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ABSTRACT: In this article, we propose a dual-band angled printed
dipole antenna with wide beamwidth for use in the access points of

wireless local area network operating in the 2.4- and 5-GHz bands. The
antenna is fed by a novel integrated balun consisting of a curved
microstripline and a circular slot for broadband operation. An angled

dipole and two vertical copper plates on the ground plane are used
to achieve wide beamwidth in the lower and upper bands, respectively.
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1. INTRODUCTION

Wireless local area networks (WLANs) in the 2.4-GHz (2.4–

2.485 GHz) and 5-GHz (5.15–5.35 GHz, 5.47–5.725 GHz, and

5.725–5.875 GHz) bands have been widely used in recent years.

Because of the existence of many shadowing areas within a

given network range, a large number of access points (APs) are

needed to be installed to achieve pervasive coverage of WLAN

systems. To provide such pervasive WLAN coverage, the anten-

nas used for APs (which are commonly mounted on the walls or

ceilings of rooms) must radiate signals in such a manner that

the radiated electromagnetic (EM) wave is relatively the same

anywhere in the room; further, the back radiation from an

antenna needs to be insignificant. Thus, the antenna for an AP

not only requires dual-band operation but also needs to have a

radiation profile with similar gain, wide beamwidth, and high

front-to-back ratio in both bands. Various kinds of antennas

have been used for WLAN APs for single-band [1–2], dual-

band [3], switchable-band [4], and wideband [5] operations.

However, most of these antennas essentially address bandwidth

improvement and impedance matching optimization; the study

of the radiation patterns of the antennas has thus far been

neglected.

In this article, we introduce a dual-band printed dipole

antenna that has nearly identical radiation patterns with similar

gain and beamwidth in both the 2.4- and 5-GHz WLAN bands.

Our antenna utilizes two techniques to improve the radiation

pattern; these techniques include the use of an angled dipole and

vertical copper plates arranged on the ground plane for improve-

ment in the radiation pattern of the lower and upper bands,

respectively.

2. ANTENNA DESIGN AND CHARACTERISTICS

Figure 1 shows the geometry of a dual-band printed dipole

antenna. The antenna is composed of two printed dipoles, two

copper plates, an integrated balun feed, and a ground plane. The

ground plane comprised a rectangular plate with a thickness of

0.2 mm and width and length of 70 � 60 mm2, respectively.

The printed dipole and balun were designed on the front and

back surfaces of a Rogers RO4003 substrate with a relative

dielectric constant of 3.38 and a thickness of 0.508 mm. The

trapezoidal-shaped substrate had a width and height of Wsub ¼
60 mm and Hsub ¼ 24 mm, respectively. The two dipoles

printed on the substrate were welded on the ground plane. The

large dipole was angled at h degrees to the horizontal, as shown

in the figure. The initial lengths of the two printed dipoles (L1

and L2) were chosen as approximately half the effective wave-

length (keff/2) for both the 2.45- and 5.5-GHz bands. The balun

consisted of a curved microstripline and a circular slot. The

curved microstripline comprised of a 50-X feedline and a half

ring, both with a width of wms ¼ 1.14 mm. The circular slot

was etched on the printed dipoles. The radii of the ring and cir-

cular slot were r1 ¼ 2 mm and r2 ¼ 2.86 mm, respectively. The

antenna was fed by an SMA 50-X coaxial connector. The inner

conductor of the coaxial connector was extended through the

ground plane and connected to the 50-X microstripline. On the

ground plane, two vertical copper plates whose width and height

were Wp and Hp, respectively, were arranged symmetrically over

the substrate with a spacing of Sp.

