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Polarization Reconfigurable Circularly
Polarized Planar Antenna Using Switchabl
Polarizer

Wenting Li, Steven Gao, Member, IEEE, Yuanming Cai, Qi Luo, Mohammed Sobhy, Member, |
Gao Wei, Jiadong Xu, Jianzhou Li, Changying Wu and Zhigqun Cheng

common structure to realize circular polariza@h [5]. The helix
Abstract— A novel polarization reconfigurable planar low- antennamS] and spiral anten@ [7] are well-known examples of
profile antenna is presented. The antenna consists of an proadband CP antennas. Apart from the antennas mentioned
electronically reconfigurable polarizer and a slot antenna. The above, CP antennas can also be achieved by using a polarizer to

polarizer is loaded by PIN diodes and by changing the states of the o .
PIN diodes, the linearly polarized (LP) wave generated by the slot convert the LP wave to CP Wa' One main advantage

antenna can be converted to either right-hand circularly ptarized ~ Of utilizing a polarizer is that it can enhance the gain of CP
(RHCP) or left-hand circularly polarized (LHCP) wave. The antenna without resorting to an array antenna which requires a

polarizer contains 16 unit cells, which are arrangedsa 4x4 array. ~ complicated feed network. [n][8], using meander lines to design
Each of the unit cells has two layers and is printed on two sides of g polarizer consisting of four substrate layers was reported. In
the substrate. The presented antenna radiates RHCP waves when @ and metasurfaces were used to convert LP wave to CP

the PIN diodes of top side are ON while it radiates LHCP waves . .
when the PIN diodes of bottom side are ON. An analysis of the wave. Compared to the conventional CP antenna array, using a

antenna is provided by using equivalent circuits. To verify the Polarizer to generate CP waves does not need a complex, lossy
design concept, one prototype at 2.5 GHz band is designed andfeed network. Thusa CP antenna with a polarizer has the
fabricated. Good agreement between the measurement and potential of achieving higher efficiency, in particular at higher
simulation results is obtained. The measured results show that the frequencies when the loss in feed networks becomes significant.
antenna achieves a gain better than 8.5 dBic in both RHCP and |1 is also possible to achieve high-gain CP antennas wsing

LHCP with 70% aperture efficiency. It is also shown that the . .
presented design can be easily extended to the design of lasgale partially reflective surface (PREtE' However, the PRS CP

arrays without increasing the complexity of the DC bias circuit. antenna typically requires about 1/2 wavelength distance
The advantages of the proposed design are simple planar between the PRS and the ground plane while the distance

structure, low profile, flexibility in designs, high isolation between between a polarizer and source antenna can be reduced only to
DC bias circuit and RF signals, high power handling, high gain  approximately 1/17 waveleng{h][9]. Thus, a CP antenna using
and low cost. The proposed design can also be applied to thesign 5 polarizer can have a minimal profile and high gain.
of antennas at other frequency bands. Polarization reconfigurable CP antennas have also been
Index Terms—polarization reconfigurable, low profile, circular StUd'ec_j by_ many resea_rCher[' The_ pOIa”Z"’_‘tlon
polarization, polarizer reconfiguration can be obtained by introducing PIN d|(_)des or
varactors to the feed networks of anten , using
|. INTRODUCTION multiport networks to switch antenna polarizatiphg|[L8] and

IRCULARLY polarized (CP) antennas are widely applied odifying the ante_nna geometry to alter its polariza[
Cin wireless communication system because no st g4l For example, w@, the correspondlng feed probe.of a
alignment between transmitting and receiving antennas grners-truncated patch antenna was S.W'tChed by gdd!ng PIN
needed. Also, CP antennas can rediiee Faraday rotation’ iodes to the feed network to realize different polarization. In

effect of the ionospherE[l]. Polarization reconfigurable C' the author used 90" hybrid coupler to feed the antenna

antennashave the advantages of both CP antennas arﬁipd pola(rjllzatl_onst ca? tSW'tChed db.y lcholotsmg the
polarization diversity. Hence, it attracted much research intertgec.:trr?por::I ing 'nplf[ Eor ? ). I\ENO Eerftin tlcu a:sto S wei‘red d
recently. It can enable more reliable wireless connection jjiroduced on a patch antenna. Each ot the two siots was loade

dynamic communication environmental conditi [2]. y one PIN dlolﬂet.) Byl con(;[ro|_l|llng the Zt.ateds of PIN d|;)de§,
CP patch antenna can be achieved by either using muIti-feEgar'zat'on could be altered. However, disadvantages of using

or a single feed [8]. Slot antenna using multi-feeds techniqu se techniques are that the antennas have a complicated DC

can also generate C'E|[4]- Crossed dipole antenna is alsoc%{]trolllng circuitry, and it is rather difficult to extend them to

