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* Pros and cons of Fabry-Perot antenna

» Is it possible to obtain both high-gain and
broadband operation ?

e Recentidea: Fabri-Perot antenna with Non-
Foster Active Metsurface

* Stability issue
» Is non-Foster approach a bright future of antenna
technology or just hopeless academic juggling?)

* From basic idea towards practical realization

e Conclusions



Classical Fabry-Perot (FP) antenna
— a basic idea

FP parallel-plate cavity

Phenomenon of constructive interference
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Classical FP antenna — maximal directivity
FP parallel-plate cavity

For maximal directivity one choses
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D, 1s typically in the order of 20 dB.



FP antenna —
How to compensate for the frequency dependence?
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KFP antenna —
How to compensate the frequency dependence?
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KFP antenna —
How to compensate the frequency dependence?
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KFP antenna —
How to compensate the frequency dependence?
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Novel FP antenna with non-Foster metasurface
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What are Non-Foster (negative)
reactive elements needed for broadband FP antenna ?
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What would be the properties of a FP antenna with
non-Foster metasurface?
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How to construct on-Foster reactive elements
(negative C and negative L)
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What about stability issue?
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Use of ordinary stability factors (Rolett, Stern ...) can give completely

wrong predictions!
Ugarte-Munoz, E.; Hrabar, S. ; Segovia-Vargas, D. ; Kiricenko, A. Stability of Non-Foster Reactive Elements
14

for Use in Active Metamaterials and Antennas , IEEE TAP, July 2012

Stearns, S.D, Circuit stability theory for non-Foster circuit, IMS, June 2013



What about stability issue?
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Simple approach: keep overall C positive!
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Arbitrarily small but positive C (the ENZ behavior) — the stable case.
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Application of Non-Foster elements
* Matching of small antennas

Matching Network Design Using

Non-Foster Impedances

Stephen E. Sussman-Fort, Ph.D.

Antenna Products and Technologies
EDOQ Electronic Systems Group
Bohemia, New York USA 11718
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Application of Non-Foster elements
* Broadband active metamaterials
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The first introduction of non-Foster transmission line

APPLIED PHYSICS LETTERS 99, 254103 (2011)

Negative capacitor paves the way to ultra-broadband metamaterials

Silvio Hrabar,?’ Igor Krois, Ivan Bonic, and Aleksandar Kiricenko
Faculty of Electrical Engineering and Computing, University of Zagreb, Unska 3, Zagreb, HR 10 000, Croatia
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Measurement of effective permittivity of ENZ
Active TL with Three Unit Cells
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Ultra-broadband simultaneous superluminal phase and group velocities in
non-Foster epsilon-near-zero metamaterial
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Application of Non-Foster elements
* Squint-free leaky wave antenna
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Superluminal Waveguides Based on Non-Foster
Circuits for Broadband Leaky-Wave Antennas

Daniel F. Sievenpiper, Fellow, IEEE
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Fig.5. Superluminal medium constructed with negative capacitors attached be-
tween a microstrip line and the ground plane. The geometry is identical to that
in Fig. 3. The capacitors are implemented as lumped RLC boundaries.

. Fig:6: Radiation-pamecns (gain tn-dB1) for the-stvitus shoows i Big: 5 with
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1-10 GHz, and higher gain patterns are for higher frequencies.



What would happen if a negative capacitor were ideal
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Fortunately, a negative capacitor cannot be ideal !
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Tailoring non-ideal behavior in order to assure stable operation
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APS/URSI 2015



Tunable negative capacitor and negative inductor (100 kHz - 700
MHZ, 9 octaves!), Hrabar, Krois, Muha, EOARD 2013)
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Extracted equivalent parameters of experimental 2D unit cell

ENZ cell: relative permittivity of 0.2 — 0.8 (dispersion £ 15%,
operating bandwidth 100 kHz-700 MHz).
MNZ cell: relative permittivity of 0.3 — 0.5 (dispersion x 20%,
operating bandwidth 100 kHz-700 MHz)



Construction of an entire non-Foster FP metasurface
(1in progress)
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Conclusions

e Anidea of a broadband FP antenna with active non-Foster
metasurface has been presented

* Analytical and numerical results have revealed ten-fold BW
improvement in comparison to ordinary FP antenna

It was shown analytically, numerically and experimentally
that 1s feasible to build a stable negative RLC circuit needed
for a non-foster FP antenna

* Both discrete and integrated versions of active non-Foster
elements needed for a non-foster FP antenna have been
constructed and successfully tested

* Design and prototyping of the whole antenna is 1n progress



