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Abstract 

The Particle Beam Fusion Accelerator II, PBFA II, 
is now the largest pulsed power device in operation. 
This paper will summarize its first year and a half of 
operation for the Department of Energy (DOE) Inertial 
Confinement Fusion (ICF) program. Thirty-six separate 
modules provide 72 output pulses that combine to form 
a 100 TY output pulse at the accelerator center. PBFA 
II was successfully test fired for the first time on 
December 11, 1985. This test completed the construc­
tion phase (Phase 1) within the expected schedule and 
budget. The accelerator checkout phase then started 
(Phase 2). The first priority during checkout was to 
bring the Phase 1 subsystems into full operation. The 
accelerator was first tested to determine overall sys­
tem performance. Next, we modified subsystems that 
were not performing adequately. The accelerator is 
now being used for ion diode studies. 

Introduction 

The Particle Beam Fusion Accelerator II (PBFA II) 
is now the largest pulsed power device of its kind in 
operation. It has completed the first pulsed power 
check out phase (Phase 2) and is now being used 
primarily for ion diode experiments. Phase 1, the 
construction phase, started in late 1979 and was com­
pleted at the first test firing of the accelerator on 
December 11, 1985. The nominally 100 TY accelerator 
was finished six weeks ahead of schedule and within 
the estimated cost of 48.15 M$, which included new 
building construction. Phase 2 started after the 
first test firing and concluded October 1, 1986. 
Since October 1986, the accelerator has been used 
primarily for ion diode experiments. The accelerator 
has also been generating pulsed power data, and fur­
ther accelerator improvements have been made. After 
the first shot, we found that most of the accelerator 
systems operated well. One major subsystem, the 13 MJ 
energy storage system, was evaluated prior to the 
first shot. However, we knew that several systems 
were not easily scalable from PBFA II modeling. 
Checkout of these systems was then performed by as­
signing the testing capability of the entire 
accelerator to checking that specific system. Systems 
needing to be tested in this manner were the Laser 
Triggered Switches (LTS), voltage adder, and the 
Plasma Opening Switches (POS). This paper describes 
tests and items of interest on PBFA II and provides 
information that should be useful for other large 
accelerators. The data are provided in this paper in 
a sequence starting at the outside of the accelerator 
and going toward the center. Several other PBFA II 
papers presented at this conference provide further 
detail of the PBFA II subsystems. References are made 
to these papers when appropriate. 

There are several significant pulsed power ad­
vances in PBFA II: 

1. 

2. 

3. 

Yater is used for the pulse forming and power 
transmission lines to generate pulsed voltages 
above 10 MV resulting in a compact accelerator. 

Thirty-six Marx generators constituting 13 MJ 
stored energy were repeatably fired with less 
40 ns total spread. The prefire rate of this 
large Marx system is very low, below .05 per 
charge cycle. 

of 
than 

The gas switch laser trigger system, with the 
proper optics design, was shown to be a viable and 
survivable triggering system. Even though large 

water switching shocks are present, the optics 
required only minor adjustment between shots. 

4. Thirty-six 5 MV laser triggered multichannel gas 
switches were operated together. Although further 
modifications are needed, this large, crucial sys­
tem is feasible. LTS systems have proven their 
value for large multimodule, pulsed power devices. 

5. High voltage (about 5 MV) water switches can be 
successfully operated without large energy losses 
and with low jitter if high fields are used. 

6. A system using the vacuum insulator stack and the 
voltage adders as an inductive energy store has 
been charged to voltages of 12 MV and stored 
energies greater than 2 MJ at short circuit cur­
rents exceeding 6 MA. 

7. 

8. 

The POS, in conjunction with a plasma filled blade 
load, y~s provided current rise rates of about 
2 x 10 amps per second on one half of the 
accelerator. 

Early data was gathered on the performance of ion 
diodes. 

PBFA II Design 

A drawing of PBFA II is shown in Fig. 1. The ac­
celerator insulating sections are divided into three 
main types: oil, water, and vacuum. First the energy 
storage section, which consists of the Marx generators 
and their trigger systems, are insulated using a 33 
me6er (108ft.) outside diameter ring filled with 2 x 
10 lit. (530,000 gal.) of transformer oil. Next the 
pulse forming section, consisting of laser triggered 
gas switches, pulse forming lines 1 and 2, water 
switches, coaxial to flat plate transition, polarity 
invertors, and the volt~ge step-up transformers are 
located in the 2.2 x 10 lit. (580,000 gal.) water 
section. Finally, the vacuum section is located in­
side of the (3.7 m diameter, 4.8 m high) insulator 
stack and contains the inductive store, voltage ad­
ders, plasma opening switches, and ion diode. 

