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) Presentation Outline

Basic antenna models
» Phased Array Antennas (PAA)
| Bea'mformin"g: phase shifters vs. true-time delay
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Basic antenna models

Dipoles Horn | Parabolic

Basic antennas offer very limited options in designing the
radiation diagram.
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Antenna arrays

Yagi Antenna
(19206)
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‘Phased array antenna — Transmitter scheme

a, exp(je,)

a; exp(j¢2)
input
Qn exp(jPy)
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Phased array antenna — Transmitter scheme
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Y a; exp(je,)

Y a, exp(je,)

input

Y ay exp(jey)
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‘Phased a'rray_antenna — Receiver scheme

ay exp(jepq)+
output a, exp(je,)t...
QN eXp(jPy)
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Phased array antenna design — impact of N

N =5; q; =1

A®D=-1n

N=20;a =1

A®=-1n
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Phased array antenna design — impact of a

N=20;aq=1 N =20 ; a, =Blackman

A®D=-1n
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Beamforming — Phase shift or TTD?

| In practice:
8 Q= a(f) (e.g. low pass filtering) — beam distortion
®* @=0(f) (e.g.dispersion) — beam squinting

AF(©) Z a; e][a%@l cos(0)+¢;]

PS VS. TTD:
* 9= — phase shifting
* ¢ = of — true-time delay: enables broadband operation
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Phase shift — beamsquinting
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" Photonic TTD beamformer

a, exp(je,)

a, exp(je,)

input

dy exXp(joy)
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Photonic TTD beamformer — Transmitter scheme
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Photonic TTD beamformer — Receiver scheme
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Photonic TTD beamformer SOTA — spatial mux
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‘Photonic TTD beamformer SOTA - light dispersion

US005461687A

United States Patent (9 (1] Patent Number: 5,461,687
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Photonic T‘TD beamformer SOTA — hybrid setup

1594 IEEE TRANSACTIONS ON ANTENNAS AND PROPAGATION, VOL. 56, NO. 6, JUNE 2008

| ~ Optically Beamformed Wideband Array Performance

Lluis Jofre, Senior Member, IEEE, Chrysavgi Stoltidou, Sebastidn Blanch, Teresa Mengual, Borja Vidal,
Javier Marti, Member, IEEE, lain McKenzie, and J. M. del Cura
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Photonic TTD beamformer SOTA - hybrid setup

JOURNAL OF LIGHTWAVE TECHNOLOGY, VOL. 28, NO. 1, JANUARY 1, 2010 3

Novel Ring Resonator-Based Integrated Photonic
Beamformer for Broadband Phased Array Receive
Antennas—Part I: Design and Performance Analysis

Arjan Meijerink, Member, IEEE, Chris G. H. Roeloffzen, Member, IEEE, Roland Meijerink, Student Member, IEEE,
Leimeng Zhuang, Student Member, IEEE, David A. 1. Marpaung, Student Member, IEEE,
Mark J. Bentum, Senior Member, IEEE, Maurizio Burla, Student Member, IEEE, Jaco Verpoorte, Pieter Jorna,
Adriaan Hulzinga, and Wim van Etten, Senior Member, IEEE

Stage 2

y o O
oBrN [ Fen(). :*

Fig. 4. Beamformer scheme with V" inputs, using optical intensity modulation
(IM) and direct optical detection. (AE = antenna element, LNA = low-noise
amplifier, OBFN = optical beamforming network).

Fig. 3. Binary tree-based 4 X | optical beamforming network (OBFN) con-
sisting of four ORRs and three combiners.
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Tunable Mach-Zehnder delay interferometer

g
N= _10_ ...................................................
=
Ea — o1
T = -20 '
-1.5 1 -0.5 0 0.5 1 1.5
fT
tunable
coupler
4
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Tunable Mach-Zehnder delay interferometer

37—, Wwhen N is odd
T = N ,

s=—, When N is even.

2frRF

IH(DI [dB]

tunable
coupler

t(f)/t

 Quaski-ideal tunable
delay line
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TMZDI implementation — PDI
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Beamformer based on PDI

INSTITUICOES ASSOCIADAS:

universidade
de aveiro

instituto de

Photonic TTD Beamformer based on a tunable PDI telecomunicacées

22 | Photonics in Radio Astronomy



Beamformer based on PDI — optimization

s mEm = mm oW
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Ideal TTD vs. Proposed scheme
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PDI Decentering

[IH(DI [dB]

':i(f)/t
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Centered PDI, with fy-f . #0
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Precise centering between the laser and the PDIs must
be ensured to avoid beamsquinting
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Experimental assessment
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| C_onclusibns, P

- A novel photonlc TTD beamformer was presented.
) Advantages one laser, one delay line, simple tunability.
° ~-S|mple devices ease the implementation in integrated optics.
¢ P"r’c)blem: coherent operation — integrated optics.

 Future work’
.2 .Receiver scheme.
® Incoherent operation.

e More details in:

® Drummond, M. V.; Monteiro, P. P.; Nogueira, R. N.; , "Photonic True-Time Delay
Beamforming Based on Polarization-Domain Interferometers," IEEE/OSA Journal
of Lightwave Technology, vol.28, no.17, pp.2492-2498, 2010
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