W. Li, S. Gao, Q. Luo and MSdbhy are with the University of Kent, G. Wei, J. Xu, J. Li, C. Wuare with Northwestern Polythechnical
Canterbury CT2 7NT, U.K. (e-mdill83@kent.ac.uks.gao@kent.ac.jJk University, China
Y. Cai is with Xidian University, China Z. Cheng is with Hangzhou Dianzi University, Hangzh@hina
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a large-scale array antenna design for high gain CP antenna ||
applications. !
In this paper, a polarization reconfigurable planar antenn —
consisting of an active polarizer loaded by PIN diodes and a slot | /=
antenna is presented. Instead of modifying the structure of fee
networks, changing the input ports of feed networks or the
geometry of antenna to realize polarization reconfiguration, a
electronically polarization reconfigurable polarizer (EPRP) is| [\
used to realize reconfiguration. There are four advantages qf
using EPRP in this design: 1) The DC circuit of PIN diodes is| |
completely isolated from the RF signal. Thus, DC blocking
capacitors are not needed in the feed networks of antenna
which simplifies the design of feed networks. 2) The PIN diodes
are not mounted on the RF feed networks. Thus, the lose of th | =fe A&
PIN diodes has less effect on the total radiation efficiency of the "iopling  PIN diode

antenna. 3) It increases the power handling of antennas . posrizer
compared with the design reported¥824]. In the presented ' bottom ririg h
design, 32 PIN diodes are mounted on the polarizer. The £ L

average current on each diode is much smaller than that the ones ' microstfip fine slot antenn

used in|L.3-24]. Therefore, the antenna can radiate more powe
without damaging the diodes. 4) The gain of antennas i

improved after introducing the EPRP. _ The polarizer contains 16 unit cells which are arraraga
Although one polarization reconfigurable antenna véth 4.4 array. The unit cell has two rings with diagonals printed on
polarizer was reported {f], it was obtained by mechanically gach side of the substrate (Rogers RO4003C). The detailed
rotating the polarizer, which has the disadvantage of slay,y and parameters of this unit cell are shown in Fig). 2(b
switching. Besides these advantages mentioned above, it Wioig be noted that the size of top rings and bottom rings are
also be demonstrated in this paper that the proposgf, oximately the same. The differences between them in Fig.
polarization reconfigurable CP antenna using EPRP can §f) are enlarged to clarify the structure of the cell. This also
easily extended to a large-scale array antenna if higher ga'rhﬁalies to Fig. 3(a) and Fig. 3(H)he perimeter of each ring is
needed with miar modificationsto the feed networks and bias approximately equal to one effective wavelength on the

circuits. To the best knowledge of the authors, itis the first timg hgirate. Diagonals are introduced to the rings as perturbers to
an electronically polar.|zat|.on reconfigurable CP antennaawthgenerate circular polarization. The diagonal of the top ring is
single-substrate polarizer is reported. _ ~ perpendicular to that of the bottom ring. PIN dio¢&8P1345-

This paper is organized as follows. The detailed design g%gF) are loadedin the middle of each diagonal. The
polarization reconfigurable CP antenna using EPRP  {fa40nais should be cut dff the middle so that there is space
presented in section Il. The working principle of the antenng, p|\ giodes to be placed. Both top rings and bottom rings are
and some important parameters are analyzed in section lj;iqed into two parts by two slots so that PIN diodes can be
Simulated and measured results are given in section IV. SectjgQqqaq by DC power. Slots on the top ring are aligned vertically
V concludes this paper. while slots on the bottom ring are aligned horizontally.

