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A wideband, compact planar monopole antenna having a 2 : 1 VSWR bandwidth of 98% (1.68 GHz—4.9 GHz) is presented. The
omnidirectional radiation pattern with moderate gain and linear polarization in the entire band makes the antenna an excellent
candidate for new generation mobile applications. Details of the antenna design and a comparison of simulated and measured

results are presented and discussed.
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1. INTRODUCTION

With the development of wireless communications, there is
a growing demand for both voice and data services. The ser-
vice providers are upgrading their networks with advanced
technologies since the number of mobile phone subscribers,
as well as usage rate, is growing tremendously. Recently, FCC
licensed a spectrum designated “Advanced Wireless Services”
(AWS) that offers a variety of wireless services including the
broadband 3G mobile. Leading mobile telephone manufac-
turers are integrating features like satellite radio and TV to
the hand-held devices. These systems need an antenna with
wideband or multiband characteristics to cater the forthcom-
ing mobile communication.

One technique to provide such feature is to integrate a
multiband antenna that operates over specific narrowband
frequencies such as broadband dual-frequency meandered
CPW-fed monopole antenna [1], planar monopole antenna
for GSM/DCS/PCS/WLAN operation band [2], a low profile
monopole antenna for GSM/DCS/PCS/UMTS operation [3].
However, it would be extremely difficult to accurately achieve
the frequency requirements of all future communication sys-
tems. Alternately, a single antenna that covers a wide range
of frequencies with the same polarization would be an ideal
candidate not only for present multiband applications but
also for future communication systems.

Recently many antennas with wideband characteristics
have been successfully designed for mobile applications
[4-8]. For example, a compact wideband planar antenna
is reported [4] which covers (870 MHz-2450 MHz) includ-
ing GSM/GPS/DCS/PCS/UMTS and WLAN applications. It

uses “M”-like radiating element with a main ground be-
low the microstrip feed and a “I”-shaped ground protrud-
ing from the main ground below the radiating element. A
CPW-fed wideband planar monopole antenna (1710 MHz—
2483 MHz) for operations in DCS, PCS, 3G, and Bluetooth
[5] uses the symmetric slope in the ground plane to ob-
tain wideband performance. Wideband monopole antenna
(1700 MHz-2500 MHz) with a parasitic square ring patch
that is shorted to the ground and fed by top loaded coax-
ial probe is reported [6]. Folded monopole antennas are
widely used for broadband application. For example, a CPW-
fed broadband G-Shaped monopole antenna for wireless ap-
plications is reported by Kim et al., which incorporate two
folded monopoles to get a broad bandwidth [7] and a folded
monopole antenna suitable for DCS/PCS/UMTS/WLAN op-
eration is reported by Lee et al. [8].

In this paper, we report a compact, wideband, prin-
ted, funnel-shaped monopole antenna that operates from
1.68 GHz to 4.9 GHz, covering major wireless communica-
tion bands like AWS, DCS, DECT, PCS, PHS, 3G, UMTS,
DSR, Wi.Bro, ISM, and DMB.

2. DESCRIPTION OF THE PROPOSED ANTENNA

The geometry and dimension of the proposed antenna is il-
lustrated in Figure 1. The proposed antenna comprises of a
50 Q microstrip line feed, strip monopole of length Lyy =
0.1641 (15mm) and width Wy, = 3mm (same as the
width of 50 Q microstrip line) with a funnel-shaped patch
F) and a similar patch F, electromagnetically coupled to the
monopole on the other side of the substrate. The antenna is



International Journal of Antennas and Propagation

Ly
L
ol WHN Truncated
ground
plane
L (bottom side)

—
<—— SMA connector

FIGURE 1: Geometry and optimized dimensions of the proposed an-
tenna [L = 67, Wg = 67, Lg = 29, Lyy = 15, Wy = 3, Wy = 7.5,
Lr =19, Rg = 11, Sy1 = 0.3, 811 = 6.5, Spa = 3, 81, = 5.25,h = 1.6
(units in mm), &, = 4.4].
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FiGure 2: Effect of position of patch F; on return loss characteristics
[L =67, Wg=067,Ls=29, Ly =15 Wy =3, Wg =7.5Lg =19,
Rg =11, Sy = 0.3, h = 1.6 (units in mm), &, = 4.4].

etched on a substrate of relative permittivity ¢, = 4.4 and
thickness 4 = 1.6 mm. The radiating patches have a base
width Wx = 0.0821 (7.5 mm), length Lz = 0.2081 (19 mm),
and the radius of curvature Rg = 0.121A (11 mm), where A
is the free space wave length corresponding to the mean fre-
quency ( f;) in the band.

