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3D Printed Graded Dielectrics

Fabricate complex 3D geometries in which the electrical
properties (e.g. dielectric constant) vary nearly arbitrarily
in three dimensions
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Use of Space Filling Curves

3D Printed Graded Dielectrics

Volume fraction of printed material per unit cell
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Additive Manufacturing
of RF Devices and Systems

Example Applications:  Luneburg Lens
3D Luneburg Lens Beamformer
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Additive Manufacturing
of RF Devices and Systems

Example Applications:  Luneburg Lens
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Additive Manufacturing of Multifunctional RF 
Devices and Systems

Example Applications:  Luneburg Lens

Fabricated Luneburg Lens using 3D Printing

26-40 GHz

8-18 GHz

26-40 GHz

60-110 GHz
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Additive Manufacturing of 
Multifunctional RF Devices and Systems

W-Band Luneburg Lens (70-110 GHz)

Fabricated W-band Luneburg Lens using FDM printing with a 50 µm 

Human hair

25 µm nozzle

Z. Larimore, S. Jensen, A. Good, J. Suarez and M.S. Mirotznik, “Additive Manufacturing of Luneburg Lens Antennas Using Space-Filling Curves and Fused 
Filament Fabrication”, under review IEEE Transactions on Antennas and Propagation, August 2017.
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Additive Manufacturing of 
Multifunctional RF Devices and Systems

W-Band Luneburg Lens (70-110 GHz)
70 GHz

110 GHz
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Additive Manufacturing
of RF Devices and Systems

Example Applications:  Luneburg Lens
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Additive Manufacturing of Multifunctional RF 
Devices and Systems

Example Applications:  Luneburg Lens

• No boresight drift 
at different 
measured 
frequencies

• Supports -
30o+30o field of 
view with negligible 
performance 
reduction

• Can support larger 
FOV with reduced 
performance
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Additive Manufacturing
of RF Devices and Systems

Modified Luneburg Lens

Quasi-Conformal Transformation Optics 
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Additive Manufacturing of Multifunctional RF 
Devices and Systems

Modified Luneburg Lens
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Modified Luneburg Lens
Quasi-Conformal Transformation Optics 

Fabricated Luneburg Lens using FDM Printing

Made from polycarbonate (εr=2.7)
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Additive Manufacturing
of RF Devices and Systems

26 GHz

Modified Luneburg Lens
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Additive Manufacturing
of RF Devices and Systems

Modified Luneburg Lens
Poor aperture efficiency (~25%)
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Additive Manufacturing
of RF Devices and Systems

Permittivity

λ/2 thick AR surface with Klopfenstein taper

Modified Luneburg Lens 
with integrated Antireflective Coating
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Additive Manufacturing
of RF Devices and Systems

Modified Luneburg Lens 
with integrated Antireflective Coating

30 GHz at position 0 (center) 30 GHz

~6dB
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Additive Manufacturing
of RF Devices and Systems

30 GHz (FDTD simulations)

Modified Luneburg Lens 
with integrated Antireflective Coating

Higher permittivity lens for very wide angle scanning
Max permittivity
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Luneburg Lens based Direction of Arrival Sensor

Additive Manufacturing
of RF Devices and Systems

• Luneburg lens based 
direction of arrival sensor 
from 18-40 GHz

• Array of bowtie antennas 
at the focal plane

• Uses LTC5596 power 
detector chips

• Small, portable, and 
battery powered

• Wireless transmission to 
nearby smartphone
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• Good return loss across Ka-band 
and part of K-band (<-10 dB)

• Linearly polarized
• Balun to create balanced antenna

3D Luneburg Lens Passive Imager

20 25 30 35 40

Frequency (GHz)

-50

-40

-30

-20

-10

0

Re
tu

rn
 L

os
s 

(d
B)

Return Loss of Bowtie Antenna

Measured
Simulated

Simulated current density

Additive Manufacturing
of RF Devices and Systems
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Luneburg Lens based Direction of Arrival Sensor

Complete System

Side View of Power/Digital Board and Antenna Matrix

Antenna Matrix
Backside Showing LED 
Indicators and Battery

ESP32
Flash Memory

USB-to-UART
microUSB
Receptacle

Battery Socket

Battery
charging

Power
on

Bluetooth
connected

RF Power
Detected

Additive Manufacturing
of RF Devices and Systems
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