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Figure 1.  Dielectric Wall Accelerator (DWA).
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 Insulators composed of finely spaced alternating layers 
of dielectric and metal are thought to minimize secondary 
emission avalanche (SEA) growth.  Most data to date was 
taken with small samples (order 10 cm2 area) in the absence 
of an ion or electron beam.  We have begun long pulse (>1 

µs) high voltage testing of small hard seal samples.  Further, 

we have performed short pulse (20 ns) high voltage testing of 
moderate scale bonded samples (order 100 cm2 area) in the 
presence of a 1 kA electron beam.  Results thus far indicate a 
1.0 to 4.0 increase in the breakdown electric field stress is 
possible with this technology.

I. INTRODUCTION

The dielectric wall accelerator (DWA) is a new accelera-
tor concept particularly suited for short pulse (<50 ns) and 
high currents (>1 kA).  As we previously presented, the 
pulsed acceleration field  is developed by a series of asymmet-
ric Blumleins (i.e., pulse forming lines)  incorporated into the 
insulator structure (Fig. 1) [1,2].

The maximum gradient of this accelerator is defined by 
the dielectric strength of the wall dielectrics and the maxi-
mum surface flashover electric field capability of the interior 
vacuum interface in the acceleration region.  Solid insulator 
materials can typically meet the 20-30 MV/m requirement; 
the interface at the vacuum wall typically cannot.

High electric fields are possible with properly angled in-
sulators.  These insulators, however, are generally unipolar  
and are not optimum in the simplest configuration of the 
DWA (i.e., Fig. 1, where the electric field in the dielectric is 
always applied to the insulators).  Thus we select a straight 
wall insulator as optimum.

Typical data for conventional straight wall vacuum insu-
lators is shown in Figure 2.  It is clear from this data, that to 
achieve the necessary gradients, alternate technologies should 
be investigated.

Improvements to existing technology can be made based 
on an understanding of the failure process.  The most simpli-
fied vacuum surface breakdown model suggests that electrons 
originating from the cathode-insulator junction are responsi-
ble for initiating the failure [3].  When these electrons are 
intercepted by the insulator surface, additional electrons, 



SUBSTRATE BREAKDOWN FIELD

Polycarbonate 200 kV/cm
Fused Silica 175a)

Alumina 125

a) Type III anodized coating on electrodes

Table I. Small sample tests results

based on the secondary emission coefficient, are liberated.  
This effect leaves a net positive charge on the insulator sur-
face, attracting more electrons and leading to escalation of 
the effect or the so-called secondary emission avalanche 
breakdown (SEA).

It has been shown that full evolution of the streamer dis-
charge occurs within a fraction of a millimeter [4].  Placing 
slightly protruding metallic structures spaced at an equivalent 
interval is believed to interrupt the SEA process and allow 
the insulator to achieve higher gradients before failure [5,6].  
This is the high gradient insulator concept being developed.  
When the DWA is combined with this high gradient vacuum 
insulator technology, short-pulse-high-gradients of greater 
than 20-30 MV/m may be possible.

II. APPARATUS

Several small sample (approximately 2.5 cm diameter by 
0.5 cm thick) insulators were fabricated.  The first was fabri-
cated from interleaved layers of 0.064 mm stainless steel and 
0.127 mm polycarbonate film.  Two other small hard seal 
samples were fabricated from alumina and fused silica. The 
alumina sample was fabricated with 0.28 mm thick material 
and the fused silica sample was fabricated with 0.25 mm 
thick material.  The interleaved metallic layers were formed 
by depositing gold on each planar insulator surface by a sput-
tering technique and then bonding the stacked layers by 
heating while applying pressure.  Concentricity was ensured 
by performing a finish grinding operation.

Small sample testing was performed in a turbo-molecular 
pumped, stainless-steel chamber at approximately 10-6 T.  
High voltage was developed with a 10 J "mini-Marx".  The 

Marx developed a pulsed voltage of approximately 1.3 µs, 

FWHM (3 µs, base-to-base) and up to 250 kV amplitude 

across the sample.  Failure of the insulator was determined by 
a prompt increase in Marx current and a corresponding 
prompt collapse in the voltage across the sample.

Dimensions of the larger high gradient insulator were 
14.5 cm I.D. by 22.1 cm O.D. by 2 cm length.  The structure 
consisted of multiple kapton sheets layered and thermally 
bonded to form a single 45o stepped conic section on the inte-
rior of the stack between each stainless steel grading ring.  
Spacing between each grading ring was 1-2 mm.  Supporting 
stainless steel flanges, bonded to each end of the insulator 
structure, provided mechanical attachment to the remaining 
structure.

Testing the larger, high gradient insulator structure in 
the presence of an electron beam was performed with a 1 
MV, 20 ns, oil insulated Blumlein pulse generator.  A 2 cm 

diameter velvet emitter, bonded to an aluminum cathode sup-
port plate, was used to generate the electron beam.  Unwanted 
emission in the area immediately next to the emitter was sup-
pressed by applying a hard anodized coating.

