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Abstract: A directional ultra-wideband (UWB) antenna with improved radiation patterns is presented. The pro-
posed sheme comprises a differential-fed microstrip antenna and a rectangular cavity. The hexagon-shaped slot and
four triangle-cut corners on the ground plane of the planar antenna are used to improve the impedance matching
within the UWB frequency range. A rectangular cavity is used as the reflector for the planar microstrip antenna, so
as to achieve directed radiation. The measured results indicate that the designed antenna exhibits a stable broadside
directional radiation patterns within the entire operating frequency band. Furthermore, thanks to the differentially

driven technique, the cross-polarization is greatly decreased and the polarization purity is maintained in a high lev-
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0 Introduction

Thanks to the advantages of high date rate,
great capacity, simplicity, and low cost, ultra-
wideband (UWB) short-range wireless technolo-
gy has attracted more and more attention since
the Federal Commercial Commission (FCC) re-
leased the frequency band 3. 1—10. 6 GHz for

[ As an important

commercial UWB systems
component of UWB system, UWB antenna holds
appealing features of simple structure, wide im-
pedance bandwidth (BW), stable radiation pat-
terns, and constant gain in the desired direction.
So far, various planar UWB antennas have been

26] " However, those planar antennas

presented
exhibit omnidirectional radiation patterns. In
some applications that require unidirectional radi-
ation patterns, the planar antennas will waste ra-
diation power in needless directions. Thus, UWB
antennas with stable directional radiation patterns

are needed. Although some directed UWB anten-
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nas have been proposed™, most of them have a
common deficiency: Radiation pattern degrading
in high frequency band. Most degradations mean
splitting the radiation pattern, low polarization
purity of the radiation pattern in the high frequen-
cy band, etc.

Recently, the differential-fed antennas have
been increasingly popular, thanks to their easy
integration with the differential devices, low
cross polarization and so on"''", A differential-
fed directional UWB antenna with improved radi-
ation patterns is presented. The proposed antenna
comprises a differentially driven microstrip anten-
na and a rectangular cavity. The rectangular cavi-
ty, working as a reflector, unidirectional reflect
radiation within the entire operation frequency
band. Furthermore, thanks to the differentially
excited strategy, the cross-polarization level is
maintained less 20 dB than co-polarization over
the whole UWB frequency range, which results in
high polarization purity of radiation patterns. All
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the simulated results are drawn by using the soft-
ware of ANSYS high frequency structure simula-
tor (HFSS), a commercial 3-D full-wave electro-

magnetic simulation tool.

1 Antenna Configuration

Fig. 1 shows the configuration of the differ-
ential-fed planar antenna backed by a rectangular
cavity. The proposed differentially driven micros-
trip antenna is printed on FR4 substrate with
thickness of 1 mm, relative dielectric constant of
4. 4, and loss tangent of 0. 02. As shown in
Fig. 1(b), on top of the substrate, the differential
microstirp feeding lines are etched, loading with
two partially cut elliptical patches. The width of
the feeding lines is chosen as 1. 86 mm to achieve
the characteristic impedance of 50 Q. For good
impedance matching, part of the feeding lines ta-
per from 1. 86 mm to 1 mm. The ground plane
with central hexagon-shaped slot is printed on the
bottom side of the substrate. Four corners of the
ground plane are cut to further ameliorate the im-
pedance matching, especially in the high frequen-
cy band. To realize the stable wideband direction-
al radiation patterns, the proposed planar antenna
is backed by an inverted pyramidal cavity with a
inverted pyramidal cross section which occupies a
volume of 70 mm X85 mm X 10 mm. Two coaxial
cables are used to conveniently feed the differenti-

al antenna. The coaxial inner conductor is con-

Side view
i

3-D view Side view

Top

Bottom

Fig. 1 Configuration of the proposed antenna

nected to the feedline of top planar patch, while
the outer conductor is connected both the ground
of the top patch antenna and the backed cavity.
Based on the optimized parameters on Table 1, an
antenna prototype is designed and fabricated as

shown in Fig. 1(c).

Table 1 Optimized antenna parameters
Parameter Symbol Parameter value / mm

The maximum width of ground w 21

The maximum length of ground H 34

The maximum length of central hexagon-shaped slot W, 20

The length of the short side of right triangle witch connected to hexagon W, 4.5
The length of the long side of right triangle witch connected to hexagon L, 5.25

The right-angle-side length of the four corners cut from the ground plane R, 6
The gap of the two hexagon-shaped slots w, 0.5

The gap between the two semi-elliptical radiation G, 5
A half of major axis of radiation patch R, 5.25
A half of minor axis of radiation patch R.; 3.75

The length of the feeding line Ly 8
The maximum width of feeding line W, 1. 86

The length of the gradual change of feeding line L,

The minimum width of feeding line W, .

The bottom width of cavity a 50

The bottom length of cavity b 65

The top width of the cavity ¢ 70

The top length of cavity d 85

The distance between substrate and cavity h 20

The depth of the cavity I 10
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2 Antenna Design and Analysis
2.1 Differential-fed microstrip antenna

