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Abstract—In this paper, a design of miniaturized negative
group delay circuit (NGDC) using U-shaped defected microstrip
structure (DM S) and lumped elementsis presented. The resonant
center frequency and group delay (GD) time are controlled by an
external capacitor and resistor connected across the DM S dlot.
To verify the design concept, a single stage NGDC is designed,
fabricated and compared with the circuit simulation. To get
wideband bandwidth of GD, two stages NGDC is also
demonstrated and the GD of -7 ns with the maximum insertion
loss of 34 dB was obtained over 60 M Hz bandwidth.

Index Terms — Defected microstrip structure, distributed
transmission line, negative group delay, WCDMA.

I. INTRODUCTION

Within the finite frequency intervals of signal attenuation in
the certain media, the negative group delay phenomenon is
observed where higher frequency components of applied
waveform are propagated with phase advancement, not delay,
relative to the lower frequency components [1]. The various
kinds of NGDC based on active/passive RLC resonators have
been theoretically and experimentally validated in the
previous studies [2]-[6]. Researches have applied these
circuits to various useful practica applications in the
communication systems such as shortening or reducing delay
lines and efficiency enhancement of feedforward linearization
[4], beam-squit minimization in the phased array antenna
systems [5], eliminating phase variation with frequency in the
phase shifters [6]. However, none of previous works were
implemented NGDC using a transmitive parale RLC
resonator with a distributed transmission line because of
implementation difficulty.

Recently, it is growing interest on the periodic structures
such as microstrip photonic bandgap (PBG), defected ground
structure (DGS), and defected microstrip structure (DMS)
which provide the attenuation at certain resonant frequency
and applied successfully in various applications [7], [8]. In
the DMS, the patterned structure is etched on signal strip
instead of the ground plane which provides the band-rejection
characteristics at the certain frequency. However, none of
previous works were focused to design NGDC using DMS.

In this paper, the attenuation characteristics of DMS are
utilized to design and investigate the compact NGDC. Firstly,
the U-shaped DMS is investigated and equivalent lumped
elements are extracted using equivalent circuit model.

(b)
Fig. 1. (a) Proposed structure of NGDC using DM S with external capacitor
and resistor and (b) its equivalent circuit.

Secondly, external capacitor is connected across the DM S
to get the required operating resonant frequency. Then, the
required amount of negative group delay at the operating
frequency is obtained by connecting external resistor.

Il. DESIGN AND IMPLEMENTATION

Fig. 1(a) shows the layout of NGDC which consists of U-
shaped DMS, external lumped capacitor (Cee) and resistor
(Rexe) connected across the DM S dot. The equivalent circuit of
proposed NGDC is shown in Fig. 1(b). The equivalent circuit
model of DMS can be expressed as the parallel RLC circuit
[7]. The lumped element values of the equivalent DM S can be
obtained by performing EM simulation whose values are

given by [7].
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Fig. 2. Full-wave and circuit simulated transmission response of U-shaped
DM S with external lumped elements.
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Where f,, f; and S;; are the 3-dB cut-off frequency, resonant
frequency and transmission coefficient at the resonant
frequency obtained from EM simulation, respectively. The
externally connected Ce, and R are equivalently in parallel
with the RLC circuit of DMS as shown in Fig. 1(b). The added
Cexe IS Used to obtain the required resonant frequency whereas
Ree IS used to get the required value of transmission
characteristics at the resonant frequency. From the equivalent
circuit of proposed structure, the GD and insertion loss can be
calculated as.
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Where Z, is termination port impedance. The values of C,and
R; are given as.

C,=C+C,, (6)
_ RR, -
R= R+R,, 0

From (4) and (7), it is clear that the GD time is controlled by
Ree. TO verity the design concept of proposed NGDC, firstly,
the U-shaped DMS are simulated with a full-wave solver
Ansoft HFSSv13 with following dimensions; wy=2.4, 1,=2,
w=4, a=6.8, b=2.8, g=0.4 (all units are in mm). The
simulation is performed using a substrate RT/Duroid 5880
with dielectric constant (g,) of 2.2 and thickness (h) of 31 mils.
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Fig. 3. Simulation results of NGDC: (a) group delay and (b) insertion loss.

Fig. 2 shows the smulated resonance characteristics of U-
shaped DM S where 3-dB cut-off and resonant frequencies are
at 5.66 GHz and 7.56 GHz Therefore, the extracted value of
equivalent circuit of DMS are given as C=0.3586 pF,
L=1.2389 nH and R=3.5119 kQ. By connecting Ce, =4.15 pF,
the resonant frequency is moved toward lower frequency
around 214 GHz as shown in Fig 2. Similarly, the
transmission coefficient (S,;) is controlled by connecting Ree=
1.1kQ.

Fig. 3 shows the simulation results of NGDC under
different Ry The circuit simulation results have a good
agreement with EM-simulation results. From this figure, it is
shown that the group delay amount is controlled by Ree. From
the simulation, the negative group amount of -6.5 ns with
insertion loss 19.4 dB was obtained at center frequency 2.14
GHz.

I11. SIMULATION AND MEASUREMENT

The goal was to design the GD of -7 ns for the wideband
code divison multiple access (WCDMA) downlink band
operating at the center frequency 2.14 GHz. For this purpose,
the NGDC using DMS is simulated and fabricated. The
physical dimensions of U-shaped DMS are same as previous.
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Fig. 4. Smulation and measurement results of single stage NGDC.

Fig. 4 shows the simulation and measurement results of
proposed NGDC. The measurement results have a good
agreement with the EM-simulation results. In this
measurement, Cee=4.14 pF and Re=1.1Q are used. From the
measurement, it is found that the GD of -6.4 ns with the
maximum insertion loss of 19.2 dB at the center frequency
2.134 GHz.

To increase the negative GD bandwidth, the two stages
NGDC is simulated and fabricated. For this purpose, two unit
NGDC cells operated at the center frequencies 2.11 GHz and
215 GHz, respectively, are cascaded. The physica
dimensions of the unit cell NGDC is same as the previous and
the separation between two unit cells is 5.4 mm. The value of
Cexe1=4.16 pF, Roe:=1.1 KQ and Cqer=4.10 pF, Rge=1.1 kQ
are used to get desired operating center frequency and GD.

Fig. 5 shows the simulation and measurement result of two-
stage NGDC. The measurement results are well agreed with
the simulation results. From the measurements, it is found that
the GD of -7 ns over the operating bandwidth 60 MHz. The
measured maximum insertion loss at center frequency 2.13
GHz isaround 34 dB.

Fig. 6 shows the photograph of fabricated NGDC. The
overall size of single and two stage NGDCs are 18x16 mm?
and 34x16 mm?’, respectively which are very compact as
compared to the previous works.

IV. CONCLUSION

In this paper, the compact negative group delay circuit using
the defected microstrip structure and lumped elements are
investigated. Taking advantage of attenuation characteristic of
defected microstrip structure and connecting external resistor
and capacitor, the desired amount of negative group delay and
operating center frequency were obtained. The group delay
time of proposed circuit is independently controlled by
external resistor. To enhance negative group delay bandwidth,
the two stage NGDC was also designed and fabricated. The
proposed NGDC has compact size, easy to implement and
expected to be applicable in wireless communication systems.
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Fig. 5. Simulation and measurement results of 2-stages NGDC.
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. 6. Photograph of fabricated NGDC: (a) single stage and (b) two-stage
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