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G
rowing use of radio/wireless technology creates 
greater demand for small, efficient, and low-cost 
antennas in a range of telecommunications and 
wireless local area network (WLAN) applica-

tions, as well as worldwide interoperability for microwave 
access (WiMAX), satellite communications (satcom), and 
spacecraft.1 Desirable properties for such an antenna include 
mechanical durability, conformability, low cross-polarized 
radiation patterns, and economical fabrication. 

Microstrip patch antennas became well received in wireless 
communications systems due to their 
low cost of fabrication and effectiveness 
in those systems.2 With the increasing 
number of wireless applications, an 
antenna for wireless communications 
must also operate across multiple 
frequencies, so that it can be used for a 
number of different applications at the 
same time.3 Several different antenna 
designs have been proposed and 
published for wireless communications 
systems, including WLAN, LTE, and 
WiMAX applications.4-20 

The main drawback of microstrip 
antennas is their narrow bandwidth. 
Classical microstrip antennas yield a 
maximum bandwidth of about 8%. A 

number of approaches have been developed to overcome this 
limit,21-27 with a great deal of research on microstrip being 
performed by the current authors. 

In ref. 28, for example, a broadband stacked U-slot 
microstrip patch antenna was presented. The single U-shaped 
slot is added based on a circuit theory concept to provide 
dual-band broadband characteristics. In this case, adding the 
U-shaped slot in the patch enhances bandwidth by 33.52%. 
In ref. 29, a broadband high-gain microstrip patch antenna 
with a slot was proposed. A dual-band characteristic was 

Tiny Microstrip Antenna 
Covers WLAN, LTE,  
and WiMAX

1. This is the structure of the proposed multiple-band wireless communications antenna: (a) 

front view and (b) rear view.

This design combines three wireless operating frequencies into one easy-to-integrate 
microstrip antenna that can be made extremely small in size.
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obtained by using a double U-slot in the 
patch. The antenna has a 37% impedance 
bandwidth. 

In ref. 30, the design of a broadband 
printed microstrip antenna for WLAN 
and WiMAX application was presented, 
in which two parasitic elements are 
printed in the ground plane to enhance 
antenna performance. In ref. 31, a novel 
dual-band antenna with two U-shaped 
slots was presented. By using two slots, the 
dual-band characteristics are obtained. 
Using two L-shaped slot in the ground plane enhanced the 
antenna’s bandwidth. This antenna is suitable for WLAN and 
WiMAX applications.

DOING A TRIPLE TAKE

Through the insertion of two symmetrical U-shaped slots, a 
triple-band microscript antenna was designed and fabricated. 
It can provide three operating frequency bands for use in 2.45-
GHz WLAN networks; at 2.60 GHz for LTE operation; and 
at 3.69 GHz for WiMAX use. The proposed antenna has low 
VSWR and achieves good radiation pattern characteristics. 
Simulations were performed by means of commercial 
computer-simulation-technology 
(CST) software. 

The proposed antenna is designed 
using FR4 as the substrate, which has a 
relative permittivity of 4.3. Dimensions 
of the antenna are 30 × 40 × 0.8 mm3. 
The patch is easily fed using a 50-Ω 
microstrip feed line. A rectangular 
radiation patch with a U-shaped slot 
is used on the top face of the substrate. 
To enhance the bandwidth and create 

3. The return loss of the proposed antenna is simulated here for vari-

ous values of gap width, g.
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2. The current distributions of the proposed multiple-band antenna are shown for (a) 2.45 GHz, 

(b) 2.60 GHz, and (c) 3.69 GHz. 

4. The return loss of the proposed antenna is simulated here for vari-

ous values of W1. 
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TABLE 1: PARAMETERS FOR PROPOSED 
ANTENNA (in mm)

L W Lg G Lp Ls Wp

40 30 3.4 2 31 25 29

W1 W2 Wf Lf T1 T2 T3

12 12 2.9 8 3 2 2.3

TABLE 2: EFFECT OF THE GAP ON THE RETURN LOSS  
OF THE PROPOSED ANTENNA

Resonant frequency 
(GHz)

S11 (without gap)
(dB)

S11 (with gap)
(dB)

2.450 -24.245 -30.388

2.60 -23.577 -30.010

3.690 -22.774 -30.735
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extra notch (more than in ref. 18), the position, thickness, 
and lengths of the double U-shaped slot are fixed. Figure 1 
shows the dimensions of the proposed antenna, while Table 1 
presents the values of the dimensions. 

To understand the behavior of the band-notched 
characteristics, the simulated current distributions of the 
proposed antenna at each resonant frequency are shown in 
Figure 2. The current distribution at 2.45 GHz is shown in Fig. 
2a, at 2.6 GHz in Fig. 2b, and at 3.69 GHz in Fig. 2c.   

In Fig. 2a, the current is mainly concentrated at the gap 
between the two U-shaped slots above the feed line. At 2.60 
GHz, Fig. 2b shows that the current is mainly concentrated at 
the gap between the two U-shaped slots at the upper side, and 
around the lower U-shaped slot. At 3.69 GHz, Fig. 2c shows 
that the current is concentrated at the upper and lower gaps 
between the two U-shaped slots.

Figure 3 illustrates the simulated return loss of the proposed 
antenna for different widths of g, which represents the width 
of the gap. The width of the gap introduced in the ground 

plane affects each resonant frequency—at 2.45, 2.60, and 3.69 
GHz—and can increase or decrease the S11 magnitude in dB. 
It may also cause a shift in the resonant frequency at 3.69 GHz, 
as shown in Fig. 3. 

