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1. Introduction

Many patch antennas utilizing thick air substrates have been developed and studied to achieve
impedance bandwidth exceeding 10% defined by 2:1 VSWR or 5% by 1.5:1 VSWR for broadband
operation [1-6]. Among these researches, a short probe pin of the probe feed is mostly employed in
conjunction with various matching mechanism. That is because for patch antenna with such thick air
substrate, using a long probe pin can cause large inductance, which makes it very difficult to well
match the antenna to impedance bandwidth within VSWR of 2. In addition to the use of a short probe
pin, the matching mechanism in these studies al'so demonstrates some modification to the structure of
the antenna feed. These designs include the use of a bevel-feed transition [1], a cylinder-feed transition
[2], aT-shaped probe feed [3], an L-shaped probe feed [4], an edge-fed patch with an L-shaped ground
[5], aridge-shaped ground [6], and so forth. In this paper, we introduce a new design of a probe-fed
patch antenna capable of broadband operation. The antenna is backed by a step-shaped ground plane
and can be fed by along probe pin at one of the patch radiating edges. Simply by tuning the probe-pin
length, good impedance matching over frequency band with 1.5:1-V SWR bandwidth of about 6% can
be obtained. Severa design prototypes have been built, and a design example aimed for operation in
the 2.4 GHz (2400-2484 MHz) WLAN band has been implemented too. The proposed antenna is
designed for access-point applications in the WLAN environment. Details of the antenna design are
described, and experiment results are discussed.

2. Antenna Design

Fig. 1(a) shows the geometry, in detail, of the proposed antenna for operation in the 2.4 GHz band.
The radiating patch is in the shape of arectangle with the dimensions 54 mm (L) x 60 mm (W) and has
asmall bent portion (4 mm in length) at one of the patch radiating edges. The antenna ground planeis
bent three times into a step-shaped structure and consists of four portions: two horizontal plates, one
vertical plate, and one inclined plate, all with the same width of 80 mm. The angle between the
inclined (5 mmin length) and horizontal (60 mm in length) platesis 135°. In the center of the inclined
plate below avia hole is located a 50-Q SMA connector of the probe feed. In this case, the probe pin
(length d) of the probe feed isinclined at an angle of 45° [see Fig. 1(b)]. The radiating patch is edge-
fed by this inclined probe feed, and the probe pin is coplanar with the patch bent portion. The
thickness of the air substrate is set to be 10 mm in this study, which is about 0.08 times the free-space
wavelength at 2442 MHz, the center frequency of the 2.4-GHz WLAN band.

3. Results and Discussion



Fig. 2 shows the measured return loss for the design prototype of various probe-pin lengths (d). It is
first seen that with d equal to 8 mm, good impedance bandwidth defined by 1.5:1 VSWR (14 dB
return loss) can be obtained and reaches 140 MHz (2370-2510 MHz), easily covering the 2.4 GHz
band. The sum of d and L (patch length) also corresponds to a half wavelength of the center operating
frequency at 2442 MHz targeted in this study. In addition, compared with a short probe pin, usually
2% wavelength of the center operating frequency, used for broadband patch antenna designs [1-6], the
probe pin of 8 mm here is relatively long and about 6.5% wavelength at 2442 MHz. Notice that when
the probe-pin length d changes from 5 to 9 mm, the thickness of the air substrate dightly increases
from 8 to 11 mm. In general, with an increase in d, the antenna operating frequency moves to lower
frequencies, which behavior is the same as that a thicker substrate can result in alower frequency band
asreportedin [5]. Fig. 3 and Fig. 4 gives the measured and simulated radiation patterns of the E-plane
(x-z cut) and H-plane (y-z cut) at 2442 MHz for the constructed prototype studied in Fig. 2 with probe-
pin length d = 8 mm. Measurements at other frequencies in the 2.4 GHz band were also taken, and the
results were similar radiation patterns as those plotted here. In the x-z cut was seen cross-polarization
radiation below about —20 dB in the E-plane patterns for the frequencies over the 2.4 GHz band; as for
H-plane patterns in the y-z cut, the cross-polarization radiation is below about —15 dB. The measured
peak antenna gain is presented in Fig. 5, and the peak-gain level is seen to be about 8 dBi.

4. Conclusions

A patch antenna fed by an inclined probe pin with a step-shaped ground plane has been proposed, and
several prototypes have been studied. The impedance matching with VSWR below 1.5 of the antenna
for WLAN operation in the 2.4 GHz band can easily be obtained. The measured results show that
although a long probe pin is in use, large probe inductance is well compensated for additiona
capacitive coupling arising between the vertical and inclined plates of the ground and the patch bent
portion. The proposed patch antenna along with good radiation characteristics is suitable for WLAN
access-point antennas, especialy for the use in panel antennas.
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Figure 1: (8) Geometry of the proposed antenna. (b) Side view of the proposed antenna.
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Figure 2: Measured return loss for the design prototype of various probe-pin lengths.
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Figure 3: Measured radiation patterns at 2450 MHz for the proposed antenna studied in Fig. 2
with the length of the probe pin equal to 8 mm.
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Figure 4: Simulated radiation patterns at 2450 MHz for the proposed antenna.

RN
(&)

—
T

|

|

|

|

|

|

|

|

|
O

|

|

|

|

|

|

|

|

|

|
R P —

|

|

|

|

|

|

|

|

|

|

Antenna Gain (dBi)

()]
T
|
|
|
|
|
|
|
|
[
|
|
|
|
|
|
|
|
|
|
i

2200 2300 2400 2500 2600
Frequency (MHz)

Figure 5: Measured peak antenna gain against frequency.



