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Reconfigurable Series Negative Capacitor Using
Coupled Line Negative Group Delay Circuit and
Varactor Diode

Girdhari Chaudhary
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Abstract—This paper presents a reconfigurable microwave
non-Foster negative capacitor using low loss negative group delay
circuit and varactor diode. The proposed circuit consists of series
transmission line, shunt short-circuited resistor connected coupled
lines, and varactor diode. The negative capacitor is reconfigured
by changing bias voltage of varactor diode. For the experimental
demonstration, the proposed reconfigurable negative capacitor is
designed, simulated, and measured. The measurement results
show that the negative capacitor can be reconfigured from -0.72
pF to -0.85 pF by changing bias voltage of 2.5V to 18 V.

Keywords— Coupled line, low insertion loss negative group
delay circuit, tunable negative capacitor.

[. INTRODUCTION

Non-Foster negative capacitor and inductors have wide
range of applications in fields of electronic and microwave
circuit design [1]. In addition, non-Foster elements based
matching circuit can exceed the Bode-Fano limit on the
maximum achievable matching bandwidth using passive
networks [2]. For designing the non-Foster reactive elements,
the Foster reactance theorem should be violated. Therefore,
conventional methods for designing non-Foster elements are
based on active device negative impedance converters (NICs)
and negative impedance inverters (NIIs) [3]-[4]. However,
active devices based non-Foster circuits suffer from stability
problems.

Recently, intimate relation between non-Foster reactive
elements and negative group delay (NGD) circuits have been
introduced [5]. Therefore, non-Foster negative capacitor and
inductors without stability issue have been realized at
microwave frequencies by using NGD circuits [6]-[7]. In recent
research, tunable negative capacitor and inductor have been
realized using distributed amplifier-based reconfigurable NGD
and varactor diode [8]-[9]. However, these requires several
varactor diodes and distributed gain amplifiers.

In this paper, we propose the reconfigurable series negative
capacitor based on low loss NGD circuit and single varactor

978-1-7281-3516-8/19/$31.00 ©2019 IEEE
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Fig. 1. Schematic of proposed reconfigurable non-Foster negative capacitor
using negative group delay circuit and varactor diode.

diode. Analytical design equations have been presented for
selecting circuit parameters. From the analytical analysis, it is
shown that the series negative capacitor can be reconfigured by
changing the bias voltage of varactor diode.

II. PROPOSED STRUCTURE

Fig. 1 shows the proposed structure of the reconfigurable
non-Foster series negative capacitor. The proposed structure
consists of transmission lines (Zi, 6)), shunt resistor (R;)
connected short-circuited coupled line (Zoe, Zoo), and varactor
diode (C,). Using circuit theory, the overall S-parameters of the
proposed circuit are derived as (1)

:B_—CZOZ (1a)
"' 247,+B+CZ}
P S (1b)
24Z,+B+CZ;
where
A= cosﬂ+ lZ]Zn sinﬂ (22)
0 2 JOo

B=jZ, sinﬂ—leYm sin? 8L (2b)

o 2/,
C=jY, sin &4 Y, cos’ as (2¢)

Jo 2/,
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Fig. 2. Simulated responses of (a) ideal series negative capacitances and
proposed non-Foster negative capacitor with 8, =38°, Z, =78 Q, C.;=-12.6 dB,
Z.=310 Q, and R, =200 Q and (b) S-parameters of proposed circuit.
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Fig. 3. Series non-Foster negative capacitance variations according to series
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z, = 2ot 22)
Z()e - ZOo
= ZOe - ZO[) (2h)
! ZOL’ + ZO()

Similarly, f'and f; are operating and design center frequencies,
respectively.

Furthermore, the relationship between S>; and non-Foster
impedance Zyr is written as (3) for non-Foster two-port network

[9].

7 = 2Z, (1_521) (3a)
NF S
21
co-__ 1 (3b)
v im(Zy )X2xf

As noted from (3), if the S21 of the proposed circuit is same
with ideal series negative capacitor network, the proposed
circuit works as equivalently non-Foster negative capacitor.

To validate the proposed circuit, Fig. 2 shows the simulation
results of the proposed circuit and compares with ideal series
negative capacitances around 2.175 GHz. As seen from the Fig.
2(a), the proposed non-Foster series negative capacitor (Cyr) is
reconfigured from -0.7 pF to -0.9 pF when C, is varied from 1.4
pF to 0.3 pF, respectively. In addition, the Cyr is flat over the
bandwidth of 200 MHz as like ideal negative capacitor.

Similarly, Fig. 2(b) shows the S-parameters of the proposed
circuit. As observed from this figure, the maximum insertion
loss varies from 1.26 dB to 1.36 dB when C, is changed from
0.3 pF to 1.4 pF, respectively. In addition, the input/output return
losses remain higher than 12 dB within bandwidth of 200 MHz
for overall tuning range of Cyr.

Fig. 3 shows the calculated Cyr according to the electrical
length (6h) of the series transmission line. In these calculations,
input/output return losses are maintained higher than 12 dB
within flat Cyr bandwidth of 200 MHz at f, = 2.175 GHz. As
seen from this figure, the tunable range of Cyr is increased as 6,
decreases. However, small ¢, makes difficult to connect the
SMA connector and biasing circuits of varactor diode.

Fig. 4. (a) Physical layout with physical dimensions with R;, = 180 Q and Cp¢c =
1.5 pF, and (b) photograph of fabricated circuit. Physical dimensions: L; =8, L,
=06,L;=27, W,;=1.20, W, =1.10, W3 = 1, g = 0.6. (Units: millimeter).
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Fig. 5. Simulation and measured results of reconfigurable non-Foster circuit: (a)
series non-Foster negative capacitances and (b) S-parameters.

III. SIMULATION AND MEASUREMENT RESULTS

For the experimental validation, the circuit was designed and
fabricated using Taconic PCB substrate (¢,= 2.2 and & = 0.787
mm). The design goal was to obtain series non-Foster negative
capacitor of -0.7 pF to -0.9 pF. In this work, varactor diode
SMV-1231 from Skyworks was used. The physical layout and
photograph of fabricated circuit are shown in Fig. 4.

Fig. 5(a) shows the simulation and measured results of series
non-Foster negative capacitor. The measurement results are well
agreed with simulation. From the measurement, non-Foster
negative capacitance is varied from -0.71 pF to -0.85 pF within
200 MHz bandwidth when a bias voltage is varied from 2.5 V to
18 V. Similarly, the insertion loss and input/output return losses
are shown in Fig. 5(b). As seen from this figures, maximum
insertion loss is varied from 1.15 dB to 1.406 dB and minimum
input/output return losses are varied from 17.5 dB to 12.2 dB
within bandwidth of 200 MHz when bias voltage varies from 18
V to 2.5 V, respectively.
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IV. CONCLUSION

In this paper, we demonstrated the reconfigurable series non-
Foster negative capacitor based on a negative group delay circuit
and varactor diode. The proposed circuit provides the low
insertion loss and negative capacitances by changing the bias
voltage of varactor diode. Because of simple design and
implementation, the proposed circuit is expected to further apply
in reconfigurable non-Foster circuitries to enhance the
functionalities of microwave circuits and systems.
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