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accelerator cell. 
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Figure 1. Advanced x-ray radiography concept. A single 
accelerator with solid-state modulators is able to produce 
a high repetition rate, variable width pulse train which is 
split temporally by a fast kicker system. The kicker is 
able to feed a distribution network so that beam segments 
approach the test object from different lines of sight 
repeatedly as the experiment progre 

Existing flash x-ray machines deliver a single pulse per 
hydrodynamic event. The concept proposed some years 
ago employed a single induction accelerator driven by a 
solid-state modulator system that could provide a number 
of variable width pulses during a single experiment. Each 
output pulse of the accelerator could be chopped by a fast 

Figure 2. dodulator concept for driving an inductive 
voltage adder to power an accelerator cell. A pre-charged 
capacitor bank is connected across an induction core by a 
suitable switch (FET). A similar circuit with reverse 
polarity is provided to reset the magnetic core to prepare 
the system for the next pulse. 

The switch in this case is a series/ parallel arrangement 
of field effect transistors (FETs) in order to handle 
appreciable voltages and currents. The embodiment 01 
this idea is the ARM-2 modulator [2]. This modulator, 
shown in figure 3, has 12 FETs per circuit board with 4 
such boards per layer for a current capacity of 4.8 kA. 22 
layers are arranged in series around a Metglas core to 
provide a 15 kV modulator capable of delivering pulses 
200 ns - 2 ps  wide at up to 2 M H Z  repetition rate with 
active core reset. 

Three of these modulators are stacked in series to 
provide up to 45 kV at 4.8 kA. The completed modulator 
is shown in figure 3 and an example designer pulse train is 
shown in figure 4. This modulator has produced over 1 
million pulses with no discernible change in the shape or 
amplitude of the output waveform. This basic concept has 



,e pulsers used are unipolar, a L X  bias dipole pair is wound 
over the vacuum housing to permit operation over the 
entire desired range. 

By simply reversing the polarity of one of the two 
driven plates the kicker can be converted into a fast 
quadrupole lens. A schematic of the basic system is 
shown in figure 5.  A kicker used on the 6 MeV, 2 kA 
ETA-I1 accelerator is shown in figure 6. 

Figure 5. Fast kicker has the basic geometq of a stripli 
beam position monitor with four electrodes inside 
vacuum housing. By powering two of the four plates 1 
beam may be steered in one plane. 
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of switching positions. The image is recorded light 
generated when the beam strikes a quartz foil 40 cm 
downstream of the kicker. The shift of the beam centroid 
is 4 cm with an applied pulser voltage o f f  9 kV. 

Figure 8. Reversing the polarity of one of the striplines 
produces a time dependent quadrupole field in the kicker 
that generates an elliptical beam downstream. 

111. DARHT-2 IMPLEMENTATION C- 
ADVANCED TECHNOLOGY 

DARHT-2 is an advanced radiographic source under 
construction at the Los Alamos National Laboratory. This 
induction accelerator will produce an 18 MeV, 2 kA beam 
that is 2 ps long. A fast kicker system of the type 
described above will be used to alternately deflect the 
beam into a dump or straight ahead to the x-ray targets in 
order to produce four short x-ray pulses (of order tens of 
ns in length) evenly spread over 2 ps. This concept is 
illustrated in figure 9. 

experiments at LLNL the pul 
employed were hard tube modulators using planar triodes. 
Because these tubes became difficult to obtain and 
because pulser voltages up to about 20 kV were desired 
solid-state pulsers were developed to drive the DARHT 
kicker. The architecture employed is very similar to that 
shown in figure 2 except that each layer has its own 
induction core 131. Some of the layers are charged to 
different voltages and can be switched on and off 
independently of the others. This permits the waveform 
of the pulsers to be adjusted rapidly in shape. This feature 
is employed in a pulse to pulse control system that 
regulates the output beam position to about f 1 mm. The 
completed system of two pulsers and control rack is 
shown in figure 10. A plot showing the regulated 
switched beam position is shown in figure 11 [4]. 

I 

Figure 10. The completed DARHT-2 kicker pulser 
system. The pulsers deliver up to 18 kV and have a 20% 
modulation capability. 
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Figure 11. Output centroid position of beam downstream 
of the kicker system using the control system. The 
position of the beam without pulser input (unkicked) and 
with controlled pulser input for two different beam 
pulsewidths is shown. The switched beam position is 
regulated to within k 1  mm. 

IV. PROTON AHF KICKER 
The same pulser technology developed for the DARI-IT- 

2 kicker is being applied to drive the kickers for the proton 
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Figure 12. The prototype 50 kV modulator. The columns 
shown he= are in series. The modulator has been moved 

vertical scale is 10 kV/division 

V. SOLID-STATE KLYSTRON DRIVERS 
FOR THE NLC 

The architecture of figure 2 is being applied to drive 
klystrons for the Next Linear Collider (NLC) project at 
SLAC. In this case IGBTs are used rather than FETs to 
reduce the parts count and cost. The system concept is 
shown in figure 14. The modulator will produce 500 kV 

Pryn 14. Solid-state driver fo 
klystron is 75 MW peak 
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The completed prototype modulator driving several 
klystrons can be seen in figure 17 
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Figure 17. Assembled prototype modulator driving “dog” 

-nsulators with superior breakdown characteristics have 
been developed for a compact accelerator concept [7]. 
These configurations are characterized by the presence of 
many intervening, floating electrodes between layers of 
conventional dielectric materials such as lexan, rexolite, 
fused silica, etc. The period of the intermediate electrode 
spacing ranges from several mm down to tenths of a mm. 
An insulator that was exposed directly to an intense 
electron beam is shown in figure 18. This insulator was 
placed directly across the accelerating gap of an induction 
cell placed at the downstream end of the ETA-I1 
accelerator. 

- 
Ire 18. A high gradient insulator composed of thin 

layers of rexolite interspersed with stainless steel 
electrodes. The height of the assembly is 1 cm. 

A 2  
through the cell at a repetition rate of 1 Hz for the better 
part of a day. The beam return current was forced through 
load resistors to generate a voltage across the cell. The 
results are shown in figure 19. No breakdowns were 

observed even up to a stress ot 180 kV/cm. The lower 
voltage trace is characteristic of the normal operation of 
an ETA-I1 cell with a monolithic, angled rexolite insulator 
(3.75 cm length). 
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VII. CONCLUSIONS 
We have described advanced technology 

inspired by a concept for advanced radiography. This lead 
directly to solid-state modulators of unprecedented 
flexibility, speed and power capability that can be used to 
drive induction accelerators, klystrons for RF machines 
and fast dipole and quadrupole lenses opening up new 
opportunities for accelerator design and beam control. In 
addition, new insulator technology has been described that 
will be useful in conventional and novel high gradient 
accelerators. 
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