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Electric Propulsion with Hall Thrusters: an Off-
the-Shelf Technology that Enables Practical and In-
novative Mars Sample Return Missions 

Introduction: The Decadal Survey identified the 
first step of Mars Sample Return (MSR) as “the high-
est-priority flagship mission for the decade.1” Howev-
er, the architecture presented for MSR relied on chem-
ical propulsion to provide the change in spacecraft 
velocity (ΔV) necessary to accomplish this challenging 
mission. As a result, the proposed mission was com-
plex, expensive and required a campaign of heavy 
launch vehicles to return a single sample to Earth. An 
alternative to chemical rockets that could greatly sim-
plify the proposed MSR mission is electric propulsion 
(EP) with commercially available Hall Effect Thrusters 
(HET).2 Today, EP is a technology widely used on 
commercial spacecraft. The picture below shows over 
100 currently operating spacecraft that use EP for pri-
mary propulsion and stationkeeping,  including 
NASA’s Dawn mission and the satellites that carry 
XM satellite radio and broadcast television in the Unit-
ed States.3,4,5 EP is a well developed, mature, and 
widely used technology that is a part of our everyday 
communications infrastructure.  

The availability of affordable EP fundamentally 
changes the option space for MSR. EP with Hall 

thrusters can potentially simplify MSR by enabling a 
single launch MSR mission. It can also enable innova-
tive collaborative MSR missions between the Science 
Mission Directorate (SMD) and the Human Explora-
tion and Operation Directorate (HEOMD) by provid-
ing the ΔV needed to robotically return the sample to 
an Earth-Moon LaGrange point, where it can be recov-
ered by astronauts. SEP can also generally reduce mis-
sion cost by enabling the use of lighter, less expensive 
launchers like the Falcon 9 instead of an EELV. 

Overview of Hall Thruster Systems: Table 1 
compares the performance of Hall thrusters and chemi-
cal thrusters. Specific impulse (Isp) is a measure of the 
efficiency with which a thruster uses propellant. The 
higher the Isp, the less propellant is needed to provide a  
given ΔV. HET’s use propellant 6 times more effi-
ciently than chemical thrusters. While the thrust level 
is lower, with optimized low thrust trajectories, the  

Table 1: Hall Thrusters have Higher Specific Im-
pulse than Chemical Thrusters 

thrust is high enough to enable total trip times that are 
comparable to all-chemical missions (Fig 1) while the 

high Isp reduces propellant 
mass by hundreds of kilo-
grams. 

The candidate EP sys-
tem examined in this study 
utilizes Aerojet’s BPT-4000 
HET system, which is cur-
rently flying in space on the 
Advanced EHF satellite,5 
coupled with a solar array 
that generates 20 kW at 
Earth (~10 kW at Mars). 
Power systems this size are 
routinely flown on GEO 
communications satellites.6 
Detailed reviews of the 
BPT-4000 for NASA sci-
ence missions have shown 
no risk items, so it is imme-
diately available for near 
term use.7 Because of their 
widespread use in the 

  Chemical Hall Thruster 
Specific Impulse 325 s 2060 s 
Thrust @ 4.5 kW 440 N 235 mN 
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commercial world, the cost of HET based EP systems 
is now roughly equivalent to the cost of bipropellant 
chemical systems. 

Benefits to Mars Sample Return: With their high 
Isp, HET’s can dramatically lower the launch mass of 
the Earth Return Vehicle (ERV). But larger benefits 
emerge when EP is used to rearchitect the overall MSR 
mission. Three examples are described below. 

Use of off-the-shelf commercial Hall thrusters  
might enable a Single Launch MSR architecture in 
which the ERV and the landed elements are carried 
on a single EELV launch vehicle. 

The Decadal Survey MSR architecture requires a 
multi-year campaign of launches to return a single 
sample to Earth.1 The architecture is complex, very 
expensive, and particularly vulnerable to launch fail-
ures. The need for multiple launches is largely driven 
by mass. Using HET’s for the ERV saves 900 kg. of 
propellant; enough to rearchitect the mission to poten-
tially fit on a single launch vehicle.  

A 2009 study calculated the entry mass that can be 
delivered to Mars by a single launch vehicle that is 
also carrying a 20 kW BPT-4000 HET based ERV.2 
The study found that it might be possible to lift all of 
MSR (ERV + landed elements) on a single Atlas V 
551 launch vehicle. The study also found that a Delta 
IV Heavy was able to lift both the ERV and an MSL 
class lander with over a metric ton of mass margin.2 

Use of off-the-shelf commercial Hall Thrusters 
might enable a combined human-robotic MSR archi-
tecture where the sample is returned to a halo orbit 
around an Earth-Moon Lagrange point. A human 
piloted mission can then recover the sample. 

Using chemical propulsion, inserting a sample into 
Earth orbit when returning from Mars requires a large 
impulsive ΔV and a large amount of propellant. For 
this reason, previously proposed MSR architectures 
generally bring samples back directly to the Earth’s 
surface. Using EP, a returning spacecraft can, with the 
expenditure of relatively little propellant, use a Lunar 

Gravity assist to capture into a halo orbit around an 
Earth-Moon Lagrange point. This architecture has mul-
tiple advantages: 

1) It enables collaborative missions between the 
Science Mission and the Human Exploration and Op-
eration Directorates (SMD & HEOMD): once the 
sample is in orbit at L1 or L2, astronauts can be sent up 
to transfer the sample to a sealed container and return 
it to Earth, or to analyze it at a human occupied orbit-
ing laboratory. 

2) It simplifies planetary protection and contami-
nation control for the sample. Instead of remotely seal-
ing/sterilizing the sample in orbit at Mars, the sample 
can be brought back to Earth vicinity and transferred to 
a sealed capsule under local control. It can also be left 
(quarantined) at the Lagrange point as long as needed 
to satisfy all protection requirements. 

3) It provides a net mass benefit because it is not 
necessary to carry the Earth Entry Vehicle (EEV) all 
the way to Mars and back. Though additional propel-
lant is needed to enter a Halo orbit, because of the Hall 
thruster’s high Isp, the mass required is likely to be less 
than the mass required to carry a heat shield from 
Earth to Mars and then back to Earth. 

Use of off-the-shelf commercial Hall Thrusters 
might enable a multi-launch MSR architecture that 
uses Falcon 9 launch vehicles, saving up to $100M 
per launch compared to EELV.8 

The most direct use of HET’s is to reduce launch 
mass while maintaining the multi-launch architecture 
used in the Decadal survey. The much smaller launch 
masses may allow the launch of some or all MSR ele-
ments on the less expensive Falcon 9 vehicle. 

Conclusion: Hall Thrusters are an innovative ex-
ploration approach, available in the near-term, that 
addresses one of the highest goals of the Decadal Sur-
vey. The availability of affordable EP fundamentally 
changes the option space for MSR, leading to architec-
tures that are simpler and less expensive than previous-
ly proposed, and enabling combined human-robotic 
missions with direct collaboration between SMD and 
HEOMD. These benefits can be applied to other Mars 
missions, especially those returning samples from  
Phobos and Deimos to Earth vicinity. 
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Fig 1: Hall Thruster Mission timelines can be 
competitive with Chemical Propulsion 
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