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A Low Profile Dual-Microstripline-Fed 4-Arrayed Meander Monopole
Antenna
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Abstract

In this paper, we present a low profile dual-microstripline-fed double 4-arrayed meander monopole antenna with a cross-type
element back by separated four-segments mesh-type reflector. The cross-type element and separated four-segments mesh-type
reflector leads to enhance radiation patterns and antenna gain characteristics. The measurement value of the proposed antenna show
that it has dipole-like radiation pattern characteristics. The experimental peak gain of fabricated antenna is about 2.89 dBi, which
presents relatively high gain characteristics for a low profile(small-size) one. This antenna can be applied mobile RFID(radio
frequency identification) readers, small medical instruments, broadcasting and home-networking operations, and other low profile
high-gain systems.
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| . Introduction

Monopole antennas are used in mobile communications.
A monopole antenna is very simple and efficient radiating
element [1]. The simple whip and monopole antenna are
attractive for using in mobile handsets and repeater applica-
tions because of omni-directional characteristics, simple
structure, and the inherent 2:1 size reduction over equiv-
alent dipole designs [2]. However, this antennas suffer
from the problem of a limited bandwidth and a distortion
radiation characteristics. This narrow bandwidth is a major
obstacle that restricts wider applications. To achieve du-
al-band operation in the compact monopole antenna design,
some promising designs, such as using a bent fork-type
monopole[3] or a planar monopole in wrapped structure
[4], have been invested for cellular communication ap-
plications. It is noted that these conventionally compact
monopole antennas for single-band or dual-band operation
are fed using a pro-fed or a microstrip-line feed [3].
Relatively, the design of monopole antenna using the feed-
ing scheme of a coplanar waveguide(CPW) has been re-
ported many attractive features, such as no soldering
points, easy integration with microwave devices, and a sim-
plified configuration with a single metallic layer, thus the
designs of the CPW-fed antennas have recently received
much attention. A simple way has proposed in [5-6] where
a meandering conductor line printed on a single-dielectric
substrate is used to reduce the size of a monopole antenna
but the gain characteristic of the resulting antenna was low
level(approximately 1.2dBi ) at 900MHz. The radiation
patterns of its antenna have been showed un-uniform and
null-points characteristic. The low gain and null-points
characteristic for a low profile antenna is a major obstacle
that restricts a built-in RFID mobile applications.

In this paper, we present a low profile microstripline-fed
double 4-arrayed meander monopole antenna with a
cross-type element back by separated four-segments

mesh-type reflector. This antenna can be manufactured in

relative simple procedure. The cross-type element and back
by the four-segments mesh reflector is used to enhance the
impedance matching and to increase the antenna gain. The
double arrayed meander structure leads to enhance the an-
tenna gain and to reduce the antenna profile at once. This
antenna offers an uniform radiation patterns and a high-
gain characteristics for antenna profile(size). The measure-
ments show that the antenna has dipole-like radiation pat-
tern characteristics, and the variation in the radiation pat-
terns is slight across the frequency range interest. Details
of the antenna design and structure are described, and ex-

perimental results are also presented and discussed.

[l. Antenna structure and experimental results

Figure 1 shows the geometry of microstripline-fed dou-

ble meander 4-arrayed monopole antenna with a cross-type
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Fig. 1. Antenna structure and design parameters
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element back by separated four-segments mesh-type reflec-
tor. The proposed antenna is fed by double micro-
stripline-fed and the rectangular meander is printed in two
metal layers and a cross-type element and back by the
four-segments mesh reflector. A cross-type element and
back by the four-segments mesh reflector is used to en-
hance the impedance matching and to increase the antenna
gain. The double arrayed meander structure leads to en-
hance the antenna gain and to reduce the antenna pro-
file(size) at once. This antenna can be manufactured in rel-
ative simple procedure. It consists of double 2-arrayed rec-
tangular meander elements, a cross-type element, and the
separated four-segments mesh, dual microstrip feed line
and 50W coaxial cable with N-type connector. The upper
dielectric layer is placed between the front 2-arrayed rec-
tangular meander element with feed line and the back 2-ar-
rayed rectangular meander element with feed line, improv-
ing the coupling. The lower dielectric layer is placed be-
tween the cross-shaped element and the separated four-seg-
ments mesh reflector. The radiators and micrstrip feed line
are etched on the FR-4 substrate(er=4.3, 1mm thick), and
the cross-shaped element and the four-segments reflector
are also etched on the FR-4 substrate(er=4.3, 1mm thick).
The 50W coaxial cable is attached to the lower microstrip
feedline, through a small hole in the dielectric layer 1. The

