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Design of a CPW-fed UWB printed antenna
with dual notch band using mushroom
structure
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A coplanar waveguide-fed planar hexagonal monopole ultra-wideband antenna with dual-band rejection characteristics is pro-
posed in this paper. The desired notch frequencies at 3.5 and 5.5 GHz are realized by incorporating mushroom structures. The
input impedance and surface current distributions are used for analysis and explanation of the effects of mushroom cells. The
prototype and proposed antennas are fabricated and tested. From the measured results, the proposed antenna provides an oper-
ating band of 2.81–14.32 GHz for 2 ≤ voltage standing wave ratio (VSWR), while the dual-band stop function is in the frequency
bands of 3.3–3.7 GHz and 5.10–5.88 GHz. Moreover, the antenna model also exhibits constant group delay and linear phase in
the pass band. The proposed antenna has appreciable gain and efficiency over the whole operating band except the notch bands.
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I . I N T R O D U C T I O N

Ultra-wideband (UWB) technology was approved by the Federal
Communications Commission (FCC) since February 2002 [1].
As FCC rules, the authorized frequency range of UWB is 3.1–
10.6 GHz for commercial wireless communications systems. In
spite of large bandwidth (BW), several elegant advantages of
UWB technology are low-power spectral density, high data
rates, and high security. This kind of planer wideband antenna
is designed using microstrip [2, 3] or coplanar waveguide
(CPW) feeding line [3–7]. In particular, researchers and acade-
micians pay much attention in CPW-fed antennas because of
their several attractive features such as simple structure with
single metallic layer, low cost, low radiation loss, and easy inte-
gration with microwave-integrated circuits [4–7]. However, it
faces lot of challenges such as impedance matching, radiation
stability, and electromagnetic interference problems (EMI).
The EMI are quite serious problem for the UWB systems
because there are some narrow bands within the UWB range
for other communication. Therefore, it is desirable to design
an UWB antenna with band-notch characteristics in order to
avoid interference with the existing service bands such as
Wireless Local Area Network (WLAN: IEEE 802.11a: 5.15–
5.825 GHz) and Worldwide Interoperability for Microwave
Access (WiMAX: IEEE 802.16:3.3–3.7 GHz).

However, several design methods have been proposed to
produce the band notch in UWB. Among these approaches,

band rejection characteristics are obtained by slots on metallic
patch, feeder, ground plane, or using parasitic elements near
the radiator [5–7]. For printed monopole antennas, the most
familiar methods to achieve band-notch function are etching
slots in various shapes [5, 6]. But many of them affect the radi-
ation pattern due to perturbation of radiating element.
Various types of electromagnetic band gap (EBG) structures
have been used to enhance the gain [8], BW [9], and surface
wave reduction [10]. Currently band-notch characteristics in
the UWB frequency region have been described using
mushroom-type EBG structures [11–16]. The stepped index
resonators have been introduced within the UWB antenna
body for the band-notch characteristics [17].

In this paper, a CPW-fed printed regular hexagonal mono-
pole antenna (PRHMA) with WiMAX and WLAN band-notch
characteristics has been proposed. The desired notch-band
characteristics are obtained by incorporating mushroom struc-
tures. The resonant frequency and BW of the notch bands can
be controlled by tuning the parameters of the mushroom struc-
tures. To evaluate the antenna performance method of moment
based IE3D

TM

simulation software is used. A PRHMA with
dual-band stop using mushroom structures has not been inves-
tigated in details so far. Besides, it has small size [4, 13, 14, 18],
simple structure [4, 13, 14, 18–20] and shorter computation
time for the optimization process [11–14, 16–18].