Marx Generator 

The PBFA II prime energy store consists of 36 in­
dividual Marx generators that are operated in parallel 
[1,2,3]. The PBFA II Marx is shown in Fig. 2. The 
Marx generator design is the latest and most highly 
synchronized of a series of Sandia designs that 
started with Hydra, a pulsed power simulator [4]. 
Each Marx has 60, 1.3 ~fd 100 kV energy storage 
capacitors that are charged in parallel and discharged 
in series by 30 triggered SF-6 insulated spark gaps 
that operate reliably without prefires at the nominal 
charge voltage. Each Marx is operated at a nominal 95 
kV charge which provides 360 kJ from each Marx and a 
total of 13 MJ for the system. The 36 Marx generators 
are triggered by a fan out trigger system. One main 
trigger amplifier triggers 9 Marx-type trigger gener­
ators. Each trigger generator in turn delivers a 540 
kV, 80 nsec risetime pulse to 4 Marx generators. 

When the Marx energy storage capacitors are con­
nected in series, the energy is transferred from the 
oil section into the water capacitors. While trans­
ferring the stored energy, the current through the 
series Marx gaps rises in a sinusoidal manner to a 
peak current of 110 kA in 0.6 microseconds and then 
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Figure 1 - PBFA II Line Drawing. 

decreases toward zero in an additional 0.6 
microseconds. Just before the zero current and near 
peak energy transfer, the laser-triggered gas switches 
fire and discharge the water capacitors. 

The power during Marx-to-water capacitor transfer 
time is about 13 TW. Since the Marx is charged in 
about 100 seconds and discharged in one microsecoHd, 
the pulse compression ratio of this section is 10 , 
which makes the Marx the most efficient and compact 
pulse compression device in the accelerator. 
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Figure 2 - PBFA II Marx Generator 
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Figure 3 - PBFA II Marx Timing Plot 
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Due to the size and complexity of the Marx, it was 
the first system tested. A high-voltage testbed was 
constructed to provide initial qualification testing 
for all the Marxes after assembly. Each Marx was 
fired 20 times while the erection time and output 
voltage were measured. After this test, each Marx was 
hung in the main PBFA II annular tank awaiting the 
full Marx system test which occurred one year later. 
The full-system test was successfully completed 
several months before the December test shot and 
provided valuable data. 

The performance of the PBFA II Marx generators is 
better than expected and easily meets our 
requirements. Typical spreads (the time between the 
first and last Marx firing) are less than 40 
nanoseconds. A typical data set showing the Marx 
firing time as a function of location is shown as Fig. 
3. With extra care and special procedures, timing 
spreads of less than 30 nanoseconds were also 
obtained. 

Transfer Switches, Barriers and 
Control-Monitor Systems 

The most serious failure for an accelerator of the 
PBFA-II type, is the rupture of an oil-water barrier 
and the subsequent mixing of the large quantities of 
transformer oil and deionized water. Previous experi­
ments showed that an oil film coating on the aluminum 
parts in the water section lowers the electrical 
break-down strength by a factor of two. Conversely, 
water in the transformer oil can collect in the low 
spots of the Marx generators and cause arc overs and 
intermittent shorts during DC charging. In principle, 
the two liquids could be separated by a coalescer. In 
practice, the time for this separation would be 
measured in months. These factors make the oil-water 
interface a critical design feature of PBFA II. 

The interface structure is shown in Fig. 4. The 
peak voltage without failure was 5.6 MV on the 1.4 
meter diameter disk. 

