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Abstract- Pseudospark (PS) sourced beams have unique
features of high-current density and self-focusing by the ion
channel. This paper presents the characteristics of the PS-sourced
beam from PIC simulations, as well as the potential of the PS-
sourced beam for driving a THz extended interaction oscillator
(EIO) operating at 350 GHz.

I. INTRODUCTION

Pseudospark (PS) discharges are low-pressure gas discharges
in the range of 50 mTorr to 500 mTorr. They were first studied
by J. Christiansen in 1978 [1]. A hollow-cavity structure is
normally used as the cathode of the PS discharge experiments.
The breakdown phase is rapid on a nanosecond scale, and the
discharge current can reach tens of kiloamperes with a rise
time of a few nanoseconds. This makes the PS discharge an
excellent electron beam source. A centered hole on the anode
can be used to extract the electrons created during the
discharge process for different applications. The current
density can be over 100 times higher than a thermionic cathode.
It was also found experimentally that the PS-sourced beam

can be transported a long distance without the need for an
external guiding magnetic field. Both the high-current density
and the beam propagation features are attractive in terahertz
(THz) wave generation. In THz electronic devices, one of the
biggest challenges is the generation and transportation of the
electron beam with high current density due to the small
dimensions of the interaction circuit (its beam tunnel is even
smaller) [2]. Besides the generation of the THz wave, the PS-
sourced beam can be used in other applications such as
material treatment, lithography, X-ray generation and plasma
jet [3-6].
Many experiments have been carried out to study the

discharge mechanism in the last few decades, including the
diagnostics of the discharge voltage and current, measurement
of the electron beam current using a Faraday cup, plasma
density measured using a Langmuir probe, and electron beam
profile using a phosphor scintillator. However, the PS
discharge is a fast dynamic process (nanosecond scale), and
there is limited space for the probes inside the discharge cavity.
It is challenging to capture all the dynamic behavior from the
experimental measurements during the discharge process.
The numerical simulations are an effective method to

understand the temporal and spatial evolution of the discharge
process. A hybrid fluid particle and Monte Carlo model was

used to study the evolution of the ignition of the PS discharge,
where a local field approximation was used to describe the
momentum balance [7]. Particle-in-cell (PIC) simulation was
also used to get a more accurate simulation, including the
impact of the dimensions of the discharge cavity and the
pressure of the background gas on the discharge current [8-10].
For the THz electron devices, the beam quality represented

by the average beam energy, beam current, as well as energy
spread is important for the beam wave interaction. For example,
the previous simulations of a W-band EIO showed that the
oscillation was not able to grow if the energy spread was over
30%. It is useful to study the characteristics of the PS-sourced
beam and to study its limits in the application of the THz
electronic devices.

II. PIC SIMULATIONS OF THE PS DISCHARGE

Simulation of the PS-discharge was carried out using the 2D
PIC code XOOPIC [11]. The following physics processes were
included: (1) the elastic and ionizing collisions between the
electrons and the background gas; (2) Particle re-combination
to avoid the explosive increase of the particle numbers; (3) The

field emission and secondary electron models; (4) A simplified
external circuit model.
The schematic drawing of the discharge cavity used in the

simulations is shown in Fig. 1, the simulations show different
beam qualities are achieved at the different discharge stages
[12]. The Townsend discharge (pre-breakdown) stage has the
largest beam energy, which is close to the charging voltage at
the anode. The energy spread is about 10%. The hollow-
cathode discharge stage has the balanced performance of the
beam energy spread (20%) and the beam energy swept from

Fig. 1 2-D schematic view of the PS simulation model.
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