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A Reconfigurable Patch Antenna Using Switchable
Slots for Circular Polarization Diversity

Fan Yang Student Member, IEEEBnd Yahya Rahmat-Samkellow, IEEE

Abstract—A novel design of a microstrip patch antenna with ] L
switchable slots (PASS) is proposed to achieve circular polariza- L h

tion diversity. Two orthogonal slots are incorporated into the patch
and two pin diodes are utilized to switch the slots on and off. By
turning the diodes on or off, this antenna can radiate with either
right hand circular polarization (RHCP) or left hand circular po-
larization (LHCP) using the same feeding probe. Experimental re-
sults validate this concept. This design demonstrates useful fea- :
tures for wireless communication applications and future plane- iLg
tary missions.
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Index Terms—DPiversity method, microstrip antennas, polariza- '
tion. :
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|I. INTRODUCTION

A NTENNA systems that utilize polarization diversity are —

gaining popularity due to the development of wireless _ _
ig. 1. Geometry of a patch antenna with switchable slots (PASS) for

cpmmunlcatlon In recent ye?‘rs' In broadband wireless com {CP/LHCP diversity. A bias circuit is also designed using dc blocking
nication systems, such as wireless local area networks (WLAB&pacitorgC') and a quarter-wavelength grounded dc line.
[1], [2], they are used to mitigate the detrimental fading caused

by multipath effects. In active read/write microwave taggin

systems, polarization diversity antennas provide a IOOWer%Idemonstrated by experimental results with good axial ratios

modulation scheme [3]. They are also utilized to realiz%Ch'eved in both RHCP and LHCP operations.

frequency reuse for doubling the system capability in satellite

communication systems [4]. In a recent project to build a Maﬁ ANTENNA STRUCTURE AND I TS OPERATIONAL MECHANISM
rover, a patch antenna with dual-frequency and dual-polariza-

tion capabilities is required [5]. In light of these applications, Fig. 1 shows the schematic of the proposed antenna. A square
we present a novel antenna for polarization diversity: a patgtch with lengti is mounted on a sgaure substrate with thick-
antenna with switchable slots (PASS) that can achieve righéss,, permittivitye,., and lengthl.,. A feeding probe is located
hand circular polarization (RHCP) and left hand circular polagn the diagonal line of the patch @k ;,Y;). Two orthogonal
ization (LHCP) with a single feeding port. The patch antenngnd identical slots are incorporated into the patch with parame-
is selected due to the desirable features it possesses such asdeyy,_, 1., andP,. Two pin diodes are inserted into the center
profile, light weight, and conformability with RF circuitry. Two of the slots with diode number 1 oriented toward the feeding
orthogonal slots are incorporated into the square patch and §éint and diode number 2 oriented away from the feeding point.
pin diodes are positioned in the center of the slots to controlThe radiation of the antenna can be described using the cavity
their status. By turning the diodes on or off, either RHCP hodel. For a normal square patch antenna, when the feeding
LHCP can be obtained with the same feeding probe whichdgint is located on its diagonal line, both thi&1;, and TMo,
located on the diagonal line of the patch. Compared to previagides are excited at the same frequency. After adding the slots,
deSIgnS, this antenna is Slmple and attractive in that it |nVO|Vﬁ% resonant frequencies Of both modes Change [6] Using the
only one patch and a single feed. Itis also worthwhile to poigeometry in Fig. 1, when the horizontal slot s cut into the patch,
out that the RHCP and LHCP are time separated (dependipgnly affects theTM,, mode and does not affect theMo,
on the switch time of the diodes) so that there is no coupligode. If diode 1 is on, the horizontal slot is split into two short
between these two polarizations. The validity of this concegjots and the electric current of tidV; o mode can flow through
diode 1. Therefore, the effect of the horizontal slot onIié;
Manuscript received July 27, 2001; revised December 13, 2001. This wdfode is tl’l\(lal and the resonant _frequengy of mm mode
was supported in part by the Jet Propulsion Laboratory under Contract 12241al8anges slightly. When the vertical slot is cut into the patch,
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California, Los Angeles, CA 90095-1594 USA (e-mail: rahmat@ee.ucla.ed _urr_ent of theTMo; mode cannot flow through diode 2 thus
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Fig. 2. Photos of (a) LHCP and (b) RHCP patch antennas. Diodes that are 2 [ —— LHCP
on in Fig. 1 are represented by conductive metal tabs in the center of the slots -e- RHCP
while those that are off are represented by leaving the slots unchanged. [7] has 0 H i
shown that these simplified implementations of switches provide acceptable 4 4.5 5 5.5

representations for the actual switches. The patch size is I8 mm for Freq (GHz)

operation at 4.64 GHz and the ground plane size ix 40 mm. ) . . .
Fig. 4. Measured axial ratio versus frequency at boresight of the PASS.
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Fig. 5. Measured spinning linear pattern of the PASS initheplane with