Ruptures of the oil-water interface can, in 
principle, be caused by many different failure modes. 
First, the barrier can track electrically and dis­
charge the Marx across the insulator surface. This 
track dissipates energy which causes a rupture from 
the shock and the barrier breaks. This failure mode 
can be minimized by fabricating the barrier from a 
tough polymer such as polyurethane. The surface must 
be electrically graded properly and kept reasonably 
clean, especially at the triple points. Second, 
tracking and subsequent ruptures can be initiated from 



interface 

Figure 4 - The Oil-Water Barrier Interface 

the Marx transfer switch. We prevent this failure 
mode by removing the barrier from the switch swing arm 
region and then providing a close-to-ground path for 
any swing arm discharge during transit. The swing arm 
transit time is also limited to less than 1.5 sec. 
The third failure mode is caused by a gas switch rup­
ture which can couple a shock wave into the interface 
directly through the water capacitor inner cylinder. 
Multiple gas switch ruptures occur, for instance, if 
the triggering laser does not fire. During one test, 
36 lines rang over to full voltage without a laser 
trigger. Nineteen gas switch housings tracked on the 
water side and exploded, thereby releasing their gas 
pressure energy into the water and the interfaces. 
Six other switches had heavy tracks, but did not 
break. Only one small oil-water interface leak was 
detected after this incident. To prevent this 'failure 
mode the barrier must be designed to withstand gas 
swit~h explosions and, again, to be tough. During the 
checkout phase, the PBFA II interfaces have withstood 
all of these potential failure modes. 

Another important operational feature is the 
firing inhibit ability of the Control and Monitor 
System (C/M) for PBFA II [5]. During the preparation 
of PBFA II for a shot, the C/M monitors the perfor­
mance of key components on subsystems of the 
accelerator. If any of the monitored points fall out 
of tolerance, the C/M prevents the fire signal from 
activating the Marxes and other electrical subsystems. 
A shot can be successfully aborted up to a few 
microseconds before the expected firing. This C/M 
capability thus saves time and hardware. Several 
times during the countdown sequence the C/M stopped a 
trigger that would have put the accelerator at greater 
risk or that would have resulted in poor data. 
Typical monitoring points are: gas switch pressure, 
laser capacitor bank charge, Marx trigger generators, 
data acquisition trace condition, and the ion diode B­
field bank voltage. 

Water Capacitors 

The original water capacitor was designed with a 
comfortable safety factor and then thoroughly checked 
on Demon through repeated test firings. Demon is a 
single-module prototype for PBFA II. Later in the 
program, extra gas switch length was needed and, sub­
sequently, the original water capacitor was shortened 
by about 20%. This shortened length caused ~n.unac­
ceptable decrease in the energy transfer eff1c1ency. 
After considering several alternatives, we decreased 
the outside diameter of the water capacitor to provide 
a capacity that was similar to that on the longer 
water capacitor. The decreased diameter outer 
cylinder increased the electrical fields significantly 
above those predicted safe by the J. C. Martin (JCM) 
water breakdown formula based on data by I. D. Smith 
[6]. Previous data on PBFA I and Proto II, along with 
a new theory of water breakdown [7], indicated that 
the new design (shown as Fig. 5) should not break down 
at our expected operating level. The JCM formula for 
water breakdown is 
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.3 for positive surfaces and 

.6 for negative surfaces 
(1) 

The formula values were determin~d from water break­
down data up to several times 10 square em. and may 
not be applicable to very large systems. 

Store 

Figure 5 - Water Capacitor 

The 36 PBFA II water capacitgrs have a total nega­
tive electrode area of 1.54 x ~0 square c~. while the 
positive electrode total area 1s 2.71 x 10 square em. 
The measured peak voltage on the water capacitors was 
5.4 MVduring the non-laser triggered ringover. Our 
JCM constants for this level are .393 for the positive 
electrode and .654 for the negative electrode, over 
the Formula (1) 30% and 9%, respectively, values which 
indicate that the area term scaling of .1 is too con­
servative for these large areas. 

During the water capacitor testing and use, the 
only arc-overs that occurred were at the outer conduc­
tor and the grading structure at the high voltage end 
of the gas switch where the fields are slightly 
enhanced; a true large-area breakdown between 
cylinders has not yet been observed. In principle 
then, even these large numbers for the JCM constant 
may be too conservative. 

In summary, a favorable situation exists for large 
area water breakdown. The JCM design formulae are 
pessimistic for large areas, and water-dielectric 
energy stores can be designed significantly smaller 
than were expected from the JCM formulae. 

