
Novel Microstrip  
Antenna Aims at  
UWB Applications
By enlisting a partially slotted ground plane and a step-cut approach to forming radiating 
elements, this compact microstrip antenna design achieves the wide impedance 
bandwidth needed for UWB systems.
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U
se of ultrawideband (UWB) signals holds 
great promise for reliable wireless commu-
nications at high data rates. In 2002, the 
U.S. Federal Communications Commission 

(FCC) designated the frequency band from 3.1 to 10.6 GHz 
for commercial use of UWB communications technology, 
prompting researchers to explore different antenna designs 
for that frequency range.1-4 Today, researchers continue that 
pursuit, recently developing a compact monopole antenna 
with a single-slotted ground plane and stepped rectangu-
lar resonator structure. It measures just 20 × 15 mm2 and 
achieves a voltage standing wave ratio (VSWR) of less than 
2.00:1 from 2.65 to 10.00 GHz. 

Successful implementation of these UWB wireless-commu-
nications systems depends on effective and compact antennas 
with near omnidirectional radiation patterns. Such antennas are 
also required for radar, medical imaging, and radio-frequency-
identification (RFID) applications, in support of high data rates 
at low power levels.5 

Printed monopole antennas have received lots of attention 
in recent years for their simple topologies, wide impedance 
bandwidths, low cost, omnidirectional radiation patterns, 
and relative ease of fabrication. Simple feed structures also 
make these antennas attractive for use in wireless-commu-
nications integrated-circuit (IC) technology. Different struc-
tures and approaches have been employed to fabricate these 
antennas, with varying degrees of success.6,7 The candidate 
antenna, designed for a broad bandwidth, is a printed planar 
monopole design. 

Printed microstrip slot antennas have seen wide use in com-
mercial and military wireless applications.8-10 They offer many 
benefits, including compact size, light weight, ease of imple-
mentation, and low cost, and can be easily integrated with 
microwave circuits. The most common antenna topology is a 
rectangular and circular patch. 

REFINING THE MICROSTRIP

Of course, microstrip patch antennas also suffer some dis-
advantages, including low gain and low impedance bandwidth. 
Several techniques have been applied to overcome these limi-
tations, emphasizing large bandwidth and small size. In one, 
an antenna with a meandering form achieved improved gain 
through a genetic algorithm.11 Another design employed a Hil-
bert curve fractal for RFID applications.12,13 A third approach 
relied on high-permittivity dielectric substrate material to 
minimize printed antenna size.14 Unfortunately, this material 
increases the flow of surface waves and reduces antenna gain.  
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1. These patch antenna designs feature modified ground structures: 

(a) with a partial ground and (b) with a partial ground and etched slot.
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A number of different UWB antennas have been realized for 
applications from 3.1 to 10.6 GHz, including an ring antenna,15 
a spline-shaped antenna,16 triangular patch antennas,17 and 
square printed antennas using a defected microstrip structure 
(DMS) with different topologies printed on substrates. 

Some researchers investigated microstrip antennas com-
bined with defected-ground-structure (DGS) technology, 
which is incorporated in the ground plane or with a DMS slot 
etched in the radiating patch. Such antennas consist of radiat-
ing structures spaced a small fraction of a wavelength above 
a ground plane and directly connected using an input port 
through a planar feed.

These various studies on UWB antennas led to improved 
antenna impedance bandwidths. Efforts to etch a DGS on the 
ground plane or a DMS on the radiating patch were used to 
improve the impedance bandwidth and radiation character-
istics. Numerous DMS-DGS shapes with different topolo-
gies, such as an open-loop ring slot,18 a U-shaped slot,19 and 
a square-ring slot20 have been investigated. Other researchers 
have used the tunable features of different shapes to significantly 
increase slot antenna bandwidth, achieving wide tuning ranges 
for different shapes, including H-shaped,21 L-shaped,22 and 
C-shaped tuning-stub configurations.23

“STEPS” TOWARD IMPROVEMENT

These different efforts to cover wide bandwidths in small 
antenna configurations show that improvements in size and 
radiation properties were obtained by cutting “stair steps” into 
each radiating element and using an etched slot in the partial 
ground plane. Because such a quasi-fractal technique does not 
provide a sufficiently large bandwidth, a notch was inserted 
in the partial ground plane with the goal of increasing the 
antenna bandwidth. 

Antenna design and optimization were performed with the 
aid of circuit simulations using computer-aided-engineering 

(CAE) design software from AWR Corp. (www.awrcorp.com) 
and Computer Simulation Technology (www.cst.com). The 
simulation software allowed for analysis of antenna radiation 
patterns and performance, including VSWR and return loss. 

Figure 1 shows the three-dimensional (3D) layout of the 
designed patch antenna with its modified ground plane. The 
rectangular monopole antenna was printed on RO4003 circuit 
laminate from Rogers Corp. (www.rogerscorp.com), which 
has relative permittivity of 3.38 at 10 GHz in the z-direction 
(thickness) of the material. The circuit laminate had thick-
ness (h) of 0.813 mm and exhibits a dielectric loss tangent of 
0.00027 at 10 GHz. 

To achieve wideband performance, multiple adjacent res-
onant frequencies should be created to obtain the desired 
response by driving the return loss below −10 dB within the 
desired frequency range. Reaching this goal required several 
parametric studies on the ground and patch. The fringing fields 
were created at resonant frequencies between the patch edges 
and the ground metal. 

