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Abstract: The FT-150 Field Emission Electric Propulsion microthruster is designed for 
extremely fine positioning and attitude control applications, and is currently baselined for 
fundamental physics science missions, such as LISA, Microscope and Galileo Galilei (GG). 
Development and qualification of the thruster are currently being carried on by Alta (I), in 
the frame of the joint ESA-NASA mission LISA Pathfinder, the technological precursor of 
the future Laser Interferometer Space Antenna (LISA). The thruster is capable to generate 
thrust in the 0.1 N to 150 N range, with a thrust noise level lower than 0.1 N·Hz-1/2 in the 
10-2 to 10 Hz band, and a specific impulse between 3000 s and 4500 s depending on operating 
conditions. Starting from a 2005 Engineering Model, FT-150 FEEP microthruster design 
was gradually improved to meet the LISA Pathfinder specifications. Following an intensive 
phase of development and performance characterization tests, the Flight Model design was 
finally frozen by Critical Design Review in summer 2009. The FT-150 FEEP microthruster 
qualification is now in progress, with provisions to be completed by the first quarter of 2010. 
In parallel, Alta has been authorized to start procurement of parts for the assembly of the 12 
thruster Flight Models for LISA Pathfinder. 

I. Introduction 
HE FT-150 Field Emission Electric Propulsion (FEEP) microthruster is designed for extremely fine positioning 
and attitude control applications. It generates thrust by ejecting cesium ions at about 100 km/s of speed with a 

noise level lower than the threshold of the nano-balance used in the direct measurement,1 about 0.1 N·Hz-1/2, in the 
10-2 to 10 Hz range. Ions are extracted from the emitter tip and accelerated by the electric field created between the 
emitter and the accelerator electrode placed in front of it. The total voltage applied to the electrodes is between 7 kV 
and 13 kV. The specific impulse of the FT-150 FEEP microthruster  is in the typical range of ion thrusters, varying 
between 3000 s and 4500 s depending on operating conditions. Performance was verified by testing throughout a 
thrust range from 0.1 N to 150 N. 

Alta SpA (Italy) carried out the development of the FT-150 FEEP microthruster with the aim to fulfill the 
requirements of the fundamental physics missions LISA and Microscope, as well as those of the LISA technology 
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demonstrator LISA Pathfinder. An overview of the LISA Pathfinder and Microscope missions can be found in Ref. 
2 and 3.  

Section II presents FT-150 FEEP microthruster performance and configuration. Section II summarizes the tests 
and development activities that were performed to finalize the design of the microthruster. In Section IV the 
qualification status and planning for LISA Pathfinder mission is addressed, including that of components. 
Conclusions are drawn in Section V. 

II. FT-150 Microthruster 

A. Thruster performance 
Thruster most relevant performance data are reported in the following Table 1. Details on the main performance 

characterization  tests can be found in Section III. 

 

B. Configuration 
The FT-150 FEEP microthruster design was gradually improved starting from the 2005 Engineering Model 

configuration shown in Fig. 1.  
Current design complies with the requirements of the LISA Pathfinder and Microscope missions after an 

intensive phase of development and performance characterization tests at component and assembly level, which was 
completed by the achievement of FCA CDR in summer 
2009. 

The thruster is made of the following sub-assembly 
equipment and parts (see also Ref. 3): 

 the Thruster Unit (TU), made of the electrodes and 
electric insulator. This is the core of the thruster where 
the thrust is generated; 

 the propellant reservoir (Tank Assembly), where 
propellant is kept sealed during on-ground and launch 
phase; 

 the Lid Opening Mechanism (LOM), that provides a 
protective functions to the Thruster Unit during storage, 
integration and launch;  

 the Heater Assembly (HA), attached to the Tank 
Assembly surface, providing the thermal power 
required to break the disc of the propellant reservoir, to 
activate the thruster (i.e. priming procedure) and 
maintain it at operational temperature. 

Parameter Value Remarks 
Power (nominal) 6 W Operative condition @ 100 N of thrust 
Thrust range 0.1 to 150 N Measured up to 300 N 
Thrust resolution below 100 nN 50 nN is the digital resolution of the Power Control Unit 
Thrust accuracy  1.6 N at max thrust; 

 0.4 N up to 4 N 
 

Thrust response time 50 - 150 ms Depending on thrust step and initial thrust level 
Thrust noise < 0.1 N/√Hz Below nano-balance detection threshold 
Specific impulse 4500 s BOL  

3200 s EOL 
Average Isp measured during Endurance Test 

Total impulse capability > 3000 Ns (design) ~1000 Ns demonstrated by Endurance Test 
Thruster Dry Mass 1.410 kg  
Propellant mass 92 grams per thruster  

Table 1. FT-150 thruster performance summary. 

