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Abstract — Design procedure of a high gain dual-band
printed monopole antenna, resonating at 2.4 GHz and
5.5 GHz, is presented. The proposed design meets the
specifications required by WI-FI, WIMAX and radio
frequency identification (RFID) reader applications. Our
design utilizes Rogers RT/Duroid 5880(tm) substrate,
and the major radiation element is an annular circular
patch shape. The design was improved by adding a
face-to-face fork shape metal inside the annular circular
patch. The antenna feed consists of a microstrip line
and a slotted transformer section for matching purpose.
A prototype of the proposed antenna was fabricated
and the measurements of the return loss and antenna
radiation pattern were performed. The comparison
between the results obtained from the simulation and the
measurements showed an excellent agreement.

I. INTRODUCTION

Recent advances in Radio Frequency Identification
(RFID) led to the invention of new antennas for both the
tag and the reader. This is due to the increasing number
of applications that can employ RFID. The RFID reader
may have a high gain and multiband antenna to read the
tag information correctly. Dual band microstrip antennas
became suitable candidate for RFID and modern
communication applications. Accordingly, extensive
research was published for inventing efficient dual band
antennas.

In general, many techniques have been used for
designing dual band microstrip antennas. Among them
are etching of slots from the radiating element [1].
Hamad [2] used slot etching to design two different
dual-band rectangular microstrip antennas for the RFID
application. The first antenna resonates at 2.46 GHz and
5.78 GHz and operates at frequency bands (2.4-2.5 GHz)
and (5.6-5.8 GHz). The second antenna resonates at 2.47
GHz and 5.8 GHz while the bandwidth is from 2.4 to
2.5 GHz and from 5.8 to 6 GHz. A tapered structure
technique fed by coplanar waveguide [3] had also
been investigated. The integration of metamaterials with
antennas [4] was also employed for dual band design.
Rafiqul et al. [5] designed a dual-band microstrip patch
antenna using metamaterial for mobile GSM and WiMax
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application. An array of five split ring resonators (SRRs)
unit cells was inserted under the patch. The antenna
resonates at 1.8 GHz for mobile GSM and 2.4 GHz for
WIMAX applications. Multilayered structure had been
proposed for the design of dual band antenna. Dual-band
operation of a single-feed composite cavity-backed
four-arm curl antenna was presented in [6]. Dual-band
operation was achieved with the presence of the
asymmetrical arm structure. A pair of vacant-quarter
printed rings was used in the feed structure to produce a
good circular polarization (CP) at both bands. Another
technique, known as the defected ground plane technique,
modifies the ground plane instead of the radiating patch
to meet the multiband requirements [7,8]. Monopole
structure has also been used for dual band design. Panda
and Kshetrimayum [9] designed a simple microstrip that
fed folded strip monopole antenna with a protruding stub
in the ground plane for the application in WLAN and
RFID. The antenna supports two resonances at 2.4 GHz
and 5.81 GHz, which are the center frequencies of
WLAN and RFID, respectively. The design of a simple
and compact dual frequency monopole antenna for
Personal Communication System (PCS) and Bluetooth
applications was presented in [10]. The first operating
frequency was achieved from a traditional monopole
antenna structure for the frequency of 1.9 GHz for PCS
application, while the second operating frequency is
obtained from two spur line structures etched on the
traditional monopole antenna structure for the frequency
of 2.4 GHz for the Bluetooth application. A novel printed
slot antenna with circular polarization characteristics
using an L-shaped slot in the ground plane and an L-
shaped radiating stub with a pair of I'-shaped slits
was presented in [11]. The operating frequencies of the
proposed antenna are 5.2/5.8 GHz, which covers WLAN
system, 5.5 GHz for WiMAX system, and 4 GHz for C-
Band system. Compact array of printed dipole antennas
loaded with reactive elements was presented in [12]. The
design was successfully working at 0.9 GHz and 1.6 Ghz.

