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Hall Effect Thrusters (HETs) – also referred as Stationary Plasma Thrusters (SPT) in the 

literature – are now a mature technology to be used on board satellites to maintain a spacecraft on 

a geostationary orbit. HETs are also a possible candidate for future missions such as orbit transfer 

for scientific probe missions able to explore the solar system. In HETs, a heavy gas, most often 

xenon, is introduced through an anode plane and is ionized by an electron current coming from a 

cathode located outside the thruster channel. In order to increase the ionization mean free path, a 

radial magnetic field – maximum in the exhaust plane – is applied to impede the axial transport of 

the electrons. The discharge takes place in a annular channel between two concentric cylindrical 

walls. The channel walls are composed of dielectric materials that serve to protect the magnetic 

circuit from ion erosion. The applied voltage between the anode and the cathode, concentrated in 

the region of low conductivity/large magnetic field, serves to heat the electrons and to accelerate 

the ions in the axial direction that supply the thrust. The influence of a radial magnetic field and a 

axial electric field creates an electron drift in the azimuthal direction. The azimuthal so-called Hall 

current is the source of the thruster name [1]. 

 

Different approaches have been performed to model the discharge in a HET [2], [3]. A first 

one is a hybrid model where the particle approach is used to simulate the transport of un-

magnetized ions and neutrals. The particle technique for the electrons is time-consuming due to 

the magnetic field that leads to small time step to integrate the electron trajectories. We then use a 

fluid description for the electron transport, assuming a Maxwellian distribution function for the 

electrons. We assume a quasi-neutral plasma, the electric field is deduced from a generalized 

Ohm’s law. The hybrid model is not self-consistent in the sense that the electron fluid description 

incorporates some parameters. A first issue concerns the description of the electron transport 

perpendicular to the magnetic field. The classical theory (electron-neutral collisions) predicts a 

cross-field electron current which tends to zero when the neutrals are strongly ionized. 

Experimental results prove that this is not the reality. Some kind of  “anomalous” transport that 

enhances the cross-field electron transport seems to exist and must be taken into account to 

reproduce the behavior of the HET. A second issue concerns the energy losses. The model results 

clearly shows that inelastic collisions between electrons and atoms are insufficient to explain the 

measured electron energy losses, a supplementary energy loss term must be taken into account to 

reproduce measured energy. Because the origin (electron-wall effects, azimuthal instabilities, etc.) 

as well the importance of the anomalous transport and energy losses can not be deduced from a 

simple fluid approach, we use parameters that can be fitted to match experimental results [4]. 
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A fully kinetic model has been developed in two-dimensions (axial and azimuthal 

directions) to study the plasma turbulence [3]. The restriction for standard PIC code leads to 

spatial and time step constrains with a mesh size of the order of the Debye length and a time step 

much smaller than the plasma frequency. The timestep restriction has been surmounted using an 

implicit method. The computational time (100 µs) is about one month on a 4 processors PC 

cluster. The existence of an azimuthal electric field wave has been demonstrated. The high 

frequency - short wavelength instability is very efficient for a cross magnetic field diffusion of the 

electrons [4]. The role of the turbulence on the misunderstood electron energy losses inside the 

HET channel has been recently noticed. Recent results will be presented at this conference and a 

possible formulation of phenomenological transport and energy coefficients obtained from the PIC 

code that can be used in the hybrid model will be eventually examined. 
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