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A dual band-notched ultra-wideband
monopole antenna with spiral-slots and
folded SIR-DGS as notch band structures
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In this paper, an ultra-wideband (UWB) planar monopole antenna with impedance bandwidth from 2.83 to 11.56 GHz and
dual band-notched characteristics is presented. The antenna consists of a small rectangular ground plane, a bat-shaped radi-
ating patch, and a 50-V microstrip line. The notched bands are realized by introducing two different types of structures. The
half-wavelength spiral-slots are etched on the radiating patch to obtain a notched band in 5.15 5.925 GHz for WLAN,
HIPERLAN, and DSRC systems. Based on the single band-notched UWB antenna, the second notched band is realized by
etching a folded stepped impedance resonator as defected ground structure on the ground plane for WiMAX and C-band
communication systems. The notched frequencies can be adjusted by altering the length of resonant cells. Surface current dis-
tributions and equivalent circuit are used to illustrate the notched mechanism. The performance of this antenna both by
simulation and by experiment indicates that the proposed antenna is suitable and a good candidate for UWB applications.
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I . I N T R O D U C T I O N

After the allocation of the frequency band from 3.1 to
10.6 GHz for the commercial use of ultra-wideband (UWB)
systems by the Federal Communication Commission, UWB
systems have received phenomenal gravitation in wireless
communication. UWB radio technology has found applica-
tion in medical imaging systems, pulse communication,
ground penetration radar, and so on. Designing an antenna
to operate in the UWB band is quite a challenge because it
has to satisfy the requirements such as ultra wide impedance
bandwidth, omnidirectional radiation pattern, constant gain,
high radiation efficiency, low profile, easy manufacturing,
and etc [1].

In UWB communication systems, one of the key issues is
the design of a compact antenna while providing wideband
characteristic over the whole operating band. Consequently,
a number of UWB antennas with different geometries have
been experimentally characterized [2–4]. Among them,
planar monopole antennas are considered as good candidates
for UWB applications due to their attractive merits, such as
large impedance bandwidth, easy fabrication, and omnidirec-
tional radiation pattern [5]. Especially in the case of microstrip

UWB planar monopole antenna, different methods have been
utilized in the articles to design a UWB antenna with various
band-notched properties [6–9]. Despite the advantages of
UWB systems, there are many narrowband communication
systems which severely interfere with the UWB com-
munication system, such as worldwide interoperability for
microwave access (WiMAX) (3.3–3.6 GHz), C-band (3.7–
4.2 GHz), wireless local area network (WLAN) (5.15–5.35 GHz
and 5.725–5.825 GHz), high performance radio LAN
(HIPERLAN)/2 (5.47–5.725 GHz), and dedicated short-range
communications (DSRC) (5.85–5.925 GHz). Therefore, UWB
antennas with band-notched characteristics to filter this
potential interference are desirable. The band-notched
characteristics could be achieved by many techniques such
as embedding of open-end slit to the antenna structure and
addition of a tuning stub within the antenna structure or
the ground plane [9], inserting different types of slots on the
radiating patch or associated ground plane [10–12], addition
of parasitic elements near the printed antennas [13], using dif-
ferent shapes of conductor-backed plane structures [14],
locating filtering structures in the vicinity of the feed line
[15], and so on. Among these methods, the primary
methods are inserting l/2 or l/4 slots or stubs on the patch,
fed-line or the ground plane. There are kinds of shapes for
the slots and the stubs, such as U-shaped [7], H-shaped [8],
C-shaped [16], L-shaped [17], p-shaped [18], and V-shaped
[19]. Employing one structure sometimes can obtain multiple
notched bands [8], or multiple notched band structure only
introduce one resonance [20], which make it hard to analysis
and adjust the notched band. On the other hand, in some
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designs, the bandwidth of the notched bands is somewhat too
wide so that useful signal is shielded at the same time [21, 22].

