individual rays, resulting in better-conditioned channel matrices yield-
ing higher MIMO capacity. The convergence of MC results with
no-MC results for both LOS and NLOS environments can be attributed
to the fact that MC decreases as inter-element spacing increases.
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Conclusions.: A hybrid electromagnetic simulator allows the spectral
efficiency in MIMO systems to be studied as a function of the array
geometry and the far-field scattering environment. As an application,
we showed in two typical urban propagation scenarios how the pattern
diversity introduced by near-field mutual coupling actually reduces
the loss of capacity due to small antenna spacings.
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Printed diversity monopole antenna for
WLAN operation

Tzuenn-Yih Wu, Shyh-Tirng Fang and Kin-Lu Wong

A printed diversity monopole antenna for WLAN operation in the
2.4 GHz band is presented. The antenna comprises two orthogonal
linear monopoles placed symmetrically with respect to a T-shaped
ground plane between them. The antenna has two highly decoupled
ports and can provide spatial diversity to combat the multipath
interference problem.

Introduction: Printed antennas integrated on the circuit board of a
communication device have the advantages of occupying a very small
volume of the system, easily integrating with the associated circuitry,
and decreasing the fabrication cost of the final product. Some related
designs of the printed antennas with a hook-like monopole [1], an
inverted-F monopole [2], and so on applied for wireless local area
network (WLAN) operations have also been reported. These designs,
however, cannot overcome the multipath interference problem, which
usually exists in practical environments for WLAN operation. In this
case, signals reflecting from interfering objects arrive at the antenna
from different directions and at slightly different times, and destruc-
tive interference between the signals may occur. This could result in a
decrease in the signal strength, and degrade the system performance.

To combat the multipath interference problem, we present a printed
monopole antenna for providing spatial diversity for WLAN operation
in the 2.4 GHz band (2400-2484 MHz). The antenna is to be applied to
a PCMCIA (personal computer memory card international association)
network card for a laptop, and, with a switching circuit added to the
system transceiver, the system can switch between the two ports of the
antenna for WLAN operation with maximum signal strength. In this
case, the multipath interference problem can be eased, and system
performance can be enhanced.

Antenna design: Fig. 1 shows the antenna printed on an FR4
substrate of relative permittivity 4.4. The antenna consists of two
orthogonal linear monopoles (length 25 mm and width 1.5 mm)
printed on the front surface of the substrate. Note that the length of
the two linear monopoles, which operate as quarter-wavelength
structures in this design, is only about 20%, less than 0.25 free-
space wavelength of the desired centre frequency at 2442 MHz. This
behaviour is largely due to the presence of the FR4 substrate, which
decreases the resonant length of the two printed monopoles.

Each monopole is directly fed using a 50 Q2 microstrip line printed on
the front surface of the substrate, and good impedance matching
(VSWR<1.5 or S;;<—14dB) is obtained without the need of
adding additional matching circuitry. Between the two monopoles,
there is a T-shaped ground plane protruding from the main ground
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plane (size 50 x 80 mm?), which is about the ground size of a practical
PCMCIA network card. The protruded and main ground planes are
both printed on the back surface of the substrate, and the T-shaped
ground plane comprises a central vertical strip (length 16 mm) and a top
horizontal strip (length L), both of a constant width 4 mm. Note that the
T-shaped ground plane not only serves as a reflecting plate for the two
monopoles to have their radiation patterns covering complementary
space regions to provide spatial diversity, but also enhances the
isolation between the two ports of the antenna. High port isolation
(81 <—30 dB) is possible by selecting a proper length (about 20 mm in
this study) of the top horizontal strip of the T-shaped ground plane.

protruded T-shaped

¥ ground plane in back
¥ #mm]
20 mm f
l 25 mm
________ - ] s
! I
50 Q2 | !
microstrip _/ 0.8 mm F;M substrate
feed line I
' | oo Leeg
| | ground plane
main - Jj ort 1 port 2
ground 47 I p p
plane |
inback |le——50mm—~} |

Fig. 1 Geometry of proposed antenna for WLAN operation in 2.4 GHz
band

Results: Prototypes with various lengths of the top horizontal strip
were constructed and studied. The measured data are listed in Table 1.
The measured S;, and S, for L=0 and 20 mm are also shown in
Fig. 2. From the results, it is seen that the impedance bandwidths all
cover the 2.4 GHz band (2400-2484 MHz). However, the maximum
S»1 across the 2.4 GHz band varies greatly from —11.7 to —31.0dB,
which suggests that the port isolation strongly depends on L. In
addition, there is an optimal value of L for obtaining maximum port
isolation. In this study, the optimal value  of L is 20 mm, and the
isolation is less than —31 dB.

L=22 mm

_40l— R
17 19 21 23 25 2717 19 21 23 25 27

frequency, GHz

frequency, GHz

Fig. 2 Measured S;; and Sz; for L=20, 20 mm

Table 1: Performance of prototypes with various values of L;
/i, and f;; are, respectively, lower and upper frequencies
with S}, =—14dB.

L fmm] | BW (=fi ~ /1) IMHZ] | $51, max [dB]
26 | 292 (=2544 —2252) —18.0
22 | 316 (=2516—2200) ~26.2
20 | 200 (=2500—2300) -31.0
18 124 (=2508 —2384) —-21.3
0 268 (=2560 — 2292) —-117

Fig. 3 and 4 show, respectively, the typical measured radiation
patterns of ports 1 and 2 for L =20 mm. It is seen that the measured
radiation patterns tend to cover complementary space regions, which
provides spatial diversity for the proposed antenna. Fig. 5 shows the
measured peak antenna gain. Owing to the symmetric structures of the
two monopoles, the antenna gain for ports 1 and 2 is about the same,
and both shows a peak gain of about 4.2 dBi, with gain variations less
than 1.2 dBi.
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Fig. 3 Measured radiation patterns of port 1 at 2442 MHz for L=20 mm
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Fig. 4 Measured radiation patterns of port 2 at 2442 MHz for L=20 mm
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Fig. 5 Measured peak antenna gain for L =20 mm

Conclusions: A printed diversity monopole antenna suitable to be
integrated on a PCMCIA network card has been presented. The two
ports of the antenna show high isolation (31 <31 dB) and have good
impedance matching (S1, < —14 dB) for frequencies across the 2.4 GHz
WLAN band. The antenna can also provide spatial diversity, capable of
combating the multipath interfering problem for WLAN operation.
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