A full-wave EM simulator (Microwave Studio, Computer

Simulation Technology) was used to design the antenna. From

the EM simulation, the following design parameters were found

to achieve similar gain and wide beamwidth in both the E- and

H-plane patterns at the 2.4- and 5-GHz bands: g ¼ 0.6 mm,
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h1 ¼ 5 mm, h2 ¼ 14 mm, ha ¼ 2 mm, L1 ¼ 60.4 mm, L2 ¼
23.4 mm, r1 ¼ 2 mm, r2 ¼ 2.86 mm, Hp ¼ 15 mm, Hsub ¼ 24

mm, Hc ¼ 17 mm, h ¼ 30�, wa ¼ 2 mm, wc ¼ 0.6 mm, wd ¼ 6

mm, ws ¼ 5.7 mm, wms ¼ 1.14 mm, Wp ¼ 34 mm, Wsub ¼ 60

mm, Sp ¼ 30 mm, and Lc ¼ 18 mm. Based on the above opti-

mized design parameters, we investigated the corresponding var-

iation in the antenna characteristics due to change in the main

design parameters. Figure 2 shows the simulated reflection coef-

ficient of the antenna as a function of frequency for different

lengths of the large dipole, L1. As the length L1 was increased

from 56.4 to 64.4 mm in increments of 4 mm, the lower reso-

nant frequency decreased while the upper one changed slightly.

This indicates that the length of the large dipole mainly deter-

mines the lower resonant frequency. Figure 3 shows the simu-

lated reflection coefficient of the antenna as a function of fre-

quency for different lengths of the small dipole, L2. As the

length L2 was increased from 21.4 to 25.4 mm in increments of

2 mm, the upper resonant frequency decreased while the lower

resonance remained unchanged. This indicates that the length

of the small dipole mainly determines the upper resonant

frequency.

The E-plane pattern of a printed dipole can be controlled

using an angled dipole. This can be observed in Figure 4, which

plots the 2.45-GHz patterns of the antenna for various values of

the angle h of the large dipole. As h was increased from 0� to

30� in increments of 15�, the E-plane pattern widened while the

H-plane pattern changed slightly. In both cases, the peak gain

decreased; however, the front-to-back ratio improved. In addi-

tion, a h setting of 30� offered nearly the same 3-dB beamwidth

in the E- and H-planes. In the 2.4-GHz band, the effect of the

dipole angle variation on the reflection coefficient is negligible,

and hence, this relationship curves not shown here.

As mentioned above, two vertical copper plates are arranged

symmetrically at the edge of the ground plane for improving the

radiation pattern of the antenna in the upper frequency band.

The effect of using the copper plates is observed in Figures 5–7,

which show the 5.5-GHz patterns of the antenna for various val-

ues of the copper plate height (Hp), width (Wp), and spacing

between the copper plate and substrate (Sp), respectively. In the

trials corresponding to Figures 5 and 6, as Hp and Wp were var-

ied from 0 to 30 mm in 15 mm steps and from 14 to 54 mm in

20 mm steps, respectively; the E-plane pattern changed slightly

while the H-plane pattern narrowed and the peak gain increased.

As shown in Figure 7, the spacing value of Sp ¼ 30 mm led to

the optimized 5.5-GHz pattern in terms of similar radiation pat-

tern with a wide beamwidth in both the E- and H-planes. These

results indicate that the parameters Hp, Wp, and Sp mainly con-

trol the H-plane pattern at the 5-GHz band. The copper plates

are designed for control of the radiation pattern in the upper

band only, and their effects on other antenna characteristics are

insignificant.

An Agilent N5230A network analyzer and a 3.5-mm coaxial

calibration standard GCS35M were used for the measurements

Figure 1 Geometry of dipole antenna: (a) side view and (b) front

view. [Color figure can be viewed in the online issue, which is available

at wileyonlinelibrary.com]

Figure 2 Reflection coefficient as function of frequency for different

values of L1. [Color figure can be viewed in the online issue, which is

available at wileyonlinelibrary.com]

Figure 3 Reflection coefficient as function of frequency for different

values of L2. [Color figure can be viewed in the online issue, which is

available at wileyonlinelibrary.com]
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Figure 4 Radiation pattern at 2.45 GHz for different values of h1: (a) E-plane and (b) H-plane. [Color figure can be viewed in the online issue, which

is available at wileyonlinelibrary.com]

Figure 5 Radiation pattern at 5.5 GHz for different values of Hp: (a) E-plane and (b) H-plane. [Color figure can be viewed in the online issue, which

is available at wileyonlinelibrary.com]