(@)
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cross-shaped element is located on the dielectric layer 2.
And four-separated mesh reflectors are attached under
four-segments mesh reflector. Ls,Ws are the lengths and
the width of the substrate, respectively. Lm,Wm are the
lengths and the width of a rectangular meander,
respectively. Lms,,Wms are the lengths and the width of
a meander stub, respectively. Lme,Wme are the lengths
and the width of a central meander element, respectively.
Lme,Wme are the lengths and the width of a central mean-
der element, respectively. Lr,Wr are the lengths and the
width of the separated reflector, respectively, hag is the air
gap between the layer of the lower 2-arrayed rectangular
meander element and the layer of the cross-shaped element.
Lr,Wr are the lengths and the width of the separated re-
flector, respectively. The cross-type element and back by
the four-segments mesh reflector is used to enhance the im-
pedance matching and to increase the antenna gain. The
double arrayed meander structure leads to enhance the an-
tenna gain and to reduce the antenna profile at once.
The fabricated antenna dimensions are as follow:
Ls=59mm Ws,=73mm, Lm, =21.5mm, Wm=6.5 mm,
Lms=20 mm, Wms,=1.94mm,Lme,=mm, Wme= mm,
Wmes=1.94mm, Lce=59mm, Wce=16mm,Lr, =19mm, W
r, =21lmm, ,Lf2=25mm, Wfl=1.9 4mm, hag= 8§ mm,.
hs1= hs2=1.0 mm. The front face photo of fabricated an-

(b)

Fig. 2. Photo of fabricated antenna. (a) Front, (b) Back
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tenna is shown in Figure 2(a). The back face photo of fab-
ricated antenna is also presented in Figure 2(b).

This proposed antenna is designed by using commercial
program based on the CST Microwave Studio[6]. To verify
its performance, the proposed antenna was fabricated and
measured. The antenna was fabricated using FR-4(h=1.0
mm), and the overall size of the proposed antenna is 59
mmx73 mmx2 mm. The VSWR of the proposed antenna
was measured with an HP8510B network analyzer.

In Figure 3, the simulated and the measured VSWR
(Voltage Standing Wave Ratio) of the proposed antenna are
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Fig. 3. VSWR of proposed antenna

0 ——0.908GHz
----0.911GHz
e 0.914GHz

-20 4

=30 4

40 4270

-30

-20 4

10 -

180

T2 4. x-z HojMe| SAHNEH ZH|
Fig. 4. Measured radiation pattern in x-z

compared. The experimental result is relatively good agree-
ment with the calculated result. The measured bandwidth
of the antenna is 0.885 GHz ~ 0.945 GHz for a VSWR
of less than 2.0. The simulated bandwidth of this antenna
is 0.897 GHz ~ 0.923 GHz for a VSWR of less than 2.0.
The obtained bandwidths cover both the RFID(0.908-0.914
MHz) and other mobile communication operations. An in-
vestigation of the radiation pattern characteristic of this an-
tenna shows the characteristics to be similar to a conven-
tional monopole. In Figure 4, the measured x-z plane radia-
tion patterns of the proposed antenna is a bi-conical radia-
tion pattern. The y-z plane radiation pattern is omni-direc-
tional, as illustrated in Figure 5. In addition, it is expected
that, in general, the smaller CPW-fed, or microstripline-fed
structure can affect the radiation patterns less than the other
existing approaches. The measurements show that the an-
tenna has dipole-like radiation pattern characteristics, and
the variation in the radiation patterns is slight across the
frequency range interest. Measured gain against frequency
of RFID, mobile system is shown in Figure 6. The gain
is relatively higher over most of the band, and this is most
probably due to the effect of the finite size of the antenna
substrate, i.e. power in the surface wave is not confined

to the substrate but diffracted by the substrate edge, an ef
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Fig. 5. Measured radiation pattern in y-z
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Fig. 6. Measured antenna gain

fect which is not taken into account in analysis. The meas-
ured gain is 2.3 dBi over the entire band in the usable fre-
quency band, but drops off rapidly past the band edges.
This is due to impedance mismatchand pattern degradation,
as the back radiation level increases rapidly at these
frequencies. The maximum gain is most important to eval-
uate the communication possibility. The measured peak
gain is 2.89 dBi, which presents relatively high gain for

the antenna profile(size).

E 1. L HE Bl

Table 1. Comparison of antenna performance

Antenna Bandwith Zi?rféi?z Gain[dBi]
sizejmm] | (vSWR>2.0) | P
plane)
. 0.897 GHz ~ | a bi-conical
This paper | 58x73x10 0923 GHz pattern 2.89
Conventional 0.897 GHz a bi-conical
paper, Ref.® 50x75x3 ~0.930 GHz pattern 23

In Table 1, the characteristics of this paper and conven-
tional paper are compared. We obtain the experimental
antenna peak gain of this paper and the conventional paper

is about 2.89 dBi, 2.3 dBi in respectively.

lll. Conclusion

In this paper, we present a new design of a double micr-
stripline-fed meander 4-arrayed monopole antenna with a
cross-shaped element and separated four-segments mesh-
type reflector. The proposed antenna is fed by double micr-
stripline-fed and the rectangular meander is printed in two
metal layers with cross-typed element back by the sepa-
rated four-segments mesh reflector. A cross-shaped element
and separated four-segments mesh-type reflector is used to
enhance the impedance matching and to increase the anten-
na gain. The double arrayed meander structure leads to en-
hance the antenna gain and to reduce the antenna profile
at once. The experimental values of antenna offer an uni-
form radiation patterns and a high-gain characteristics. The
experimental peak gain of fabricated antenna is about 2.89
dBi, which presents relatively high gain characteristics for
a low profile(small-size). The proposed antenna can be also
applied to wide-band and high-gain built-in RFID fields,
cellular and broadcasting, and other low profile and

high-gain mobile systems.
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