In this paper two methods for designing a novel and com-
pact microstrip-fed monopole antenna with dual band-
notched characteristic for UWB applications has been
designed and manufactured. In the proposed structure a bat-
shaped radiating patch is used to achieve a multi-resonance
performance. By embedding the resonance elements, the pro-
posed design can reject the frequency bands with central fre-
quencies at 3.5 and 5.6 GHz without using an additional
band-stop filter. By inserting the half-wavelength spiral-slots
on the radiation patch, good band-notched performance
with a high level of signal rejection can be achieved. While
the other notched band is acquired by inserting folded
stepped impedance resonator (SIR) as defected ground struc-
ture (DGS) on the ground plane of the antenna. These struc-
tures can resonant independently with tiny interference

among them. An equivalent circuit model of the proposed
dual band-notched UWB antenna is extracted to explain the
dual band-notched characteristics. Good reflection coefficient,
radiation pattern, and group delay characteristics are obtained
in the frequency band of interest. The simulated results are
identical with the measured ones reasonably.

I I . A N T E N N A D E S I G N A N D
C O N F I G U R A T I O N

Figure 1 shows the geometry of the dual band-notched UWB
bat-shaped monopole antenna fed by a 50-V microstrip line.
The antenna is printed on a low-cost FR4 substrate of thick-
ness 1.6 mm, permittivity 4.4, and loss tangent 0.02. The bat-
shaped radiating element and feeding line are printed on the
top side of the dielectric substrate and a rectangular ground

Fig. 1. Geometry of the proposed dual band-notch UWB antenna. (a) Top and (b) bottom view of the antenna, (c) parameters of spiral-slots and (d) SIR-DGS.

Fig. 2. Approximate equivalent circuit model for the proposed dual band-notch UWB antenna.
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plane on the bottom side. In order to create single and dual
band-filtering, spiral-slots and a SIR-DGS are inserted at radi-
ating patch and ground plane, respectively. Figure 2 shows the
approximate equivalent circuit model of the proposed dual
band-notched UWB antenna [6, 23, 24].

The radiation patch has a bat-shaped structure, and the
dimensions are improved using commercial software. The
final design parameters of the UWB antenna are as follows:
L ¼ 27 mm, W ¼ 19 mm, Lg ¼ 4.5 mm, Wf ¼ 3 mm, h1 ¼

0.7 mm, h2 ¼ 1.9 mm, h3 ¼ 4 mm, h4 ¼ 15 mm, h5 ¼ 9 mm,
h6 ¼ 4.9 mm, h7 ¼ 18.4 mm, d1 ¼ 6 mm, d2 ¼ 4.5 mm, d3 ¼

5 mm, d4 ¼ 10.8 mm, d5 ¼ 6.7 mm, r1 ¼ 0.7 mm, r2 ¼

1.3 mm, r3 ¼ 2 mm, r4 ¼ 2.7 mm.

By examining the current distribution of planar monopole
antenna with regular shapes, i.e. rectangular, circular, etc., the
proposed cuttings in the bat-shaped monopole antenna are
used to increase the antenna perimeter. It affects the lower res-
onant frequency and then increasing the maximum achieved
impedance bandwidth [25, 26]. It is well known that the
current distribution is mainly concentrated in the edges
rather than in the center of the printed monopole antenna.
Thus, by increasing the antenna perimeter p, the surface
current will take longer path and this will be equivalent to aTable 1. Three cases of UWB antenna with different values of bat-shaped

radiating patch.

Case and design h1 (mm) h2 (mm) d4 (mm)

1. 0.7 1.9 10.8

2. 1.2 0.1 13

3. 0.5 1.9 13

Fig. 4. The simulated |S11| characteristics for the three cases of UWB antenna
with different values of bat-shaped radiating patch.

Fig. 3. Simulated |S11| of the proposed UWB antenna.

Fig. 5. Surface current around the spiral-slot of the proposed antenna at the
notch frequency.

