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Ab~trac t 

The PBFA II vacuum insulator was orig i nally 
des i gned for optimum coupling to a proton ion diode 
wi t h minimum inductance. In J uly 1983 it was decided 
tba.t lithium ions at 30 MeV would be the baseline for 
PBFA II . This requires the use of Plasma Opening 
Switches (POS) and vacuum inductor to reach 30 MV . To 
achieve this , the vacuum magnetically insulated 
transmission l ines had to be redesigned as an 
inductive energy store. To gain optimum coupling t o 
this vacuum inductor, the output impedance of the 
water sec t ion was increased by the use of a 
water-di el ectric transformer. The calculations 
leading to the final des ign will be discussed. 

lnt roductjon 
The PBFA II project began in July 1981 . 1 The 

baseline confi-guration was for an accelerator that 
would deliver 100 TW to a proton ion diode at 7.5 MV . 
Flexibi lity had to be maintained in the design sin ce 
the optimum ion f or driving ICF targets with PBFA II 
was not known . Due to the long lead t ime needed to 
procure the Vacuum Insulator Stack (VIS). the design 
of this component and the Magnetically Insulated 
Tr ansmission Li ne s (MITLs ) began in October 1982 . In 
Ju l y 1983 It was decided that lith i um ions at 30 MeV 
were the 

3
opti mum ions for driving ICF targets with 

PBFA I I . ~. 

Injt j al Confjguratjon 
The PBFA I I accelerator cons i sts of 36 coaxia l 

modules arranged in four layers of nine modules each . 
Each of these modul es divides into two para l lel plat e 
transmi ssion l ines. This provides flexibility i n the 
output configur ation of t he accelerator. Alte r nate 
parallel plate lines have a voltage inverter , which 
allows the output of a pair of lines to be added in 
ser ies. Each layer of this series arrangement was 
combined in parallel with another layer to drive a 
sing le ion diode. This was the conf i gura tion fo r bo t h 
the top and bottom half of the acce l erat or. Figure I 
il l ustrates the intial design. This resulted in an 
effective output impedance of .23 ohms driving a 25 nH 
diode at an equ ivalent matched load voltage of 6 MV . 
The VIS conf igurat ion f or one layer of the accelerator 
is shown in electrostatic field plot in Fig . 2 . 

Figure I. Initial configuration 
accelera tor . 

of the PBFA ll 

*This work supported by the Unites States Department 
of Energy under Contract number DE-AC04-DP00789. 

z 
Figure 2 . Electrostatic field plot of the vacuum 
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insul ator region f or the initial 
configuration of the PBFA II ac celerator. 

Opt imjzatjon of Accelerator Coupling 
In July of 1983 the choice of Li thium as the 

opt i mum ion for ICF meant that the water insulated 
voltage adding section had to be changed and another 
stage of voltage gain and pu l se ·compression was 
needed. The approach taken to achieve this was to 
store the accelerator energy in a vacuum inductor and 
use a Plasma Opening Switch (POS) as a means of 
transferring the energy to the diode l oad . The POS is 
be i ng developed in a j oint program between Naval 
Research ¥agoratories and Sandia Nationa l 
Laboratories. ' It is desired t hat the ion d i ode 
load operate at five ohms. Criteria for the design of 
the MITL feeding the load s5t the fre e space impedance 
of t he feed at 7 .4 ohms . To be more conservative, 
since the interaction between the POS and the MITL at 
these vol t age s is not understood, we chose 10 ohms to 
be t he free space impedance of the MI TL. The mean 
transit time from the POS to t he trans i tion of the 
MITL with the VIS is 5.5 ns . Hence the i nductance of 
the MITL section is 55 nH. The transition from the 
MITL to the VIS adds an add i tional 16 nH. Hence the 
total vacuum inductance is 71 nH . There existed , at 
this time , a strong desire to make the minimum amount 
of change to the VIS des i gn as i t coupled to the MITL 
and the water section . Using the original design for 
the VIS there was 12 nH i n the plastic insulat ors and 
approx imately 32 nH in the water s ec tion . Hence the 
total inductance was 104 nH wi th 66% in t he vacuum. 