I I . A N T E N N A G E O M E T R Y A N D
D E S I G N C O N S I D E R A T I O N

A) UWB antenna geometry
The geometric configuration of the prototype antenna is pre-
sented in Fig. 1. It is printed on a substrate with dielectric
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constant (1r) of 4.4 and thickness (h) of 1.59 mm. It has a hex-
agonal patch, ground plane, and CPW-fed line on the same
plane of the substrate. The radiating patch is connected by a
tapered CPW line for good impedance matching. The dimen-
sions are given in Table 1 to cover the UWB frequency range.

B) UWB antenna with WLAN and WiMAX
band notch
To achieve the WiMAX stop band from the UWB operating
band, a mushroom structure is introduced on the opposite
side of radiating patch. In addition to this, WLAN stop
band is realized by inserting a pair of mushroom structures
at the underneath of ground plane. The mushroom cells are
placed symmetrically with respect to fed line. A pair of mush-
room cell is used to get strong rejection signal. All the para-
meters of the mushroom patches are shown in Fig. 2, which
indicates the proposed antenna. The desired dimension
values of the proposed antenna are shown in Table 1.

C) Equivalent-circuit model
The mushroom cell is via loaded metallic patch. The square
structure play a role of capacitance and the shorting pin
(via) is equivalent to the inductance at the notch band. An

equivalent-circuit model of the mushroom structure is pre-
sented in Fig. 3. The resonant frequency of the mushroom
cell which is the center frequency of the notch band can be
expressed as:

fr =
1

2p
������������
L(C0 + C1)

√ , (1)

where C0 represents the coupling capacitance between the
mushroom structure and the feed line, while the capacitance
C1 is due to the voltage gradients between the patch and
ground plane. The inductance L is generated by the current
flowing through the shorting via. The desired notch frequency
and notch BW can be obtained by tuning the values of induct-
ance and capacitance mainly by fixing the mushroom para-
meters. The coupling capacitance (C0) and inductance (L)
can be approximated by the following expressions [11, 21, 22]:

C0 =
We110(1 + 1eff )

p
cosh−1 We1 + g

g

( )
, (2)

Fig. 1. Configuration of prototype of PRHMA.

Fig. 2. Configuration of the proposed antenna.

Fig. 3. (a) Configuration schematic view. (b) Equivalent circuit model.

Table 1. Dimensions of the proposed antenna.

Parameter L W Lg Wg S Lp Wf Wt S1

Dimension (mm) 32 48 28 13.5 1.35 13.6 4.4 4.1 0.4

Parameter S2 H We d2 d1 We1 d3 2r X

Dimension (mm) 0.55 23.5 7.1 0.15 0.75 4.5 0.05 0.4 0.5
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where

g � d1 +
(S1 + S2)

2
and

1eff =
1r + 1

2
+ 1r − 1

2
1 + 12

h
We1

( )−0.5

,

L = m0h, (3)

where 10, m0, and 1eff are respectively the permittivity, perme-
ability of free space and effective dielectric constant and g is
the gap between the mushroom edge and feed line. The We1

is the width of mushroom cell. For the two-layer circuit
board, the capacitance is given by the well-known formula
for a parallel plate capacitor. We1

2 is the overlap area of the
mushroom metal plate and it is separated from ground
plane by a substrate height h of dielectric constant 1r

C1 = 101eff We1
2

h
. (4)

I I I . S I M U L A T E D R E S U L T S A N D
D I S C U S S I O N

A) Parametric study and observations
The mushroom of the proposed antenna configuration has
been used independently to obtain WiMAX stop band
within the UWB frequency region. The notch frequency can
be tuned with the variation of any one parameter of the mush-
room keeping other parameters constant. Figure 4 shows the
variation of voltage standing wave ratio (VSWR) for different
width (We) of the mushroom. From the characteristics, it is
observed that as the width of mushroom patch increases,
the notch band shift toward the left side of the plot. This is
due to increase of mushroom patch area which is responsible
for increasing of capacitance. Thus, the desired notch fre-
quency is controllable by tuning the width of mushroom.