Figure 6 Radiation pattern at 5.5 GHz for different values of Wp: (a) E-plane and (b) H-plane. [Color figure can be viewed in the online issue, which

is available at wileyonlinelibrary.com]
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of the antenna prototype. As shown in Figure 8, the measured

and simulated reflection coefficients of the antenna agreed rather

closely. The measured impedance bandwidths were 2.39–2.5

GHz and 5.05–5.92 GHz for the �10 dB reflection coefficient,

while the simulated bandwidths ranged from 2.4 to 2.5 GHz and

5.05 to 5.94 GHz. The slight discrepancy between the measure-

ment and the simulation could be attributed to misalignment of

the balun.

The 2.45-, 5.2-, 5.5-, and 5.8-GHz radiation patterns of the

antenna are shown in Figures 9–12, respectively. As observed

from the figures, the measurements and simulations show good

agreement. At 2.45 GHz, the measured radiation patterns

showed a front-to-back ratio of 23.5 dB, cross-polarization level

of less than �19 dB, and half-power beamwidths (HPBWs) of

100� and 111� in the E- and H-planes, respectively. At 5.2 GHz,

the measured radiation patterns showed a front-to-back ratio of

27.8 dB, cross-polarization level of less than �13.4 dB, and

HPBWs of 116� and 114� in the E- and H-planes, respectively.

At 5.5 GHz, the measured radiation patterns showed a front-to-

back ratio of 32.12 dB, cross-polarization level of less than

�14.2 dB, and HPBWs of 118� and 110� in the E- and

Figure 7 Radiation pattern at 5.5 GHz for different values of Sp: (a) E-plane and (b) H-plane. [Color figure can be viewed in the online issue, which

is available at wileyonlinelibrary.com]

Figure 8 Reflection coefficient of antenna. [Color figure can be

viewed in the online issue, which is available at wileyonlinelibrary.com]

Figure 9 Radiation patterns of antenna at 2.45 GHz: (a) E-plane and (b) H-plane. Simulated cross-polarization is excluded because the simulated val-

ues are too small to be indicated in the figure. [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com]

F9-F12
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Figure 10 Radiation patterns of antenna at 5.2 GHz: (a) E-plane and (b) H-plane. [Color figure can be viewed in the online issue, which is available

at wileyonlinelibrary.com]

Figure 11 Radiation patterns of antenna at 5.5 GHz: (a) E-plane and (b) H-plane. [Color figure can be viewed in the online issue, which is available

at wileyonlinelibrary.com]

Figure 12 Radiation patterns of antenna at 5.8 GHz: (a) E-plane and (b) H-plane. [Color figure can be viewed in the online issue, which is available

at wileyonlinelibrary.com]
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H-planes, respectively. At 5.8 GHz, the measured radiation pat-

terns showed a front-to-back ratio of 29.44 dB, cross-polariza-

tion level of less than �13.6 dB, and HPBWs of 120� and 113�

in the E- and H-planes, respectively. The measured gains are

7.11, 7.02, 7.14, and 6.92 dBi at frequencies of 2.45, 5.2, 5.5,

and 5.8 GHz, respectively.

3. CONCLUSION

Our study proposed the use of a printed dipole antenna for the

2.4- and 5-GHz WLAN APs. The angled dipole and two vertical

copper plates arranged on the ground plane were used to achieve

similar gain and beamwidth in the lower and upper bands,

respectively. The antenna yielded a bandwidth of 2.39–2.5 GHz

and 5.05–5.92 GHz for the �10 dB reflection coefficient. The

radiation pattern of antenna showed wide beamwidth, high

front-to-back ratio, and similar gain for both the lower and

upper bands. With the obtained wide beamwidth and similar

gain in the 2.4- and 5-GHz bands, the proposed antenna could

be stably operated in a dual-band WLAN.
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ABSTRACT: In this article, we present a low-profile and low cost
antenna for GPS (L1–L2–L5), Galileo (E5–E1–E2), and Glonass (G1–G2)

standard. This antenna is a dual-feed planar patch antenna with four
slots to achieve dual-band operation. The radiating element is fed by a
wideband 90� quadrature hybrid coupler to obtain circular polarization

on the both bands. The quadrature feeding is achieved using a three-
branch-line hybrid coupler. The return loss bandwidth of the system (S11
� �10 dB) is 22% in the lower band and 14% in the upper one. The
axial ratio (AR) bandwidth in broadside direction (AR= 3 dB) is 20% in
the lower band and 11.3% at the upper one. The antenna gain is 6 and