To gain the great est benefit from the fi nal pul s e 
c ompre ss ion stage with the POS , we wou ld l i ke to begin 
with the maxi mwn amount of ene r gy s tored In the vacuum 
inductor. A simpl e analysis using of a square wave, 
of duration T , charging a vacuum i nductor L through a 
transmission l ine, of impedance Z , shows tha t 83% of 
the forward going energy can be stored in the inductor 
when L/Zr = 0 . 78 . A similar analysi s can be done for 
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an arb itrary wave shape . To define T the follow ing 
equation is used: 

For the PBFA II waveshape. Fig. 3 , T = 75.68 ns. The 
curves for the coupling efficiency of a pulse- forming 
line charging an inductor for the case of the actua l 
waveshape of PBFA 11 is shown i n Fig. 4 . For the 
PBFA II waveshape the voltage across the inductor 
normalized to the matched load vo l tage can a lso be 
ca lculated. Referred to as the overshoot factor, this 
has the value of two for inductors that ere equivalent 
to an open circuit and I t is also shown in Fig. 4 . 
The value of L/Zr for our intial configura t ion was 
1. 43. Hence using the simple circuit analysis we see 
that only 64.5% of the forward-going energy would be 
coupled to the inductor and the overshoot woul d 
be 1. 62 . 
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Figure 3 . PBFA II forward-going voltage waveshape . 
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Overshoot factor 
inductor with the 

For PBFA II the pulse shape of the initial 
configuration is fixed . Because of MITL criteria. the 
amount of inductance within the VIS i s also fixed . 
Hence the only free parameter that is available for 
optimization i s the effective i mpedance of the 
accelerator. As we increase the output impedance, 
which can be done by a transformer in the water 
section, the value of L/Zr is decreased. This results 
in a higher coupling efficiency and reduces the 
overshoot factor . The reduction in the overshoot 
factor helps to offset the Increase In voltage that 
would arise with an impedance t ransformer . By 
increas i ng the gap i n the water li nes to the full 
height of a.n insulator sect i on, the output impedance 
of the accelerator is increased by a factor of three. 
Since the voltage at the output of the transformer 
increases as the square root of the ratio of the gap 
spac i ng and the electri c fie ld is proportional to 
voltage divided by the gap spacing, the electric field 
on the water side of the VIS decreases by the square 

root of the ratio of gap spacings. The amount of 
inductanc~ that is effectively on the water side of 
the VIS a lso decreases. This further Jowers the value 
of L and at the same ti me improve the frac tion of the 
induc tance inside the VIS. This all helps to maximize 
the energy stored in the vacuum inductor. 

To model PBFA II adequately, a circuit code was 
developed which incl udes the effects of t he water 
section as transmissi on lines. e lectron losses in the 
MITL , vacuum insulator flashover. t he POS. and the ion 
diode load. The effects on t he i nsulator voltage and 
ener gy i nto the vacuum inductor are shown in Figs . 5 
and 6. As can be s een the peak insulator voltage is 
i ncreased only slightly wh i le the energy in the 
vacuum inductor increases by 30%. Other code runs show 
t ha t the A- K power increases by 55%. Hence i t was 
decided to i ncorporate a t ransformer between the 
voltage c onditioning network and the VI S in PBFA II. 
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Figure 5. The voltage across t he vacuum insulator. 
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F i gure 6. Energy into the vacuum inductor. 

The final configuration for the VIS is shown in the 
elec t rostatic field plot of Fig . 7 . This 
con.figuration reduces the total induc t ance to 96 nH 
with 73% in the vacuum and Jowers the L/ZT to 0.54 2 . 
Figure 8 also shows that we have greatly simplified 
the structure around the VI S. These simplifications 
wi 11 ai'low us to inspect the water side of the VIS for 
a i r bubbles and facilitate their r emoval pr i or to an 
experiment . The overall configurat i on of the 
accelerator is shown in Fig. 8. 