Fig. 6. Variation of reflection coefficient in terms of (a) t and (b) Lsp.
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longer length monopole and in turn will decrease the lowest
resonance frequency fL [27]:

1eff ≈
(1r + 1)

2
, (1)

fL(GHz) = 300
p
����
1eff

√ , (2)

where 1eff is the approximated effective dielectric constant
and the perimeter unit is in millimeters.

For UWB antenna, the radiating element can be modeled
by several adjacent resonances and each one can be repre-
sented by an RLC parallel circuit [16]. Approximately, the
radiating element of the proposed UWB antenna can be
seen as several parallel RLC cells in series, as shown in
Fig. 2. Figure 3 shows the characteristics of the simulated
reflection coefficient (|S11|) of the UWB antenna by using
Ansoft HFSS and CST Microwave Studio. A relative good
agreement in between simulations can be observed. It is
found that the |S11| of the antenna is well matched as
the bandwidth covers the entire UWB frequency range

3.1–10.6 GHz and goes beyond the required 10.6 GHz with
|S11| ≤ –10 dB.

To design a novel UWB monopole antenna, a bat-shaped
radiating patch is used as initial structure in the proposed
antenna, as displayed in Fig. 1(a). Three bat-shaped patch
with different sizes are specified in Table 1 as cases 1–3.
Figure 4 shows the effects of it with different values on the
impedance matching. It is found that by setting the bat-shaped
patch to suitable dimensions, the wider impedance bandwidth
with multi-resonance characteristics can be produced, espe-
cially at the lower and higher bands.

A) Spiral-slots as notch band structure
In order to eliminate interferences from WLAN, HIPERLAN/2,
and DSRC systems with the UWB, spiral-slots are etched on
the radiating patch as a band rejection structure to cover the
interval 5.15–5.925 GHz. As shown in Fig. 1(c), the spiral-
slots are obtained by etching two separated spiral patterns
which have same size and inverse split direction in the radiat-
ing patch. They are connected together by a rectangular-slot.
The relationship between the notched frequency and the total
length of spiral-slots can be summarized as following

Fig. 7. (a) Equivalent filament model and (b) surface current of truncated structure of folded SIR-DGS on ground plane. (c) Quasi-static equivalent circuit model.
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equations,

Lcir =
∑t

i=1

i

( )
× 2pWsp

[ ]
− t × Wsp,

L = 2Lcir + Lsp − Wsp fnotch = c
2L × ����

1eff
√ ,

(3)

where c is the speed of light in free space, t is the spiral turn,
Lcir is the length of the spiral-slot, and L presents the total
length of the slot. We can take (2) into account in obtaining
the total length of the spiral-slots at the very beginning of
the design and then adjust the geometry for the final design.
At the notch frequency, current concentrates around the
spiral-slots. In Fig. 5, since the antenna operates in a
transmission-line-like mode [16], the impedance is very
high (open circuit) at the middle of rectangular-slot and the
impedance is nearly zero (short circuit) nearby the center of
spiral-slots. The zero impedance at the feeding point leads

to the desired impedance mismatching at the notch frequency.
Therefore, the spiral-slots can be modeled as a half-wave-
length shorted parallel stub to act as the shunt series LC
resonant for the band pass filter, as shown in Fig. 2. Ls and
Cs indicate the inductor and capacitor values of the slot reson-
ator. When the current propagates along the edge of the slot,
an inductance should be introduced to the model. The narrow
slot is equivalent to a capacitor. Increasing the length of the
slot or decreasing the slot width is similar to increasing the
capacitor value in the parallel LC circuit. On the other hand,
increasing the length of slot will also lead to the increase of
the inductor value [23]. It is found that by adjusting the
total length of the spiral-slots to be approximately half-
wavelength of the desired notched frequency, a destructive
interference can take place, causing the antenna nonrespon-
sive at that frequency. The final dimensions of the spiral-slots
are as follows: Lsp ¼ 4.6 mm, Wsp ¼ 0.1 mm, gsp ¼ 0.06 mm,
Dsp ¼ 1.4 mm, and t ¼ 3.5 turn.