From simulation studies, it is found that slight offset
of patch F; is required for optimum bandwidth. Patch F,
placed symmetrically over the strip monopole offered low
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FiGure 3: Effect of position of patch F, on return loss characteristics
[L=67,Wg=067,Lc=29,Ly =15 Wy =3, Wg =7.5,Lg =19,
Rr = 11, Sy = 0.3, S;; = 6.5, Sy» = 3, h = 1.6 (units in mm),
& = 4.4].

impedance bandwidth. From the exhaustive simulations of
the offset parameters Sy; and S, the optimum position of
F, was identified. For the present design, the optimum offset
parameters are Sy; = 0.0031 (0.3 mm) and S;; = 0.071A
(6.5mm). This optimum behavior of the antenna is illus-
trated in Figure 2.

A similar patch F, introduced to this optimized config-
uration offered a much improved overall bandwidth perfor-
mance. It is clear from Figure 3 that the optimum bandwidth
is obtained when Sy, = 0.0331 (3mm) and S;, = 0.057A
(5.25mm), with F, offset in the direction opposite to that
of F 1.
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FiGure 4: Electric field distribution in the antenna at center fre-
quency: (a) patch F, in the same direction as patch Fj, (b) patch F,
in the opposite direction to F; [L = 67, Wi = 67, Lg = 29, Ly = 15,
WM = 3, WR = 75, LR = 19, RR = 11, SHI = 03, SLl = 65, SHZ = 3,
S15 = 5.25, h = 1.6 (units in mm), &, = 4.4].

Moreover, under this condition the excited field distri-
bution is in such a way that more fringing electric field is
available on the periphery of the geometry and hence the ra-
diation efficiency is more. On the other hand, if the patch F,
is moved along the same direction as patch Fj, the electric
field becomes weak along the periphery; thus reducing the
fringing effect and resulting in low radiation efficiency. This
is clearly demonstrated in Figures 4(a) and 4(b).

The influence of ground plane parameters on the reso-
nance behavior is also studied and optimized for maximum
bandwidth. Simulation results shown in Figure 5 reveals that
the ground plane with a width of W = 0.7351 (67 mm)
and length Lg = 0.3181 (29 mm) can provide the maximum
bandwidth.

3. RESULTS AND DISCUSSION

The prototype of the funnel monopole antenna with optimal
design was fabricated and tested. The measurement was per-
formed using Agilent E8362B PNA series network analyzer.
Figures 6(a)—6(c) show the simulated and measured return
loss characteristics of the strip monopole, strip monopole
with patch Fj, and the strip monopole with patch F; and F,
respectively. The measurement confirms the wideband char-
acteristic of the proposed antenna, as predicted in the simu-
lation.
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Ficure 5: Effect of ground plane dimensions on the return loss
characteristics: (a) Wg variation [L = 67, Lg = 29, Lyy = 15,
Wy =3, W =75, Lg = 19, Rg = 11, Sy; = 0.3, §;; = 6.5,
St = 3, 81, = 5.25, h = 1.6 (Units in mm), &, = 4.4], (b) Lg vari-
ation [L =67, Wg =67, Ly = 15, Wy = 3, W = 7.5, Lp = 19,
RR = 11, SH1 = 03, SL1 = 6.5, SHz = 3, SL2 = 5.25, h = 1.6 (units in
mm), & = 4.4].

The strip monopole with the truncated ground plane res-
onates at 2.9 GHz with a 2 : 1 VSWR band width of 34.8%.
It is clear from Figures 6(b) and 6(c) that the influence of
the patch F, is predominant at the low-frequency region
(around 2.5 GHz). The lower cutoff frequency is also low-
ered by the introduction of the patch F,. It can be seen that
the proposed structure exhibits a 2 : 1 VSWR band from
1.68 GHz—4.9 GHz with 98% bandwidth at mean frequency
(fo) of 3.29 GHz, satisfying the present day requirements of
communication channels.
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FIGURE 6: Measured and simulated return loss characteristics of the proposed antenna: (a) strip monopole alone [L = 67, W = 67, Lg = 29,
Ly = 15, Wy = 3, h = 1.6 (units in mm), &, = 4.4], (b) strip monopole with patch F; [Wg = 7.5, Lg = 19, Rg = 11, Sg; = 0.3, S;1 = 6.5,
(units in mm)], (c) Strip monopole with patches F; and F, [Sy, = 3, S, = 5.25 (units in mm)].