Simulated results show that adding these slots have some
Il DESIGN OFTHE POLARIZATION RECONFIGURABLE effects on the center frequency of axial ra#\&R} bandwidth.
ANTENNA USING EPRP Compared to rings without slots, the center frequency of AR

Fig. 1 shows the configuration of the polarizatiorbandwidth of rings with slots shifts slightly ta higher
reconfigurable antenna. The antenna consists of a polarizer @rdjuency. The width of these slots is 0.2mm. The width of
a feed antenna where the polarizer is placed above the fefsonals on both top and bottom rivl is identical. Except
antennaThe polarizer is the critical component of achievindgor the different sizes, the bottom ring can be seen as just
the reconfigurable CP radiation. A slot antenna is employed &sating the top ring by $@ounterclockwise.

a feed due to its simple structure. In principle, other types of PIN diodes of the polarizer are controlled by two pairs of DC

antennas such agatch can also be used as a feed. line, which can change the bias voltage on the PIN diodes of the
top and bottom rings respectively. The structure of these two
pars of DC line is identical, which is demonstrated in Fig. 2(a).
For the top ring in Fig. 1, each of the four PIN diodes in the
same row forms a series circuit. Then these four branches are
biased by DC power in parallel. The radiation from DC line
(caused by the induced current) on the polarizer can affect the
axial ratio of the antenna. To reduce this effect, the layout of the

Lg. 1. Configuration of polarization reconfiguratzintenna.
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DC networks of the top ring is perpendicular to that of ththe polarization of LP waves generated by the slot antenna is

bottom ring so that DC networks can have more rotationalong the y-axis. Its E-field can be decomposed into two

symmetry; thus, those unwanted linear radiations from tlogthogonal components;&nd E. Ezis along the diagonal of

induced current of DC line can be canceled as much as possiltie top ring while Eis along that of the bottom ring. Both of

When the PIN diodes of top rings are off and those of bottothem are shown in Fig. 3(a).

rings are on, the antenna wodsan RHCP antenna; when the &y
i

PIN diodes of top ring are on and those of bottom rings are o e

the antenna operatasan LHCP antenna. X

vV VvV VY
vV VvV VY
vV VvV VY
vV VvV VY

@)

Co-off
Fig. 2. (a) DC circuit diagram of PIN diode. (b) ucdl of polarizer. o—_':'—i::::]_:}_o O—D_m_:}_o
Z Zd2b Zazt

dib Cs Zdit Cs

To verify the design concept, an antenna prototype working
at 2.5GHz is designed, which can be used in S-band satellite* Z1
communication. The thickness of polarizeist0.813 mm. The

i lari hna initiall ©
distance between PO arizer and antehnia initially set 1/17 Fig. 3. (a)E-field and its components &d E. (b) The explanation of the
wavelength according tb [9Then, the value of s chosen to equivalent impedance of top rir{g) The equivalent circuit of Zand Zwhen
be 8.2 mm (0.07\,) after performing optimizations in EM antenna works as LHCP antenna.
simulator in order to have the center frequency of axial &dtio ) ,
2.5 GHz. The dimension of the whole antenna is 1201128 When PIN diodes of top rings are on, and those of bottom
To achieve the compact size, the distance between adjacent ({i§S &€ off. along £and g, the equivalent impedance of the
cells of the polarizer is 27 mm, which is only larger than thg€!l On the polarizeis represented bya&and 2 respectively.
diameter of bottom rings by 0.6 mm. Other parameters are! '€ [OP ring and diagonal are divided into d1t, d2t, rit and
given in TABLE L In order to increase the overlapped AR 2L Whichare shown in Fig. 3(b). Tinempedances Zau, Zazx,
bandwidth between LHCP and RHCP, radius and width &ftt@nd Zz.Then, Zis given by
bottom rings are designed to be slightly larger than those of top

rings. 2y = (Zaws + Zugy + (J'wLo—an+Ro—on)'jw%s)//(Z 1122
TABLE 1 2 = dit d2t ij0_0n+R0_on+ 1 rit r2t
(€]

PARAMETERS OF THE UNIT (UNIT:MM) joCs
wd Rb Rt Wo w sl Lo_on @andR,_,, are the series inductance and resistance of

08 13.2 13 17 1.05 11 PIN diode when it is onCs is the equivalent capacitance

The slot antenna is printed on another substrate (Rogegguiting from the slot at the middle of diagonal of the ring.
RO4003C), of which the thicknessi$ 1.524 mm. The length gacause of the geometrical symmegy,, = Z,; andZ

of the slot L is 34 mm, and the width Wis 5.8 mm. The slo} 2t SO
antenna is fed by a microstrip line of which the width istér8.

