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 
Abstract— A compact polarization reconfigurable wideband 

omnidirectional circularly polarized (CP) antenna is presented in 
this paper.  This design is based on a low profile omnidirectional 
CP antenna which consists of a microstrip antenna working on 
TM01/TM02 modes with slots etched on the ground plane. Vias are 
introduced between the patch and the ground plane, in order to 
excite the TM01 and TM02 modes which generate vertically 
polarized electric field within a wide frequency band. Sequential 
bended slots are introduced on the ground plane to radiate 
horizontally polarized electric field. As the result of the combined 
radiations from both the patch antenna and the sequential slots, 
left hand circularly polarized (LHCP) omnidirectional radiation 
pattern is obtained. The polarization reconfigurable is realized 
by introducing PIN diodes on the slots and through controlling 
the states of the PIN diodes, the effective orientation of the slots 
on ground plane can be adjusted and the polarization of this 
antenna can be altered between LHCP and RHCP (right hand 
circularly polarization). To verify this design concept, one LHCP 
and one polarization reconfigurable prototypes at 2.4GHz band 
were designed and fabricated. Experimental results show good 
agreement with the simulation results. The LHCP antenna 
exhibits a wide impedance bandwidth of 18.4% from 2.12 to 2.57 
GHz and 3dB-axial ratio (AR) bandwidth of 450MHz. For the 
polarization reconfigurable antenna, 19.8% (2.09 GHz -2.55 
GHz) overlapped 3 dB AR and 10 dB impedance bandwidths is 
obtained. The present design has thickness of only 0.024Ȝ and 
exhibit stable CP omnidirectional conical-beam radiation 
patterns within the operating frequency band with good 
circularly polarization. 
 

Index Terms—wideband, compact, Circular polarization, 
sequential bended slots, low profile, polarization reconfigurable, 
PIN diodes, omnidirectional antenna 

I. INTRODUCTION 

ircularly polarized (CP) antennas are widely used in 
wireless communication system, because of the reduction 
on multipatch fading and robust on the misaligned 

orientation between transmitters and recievers. On the other 
hand, omnidirectional antenna is desirable as it can provide 
wide signal coverage. As a result,  omnidirection CP antennas 
have been arrtracted much research interests. Omnidirection 
CP antennas realized by radially arranging radiators, including 
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the use of  four monopoles fed by in-phase signals [1], ten 
slots curved on a radial waveguide [2], eight resonante 
elements surrounding the fed probe [3]  and four CP 
rectangular loop radiators printed on a flexible substrate 
cylinder [4], were reported. Dielectric Resonator Antenna 
(DRA) [5], and monopole with Loop Radiators[6, 7] with 
omnidirectional radiation pattern and wide bandwidth were 
also reported. However, these designs exibhits high profile 
and not suitable for the compact applications. 
    A microstrip antenna utilizing Zeroth-Order Resonance of 
Epsilon Negative Transmission Line was presented in [8] and 
the profile of antenna is only 3.175mm (0.016 Ȝ0 at center 
frequnecy). An compact omnidirectional antenna of circular 
polarization consists of four bended monopoles were studied 
in [9], and the profile is 9.3mm (0.076 Ȝ0). The profile of these 
antennas are relatively low; however, they suffer from the 
narrow bandwidth(0.5% and 3.56%). In addition, a hybrid fed 
high order microstrip antenna with 28.2% bandwidth was 
presented [10]. The wideband performanece was achieved by 
the use of air layer, which increases the dimentions of the 
antenna. Although the profile of this antenna is 10mm (0.1 Ȝ0), 
but the size of ground plane is large and with complex feeding 
structure. 
    Low-profile wide band omnidirectional antenna can be 
realized by combine two kinds of low profile wideband 
radiator to generate omnidirectional vertical and horizontal 
polarized waves. A broadband low profile vertical polarized 
omnidirection monopolar antenna was proposed in [11], 
achieving 18% impedance bandwidth. Some omnidirectional 
antenan base on such concept have been proposed recently. 
Seven extended curved bradches[12] and eight parasitic loop 
stubs [13] can be used to obtain low-profile omnidirectional 
CP radiation. Although the wideband characteristic  (19.3% 
and 14.4% ) was obtained, those techniques need to use 
parasitic raditors which increase the overall size of antenna. 