Sensjt jyjty to Performance of POS 
Good performance of the POS is crucial to 

achieving the goals of the ICF program on PBFA 11. A 
detailed model of t he POS7has been developed by t he 
Naval Research Laboratories. For this study, we have 
used a model that simply sets the t ime and rate of 
opening. Figures 9 and 10 show the power and en ergy 
delivered to the A-K gap as functions of t he time that 
the POS begins to open. We s ee that for t imes ear l ier 
than optimum the power i s down but the energy 
delivered is relatively constant . The power and 
energy are both reduced sharply a f ter t he optimum 
switch opening time. Hence the power and energy 
delivered to the A-K gap are very sens i tive to POS 
timing . 
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The overal I accelerator configuration for 
PBFA II. 
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Figure 11 shows the sens i tivity of the power del i vered 
to the load as a function of t he opening t ime of the 
POS. The maxi mum power that we can expect to de l i ver 
at the A- K gap is 160 TW . We expect to deliver 148 TW 
for reasonable attainable opening times. We see that 
improved switch performance will only increase energy 
by 14% and t he opening time of the switch would have 
to be 46% poorer to decrease the power by t he same 
amount. Hence the system is not as sensi ti ve to 
switch performance as it is compared to the timing of 
the switch opening. 
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Figure 11. Power delivered to the A- K gap fo r various 
opening l imes of t he POS . 

lnjtja l Ion Beam Parameters 
To pred ict t he expected i on beam parameters a ion 

Child- Langmu i r diode model with 10 em/us gap closur e 
was used . Eighty percent o f t he anode- cathode gap 
energy i s assumed to be coupled t o Li+. The energy 
that is available at the ou t put of the t ransformer was 
adjusted t o be 120 kJ /module. or 4 .32 MJ tota l f rom 36 
modules, which is consis t 5nt with the pe rformance of 
the demons tration module . Models for the losses in 
t he MITL and flashover of t he vacuum insulator 
interface were incl uded. The "reasonable parameters " 
for the plasma openi ng switch discussed above were 
used . The res ults for the i on beam voltage, power, 
and energy are shown in Figs. 12 lo 14 . The peak 
vo ltage at the diode 24 MV with a power of 120 TW and 
an energy o f 2.25 MJ . 
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Figure 12 . Ion beam voltage . 
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Figure 13 . Jon beam power. 
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Figure 14. Ion beam energy . 

The power in the ion beam is lower than we desire. As 
discussed in a previous sect i on improvement in the 
switch performance will only make a 14% increase in 
the power ava liable at the anode-cathode gap. The 
most effective way to increase the power in the ion 
beam is to increase the ava l iable energy in the 
accelerator. Figure 15 illustrates this. With a 40% 
increase in the avaliable energy the power at the 
anode-cathode gap would be in excess of 200 TW. 
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Figure 15. ?ower delivered to A- K gap as a function 
of module energy . 

Conclusions 
The incl usion of the transformer in the water 

section has seve ral advantages. The energy coupled to 
t he load has increased by 30% and the power by 55%. 
The electric stress in the water section has decreased 
by 70%. Accessibility t o the vacuum insulator stack 
has been greatly improved. The vacuum insulator 
interface and the magnetically insulated t ransmission 
lines are conservatively designed and electrical 
breakdowns in these regions should not occur. 

The main uncerta inti es in the PBFA II accelerator 
are in the plasma opening switch, the ion beam source 
and the sca l i ng of the ion beam d i ode to the 30 MeV 
level. Research is actively being pursued on these 
subjects to minimize these concerns pr ior to the first 
operation of the ?BFA II accelerator i n January 1986. 
At this time PBFA II will deliver three l imes as much 
power and energy to the vacuum sect i on of the 
acce lerator as has previously been delivered in any 
other accelerator system. 
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