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A simple and compact polarization reconfigurable patch antenna design is proposed to operate in WLAN band at
a resonant frequency of 2.4 GHz. This antenna consists of a rectangular patch placed on an FR4 substrate. A
rectangular slot is cut in the rectangular patch. Two L shaped microstrip strips are placed inside the slot and joined
together at the centre of the rectangular patch by inverting the L shaped microstrip. There are three different
methods of achieving the reconfigurability namely electrical, mechanical and optical. This proposed structure uses
electrical reconfiguration technique. This proposed antenna structure uses PIN diodes for achieving the polarization
reconfigurability because of its ease in biasing. Two PIN diodes both being placed on the inverted L shaped structure
in order to achieve the polarization modes and these PIN diodes are used to connect this microstrip with the
rectangular patch. By switching these two PIN diodes for various biasing conditions, four different polarization modes
namely two linear polarization (LP) modes, one Left Hand Circular polarization (LHCP) and one Right Hand Circular
polarization (RHCP) mode is achieved. The antenna produces simulated gain of around 1.5416 dB for LLP1 mode at
2.41 GHz, 1.7175 dB for LP2 mode at 2.45 GHz, 1.6062 dB for RHCP mode and 1.5922 dB for LHCP mode both at
2.4 GHz. The antenna structure is simulated using Ansys HFSS.
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1. INTRODUCTION physical and material change [2]. A frequency
reconfigurable antenna for 4G LTE frequency bands can be
designed using a L shaped strip [3]. In [4] a dual layer
antenna containing breach truncated -circular metal
radiator for polarization reconfiguration is discussed.
Polarization reconfigurabitlity can be achieved using
simple mechanical tactile switches on H shaped slot is
presented in [5] whereas [6] discusses about a frequency
reconfigurable antenna design using mechanical stepper

To meet the operational demand in changing scenarios
of wireless communication, the reconfigurable antenna
plays a vital role as its characteristics like frequency,
polarization and radiation properties can be dynamically
varied to maximize the antenna performance. Based on the
characteristics that are varied, the reconfigurable
antennas are categorized as frequency reconfigurable,

polarization reconfigurable and pattern reconfigurable.
Losses due to polarization mismatch incur several
problems and hence to mitigate these effects, polarization
reconfigurable antennas are widely used.

Implementing a cognitive radio system by using a
frequency reconfigurable sensing antenna with mechanical
reconfigurabillty technique is presented in [1]. Different
types of reconfiguration namely frequency reconfiguration,
pattern reconfiguration, polarity reconfiguration can be
obtained by different methods say electrical, optical,
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motors. Though the mechanical methods can be used for
polarization and frequency reconfigurability, implementing
these mechanical methods with external motors finds quite
difficult and incurs additional frictional loss and hence the
electrical reconfigurability using PIN diodes [16] have been
elated. Dual reconfgurability achievement using PIN
diodes for wireless communications has been presented in
[7] with dual ports and [8] with single port. In [9-10] the
polarization reconfigurability using truncations and slots
[13, 14] are presented. Introducing slots to achieve
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multiple wireless bands [11] and a simple rectenna for
energy harvesting is discussed in [12]. Numerical analysis
for different substrates on a microstrip patch is discussed
n [15]. The impact of PIN diodes in achieving polarization
reconfigurability for multiple wireless bands is presented
n [16] and [17] presents an idea about beam forming
antenna arrays with high gain for space applications.

2. DESIGN AND SIMULATION

2.1 Proposed Antenna Geometry
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Fig. 1 — PIN Loaded Inverted L Slot Antenna

The structure of the proposed PIN loaded inverted
slot antenna model is presented. The model is designed
on FR4 substrate of size 38 mm x 38 mm x 1.6 mm
having a permittivity of 4.4 and loss tangent () of 0.002.
The antenna consists of a rectangular patch with a
rectangular shaped slot cut from the rectangular patch.
One L shaped strip and another inverted L shaped strip
are joined together at the exact symmetric center of the
rectangular slot with a shorted ground in order to achieve
polarization diversity. The dimensions of the rectangular
patch along with the slot dimensions simulated using
HFSS are shown in Fig. 1.

