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M
icrostrip antennas offer many ben-
ef its  to high-frequency systems, 
including low profiles, light weight, 
small volume, and ease of integra-

tion with other RF/microwave components. Unfortunately, 
microstrip antennas have also been plagued by inherently 
narrow bandwidths, limiting their use in some applications.  
     A number of approaches have been proposed to increase the 
operating bandwidths of these antennas, including increasing 
the substrate thickness, using different impedance-matching 
and feeding techniques, and using multiple resonators and 
slot antenna geometries.1-12 However, these methods tend to 
add to an antenna’s weight and volume, and can increase  
the fabrication cost. 

Several newer, promising techniques have been proposed 
to enhance microstrip antenna bandwidth. U-slot rectangu-
lar patch antennas13,14—as well as U-shaped parasitic patch 
antennas15 with thick foam or substrate—have been found 

to provide wide bandwidths without enlarging antenna size. 
In addition, the use of shorting pins or shorting walls on the 
unequal arms of a U-shaped patch or L-probe feed anten-
nas16,17 have helped achieve wideband impedance bandwidths 
while maintaining small antenna size. All of these microstrip 
antenna investigations have involved thick substrates, although 
low-profile broadband microstrip antennas are required in 
some applications. The current goal is to enhance the band-
width of a microstrip antenna while using a thin substrate  
(less than 0.01λ0).

To meet this goal, a broadband low-profile microstrip patch 
antenna with a U-shaped parasitic element was investigated. 
This relatively compact antenna was fabricated on a substrate 
with thickness of 0.008λ0, where λ0 is the wavelength in air of 
the center frequency at 2.45 GHz. This new microstrip antenna 
was found to achieve a relatively larger impedance bandwidth 
than a conventional microstrip antenna. 

Figure 1(a) shows top and side views of the proposed anten-

Microstrip Antenna 
Maintains Low 
Profile Combining a U-shaped parasitic element with  

thin substrate material results in a compact 
conformable antenna. 
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1. These diagrams compare (a) the proposed microstrip antenna with (b) a conventional microstrip antenna. 
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na. For conformal applications, the antenna is constructed on 
a substrate with thickness (H = 1 mm) of 0.008λ0 and relative 
permittivity of 2.65. To achieve a wideband impedance match, 
two resonant modes should be excited simultaneously around 
the center frequency, with the return losses between the two 
resonant frequencies maintained below 10 dB. 

The proposed antenna features a microstrip-fed rectangular 
patch and a U-shaped parasitic element. The rectangular patch 
is designed to resonate at a lower frequency than the resonant 
modes. To maintain a desired resonant length with smaller size, 
the length of the main patch (LP) is designed as 0.5λL

g, with the 
width reduced to 0.25λL

g,  where λL
g  = the guided wavelength at 

the lower frequency. To produce another resonance at a higher 
frequency, a U-shaped parasitic element is added to surround 
the radiating and nonradiating edges of the main patch. 

The resonant length of the U-shaped patch can be controlled 
by adjusting its length (LU) and width (WU). Electromagnetic 
(EM) coupling between the main patch and parasitic patch 
is realized across the horizontal (GH) and vertical (GV) gaps. 
With a 50-Ω microstrip feed line, the low-profile antenna is 
convenient for integrating with other microwave components 
and conforming to the structure. 

This new antenna is designed to operate in the 2420-to-
2484-MHz region. To cover this bandwidth, the positions of 
the two resonant frequencies should be close to the extreme 
frequency limits of the desired operating band. Therefore, the 
length and width of the main patch are designed to be close to 
0.5λL

g  and 0.25λL
g,  respectively, at the lower resonant frequency 

(2430 MHz). 
Meanwhile the effective resonant length of the U-shaped 

patch—namely LU + 0.5WU − 0.5HU—is close to 0.5λL
g at the 

higher resonant frequency of 2474 MHz.
The antenna has been optimized with the aid of the High 

Frequency Structure Simulator EM simulation software from 
Ansoft Corp. (www.ansys.com). The final dimensions were 
set as LP = 38.5 mm; WP = 19.4 mm; LU = 33.6 mm; WU = 11.9 
mm; HU = 1.7 mm; GV = 0.8 mm; GH = 1.8 mm; LF = 15.5 mm; 
WF = 2.73 mm; GF = 0.5 mm; and H = 1 mm. The ground and 
substrate size of the proposed antenna were defined as a length 
× width of 66 × 60 mm. 

In the parametric studies, six critical parameters with strong 
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2. These curves show the effects of different patch lengths on  

antenna return loss.

3. These curves show the effects of differences in arm-length  

on antenna return loss. 
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effect on the performances are given and discussed. The other 
parameters, such as the patch width (WP and WU), the ground 
size (L and W), substrate permittivity, and the substrate thick-
ness (H) are kept the same as mentioned above. The return loss 
curves of the proposed antenna are shown in Figs. 2 and 3 as a 
function of frequency for different design parameters.

Figures 2 and 3 illustrate the influences of the patch lengths 
(LP and LU) for the resonant frequencies. It can be seen from 
Fig. 2 that the position of lower resonant frequency is obvi-
ously shifted downward as LP increases, but that of higher reso-
nance frequency is slightly shifted. The variation in the case of 
increasing LU is contrary to that of increasing LP, as shown in 
Fig. 3. Comparing the two results shows that the position of 
lower resonant frequency is primarily controlled by the length 
(LP) of main patch; on the other hand, the length (LU) greatly 
affects the position of higher resonance frequency.