It is easy to tune the notch center frequency with the
change in total length of the slot. The effects of two different
parameters t and Lsp of the slot on the band rejection perform-
ance of the presented design are also studied and shown in
Fig. 6, where t is the spiral turn and Lsp is the length of the
rectangular-slot. As observed in Fig. 6(a) that, the notched fre-
quency is shifted from 5.6 to 7 GHz when t decreases from
3 to 2. Moreover, the increase in the bandwidth of the
notched band can be observed with this change. Therefore,
a wide notched band is obtained over the UWB frequency
band when t is 2. It is also found that the performance of
the reflection coefficient near 12 GHz becomes poor when t
is 3. Taking the consideration of the performance and
limited space for inserting the band-rejected elements, 3 is
chosen for t in the design. In Fig. 6(b), when Lsp changes
from 2.7 to 4.7 mm, the center frequency of the notched
band moved from 6.3 to 5.6 GHz. These indicate that the
center frequency of the notched band decreases as the
length of the rectangular-slot increases. Interestingly, it is
also found that the bandwidth of the reflection coefficient
becomes wider when Lsp is shorter. It should be highlighted
that, the value more than 4.7 mm is not considered to avoid
the fabrication error. Since the notched band can cover 5–
6 GHz when Lsp is equal to 4.7 mm, the length of the
rectangular-slot is selected to be 4.7 mm.

B) Folded SIR-DGS as notch band structure
Besides WLAN, HIPERLAN/2, and DSRC systems, WiMAX
and C-band may cause interferences to the UWB system
too. By etching a folded SIR-DGS as band-notched structure
on the ground plane, a band-notched function can be realized
to cover the interval 3.3–4.2 GHz. As shown in Fig. 1(d), the
folded SIR-DGS consists of low–high–low impedance slots,
and the slots are etched on the ground plane. From the equiva-
lent circuit model of Fig. 2, by inserting folded SIR defective
pattern in the ground plane a parallel LC resonant circuit is
added to the equivalent circuit. From the resonance condition
Zin ¼ 0, the resonant frequency of a half-wavelength reson-
ator can be deduced as follows,

L = 4Ls + Ws + 2S4 + 2S3 − 2S1 − 2g1,

fnotch = c
2L × ����

1eff
√

(4)

Fig. 8. Transfer characteristics of the SIR-DGS for various dimensions, (a) Ws,
(b) S4, and (c) g1.
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where L is the total length of the folded SIR-DGS. The
improved parameters of the folded SIR-DGS are as follows:
Ws ¼ 4 mm, Ls ¼ 4 mm, g1 ¼ 0.16 mm, g2 ¼ 0.36 mm, S1 ¼

0.27 mm, S2 ¼ 0.52 mm, S3 ¼ 0.44 mm, and S4 ¼ 1.8 mm.
In order to better analyze the effect of these parameters, a

quasi-static equivalent circuit model of the folded SIR-DGS is
given in Fig. 7. The quasi-static equivalent circuit model is dir-
ectly derived from the physical dimensions of DGS [28].
Figure 7(a) shows the equivalent filament model of the
folded SIR-DGS. The current distribution of this compact
model is shown in Fig. 7(b). As can be seen in this figure of
the folded SIR-DGS perturbed microstrip transmission line,
the return path of the current is fully disturbed and this
current is confined to the periphery of the perturbation and
returns below the microstrip line once the perturbation is
over. Based on the observation of the maximum concentration
of the return current, the width of the side filament arms,

which contribute to the inductance of the folded SIR-DGS,
is selected.

