TABLE 3 Validation Results

y=Ilm y=2m y=3m y=4m y=5m

z=03m Measured 55.3 57.6 57.8 58.3 58.5
Radiosity ~ 49.1 53.8 55.2 56.7 57.1

FDTD 40.4 57.4 47.8 49.9 51.9

z=1.0m Measured 52.7 52.7 55.5 56.2 56.5
Radiosity ~ 49.1 50.4 48.2 53.6 55.9

FDTD 48.3 433 55.5 47.7 47.2

z=1.75 m Measured 52.4 53.5 54.4 55.6 55.9
Radiosity ~ 48.3 52.3 50.1 51.9 52.1

FDTD 38.6 54.3 55.5 51.9 54.1

All values of transmission path loss are in dB

distance), which include both line of sight (LOS) and nonLOS
points. The measurements were performed using a virtual multi-
ple input single output (MISO) system setup (Fig. 7). A network
analyzer (Agilent Technologies, ES062A 300 kHz-3 GHz ENA
Series Network Analyzer) was used to measure the total path
loss between the transmitter and the receiver antenna. The chan-
nel was probed in a 500 MHz measurement bandwidth at a cen-
tral frequency of 2.75 GHz. For signal transmission and
reception, broadband omnidirectional biconical antennas (Elec-
tro-Metrics EM-6116) were used. The network analyzer was
connected with these antennas using coaxial cables (~20 m for
the Rx and ~5 m for the Tx) with ferrite sleeves.

Table 3 presents the measured path loss values (dB) at the
15 measurement points together with the calculated values by
the radiosity and the FDTD method. The average deviation
between measured and calculated by the radiosity method values
is —3.27 dB, in contrast to the —6.13 dB average deviation of
the FDTD values. The disagreement between measurements and
FDTD results can be attributed to the choice of material param-
eters. It is interesting to note, however, that both software tools
predicted a transmission path loss lower than the measured one,
which is a conservative approach for coverage studies but not
for exposure safety calculations. Another remarkable issue is the
computational resources required to derive a full wave solution,
compared to those needed by the radiosity method.

5. CONCLUSION

We have presented an implementation of the radiosity method
for the calculation of path loss. We have shown that the method
can provide a sufficiently accurate prediction of the propagation
of the electromagnetic radiation in complex indoor environ-
ments. The measurements performed in a real classroom agreed
better with the radiosity calculations than with the FDTD
results, which required a multifold longer computational time to
achieve.
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ABSTRACT: In this article, a novel compact double band-notched
antenna with nonequiwidth W-shaped slot and “6” -shaped resonance
loop on the two sides of the feed line is proposed, which consists of a
cone-shaped monopole patch with nonequiwidth W-shaped slot and “6” -
shaped resonance loop on the two sides of the feed line, the metal
earth-plate with step slot is designed on other side of the substrate. The
simulated and experimental results demonstrate that the proposed
antenna can obtain the double band-notched feature within the band-
width of 3.3-3.8 GHz and 5.0-6.0 GHz, the impedance bandwidth

can achieve from 2.4 to 11.6 GHz (VSWR < 2),which is more than
131%. © 2013 Wiley Periodicals, Inc. Microwave Opt Technol Lett
55:2405-2410, 2013; View this article online at wileyonlinelibrary.com.
DOI 10.1002/mop.27859

Key words: nonequiwidth W-shaped slot; monopole antenna; band-
notched; UWB

1. INTRODUCTION

The ultra-wideband (UWB) technology has developed very
quickly since the Federal Communications Commission allo-
cated the frequency range from 3.1 to 10.6 GHz for UWB com-
mercial applications in 2002 [1]. The antennas as one of the
most important parts in the whole UWB systems are faced with
higher performance demands of easy manufacturing, low cost,
simple structure, low profile, broad bandwidth, high gains, and
omni-directional radiation patterns. Many planar monopole
antennas which meet these demands have been designed for
UWRB systems in recent years [2—7]. However, the wireless local
area network operates in 5.15-5.35 GHz together with 5.725-
5.825 GHz and the system of worldwide interoperability for
microwave access at 3.4-3.7 GHz bands has been used, to
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Figure 1 Configuration of the proposed antenna. [Color figure can be
viewed in the online issue, which is available at wileyonlinelibrary.com]

reduce the electromagnetic interference between these systems.
Lately, some new antennas with band-notched function have
been presented for UWB systems which can avoid the interfer-
ence [8—13].