A differential-fed antenna can be regarded as
a two-port differential device, excited by two sig-
nals with equal amplitude and out of phase. Thus
the reflection coefficient of the differentially driv-

en can be defined as
S]] :%(S]] _Slg _521 +Szz) (1)

where S;,is the reflection coefficient of port-1;S,,
the reverse transmission coefficient of port-2 to
port-1; S,; the forward transmission coefficient of
the port-1; S,, the reflection coefficient of the
port-2. Sy, is equivalent to the reflection coeffi-
cient of the input port of the anti-phase divider,
while the two output ports of the divider are con-
nected with two ports of the differential-fed an-
tenna respectively. Fig.2 shows the evolving
process of the proposed planar differential-fed an-
tenna. The corresponding simulated | S, | re-
sults of Ant A, B, and C are shown in Fig. 3. It
can be seen that the impedance matching of Ant A
is terrible both in low and high frequency bands.
The simulated result indicates that, with the ad-
dition of four triangle patches, a gradual imped-
ance transformation exists in the ground plane.
The resonant mode at low frequencies is changed,
and the low resonant frequency at 2. 5 GHz is in-
creased to 3. 1 GHz, which results in the im-
provement of the impedance matching at low fre-
quencies. In Ant C, four isosceles right triangles
are cut from the corners of the ground plane.
Hexagon ground plane leads to the generation of a
new resonant frequency at 8 GHz, so that the im-
pedance matching in the high frequency band is
greatly ameliorated. In a word, due to the gradu-

al change of the ground, which effects the distri-

bution of the surface current, |S,, |is changed.

Finally, the differential-fed microstrip antenna
(Ant C), with UWB impedance band of 3—12
GHz, is proposed.

2.2 Proposed directional UWB antenna

Fig. 4 shows the simulated three-dimensional

4 5 6 7

8 9 10 11 12
Frequency / GHz

Fig. 3 The simulated | S, | results of Ants A, B, and C

radiation plots of the planar differential-fed anten-
na without backed cavity. It can be observed that
the main beams of the antenna are stabilized in
the broadside direction within the whole frequen-
cy range. This stable radiation property may
somewhat avoid splitting radiation pattern, espe-
cially in the high frequency band, when the pro-
posed antenna is backed with a reflector. Here,
instead of a planar reflector, an inverted pyrami-
dal cavity, which is placed 21 mm away from the
ground plane of the microstrip antenna, is used to
realize the directional radiation patterns. Fig. 5
shows the comparison of gains in the broadside
direction for the antenna backed by a planar re-
flector and the proposed cavity with a same hori-
zontal area. It can be seen that by using the in-
verted pyramidal cavity as the reflector, the real-
ized gain of the antenna, especially in the high
frequency band, can be increased to some extent.
Fig. 6 shows the simulated | S, | results of the
differential-fed antenna with and without the cavi-
ty in their optimized parameters, which indicates
that the impedance matching would degraded both
in the low and high frequency bands for introdu-
cing the cavity.

2.3 Measured result and discussion

An Agilent N5230A vector network analyzer



750 Transactions of Nanjing University of Aeronautics and Astronautics

Vol. 33

6 GHz

9 GHz 11 GHz

Fig.4 The simulated 3-D radiation plots of the top pla-

nar antenna
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The gain comparison for the antenna backed by a

planar reflector and the proposed cavity
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Fig. 6 The simulated | S, | results of the antenna with

and without the cavity

is used to measure the S-parameter: S, , S, .
Si;» and S,, for the proposed antenna. Then the

differential reflection coefficient

S.s1| can be ob-
tained by using Eq. (1). Fig. 7 shows the meas-
ured and simulated results of the designed direc-
tional differential-fed UWB antenna. It can be
seen that the fabricated antenna can achieve an
UWB performance from 3. 3 to 10. 4 GHz for
|S;i1|<<— 10 dB. The discrepancy between the
simulated and the measured results is probably
owing to the fluctuation constant or process toler-
ance.

In the radiation pattern measurement, be-

cause the differential excited signals are hard to

— Simulated
Measured

Fig.7 The measured and the simulated results of the

proposed antenna

be implemented directly, a UWB anti-phase pow-
er hybrid coupler Krytar 4020180 is used to meas-
ure the radiation characteristics of the proposed
differentially driven antenna. The radiation pat-
terns in the E- and H-plane at 3.5, 6, 8, and
10 GHz are plotted in Fig. 8, where Sim-Co re-
presents the simulation result of main polarization
of radiation pattern; Sim-Cx the simulation result
of cross-polarization of radiation pattern; Mea-Co
the measurement result of main polarization of ra-
diation pattern; Mea-Cx the measurement result
of cross-polarization of radiation pattern. It can
be seen that the proposed antenna exhibits a sta-
ble directional radiation patterns within the entire
operating frequency band. Moreover, all the
measured cross-polarization levels of the designed
antenna are less —20 dB than the cross-polariza-
tion, which means that the polarization purity can
be maintained in a high level across the whole
UWB frequency range. Fig. 9 shows the simula-
ted and the measured gains of the antenna in the
broadside direction. It should be noted that the
measured gains have been amended by removing
the transmission loss of the power hybrid cou-
pler. From 3.5 to 10. 5 GHz, the measured gain
is confined between 7 and 11 dB, while the simu-
lated gain varied in the range of 7. 3—12. 5 dB.
Since the 180° power hybrid coupler may not be

perfect, there exists a disagreement between the

simulated and the measured results.
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Fig. 8 The radiation patterns in the E- and H-planes at different frequencies
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Fig. 9 The simulated and the measured gains of the

proposed antenna in the broadside direction

3 Conclusions

In this study, a directional differential-fed
antenna is presented for some UWB communica-
tion systems. Thanks to the hexagon-shaped slot
in the central part of the ground plane, the im-
pedance matching of the antenna is greatly im-
proved, especially in the low frequency band. To
further improve the impedance matching at high
frequencies, four symmetrical isosceles right tri-
angles are cut from the four corners of the ground
plane. An inverted pyramidal cavity is used as the
reflector for the planar antenna so that the stable
directional radiation patterns is obtained. More
importantly, thanks to the differentially driven
strategy, the cross-polarization is kept in a low
level within the whole operating frequency range.,
which results in high polarization purity of the an-
tenna. Therefore, the simple structure and im-
proved radiation patterns lead the proposed anten-
na to a broader future of various UWB utiliza-

tions.
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