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3D-Printed Microwave-to-THz Technologies: 
ICL-NPL Landscape since 2015





2017 UK Space Agency grant NSTP3-FT-046:

3D Printed Millimetre-wave Components for
Guided-wave and Quasi-optical Systems for Spacecraft

Previous 15-month Pilot Study



This work was funded by the UK Space Agency under grant NSTP3-FT-046 



Quasi-optical measurement setup: (a) showing the G-band 3D printed rectangular horn antenna and 
parabolic mirror (after plating); and (b) preliminary field intensity plots at 160 GHz without background 
noise cancellation – (left) from commercial components, (right) from 3D printed components. 



This work was funded by the UK Space Agency under grant NSTP3-FT-046 



Prototype Ka-band BPFs: (a) Polyjet 3-D printed (weighing 17 g); and (b) CNC machined (weighing 112 g).



This work was funded by the UK Space Agency under grant NSTP3-FT-046 



Photomicrographs of an FDM 3-D printed ABS sample under test with nominal 100 m layer height and 100% infill printer
settings: (a) top layer x-y plane view; (b) top layer x-y plane close-in view; (c) bottom layer x-y plane view of a corner; (d) bottom 
layer x-y plane close-in view; and (e) vertical build x-z plane view.



This work was funded by the UK Space Agency under grant NSTP3-FT-046 



Theoretical, EM simulated and measured performances: (a) 15 GHz; and (b) 17 GHz.



This CEOI-funded Project Aims to Deliver:
- Models of complex waveguide components for 3D printing to TRL 5
- Methodologies and a UK facility for characterisation of 3D printed 
mm-wave components traceable to the International System of units

TRL 5 Definitions: 
- Technology Development/Demonstration 
- Laboratory Testing of Integrated System
- Component and/or Breadboard Validation in Relevant Environment 



CEOI-funded 3D-printing Facilities at Imperial

Fume hood with
Elegoo Mars MSLA

Formlabs Form 3 Laser SLA Raise3D Pro 2 FDM 

Above: Ventilated partial enclosure
Below: Vodex fume extractor



SLA (Stereolithography)



Laser SLA

• Formlabs Form3 (current technology)

• Grey Resin (version 4, current technology)

• Layer Height : 25 µm (specification)

• Printed Parts: Off-axis parabolic mirror 



Masked SLA

• Elegoo Mars (current technology)

• Upgrades: 
• Linear Rail
• Ball Bearings

• Water washable ceramic grey resin

• Layer Height: 20 µm

• Printed Parts: Waveguides, Horn, 
FSS, Lens



FDM (Fused Deposition Modelling)

• Raise 3D Pro 2 (current technology)

• RS Components White PLA (1.75 mm)

• ProtoPasta Conductive PLA (1.75 mm)

• Layer Height: 100 µm - 250µm

• Printed Parts: Quasi-optical test 
assembly, Adapters, RAM, Polarizers



FDM (Fused Deposition Modelling)

• Original Prusa MK3s (current technology)

• Various PLA materials

• Printed Parts: Various alignment tools 
and adapters




