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ION SOURCES / PLASMA / DIAGNOSTICS

10+ YEARS EXPERIENCE
20+ TURN KEY SOLUTIONS
20+ R&D

Industrial partner of

ECR Ion Sources



ION SOURCES / PLASMA / DIAGNOSTICS

RF CAVITIES

DIAGNOSTICS

ION SOURCES



MITICA

ION SOURCES / PLASMA / DIAGNOSTICS

MOST POWERFUL NEUTRAL BEAM
INJECTOR (NBI) IN THE PLANET:
Pbeam 17 MW
Iacc 40-50 A
Vacc 1 MV
tpulse 3600 s

Weight 50 T
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Credits ESA

Credits NASA

ELECTRIC PROPULSION   EARTH OBSERVATION    TELECOM    EXPLORATION    SCIENCE    OOS    GROUND-SEGMENT

ELECTRIC PROPULSION

THRUSTERS
DIAGNOSTICS
THRUST BALANCES
POINTING MECHANISMS
PUMPS

THERMAL CONTROL

PUMPS
MPLs

MECHANISMS

EXPLORATION (e.g. NASA M2020 rover)

ENVISAT E-DEORBIT CLAMP
2-PHI POINTING (3 legs)

PRECISION POINTING (6 legs) 
DEPLOYMENT | BESPOKE | HDRMs
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THRUSTERS

CUBESATS
- High efficiency [ISP]

- Higher thrust [mN]

- Higher total impulse [Ns]. 

o De-orbiting

o Constellation phasing

SMALL SATS
- Alternative propellants

o Water, Ammonia, etc.

- Cathodeless

- Simple / Inexpensive Xenon

SMALL TELECOM / GEO
- Combined architecture

(fully all-electric)

o SK + OR + RCS

DIAGNOSTICS

GROUND SEGMENT
- Non-disruptive

ORBITA (in-ORBIT)
- Direct comparable data 

ground vs. In-orbit

HIGH RESOLUTION
Thrust balance

OTHERS

POINTING MECHANISM
- 2-phi small sats

- 6 leg Precision pointing

PUMP
- Electrically-driven feed

pump (diaphragm)

RE-FUELLING
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NEW PLAYER IN THE          MARKET

PRIMES
OPERATORS

APPLICATIONS

TEST FACILITIES
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ISP [s] Thrust [mN] Power [W] Efficiency [%] Propellant

AQUAJET 1000 1 30 16 Water, Xenon, Argon, any…

ECR GIE 3000 - 5500 20 - 170 Up to 1000 50 Xenon

XMET* 90 - 120 Up to 500 Up to 1000 50 Xenon, Water, Ammonia…

Mini-MET 300 - 550 1 - 4 25 20 Ammonia

Electrospray 4500 0.5 17 60 Ionic liquid

ICE CUBE 310 2 10 - 15 20 Water

ECR GIEMini-MET ECR Gridded ion engine 
Xenon 
- Dimensions: 10cm radius, 8cm length
- Mass: 2kg
- 1kW

Microwave Electrothermal Thruster 
Ammonia
- dimensions: 1U + tuna
- Mass: 50 g (thruster), 1.4 kg (system, wet)

SMALL SATELLITES TELECOM/GEO SATELLITES

IMPULSE
Integrated Microwave 
PropULsion Architecture for 
satEllites:
For fully all-electric missions, 
performing orbit raising, 
station keeping and reaction 
control

AQUAJET
Cathodeless ECR thruster 
Water, xenon or argon.
- Dimensions: 0.8cm radius, 5cm length
- Mass: 600 g
- Alternative propellants

ELECTROSPRAY
Ionic liquid propellant, highly modular.
High Efficiency / Higher thrust / Higher 
total impulse alternative to FEEP 
(Enpulsion). 

