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ABSTRACT

This paper presents an analysis of the effective capacitance of one-port S-band gallium nitride high electron
mobility transistor (GaN HEMT) non-Foster negative-reactance circuit. The analysis was carried out at S-
band frequency ranges of 4.08 GHz to 4.11 GHz and 4.13 GHz to 4.17 GHz. The chosen frequency ranges are
consistent with the frequency at which the simulated and fabricated non-Foster negative reactance circuit has
negative reactance to frequency slope. The one-port non-Foster negative-reactance circuit was designed with
Keysight Advanced Design System (ADS) Software and fabricated with FR_4 Microstrip substrate on printed
circuit board with Copper conductor thickness of 1.5mm and measured with vector network analyzer (VNA).
The circuit was designed with Cree CGHV4003F GaN HEMT biased with drain supply voltage of 20 V at
quiescent drain-to-source (Ipsq) current of 19 mA. The one-port S-band non-Foster negative-reactance circuit
has measured effective capacitance of -5 pF to -26 pF and simulated effective capacitance of -0.16 pF to -
0.17 pF from 4.08 GHz to 4.11 GHz. The measured effective capacitance from 4.13 GHz to 4.17 GHz ranges
from -20 pF to -53 pF as the simulated effective capacitance ranges from -0.18 pF to -0.21 pF. This one-port
non-Foster negative reactance circuit showed effective negative capacitance at the chosen frequency ranges
at measurement and simulation.
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I. INTRODUCTION

One-port non-Foster negative-reactance circuits have the ability to improve the performance of microwave
circuits by providing the needed negative reactance required to cancel out transistor parasitic capacitances
which reduce circuit performance (Akwuruoha, 2018; Muller & Lucyszyn, 2015; Sterns, 2013; Kamat et al.,
2023). The non-Foster negative reactance circuits are usually negative capacitance circuits or negative
inductance circuits. One-port non-Foster negative reactance circuit has one-port which serves as input
impedance port and output impedance port. In this paper, the negative capacitance of one-port non-Foster
negative reactance circuit at selected S-band frequency ranges of 4.08 GHz to 4.11 GHz and 4.35 GHz to 4.45
GHz was designed, fabricated, measured, simulated and investigated. Non-Foster negative reactance circuits
have reportedly been used to enhance the performance of microwave circuits such as antennas (Elfrgani &
Rojas, 2015; Sussman-Fort & Rudish, 2009; Nagarkoti et al., 2014; Haskou et al., 2017; Hansen, 2003; Jacob
et al., 2014; Koulouridis & Volakis, 2009), meta-materials (Barbuto et al, 2013; Mirzaei & Eleftheriades,
2011) and power amplifiers (Lee et al, 2015; Ghadiri & Moez, 2010; Ledezma, 2015; Akwuruoha et al., 2017;
Akwuruoha & Hu, 2017). To the best of the author’s knowledge, this is the first reported analysis of the
effective negative capacitance of one-port non-Foster negative reactance circuit at S-band frequencies of 4.08
GHz to 4.11 GHz and 4.35 GHz to 4.45 GHz. This paper is divided into five sections as follows. Section 1l
discusses non-Foster circuit theory and types. Section I11 discusses materials and methods. Section IV discusses
the measurement and simulation results. Section V concludes the paper.
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I1. NON-FOSTER NEGATIVE REACTANCE CIRCUIT THEORY

Non-Foster negative reactance circuit reflection coefficient moves in counter-clockwise direction with respect
to frequency on a Smith Chart (Sussman-Fort & Rudish, 2009; Muller & Lucyszyn, 2015). Non Foster
negative reactance circuits are classified into two depending on the type of impedance conversion associated
with the circuit. Non-Foster negative reactance circuits are either negative impedance converters (NIC) or
negative impedance inverters (NII1). Non-Foster negative reactance circuits are further classified as open
circuit stable (OCS) and short circuit stable (SCS) (Akwuruoha et al, 2017). The driving-point impedance of
non-Foster negative reactance circuit is equal to the negative value of the load impedance. The load impedance
is related to the input impedance by (Akwuruoha, 2018)

Zin = —KZ, 1)

Where Zin is the input impedance, K is the impedance converter coefficient and Z. is the load impedance. The
derivative of the reactance and the susceptance of the non-Foster negative reactance circuit with respect to
angular frequency are negative (Muller & Lucyszyn, 2015)

ax
<0 2)

where X is reactance, B is susceptance and o is angular frequency.