Figure 5 (online only) shows the effect of horizontal gap (GH) 
on antenna performance. It depicts that an increase in the hori-
zontal gap causes considerable shift downwards in the higher 
resonant frequency and a moderate shift in the lower resonant 
frequency. It should be noted that the two resonant frequen-
cies are close to each other with increasing GH, contrary to 
the effect of GV. As a result, the bandwidth decreases while the 

horizontal gap increases from 1.8 to 2.6 mm. This also shows a 
matching effect on the performance of the antenna. 

Editor’s Note: To read the full version of this article, go to  
www.mwrf.com/passive-components/microstrip-antenna- 
maintains-low-profile.
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Figure 5 shows the effect of horizontal gap (GH) on antenna 
performance. It depicts that an increase in the horizontal gap 
causes considerable shift downwards in the higher resonant 
frequency and a moderate shift in the lower resonant frequen-
cy. It should be noted that the two resonant frequencies are 
close to each other with increasing GH, contrary to the effect of 
GV. As a result, the bandwidth decreases while the horizontal 
gap increases from 1.8 to 2.6 mm. This also shows a matching 
effect on the performance of the antenna.

Figure 6 shows variations in return loss with frequency at 
different feed-gap (GF) spacings. The variation in the positions 
of the two resonance frequencies is moderate with decreas-
ing feed gap, while the return losses between them decrease 
significantly. The influence of GF indicates that when two reso-
nant frequencies are excited simultaneously in the designated 
frequency region, the optimal performance of antenna can be 
obtained by tuning GF.

As shown in Fig. 7, the position of the feed point (LF) has a 
crucial effect on antenna performance. Obviously, it affects the 
amplitude of return loss at higher resonance frequency. This 
can be explained thusly: For the same value of LF, the position 
of the feeding point is closer to the bottom edge of parasitic ele-
ment, compared with that of the main patch. Therefore, with a 
slight variation in feeding position, the impedance variation of 
higher resonant frequency is acute, whereas that of lower reso-
nant frequency is relatively stable. 

It can also be seen from Fig. 7 that when LF increases from 
14.5 to 15.5 mm, the position of the lower resonant frequency 
shifts upward. It can be attributed to the decrease of the reso-
nant region at lower frequency. As LF increases from 14.5 to 
15.5 mm, the resonant region of the lower frequency changes 
from both the main and parasitic patches to only the main 
patch, with the parasitic patch finally working at the higher 
frequency. Hence, the bandwidth increases with optimal feed 
point position.

As mentioned above, the parameters LP, LU, and GH are 
important and sensitive in tuning the two resonant frequen-
cies. The widths (GV and GF) of the gaps, together with the 
feed point position (LF), have great influence on the achievable 
bandwidth. Figure 8 shows return-loss curves for the proposed 
antenna and for a conventional microstrip antenna. The lower 
and higher resonances appear at 2435 and 2379 MHz with 
return loss values of 23.01 dB and 28.34 dB, respectively. 

The proposed antenna achieves a 10-dB return-loss band-
width of 67 MHz (2419 to 2486 MHz), whereas the return loss 
for the corresponding rectangular patch antenna is beyond the 
acceptable range of operation. The simulated results in Fig. 
8 indicate that the EM coupling between the main patch and 

parasitic element strongly affect the obtainable impedance 
bandwidth.

Figure 9 shows a prototype of the fabricated antenna. Its 
impedance characteristics were measured with a model 
37269A vector network analyzer (VNA) from Anritsu Co. 
(www.anritsu.com). The measured impedance bandwidth is 
66 MHz (2421 to 2487 MHz) and two separate resonant fre-
quencies at 2441 and 2480 MHz with return loss values of 41.6 
dB and 22.2 dB, respectively (Fig. 10). The measured antenna 
performance shows excellent agreement with the simulated 
return-loss curve. A few shifts in the bandwidth and positions 
of resonant frequencies are due to the fabrication tolerances.

The measured and simulated normalized radiation pat-
terns at the first and second resonant frequencies are plotted 
in Fig. 11, where the “Co(S),” “Co(M),” and “Cross(M)” stand 
for simulated co-polarization, measured co-polarization, and 
measured cross-polarization, respectively. The proposed low-
profile antenna exhibits good broadside radiation patterns in 
the E-plane (x-z plane) and H-plane (y-z plane) at each reso-
nant frequency.

 In the E-plane, the measured 3-dB beamwidth is 83 deg. 
at 2441 MHz and 84 deg. at 2480 MHz. It can be seen that 
the beam peaks of the E-plane are slightly shifted from the 
z-direction due to the feeding position on the main patch. In 
the H-plane, the measured 3-dB beamwidth is 93 deg. at 2441 
MHz and 86 deg. at 2480 MHz. Symmetrical radiation patterns 
are obtained in the H-plane due to the bilateral symmetry of 
the antenna configuration. In addition, it is obvious that low 
cross-polarization levels are obtained in the two orthogonal 
planes. The antenna gain versus frequency was also measured, 
with measured peak gain of 5.6 dBi at 2.45 GHz. 

As is well-known, the impedance bandwidth of a conven-
tional microstrip antenna with a thin substrate (less than 
0.01λ0) is quite narrow. To enhance its impedance bandwidth, 
a U-shaped parasitic patch was employed, and summaries of 
conventional and modified (with patch) microstrip anten-
nas can be compared in Tables 1 and 2. Table 1 shows that the 
modified antenna provides a wider operating bandwidth than 
a conventional microstrip antenna—as much as 2.747 time 
greater. But Table 2 shows that the modified antenna exhibits 
similar radiation patterns to those of the conventional antenna, 
except with a slight decrease in gain. The modified U-slot 
antenna obtains maximum gain due to a larger ground plane. 
The proposed low-profile antenna is well suited for conformal 
communications terminals. 
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