
Figure 8 represents the measured and simulated S11 of the
proposed PCMA. There are some differences between the
two which may be due to the effect of SMA and because of
misalignment of two substrate layers. Measured S11 is below
210 dB over the 2.4–2.48, 3.44–3.53, 3.8-4.2, 4.74–6 GHz
bands. The radiation patterns are observed in a semi-anechoic
chamber. The measured 2D radiation patterns for yz-plane
and xz-plane at 2.44, 3.5, 3.8, and 5.5 GHz are shown in Fig-
ure 9 and 10, respectively. The radiation patterns show broad-
side radiation characteristics with less cross polarization (near
215 dB). The simulated gains are 3.47/1.62/0.72/6.22 dBi at
2.44/3.5/3.8/5.5 GHz, respectively. The measured gains are
3.32/1.25/0.58/6.16 dBi at 2.44/3.5/3.8/5.5 GHz, respectively.

5 | CONCLUSION

A novel and simple multi-band proximity coupled V-slotted
rectangular patch with parasitic element for wireless applica-
tions such as WiFi, WiMAX, and WLAN, and so on. is pro-
posed. The proposed structure consists of a V-slot loaded patch
with a parasitic element proximity coupled by an L-shaped
microstrip line feed resulting multiple impedance bandwidths
(2.4–2.48, 3.44–3.53, 3.8–4.2, 4.74–6 GHz). The proposed
PCMA has potential to be used in wireless communications
due to its small size and broadside radiation characteristics.
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Abstract
In this letter, dual band negative group delay circuit
(DBNGDC) utilizing a couple of one quarter guided wave
length (kg

�
4) open circuited stubs (OCSs) is presented.

The centre frequencies (f01;2) are fully controlled with the
stub lengths. On the other hand, the target negative group
delay (NGD) is obtained using couple of resistors (R1;2)
that connect each OCS to the main microstrip line. The
designed DBNGDC accomplishes 52% size diminution
compared with smallest size has ever been achieved
before. Moreover, 0.2 and 0.4 GHz zero-NGD bandwidths
(BW) are achieved.

KEYWORD S

artificial neural networks (ANN), microstrip circuits, negative group delay
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1 | INTRODUCTION

With the rapid development of modern wireless technologies,
dual-band devices have been more and more attractive in
global system for mobile communications (GSM), wireless
code-division multiple-access (WCDMA), world-wide inter-
operability for microwave access (WiMax), and especially in
the newly developed wireless local area networks (WLANs)
standards.

On the other hand, negative group velocity, and conse-
quently NGD, is an example of abnormal wave propagation
phenomena and it could be observed within the limited fre-
quency band of signal in certain media under signal attenua-
tion condition.1 This phenomenon is exploited to build
NGDCs which are required in diverse applications and sys-
tems such as efficiency enhancement of feedforward lineari-
zation,2 beam-squit minimization in phased array antenna
systems,3 and eliminating phase variation with frequency in
phase shifters.4

There are considerable works provide many techniques
to design a single band NGDC. As example, microstrip
defected ground structure (DGS) technique which is adopted
in Ref. [5] and negative dielectric permittivity stopband
microstrip Lines which is utilized in Ref. [6]. On the other
hand, there are just few papers evolve efficient designs for
DBNGDC. A composite right/left handed (CRLH) transmis-
sion line is presented in Ref. [7]. Even though, it has narrow
bandwidth large area size and complicated design procedure.
The attenuation characteristic of the defected microstrip
structure (DMS) and are harnessed to overcome the

aforementioned disadvantage.8 However, in this letter, only
one couple of kg

�
4 OCSs is utilized to realize simpler design,

smaller size, and wider bands DBNGDC.
This letter is organized as follows. The theory of the pre-

sented DBNGDC is presented in Section 2. In Section 3,
implementation of the design procedure and verification of
the proposed methodology with measurements is elaborated.
Conclusions will be drawn in Section 4.

2 | PROPOSED DBNGDC UNIT

The proposed DBNGDC is shown in Figure 1. Two OCSs
are connected to the main microstrip line via two resistors R1

and R2, respectively. The OCSs and the main line have 50 X
characteristic impedance (Z0) and consequently all have the
same width (w). On the other hand, the OCSs have lengths
(measured from the main line) amount to kg1

�
4 and kg2

�
4,

where kg1 and kg2 are the guided wavelengths at f01 and f02,
consecutively.

