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This report was prepared as an account of work sponsored by an agency of the 
United States Government. Neither the United States Government nor any agency 
thereof, nor any of their employm, makes any warranty, express or implied, or 
assumes any legal liability or responsibility for the accuracy, completeness, or use- 
fulness of any information, apparatus, product, or proctss disclosed, or represents 
that its use would not infringe privately owned rights. Reference herein to any spe- 
cific commercial product, process, or service by trade name, trademark, manufac- 
turer, or otherwise docs not necessarily constitute or imply its endorsement. recom- 
mendation. or favoring by the United States Government or any agency thereof. 
The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof. 



Large Area Polycrystalline Diamond Films as High Current 
Photocathodes for Linear Induction Accelerators 

R.P. Shurter, D.C. Moir D.J. Devlin and R. W. Springer 

Los Alamos National Laboratory, Los Alamos NM 87545, USA 

Key Words: Photoelectrical, Diamond films, CVD, Polycrystalline 

Abstract 

Investigations are underway at Los Alamos to develop a new generation of high current, 
low source temperature photocathodes able to operate in vacuum environments with 
pressures above 1Oe-6 torr without poisoning or degradation of emission properties. 
Polycrystalline diamond films are emerging as the ideal material for these photocathodes. 
Robustness, high quantum efficiency and high thermal conductivity are fundamental 
necessary attributes that are found in diamond. The high electrodhole mobility in the 
boron doped diamond lattice and the ability to create a negative electron affinity surface 
through downward band bending allow for high current density emission with quantum 
efficiencies of 0.5% when illuminated by a ArF laser. We report the results to date 
toward the development of a four kiloampere photocathode with a source temperature 
below 5eV for the DARHT linear induction Accelerator 

1. Introduction 

The first axis of the DARHT (Dual Axis Radiographic HydroTest) accelerator (Ref.l)is a 
20 MeV, 4 kA electron beam Linear Induction Accelerator (LIA) producing a single 60 ns 
pulse. At the high energy end of the accelerator the beam is focused to a -1 mm spot on a 
high Z target producing intense bursts of bremsstrahlung radiation with a flux of 
approximately 1000 Roentgen 1 meter from the source. 

The ability to focus the high current electron beam to the 1 mm spot is fundamentally 
dependent on the overall beam quality. The beam emittance, determined by the source 
temperature is a major factor in the consideration of beam quality issues. 

The DARHT accelerator system architecture includes the use of plastic insulators in the 
accelerator and in the 4 MeV injector. The use of plastic dielectric materials along with 
the extensive use of elastomer vacuum seals results in the need to operate the electron 
beam vacuum diode at total pressures of -10e-5, torr. 

Commonly used low temperature, high current electron beam sources such as thermionic 
and multi-alkali metal cathodes will not operate in the present DARHT vacuum 
environment 



The development of a photocathode has been identified as the best technology to gain the 
needed reduction in beam temperature for the DARHT 1st axis. Polycrystalline diamond 
films are emerging as the ideal candidate photocathode material (Ref. 2,3). 

2. Experiment, results and discussion 

To facilitate rapid evaluation of various photoemissive materials we have assembled the 
Photocathode Test Stand (PCTS) 

The PCTS has the ability to illuminate small scale samples with an ArF laser producing 
193 nm (6.4 eV) laser radiation, normal to the cathode emitter surface. A d.c. voltage of 
up to -50 kV is applied to the cathode. The anodekathode gap spacing is nominally 
6.7mm. Laser radiation incident on the cathode surface is regulated in intensity by using 
a series of quartz attenuator plates at the inlet aperture to the vacuum diode. The laser 
fluence of the .6 cm diameter beam on the cathode can be varied over one order of 
magnitude allowing for photoelectron extraction at very low emission limited currents to 
past the space charge limit. The extracted electron current generated by the pulsed laser 
radiation is collected in a tubular charge collector. An example of the charge collector 
waveform in the space charge limited or Child-Langmuir regime is shown in (Fig.1) An 
example of an emission limited waveform, where the current follows the laser 
illumination is shown in (Fig2) 

Figure 1 Figure 2 

The charge collector also contains an aperture to size the diameter of the laser beam and 
three fiber optic filaments to sample the laser fluence on a shot to shot basis. The fiber 
light diagnostics are coupled to a line filtered Hamamatsu photodiode and are calibrated 
with a pyroelectric calorimeter in place of the photocathode test sample. The 
photocathode test samples can also be heated to 200C by means of intense incandescent 
light introduced into the vacuum through a glass fiber light pipe. The radiant heat is 
incident on the back surface of the photocathode substrate. 



The planar diode is configured with an easily removable standard cathode holder. The 
anode is flat fine wire mesh >93% transparent tungsten screen. The vacuum chamber is 
pumped with a 1500 W s  cry0 pump and a residual gas analyzer is used to monitor the 
constituent background species. 

The polycrystalline diamond on silicon test samples varied in size from 1 to 1.5 centimeters 
square and were attached to an aluminum support using indium as a solder. We have tested 
several different diamond films grown on P type silicon by hot filament and microwave 
assisted CVD. These test specimens were prepared by ATMI and the Los Alamos 
Materials Science Division. All samples were hydrogen terminated starting at a base 
pressure of 2x10-6 torr, then heated to 800C. Hydrogen was added at 1000 sccm to a 
pressure of 40 torr, the temperature was increased to lOOOC and held for 1 hour. The 
samples were then cooled to room temperature in hydrogen. 

The best results shown in (Fig 2,3). These samples were both prepared by ATMI and have 
a similar morphology and doping profile. The data for the polycrystalline film shown in 
figure 3 was taken with the cathode heated to 125C and is compared to a baseline bare 
aluminum cathode at the same temperature. The figure 4 data is a single polycrystalline 
film heated to 50 and 15OC. 
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On some of the test samples a sudden and permanent decrease in quantum efficiency was 
observed when these samples were illuminated with high laser fluences extracting currents 
>50A/cm2. The initial current extraction pulse for the sample data shown in (Fig.4) was 
considerably greater than subsequent pulses. This initial pulse was at high laser fluence and 
the extracted current was therefore space charge limited so the peak value was not able to 



be determined. The current pulse width corresponded to the laser pulse close to the 
baseline indicating high current extraction at low laser fluence, i.e. a Quantum efficiency 
considerably higher than subsequent pulses. Re-hydrogen surface termination did not 
restore the original characteristics of the film. 

Other experiments, as part of a collaborative effort at the MIT Lincoln Laboratory have 
demonstrated quantum efficiencies of 0.5% from a cesiated, grassed polycrystalline test 
sample. These results were realized just prior to this writing and will be repeated at the Los 
Alamos photocathode test stand at the earliest possible date. 

3. Conclusions 

Preliminary results show the predicted high quantum efficiency at high current densities 
from polycrystalline films is attainable. The technical challenges, at this time, appear to be 
related to understanding the high current effects at the diamondsubstrate heterojunction, 
(Ref.4,5,6) establishing the optimum doping profile and engineering the back contact 
between the film substrate and the cathode support. 

There are several process variations for the diamond film vacuum interface that will also be 
investigated in the coming months. Immediate areas of interest include “grassed” films 
treated with stable cesium compounds and various NEA surface treatments (Ref. 7,8,9) 
other than hydrogen. Future work will also focus on longer pulse current extraction and 
emission uniformity issues. 
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