ICE CUBE
Water electrolysis chemical (hybrid)
Continous mode
High density energy storage
Dimensions: 1U
Mass: ~1.2kg

XMET
Microwave Electrothermal Thruster 
Xenon
- Dimensions: 5cm radius, 10cm length
- Mass: 500g
- 1kW

XJET (AQUAJET)
Scalable to: ~10mN, ISP=1500s @200W 
~30mN, ISP~4000s @1kW 

ICE CUBE
Scalable up to ~300 mN @1.5kW (continuous mode)

scalable
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Specific impulse against thrust-to-power ratio as occupied by current EP 

systems and as achievable by ECR and MET technology (boxed). Thruster 

efficiency contours are also shown.

ELECTRIC PROPULSION THERMAL MECHANISMS

AQUAJET & XMET: COMPARISON

ECR-type (AQUAJET):
• At high power levels, performance expected 

to be competitive with GIE, HET

• Low thrust, high ISP solution

• Lower-cost & more suited to alternative 

propellants

than GIE, HET

MET-type (XMET):
• With alternative propellants (H2O, NH3), 

reaches higher

ISP than arcjet/resistojet

• Medium thrust & ISP solution

• Fills gap between high-power & low 

performance 

electric propulsion families



Specific impulse against thrust-to-power ratio as occupied by current EP 

systems for CubeSats and as achievable by ICE^3, MiniMET and Electrospray 

technology (boxed). Thruster efficiency contours are also shown.

ELECTRIC PROPULSION THERMAL MECHANISMS

CUBESAT PROPULSION COMPARISON

Thrust 
(mN)

Specific impulse 
(s)

Power required 
(W)

Efficiency 
(%)

ICE^3 2 310 10 - 20 20
MiniMET 1 – 4 300 – 550 25 20

ELECTROSPRAY 0.5 4500 17 60

ICE^3: 
• First continuous mode water thruster
• Scalable to high thrust (low power) in 

pulsed mode: micro & mini-sats

MiniMET: 
• First ammonia thruster for CubeSats
• High-thrust
• Mid-TTPR

PET-100
• Higher thrust (larger emitters)
• Higher total impulse (Ns)
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ELECTRIC PROPULSION THERMAL MECHANISMS

Thrust 
(mN)

Specific 
impulse (s)

Power 
required (W)

Efficiency 
(%)

ICE^3 2 310 12-20 ~20
AQUARIUS 5-15 310 40-100 ~20

ICE 1000 310 50-1000 ~20

The ultimate modular / flexible water electrolysis propulsion system

• Continuous thrust

• Scaling up to high thrust system ~1 N, at same ISP:

-> possible with 8.3 kW for continuous electrolysis & thrust 

-> with H2, O2 storage plena: 50-1000 Watts for impulsive mode, 

dep on recharge time

ICE3



ELECTRIC PROPULSION THERMAL MECHANISMS

MEMS
• Micro-bipropellant MIT
• Thruster chips manufacturing technology process

HYDROS-C
• By TETHERS Inc.

BACKGROUNDICE3



ELECTRIC PROPULSION THERMAL MECHANISMS

THRUSTER CHIPS
• MEMS
• IMPROVED PROCESS FROM MIT
• MODULAR | SMALL

ELECTROLYSIS + CATALYST REACTION
• First continuous mode H20 thruster

• Scalable to high thrust (low power) in pulsed mode
• 10-20w CubeSats

• 40-100w Small Sats
• 100-1000w Large GEO

FEATURES

Parameter Nominal Value
Maximum thrust 1.0 N
Specific impulse 310 s
Minimum impulse bit 0.05 Ns
Size (excl. valves & inlet piping) 24 x 42 x 2 mm
Mass 120 g
Thrust-to-power ratio 0.15 mN/W

ICE3



ELECTRIC PROPULSION THERMAL MECHANISMS

• Continuous thrust

Thrust (mN) Specific 
impulse (s)

Power 
required (W)

Efficiency (%)

2 310 12-20 ~20

ICE3



ELECTRIC PROPULSION THERMAL MECHANISMS

• Thermal infra-red tests

ICE3 Thrust (mN) Specific 
impulse (s)

Power 
required (W)

Efficiency (%)

2 310 12-20 ~20

• FLIGHT OPPORTUNITY early 2021
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