A\ 4
A
A 4

L

rit =

(joLo-on+Ro-on) ez, , 2
Zy = (2Zgqp +——————— 8y It )
]wLO—on"‘Ro—on“‘]-wCS 2

Ill. THEORETICALANALYSIS

The LP waves from the slot antenna can excite the rings ofSimilarly, the bottom ring and diagonal are divided into,d1b
the polarizer to radiate. Then the LP waves are convertedddb, rlb and r2b. Zis given by
LHCP waves or RHCP wavdxy the polarizer according to the
status of PIN diodes on the polarizer. In this section, the Zy= (2Zgp +
equivalent circuit is derived to explain how the polarizer works,
and some critical parameters are studied. Co.off is the capacitance of PIN diode when it is. @ the
A Analysis of equivalent circuit size of the slot is the same for both top and bottom figds
atHg same for Zand 4. Considering the differences in width
and radius between top rings and bottom rings are quite,small

1

)/ ] 2L €)

jw(Cs+Co—off) 2

Assuming that the slot antenna is placed along the x-axis
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Z.1p @andZ,.,, have approximately the same value. S&Zglg B. Parametric Study

and Zgy;. In this section, some important parameters of the polarizer
Apart fromZ,, andZ,;, Z: and Z can both be seen asunit cell are discussed. The following parameters are studied
consisting of two parts. The first part is the equivalenihen the antenna works as an RHCP antenna. Fig. 5(a) shows
impedance from the diagonals and the second part is @ effect of h on the AR of the antenna. When h increases from
equivalent impedance from the PIN diodes and the slot at the7 mm (0.0580) to 9.7 mm (0.08Ko), the center frequency of
middle of diagonals of rings. When PIN diode is off, it is mainlAR band (AR<3dB) is reduced from 2.56Hz to 2.4 GHz
capacitive. So the second part afcan be seen as two shuntwhich makes it quite convenient to adjust the center frequency
capacitors. When PIN diode is on, it basically acts as seri@sAR band However, it should be noted that AR deteriorates,
inductor and resistor. Therefore, the second partisfah RLC  and AR bandwidth (ARBW) becomes narrower if the value of
hybrid circuit. Components of,Are shown in Fig. 3(b) and the h is increased.
equivalent circuit of Zand 2 is shown in Fig. 3(c). The effect of Gorr of PIN diode is also studied. Fig. 5(b)
Itis evident that Zis more capacitive tharpZTherefore, the shows that ARBW (AR3 dB) of the antenna becomes
phase of Zleads that of ZWhen LP waves generated by thenarrower (from about 150 MHz to 100 MHz) when the value of
slot antenna excites the rings of the polarizer to radiaten& ¢, varies from 0.16uF to 0.20uF. The AR also deteriorates
Ez have different impedance. and 2. If when G goes up. It indicates that it is better to choose PIN
diodes with lower . when design this antenna so that better
(4) ARBW can be obtained.
The AR with different values of the radius of top rirgand
bottom ringRb is demonstrated in Fig. 5(c) and (d). It can be
is satisfieq[9], the phase of, leads that of Eby 90 after B seen the effect dRt andRb is similarto that of h. WherRt
and E go through the polarizer. As a result, LHCP radiatioincreases from 13mm to 13.15mm, the center frequency of AR
can be obtained. band decreases from 2.685{zto 2.45GHz WhenRbincreases

{ |Z1| = |Zz|
ang(Z,) — ang(Z,) = —90°

Similarly, when PIN diodesf top rings are off, and thogé
bottom rings are on,.4s more capacitive tham Zf

{ 1Z1| = |Z,] ®)

ang(Z;) — ang(Z,) = 90°

is satisfied, the phase of, Bdvances Eby 90 after going

from 13mm to 13.15mm, the center frequency of AR band
decreases from 2.56Hz to 2.475GHz. However, increasing
Rt andRb does not lead to AR deteriorating. Therefé&teand
Rb are used to adjust the frequency of the antenna during the
designing process of this antenna.

The effect of the parameters when the antenna works as
LHCP antenna is similar to that of RHCP.

through the polarizer and E-field becomes RHCP field after 51
passing through the polarizer.