The polarization reconfigurability is achieved by
electrical means in which two pin diodes (NXP BAP50-03,
50 mA and 50 V) are exactly fixed in the terminal end of
the L arm. The diodes exhibit a series resistance of 5 Q
under ON condition with an inductance of 1.8 nH
similarly the diodes exhibit a 500 kQ resistance under
OFF condition with a shunt capacitance is 0.35 pF. The
equivalent circuit diagram for the PN diodes under ON
and OFF condition is presented in Fig. 2.
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Fig. 2 — Equivalent Circuit of PIN diode (a) forward bias, (b)
reverse bias

Where L is the inductance, Rs is the forward bias
resistance, R, is the reverse bias resistance and Cr is the
reverse bias capacitance. The PIN diodes are excited
using an external DC bias circuit.
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2.2 Modes of Polarization

This antenna produces four modes of polarization for
varying conditions of PIN diode and is tabulated.

Table 1 — Polarization modes based on diode condition

Modes | D1 D2 Excitation | Band | Polarization
1 OFF | OFF | Port 1 1 0° (LP)

2 ON ON Port 1 2 90° (LP)

3 ON OFF | Port1 3 RHCP

4 OFF | ON Port 1 3 LHCP

Table 1 clearly depicts that the proposed PIN loaded
inverted L antenna operates at three different bands and
produces three different polarization states. Under no DC
bias condition, both diodes (D1, D2) are in OFF mode
which makes the antenna to behave like a normal
rectangular patch tending to resonate at band 1
(2.41 GHz) achieving Linear Polarization (00). The
antenna produces another Linear Polarization (900)
mode resonating at 2.45 GHZ frequency when both the
diodes (D1, D2) are turned ON with an external DC bias.
When positive DC bias is applied to diode D1, and
negative bias to diode D2, the diode D1 is forward biased
and diode D2 is reverse biased making the upper L
shaped strip line to be in contact with the center patch.
This technique tends the antenna to resonate at 2.4 GHZ
producing RHCP signal.

Similarly, when positive DC bias is applied to diode D2,
and negative bias to diode D1, the diode D2 is forward
biased and diode D1 is reverse biased making the lower L
shaped strip line to be in contact with the center patch and
resonates at 2.4 GHZ producing LHCP signal.

3. RESULT AND DISCUSSION

This section discusses about the reflection coefficient
and the radiation pattern characteristics of the proposed
antenna for all the modes of operation.
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Fig. 3 — Reflection Coefficient of Mode-1 (Linear Polarization)

The reflection coefficient characteristics of the antenna
at mode-1 (LP) is shown in Fig. 3 and the return loss is
—24.6178 dB. Fig. 4 shows the radiation pattern with
1.5416 dB at 00 at a resonant frequency of 2.41 GHz.
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Fig. 4 — Radiation pattern of Mode-1 (Linear Polarization)
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Fig. 5 — Reflection Coefficient of Mode-2 (Linear Polarization)
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Fig. 6 — Gain Plot of Mode-2 (Linear Polarization)

Fig. 5 shows the reflection coefficient characteristics of
—21.7674 dB and Fig. 6 represents the gain characteristics
with a gain of 1.7175 dB respectively for the resonant
frequency 2.45 GHz at 900.
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Fig. 7 — Reflection Coefficient of Mode-3
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The Right Hand Circular Polarization of the antenna
achieves — 20.4899 dB return loss and a gain of 1.6062 dB
at a resonant frequency of 2.40 GHz and is presented in
Fig. 7 and 8 respectively.
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Fig. 8 — Gain Plot of Mode-3 (Right Hand Circular Polarization)
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Fig. 9 — Reflection Coefficient of Mode-4 Hand
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The Left Hand Circular Polarization of the antenna
achieves — 24.8091 dB return loss at a resonant frequency
of 2.40 GHz.