A more insightful understanding of the proposed an-
tenna behavior can be obtained by analyzing the current dis-
tributions at different frequencies (see Figure 7). It is evident
from Figure 7(a) that at lower frequencies all the antenna el-
ements are contributing for the radiation. In the middle fre-
quency region (around 3.2 GHz) strip monopole and patch
F, contribute strongly to the radiation, while patch F, im-
proves the overall impedance matching. At the higher fre-
quency second harmonic on the strip (Figure 6(c)) is respon-
sible for the radiation.

Figure 8 shows the measured radiation patterns in the
X-Z and Y-Z planes at 1.7GHz, 1.8 GHz, 2.4 GHz, and

4.9 GHz, respectively. The antenna offers nearly similar ra-
diation patterns throughout the band, except at the higher-
band edge. The pattern is found to be omnidirectional along
the X-Z plane and figure-of-eight shape in the Y-Z plane.
Thus the presence of funnel-shaped patches has resulted in
enhancing the impedance bandwidth of single monopole
antenna, without deteriorating its radiation performance.
The antenna is linearly polarized along the Y direction over
the entire band.

The gain measurements are carried out using Agilent
E8362B PNA by gain transfer method with standard an-

tenna. Measured antenna gains in different bands, listed in
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Ficure 7: Simulated current distributions of the proposed antenna
at (a) 1.7 GHz, (b) 3.2 GHz, (¢) 4.5 GHz [L = 67, W = 67,Lg = 29,
LM = 15, WM = 3, WR = 75, LR = 19, RR = 11, SHI = 03,
Si1 = 6.5, Sy2 = 3, S5 = 5.25, h = 1.6 (units in mm), ¢, = 4.4].

TaBLE 1: Measured gain of the proposed antenna in different bands
[L=67, Wg=67,Lg=29,Ly =15 Wy =3, W =7.5,Lg =19,
Rr=11,84 =0.3,S;; = 6.5,S4, = 3,8, =5.25,h = 1.6 (units in
mm), & = 4.4].

Measured gain at the center

Band frequency of the band, dBi
(gain transfer method)

AWS (1710-1755 MHz) 2.7

AWS (2110-2115 MHz) 3.7

DCS (1710-1880 MHz) 4.0

DECT (1880-1900 MHz) 46

PCS (1850-1990 MHz) 5.3

PHS (1905-1920 MHz) 5.0

3G (1920-2170 MHz) 4.0

UMTS (1920-2180 MHz) 3.5

DSR (2290-2300 MHz) 3.1

Wi.Bro (2300-2390 MHz) 3.6

ISM (2400-2485 MHz) 45

DMB (2605-2655 MHz) 4.6

TaBLE 2: Experimental results of the proposed antenna for different
center frequencies. Design values for 3 GHz [L = 73.5, Wi = 73.5,
L = 32, Ly = 16.4, Wy = 3, Wg = 8.2, Lg = 20.8, Rg = 12,
St = 0.3, 8, = 7.1, Syr = 3.3, S;, = 5.7, h = 1.6 (units in mm),
& = 4.4]. Design values for 4 GHz [L = 55, W = 55, Lg = 24,
Ly = 123, Wy = 3, Wg = 6.2, Lg = 15.6, Rg = 9, Sy; = 0.23,
Si1 = 5.33, Syy = 2.48, 815 = 4.28, h = 1.6 (units in mm), &, = 4.4].

. fi—fu Measured Bandwidth
Designed f. (GHz) (GH2) £ (GHz) (GHz)
3 1.62-4.39 3.005 2.77
2.05-6.14 4.095 4.09

Table 1, indicate the reasonable gain offered over the entire
band of operation. High gain in PCS and PHS bands is due to
monopole radiation aided by current distribution on funnel-
shaped geometry.

The radiation efficiency of the proposed monopole an-
tenna is determined using Wheeler Cap method [9]. The av-
erage efficiency of the antenna is found to be around 85%.
Antennas at center frequencies of 3 GHz and 4 GHz were also
designed and experimentally verified as shown in Table 2.

4. CONCLUSION

A novel funnel-shaped monopole antenna fed by microstrip
line capable of serving the needs of new generation mobile
applications is proposed. Wide impedance bandwidth and
omnidirectional patterns with moderate gain are the striking
features of the design.
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FIGURE 8: Measured radiation patterns of the proposed antenna (a) 1.7 GHz, (b) 1.8 GHz, (c) 2.4 GHz, (d) 49GHz [L = 67, W; = 67,
LG = 29, LM = 15, WM = 3, WR = 75, LR = 19, RR = 11, SHI = 03, SLI = 65, SHZ = 3, SLZ = 525, h=1.6 (units in mm), & = 44]
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