Fig. 3. Measured return loss of the PASS. LHCP polarizationfreq. = 4.64 GHz.

of the vertical slot on th&'Mg; mode is significant and the reso- I1l. EXPERIMENTAL RESULTS

nant frequency of th& Mg, greatly decreases. Thus, when both . .

: . N, . Several experiments have been carried out to demonstrate the
slots are incorporated into the patch with diode 1 on and OllOgluenctionalit of this polarization diversity antenna. Two square
2 off, the resonant frequencies of th&1,;, andTMy; modes y P y ) d

are different. The frequency difference is controlled by the slo atch antennas are fabricated for 4.64 GHz operation with the

length and position. If the frequency difference is properly de(—)IIOWIng parameters:
signed, the radiation fields.of tHEM ;o mode and thél'My; L=18mm, h=318mm,
mode have the same magnitude and are 90 degrees out of phase

at a midpoint frequency. As a result, a RHCP pattern can be ob- & =2.20, Ly, =40mm,

tained. On the other hand, if the two slots are incorporated with (X5, Yy) =(5,5) mm, L, =12mm,

diode 1 off and diode 2 on, the roles of the modes are reversed W, =1mm, P,=13mm.

and a LHCP pattern can be obtained.

To control the status of the diodes, a bias circuit is requireBig. 2 shows the photos of these two antennas: Fig. 2(a) has
To isolate the dc while maintaining continuity for the RF, twa metal tab in the center of the vertical slot and Fig. 2(b) has a
capacitors are soldered onto the edges of the slots, as showmétal tab in the horizontal slot. The metal tab is used to represent
Fig. 1. A shorted quarter wavelength strip is connected to thediode that is on and several experiments by the authors in [7]
right-bottom corner of the patch as a ground at dc but does msing beam lead pin diodes, such as a HPND-4005, have demon-
affect the behavior of the RF. The control voltage is suppliestrated the validity of this simplification. Fig. 2(a) represents the
from the coax probe. Therefore, the diodes have different dituation when diode 1 is off and diode 2 is on, this results in a
voltages on their two sides. If a positive voltage (such-8sv LHCP pattern. In contrast, Fig. 2(b) represents a RHCP antenna.
for a HPND 4005 pin diode) is supplied, diode 1 is turned ofbue to the symmetry, the LHCP and RHCP antenna have very
and diode 2 is turned on. Otherwise, if a negative voltage sgmilar input matches, better tharil0 dB from 4.5 GHz to 5.1
supplied, diode 1is turned on and diode 2 is turned off. A simil&Hz, as shown in Fig. 3. This frequency range was chosen for
biasing structure has been successfully applied in [7], [8] ftlhe ease of the measurement setup at the UCLA antenna lab and
dual frequency operations instead of polarization diversity. Itishas been scaled to other frequencies. As revealed in Fig. 4,
also worthwhile to point out that MEMS switches can be utilizethe best axial ratio at boresight is achieved at 4.64 GHz with
here for the same functionality with a lower insertion loss. 3% CP bandwidth (according to an axial ratio criteria of 3 dB).
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Fig. 6. Measured axial ratio of the PASS in the plane freq. = 4.64 GHz.

Fig. 5 shows the measured spinning linear patterns of the LHCP.
antenna in thexz plane. Similar radiation patterns have been
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larization diversity. By controlling the bias voltage, the antenna
can switch between radiating a RHCP and LHCP pattern with
the same feeding port. This antenna design demonstrates desir-
able features for wireless communication applications such as
wireless local area networks (WLAN), satellite links, and space
robots.
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observed in thgz plane and also for the RHCP antenna. Fig. 6

depicts the axial ratios (AR) of both antennas in theplane.

An acceptable axial ratiGAR < 3 dB) is obtained in a broad

angular range from-70 to 70 degrees from boresight.

IV. CONCLUSION

A novel patch antenna with switchable slots (PASS) is pre-
sented in this paper that can be used in applications requiring po-
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