Transport between the emitter and graphite collector was 
done by placing highly transparent (96%) tungsten meshes in 
the beamline.  These meshes locally short out the radial com-
ponent of the electric field.  Convergence then results from 
the self-magnetic field of the beam.  Optimized placement of 
the meshes was determined using GYMNOS [7] and full 
transport required three meshes; one at the anode plane and 
two spaced at 12 cm and 21 cm from the cathode.

II. EXPERIMENTAL RESULTS AND 
DISCUSSION

Small sample high voltage testing results are tabulated in 
Table I.  To obtain a particular data set, the insulators were 
subjected to several low voltage conditioning pulses.  The 
voltage was then increased a small amount incrementally un-
til breakdown occurred.  Voltage was then reduced for several 
shots and then incrementally increased again until a consis-
tent value resulted.

From this method, we measured an ultimate flashover 
strength for the small samples of approximately 125 kV/cm 
for the alumina substrate, 175 kV/cm for the fused silica sub-
strate and 200 kV/cm for the polycarbonate substrate for a 

pulse width of 1.3 µs, FWHM.  The trend in conventional 

technology (Fig. 2) for 0o insulators indicates a breakdown 
threshold of approximately 50 kV/cm.  Thus, there was a net 
increase in the performance with these insulators over con-
ventional technology of  2.5, 3.5, and 4.0, respectively.

A similar scenario was used to determine the flashover 
strength of the larger high gradient insulator with and with-
out an electron emitter installed.  A total of 125 pulses at 
different voltages without the emitter installed were taken; 35 
additional shots with the 2 cm diameter velvet emitter in 
place were also taken.  These two tests were performed to de-



Figure 4.  Comparison of predicted and measured currents.

Figure 3. Typical pre-breakdown and closure pulses

termine the effects of an emitter and electron beam in the 
vicinity of the insulator.

A slightly different manifestation of failure was observed 
in these tests (Fig. 3).  For fields above 190 kV/cm, we ob-
served an increased collector current up to about 210 kV/cm 
when we observed late-time, fast transient currents and a de-
creased voltage pulse.  The normal signature of an insulator 
failure, i.e., prompt and complete collapse of the voltage, was 
not observed until about 250 kV/cm.  These observations lead 
us to believe that the primary failure mechanism was result-
ing from strong explosive emission occurring in the vacuum 
gap.

 Further manifestations of this effect is shown in Figure 
4.  Below about 210 kV/cm, we observed currents consistent 
with the GYMNOS predictions.  Above an electric field of 
210 kV/cm, we began to observe a strong trend away from 
this predicted current; 1.6 kA compared with the predicted 
1.1 kA at 250 kV/cm.  We observed this ultimate threshold  

to be consistent with breakdown data taken in the absence of 
an electron beam.

Further physical evidence of this failure mode was ob-
served upon opening the structure; we observed explosive 
emission sites, i.e. pitting on the stainless steel cathode struc-
ture supporting the insulator.

Further testing of this structure is planned. In these up-
coming experiments, we intend to test the effects of explosive 
emission suppression coatings on the entire cathode electrode 
surface and the metallic gradient rings within the high gradi-
ent insulator.

IV. SUMMARY

We began testing a new high gradient insulator technol-
ogy.  The insulator consists of finely spaced metal electrodes 
interleaved with the insulator substrate.  The spacing of these 
metal electrodes is on the order of a streamer formation dis-
tance.  For small samples, we observed significant 
improvement over conventional 0o insulators subjected to 
long pulse fields.  For moderate size insulators in the pres-
ence of an electron beam,  we observed slightly reduced 
improvement but begin to observe the effects of explosive 
emission from the cathode surface.

V. REFERENCES

[1]G. Caporaso, presented at the 1994 Joint Topical 
Course "Frontiers of Accelerator Technology", Maui, Hawaii, 
1994. 

[2]S. Sampayan, et. al., presented at the 1995 Particle 
Accelerator Conference on High Energy Accelerators, Dallas, 
Texas, 1995.

[3]  H. Miller, in Proceedings of 1992 15th International 
Symposium on Discharges and Electrical Insulation in 
Vacuum (Vde-Verlag Gmbh, Berlin, 1992), pp. 165-174.

[4]W. Glock and S. Linke, Laboratory of Plasma Studies, 
Cornell University Report No. LPS 24, 1969.

[5]E. Gray, Private Communication.
[6]J. Elizondo and A. Rodriguez, in Proceedings of 1992 

15th International Symposium on Discharges and Electrical 
Insulation in Vacuum (Vde-Verlag Gmbh, Berlin, 1992), pp. 
198-202.

[7]  D. Hewett and J. Larson, Lawrence Livermore Na-
tional Laboratory Report No. UCRL-ID-110499, 1992.