In this paper, both the conventional mushroom type (CM)
with via at the center and edge-located via mushroom-type
(ELM) [10] toward the feed line for band-notch design are
also studied. The ELM has better frequency-rejection function
than the CM as is evident from Fig. 5. Compared to a CM
antenna, an ELM antenna has a higher VSWR value at the
notch frequency and exhibits a better sharp skirt due to
better coupling. Therefore, ELM has priority over the CM

when it is applied to the design of a UWB band-notched
antenna.

The effect of variation of radius (r) on VSWR plot is shown
in Fig. 6. It is clear that as the radius of the via decreases, the
center frequency of notch band is also shifted to lower fre-
quency range with some decrease in BW. It is due to the
fact that when the radius of via decreases the inductance
related to via increases. Thus, via radius has significant
effects on the notch band.

Furthermore to realize the WLAN stop band in UWB
region a pair of mushroom has been used in the same hex-
agonal monopole antenna. But, a pair of mushroom cell is
used to get the strong frequency rejection characteristics
than single cell. The mushroom parameters have enough
control on the center notch frequency, width of the rejection

Fig. 4. Variation of VSWR with the variation of width of mushroom patch.

Fig. 5. Variation of VSWR with the variation of via position.

Fig. 6. Variation of VSWR with the variation of via radius r.

Fig. 7. Variation of VSWR with the variation of width of mushroom patch.
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band as well as the VSWR peak of the desired rejection band
as evident Figs 7 and 8. The VSWR curves for all configura-
tions are given in Fig. 9 for comparison. It can be clearly
found that each mushroom structure stops a band. Dual
narrow notch bands are easily obtained due to the mushroom
structures.

B) Input impedance, gain, and efficiency
The real and imaginary parts of input impedance of the pro-
posed antenna are shown in Fig. 10. It is observed that the
impedance is mismatch at about 3.5 and 5.5 GHz. This
implies that the antenna is stopping the wave at notch fre-
quency which results in steep rise of VSWR. At the notch fre-
quency, most of the power fed into the antenna is reflected
back, which leads to a sharp decrease of the antenna gain
and efficiency. Simulated gain and efficiency are plotted in
Figs 11 and 12, respectively. It is observed that there are two
sharp decreases in gain and efficiency at 3.5 and 5.5 GHz,
which confirms the effective band-notch operation.
However, the proposed antenna has satisfactory gain and effi-
ciency over the whole pass band.

C) Current distribution and analysis
To analyze the band-notch property, the simulated surface
current distributions of the proposed antenna at three fre-
quencies are shown in Fig. 13. At a passband frequency of
3.1 and 7.5 GHz, the distribution of surface current is
appears at the periphery of the patch (Figs 13(a) and 13(d)),
whereas little current appears at the mushroom. This

phenomenon indicates the existence of the mushroom with
little effect on the UWB antenna. From Figs 13(b) and
13(c), it is observed that the current distribution is concen-
trated on the mushroom at the notch frequencies. This indi-
cates that the antenna cannot be radiated effectively at the
notch bands. Therefore, mushroom stops the surface current
and as a result notch bands are obtained.

I V . M E A S U R E M E N T R E S U L T S

The photographic view of the prototype and proposed anten-
nas are given in Fig. 14. The simulation and tested responses
of prototype antenna are shown in Fig. 15. It is clear that the

Fig. 8. Variation of VSWR with the variation of via radius r.

Fig. 9. VSWR characteristics of all configurations for comparison.

Fig. 10. Simulated input impedance of the proposed antenna.

Fig. 11. Simulated gain of the prototype and proposed antennas.

Fig. 12. Simulated efficiency of the prototype and proposed antennas.
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measured result covers the whole US-FCC-specified UWB
operating range. Thus, it may be considered as a good UWB
antenna. Figure 16 shows the VSWR characteristics of the
proposed antenna for comparison and the results are given
in Table 2. The proposed antenna rejects the WiMAX and
WLAN bands and still performs good impedance matching
over the UWB frequency span. The measured results
comply with the simulated results. The dimensional mismatch
of fabricated structure and loss tangent of substrate may cause
the difference between simulated and measured results.

