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In this paper, a co-planar waveguide (CPW)-fed direct current (DC) wide band printed dipole 

antenna is developed for base stations or radio frequency identification (RFID) applications 

that work in the ultrahigh frequency (UHF) band. Multiple symmetric loops were designed for 

the antenna to extend the frequency range of operations. Meanwhile, the structural parameters 

were analyzed and optimized in turns. The simulation results demonstrate that the proposed 

antenna can operate at a frequency band from 650 to 1150MHz, with a return loss better than 

10dB. In addition, the radiation patterns were observed as a typical dipole-type pattern. The 

gain of the antenna ranged from 2.3 to 2.9dBi. Therefore, the proposed antenna is very suitable 

for various applications requiring high-performance receiving and transmitting. 
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1. INTRODUCTION

To improve the receiving performance, base stations or 

radio frequency identification (RFID) applications can adopt a 

dipole antenna with broad bandwidth, stable performance and 

omni-direction [1-3]. For example, Liu et al. [4] designs 

several wide band antennas that operate at the ultrahigh 

frequency (UHF) band (470~860MHz) and applies them in 

wireless local area network (WLANs) with the frequencies of 

2.4 or 5.8GHz. 

Planar antennas can be realized by either microstrip-line fed 

[5-7] or co-planar waveguide (CPW)-fed [8-10]. With no 

soldering point and a single metallic layer, the CPW-fed is 

easy to fabricate and simple in structure. The previous research 

has shown that CPW-fed printed antennas can achieve 

satisfactory impedance matching over a wide frequency range, 

and maintain nearly omni-directional radiation [11-13]. 

This paper develops a CPW-fed direct current (DC) wide 

band printed dipole antenna with multiple symmetric loops for 

base stations or RFID applications that work in the UHF band. 

Firstly, the antenna structure was optimized under the CPW-

fed mechanism to yield the maximum bandwidth. The wide 

band features of the CPW-fed dipole antenna were achieved 

by the additional resonant mode adjacent to fundamental 

resonant mode (0.5-wavelength) of the antenna, which is 

triggered by the straight feed gap. Next, a novel balun DC 

ground structure was developed for the dipole antenna to 

generate more resonant modes. Since each loop corresponds 

to a specific frequency response, the multiple loops can 

produce an integrated frequency response. Thus, the frequency 

responses of multiple loops were coupled to stretch the 

frequency range. 

The remainder of this paper is organized as follows: Section 

2 describes the structure of the CPW-fed antenna; Section 3 

verifies the effectiveness of the antenna through experimental 

simulation; Section 4 concludes the design of the antenna. 

2. STRUCTURE OF THE PROPOSED ANTENNA

As shown in Figure 1, the CPW-fed direct current (DC) 

wide band printed dipole antenna consists of two parts, namely, 

a pair of symmetric dipoles and the balun DC ground structure. 

With a rectangular radiation area (178mm×65mm), the dipoles 

were printed on a 1.6 mm FR4 dielectric substrate (dielectric 

constant: 4.4; loss tangent: 0.018).  

The radiating portion of the CPW-fed dipole antenna was 

disposed on the same layer of the FR4 substrate. The CPW-

fed feeding structure and the balun DC ground structure were 

arranged symmetrically across the middle of the board. As 

shown in Figure 1(a), the dipoles have multiple symmetric 

loops, which are made up of the radiated strip lines. 

The dimensions in Figure 1 are the preferred design 

parameters. The 178mm-long dipole antenna can produce a 

fundamental resonant mode (0.5-wavelength) centered at 

about 650MHz. Therefore, the frequency range of the dipole 

antenna is up to 700MHz in the UHF band. To extend the 

frequency up to 1,000MHz, an additional resonant mode was 

activated by a straight feed gap. In the dipole antenna, the 

resonant frequencies of multiple loops were coupled to 

enhance the impedance matching in the whole UHF band. 

The radiated structure of the CPW-fed dipole antenna was 

connected to the feed port through the feeding cable. The 

generalized transmission-line theory was adopted to determine 

the multiple resonance modes of the structure. The radiated 

structure and the symmetric loops enable the dipole antenna to 

adjust the impedance and electrical length of each element, 

thus achieving the substantial control of different resonance 

modes.
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Figure 1. Structure of the CPW-fed direct current (DC) wide 

band printed dipole antenna 

 

 

3. EXPERIMENTAL VERIFICATION AND RESULTS 

ANALYSIS 

 

The return losses of the proposed dipole antenna were 

measured in an anechoic chamber with AgilentE5063A 

network analyzer, and also simulated with ANSYS HFSS, a 

3D electromagnetic (EM) simulation software for designing 

and simulating high-frequency electronic products [14-16]. 

The measured and simulated return losses are compared in 

Figure 2. Obviously, the two results agree well with each other. 

Under the Voltage Standing Wave Ratio (VSWR)of 2.0:1 (-

10dB return loss), the bandwidth was measured as 500MHz 

(650~1150MHz), which covers the operations of 

LTE/CDMA/GSM800/900. 

 

VSWR=2.0:1

 
 

Figure 2. The measured and simulated return losses of the 

proposed dipole antenna 

 

Next, the 2D radiation pattern of the prototype antenna was 

observed at 698, 853 and 960MHz in the anechoic chamber 

with far-field system, while the 3D radiation pattern of the 

antenna was simulated at the same frequencies. The measured 

and resulted results are displayed in Figures 3 and 4, 

respectively. It can be seen that the observed radiation patterns 

were dipole-like, and the observed radiation patterns for 

frequencies over the entire wide band (650~1,150MHz) were 

basically consistent with the simulated results. These pattern 

features are similar to those of conventional dipole-like 

antenna.  

The observed peak gain and radiation efficiency of our 

antenna are suitable for practical application. In the low band 

at 800MHz, the antenna’s gain varied from about 2.3 to 2.9dBi, 

and its radiation efficiency remained above 75% over the 

entire wide band.  
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Figure 3. Measured 2D radiation patterns 
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Figure 4. Simulated 3D radiation patterns 
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Figure 5. Simulated current distributions  

 

To reflect the resonant mode of our antenna, the surface 

current distributions were simulated at 698, 853 and 960MHz. 

The results in Figure 5 show that, at 698MHz, the surface 

currents on areas A and C were triggered at the same direction 

as those excited at the fundamental resonant mode (0.5 

wavelength) in the conventional dipole antenna. At 830MHz, 

the surface currents of areas A and B, which were excited by 

the straight feed gap, went rightward and leftward in the 

regions close to the gap, respectively. This is similar to the 

surface currents excited in the second resonant mode of the 

conventional dipole antenna. The wide band effect is 

attributable to the following facts. Multiple rectangular loops 

were employed in a topology like concentric circles. The 

length of each loop had a unique length, corresponding to a 

resonant frequency. The interacting resonant frequencies from 

these loops were coupled to achieve the wide band effect. 

 

 

4. CONCLUSIONS 

 

This paper designs a novel CPW-fed DC wide band printed 

dipole antenna with a symmetric loop dipole structure and a 

balun DC ground design. The antenna has a simple planar 

structure, covering an area of only 178×65mm2. A prototype 

of the proposed antenna was fabricated and verified through 

simulations. The results show that this antenna can generate 

five resonant modes, covering the bands of 

LTE/CDMA/GSM800/GSM900/GPS/RFID, and prove that 

the antenna boasts good radiation efficiency and ultra wide 

band performance, thanks to its symmetric radiation structure 

and the innovative DC balun feeding structure. 
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