Laser Triggered Gas Switch 

Based on experience with triggered gas switches on 
Hydra, Proto II [8], and PBFA I [9], we expected that 
considerable effort would be necessary to successfully 
make a 5 MV, highly synchronized (less than 15 ns 
spread), compact, low inductance, multi-channel, reli­
able gas switch. The research on the PBFA II LTS 
started before the first shot on PBFA I and is still 
in process. We were encouraged by the 10 ns total 
spread for the 36 modules that was finally achieved on 
PBFA I [9] using multistage electrically-triggered 
switches. However, due to the energy loss (- 10%) due 
to the electrical trigger coil of the PBFA I 3 MV 
switches and the higher trigger voltages that would be 
needed for the 5 MV PBFA II gas switches, we decided 
to use a laser trigger. 

Fortunately, laser triggered switches, originally 
pursued by A. H. Guenther and others at the Air Force 
Weapons Lab [10], provided timely developments that 
made laser triggering feasible for PBFA II. A group 
at Lawrence Livermore National Laboratory (LLNL) 
reported a 100 ps jitter from a .5 em SF-6 insulated 
gap when triggered by a KrF laser [11]. A research 
program was started at Sandia to investigate the low 
jitter switching as applicable to PBFA II. Several UV 
and some IR laser triggered SF-6 insulated gaps were 



tested and detailed in the literature [12,13,14). In 
general, the requirement for low-energy, low-jitter 
LTS is that a large portion of the gas gap length 
should be ionized by the laser. 

The PBFA II gas switches have more demanding re­
quirements than other triggered switches. The switch 
inductance must be low (about 150 nh) and the peak 
currents must be .3 MA through each switch. This re­
quirement comes from the use of the Double Bounce 
method of pulse compression, first suggested by Ian 
Smith of Pulsed Sciences Inc. (PSI), to relax the re­
quirements on the self breakdown water switching 
needed to provide the fast output pulse [15]. Double 
bounce pulse compression will be discussed later. In 
addition, the gas switch housing length was limited to 
68 em by the position of the laser standpipe. A mul­
tiple channel gas switch would meet these 
requirements. We noted that a multistage switch form­
ing several channels during breakdown was under test 
and performing well on SPEED [16]. This type of 
switch also fit well with the LTS requirements men­
tioned above since only a small fraction of the total 
gap length of the multistage switch needed to be trig­
gered which, in turn, minimized the laser energy 
required [14]. 

The switch invented for PBFA II is called the 
Rimfire switch. It was named for the way the center 
switching elements are mounted and the way they break 
down. The Rimfire switch is shown in Fig. 6 [17]. 

Figure 6 - Rimfire Switch 

The Demon tests described previously [18] and the 
results described at this meeting [19) indicate that 
the present PBFA II switch should be operating 
satisfactorily. However, during the accelerator 
checkout the switch performance was not satisfactory. 
A typical shot timing record is shown as Fig. 7. 

Figure 7 shows several features that allowed us to 
separate the problems contributing to the switching 
spread. The early switch breakdowns come from two 
sources. First, the multiple rimfire switch gaps can 
start to break down early. When the trigger pulse 
arrives, a large portion of the gap is already broken 
down and the switch runs faster when compared to the 
others. Second, and probably most frequent, prefires 
occur when the gas housing tracks electrically, either 
on the gas or water side, and closes the circuit out­
side of the gas switch electrodes. 

Figure 7 also shows a nice center grouping of 
switches that run with a Gaussian-like distribution of 
breakdown times. This group of switches demonstrate 
the proper switch action. Although the spread is 
somewhat larger than expected, this grouping shows 
triggering. 

Finally, Fig. 7 shows the late switches that were 
not strongly triggered. These switches might have had 
inappropriate laser energy and focusing or mechanical 
anomalies. 
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Figure 7 - PBFA II Typical LTS Performance 

Two key parameters strongly affect the LTS 
operation. First is the switch electric field 
[19,20]. Second is the proportion of trigger gap dis­
tance that is ionized by the laser beam. A simple 
model was constructed, by T. H. Martin, from the J. C. 
Martin scaling relations [21]. If we assume that the 
laser spark of length, x, has the effect of reducing 
the gap length, d, to an effective gap d-x, then we 
find that: 

k­
(d-x) (2) 

The running time of the switch changes as the field to 
the sixth power; or, for every 12% of field increase, 
the switch runs in one-half of the time. For in­
stance, if 50% of the gap is ionized by the laser 
spark, then the effective trigger field is increased 
by a factor of two. The run time is, in turn, 
decreased by a factor of 64. We found that the laser 
spark length is a function of the focal length of the 
lens, the laser energy, and the laser wavelength [12]. 

