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Gradient Index Lens Using Perforated Dielectric

Yiwen SHAO and Qiang CHEN

Tohoku University, Sendai, 980-8579 Japan

Abstract As the frequency of wireless communications of the next-generation becomes higher and higher, array antennas of
high gain, low loss are required. However, because the conducting loss increases as the frequency becomes high, dielectric
antennas such as the dielectric lens antennas become one of the potential candidates for the operation at millimeter wave band.
In this research, a new design method for the gradient index lens is proposed, and the fabrication by using 3-D printers for the
gradient index lens using perforated dielectric is introduced. The lens antennas are demonstrated for the application of beam
scanning with high gain, as well as beam focusing at millimeter wave band.

Keywords Lens antennas, Dielectric antennas, Millimeter wave antennas, 3D printers.
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New Lens Concept R Xt
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B From Optical Lens Concept to Quasi-optical Lens Antenna™"

Integrated lens antenna
Intrinsic flat shape characteristic H-S lens
/

and structural extensibility

o

X 1 pitch |
1/2 pitch ' N p=0.25
Off-body fed lens antenna
H-S lens  {X

Key design equation

1 W Feed

=——cot{aw)= cot (27, N z
v (cw) o ( s p=0.25

/. focal length of lens.

w, length of lens.
p, pitch of lens.

2 . W - R
n, . central refractive index Different antenna configurations by choose the

suitable length and pitch of lens

[1] A. L Mikaelian Prog. Opt. vol XVIL pp. 283-346, 1930
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Full-dielectric Material &
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B Overcome the drawback of metamaterial with large loss and narrow T

bandwidth in traditional GRIN lens by using full-dielectric material.

Low-cost dielectric materiall*] Economic 3D printer

p Summary of proposed lens concept

B Intrinsic flat shape characteristic of proposed new lens concept (Avoid using complex
TO methods)

B Nof using metamaterials (overcome the drawbacks of using inherently narrowband, lossy
and dispersive metamaterial)

L B Cost-effectiveness, ease of fabrication (easily accessible 3-D printing technique)

L
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H-S Lens with Perforation Structure ’;”“‘-7*
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B Design of H-S Lens Structure o
Fabricated lens prototype atl0GHz using FDM 3-D printer|

...
% Cenral axis
it £,
Rotatmg ff l\ — 204 9mm /4)
¥ 1 5men
“‘ 4 F number (F/D =1.08) Iutx insic flat slmpe
Design Procedure Umt—cell(mm) 7 X 7<1/4=75mm (Frequenm = 10Ghz)
Stepl Step2 Stepd (

Step 1: Staircase approximation of
H-S lens permittivity profile

20 :4 i Step 2: Grid discretization
=5 2 Eis 2 *  Gridsize: 5 x 27
3 R 2 ] 10
0 . i o Step 3: Perforation structure
& g 5 » Minimum hole size(mm): 0.32
w. 1o 16 » Maximum hole size(mm): 6.6
Diclctric ooestme c) A b *Dm.neter
5 Can be fabricated
o
Measurement Results % ”""‘:;3
hen-Konno | ab e €
TOHOKU
B Measured Radiation Performance E-plane@10GHz

Foam-based Measurement sefup in anechoic chamber

Supporting Foam

Realized Gan (dBy)

:,.> “"@J ""‘/ ‘\hr‘\{m‘?"n(

i
0 %

|

1% e w0 0 b 100 150
Angle (degrec)

H-plane@10GHz

1%

The simulation results are almost
consistent with the measurement results.

Realioaod Gam (3B

*E- and H-plane patterns of lens feeding
antenna (APFA)are not symmetric.

80 -0 S0 0 W W 1%
Angle (degrec)
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Measurement Results G
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B Radiation Pattern Characteristic at 10GHz B
SIMULATED MEASURED
Realized Gaimn i oh Coni
(dBi) 24.7 23.8 High Gain
3-dB E-plane 92 9
Beamwidth (°) H-plane 8.7 9
Cr-pol Levels E-plane -25.5 -29.7
(dB) H-plane -25.1 -21.0
Side Lobe E-plane -18.1 -17.4 Low SLLs

Levels (dB) H-plane -18.0 -16.7

Aperture efficiency

Nape = Da A2 /(4mA)

E 6

Broadband response

D, . directivity of antenna 5 : The total radiation
A, physical aperture area of lens| = - efficiency is above ~40%
A, wavelength ) E , S :  across all tested
L . 4 o= Gain (Sim) “~~_ Z | frequencies (X-ban
 Total radiation efficiency =y "~ ../ A O () -4 - (da)
e Efficiency (Sim.) 2
7) ar Ge /12/(4”.4) | J o lt?h')rmj\ |Mr:.> |
\ G, . measured gain ! : Irnll‘)'c)m'y (i) 2
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2-D Beam-scanning by Feed Movement &
R
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FLITTT

B Beam-scanning in H-plane (xoz plane)

Explore the functionality of beam

Move waveguide along x-axis X
scanning for H-S lens

y H-S lens
\-"i": \/ x=0mm — 0 deg x=-25mm — 6 deg
\ D Sin
i 15 0 5 e 15 0 s
;h',__-’— ’4/\"\ . 1

]

75

w0

The waveguide placed at off-center position
of lens leads to a steered beam
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2-D Beam-scanning by Feed Movement &%
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B Gain, Bandwidth and SLLs Versus Scanning Angle

less than -10dB SLLs

20

ISA'\ 10
(%

18 1344 812
- 1.24B b < =
8 ; g
£ 16 2 142
% 14 é 16 %‘
= _— 29 K -0 - -ﬂ;—“‘ -—--00.16 3
E e “@ AR §

5 -_:_-: ::t:t :l;m\'. Sim T fline - E-plaoc H-plane  E-plane =k

Mo, Zhe. A ae
10 : X 5 i -20
=20 -10 0 10 20 20 <15 -10 -5 1] 5 10 15 20
Angle (degree) Angle (degree)
Good gain stability of lens with Very narrow beamwidth ~9deg
less than 1.2dB variation
The functionality of beam scanning for proposed H-S lens by
mechanically moving the feed antenna can be achieved with
good gain stability and low side lobe levels.
Spatial Resolution Imaging Experiment @ ’”‘33
DEeD_RODNo
EMicro-/millimeter-wave Imaging Measurement Setups o

. B |
Schematic 3D view of measurement setups i
Foam-based measurement setups

2-D linear guide rail

Mikaelian lens

Key point in measurement :

Four main parts | * The distance between the imaging target and the
Designed H-S lens “ lens 1s required to be kept as small as possible.
Standard waveguide while not blocking the movement of the 2-D
Vector network analyzers (VNA) linear guide rail.

2-D linear guide rail

*Time domain measurement
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Spatial Resolution Imaging Experiment %
o TR YT — R of
EmMicrowave Imaging at X-band EC
Imaging object Magnitude of the reflection
+ plastic bottom plate coefficient @ 10GHz
» three copper sheets with different 7 plaels § pixcls 10 pixels
physical widths of 10mm. 15mm TrrTEARSaRn T T iR AT T
and 20mm [ one pixel — 2mm
B e
B s = B
2-D linear gwde rail: ot - -
* The entire scanning :n i
area:102mm % 102 mm. ) !
. Distance Ofea':h o ||-| 'I:i _;:n :-s ':I;: |.s .4|| 45 50
movement (called one Xpixel
pixel) 1s set to 2mm.
A spafial imaging resolution of ~0.55. (~15mm)
is achievable with this measurement setup.
. - £
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