On the other hand, the input and output ports lengths (l0)
are fixed to 10 mm. Moreover, the distance from the main
line to each OCS (d) is fixed to 0.2 mm. The utilized sub-
strate in all simulations and in the fabrication stage is RT/
Duroid 5880 with a dielectric constant of 2.2 and thickness
of 0.79 mm. All the simulations are carried out using time-
domain finite integration technique implemented in CST
microwave studio package.

Each OCS resonates at predetermined specific frequency
due to its specific length. As example, at finite frequency
range around the resonance frequency, f01, the signal is maxi-
mally attenuated and NGD phenomenon is occurred. The
equivalent circuit of the DBNGDC, at f01, is shown in Figure
2. Concerning the OCS under resonance, it is modeled as a
lossless shunt-connected series combination of a capacitance

FIGURE 1 The proposed DBNGDC
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and an inductance. Furthermore, the resonator is added to the
R1 that connects it to the main line. On the other hand, the
second OCS has finite input impedance (Zin2) in series with
R2 and all are in parallel with the series resonator of the first
OCS. Moreover, it has an electrical length (u2) at f01. The
same analysis is valid at the second resonance, f02, by mutu-
ally replace one with two and vice versa at the subscript of
the relevant quantities in the aforementioned discussion.

Accordingly, f01,2 are completely and independently
determined using the resonator lengths, kg1;2; which are
determined using the following relation,

kg1;25
k01;2ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

Er11
2 1 Er21

2
1ffiffiffiffiffiffiffiffiffiffi

1112hw
p

r (1)

where, k01;2 are the free space wave length at f01 and f02 con-
secutively, furthermore, Er and h are the dielectric constant
and the thickness of the used substrate, respectively.

On the other side, s1;2 are calculated from the equivalent
circuit of the proposed structure, as follows,

s1;252
1
2p

d/S21
df

���
f01;2

(2)

From the DBNGDC equivalent circuit, the values of
s1;2 are influenced by parameters of the two OCSs

concurrently. The value of s1;2 are highly dependent on u2;1;

as well as, R1 and R2: As an example, this dependency could
be formulated, for s1; as follows:

s1;25f1;2 R1; u2;1; R2
� �

(3)

where, f1;2 are complicated functions and have three inde-
pendent variables. However, as u1;2 are determined before-
hand to specify the target frequencies, that is, they are 908 at
the required frequencies. Therefore, s1;2 could be expressed
as function of R1;R2 as follows:

s1;25g1;2 R1;R2ð Þ (4)

For the design purpose, the following function is sought,

R1;R2ð Þ5h s1; s2ð Þ (5)

Consequently, to design DBNGDC, first, Equation 1 is
utilized to obtain the OCSs lengths, and then, h is built to
compute the needed R1 and R2 which should be harnessed to
get the targeted s1 and s2. In this work, ANN is employed
to acquire h.

FIGURE 2 Equivalent circuit of DBNGDC at f01

FIGURE 3 Dependency of s1 onR1 and R2 for the proposed
DBNGDC [Color figure can be viewed at wileyonlinelibrary.com]

FIGURE 4 Dependency of s2 onR1 and R2 for the proposed
DBNGDC [Color figure can be viewed at wileyonlinelibrary.com]

FIGURE 5 Schematic of the ANN used to design DBNGDC
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3 | DBNGDC DESIN AND
IMPLEMENTATION

The goal is to design a DBNGDC for WiMax and WLAN
operating at f01,2 of 3.5 and 5.2 GHz, respectively. The calcu-
lated kg1

�
4 and

kg2
�
4 are 15.5 and 10.5 mm, respectively and

are kept to these values meanwhile the remaining part of the
work. Many designs, 150 designs, with different combina-
tions of R1 and R2 are simulated and the corresponding s1and
s2 are listed.

This data set is employed for two purposes, firstly, to
build ANN model as it will be shown later. The second is to
parametrically study the circuit, that is, investigate the impact
of the R1 and R2 on s1 and s2. As depicted in Figure 3.

Clearly, s1 is decreased as R1 increases, whereas, R2 altera-
tions do not lead to a tangible effect. The same behavior is
still noticed for the other side, that is, for s2, as it is shown in
Figure 4. It is obvious that the variations of R1 have small
impact on s2 values, while, increasing R2 lowers s2 values.