One approach to improve return loss involved widening the 
fringing fields by increasing total radiation; this was done by 
changing the ground’s dimensions to cover the area below the 
feed line while preserving its total width (Fig. 1a). In such a 
configuration, the fringing fields from the patch edges will try 
to reach the ground plane. This will enable the antenna to radi-
ate around the resonant frequency. To improve the broadband 
impedance matching, a simple U-shaped slot was etched from 
the ground (Fig. 1b) with a width of 7 mm and length of 1 mm. 
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2. These plots show return-loss performance for different antenna 

ground shapes.

4. Return loss of 

the wideband patch 

antenna return in 

Fig. 3 is better than 

10 dB from 2.45 to 

15.8 GHz.

3. Shown here is a three-dimensional (3D) view of a wideband patch 

antenna.
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Figure 2 compares antenna return losses for different ground 
shapes, including an ordinary rectangular (full) ground struc-
ture that fully covers the circuit substrate and smaller struc-
tures with partial ground and partial ground with additional 
slot. The antenna with full ground structure had a resonance 
at 6 GHz and exhibited the smallest bandwidth of the anten-
na shapes. Return loss improved significantly by using the 
partial ground—return loss at resonance 
dropped to –12.3 dB for a bandwidth of 
4.0 to 6.5 GHz. The added slot dropped 
the return loss to –15.7 dB for a band-
width of 3.5 to 6.5 GHz. 

Its use in UWB applications required a 
significant increase in return loss around 
the resonant frequency, via modifications 
to the patch. The 6-GHz resonant fre-
quency was obtained by designing a patch 
(half-wavelength resonator) with length 
of 13 mm and width of 15 mm. As Fig. 
3 shows, the design approach involved 
dividing the patch into three different 
lengths. Each of the three lengths corresponds to a one-half-
wavelength patch at a different resonant frequency, resulting in 
three different resonant frequencies (Table 1). 

Figure 4 illustrates the return-loss response of the UWB 
antenna design. As can be seen from the plots, the antenna 
operates with return loss of better than 10 dB from 2.45 to 15.8 
GHz, with total antenna bandwidth of 13.35 GHz. The width of 
each resonator is considered small compared to the width of a 
single resonator. This may explain why these obtained resonant 
frequencies didn’t appear obvious in these results. 

A DIFFERENT APPROACH

By using this same divided patch resonator concept, another 
antenna was simulated using four different lengths for the patch 
(Fig. 5). The equivalent resonant frequencies and the patch 
dimensions are shown in Table 2. Fig. 6 offers the return loss 
of the proposed antenna, which behaves (Fig. 2, again) in the 

manner of an UWB antenna. The antenna operates from 2.65 to 
16.0 GHz, a significant increase in bandwidth over the previous 
design configuration.

The proposed antenna was fabricated and characterized 
with a model HP8722D vector network analyzer from Keysight 
Technologies (www.keysight.com). The antenna was printed 
on RO4003 circuit substrate material from Rogers Corp. with 
a relative dielectric constant (εr) of 3.38 and thickness (h) of 
0.813 mm (Fig. 7). 

Figures 8 and 9 show the antenna’s measured return loss and 
VSWR, respectively. Inspecting the measurement results of 
Fig. 8, the experimental results demonstrate antenna opera-
tion from 4 GHz to more than 10 GHz with return loss of less 

than about 10 dB. Compared to simulated 
results, the experimental results agree 
closely. Some amount of frequency shift 
was observed between the simulated and 
measured results, which can be due to the 
imperfect full-wave simulation methods 
and lack of total fabrication accuracy and 
tolerance control. 

To investigate the UWB antenna’s 
behavior, surface-current distributions 
were studied at different frequency 
bands. The current distribution was cal-
culated at two frequency bands—the first 
one at 1 GHz, considered below the oper-

ating frequency range, and at 10 GHz, considered the end of 
the antenna’s frequency range. At 1 GHz, the antenna didn’t 
radiate and all power is reflected. But at 10 GHz, the antenna 
radiates effectively. (For detailed computer simulation results of 
the proposed antenna, check out the online version of this article 
at www.mwrf.com.)
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TABLE 1: SIZING UP THE FIRST PATCH ANTENNA

Fresnel zone/
frequency Antenna dimensions

Fres1 = 6.0 GHz L1 = 13.0 mm W1 = 3.5 mm

Fres2 = 7.0 GHz L2 = 11.0 mm W2 = 1.0 mm

Fres3 = 8.7 GHz L3 = 9.0 mm W3 = 3.0 mmln
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5. Key dimensions are provided in this 3D view of the second wideband 

antenna design.

6. This plot illustrates the return-loss per-

formance of the second wideband antenna 

design.

7. The photographs show the (a) top view and (b) bottom view of the 

fabricated wideband microstrip antenna with connectors for testing. 



CONCLUSION

This compact monopole patch antenna achieves a wide 
impedance bandwidth of 116% with 10-dB return loss at a cen-
ter frequency of 6.33 GHz. It features the broadband frequency 
coverage from 2.66 to 10.00 GHz for WLAN applications. By 
adding an etched rectangular slot in the ground plane, the 
antenna gains improved impedance matching and radiation 
characteristics. An edge-cut technique was employed to reduce 
antenna size and enhance bandwidth. 
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TABLE 2: SIZING UP THE SECOND  
PATCH ANTENNA

Fresnel zone/
frequency Antenna dimensions

Fres1 = 6.0 GHz L1 = 13.0 mm W1 = 3.5 mm

Fres2 = 6.9 GHz L2 = 11.5 mm W2 = 1.0 mm

Fres3 = 7.9 GHz L3 = 10.0 mm W3 = 1.0 mm

Fres4 = 9.15 GHz L4 = 8.5 mm W4 = 2.0 mm

8. These plots compare the measured and computer-simulated return 

loss of the novel patch antenna.

9. These plots compare the measured and simulated VSWR behavior of 

the novel patch UWB antenna.