Fig. 4 shows the current distribution on diagonals of the 41
polarizer when the present antenna works as an LHCP or
RHCP antenna. In the case of LHCP radiation, it can be seen
that the amplitude of the current on the diagonal of the bottom
ring reaches maximum while current on diagonal of the top ring
reaches minimum when t=0. When t=Tile maximum current
amplitude is observed on diagonal of the top ring. It indicates
that there is a ¥phase difference between current on top ring
diagonal and that on bottom ring diagonal. 2.2 23 24 25 26 2.7

RN . — Freqency(GHz)
SIS A A (a)

AR(dB)

—=— h=6.7mm
—e— h=8.2mm
—4— h=9.7mm

(a) &0, LHCP(b)

IR 5
o J
T 2
\\ —=—C,_=0.16uF
\ AN AR AT 14 | == C,~0.18uF
> | X > ——C,_=0.20uF
(c) t=0,RHCP (d) t=TRHCP o

2.2 2.3 24 25 2.6 2.7
Fregency(GHz)

(b)

Fig. 4. Current on diagonats the polarizer for LHCP and RHCP.
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AR(dB)

AR(dB)

—&— Rt=13mm

14 | —®—Rt=13.05mm
—d— Rt=13.10mm
—¥— Rt=13.15mm

24 25

Fregency(GHz)

(©)

2.2 23

—&— Rb=13mm

—8— Rb=13.05mm
14 |=—&—Rb=13.10mm
—¥— Rb=13.15mm

2.6

2.7

24 25
Freqency(GHz)

(d)

22 23

2.6

2.7

Fig. 5. Simulated AR of RHCP with different h (a).&(b), Rt (c),Rb (d).

IV. SIMULATED AND MEASURED RESULTS
The polarization reconfigurable antenna is simulated afgéasured ARBW shifts to the higher frequency for both RHCP

optimized in CST MWS before fabrication. The photos of th@ntenna and LHCP antenna.
fabricated antenna are shown in Fig. 6.

Pe

O

=

R
R

R
S
Q

(d)
Fig. 6. Top side of polarizer (a), bottom side ofgpiaer (b), slot antenna (c),
side view of polarization reconfigurable antenna

A. Simulated and Measured Results of the Polarization
Reconfigurable Antenna

1) Reflection Coefficient

The simulated and measuregh|8re shown in Fig. 7 for both
RHCP and LHCP. It can be observed that the simulated and
measured results agree well. For LHCP, the resonant frequency
is 2.5GHz The measured {%$ band (|&/<10 dB) is from 2.3
GHzto 2.63GHz, which is slightly narrower than the simulated
results, from 2.2TGHz to 2.69GHz For RHCP, the simulated
and measured resonant frequency is 2@H3, 25 MHz lower
than that of LHCP. The measured|®and (|2<10 dB) is
from 2.27GHz to 2.65GHz, which is also narrower than the
simulated results. The overlapped impedance bandwidth for
both polarizations is from 2@BHz to 2.63GHz. The difference
between simulated and measured results is mainly caused by
the tolerance of fabrication accuracy.
2) Axial Ratio

Fig. 8 shows the simulated and measured AR of the antenna
at broadside. In the simulation, the 3-dB ARBW is from 2.42
GHzto 2.52GHz for RHCP antenna and from 2.@&81zto 2.56
GHz for LHCP antenna. The measuredB-ARBW of RHCP
antenna is 90MHz (3.6%), from 2.48Hz to 2.57GHz while
ARBW of LHCP is 110MHz (4.3%), from 2.5@Hz to 2.64
GHz. Therefore, the overlapped RHCP and LHCP bandwidth
of the antenna is from 2.5@Hz to 2.57 GHz (1.6%9. The
narrow bandwidth is limited by the EPRP. Using multi-layer
substrates to design the EPRP can increase the bandwidth, but
it will also increase the complexity. It can be seen that the

04
54
-10
~ -15-4
m
S 20-
:l' = RHCP-mea
9O -259 | ——LHCP-mea
= =RHCP-sim
301 |- - LHcP-sim
.35
'40 T T T T T T T T T 1
20 21 22 23 24 25 26 27 28 29 30
Freqency(GHz)
Fig. 7. Simulated and measun&g| for RHCP and LHCP
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5 . . b
\ \ / Fig. 9. Measured AR for LHCP(a) and RHCP(b) witHetiént h
4 Vo !
Vo / 3) Radiation Patterns and Gain
Vo
3
\ \ /
\

