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Abstract. Design of a simple and compact microstrip-fed 
printed monopole antenna (PMA) for applications in 
wireless local area network (WLAN) and radio frequency 
identification (RFID) is presented. The dual-band opera-
tion is achieved from the 9-shaped folded antenna which is 
printed on a non-conductor backed dielectric. Measured 
percentage impedance bandwidth of the PMA at the center 
frequencies of 2.43 GHz and 5.24 GHz are 33.13 
(2.14 GHz to 2.99 GHz) and 36.43 (4.40 GHz to 6.36 GHz) 
respectively. Consistent omnidirectional radiation patterns 
have been observed in both the frequency bands from the 
experimental results. The proposed antenna is simple in 
design and compact in size. It exhibits broadband imped-
ance matching, consistent omnidirectional radiation pat-
terns and appropriate gain characteristics (>2.5 dBi) in 
the RFID and WLAN frequency regions. 
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1. Introduction 

Compact printed monopole antennas are indispensa-
ble candidates for applications in WLAN, UWB and RFID. 
Along with the small size, the antenna should preferably be 
low cost, light weight, less fragile and low profile. Besides, 
the fabrication methodology should be simple. Many com-
pact printed monopole antennas are reported in the litera-
ture for wireless applications. Notable structures among 
them are: CPW-fed dual frequency monopole antenna [1], 
dual band CPW-fed strip-sleeve monopole antenna [2], 
CPW fed L-shaped slot planar monopole antenna for triple 
band operation [3], internal planar monopole antenna for 
mobile phones [4], dual-band planar branched monopole 
antenna [5], etc. Similarly, many compact printed antennas 
for RFID application at 5800 MHz are available in the 
literature such as CPW-fed folded slot [6], T-shaped folded 
slot monopole antenna [7], F-shaped CPW-fed monopole 
antenna [8], CPW-fed dual folded strip [9], semi circular 
CPW fed folded slot antenna [10], CPW-fed U-shaped 
folded slot monopole antenna [11], etc. In [12], a dual band 
monopole antenna with stagger-tuned arm was proposed, 

where the antenna resonates at 2.45 GHz and 5.8 GHz, 
which was solely meant for the application in WLAN do-
main. Our intention here is to design a compact monopole 
antenna, which can be used simultaneously for WLAN as 
well as RFID systems. 

In this paper, a new compact, 9-shaped and dual-band 
printed monopole antenna is presented for RFID and 
WLAN. This antenna simultaneously resonates at 
2.51 GHz and 5.18 GHz, which are the operating fre-
quency bands for RFID and WLAN systems respectively. 
It allows us to use a single antenna for both the RFID and 
WLAN systems. The antenna is constructed on a non-con-
ductor backed dielectric. 9-shaped strip is printed on one 
side of it, which is fed by a microstrip line. The dual-band 
performance can be easily obtained for this type of antenna 
by fine-tuning the lengths of the 9-shaped strip. 

2. Antenna Design 

 
Fig. 1. Geometry of the proposed antenna. 

Fig. 1 shows the geometry of the proposed 9-shaped 
printed monopole antenna for RFID and WLAN applica-
tions. The shape of the radiating element of the proposed 
monopole antenna looks like an English number “Nine”. 
That’s why the name of the proposed antenna is “9-shaped 
antenna”. The 9-shaped monopole antenna is printed on a 
FR4 substrate of relative permittivity 4.4 and thickness 
1.6 mm as shown in Fig. 1. A 50-Ohm microstrip line is 
used for the excitation. The strip width of the 9-shaped 
monopole antenna is 3.06 mm, same as that of the width of 
the microstrip feed line. The proposed antenna has 9-
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shaped resonating element which is responsible for the two 
resonances around 2.51 GHz and 5.18 GHz respectively. 
The proposed 9-shaped monopole antenna was simulated 
by using the IE3D full wave simulator [13]. 