We expect that an important factor for proper 
trigger gap operation is to assure that the laser 
pulse length is equal to or longer than the run time 
of the entire switch. During the construction of PBFA 
II, the input laser beam diameter was doubled from 
that of the Demon prototype to minimize damage and 
allow longer life and easier adjustment for the opti­
cal train. This seemingly minor change during the 
construction phase resulted in a shorter laser ionized 
path in the triggering gap which in turn resulted in 
the switches running slower. Some switches dropped 
out of the laser pulse time window and subsequently 
exhibited large spreads and jitters. The switches can 
be brought back to a faster runtime by either increas­
ing the trigger gap field or lengthening the laser 
ionized path. A series of experiments outlining this 
effect is being presented by Turman and Wilson 
[19, 20]. 
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The latest gas switch data, with only a change in 
the F-number of the laser beam, is shown as Fig. 8. 
The central group of switches has a one sigma dis­
tribution of 5.7 nanoseconds and a 22 nanosecond total 
spread at less than 70% of self-breakdown voltage, 
which is much closer to the values needed for PBFA II 
target experiments. 

Water Switching, Pulse Forming, and 
Transmission Lines 

The pulse forming and transmission lines are con­
figured on PBFA II to enable pulse compression and 
voltage addition. The pulse forming lines are 
switched by self breakdown water switches. Multiple­
module voltage addition allows high voltages to be 
provided in a water dielectric. Since the velocity of 
electrical waves in water is one-ninth that in vacuum, 
the pulse forming lines and switching hard~1are, in 
physical size, can constitute an appreciable portion 
of a pulse length. A high voltage pulse of energy (if 
one could see it) in water looks more like a 2 ·meter­
thick slab of energy converging into the center of the 
accelerator. Switching and adding smaller, individual 
slabs of energy from the 36 modules is a challenging 
task that always loses energy. A PBFA II module line 
is shown in Fig. 9. 

Gas Switch Line 2 Line 3 

Load 

Transformers 

Intermediate 

Store 

Figure 9 - PBFA II Line 

The water switching on PBFA II has performed well. 
Early in the program, switch energy losses were not 
well known and large inefficiencies were a concern. 
After reviewing previous data from Sandia and else­
where, we concluded that if the average field on the 
water switch could be high (by using de-enhanced 
switch points) then the energy losses would be accept­
able. Our present line 1 switch has 4 individual 
switches that are gapped to 10 em. The average field 
is 0.45 MV/cm at a peak voltage of 4.5 MV. The double 
bounce charging system on line 1 was intended to 
provide a fast rise voltage to a voltage plateau of 
about half of the desired voltage when the main 
forward-going pulse arrives at the switch pins. The 
main pulse reflects from the open-water switches back 
to the gas switch inductance. The pulse again 
reflects from the gas switch inductance back towards 
the water switches. The water switches then close 
just prior to the arrival of the multiple-reflected 
pulse [14]. 

One item that limits our ability to construct a 
double bounce water switching system is the stray 
capacity across the gas switch. Double bounce relies 
on making large impedance discontinuities at both ends 
of line 1. Stray capacities between the ends of the 
line cylinders make obtaining these discontinuities 
more difficult than expected. Specifically, the stray 
capacity across the gas switch is important, and the 
stray capacity between line 1 and its ground plate was 
significant. Both of these capacities were minimized. 

If standard energy transfer were used (1-cos oot) 
then the peak voltage on line 1 would approach 6 MV in 
200 nsec. This would require a water switch gap of 20 
em which would be impossible to package within this 
configuration. The double bounce charging allowed a 
10 em gap to perform the same switching at 4.5 MV and 
120 nsec charge time. In summary, double bounce has 
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allowed the use of water switching in this 
accelerator. Figure 10 presents data showing that 
double bounce water switching is working. 