In this article, a novel compact double band-notched antenna
with nonequiwidth W-shaped slot and “6”-shaped resonance
loop on the two sides of the feed line is proposed. The 3.3-3.8
GHz band-notched is achieved by drawing into W-shaped slot
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Figure 2 Photograph of the proposed antenna. [Color figure can be
viewed in the online issue, which is available at wileyonlinelibrary.com]

in the monopole patch. The 5.0-6.0 GHz band-notched is
achieved by drawing into the “6”-shaped resonance loop on the
two sides of the feed line.

The simulation and experimental results demonstrate that the
antenna can obtain the double band-notched feature within the

y d
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Figure 3 Measured and simulated impedance bandwidth for the pro-
posed antenna. [Color figure can be viewed in the online issue, which is
available at wileyonlinelibrary.com]
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Figure 4 Simulated surface current distribution for the proposed antenna at 3.6 and 5.4 GHz. [Color figure can be viewed in the online issue, which is

available at wileyonlinelibrary.com]

bandwidth of 3.3-3.8 GHz and 5.0-6.0 GHz and the impedance
bandwidth can achieve from 2.4 to 11.6 GHz (VSWR<2),
which is more than 131%.

2. ANTENNA DESIGN

The configuration of the proposed and fundamental antennas are
shown in Figure 1. The substrate of the antenna is FR4 with rel-

DOl 10.1002/mop

ative permittivity 4.4, thickness 2= 1.0 mm, and loss tangent
0.018, the size of the UWB antenna is 26 X 32 mm?. The pro-
posed antenna consists of a cone-shaped monopole patch with
nonequiwidth W-shaped slot and “6”-shaped resonance loop on
the two sides of the feed line, the metal earth-plate with step
slot is designed on other side of the substrate and fed by a 50 Q
microstrip feed line which connects to a SMA connector and the
width of the feed line is W4=3.2 mm. The optimized
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Figure 5 Far-field radiation patterns for the proposed antenna at (a) 4 GHz, (b) 6 GHz, (c) 7 GHz, and (d) 8 GHz

dimensions of the proposed antenna are as follows: L1 =6 mm, W2=6 mm, W3=5 mm, W4 =32 mm, W5=5.5 mm, W6=26
L2=115 mm, L3=15 mm, L4=15 mm, L5=9.5 mm, mm, W7=1.5 mm, W8=1 mm, W9=6 mm, W10=8 mm,
L6=6 mm, L7=1 mm, L8 =6 mm, L9=3.5 mm, L10=12 W11 =6 mm, and W12 =3 mm. According to these parameters,
mm, L11 =2 mm, L12=1.5 mm, L13 = 1.5 mm, W1 =22 mm, the prototype of the proposed antenna is shown in Figure 2.
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Figure 5 Continued

3. SIMULATION AND MEASUREMENT RESULTS

The proposed UWB antenna was constructed and simulated by
using Ansoft HFSS software and the measurement was carried
out by using Agilent N5244A vector network analyzer.

Figure 3 shows that the results of the simulation and the
measurement agree with each other very well. The proposed
antenna not only expands the bandwidth from 2.4 to 11.6 GHz
(VSWR < 2), which is more than 131%, but also achieves the
band-notched characteristic of the 3.3-3.8 GHz and 5.0-6.0
GHz by introducing the W-shaped slot in the monopole patch
and the “6”-shaped resonance loop on the two sides of the feed
line.

Figure 4 shows the simulated surface current distribution at
3.6 and 54 GHz, at the band notched frequency, the surface
current distribution appears to be stronger around the W-shaped
slot and the “6”-shaped resonance loop, so the radiation
becomes weaker near the band-notched frequency.

Figure 5 shows the far-field radiation patterns at 4, 6, 7, and
8 GHz, the copolarization and cross-polarization in the x—z
(¢ =0) and y-z (¢ =90) planes are given. It can be observed
that the proposed antenna has an approximately omni-directional
radiation patterns at these frequencies.
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Figure 6 Peak gain of the proposed antenna against frequency
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Figure 6 presents that the peak-gain of the proposed antenna
has a sharp decrease at the band-notched frequency. In other fre-
quencies outside the rejected band, the peak-gain can remain 0—
4 dB.