The antenna is designed in the X–Y plane and it is
Y-polarized because the monopole element is in the
Y-direction. Therefore, the E-plane for this antenna is the
YZ-plane and the H-plane is the XZ-plane. Figure 17 presents
the comparison of the radiation patterns between the prototype
and proposed antennas at 3.15 and 8.75 GHz. The radiation
patterns of the proposed antenna are more or less same as

Fig. 13. Surface current distributions on the proposed antenna. (a) 3.1 GHz, (b) 3.5 GHz, (c) 5.5 GHz, and (d) 7.5 GHz.

Fig. 15. VSWR versus frequency of prototype antenna.

Fig. 16. VSWR versus frequency of the proposed antenna.
Fig. 14. Fabricated stucture of (a) prototype (top plane), (b) proposed (top
plane), and (c) proposed (bottom plane).
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the prototype antenna. Thus, the introductions of mushrooms
have little effect on the radiation patterns. It can be observed
that at the low frequency of 3.15 GHz, the radiation on the
Ef versus u pattern at f ¼ 08 plane is omnidirectional,
whereas in Eu versus u pattern at f ¼ 908 plane is figure of
eight in shape because of the small ground plane on the same
side of the patch. At a higher frequency of 8.5 GHz, the radi-
ation pattern still retains a satisfactory omnidirectional on the
f ¼ 08 plane over the entire BW in both simulation and meas-
urement. The cross-polar pattern in the H-plane increases as

frequency rises due to higher mode excitation by the structure
and Jx current at the lower edge of radiating patch near the
ground plane. However, the patterns are stable over the
whole UWB frequency region except the notch bands.

V . T I M E - D O M A I N S T U D Y

The group delay is able to show any nonlinearity that may be
present in the phase response and indicates the degree of the

Table 2. Comparison of the simulated and measured results (all frequencies in GHz).

Band –––––Q UWB WiMAX WLAN
Antenna

||
P

Lower edge Upper edge Lower edge Upper edge Lower edge Upper edge

Prototype (simulated) 3.15 13.40 – – – –
Prototype (measured) 2.77 14.44 – – – –
Proposed (simulated) 2.91 13.19 3.3 3.7 5.15 5.97
Proposed (measured) 2.81 14.32 3.3 3.7 5.10 5.88

Fig. 17. Simulated and measured radiation patterns.

332 tapan mandal and santanu das

https://doi.org/10.1017/S1759078715001348 Published online by Cambridge University Press

https://doi.org/10.1017/S1759078715001348


distortion. For UWB applications, the phase of the transfer
function should be linear as much as possible in the operating
band. The group delay is required to be constant over the
entire band as well. The group delay of the proposed
antenna is shown in Fig. 18. It is measured using a pair of pro-
posed antennas placed at a distance of 160 mm. From Fig. 18,
it is observed that the variation of group delay is small across
the whole operating band except notch bands. The phase of
S21 (Fig. 19) is relatively linear within the operating region
excluding the notch bands in face to face mode. Thus, the pro-
posed antenna has a good time-domain performance and a
small pulse distortion as well.

V I . C O N C L U S I O N S

A CPW-fed simple UWB antenna with dual stop band has
been proposed. The desired stop bands are realized by mush-
room structures. The geometric parameters of mushroom
offer sufficient freedom for selecting and shifting the desired
notch band. The input impedance, conceptual equivalent
circuit model, and surface distributions are used to analyze
of dual notch bands characteristics. The existences of
the mushroom have little effects on the radiation pattern.
The measured results comply with the simulated ones. The
antenna has constant group delay and linear phase within
the operating band except notch bands which ensures the
good linear transmission performances. Therefore, the pro-
posed antenna is expected a good candidate for UWB
applications.
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