Multilayer perceptrons (MLP) is the most popular struc-
ture of ANN models. It follows a general class of structure
called feedforward ANN. Moreover, they have a capability
of the general approximation of any nonlinear function.9 The
input neurons of the built ANN are s1 and s2, while, its out-
puts neurons are R1 and R2, respectively, as shown in Figure
5. The number of hidden layer neurons is 21. Besides, the
training error as well as the test one is <1.75%.

The established ANN is now used to design the aimed
OCSs DBNGDC. With inputs of 25 ns, the obtained values
of R1 and R2 are 1.3 and 0.3 X, respectively. The designed
circuit is fabricated using printed circuit board (PCB) tech-
nology, and measured utilizing vector network analyzer
(VNA), photocopy of the fabricated circuit is shown in Fig-
ure 6. Comparison between simulation and measurement
results for DNGDC is shown in Figure 6. There is little dis-
crepancy between the predicted locations and values of the
NGD quantity and their realized counterparts.

The reason of the location inconsistency is due to what
so-called edge effect of the OCSs, where, the electromag-
netic field pattern of the OCS does not vanish abruptly at the
end of the stub. Therefore, this phenomenon adds a parasitic
capacitance to the end of the OCS. As a consequence, it
could be modeled as an additional length added to the physi-
cal length of the line, resulting in the effective length being
slightly longer than the physical one, and as a result, the
measured resonance frequency gets lower than the simulated
counterpart. Concerning the NGD values discrepancy, it is
attributed to inevitable fabrication uncertainties due to the
limited available laboratory equipments.

On the other side, good agreement between simulation
and measurements results of transmission coefficient is
noticed as depicted in Figure 7.

Table 1 shows the performance comparison of the pro-
posed circuit with the previous research results. Concerning
the area size, the smallest DBNGDC area have ever been
accomplished, was published in Ref. [8] and it amounts to

FIGURE 6 Fabricated DBNGDC accompanied by the simulation
results, solid line, and the measurement results, dotted-dashed line of
group delay [Color figure can be viewed at wileyonlinelibrary.com]

TABLE 1 Performance comparison of the proposed DBNGDC with other works

Frequency (GHz) NGD (ns)
Band width
(MHz)

f01 f02 f01 f02 f01 f02 Area (k201) No. of stages

[7] 2.14 3.50 23 23.1 180 180 1 3 0.5 2

[8] 3.50 5.20 24.5 24.2 275 240 0.046 3 0.5 2

This work 3.50 5.20 25 25 200 400 0.028 3 0.4 1

FIGURE 7 Simulation results, solid line, and the measurement
results, dotted-dashed line of the transmission coefficient of DMNGDC
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45 3 4 mm2. However, the proposed OCSs based DBNGDC
occupies only 48% from this value, as depicted in Figure 4
inside the dotted box. Moreover the proposed DBNGDC
exhibits the overall highest BW value among the other
works. Take into account that it is only single stage, not two,
as the other previous designs. Therefore, the demonstrated
unit is superior in both of size and frequency behavior
aspects. Consequently and unequivocally the demonstrated
DBNGDC has the best overall performance among the
others.

4 | CONCLUSION

In this letter, miniaturized DBNGDC using pair of (kg
�
4)

OCSs is developed. Due to the attenuation characteristic of
OCS, the NGD phenomenon is occurred at the allocated fre-
quency. On the other hand, utilizing external resistor allow
us to control NGD values. ANN is built and exploited to
design the developed DBNGDC. Furthermore, the designed
DBNGDC is fabricated and verified experimentally. Com-
pared to the previously published results, the proposed
DBNGDC has the smallest size and the widest BW. It is
expected that the presented DBNGDC would help to mini-
mize the area size of contemporary wireless communication
systems.
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Abstract
This paper presents a compact monopole antenna for radio
frequency identification (RFID) systems. The proposed
antenna is a dual band structure that can operate in the fre-
quency ranges [0.797–1.004 GHz] and [2.234–2.934
GHz]. Consequently, the antenna covers widely the two
UHF bands dedicated for RFID applications which are
[0.860–0.960 GHz] and [2.380–2.520 GHz]. Moreover, the
antenna is compact and its wide band nature makes it suita-
ble for several applications other than RFID (GSM, UMTS,
Wi-Fi, Bluetooth, etc.). The proposed antenna has been fab-
ricated and its reflection coefficient measured where a good
agreement is observed with the simulated results.
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