Fig. 10 — Gain Plot of Mode-4 (Left Hand Circular Polarization)

Fig. 10 represents the gain of the proposed antenna
with 1.5922 dB at a resonant frequency of 2.40 GHz.

4. CONCLUSION

A simple polarization reconfigurable antenna with an
embedded inverted L strip loaded with PIN diodes for
reconfiguration is proposed. This antenna is fabricated on
a low cost FR4 substrate. This antenna structures gives
four different polarizations with two PIN diodes only. It
also gives good return loss and gain for all the
polarization modes resonating in 2.4 GHz band and hence
it is suitable for WLAN applications.
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IMonapusaniiina pexoudiryposana anrena aiaa nogatkis WLAN 3 nsoma PIN-kogmamu Ta
nepeBepuytum L-ciiorom
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3arponoHoBaHa IIPOCTa 1 KOMIIAKTHA KOHCTPYKITA MATY-aHTEH! 3 PEeKOHQIrypalrien IoJIApHUaaliil 1Is poboTH B
miamasori WLAN ma pesonascwiit uacrori 2,4 I'T, 1a anTeHa ckiamaerbesa 3 MpsIMOKYTHOI HAKJIAIKY, PO3MIIIEHOI Ha
maeaamn FR4. V mpaMoxyTHIM HARIAmI BUpidaeThbes NpAMOKyTHA Impopis. JIBi L-momibHI MIKPOCMY»KKH
PO3MIIILYIOTECST BCEPEIUHI CI0TA Ta 3J€NHYIOTHCS PA30M y IEHTPl HPAMOKYTHOI HAKJIATKU IUISIXOM IHBEPTYBAHHS
L-mioiGHo1 MikpoeMyskEN. [cHye TpH pisHl METOOU JOCATHEHHS PEKOHQITypalli, a caMe eJISKTPUYHNN, MeXaHIIHMIA Ta
orrrrurmit. [s1 3amrpormoHoBaHAa CTPYKTypa BHKOPHCTOBYE TEXHIKY €JIEKTpUYHOI peroHdiryparni. s samporonoBama
cTpykTypa aHTeHn BuKOpucroBye PIN-miomw myisi [OCSATHEHHST MOMKIIMBOCTI pexoH(Iryparil mosspuaarfil depesd ii
serkicts y amimenni. JIga PIN-miomm, obmiBa poamimieHi Ha mepeBepHyTi# L-1omiOHIN CTPYKTYpPl IS JOCATHEHHS
peskumiB mostsipuaarti, 1 1 PIN-miofw BUKOPHCTOBYIOTHCS [T 3'€THAHHS ITi€l MIKPOCMYKKH 3 TIPSIMOKYTHHM IIATIEM.
Tlepemuratoun 1mi mBa PIN-miomm /iyt pisHUX yMOB 3MITIEHHS, JOCATAETHCA YOTHPH PI3HUX PESKUMU IOJIAPU3ATiii, a
came aBa pesxnmu JniHIHHOI nosstpu3arii (LP), omus pesxim siBoi kpyrosoi nostsspusarii (LHCP) 1 omua pessknv mipaBoi
kpyroroi mosisspu3arii (RHCP). Aurena crBoproe iMiTOBaHMI TTOCHIIEHHS TprbsmsHo 1,5416 nb mia pesxnmy LP1 ma
2,41 I'Tn, 1,7175 ab muis pesknmy LP2 ma 2,45 I, 1,6062 nb myma pesxuvy RHCP 11,6922 1B mutst peskrmvy LHCP ma
2,4 I'T. CrpykTypa aHTeHr MoAeoeThes 3a goromoroio Ansys HFSS.

Kmiouosi cnosa: Pexondirypartis, WLAN, PIN-miox, Jlinitina noaapusaitisa, Kpyrosa monspusartis.
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