For a printed monopole antenna, the resonant fre-
quency can be approximately calculated by equating its 
area (in this case a folded 9-shaped printed monopole) to 
that of an equivalent cylindrical monopole antenna[14] of 
equivalent height Lc and equivalent radius rc as follows: 
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The first resonance frequency f1 of the printed mono-
pole antenna is chosen to be of 2.45 GHz. The second 
resonant frequency f2 is a multiple of the first resonant 
frequency. Without the element of length L1, the radiating 
element is found to be giving the second resonant fre-
quency at 5 GHz, whereas by including this L1 in the radi-
ating element, the second resonant frequency is obtained at 
5.18 GHz. Thus this small length L1 is shifting the second 
resonant frequency from 5 GHz to 5.18 GHz. By properly 
varying the dimensions of the antenna, we can fix the an-
tenna resonance at 2.51 GHz and 5.18 GHz respectively. 
The overall adjustments of the geometrical parameters are 
done for the improvement of impedance bandwidth in the 
2.45 GHz and 5.2 GHz band. The final optimized dimen-
sions of the antenna through EM simulations are L1=1 mm, 
L2 = 5.4 mm, L3 = 10 mm, L4 = 7 mm, we = 3.06 mm, 
Lk = 14 mm and Lgnd = 12 mm. The dimensions (WxL) of 
the substrate are 30 mm and 38 mm respectively. 

3. Results and Discussion 
Fig. 2 shows the photograph of the fabricated proto-

type of the proposed 9-shaped monopole antenna for 
2.45 GHz (WLAN) and 5.2 GHz (RFID) applications. 
Fig. 3 shows the comparison of the simulated return loss 
(|S11|) and the measured return loss. The return loss meas-
urement was done using the Rohde and Schwarz ZVA24 
vector network analyzer. From the graph, it is quite clear 
that there is reasonably good agreement between the meas-
ured and the simulated return losses. The first simulated 
resonance frequency (f1) occurs at 2.54 GHz at the return 
loss value of -15.02 dB with the percentage bandwidth of 
29.35 (2.18 GHz to 2.93 GHz). The second simulated 
resonance frequency (f2) occurs at 5.13 GHz at the return 
loss value of -24.87 dB with the percentage bandwidth of 
34.20 (4.46 GHz to 6.30 GHz). Similarly the first reso-
nance (f1) occurs at 2.46 GHz having a measured return 

loss value of -24.57 dB with percentage bandwidth of 
15.56 (2.31 GHz to 2.70 GHz) and the second resonance 
(f2) occurs at 5.22 GHz having a measured return loss value 
of -14.08 dB with percentage bandwidth of 42.27 
(4.03 GHz to 6.19 GHz). The summary of simulated and 
measured return loss values are tabulated in Tab. 1 shown 
below. Hence, from the experimental results, it is clear that 
the fabricated prototype antenna can be used for the dual 
band RFID (2.45 GHz) and WLAN (5.2 GHz) applica-
tions. 

 
Fig. 2.  Fabricated prototype of the 9-shaped monopole 

antenna for RFID and WLAN application. (a) Top 
View. (b) Bottom View.  

 

 f1 [GHz]
f2 

[GHz]

Return loss value 
(dB at f1, dB at 

f2) 

% 
Bandwidth 

at f1 

% 
Bandwidth 

at f2 

Simulation 2.54 5.13 (-15.02, -24.87) 
29.35 

(2.18 to2.93 
GHz) 

34.20 
(4.46 to 6.30 

GHz) 

Measured 2.46 5.22 (-24.57, -14.08) 
15.56 

(2.31 to 2.70 
GHz) 

42.27 
(4.03 to 6.19 

GHz) 

Tab.1.  Comparison of measured and simulated return loss and 
percentage bandwidth in the tabular form.  

 
Fig. 3.  Comparison of the simulated and measured return loss 

(|S11|) of the proposed 9-shaped monopole antenna for 
RFID and WLAN application. 