Fig. 10 shows the normalized radiation patterns of RHCP
antenna and LHCP antenna YOZ plane. As the center

% \ frequency shifts to a higher frequency in measurement, the
< 27 Vo simulated pattern in Fig. 10 is at 281z, and the measured
— RHCP-meal, 7\ I’ pattern is at 2.5%5Hz. It can be seen that there is a good
14| — LHCP-mea \ agreement between the simulated and measured results.
- :fﬂgg’_—:i? < Fig.11 shows the simulated and measured realized gain from
0 = = . . . r r . 2.45 GHz to 2.6 GHz The gain of the slot antenna without
230 235 240 245 250 255 260 265 270 EPRP is also shown in Fig.11. It can be seen the gain of the slo
Frequency(GHz) antenna is enhanced significantly by EPRP. The fluctuation of

Fig. 8. Simulated and measured AR of the antenna measured realized gain with frequency comes from

measurement tolerance and fabrication inaccuracy. For both
As discussed in Section IlI, the center frequency of ARBWRHCP and LHCP, the measured realized gain is higher than 8.6

can be tuné to lower frequency by increasing h. The effect oflBiC from 2.45GHz to 2.6 GHz. The maximum realized gain

h on AR is also investigated during the measurement. Fig.c8n achieve 9.6 dBic from 2.83Hz to 2.57GHz where the
shows the measured AR of LHCP and RHCP antenna wifitenna can work either @ RHCP antenna oan LHCP
different values of h. For LHCP antenna, when h increases fréfiténna. Some performance comparison between the present
6.5mm to 8.2mm, the center frequency of ARBW decreas@gtenna and other reported antennas in the similar topic is given
from 2.65GHz to 2.59GHz, and the AR does not deterioraten Tablell. Compared with the antenna reportedlifL3-24],

However, if h increases from 8.2mm to 9.5mm, AR deteriorat¥{ich are not easy to be extended to an array antenna, the
and the minimum value of AR increases from below 1dB tBresented antenna achieves the highest aperture efficiency.

above 2dB. The effect df on the AR of RHCP antenna is WWhen the antenna works at 2.53 GHz, the gain is higher than
similar to thaiof LHCP antenna, which is shown in Fig. 9@p). 9-5 dBic, and the aperture efficienisy70%.
reveals that h cannot be too large although it can adjust the

center frequency of ARBW.
5-

o
Z
14 p
< 2
14 —&— h=9.5mm LHCP
—— h=8.2mm LHCP
—&— h=6.5mm LHCP
0 T T T T T
2.3 24 25 2.6 2.7 2.8
Freqgency(GHz)
(a)
5 -
44
34
o
KS)
a4 p
< 2
14| = h=9.5mm RHCP
—8— h=8.2mm RHCP
—&— h=6.5mm RHCP
0 T T T

2.3 2.4 25 2.6 2.7 2.8
Freqgency(GHz)
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TABLE I
PERFORMANCE COMPARISON OF POLARIZATION RECONFIGURABLE @GRTENNA
Center Overlapped Max gain  Aperture
Ref. No. Method to realize polarization reconfiguration frequency( 5 Dimension(mm) b -
GHz) bandwidth (dBic) efficiency
[13] Adding PIN diodes to feed slot 5 4% 13.5x18x%3.8 55 -
[14] Controlling the structure of feed networks based on CF 5.8 0.7% Not given 6.02 -
[15] Using PIN diodes to change the structure of feed orbtsv  2.45 Not given 42.5%42.5%2.6 5 -
[16] Adding PIN diodes to feed networks of corners truede 2 8.6% 150%150x16.6 7 -
patch antenna
[17] Exciting antenna with different input port 2.68 1.3% 80x%60x%3.6 8 -
[18] Changing input port 4.02 Not given 140x140%3 8.68 -
[19] Adding PIN diodes to slot on patch antenna 4.55 &4.20 0% 60%x60%3.18 Not given -
[20] Same with [19] 4.64 2.7% 40x40x3.18 Not given -
[21] Using PIN diodes to change geometry of ring slot ante 2.38 3.4% Not given 4 -
[22] Using PIN diodes to change geometry of corners trudc 1.6 1.5% 225%225%1.6 5.3 -
patch antenna
[23] Changing distance between antenna and dieler 5.82 0.7% Not given 54 -
perturbers
[24] Using PIN diodes to change the slot distribution omgdo  2.49 1.2% Not given 2.97 -
[10] rotating the metasurface above the source antenna 35 11.4% nx39x39x% not given 7 61%
This Using polarizer loaded by PIN diodes 2.55 1.2% 120%120x%8.2 9.6 70%
paper
114
04 _ _
9l = = = - om
300 81 — -RHCP-sim
7 — RHCP-mea
—~ Q = =LHCP-sim
g T 61 —— LHCP-mea
< 8 5.l —— slot antenna only
& 270
3 31
£ 2
o B
z = =LHCP-sim

