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Elliptical polarization Helical phase-fronts
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s = —1 Left-hand circular polarization m = +1 Right- and left-
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Photons cannot have zero spin. Higher order topological
Linear polarization is chargesm = 2,3
combination of RHCP and
LHCP

Images courtesy of physics.gla.ac.uk/Optics
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Uniform

Periodic

U invariant along propagation axis
O dominant or higher mode
O fast-wave mode

Q
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TEq0

radiating
free space slit

strip

HE;

h

IR .
y T 1 E dielectric
/ . substrate

ground plane

/82 kov/Ere :>B >0
= 6 > 0: FWD only

“Truly” Periodic

waveguide

radiating
holes
27

ﬂn(W) = ﬁo(td) + ?n

strips

Y
p/ 7%
]

T kR
Y dielectric
e substrate

ground plane

O periodic along propagation axis
O o space harmonics (SH)

O using fast SH (4, slow), £,

U0 BWD and FWD
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“Quasi”-Uniform

W = wp

broadside

WRF < W < Wy

backward

T Wy < W < WEF

O CRLH

U topologically periodic,
but electromagnetically
uniform

U period << A

O using fast SH: n=0
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@ Phase Front of
i sy Linear & Circular LWA

tilted phase front spiral phase front

« Off-broadside operation
 Titled phase front by 6yp

Off-broadside operation
Spiral phase front around
propagation axis

10 Master Thesis 23.06.2014 — Amar Al-Bassam



{{‘)} UNIVERSITAT \
.”-‘ - ‘r" . ‘\
e ECOLE ESSEN " .' h‘.._\'«g

POLYTECHNIQUE =

MONTREAL

[ll. ELECTROMAGNETIC MODELING

11 Master Thesis 23.06.2014 — Amar Al-Bassam



(@) _
Hoecoe Surface Current Density ianns (SO

Jsurfl[A_per_dif ‘:‘.‘;n Jsurf[A_per_dif
3,10%3e-204 3 el - 4@, 2. 78292-BB5
3,352 -004 AR i v

BY A ) f
BY s ~ Lk il it J? z
By s
By ¥
BY
i
I ‘

1) \

als
i F

Radial current (Shunt Mode) Azimuthal current (Series Mode)
i Yy
b4 h s “w
) a v =
». - B A “\ / (

*Eigenmode simulation in HFSS
12 Master Thesis 23.06.2014 — Amar Al-Bassam



X %
g -
i@} UNIVERSITAT

N - g DUISBURG \‘
e ECOLE Dyadic Green’s Function iane e (SO

POLYTECHNIQUE
MONTREAL H F T

Scalar Green’s function
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Electric field of an x-directed electric dipole
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R. E. Collin, Field Theory of Guided Waves, 2 ed.
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CONTRNT Array
Circular array of radially directed electric dipoles
= Jwﬂoﬂ _jk0|r_?°’| , /
B (r'n) = iz Z (BIHIV) = (6 cos(nd)) + & sin(n)) e~"2*
Constant separation between elements .
27 1
g _

Gb _ N .
and constant radius

R = \/3912 i y/2
Propagation constant

Y=a—gm

Arbitrary magnitude and phase excitation
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N-1 e—jk0|r—r'|
> (kgI+VV)

n=0

+cos(n¢’) - | sin(ng’) - ¢’

Total Electric field

—

E = E(b + jE + quadrature relation (%)

(*) S. Otto, Z. Chen, A. Al-Bassam, A. Rennings, K. Solbach and C. Caloz, “Circular Polarization of Periodic Leaky-Wave
Antennas with Axial Asymmetry: Theoretical Proof and Experimental Demonstration,” TAP 2014.
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Example: Uniform Current
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o P
g Core RO4350 ;T 0.254 mm
floating plates o Prepreg RO44502%| 0.1 mm
Core RO4350 Az 0.508 mm
Yy
» Y

N | R (mm) | ws (mm) | w; (mm) | {s (mm) | ¢; (rad) | ¢, (rad) | ¢, (rad)
10 | 16.25 1.2 1.1 11.5 21 /N 0.125 0.505
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One Unit Cell

Transmission Phase

Dispersion Diagram
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O Separation of Ljq, = 2 mm.

O Two topological charges
T exciatation is possible.
O Ports excitation 1 —3 or 2 — 4
iL Y

% to generate a topological charge.

-t-—gap

@
@

O m = +1,3,5,... require
differential excitation.

0 m = £0,2,4, ... require in-phase
excitation.
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Measurement & Simulation
Comparison
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@ Cylindrical Near-Field I
BN RS/
MocL) NETREAUE Measurement

AUT

azimuthal \

positionere——ps"

« E-Field sampling on a cylindrical surface
* Near-field to far-field transformation

« Back transformation to planar near-field
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Radial patch array

excitation point
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[ Circular leaky-wave antenna to
generate orbital angular momentum
- new technique
- +m simultaneously

1 EM modeling of CLWA
- valid in near- and far-field
- models the series and shunt modes
independently
- pahse & amplitude relations

—3X0 =20 X0 3Xo

L Experimental Validation
- near-field measurement
- two channels multiplexing

O An alternative to CLWA
L emi =0
. mlx — ol 4x4 % _Omgix _
- circular phase array e T Butter Mati . . BT o N
- N elemets = N independent channels ™ =~ =2

my
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