The gain is observed to increase smoothly with the 
frequency. The gain at 2.51 GHz is 2.76 dBi and the gain 
at 5.2 GHz is 3.29 dBi. The proposed antenna provides 
appropriate gain characteristics required for the operation 
in the RFID and WLAN frequency bands. 
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Fig. 4.  Comparison of the simulated and measured VSWR of 

the proposed 9-shaped monopole antenna for RFID 
and WLAN application. 

The measured normalized co-polarized and cross-po-
larized E-plane and H-plane radiation patterns of the 9-
shaped monopole antenna at 2.45 GHz and 5.2 GHz are 
shown in Fig. 5 and Fig. 6 respectively. It can be observed 
that the co-polar E-plane radiation pattern is of the shape of 
“8” at 2.45 GHz and 5.2 GHz. At 2.45 GHz, the E-plane 
cross-polar radiation pattern is in between -10 and -20 dB. 
At 5.2 GHz the shape of the co-polar E-plane radiation 
pattern is slightly distorted in the bottom right hand side 
portion. The co-polar H-plane radiation pattern on the 
other hand is purely omni-directional at the two frequen-
cies i.e. at 2.45 GHz and 5.2 GHz. Unlike at 2.45 GHz, the 
H-plane cross-polar radiation pattern is approximately at 
around -10 dB or more precisely the H-plane cross polari-
zation level is in between -10 and -20 dB at 5.2 GHz. 
Hence, this 9-shaped monopole antenna demonstrates 
a consistent radiation pattern in the desired band of 
frequencies. 

 
Fig. 5.  Measured E-plane (Co-pol(solid line) and Cross 

pol(dotted line)) radiation patterns at (a) 2.45 GHz and 
(b) 5.2 GHz. 

 
Fig. 6.  Measured H-plane (Co-pol(solid line) and Cross 

pol(dotted line)) radiation patterns at (a) 2.45 GHz and 
(b) 5.2 GHz. 

 
Fig. 7.  Surface current distribution (A/m) of the proposed 9-

shaped monopole antenna (a) at 2.45 GHz and (b) at 
5.2 GHz. 

At 2.45 GHz, the direction of current is forward 
moving nature on the L4 element and L3 element. In other 
words the current in L4 element is moving in right side 
direction. More clearly, in the L3 element, the current is 
moving upward and in the L2 element, the current is mov-
ing left side direction. Hence in the element L2 and L4, the 
current is moving in opposite direction. At the corner junc-
tion of element L3 and width we, the current is moving in 
the same direction and a current addition situation arises 
which is shown in Fig 7(a). Similarly at 5.2 GHz, the cur-
rent in the L1 element is moving downward. But in the Lc 
element, the movement and direction of current are very 
much peculiar to watch. At the top of the Lc element, the 
current is moving forward, but at the left hand corner i.e. at 
the width we, the current is reflected backward and creating 
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a opposition to the upward moving current in Lk element 
along with the reflected current from the L1 element. Hence 
at Lk element, the current from both the direction met each 
other and a cancellation situation arises which is depicted 
in Fig 7(b). In Fig. 7 the black arrows are the overall direc-
tion of the current in the entire 9-shaped radiating element. 
As known, the electromagnetic coupling effect controlled 
the two excited resonant frequencies at 2.45 GHz and 
5.2 GHz between the (Lc+Lk) element and (L1+Lk) element. 

4. Conclusion 
A compact 9-shaped printed monopole antenna for 

RFID and WLAN operations has been presented. Satis-
factory dual-band operation for WLAN and RFID applica-
tions is easily achieved by the 9-shaped configuration. The 
proposed antenna is simple to design and compact in size. 
It provides broadband impedance matching, consistent 
radiation patterns and appropriate gain characteristics in 
the RFID and WLAN frequency range. Hence the pro-
posed antenna may be a suitable candidate for the dual-
band operation in RFID and WLAN applications. 
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