The water switching exhibits low jitter. Figure 
10 shows a plot of a single line average switch break­
down time as a function of the gas switch breakdown 
time. If a gas switch closes late, then its water 
switches will close in a relatively shorter time due 
to a higher applied voltage and, therefore, reduce the 
overall module jitter. This behavior was observed in 
our tests. The deviation about a straight line ap­
proximation of this relationship is an approximation 
to the water switch jitter. This particular data set 
shows a water switch jitter of 3.5 ns and is typical. 
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Figure 10 - Water Switch Jitter 

A brief description of the voltage adding method 
will be given next. After the electrical pulses are 
formed in lines 1 and 2 [15], the energy is evenly 
divided into two flat-plate transmission lines. One 
of the flat plate transmission lines has a crossover 
which inverts the voltage vector on that side. The 
two voltage vectors are now in the same direction and 
they can be added in series to produce the voltage 
sum. The addition takes place by bringing each flat­
plate line into an impedance step-up line transformer 
and then adding the transformer lines in series at the 
insulator stack wall. At the stack wall, each 
module's lines are joined with other module's outputs 
which are connected in similar fashion. Practical 
considerations, such as stray capacities, limit our 
ability to stack these lines to arbitrarily high volt­
ages. 

An energy-loss mechanism that occurs while adding 
line voltage was discovered. With two flat-plate 
lines with opposing voltages, the energy is carried 
mainly between the two plates of each line as given by 
the Poynting vector. The magnetic field lines close 
on themselves between the lines shown as Fig. 11a. 
This figure represents the flux lines as viewed from 
the end of two transmission lines carrying energy in 
the same direction. Energy is transported with rela­
tively small loss in this configuration. 

In a configuration where the voltages are to be 
added, one voltage must be inverted between one set of 
line plates. The magnetic field lines now close on 
themselves between the two sets of lines and we find 
that considerable energy is carried external to the 
parallel plates as shown in Fig. 11b. In PBFA II (or 
any voltage adding device with open transmission 
lines) this energy between lines runs into a short 
circuit when the lines are connected (at the insulator 
stack in our design). Unfortunately, most of this 
external energy is then lost by being reflected away 
from the connection [22]. 

An additional loss was caused when impedance 
transforming lines were used to further step up the 
voltage to drive the inductive load. As the lines 
separate to increase the impedance and voltage, 
proportionally more energy is carried on the backside 
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Figure lla, b - Line Field Configurations 

of the lines. Subsequently, even more energy is lost 
at the stack connection 1vhen impedance transforming 
lines are used. 

The final energy loss comes from the inherent in­
efficiency due to driving an inductive energy store 
from a transmission line. Energy that is not coupled 
into the inductor is reflected away from the load. 

Presently we are conducting an energy flow study 
to determine if simple modifications can be made to 
the lines of PBFA II to increase the energy 
efficiency. 

The output energy from each of these modules into 
an inductive load is between SO and 90 kilojoules. An 
open circuit voltage waveform that was calculated from 
data on one shot is shown as Fig. 12. One half of 
this voltage could be delivered to a 2.2 ohm load. 
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Figure 12 - PBFA II Open Circuit Voltage 

Inductive Energy Store and the POS 

Figure 13 shows the region of the accelerator that 
houses the inductive store. The current path (and the 
inductor) consists of four parts: first, the equiv­
alent lumped inductance of the water portion of the 
transmission line transformer; second, the insulator 
stack; third, the vacuum-transmission line voltage 
adder; and last, the POS inductance. 

Of these four parts of inductance, only the energy 
in the vacuum-transmission line voltage adder can be 
provided to the diode load. When the POS opens, the 
high voltage pulse propagates back down the voltage 
adder until it arrives at the insulator stack. At the 
arrival time, the insulator flashes and crowbars the 
vacuum side of the insulator stack. This crowbar does 
not allow the energy stored in the plastic portion of 
the insulator stack or the water section to flow to 
the load. The approximate circuit for the inductive 
energy storage section is shown as Fig. 14. 
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Figure 13- Insulator Stack, Vacuum Voltage Adder, 
and POS 
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Figure 14 - Inductive Store Circuit Diagram 

The peak current provided to drive this inductive 
load is a measure of the amount of energy that the 
transmission lines are providing. If the POS remains 
shorted through the time of peak current, then the 
data are valid for determining the forward-going 
energy. Figure 15 shows the actual measured total 
current and the simulated peak currents for the 
properly phased 80 kJ per module input for one half of 
the accelerator. As can be seen, the data and simula­
tion agree. 
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Figure 15 - POS Peak Current 

The peak current achieved is indicative of the 
vacuum adder efficiency. For the currents shown as 
Fig. 15 theory, a voltage adder efficiency of 100% 
(within experimental error) was found. This is in 
keeping with the predictions [23]. 