In morden wireless communication systems, polarization 
reconfigurable antenna are highly desriable to mitigate the 
multipath problem and imcrease the system capaticy. Single-
fed microstrip antenna is attractive among polarization 
reconfigurable antennas because of the simple structure, 
compact size and easy DC baising design.  The previous 
studies of CP polarization configurable antenna are more 
focused on the broadside radiation antenna[14-16]. A 
reconfigurable CP microstrip antennas with conical-beam 
radiation was reported in [17]. However, the operational band 
of two CP polarization are different (LHCP operating band at 
the center frequency 2.475 GHz and RHCP operating band at 
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the center frequency 2.895 GHz). Moreover, both bandwidths 
are very narrow (1.6% for LHCP band 2% for RHCP band).  

In this paper, we propose a noval design method for 
compact omnidirectional CP antenna. The antenna is based on 
the microstrip monopolar patch antenna. Sequential bended 
slots are etched on the ground plane of the microstrip 
monopolar patch antenna without increasing the size of the 
antenna. Each of the slots consists of a tangential direcitonal 
part and a radial directional part. The tangential part under the 
patch provides electromagnetic coupling to excite the radial 
part to radiate horizontal electric field. Combined with the 
vertical polarized field generated by the monopolar patch 
antenna, the antenna exibits omnidirectional CP radiation 
within wide frequency  band. Based on the proposed 
omnidirectional CP antenna, a polarization reconfigurable 
antenna was designed. By changing the effective orientation of 
the slot on ground plane of proposed omnidirectional CP 
antnena by controlling the states of the PIN diodes, the 
polarization can be alternated between LHCP and RHCP. Due 
to the low cost, low insertion loss and high isolation, PIN 
diodes (SKYWORKS SMP1345-079LF)[18] are chosen in 
this study. Six inductors are mounted across the slots which 
significant simplifies the DC control circuit. Single voltage is 
used to control all the diodes. When positive voltage is 
applied, LHCP radiation can be obtained whilst RHCP can be 
realized when negative voltage is applied. 

  

Fig.1. Geometry of omnidirectional LHCP antenna 
 

To verrify the design concept, both the omnidirectional 
LHCP antnena and polarization reconfigurable antenna are 
designed and fabricated. The proposed antennas have 
overllaped 10-dB impdance and 3dB-AR bandwidth  of 18.4% 
and 19.8%, respectively. In addition, the profiles of the 
antennas are only 0.024Ȝ. The proposed antennas have the 
advantages of low profiles, wide CP operational bands and 
simple structures. 
    This paper is organized as follows. The detailed design 
method and measurement of the conical beam omniderctional 
LHCP antenna is presented in Section II. The configuration 
and experimental result of polarization reconfigurable antenna 
is described in Section III. Section IV concludes this paper. 
 

II. CONICAL BEAM OMNIDIRECTIONAL CP ANTENNA DESIGN  

A. Antenna configuration 

The configuration of proposed LHCP antenna with conical 
omnidirectional beam is shown in Fig.1. It consists of a 
circular patch with a radius of RPatch and six sequential bended 
slots etched on the ground plane. The radius of ground plane is 
Rground and the distance between the center of ground plane 
and slot edge is Rslot. Each slot has a radial length of lslot and 
arc angle of șslot.  Nine shorting pins with diameter of d are 
used to short the circular patch and ground plane.  The 
distance between patch center and shorting pin center is Rvia. 
The circular patch and its ground plane were printed on each 
side of a substrate with relative permittivity of İr and thickness 
of h. The antenna is fed by a coaxial probe of SMA connecter 
with pin located at the center of the circular patch. The 
detailed values of these parameters are shown in Table I. 

 
Table I 

The parameters of the proposed omnidirectional CP antenna 
 

RPatch Rground Rslot. Rvia d 
39.5mm 60mm 34mm 29.5mm 1.6mm 

lslot șslot İr h  
26mm 48° 2.2 3.175mm  

 