Figure 4 presents the simulated return loss of the proposed 
antenna for various values of W1. As shown, the length of 
W1 affects the resonant frequency at 2.60 GHz, while there 
is little effect on the resonant frequency at 2.4 GHz, which is 
in agreement with the current distribution shown by Fig. 2b.

Figure 5 offers the simulated return loss of the proposed 
antenna for various values of W2. It is apparent that the length 
of W2 affects the resonant frequency at 2.45 GHz, while 
there is little effect on the resonant frequency at 2.60 GHz, in 
agreement with the current distribution at Fig. 2a.

THE GAP EFFECT

In an attempt to enhance the antenna’s performance, a gap 
was introduced into the ground plane, as shown in Fig. 1a. The 

5. The return loss of the proposed antenna is simulated for various 

values of W2. 
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6. The simulated return loss of the proposed antenna is shown with 

and without the gap in the ground plane; the former helps enhance 

performance. 
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7. The simulated S11 performance of the proposed antenna is plotted 

here as a function of frequency. 
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8. This plot projects the bandwidth of the proposed triple-center-

frequency antenna. 
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effect of this gap on the return loss of the proposed antenna 
is shown in Figure 6. Performance of the proposed antenna 
before and after the gap is created is provided in Table 2. As 
can be seen from the results, the gap has a positive effect on 
return-loss performance at the operating frequencies. 

Figure 7 plots the simulated S11 performance of the proposed 
antenna as a function of frequency, using CST software for 
the simulation. This antenna has three different operating 
frequencies, with center frequencies of 2.45, 2.60, and 3.69 
GHz. Its return-loss performance determines the impedance-
matching properties of the antenna, showing how efficiently 
the antenna is transmitting/receiving electromagnetic (EM) 
energy over a particular band of frequencies.

Figure 8 plots the projected bandwidth 
of the proposed antenna. The fractional 
bandwidth (FBW) is the ratio of the 
difference of the upper and lower 
frequencies of acceptable operation to the 
center frequency of the band multiplied 
by 100.19.

The bandwidth (BW) of the antenna 
can be found from 4.0531 – 2.1711 GHz 
= 1.882 GHz. The fractional bandwidth 
at 2.45 GHz is found from BW/2.45 
= (1.882/2.45)100% = 76.81%. The 
fractional bandwidth at 2.60 GHz is 
found by BW/2.60 = (1.882/2.60)100% 
= 72.38%. The fractional bandwidth 
at 3.69 GHz is found by BW/3.69 = 
(1.882/3.69)100% = 51.00%. 

Figure 9 shows the VSWR of the 
proposed antenna. Its VSWR is a measure 
of how well impedance-matched an 
antenna is to the impedance of the cable 
connecting the antenna to the system. A 
perfectly matched antenna would have a 
VSWR of 1:10. As can be seen in Fig. 4, the 
VSWR of the proposed antenna is equal 
to 1 at each operating center frequency. 
This indicates that the proposed antenna 
has good impedance matching.

The radiation pattern of the proposed 
antenna was simulated using CST 
software. Figure 10 shows the simulated 
radiation patterns of the proposed 
antenna in the E-plane and H-plane at 
2.45, 2.60, and 3.69 GHz. As illustrated 
in Fig. 5, the antenna has a bidirectional 
radiation pattern at its E- and H-planes. 
The measured directivities of the 
proposed antenna at 2.45, 2.60, and 
3.69 GHz are 2.45, 2.55, and 4.24 dBi, 

9. The simulated VSWR of the proposed antenna design shows good 

impedance match at its three operating frequencies.

10. These are the simulated radiation patterns in the E- and H-planes for the proposed anten-

na design at (a) 2.45 GHz, (b) 2.60 GHz, and (c) 3.69 GHz.

Frequency (GHz) 

1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0

V
SW

R

80:1

70:1

60:1

50:1

40:1

30:1

20:1

10:1

0.0:1

1

1

2

2

3

3

(2.4572 GHz, 1.0662:1)

(2.6076 GHz, 1.0657:1)

(3.6932 GHz, 1.0603:1)

E plane

(a)

(b)

(c)

0
330

300

240

210
180

150

120

90

60

30

–30 –20 –10 0 10–30 –20 –10 0 10
270

E plane

0
330

300

240

210
180

150

120

90

60

30

–30 –20 –10 0 10–30 –20 –10 10
270

H plane

0
330

300

240

210
180

150

120

90

60

30

270
0 1 20 1 2 33

H plane

0
330

300

240

210
180

150

120

90

60

30

270
00 1 2

H plane

0
330

300

240

210
180

150

120

90

60

30

270
00 1 2

E plane

0
330

300

240

210
180

150

120

90

60

30

270
0–5–20–20

4  MWRF.COM



respectively. 
The proposed antenna 

can provide sufficient 
gain and stable radiation 
patterns at those three 
center frequencies, 
making it suitable and 
preferred for various 
wireless communication 
systems. Table 3 offers a 
comparison between the 
proposed antenna and 
other related components 
in term of size, relative 
permittivity, bandwidth, 
and operating frequency. 

A wideband microstrip patch antenna using a dual U-slot 
with low profile has been proposed, and was simulated by 
means of CST software. The U-slot technique can be used 
to design and fabricate multiple-band rectangular patch 
antennas. Through the precise positioning of the slot in 
the patch, triple-band resonant modes are achievable. The 
antenna’s performance is enhanced by adding a gap in the 
ground plane. The VSWR of the proposed antenna at each 
operating frequency is equal to 1, indicating that the antenna 
exhibits good impedance matching at those frequencies. The 
simulated results showed that the antenna would be effective 
in WLAN, LTE cellular, and WiMAX applications.
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