
Stepan Lucyszyn

August 2023

Building-Edge Additive Manufacturing Technologies: 
3D Printing Landscape for Next Generation        

Radio Frequency Applications



Motivations

• Additive manufacturing minimizes material waste
• Polymer-based 3D-printing delivers dramatic mass reduction (saving transportation energy)
• Polylactic acid (PLA) is made from starch and so biodegradable
• Easily accessible technology to the general public (becoming more ubiquitous)
• Replacement part manufacture within isolated/remote communities
• Rapid prototyping and small-batch production saves time and money
• Promotes in-house innovation (securing intellectual property rights)
• Excellent pedagogical tool for hands-on students
• Enables tactile and visual observation of complex 3D geometries 

Environmental Social Governance Educational



Impact

• Drones for agricultural monitoring (millimetre-wave radiometric imaging payloads)
• Earth observation satellites for pollution monitoring (millimetre-wave spectrometry payloads)
• +5G connectivity in remote locations using low-altitude balloons (communications payloads)
• Global +6G coverage with mega satellite constellations (communications payloads)
• Ubiquitous medical diagnostic equipment in GP surgeries and clinics (radiometric imaging of skin)
• Support emergency services using aerial vehicles (imaging and communications payloads)
• Ubiquitous security screening for weapons/contraband (radiometric imaging stand-off detection)
• Low-cost research infrastructure (avoiding expensive cleanroom facilities)
• Innovative technology transfer between academia and industry
• World-class research and highly skilled workforce for new spin-out SMEs

Environmental Social Governance Educational



Motivations for G-band (140 to 220 GHz)

https://www.nttdocomo.co.jp/english/binary/pdf/corporate/technology/whitepaper_6g/DOCOMO_6G_White_PaperEN_v4.0.pdf

NTT to Pilot 6G Network at 2025 Osaka World Expo!
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Low-cost 3D-printing Facilities



Our MSLA 3D Printers



First Detailed Study of 3D-printed Waveguides

2 Undergraduate 
Project Students



Some Waveguide Components
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Waveguide Thru Lines

X-band (8 to 12 GHz) W-band (75 to 110 GHz) G-band (140 to 220 GHz)



Waveguide Calibration Primary Standards
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Waveguide Filters
W-band G-bandKa-band



G-band (140 to 220 GHz) 
Manufacturing Limits



Our masked stereolithography apparatus (MSLA) 
Elegoo Mars 2 Pro, with 50 m resolution and
print volume of 80 mm × 129 mm × 160 mm

Registration errors between the 
CAD drawing and slicing software

λg/2 cavity resonator at 183.3 GHz has 8.5º 

change in electrical length from 50 m 
quantization error → 3.5% frequency shift 

G-band Manufacturing Limits



Pre-distorted G-band 5th order chained-function filter

G-band Manufacturing Limits



Dielectrics



Variable Phase Shifter
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Ku-band Phased Array Antenna
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Ku-band Phased Array Antenna



Rotary Vane Attenuator (RVA)



G-band Quasi-optics



G-band Subsystems
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90° Off-axis Parabolic Mirrors (OAPMs)

Commercial

First Generation Second Generation



Antenna Pointing at Back-Side of RAM Antenna Pointing at Front-Side of RAM

Pyramidal Radiation Absorbent Material (RAM)



G-band Quasi-optical Thru



G-band Multi-channel Front-end



G-band Multi-channel Front-end



G-band Multi-channel Front-end



W-band 90 Twist with Integrated Filtering





D-band Multi-chip Modules



GlobalFoundries® 45 nm CMOS RFIC: SEM microphotograph and optical microphotograph showing 20-m wide 50  TFMS line



Low-cost G-band Waveguides





Terahertz (300 GHz to 3 THz)



Low-cost THz Waveguides
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Evans-Pughe Memorial Prize for 
the best paper from John Crute, 
ARRMS Chairman, 2017



Our Student Training at NPL
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Sang-Hee Shin
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Liyan Zhu
(PhD Student) 
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