Normalized Gain(dB)

= =RHCP-sim
= RHCP-mea
= | HCP-mea
180
(a) RHCP

= =LHCP-sim
= = RHCP-sim
= LHCP-mea
——— RHCP-mea

(b) LHCP

Fig. 10. Simulated and measured patterns of the antenn®@hplane

T T T T T
2450 2475 2500 2525 2550 2575

Frequency(GHz)

1
2.600

Fig. 11. Gain of the slot antenna with and without EPRP

B. Array antenna study

As mentioned in section I, this polarization reconfigurable
CP antenna can be easily extended to a large-scale array
antenna.To prove this, a 2x2 array antenna is designed and
simulated in this section. Fig. 12 shows the structure of the
EPRP of the array antenna. It can be seen that the position of
DC feed points do not change when the antenna is extended to
a 2x2 array antenna. Thug, 2'x2" array antenna can be
obtained by scaling from the 2x2 array antenna in the same way
Here, the 2x2 array antenna is shown to demonstrate the
scalability of the presented design. As shown, when the
presented antenna is used as the unit cell to design an array

antenna, only minor modificatiornt® the DC bias circuit is

required, which is one of the main advantages of the pextent

design.
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All the DC circuits have been considered during the EM 300 - 60
simulation. The polarization is still controlled by two pairs of o ) A
DC line. When the PIN diodes of the top rings are on, the array % S 9
antenna works as an LHCP antenna; When PIN diodes of §27o 8 .:' %
bottom rings are on, the array antenna works as an RHCP & 0y e v
antenna. T e X
Fig. 13 shows the simulated AR of 2x2 array antenna at S —
broadside. It is shown in Fig. 14 that the gain of the array  RHCPim . 120
antenna is about 6 dB higher than that of polarization - - = LHCP-cal
reconfigurable CP antenna alone, which agrees well with - - - RHCP-cal 150
theoretical results. Fig. 15 shows simulated and calculated 180
radiation patterns of the array antenna at @&Hz The (a) LHCP
calculated patterns are from pattern multiplicationafoarray 0
antenna. The simulated and calculated patterns agree well,
indicating the minor modifications to bias circuitviedittle
effect on the radiation patterns of the array antenna. Due to the 300
limitation of the available size of the laminates, the large size =
array is not fabricated. =
51 8
< 270 90
L
2 —— RHCP-sim 120
3. —— LHCP-sim
= = = = RHCP-cal
- - - - LHCP-cal
¥ 210 o
< 27 180
(a) RHCP
14 Fig. 15. Radiation patterns of the array antenné@Z plane.
0 V. CONCLUSION
230 235 240 245 250 255 2.60 2.65 2.70

Frequency(GHz)
Fig. 13. SimulatedR of the array antenna.

A novel polarization reconfigurable CP antenna consisting of
a polarizer and a slot antenna has been presefiteel
polarization of antenna can be electronically switched to LHCP
or RHCP by changing the statefsPIN diodes on the polarizer.
Moreover, it is demonstrated that the desgptalable to large-
scale array antennas with minor modificati@aghe DC bias
circuit. To prove the design concept, a prototype of polarization
reconfigurable CP antenna at 351z band is fabricated and
measured. The measured results and simulated results agree
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well. The measurement results show that the ARBW of LHCIR2]
is from 2.48GHz to 2.57GHz (3.6%) while that of RHCP is
from 2.53GHz to 2.64GHz (4.3%) The overlapped ARBW is [23]
from 2.53GHz to 2.57GHz (1.6%). The gain of the antenna is
above 8.5 dBic for both polarizations in the operational ban&a]
and the highest aperture efficiency of 70% is obtained.
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