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Dual-Band Negative Group Delay Circuit Using Defected
Microstrip Structure

Girdhari Chaudhary', Phirun Kim', Junhyung Jeong', Yongchae Jeong', and Jongsik Lim”

'Division of Electronics and Information Engineering, Chonbuk National University, South Korea,
*Department of Electrical Engineering, Soonchunhyang University. South Korea

Abstract — This paper demonstrates a design and analysis
of a dual-band negative group delay (NG network using
defected microstrip structure (DMS) The group delays (GI)
and signal attenuation (SA) of each band can be controlled
independently by resistors connected across Ushaped DMS
slots. For the experimental validation, the NGD network is
designed and fabricated. For enhancement of the NGD
bandwidth, two-stage NGD networks with slightly different
center frequencies are connected in cascade. From the
measurement, the GDs of -3.86:0.94 ns and -3.26+1.07 ns are
obtained at 3.32-3.44 GHz and 4.63-4.76 GHz, respectively.

Inidex Terms — Defected microstrip structure, distributed
transmission line, dual-band, negative group delay.

[ INTRODUCTION

Multi-band/mode communication systems are in strong
demand to cover several communication standards and
provide functionality with a single device. Theretore, the
amount of research on the development of multi-band
devices has increased.

Since the concept of abnormal group velocity which
includes negative group delay (NGD) has proven
theoretical ly in electronic circuitry [1), various works have
been performed to design NGD networks at microwave
frequencies [2]-[5]. The NGD can occur within limited
frequency bands where absorption or signal attenuation
(SA) is maximum and can provide the time advancement
in wave propagation [1]. The characteristics of the NGD
networks have been applied to various practical
applications in communication systems [3]-[5].

Recently, there is a growing interest in periodic
structures such as microstrip photonic bandgap (PBG),
defected ground structure (DGS), and defected microstrip
structure (DMS) which provide the SA at a certain
resonant frequency and has applied successfully in various
applications [6]. In the DMS, the patterned structure is
etched on signal strip instead of the ground plane. The SA
characteristic of the DMS was used in designing single
band NGD network [7]. However, a few studies are
focused on the design of dual-band NGD networks [8]-[9].
A dual-band NGD network using a composite right/left
handed (CRLH) transmission line is presented in [8].
However, it is not possible to independently control the
GD times of both bands.

978-1-4799-5507-7/15/531.00 © 2015 IEEE
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Fig. 1. (a) Proposed structure of dual-band NGD network and (b)
equivalent circuit.

In this paper, the SA characteristics of DMS is used to
design the dual-band NGD network. In order to get dual-
band characteristics, two U-shaped DMS with slightly
different dimensions are used. The amount of GD and SA
at frequency bands are controlled by external resistors
connected in DMS slots.

I1. DESIGN AND IMPLEMENTATHIN

Fig. 1(a) shows the structure of proposed dual-band
NGD network which consists of two U-shaped DMSs. The
unit-1 DMS is used for lower frequency band whereas
unit-2  for the higher frequency band. The external
resistors are connected in DMS slots in order to get the
desired amount of GD time at center frequencies of dual-
band. The equivalent circuit of proposed structure is
shown in Fig. 1(b). The lumped element values of
equivalent DMS obtained by performing an
electromagnetic (EM) simulation [7]. The externally
connected R..., and R, are equivalently in parallel with
the RLC circuits of DMS as shown in Fig. 1{(b). The added
Roq and R, .- are used to get the required transmission
characteristics at the each resonant frequency. From the
equivalent circuit of proposed structure, the GD and SA at
each band can be calculated as (1).
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Fig. 2. Simulated group delay (GD) and signal attenuation {SA)
characteristics of the dual-band NGD network.,
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Fig. 3. Simulated group delay characteristics of dual-band NGD
network according to different K., and R,
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where Z; is a termination port impedance. Af =1/2xR,C, is
a 3 dB bandwidth of resonators (DMS) which is lower
than the maximum SA for each band. The values of R,
are given as (2).