4. CONCLUSION

A novel double band-notched antenna with nonequiwidth W-
shaped slot and “6”-shaped resonance loop has been designed
for UWB applications. By introducing W-shaped slot, the band-
notched function can be obtained from 3.3 to 3.8 GHz and by
introducing “6”-shaped resonance loop on the two sides of the
feed line, the band-notched frequency at 5.0-6.0 GHz can be
achieved. The results of the simulation and the measurement
show that the impedance bandwidth can cover 2.4-11.6 GHz for
VSWR <2 (more than 131%) and nearly omni-directional radia-
tion patterns in the whole bands and high gains except the
notched frequency band. Therefore, the proposed antenna is suit-
able for UWB applications.
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ABSTRACT: In this article, we use pattern-diversity technique to com-
bine a RF single-pole double-throw (SPDT) switch with an antenna
array together in order to reduce the signal distortion caused by multi-
path fading. In addition, in order to improve the way controlling the
SPDT switch by software, a novel circuit structure which will control
antenna pattern switching automatically by hardware is also developed.
Return loss and radiation patterns are presented and compared with the
measured results. Good agreement is achieved between computed and
measured results and illustrates the validity of the designed method.
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1. INTRODUCTION

In recent years, wireless transceiver systems getting growth in
the worldwide, improving resolution, speed and lowering power
consumption and area of the circuit, become the most important
issues [1-3]. Those reports are concerned only on components
of antennas or RF IC integrated circuit designs. As commercial
wireless communication systems generally require low-cost
microwave components and antennas, here we combine them
together to meet the low-cost demand.

Using radio-wave achievement to pass on the wave medium
will meet some interference such as multipath and co-channel
interference. In the indoor, the radio broadcast cannot avoid
some effects which are caused by furniture, household applian-
ces, and so on. If using traditional omnidirectional antennas as
the space division multiple access for access point (AP) [4], the
fading due to multipath and co-channel interference will be par-
ticularly serious; it also has the quite tremendous influence
regarding the wireless transmission quality. Nowadays, in order
to solve the interference problem for antenna, using the monop-
ole antenna (its antenna gain is lower, H-plane is omnidirec-
tional) with space diversity technology to reduce the multipath
fading. Because of the antenna directivity is low and indoor
environment goes to extremes complex, the signal attenuation is
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still unable completely to overcome. Furthermore, the gain of
transmitted antenna is low, and the covered range is still small.

In this article, mostly discussion focuses on the user-end
antenna improvement as well as the antenna design of WLAN
interface card. Hence in this article, we will focus on the design
of AP for WLAN. Using pattern-diversity [5,6] technique in the
antenna system, also be called angular diversity, will reduce the
signal distortion caused by multipath fading and improve the
transmissibility. In addition, we improve the way controlling the
single-pole double-throw (SPDT) switch by software, and
develop a novel circuit structure controlling antenna pattern
switching automatically by hardware.

2. FRONT-END SWITCHING CIRCUIT STRUCTURE

Figure 1 shows the traditional circuit of AP for WLAN. The tra-
ditional circuit of AP contains two SPDT switches and two
omnidirectional antennas. The left side antenna is a half-duplex
antenna port, serving as the transmitting-end or the receiving-
end by controlling the switch SW1. The right side antenna is a
simplex receiving antenna port. When the AP for WLAN in RX
mode, the switch SW2 will choose an antenna whose received
signal is stronger between two antennas as the receiving
antenna; but it only uses the left side antenna in the TX mode.
The features of both two antennas are low gain and omnidirec-
tional antenna. The traditional antennas of AP for WLAN use
the space-diversity technique. Space-diversity is a method of
transmission or reception, in which the effects of fading are
minimized by the simultaneous use of two or more separated
antennas. In addition, the traditional circuit of AP must add a
chip at internal front-end circuit to control the switch by soft-
ware, then to achieve pattern-diversity function.

The novel antenna system includes Wilkinson power divider
[7], RF SPDT switch, Schottky voltage multiplier, and D-flip-
flop which is shown in Figure 2. In this circuit, voltage multi-
plier and D-flip-flop will be used to control SPDT switch varia-
tion automatically. A voltage multiplier is an electrical circuit
that converts AC electric power from a lower voltage to a
higher DC voltage; Schottky diode with a low forward voltage
drop and a very fast switching action.

There are two modes for the working states of AP: RX and
TX modes. RX mode: As shown in Figure 2, signals will be
received by Ant 1 and Ant 2. In the RX mode, there is no signal
at the inputs of voltage multiplier; the complementary outputs
(Q and Q) of flip-flop will be logic 0 and 1. So the received sig-
nal by Ant 1 and Ant 2 will go through switch to postend proc-
essing circuit.

TX mode: Signals will be transmitted by postend processing
circuit. In the meantime, postend processing circuit will also
transmit RF signal to voltage multiplier; the produced DC volt-
age of voltage multiplier will set the input of D-flip-flop to

Left antenna
>

\ i SW1 —
D=s=s 9
O

Right antenna

RX
.—O____O
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Figure 1 Traditional wireless AP internal circuit diagram
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