8.4 dBi in the normal direction at the central frequency of 1.23 and 1.6
GHz, respectively. The total dimensions of the antenna are 170 mm2

with a thickness of 7.524 mm. VC 2012 Wiley Periodicals, Inc.

Microwave Opt Technol Lett 54:2811–2814, 2012; View this article

online at wileyonlinelibrary.com. DOI 10.1002/mop.27175

Key words: global navigation satellite systems antenna; three-branch-

lines hybrid coupler; dual-band antenna; slotted patch; circular
polarization

1. INTRODUCTION

Several satellite navigation systems have been and are being

developed around the world. Global navigation satellite systems

(GNSS), provides reliable positioning in real time. The GNSS

includes GPS (USA), Compass (PR China), GLONASS (Russia),

and currently Galileo, with the arrival of the own Europe GNSS.

Multiband GNSS antennas having compact size, lightweight,

and low cost are needed for GNSS receivers on small satellites,

air planes, ships, and mobile terminals on the ground [1–2].

A lot of solutions have been proposed in literature to design

dual-band circularly polarized antennas. Two main techniques

exist: the first one uses stacked truncated corner patch to create

dual-band circular operations. This solution is interesting but the

thickness of the antenna is generally large [3]. The second tech-

nique, used in this article, consists in using a square patch on a

single substrate layer, having rectangular slots etched in the met-

allization of the radiating element to produce dual-band opera-

tion [4–6]. The technique uses in this kind of structure, pre-

sented in Ref. 7, consists in exciting the two modes TM100 and

TM300 of the patch. Then, to generate the circular polarization,

two main solutions exist. The first one consists in creating some

degenerated mode by adding some dissymmetry on the patch.

For example, in Ref. 8 to obtain a GPS L1–L2 bands antenna,

the authors used a truncated patch with a simple feed. However,

the drawback of this method is the limitation of the axial ratio

(AR) bandwidth. The second solution is to feed two orthogonal

modes with an equal amplitude and a quadrature of phase, thus

the AR bandwidth is only depending on the quadrature feeding

circuit. In Ref. 9, the author have a wideband circular polariza-

tion antenna using double square stacked patch with a capacitive

feeding and a power splitter using metamaterials lines, this work

is interesting but the antenna is two thick. To generate wideband

quadrature feeding, several solutions have been proposed in the

literature. Reference 10 demonstrates the possibilities of the

right-handed left-handed transmission lines to design a dual-

band hybrid quadrature coupler, combining surface-mounted ele-

ments with planar transmission lines. Tseng and Chang [11] pro-

posed a power splitter using composite right-left handed trans-

mission lines, with a Wilkinson power divider and two phase-

adjusting transmission lines. An impressive bandwidth of 300%

is obtained with an amplitude imbalance lower than 0.5 dB and

a phase error lower than 5�. However, this metamaterial coupler

is not robust to load mismatch. Equal power splitting and phase

quadrature are not satisfied if the load impedance is different

from 50 X. Dual band hybrid couplers [12] are applicable in the

GPS bands if the center frequency of the hybrid coupler is well

chosen because the frequency ratio is only about 1.31. This so-

lution is simple to implement and does not need any lumped

element.

2. ANTENNA DESIGN

2.1. Dual-Band Slotted Patch Antenna with Dual-Feed
The antenna is a slotted square patch with a dual-feed for circu-

lar polarization. The dual-band operation is achieved with slots

etched and well placed in the patch, the circular polarization is

obtained with a dual-feed in quadrature of phase. The two

modes TM100 and TM300 of the patch are exited to have similar

radiation pattern properties with no nulls on the broadside direc-

tion. The antenna is printed over a 0.127-mm thick duroid
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