V) instituto de AUTORIDADE
. universidade de aveiro ANACOM DE COMUNICACOES

telecomunicacdes | Aveiro PORTUGAL

3D Antennal for Wireless
Power Transmission

Orientador: Nuno Borges Carvalho (nbcarvalho@ua.pt)
Co-Orientador: Pedro Pinho (ppinho@deetc.isel.pt)
Colaborador: Ricardo Gongalves (rgoncalves@av.it.pt)

Autor: Goncalo Amorim Dias ( goncaloadias@ua.pt)



18/11/2016

3D printers work with plastics materials, which are essentially dielectric. These can
be used as radiating elements (dielectric resonators), as radiation handlers
(lenses) or as a supporting base for applying conductive material to radiation
(substrates). In this paper is explored the solution based on lenses, through

the 3D printing technology.

The design, simulation and build of an aperture coupled microstrip antenna with

dielectric lens is presented.

The antenna operates at 20 GHz. The lens is used to focus the beam of lower gain

feed antenna to produced highly directive pattern with low side lobe levels
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Wireless Power Transmission

N. TESLA.
APPARATUS FOR TRANSMITTING, ELECTRICAL ENERGY.
APPLIOATION FILED JAN.18, 1802 RENEWED MAY 4, 1007,

1,119,782. - Patented Dec. 1, 1914.
Photovoltak cells
convert light to electricity 2 5km

| e |

e N.Tesla 1914

Sunlight

; i

SO d I 0] i Enc:?rtoer:tratmg B /
v I r- wer Satelllte Microwave transmitter dish
Wireless Power

Transmission 1970

Highenergy —
microwave beam

Ground-based receiver
_,// captures energy from the

microwave beam and

converts it to electriity

* RFID 1973

Wl T/V[j 3y INVENTOR,

MW\/M
*  Wireless comercial % % R g
Charger (mobile
phone) 2015

ANTENNA

TRANSPONDER

18/11/2016 Gongcalo Dias (goncaloadias@ua.pt)  URSI\Anacom Paper



9

Microwave Wireless Power Transmission

Friis equation (Simple)

P
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APERTURE COUPLED MICROSTRIP ANTENNA

microstrip patch

# antenna substrate

coupling aperture

»— ground plane

microstrip feed line
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APERTURE COUPLED MICROSTRIP ANTENNA

[ 60 8d W
In{ — + — for W/d <1
/€, W 4d
2y = 1
1207
for W/d > 1
| V€ [W/d 4+ 1.393 +0.667In (W /d 4 1.444)]
microstrip feed line 6?" _|_ 1 | 6}_ —_ 1 1

€ =

2 2 /14 12dW
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APERTURE COUPLED MICROSTRIP ANTENNA WITH DIELECTRIC LENS

PARAMETER Dimension (mm)

3
3
3.5
1.7

I‘patch
W

leot

W

patch

slot

I-subPatch 40
WsubPatch 40

I'subLine 45
WsubLine 40
I'Iine 25
55
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APERTURE COUPLED MICROSTRIP ANTENNA WITH DIELECTRIC LENS

S-Parameter [Magnitude in dB]

Return Loss

| — st1,1

-20
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APERTURE COUPLED MICROSTRIP ANTENNA WITH DIELECTRIC LENS

Farfield Gain Abs (Phi=90)

Frequency = 20
\__|Main lobe magnitude =  16.6 dB

------------------------------------------------------------------------------------------
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’ : : ’ = i [Angular width (3 dB) = 7.7 deg.
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| Side lobe level = -10.8 dB

Cartesian Plot
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APERTURE COUPLED MICROSTRIP ANTENNA WITH DIELECTRIC LENS

Gain |IEEE

3D Plot
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Lens

o lente.scad” - OpenSCAD

File Edit Design
Editor X

N B W=
1
2 punion () {

View Help

Vi
)
o

5|// base quadrada
6pdifference () {

8 cube ([40,40,5]);
10 translate([4,4,-1]) {cylinder(10,1,1,5fn=50);}
12 translate([36,4,-1]) {cylinder(10,1,1,5fn=50);}
14 translate([36,36,-1]) {cylinder(10,1,1,5fn=50);}
16 translate([4,36,-1]){cylinder(10,1,1,5fn=50);}
18 Yi
20 +
21 |// cilindro mais esfera

22 |translate([20,20,5]) {cylinder (30,20,20,5£fn=50);}

24 | translate([20,20,35]) {sphere(r = 20,5fn=50);}

-}

Y@ adeqaoend e gtk

OpenSCAD
The Programmers Solid 3D CAD Modeller

‘Console

Geometries in cache: 10

Geometry cache size in bytes: 402896

CGAL Polyhedronsin cache: 3

CGAL cache size in bytes: 4962864

Total rendering time: 0 hours, 0 minutes, 5 seconds
Top level object is a 30 object:
Simple:  yes

Edges: 2540
Halffacets: 2868
Facets: 1434
Volumes: 2

Rendering finished,

v

18/11/2016

Goncalo Dias (goncaloadias@ua.pt)

OnenSCAN 2015.03

URSI\Anacom Paper 11



18/11/2016

—

(C

-
(%)

IMPORT MODEL

NNNNNNNNNNN

11— | W W W N W
Y o A A A S N W W W N
S/ VoV VNN
S/ S ) ] R
AN A N
S S ] A
S/S S ] LoV VN AN
/S S]] A A
S/ ] LoV VN AN
/] l N R N
/S N N W
S/ A A W
/] [ ] L RN

Goncalo Dias (goncaloadias@ua.pt)

URSI\Anacom Paper

uuuuuuuuu

12



APERTURE COUPLED MICROSTRIP ANTENNA WITH DIELECTRIC LENS

File Trace/Chan Response MarkerfAnalysis Stimulus Utility Help
Trace 1 Marker 3 [21.7670000000 GHz [
Bl s11 LogM 10.00dB/ 0.00dB
50.00 1: 21158 GHz  [-2559 dB
2 20.843 GHz  |-10.00 dB Marker 1 ™
40.00 >3 21767 GHz __ |-10.09 dB
Marker 2 ™=
30.00
20,00 * Marker 3 &=
10.00 Reference ™
0.00 b o More Markers »
ore I¥iarkers
I e e E—
] V
-10.00
Turn Off
2 >
Markers
-20.00
Y Properties b
-30.00 -
Marker
-40.00 Functions
-50.00
1 >Ch1: Start 19.5000 GHz — Stop 23.0000 GHz
Cont. CH1: S11 C* 1-Port LCL
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