
would be IDAMP., A longitudinal magnetic flux density of about 1 T would
be needed for this application. The magnetic field would probably be
pulsed and would require an energy store of greater than 1/2 MJ, Dis-
cussions with Maxwell Laboratories, Inc., indicate that this magnetic
field is readily obtainable.




4.3 Radiation Effects

The current in IDAMP will be approximately equal to the sum of
all four of the diodes on the conventional AURORA, The present AURORA
has tube voltages of about 8 MV at a 90-kV Marx charge and 10 MV at a
110-kV Marx charge. The IDAMP bremsstrahlung radiation field at
distances greater than the source diameter will then be about 25 percent
of the present AURORA field at 90-kV operation and 15 percent of the
AURORA field at 110-kV operation, (A modified insulator stack to hold
off 5 MV would greatly enhance the bremsstrahlung production.) The rise
time will be much faster than that of the present AURORA, The tube
could be run in a pinched beam mode to produce very high dose, dose
rate, and derivative of dose rate (D, 6, D) over a smaller area. This
would be a more practical operation than that of the present AURORA
because of the comparative ease of cleaning the tube insulators after a
high-current density shot.

The diode could be used in conjunction with a thin foil
converter to provide an intense source of low-energy photons. This soft
x-ray source could be enhanced by lowering the gap impedance below 2 @,
although doing so would require a somewhat more extensive vacuum-feed
modification than is described here,

There would be an added advantage to IDAMP as a radiation
effects facility in that large objects such as tanks could be brought
through the 22-ft (6.6-m) rollup door. High-quality cables exist from
the proposed IDAMP front end running to the data room.

4.4 Source-Region Electromagnetic Pulse

The short rise time predicted for this pulser will make the
bremsstrahlung output suitable for SREMP experiments. In addition, the
withdrawing of the enerqgy diverter could provide a long fall time to the
pulse,

The IDAMP pulser in the electron-beam mode would make a useful
addition to the present facility for injecting electrons into the test
area for fast-rising air ionization for SREMP applications. The present
AURORA would continue to be used for large-value air ionization, while
IDAMP could address the problem of injecting electron beams into an
antenna with no built-in return current paths as exist in the present
test cell, This addition would allow research into the problem being
faced in a proposed SREMP facility prior to its construction.

Once again, the ability to bring large objects into the test
area and the existence of cables are major advantages,
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4.5 Microwaves

Present technigques of generating intense bursts of microwaves
are aimed toward repetitively pulsed or continuous wave operation and do
not use very high peak power pulses, However, fulure research in free
electron lasers and on microwaves from reflex triodes and diodes at HDL
may benefit from the long-pulse, high-voltage source where the current
can be varied by the use of dummy loads. In particular, if the directed
energy weapon use of microwaves continues to be of interest, a high-
output energy pulser will be needed for feasibility studies. According
to Sullivan, the flat-topped voltage pulse is desirable.?

5., AURORA FACILITY MODIFICATIONS FOR IDAMP

The necessary electricity and water provided for AMP can be used for
IDAMP, so no further expense need be incurred. High-quality signal and
machine diagnostic cables are in place from AMP to the AURORA data and
control rooms, and they can be used for IDAMP,

The only significant IDAMP modification will be for radiation
shielding, Since AMP was a driver for a low-impedance wire load, the
bremsstrahlung was contained by a steel door. The proposed 5-MeV broad
source application will require more radiation shielding. Concrete !
blocks can be used, and possibly the area ahead of AMP can be cleared
for each shot, Direct and sky-shine radiation were calculated by AURORA
personnel for AMP and were included in the environmental impact state-
ment, The necessary computer codes are available, and the shielding
calculations can be upgraded to the 5-MeV operation,

6. CONCLUSIONS AND RECOMMENDATIONS

The preliminary analysis presented here indicates that, for a modest
expenditure and by using the existing AMP hardware, IDAMP could be built
as a 5~TW, 5-~MV pulse power source.

This proposed off-line medium-impedance IDAMP pulser could be oper-
ated with a minimum disruption of normal AURORA operations, could be
operated in positive polarity, and with only one output switch would be
capable of high-resolution synchronization with user experiments.

2p. J. Sullivan, Bul/l. Am. Phys. Soc., 25 (October 1980), 948.




Applications for this new pulser are extensive, Examples of poten-
tial uses for this proposed machine are ion diode (positive polarity),
thermal structures response, SREMP bremsstrahlung, and high-intensity
low-energy x-rays, All of these are either not possible or only margin-
ally possible with AURORA at present,

It is recommended that a more detailed study be conducted to deter-
mine the critical elements and possible problem areas associated with
the implementation of this very promising research and testing tool.
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