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Abstract – The impedance bandwidth of a metamaterial-

inspired, electrically small Egyptian Axe Dipole (EAD) antenna 
is enhanced by augmenting it internally with a non-Foster 

circuit. Several different non-Foster implementations have been 
studied, including a variety of symmetric and asymmetric        
2-BJT and 4-BJT based Linvill designs and operational 

amplifier-based design. The circuit and antenna performance 
characteristics have been obtained through ANSYS HFSS and 
Agilent ADS co-simulations. The design goal is a 15% or 

greater impedance bandwidth from an electrically small, stable, 
component tolerant, 300 MHz center frequency design.  

Index Terms — Electrically small antennas, impedance 

bandwidth, non-Foster circuits, metamaterials. 

I. INTRODUCTION 

Electrically small antennas (ESAs) are a topic of great 

research interest because of their utility for a wide variety of 

wireless applications. However, because of their compact 

size, ESAs are generally not efficient radiators and they have 

narrow bandwidths. There have been many efforts to 

overcome the conflicting performance characteristics of 

ESAs, including their efficiencies, bandwidths, and 

directivities, using a variety of meta-structures, e.g., [1]. 

To overcome the impedance bandwidth fundamental 

bounds set by positive definite energy constraints associated 

with passive systems [2]-[4], we have introduced active, non-

Foster elements into the near-field resonant parasitic 

elements of several electrically small, near-field resonant 

parasitc (NFRP) antennas [5]-[9]. This internal non-Foster 

element approach enables nearly complete impedance 

matching to a 50  source without any external matching 

network over an extended, large instantaneous frequency 

range. It has been confirmed independently [10].  

The active non-Foster elements in these designs were 

realized with negative impedance convertor (NICs) circuits. 

Many of these NIC-augmented, NFRP ESAs have been 

simulated, fabricated and tested. Comparisons of the 

simulation and experiment results have been very favorable. 

NIC-based designs have also led to enhanced directivity 

bandwidths [11] and to an ESA design which simultaneously 

exhibits a high overall efficiency, a high directivity, a large 

front-to-back-ratio and a large instantaneous impedance 

bandwidth [12]. 

Despite these successful implementations, the sensitivity 

of the performance of the NIC circuits to component 

tolerances and stability issues severely complicates testing 

and continues to frustrate their acceptance for general use. 

To explore these realization issues further, we have been 

studying several classes of NIC circuits. These include        

2-BJT circuits based on symmetric and asymmetric layouts 

of the original Linvill NIC [13]; 4-BJT designs such as those 

considered, for example, in [14]; and operational amplifier 

(OpAmp) designs such as those considered, for instance, in 

[15]. Our investigations are aimed at achieving an ESA, 

based on the NIC-augmented Egyptian Axe Dipole (EAD) 

design [9], whose center frequency is 300 MHz and has at 

least a 15% fractional bandwidth (FBW). 

II. EAD FREQUENCY AGILE DESIGN 

The ANSYS HFSS 2014 model of the electrically small, 

planar, EAD antenna considered in this non-Foster study is 

shown in Fig. 1. The NFRP element of this metamaterial-

inspired antenna is a curved version of the “I” metamaterial 

unit cell element. The driven element is a simple dipole 

antenna.  The 300 MHz design shown in Fig. 1 is based on 

0.5-oz (0.017 m thick copper), 31-mil (0.7874 mm) thick 

Rogers Duroid
TM

 5880 substrate (r = 2.2, r = 1.0, loss 

tangent = 0.0009). An inductor is integrated into the NFRP 

element at its center. The simulated |S11| values are shown in 

Fig. 2 for inductor values varying from 20 to 39 nH. A good 

matched design is assumed to have a |S11| value of 10 dB or 

smaller. At the center frequency, 300 MHz, the antenna has a 

FBW ~ 1.4 %. The frequency agile 10dB bandwidth shown 

in Fig. 2 for this passive antenna is about 40 MHz, giving a 

FBW ~ 13.33%, i.e., nearly a factor of 10 enhancement. 

The resonance frequency (where |S11| is a minimum) for 

these inductor values is plotted in Fig. 3. The corresponding 

reactance curve has the same negative slope behavior, which 

is a non-Foster behavior, i.e.,  (L) < 0. Consequently, the 

NIC must reproduce this curve to achieve the corresponding 

instantaneous impedance bandwidth. 

III. NON-FOSTER CIRCUITS 

The HFSS sp2 file resulting from simulating the EAD 

response with a port substituted for the inductor was 

imported into Agilent ADS. The various NIC designs were 

tested with this ADS antenna model. Our preliminary results 

have indicated that the symmetric 2-BJT circuit design, such 
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as the one shown in Fig. 4, is actually the most robust. It 

produces a FBW ~ 17% for a ka < 0.5 EAD antenna. While 

the OpAmp NIC-based designs have achieved almost a 30% 

FBW, they have proven to be very sensitive to the 

component values. A variety of NIC design details and the 

corresponding EAD ESA simulation results will be shared in 

our presentation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1 ANSYS HFSS EAD model. The NFRP element contains  

an inductor to allow for frequency agility. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2 |S11| values showing matching as the inductor value is varied from 

20 to 39 nH. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.3 Inductor values versus resonance frequency. The non-Foster behavior 

(negative slope) required for the desired 15% instantaneous  

impedance bandwidth is clearly observed. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4 Example of a robust, symmetric 2-BJT NIC design. 
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