Figure 7(c) shows the equivalent-circuit model of the
folded SIR-DGS. Taking into consideration the aforemen-
tioned closed-form expressions and circuit parameters, we
model the equivalent circuit of the truncated figure and then
carry on the following conversions using the two-port
circuit parameters. The width of the ports considered here
corresponds to 50-V characteristic impedance. The gap is
represented by the equivalent capacitances and is connected
vertically to the arms of the two crosses. The power is
impinged at one arm of the cross and power is extracted
from the opposite arm of another cross. Now the equivalent-
circuit model of the current filament can be extracted with the
equivalent inductances and capacitances of the microstrip dis-
continuities. The inductances and capacitances are derived
from the physical dimensions using quasi-static expressions
for microstrip crosses, bent lines, and gaps capacitances are
fully characterized by 17 equations in the literature [28]. All
these expressions take care of the dimensions of the DGS
and the dielectric properties of the substrate. Therefore,
from the equivalent-circuit model, a direct correlation
between the design parameters and the design specification
is calculated. The gaps are represented by two parallel capaci-
tances to ground (CP) and a series capacitance (CGAP). The
values of these capacitances are extracted from even- and
odd-mode capacitances. Interestingly, it should be noted
that all equivalent capacitances are extracted from the physical
dimensions of the gap discontinuity and the dielectric con-
stant [29]. If two conductors meet at an angle, mutual induct-
ance comes to play at the bend, which we represented as Lbend

in the circuit diagram (Fig. 7(c)). Two sets of two symmetrical
arms of the microstrip cross are represented by equivalent L1,
L2, C+, and the cross arms are inductively coupled by L3. The

Fig. 9. Photograph of the realized printed monopole antenna, (a) top view, and (b) bottom view.

Fig. 10. Measured and simulated |S11| characteristics of the antenna.
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equivalent capacitances and inductances are calculated in the
literature [29].

To compare the frequency response characteristics of the
folded SIR-DGS, a two-port filter structure consisting of a
combination of a resonator and a 50-microstrip line is
simulated. The structure is printed on the substrate with a
permittivity of 4.4 and a thickness of 1.6 mm. The transfer
characteristics of the folded SIR-DGS with various dimensions
are shown in Fig. 8. It can be seen that the notched
band decreases as Ws and S4 increase. But the notched band
increases as g1 increases. Also by changing the g1 of the
folded SIR-DGS, we can change the width of the notched
band. Therefore the notched band can be obtained at the
desired frequency by appropriately adjusting the resonator
dimensions. Moreover, by the electrical model in Fig. 7, a
physical insight into the behavior of the antenna is given
for the parametric analysis in Fig. 8. The variation of the
resonant frequencies of the folded SIR-DGS with the arm
length Ws and S4 are due to the fact that when these para-
meters increase the inductance from the folded SIR-DGS
increases, hence, the resonant frequency of the parallel
circuit decreases. The variation of the resonant frequency
with the gap distance g1 is due to the fact that when the gap
distance increases, the gap capacitance diminishes. As a
result, the resonant frequency increases with the increase of
the gap distance.

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

The proposed dual band-notch UWB antenna with final
modified design parameters, as shown in Fig. 9, was built
and tested. Figure 10 shows the simulated and measured
|S11| characteristics of the antenna. Simulation is carried out
using Ansoft HFSS, a commercial three-dimensional (3D)
electromagnetic simulator based on finite element method.
The fabricated antenna has the frequency band of 2.83 to
11.56 GHz with two rejection bands around 3.3–4.2 and
4.9–6 GHz. The simulated gain and the measured one
decrease over these two band-notched frequencies, as shown
in Fig. 11. However, as shown in Figs 10 and 11, there exists
a discrepancy between the measured data and the simulated
results. This discrepancy is mostly due to a number of para-
meters such as fabrication inaccuracies (e.g. over-etching),
uncertainties in the substrate thickness and effective permit-
tivity, the wide range of simulation frequencies, and so on.
However since substrate materials may vary among manufac-
turers, the design methodology, and proof of concept are the
main foci of this work. In order to confirm the accurate

Fig. 13. Measurement set-up of the antenna for radiation patterns.

Fig. 11. Measured and simulated gains of the antenna.

Fig. 12. Input impedance performance of the proposed antenna.
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reflection coefficient characteristics for the designed antenna,
it is recommended that the manufacturing and measurement
processes need to be performed carefully. Moreover,
SubMiniature version A (SMA) soldering accuracy and FR4
substrate quality need to be taken into consideration.