 
Figure 1. The FT-150 2005 Engineering Model. 
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1. Thruster Unit 
The Thruster Unit is the main functional 

part of the thruster since it comprises the two 
electrodes (emitter and accelerator), providing 
both propellant ionization and acceleration, and 
other critical elements such as the ceramic 
insulator that guarantees electrical insulation 
between the thruster HV components. 

The core of the thruster unit (and of the 
thruster itself) is the Slit FEEP Emitter. The 
emitter is composed of a couple of Half-
Emitters, which are separated by a spacing 
layer. One of the two half-emitters embeds the 
propellant capillary duct, which is connected to 
the tank through an intermediate part, called 
Emitter Support, which is also part of the 
Thruster Unit. The capillary duct brings the 
propellant up to the emitter tip (slit), through 
the recess that is formed once the two half-
emitters are joined together. 

Once at the emitter tip, the propellant is 
ionized by field effect. The emitter shape, geometry and tolerances, material, surface treatments, and cleanliness 
control are all considered with greatest care, since they are crucial to the good performance of the thruster. 

 
2. Tank Assembly 

The tank is a small container (internal volume is about 50 cm3) for liquid metal perfectly sealed after filling to 
prevent propellant contamination and leaks. It is closed at one side by a calibrated rupture disc (called also the Tank 
Sealing Device or TSD) acting as an irreversible normally closed valve. The burst of the disk is obtained by 
pressurization of the propellant by thermal expansion. The reservoir is warmed up by two heater units mounted on 
flat areas of the tank external surface. The propellant flow from the tank to the emitter is provided by capillary 
forces and it is ensured by the suitable design of the tank shape, of the feeding ducts, and of the Propellant 
Management Device which is placed right in front of the TSD.  

After TSD opening, a well defined priming procedure is applied, to guarantee that the propellant wets the 
feeding ducts and reaches the emitter tip, allowing firing. The procedure is based on very slow heating of the tank 
beyond TSD rupture temperature, thus forcing the propellant to fill the length between the tank and the emitter by 
thermal expansion. The priming temperature is defined by analysis and inspections, taking into account the volumes 
of the tank and feeding ducts, and the mass of the propellant filled inside the tank itself. This method provides a 
reliable result in terms of priming, as demonstrated during several tests in the development phase (see “Development 
status” section). 

Further details on tank design and development can be found in Ref. 4. 
 

3. LOM 
The Lid Opening Mechanism (LOM) is the container assembly for the thruster unit. It includes the container 

body, the lid and the opening mechanism. The LOM has the main purpose to protect the thruster unit from ambient 
air (mainly particles and moisture) contamination during ground operations and launch: at this aim, the lid is kept 
tightly closed during these phases and the container filled with ultra pure and dry inert gas, at a pressure higher than 
ambient. The mechanism is designed to open the lid when the thruster assembly is in the proper vacuum environ-
ment (either in space or on ground, e.g. for firing tests). 

Opening of the LOM is carried out through a wax actuator mounted on the lid of the mechanism, and pushing 
against a wheel connected to a the rotary latch. The wax actuator motion is continuous, but the mechanism is de-
signed for a two step opening process. Initially, the latch allows the lid to open by just enough to release the internal 
pressure of the LOM. As the motion action continues, the actuator rod pushes the latch unit completely clear of the 
lid, which then is opened by a torsion lid spring located at the lid axis. 

The opening mechanism is designed to be a single shot device. During ground testing, however, a closure GSE 
can be used to reset the LOM: at this aim, both the latch and actuator are resettable. 

 

 
Figure 2. The FT-150 microthruster integrated on the FCA 
structure. LOM is closed. 
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4. Heater Assembly 

The Heater Assembly (HA) provides the following functions: 
 it provides the thruster temperature telemetry; 
 it maintains the propellant in liquid state during all operational conditions; 
 it provides the heat to activate the thruster, by expanding the propellant to break the tank sealing device and 

perform the priming procedure. 
The Heater Assembly is composed of a space-standard Kapton foil heater, a temperature sensor (PT1000), and a 

set of Shapal parts to allow proper electrical insulation. All parts are glued together and the assembled HA is then 
bonded to the Tank Assembly. 

III. Development status 
Recent (2006 to 2009) development of the FT-150 FEEP microthruster was carried on in the frame of the LISA 

Pathfinder program. Development phase was successfully completed* and the qualification phase started. Assembly 
Assembly of qualification models is underway. Figure 4 shows the development and qualification work-flow at 
thruster assembly and cluster level (i.e. TA and FCA level, respectively). 