RR

1 ERE—l

J=12 (2)

From (1) and (2), it is clear that the GD time can be
controlled by R..,. To verity the design concept of the
proposed NGD, the dual-Ushaped DMS is firstly
simulated with an EM solver of Ansoft HFSS v13 with the
following dimensions: wy=2.4, 1,=2, w,=8, 1,=20, a,=16,
by=b,=2.4, g,=g,=0.4, and a,=10.02 (all units are in mm).
The simulation is performed using a substrate RT/Duroid
5880 with a dielectric constant (£,) of 2.2 and thickness (/)
of 31 mils,

From EM simulation, the 3-dB cut-off and resonant
frequencies of first band are determined as 3.155 GHz and
3.38 GHz and of second band 4.59 GHz and 4.91 GHz,
respectively. Therefore, the extracted value of equivalent
circuit of DMS are given as C,=3.415 pF, £,=0.6492 nH,
R=4.2732 k), C,=2403 pF., [,=0.4363 nH, and
R= 3.2285 KL, respectively. The transmission
coefficients (S5) are controlled by connecting R....,=4.5
kQand R....= 3.5 kQ.
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Fig. 4. Simulation and measurement results of [-stage dual-band
NGD network.

Fig. 5. EM simulation layout of 2-stage dual-band NGD network.

-

Fig. 2 shows the EM and circuit simulation results of
the proposed dual-band NGD network. As shown in
figure, the circuit simulation has good agreement with the
EM simulation. The center frequencies of the NGD
network are located at 3.38 GHz and 4.915 GHz with GD
of -4.22 ns, respectively.

Fig. 3 shows the GD simulation resulis of the proposed
NGD network according to different values of external
resistors (Rogeq and B...0). As shown in these figures, the
GD of each band can be controlled independently with the
external resistors.

ITI. SIMULATION AND MEASUREMENT RESULTS

For experimental validation of proposed structure, the
design goal was the GD of 4.5 ns at center frequency of
3.38 GHz and 4.90 GHz, respectively. For this purpose,
the NGD network with dual U-shaped DMS is simulated,
fabricated, and compared with the circuit simulation. The
physical dimensions of dual-U-shaped DMS are same the
previous,

Fig. 4 shows the simulation and measurement results of
dual-band NGD network. The measurement results agree
with those of the simulations. From the measurement, the
GD time and SA at first band are determined as -4.2 ns
and 21.5 dB. Similarly, GD time and SA at second band of
4.91 GHz are measured as <4.22 ns and 23.05 dB. The 5A
at second band is slightly higher than first band for same
GD time because the inductance at the second band is
lower than the first band which requires higher value
Rocer ®Roe to get same GD at both bands. Therefore, the
higher value of R,,., creates high SA as described by (2b).
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Fig. 7. Measured 5;, phase characteristics of 1-stage and 2-stage
NGD networks.

As seen from Fig. 4, the NGD bandwidth is narrower

which show a difficulty to use in the practical applications.

Therefore, it is necessary to enhance NGD bandwidth.

One way to increase bandwidth is to cascade NGD
networks with slightly different center frequencies as
shown in Fig. 5. The physical dimensions of proposed
two-stage NGD network are given as wyp= 2.4, l;= 4, w,=
3. |9=42, a11= 16, a2 = 15.4,ﬂg|= 11, a1 = H]'.S, b||=b|3
= 22, bp_|= bgz =1.3, ENs Eph BT En= {}.4, {{|=8. and
d>=13 (all units in millimeters). The values of external
resistors are given as Rue=Reye2=2.5 kL) and Ry =
Reowen = 4.5 kQ.

Fig. 6 shows the EM simulation and measurement
results of two-stage NGD network. The measurement
results agree with those of the simulations. From the
measurement, G time at first band is obtained as

given as 3622 dB at center frequency. Similarly,
maximum achievable GD time at second band is
determined as -3.26£1.07 ns for 4.63-4.76 GHz. The
maximum SA at center frequency of second band is
obtained as 34.92 dB. The slightly differences in GD and
SA are due to chip resistor tolerance and measurement
eITors,

Fig. 7 shows the phase characteristics of S, of the
proposed dual-band NGD networks. As shown in these
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figures, the phase slope of §; is positive over certain
frequency range which signifies the presence of NGD time.

VIl. CONCLUSION

This paper demonstrated the design of dual-band
negative group delay networks using dual-U-shaped
defected microsrtip structures. The group delay and signal
attenuation are controlled by external resistors connected
across defected microstrip structure slots. The design
concept of the proposed structure is verified with circuit
simulation and measurement. The proposed structure has
greater freedom in controlling group delay of each band
independently. For the experimental validation, dual-band
negative group delay networks are designed, simulated,
and fabricated. The measurement results are well matched
with the simulations. The proposed structure is simple to
fabricate and applicable for multi-band communication
systems.
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