A more detailed drawing of the POS and diode area 
is shown as Fig. 16 [24]. There is one POS for each 
half of the accelerator. The POS is a type of vacuum 
opening switch which uses plasma injected into a sec­
tion of the vacuum power feed to conduct current up to 
a predetermined level before opening. Under the op­
timum conditions, a POS can open to an impedance that 
is many times the generator impedance within 5 to 15 
nsec after conducting currents of several megamps for 
several tens of nanoseconds. 

POWER FEED 

Figure 16 - POS-Diode Drawing 

The POS system on this accelerator uses a newly 
developed flashboard plasma source to provide the 
plasma necessary to conduct more than 3 MA in each 
switch. The POS system on PBFA II is unique because 
of its size and the operating voltage. This POS sys­
tem is intended to operate at current, voltage, and 
power levels of up to 7 MA, 30 MV, and 125 TV. 

Many processes are required for a POS to perform 
as an opening switch [25,26]. The processes include 
current penetration into the switch plasma, electrode 
sheath formation, magnetic-pressure driven convection, 
plasma-erosion, and magnetic insulation. The conduc­
tion phase is controlled by the switch plasma 
conditions, the switch current, and the geometry. 
When the switch opens, erosion and probably 
hydrodynamic effects cause a small gap to open between 
the cathode and the switch plasma. When a large 
enough gap opens, then current begins to flow to the 
load, and this current tends to direct the cathode 
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electrons back to the cathode. As the switch con­
tinues to open, even more of the current is diverted 
to the load and the switch opens even faster. The 
POS's ability to operate is a function of its load. 
The POS has become a useful pulsed power tool used in 
several applications such as prepulse suppression 
[25,27], pulse shaping [28,29], and voltage and power 
gain [30,31]. 

Opening switch performance achieved to date is 
shown in Fig. 17 [32]. Multiple B-dots are located on 
both the anode and cathode. These B-dots are located 
upstream and downstream of the POS. By this in­
strumentation method, the upstream (input current) and 
downstream (switched current) can be measured. The 
data for this figure was taken with a 16 nh load. 
Figure 17 shows a good efficiency for switching 
currents. However, a more thorough review of the data 
shows that there is a rather large plasma non­
uniformity around the cathode azimuth. We are 
presently developing more uniform plasma sources and 
methods to accurately monitor the gap plasma [24]. 
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Figure 17 - POS Performance 
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The POS current efficiency into the 16 nh load, as 
shown in Fig. 17, is better than 90%. The results for 
higher impedance loads have not exceeded 60%. The 
reason for the lower efficiency is being studied. 
Likely causes for the lower efficiency are the non­
uniform plasma density in the switch and the 
difficulty in transmitting the power through MITLs to 
high-impedance loads such as ion diodes. 

We are working to improve the plasma density 
variation from the flashboards to less than a factor 
of two in azimuth. In addition, plasma-filled loads 
are being tested to provide a low impedance at the 
beginning of the POS output current. We believe that 
the POS is providing data that indicates proper 
operation. Ultimately, the POS should perform well 
into an ion diode with the proper impedance to provide 
both voltage and power gain. 

Summary 

The PBFA II pulsed power is performing almost as 
expected. The Marx generators are operating very 
well, and this particular design could be extended 
into even higher energy levels if needed. The laser 
triggered gas switching, after not performing to ex­
pectations, appears to be operating and is extendable 
to even larger systems. Anticipated mechanical shock 
problems with the laser optics did not occur. The 
water switching is working with low energy loss and 
jitter. The output energy of PBFA II has been 
measured, and losses are occurring during the voltage 
addition in the water section. The reasons for the 
losses are understood, and a portion of the presently 
lost energy is recoverable. The fi~st high power (-
100 TW), fast-rise current (4 x 10 A/sec), 2 MJ POS 
shows indications of operating. However, further 
testing must be done in this area. 

Presently, as intended, PBFA II is being used to 
conduct ion diode studies. 
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