                                                           
* CDR of LISA Pathfinder programme has been achieved at the end of July, 2009. 

  
a) b) 
 

  
c) d) 
Figure 3. FEEP-150 Thruster Assembly layout. a) and b): thruster with full harness mounted (Lisa Path-
finder configuration. c) LOM closed and d) LOM open. 

LOM 

Thruster  
Unit 

Heater 
Assemblies 

Tank 
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Eight firing tests were performed at component level (i.e. Emitter Validation Test) to characterize the behavior 
of the emission with the electrodes only. Seven Thruster Assemblies were then assembled and successfully tested. 

The main firing tests carried out during the development phase and the related major achievements are listed in 
Table 2 below. 

 

 
Figure 4. Development and qualification work-flow at thruster and cluster level for LISA Pathfinder. 
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The status and results vs. objectives of performed tests 

are reported in Table 3. 
 
In addition to the above firing tests, the following 

environmental tests have been performed: 
 Mechanical Test at FCA level, performed at Galileo 

Avionica premises; 
 Thermal Balance Test at FCA level, performed at 

ESTEC (Fig. 5); 
 Acoustic Test at Spacecraft Level, performed at 

ESTEC. 

C. Endurance Tests 
Two Endurance Tests were performed in Alta's Lifetime 

FEEP Facility (LFF): 
 TAPT#1 with the achievement of more than 260 Ns of total impulse; 
 TAPT#2 with the achievement of more than 950 Ns of total impulse and more than 3200 hours of firing time. 
These tests provided a huge amount of data, allowing thruster characterization with respect to several features 

that had never been assessed before (see Ref. 5). 
Among these are:  
 thrust vector errors and their dependence on 

thrust level and time; 
 evolution with time and delivered total impulse of 

electrical characteristics;  
 assessment of average effective specific impulse 

(by weighing the propellant left in the reservoir, 
the effective mass consumption and therefore Isp 
could be evaluated);  

 aging phenomena, including growth of internal 
dissipation currents and consequent reduction of 
power efficiency. 

The information gained from post-test data analysis 
and thruster inspection allowed some improvement to 
electrodes design, in order to minimize thruster internal 
contamination and self-sputtering. The modified design 
is now the baseline for the qualification and flight 
models of the thruster.  

 
Figure 5. The FEEP Cluster Assembly for LISA 
Pathfinder during the Thermal Balance Test. 
 

Test Main achievement 
TA Priming Test #1 Demonstration of priming concept at Thruster Assembly level. 

Endurance test (736 hours cumulated firing time). 
TA Priming Test #2 Validation of forced priming concept at Thruster Assembly level. 

Extended endurance test (3200 hours cumulated firing time). 
TA Priming Test #3 Verification of priming procedure with flight representative Power Control Unit. 

Verification of limited air exposure before launch. 
Direct Thrust 
Measurement 

Direct measurement and characterization of the thrust and associated parameters with 
nano-balance. 

LIF investigation of  
neutral flow 

Characterization of emitted cesium neutral atoms (mass flow and velocity distribution). 
Evaluation of effective Isp. 

TA Storage Repeatability of priming procedure. 
Verification after accelerated storage equivalent to14 months. 

TA Neutralization Validation of the neutralization concept. 
TA Electron 
Backstreaming 

Verification of the Electron backstreaming threshold. 

Table 2. List of tests performed at thruster level during the development phase, and major achievements. 
 

 
Figure 6. FT-150 thruster during endurance testing. 
Cesium blue emission is visible on the emitter tip. 
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D. Direct Thrust Measurement Test 
The direct thrust measurement campaign on the FT-150 FEEP Microthruster was performed using a thrust stand 

based on a dual pendulum force sensor where the pendulum deflection is measured by an interferometer. Test was 
carried out at TAS-I Turin premises. The nanobalance facility is 
described in Ref. 6. 

All performance parameters were measured and carefully 
characterized including noise down to sub-mHz frequencies. Further 
details on test results can be found in Ref. 1. 

 

E. LIF Test 
The neutral flow and mass efficiency measurements on the FT-

150 FEEP microthruster were performed via a dedicated test using 
the Laser-Induced Fluorescence (LIF) method. The test was 
performed by ONERA at their premises in Palaiseau (F). 

The test provided essential data about the mass flow and the 
density and velocity distribution of neutral atoms ejected by the 
thruster at different emitter temperatures and thrust levels. Details 
on test set-up and results can be found in Ref. 7. 

Test 
ID 

Test Test objectives Results 

T1 TAPT#1 
 

Verify thruster priming and firing 
performance. Verify operation at high 
temperature (100 hours @ 100 °C). Verify 
long-term performance up to 370 Ns. 

