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Additive Manufacturing of Leaky-Wave Antennas
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2. Additive Manufacturing

* Definition and Properties
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Definition of Additive Manufacturing

s Additive Manufacturing groups the technics enabling to
fabricate objects with a process

s Advantages
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Definition of Additive Manufacturing

s Additive Manufacturing groups the technics enabling to
fabricate objects with a process

s Advantages
= Free-Form Manufacturing
= Monolithic Fabrication

- ‘ [ ] umvsnsnéns%
9 T -Fi ion Days 2020 — 22/01/202 @ ? INSA
RF Payloads and Technology - Final Presentation Days 2020 — 22/01/2020 ( CentrateSupéiec - RENNES 1




Definition of Additive Manufacturing

s Additive Manufacturing groups the technics enabling to
fabricate objects with a process
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= Monolithic Fabrication
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Definition of Additive Manufacturing

s Additive Manufacturing groups the technics enabling to
fabricate objects with a process

s Advantages
= Free-Form Manufacturing
= Monolithic Fabrication
= Cost Saving
= Wide Choice of Materials
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Definition of Additive Manufacturing

s Additive Manufacturing groups the technics enabling to
fabricate objects with a process

s Advantages
= Free-Form Manufacturing
= Monolithic Fabrication
= Cost Saving
= Wide Choice of Materials
" Precision and Tolerances?
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2. Additive Manufacturing

e Stereolithography
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Stereolithography (SLA)

Building “

platform
Vat containing _____» /
liquid polymer
UV- i
transparent :
layer / '\

Scanning mirror UV-Laser Built piece
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2. Additive Manufacturing

e Selective Laser Melting
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Selective Laser Melting (SLM)

@ v
IETR Similar to DMLS

Scanning mirror Built piece
High _ o & / ___________
Power Laser \ S
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roller 2 . Untreated
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2. Additive Manufacturing

 Comparison of the Processes
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Comparison of SLA and SLM

Size Limited by the Machine
Weight Light Metal Parts
Robustness Low High
Thermal Handling No Yes
Precision of the Process 0.02-0.05 mm 0.05-0.15mm
High
Corrected with Post-Processing
Roughness Low < 10 um
Porous Structure = Bad
Conductivity
Limitations Metallization Complexity No Closed Structure
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2. Additive Manufacturing

* Examples of Antennas
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SLA and SLM Antennas

Slotted array, Bull’s-eye, Horn Cluster,
SLA / DMLS, Stereolithography (SLA), DMLS,
[G. P. Le Sage, 2016, IEEE [U. Beaskoetxea, 2017, [M. Kilian, 2019, EuCAP]
Access] IEEE TAP]
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3. Additive Manufacturing of Leaky-Wave Antennas
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3. Additive Manufacturing of Leaky-Wave Antennas

 What is a Leaky-Wave Antenna?
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What is a Leaky-Wave Antenna?

¢ Guided structure which lets in a controlled way to
get a desired radiation pattern

¢ Complex propagation component: k,/,(w) = f(w) — ja(w)
" a(w) : controls pattern shape, radiation efficiency
» B(w) : controls pointing angle

waveguide

¥

Wil

a

radiating
slit

free space

Waveguide slit, single polarization,
[C. Caloz, 2010, Leaky-Wave Antennas]
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3. Additive Manufacturing of Leaky-Wave Antennas

* Single-Polarized Structure
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Single-Polarized Antenna
Structure

Modulated 7
ridge T
Ly
XA'/
a
r U
a
)
Full control of ¥, 8" Tuning parameters:

slot length and ridge height

[Sidelobe Level Reduction in Ridged Leaky Waveguide

Through Stereolithography, A. Dorlé, 2019, EuCAP] . ‘ _
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Single-Polarized Antenna

Performance

Radiation pattern (dB), ®=90° plane,

30 GHz
0 . . .
—uniform /\
modulated ridged| |
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20+ : ]
-30 ' '

-90 -45 0) 45 90

0 (deg)
SLL reduction of 7 dB
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Single-Polarized Antenna

Measurement
Radiation pattern (dB),
(D=?0° plane, 30 GHz

0 |
—V-pol HFSS
- - =V-pol Mes
10+ H-pol Mes ||
20+
30
0
6 (deg)
SLL (dB), ®=90° plane
—V-pol HFSS
% \/-pol Mes
%30 GHz "l
’:’LA = 108/1 151
«*Matched below — 10 dB between 26.5 and 40 GHz
20}
25 ' ' : ‘
26 28 30 32 34 36

Frequency (GHz)
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3. Additive Manufacturing of Leaky-Wave Antennas

 Dual-Polarized Structure
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Dual-Polarized Antenna

Structure

Modulated 7
ridges x

Full control of Tuning parameters:
av,BY,at, pH slots lengths and ridges heights

[Additive Manufacturing of Modulated Triple-Ridge Leaky-

Wave Antenna, A. Dorlé, 2018, IEEE AWPL] _
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Dual-Polarized Antenna

Measurement

0 (deg)

Radiation pattern (dB),

0 (deg)

®=90° plane
0 0

V-port esa H-port ——23.18GHz
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Dual-Polarized Antenna

Measurement

% 23.28 GHz

= |ridium ISL band
SLL (dB), ®=90° plane

-10
L, =15.831 *
157 .
+* Matched below — 10 dB from 22.3 to 25.2 GHz
-20
¢ Isolation better than — 40 dB ——V-pol HFSS
-25 H-pol HFSS
. * \/-pol Mes
< DH ~=18.22dB 30 H-pol Mes
= (.17 < simulation 29 23

@DV, . =17.84dB

= (.31 < simulation
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3. Additive Manufacturing of Leaky-Wave Antennas

* Single-Polarized Array
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Single-Polarized Array
Structure
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Single-Polarized Array

Measurement

Radiation pattern (dB), - ’ -
®=90° plane — RED S oo T DO .

—V-pol Mes Short
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H-pol Mes Open
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0 (deg)
Radiation pattern(dB), %L, =1084
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IETR
10| 1
¢ Matched below — 10 dB
20+ . * From 19 to 22 GHz with CC plate
* From 18.5 to 22 GHz with open end
30 ]
A < DY ... = 27.6 dB with CC plate

'4(?90 90 * 0.2 >simulation
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3. Additive Manufacturing of Leaky-Wave Antennas

e Circularly-Polarized Antenna
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4. Conclusion and Perspectives
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Conclusions and Perspectives

o and enable to print 3-D complex structures
in pieces, avoiding bulky assemblies and
their drawbacks. Measured antenna prototypes

confirm the
thanks to AM.

** The proposed topology allows for
with of the two leaky
waves.

** To go further: dual-band, compact radiators, low
coupling arrays.
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