The driving-point impedance of a non-Foster negative reactance circuit depends on the load impedance
terminating the circuit as well as circuit properties which are defined in accordance with a hybrid parameter
network whereby the input/output currents (11/12) are related to the input/output voltages (V1/V2) by

V; V

h = ®

The equivalent circuits of the linear two-port networks are shown in Figures 1 and 2 while the h-parameter
equivalent circuit is shown in Figure 3.
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Figure 1. NIC as a linear two-port Figure 2. NIC as a linear two-port
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Figure 3. Two-port h-parameter equivalent

The h-parameter equations are given by (Akwuruoha, 2018)
Vi = hy1ly + hyyV, (5)

Vo = hy1ly + hyyV, (6)
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When the input port is on open circuit (11 = 0) and the output port is on short circuit (V2=0), the h-parameters:
h11, h12, ho1 and hao are respectively given by

hyy = ],/_11 (V, =0) (7)

hy; = % (I, =0) (8)
hyy = ;—j V, =0) 9)
ho=  (1=0) (10)

where ha1 is the input impedance when port 2 is on short circuit and hy; is the output admittance when port 1
is on open circuit. The h12 and h21 are dimensionless voltage and current ratios. The hi2 is the reverse voltage
ratio when port 1 is on open circuit while hyy is the forward transmission current gain when port 2 is on short
circuit. If an arbitrary passive load Z, is terminated across the output port, the driving-point impedance seen
looking into the input port is given by

(hi2h2121)
(ha2Zp+1)
(11)

For an ideal negative impedance converter,
Zin =—1Z, (12)
To realize (12) from (11), the necessary conditions are:
hll = 0 (13)
h22 = O (14)
h12h21 = 1 (15)

(13), (14) and (15) are true regardless of if the output terminal pairs are interchanged by terminating the
arbitrary passive load Z. to portl or port 2. The impedance converter coefficient (K) of negative
impedance converter is given by

K = hyyhy; >0 (16)

I11. MAERIALS AND METHODS

A. Materials

The materials are Keysight Advanced Design System Software (ADS), Vector Network Analyzer (VNA)
and Fr_4 Microstrip substrate.

B. Methods

The One-port non-Foster negative reactance circuit was designed based on Cree’s CGHV40030F gallium
nitride high electron mobility transistors (GaN HEMTSs) biased with drain supply voltage of 20V at quiescent
drain-to-source current of 19mA as shown in Figure 4. The circuit consists of microstrip lines, inductors and
capacitors. The width and length of the Microstrip lines are in millimeters. The circuit was fabricated on
printed circuit board using Fr_4 microstrip substrate with dielectric constant of 4.6 and copper conductor with
thickness of 1.5mm. The schematic circuit and the snapshot are shown in Figures 5 and 6 respectively.
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Figure 4. DC I-V characteristic bias
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Figure 6 Snapshot of the PCB fabricated one-port non-Foster negative reactance
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V. RESULTS AND DISCUSSION

The measurement and simulation of the unbalanced non-Foster negative reactance circuit were carried out in
two instances. In the first instance, the measurement and simulation were carried out from 4.08 GHz to 4.11
GHz whereas in the second instance, the measurement and simulation were carried out from 4.13 GHz to 4.17
GHz. The chosen frequency ranges are consistent with the frequency at which the simulated and fabricated
non-Foster negative reactance circuit has negative reactance to frequency slope.

In the first instance, the non-Foster negative reactance circuit was measured and simulated from 4.08 GHz to
4.11 GHz and the results are shown in Figures 7 and 8. The graph of magnitude and imaginary part of input
impedance versus frequency from 4.08 GHz to 4.11 GHz shown in Figure 7 indicates that the circuit has
negative reactance to frequency slope across the 300 MHz bandwidth. The measured effective capacitance
from 4.08 GHz to 4.11 GHz ranges from -5 pF to -26 pF whereas the simulated effective capacitance ranges
from -0.164 pF to -0.172 pF as shown in Figure 8.
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Figure 7. Magnitude and Imaginary part of input impedance from 4.08 to 4.11 GHz
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Figure 8. Effective capacitance from 4.08 to 4.11 GHz

In the second instance, the non-Foster negative reactance circuit was measured and simulated from 4.13 GHz
to 4.17 GHz as shown by the result in Figures 9 and 10. The graph of magnitude and imaginary part of input
impedance versus frequency from 4.13 GHz to 4.17 GHz shows negative reactance to frequency slope across
the 400 MHz bandwidth as shown in Figure 9. The measured effective negative capacitance ranges from -20
pF to -53 pF whereas the simulated effective negative capacitance ranges from -0.18 pF to -0.21 pF as shown
in Figure 10.
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Figure 9. Magnitude and Imaginary part of input impedance from 4.13 to 4.17 GHz
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Figure 10. NFC Effective capacitance from 4.13 to 4.17 GHz

V. CONCLUSION

One-port GaN HEMT non-Foster negative reactance circuit have been designed, simulated, fabricated and
measured at S-band frequency ranges of 4.08 GHz to 4.11 GHz and 4.13 GHz to 4.17 GHz. The results indicate
that the fabricated and simulated non-Foster circuit consistently showed negative reactance to frequency slope
across the bandwidth and good effective negative capacitance. One-port non-Foster negative reactance circuit
can find applications in microwave circuit where there is desirability to use the effective negative capacitance
to cancel out parasitic capacitances and enhance circuit performance.
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