This paper aims at designing a high gain dual-band
microstrip antenna. The first step in the design started
with calculating the radius of the circular patch antenna
operating at 2.4 GHz. In order to have another resonance
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at 5.5 GHz the circular patch is slotted to produce an
annular ring. Finally to enhance the antenna gain the
design is modified by adding face-to-face fork-shaped
metals inside the annular ring. The final design is
fabricated using Rogers RT/duroid 5880(tm) substrate.
Measurements of S;;, antenna radiation pattern and
gain are carried out. Measured results showed excellent
agreement with the simulation results

I1. DESIGN PROCEDURE
As an initial design, a circular patch antenna
radiating at 2.4 GHz was considered, as shown in Fig. 1.
The resonance frequency of a circular patch microstrip
antenna is given by [13]:
x,mn

(frmno)_ \/EZTL'R' (1)
where x',,,, refers to zeroes of the Bessel function
derivative and R is the radius of the circular patch.
The dominant mode is TM, 44, corresponding to x';; =
1.8412. Thus,
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where v, = \/%_M =3 x 10% m/s and e, is the relative
oHro

permittivity of the substrate. Equation (1) does not take
the fringing effect into consideration. This effect makes
the patch appears larger than the real size, so the
effective radius R, after the fringing effect is as follows:

R, =R{1+ 2h [l (HR>+17726] 0.5 3
e — { 7TR€T n Zh . } ’ ( )
where h is the substrate height. Therefore,
_ 1.8412v, 4
(fr110) = Gp7e )

If one uses f, 110 = 2.4 GHz then the radius of the
circular patch as 2.1 cm considering h = 0.157 cm and
€, = 2.2 can be obtained. The feed line of this patch
is also designed using the microstrip transmission line
formula, namely, [14]:

w 2 e—1 0.61

;=;{B—1—1n(23— )+ [1n(3— 1)+0.39—?}
377

where B = TN Zy = 50Q. 5)

Upon using (5), the feed line width is found to
be 0.306 cm. In order to match the circular patch to 50Q
feed line, a wide transmission line transformer is inserted
between the patch and the line. The wider line is then
slotted in order to have proper matching. This is done
employing HFSS parametric study. The length of the
wide transmission line is initially taken as 6 cm while its
width is 3.5 cm. The slot dimensions are 3 cm X 1cm.
The initial design dimensions are used in HFSS
simulation package in which the patch and feed layout
are illustrated in Fig. 1. The ground plane height is
considered as a parameter, and the reflection coefficient
S1, is calculated at different values of the ground plan
height. The best result found at a ground plane height
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is 6.5 cm. The resulting reflection coefficient S,;
corresponding to the initial design is illustrated in Fig.
2. As shown in Fig. 2, S;;corresponding to the initial
design resonates at 2.4 GHz, 4.8 GHz, and 5.6 GHz.

Fig. 1. Initial design of the monopole antenna.

Fig. 2. S;, at different frequencies.

In order to eliminate the resonance at 4.8 GHz,
the matching section dimensions are considered as a
parameter in HFSS. A parametric study is employed to
obtain the pre-specified resonance frequencies and to
improve S;;. The optimum values obtained are found
to be 5c¢m x 2.5 cm for the outer dimensions of the
rectangle and 4 cm X 1 c¢m for the inner dimensions of
the rectangle. The antenna resonates at 2.4 GHz and 5.5
GHz as shown in Fig. 3. There is an improvement in S;;
in the last result, but the antenna gain still needs to be
enhanced.

Thus, an improved design suggests creating a slot
in the circular patch as shown in Fig. 4. The inner and
outer radii of the annular ring are then considered as
parameters in HFSS simulation package. The optimum
value of the inner radius is 2.5 cm, while the outer radius
of the annular ring is 3.5 cm. In such a case, the antenna
has resonance at 2.4 GHz and 5.5 GHz with higher gain
as desired; however, there is an undesired small dip at



4.8 as shown in Fig. 5.
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Finally, to obtain an optimized antenna parameter, which
gives high gain wide bandwidth, and the dual resonance,
183 trials (by changing some parameters and fixing the
others) were performed. The final design dimensions are
illustrated in Table 1, produce an antenna efficiency of
86%.

Table 1: Optimized antenna parameters

Label Value (cm) Label Value (cm)
Ly 16 W 4.1
L, 7.98 A 0.306
L 5 a 3.1
Frequency (GHz) 3 1
L, 4 a, 2.1
: : : L 3.2 a 1.42
Fig. 3. S;; at different frequencies. 5 3
g% °n q W, 10 a, 0.92
wy 0.51 h 0.157
Wy

Fig. 4. Improved design of the monopole antenna.

0
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Fig. 5. S, at different frequencies.

The result achieved the desirable S, ;, the bandwidth
at the two resonance frequencies and the gain need to be
increased. Therefore, the antenna design is modified
by adding face-to-face fork-shaped metals inside the
annular ring as shown in Fig. 6. The radii of the fork
shape resonators were considered as parameters in the
HFSS simulation package to obtain optimal dimensions.

Fig. 6. Final antenna design.