About 270 Ns total impulse achieved 
before test interruption due to a vacuum 
chamber failure. 

T2 TAPT#2 Verify thruster priming and firing 
repeatability. Verify long-term 
performance up to 370 Ns. 

More than 950 Ns total impulse 
achieved (3200 hours of firing 
operation). 

T3 Neutral flow 
measurement 
(LIF) 

Evaluation of neutral flow and mass 
efficiency. 

Measurements performed at various 
temperatures and thrust levels. 

T4 FCA mechanical 
testing 

Verification of mechanical design and 
correlation of FE model. 

Cluster  successfully passed mechanical 
testing. 

T5 FCA thermal 
balance 

Verification of thermal design and 
correlation of thermal mathematical model. 

Objectives achieved. 

T6 Storage Test Verification of priming and performance 
after storage. 

At least 14 months of thruster storage in 
air were demonstrated. 

T7 TAPT#3 Verify priming after short exposure to air. 
Verify performance repeatability. 

Main objectives of the test achieved.  

T8 Direct Thrust 
Measurement  
(Nanobalance 
Test) 

Correlation of electrical parameters with 
effective thrust. Thrust noise measurement. 

Correlation achieved. Thrust accuracy 
and repeatability was measured. 
Thruster noise was proved to be lower 
than nanobalance thermal noise. 

T9 Neutralization 
Test 

Verification of neutralization concept. Objectives achieved. 

T10 Thermal 
Conductance Test 

Measurement of the thermal conductance 
among FCA I/F and Spacecraft 

Objectives achieved. 

T11 Acoustic Test Verification of vibration test requirements. Objective achieved. 
T12 Electron Back-

Streaming Test 
Characterization of EBS Very large margin w.r.t. electron 

backstreaming was proved. 
Table 3. Objectives, status and results of tests performed at thruster level during the development phase. 
 

 
Figure 7. FT-150 microthruster firing 
during DTM test. 
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F. Storage Test 
The storage test was performed with the aim to verify the 

thruster priming capability and performance after a storage 
period simulating the one the thruster will be subject to 
before launch. Firing test was carried out in ESTEC Electric 
Propulsion Laboratory, after the thruster was exposed to hot 
pressurized air with 100% relative humidity, simulating in an 
accelerated manner the effects of a storage period of about 14 
months in typical environmental conditions. 

Thruster was then activated and fired successfully. 
Recorded performance did not differ from that of the non-
exposed thrusters. 

G. Neutralization and EBS Test 
A neutralization test was performed following the storage 

test above, using the same thruster, in the ESTEC EP 
laboratory. To verify the neutralization concept, the thruster 
was operated together with a neutralizer of the same kind that 
will be used on the LISA Pathfinder Micropropulsion 
Subsystem.8 Thruster and Neutralizer were referenced to a 
common ground, which was allowed to float with respect to 
the vacuum facility ground. Test was successful and the 
neutralization concept was proven.9 

After the neutralization test the thruster was subject to an 
Electron Back-Streaming test, to verify electrodes design and voltage margins with respect to the possibility that 
environmental electrons have the capability to overcome accelerator potential barrier and generate electron 
bombardment on the emitter. This test was also successful, 
and large margins were demonstrated. 

IV. Qualification status 
The FT-150 FEEP microthruster qualification is in 

progress vs. the LISA Pathfinder requirements, at thruster 
and thruster cluster level. The qualification at equipment and 
component level has been successfully completed. 

The main tests to be completed by the first quarter of 
2010 are: 

 Reduced Endurance test up to 150 Ns on Thruster 
Assembly (TA) QM; 

 Vibration and shock test on FEEP Cluster Assembly 
(FCA) QM; 

 Thermal Vacuum test on FCA QM; 
 Activation and firing at cold temperature on TA QM; 
 Life-test up to 1100 Ns of total impulse on TA QM. 

 
 

V. Conclusions 
After an extensive test campaign at part and assembly level, Alta's FT-150 FEEP microthruster is ready to start 

the final qualification phase at thruster and cluster level for the LISA Pathfinder space mission. The performance of 
the thruster was thoroughly verified, showing compliance with the most demanding requirements of the drag-free 
missions it was designed for. Qualification phase completion is now foreseen during 2010.  At that point, the 
thruster will be ready for use on other scientific missions like Microscope and LISA, and, as well, for any other 
application requiring the best performance in terms of thrust accuracy, resolution, and noise. 

 

 
Figure 8. Particle density of neutral cesium in 
front of the thruster. (Courtesy of ONERA.) 
 

 
Figure 9. FT-150 thruster during the storage and 
neutralization test in the ESTEC EP lab facility. 
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