To give a better insight about the dual band-notch behavior
of the proposed antenna, a simulated input impedance

characteristic at the band-notch performance is shown on a
Smith chart in Fig. 12.

Measurement set-up of the antenna for the radiation
pattern characteristics is shown in Fig. 13. Figure 14 depicts
the measured far-field radiation patterns for the proposed
dual-band notched UWB antenna in the E-(xy-) and
H-(xz-) planes at 3, 6.5 and 10 GHz. It is observed that
nearly omnidirectional radiation patterns are obtained on
H-plane over the whole UWB frequency range. The radiation
patterns on the E-plane are monopole-like with bidirectional
patterns in a very wide frequency band. It is observed that
the radiation pattern is slightly tilted off-broadside. The
beam tilt is due to the asymmetrical geometry of the patch
antenna, compared with a simply patch which has a symmet-
rical geometry and shows a broadside beam. As the frequency
goes up, tiny distortions occur. This is because the electrical
length of the antenna increases at higher frequency.

To analyze the signal dispersion, the group delay is simu-
lated between two identical antennas in the face-to-face orien-
tations, with a distance of 300 mm between them, which
obtains the far-field condition of the antenna. As shown in
Fig. 15, the group delay is about 1 ns across the frequency
band except in the notched bands, due to the band-notched
function. For the rest of the frequency band, the group delay
characteristic is relatively flat, indicating that the antennas
have good linear transmission performances.

As the UWB communication has been based on impulse
radio, it is necessary to consider the impulse distortion of
the time-domain response of the proposed antenna. In tele-
communication systems, the correlation between the input
and output signals is evaluated using the fidelity factor F (1),

F = max
t

�+1

−1
s(t)r(t − t)��������������������������+1

−1
s(t)2dt.

�+1

−1
r(t)2dt

√
∣∣∣∣∣∣∣

∣∣∣∣∣∣∣, (5)

where s(t) and r(t) are the input and output signals, respect-
ively. To calculate the fidelity factor of the proposed dual-band
notched UWB antenna, it is assumed that the two proposed
antennas in Fig. 1 play the role of the transmitting antenna
and receiving antenna. The two antennas are aligned pointing
face-to-face and side-by-side orientations with a distance of
300 mm. The input signal s(t) form of the Gaussian pulse

Fig. 14. Measured radiation patterns of the proposed antenna in the E- and
H-planes at (a) 3 GHz, (b) 6.5 GHz, and (c) 10 GHz.

Fig. 15. Simulated group delay of the proposed antenna.
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can be excited to transmitting antenna, then receiving pulse
signal r(t) can be obtained to receiving antenna. This pulse
simulation is performed by a CST Design Studio simulator.
By substituting the two normalized pulse signal in equation
(5), we can calculate the fidelity factor F which is the
maximum correlation coefficient between two pulse signals.
The antenna having F ¼ 1 indicates a perfect match
between s(t) and r(t), without distortion in the transmission
system of the pulse signal. The fidelity factor F of the proposed
dual-band notched UWB antenna for the face-to-face
and side-by-side configurations were obtained equal to 0.92
and 0.86, respectively. Values of the fidelity factor show that
the proposed UWB antenna exhibits a good time domain per-
formance in the view of operating UWB communication
systems.

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

A dual band-notched UWB antenna has been proposed and
designed by introducing the folded SIR-DGS and the spiral-
slots as band-rejected elements. In this design, the proposed
antenna can operate from 2.83 to 11.56 with two rejection
bands around 3.3–4.2 and 4.9–6 GHz. Parametric studies,
relevant equations and the equivalent circuit model of the
antenna provide guidelines on how to understand the mech-
anism of band-notched characteristics. Good agreement
between the simulated and measured results including stable
radiation patterns, gain, and low |S11| (except for the
notched bands) for all radiating frequencies is obtained. It
demonstrates that the proposed antenna is suitable for appli-
cation in UWB system.
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