I11. FABRICATION AND FINAL
SIMULATION

The dimensions given in Table 1 are used to
fabricate the antenna using Rogers RT/duroid 5880(tm)
substrate. The antenna fabrication and measurements of
S11 were performed at the National Telecom Institute
(NTI) in Cairo, Egypt. The Vector Network Analyzer
shown in Fig. 7 was utilized to measure S, ;. Meanwhile,
by employing the above dimensions in the simulation
package, the theoretical results for S;, were obtained.

The measured and simulated results of the S;, in the
frequency range 0-6 GHz are illustrated in Fig. 8. Thus,
an excellent agreement between the measured loss and
the simulated return loss S, ; is obtained. Figure 8 shows
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that there are only two resonances at 2.4 GHz and 5.5
GHz. In addition, the antenna gain is maximized.

Fig. 7. Fabricated antenna.
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Fig. 8. Measured and simulated S,; of the proposed
antenna.

The designed antenna’s radiation pattern and gain
are measured using the facilities at the Military
Excellence Center as shown in Fig. 9.

The maximum gain at different values of frequency
is measured and the results are illustrated in Fig. 10. As
shown in Fig. 10, the maximum gain was shown at 2.5
and 5.5 GHz to be (6.47 dB) and (8.52 dB), respectively.
The comparison of the antenna gain between our
proposed design and that of [1] is shown in Table 2. As
shown in Table 2, our design excels the ones given in [1]
in the gain, while our design has less bandwidth at the
resonance frequencies.
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Fig. 9. Proposed antenna mounted in the Anechoic
Chamber of the Military Excellence Center.

Maximum Gain (dB)

Frequency (GHz)

Fig. 10. Maximum gain versus frequency.

Table 2: Comparison between our results and [9]

Resonance Bandwidth | Maximum
Frequency (GHz) (MHz) Gain (dB)
[9] 2.4 860 3.70
5.8 590 7.57
6.47 at
2.4 110 ¢ =92°,
Our 6 = —88°
Design 8.52 at
55 260 ¢ = 142°,
6 = —60°

The 3D total far electric field radiation pattern at
2.4 GHz produced from the simulation package is shown
in Fig. 11.



RAGHEB, EL-AAL, SAAD, ZAALOUK: DUAL-BAND PRINTED MONOPOLE ANTENNA DESIGN 1173

Fig. 13. A reasonable agreement was found between the
simulation and the measured patterns in this case.

Measured

- = = Simulated

270
Fig. 11. 3D radiation pattern at 2.4GHz.

Therefore, the maximum radiation occurs in the
upper half of the x-y plane. Accordingly, the antenna
can radiate effectively along positive z-axis. In addition,
there is a quite large lobe along the negative z-direction.
The measured and simulated total far electric field
radiation patterns in the x-z plane is shown in Fig. 12.
An excellent agreement between the radiation patterns
corresponding to the measured and the simulation results

180

Fig. 13. Radiation pattern in the y-z plane at 2.4 GHz.

is observed.
The 3D total far electric field radiation pattern at 5.5
Measured GHz is illustrated in Fig. 14, while the radiation pattern
= = = Simulated in the x-z plane is shown in Fig. 15. A good agreement

was found between simulation and measured patterns in
this case. The perpendicular two-dimensional pattern in
the y-z plane is obtained from the simulation package and
compared with the corresponding measured pattern as
shown in Fig. 16. A reasonable agreement was found
between the simulation and the measured patterns in this
case.

270

180

Fig. 12. Radiation pattern in the x-z plane at 2.4 GHz.

Other two-dimensional patterns in the y-z plane were
calculated using the simulation package and compared
with the corresponding measured pattern illustrated in Fig. 14. 3D radiation pattern at 5.5 GHz.
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Measured

= = = Simulated

180

Fig. 15. x-z 2D radiation pattern at 5.5 GHz.

— Measured
= = = Simulated

Fig. 16. y-z 2D radiation pattern at 5.5 GHz.

1V. CONCLUSION

A high gain dual-band microstrip patch antenna
resonates at 2.4 GHz and 5.5 GHz for WI-FI, WIMAX
and radio frequency identification reader application is
successfully designed. The antenna is fabricated and
tested where excellent agreement between theoretical
and practical results is found. In addition, the maximum
gain at 2.4 GHZ is about 6.47 dB while at 5.5 GHz is
8.52 dB. The proposed antenna has a simple configuration
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and it is easy to be fabricated. Experimental results excel
the corresponding theoretical ones.
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