B. Principle of operation and design method 

    The design of proposed antenna is based on the concept that 
low-profile wide band omnidirectional antenna can be realized 
by combine two types of low profile wideband radiator to 
generate omnidirectional vertical and horizontal polarized 
waves. Therefore, a wideband omnidirectional vertical 
polarized antenna is designed at first. The center-fed 
microstrip monopolar patch antenna has a wide bandwidth and 
a monopole like radiation pattern [11]. By adjusting the 
positions and number of the shorting pins, two frequencies of 
the fundamental modes TM01 and TM02 can be tuned to form a 
wideband response. To verify this, two models with and 
without the shorting pins were simulated and compared. Fig. 2 
shows the simulated reflection coefficient of the antennas with 
and without the shorting pins. The antenna without shorting 
pins shows only one TM02 mode resonant frequency at 2.5 
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GHz, while the antenna with shorting pins shows two resonant 
frequency at both 2.2 GHz and 2.5GHz. It can be seen clearly 
that by adding shorting pins, another low frequency resonant 
at 2.2 GHz is obtained and better impedance matching is 
achieved. The approximate radius of the circular patch can be 
calculated by using TM02 mode cylindrical cavity which is 
given by: ݇଴ඥߝ௥ܴ௘௙௙ ൌ ͵Ǥͺ͵ͳ͹ͳ ܴ௘௙௙ ൌ ܴ௣௔௧௖௛ඨͳ ൅ ௥ߝ௣௔௧௖௛ܴߨݐʹ ሺ݈݊ ݐʹ௣௔௧௖௛ܴߨ ൅ ͳǤ͹͹ʹ͸ሻ 
where ݇଴ is the wavenumber in free space. ܴ௘௙௙ is the 
effective radius of the circular patch antenna [19]. 
    For good circular polarization, two orthogonal linear 
polarizations with same magnitude should be excited with 90-
degree phase difference. In order to produce horizontal 
polarized field, bended slots were introduced on the antenna 
ground plane. Each bended slot has two parts, an arc part for 
coupling and a radial part for microwave radiation. The arc 
slot is perpendicular to the radius of the patch, which forces 
the current flows around the slot. Therefore electromagnetic 
coupling can be introduced to excite the radial slot radiator to 
generate horizontal polarized field. Six slots radiator are 
arranged sequentially along the circumference of the ground 
plane, with an accordant angular interval of 360°/6, to 
guarantee the equal magnitude at different azimuth directions. 

 
Fig. 2. Simulated reflection coefficient of antennas with and without 
the shorting pins 
 

 
Fig.3 Simulated resonant E-field in elevation plane. 
 

    Fig 3 shows the electric field distributions between the 
patch and ground at TM01 and TM02 modes. It can be seen 
that, the field distribute is different for the TM01 and TM02 
mode at frequency of 2.2GHz and 2.5GHz. The electric field 
of TM02 mode has the opposite direction at both sides of the 
shorting pins, while the TM01 mode has the same directions. 
However, the field distributions between shorting pins and the 
open edge are similar at both TM01 mode and TM02 mode. 
This means that, the field distribution around the slots are 
similar at two frequencies. Therefore the energy coupling 
between monopolar antenna and slot is stable within wide 
frequency range which leads to the stable antenna 
performance within wide frequency band. 
     The 90-degree phase difference between the two 
orthogonal linear polarizations is realized by adjusting the 
length of the ace slot. The ace slot can not only work as a 
coupler but also a section of transmission line to produce 
phase shift. The simulated phase different between Eș and Eĳ 
at ș=40°, ĳ=0° with different value of ace angles are plotted in 
Fig. 4(a). The length of ace slot is critical to produce wideband 
AR. As shown in Fig. 4(b) the optimized antenna can achieve 
18% AR bandwidth.  

 
(a)

 
(b)  

Fig.4. Simulated (a) phase different between Eș and Eĳ and (b) AR at 
ș=40°, ĳ=0° 
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(a)            (b) 

Fig. 5. Current distribution at 2.4GHz at time (a) t=0 and (b) t=T/4  
 
 

The simulated current distribution at 2.4GHz at time t=0 
and t=T/4 are plotted in Fig. 5, where T is the period of time. 
The horizontal and vertical polarized electrical field is 
provided by the surface current in radical direction and ĳ 
direction, respectively. At time t=0, current flows at direction 
of +ĳ, which produces horizontal polarized radiation. While at 
time t=T/4, strong radical current can be observed which 
generates vertical polarized radiation. It should be noted that, 
the slot work as a 1.5 wavelength radiator, which can be seen 
on Fig. 5.  

  
Fig. 6. The simulated AR curve with different value of lslot. 

 
Fig. 7. The simulated AR beamwidth of the proposed LHCP antenna. 
 

 
Fig. 6 shows the simulated AR with different value of lslot. The 
length of slot determines the resonate frequency of the slot 

radiator. Therefore, the AR band shifts towards higher 
frequency with increased length of slot. 

    Fig. 7 shows the AR beamwidth of the proposed antenna 
at different frequencies. The AR beamwidth is wide at both 
higher frequency and lower frequency. The AR beamwidth 
covers a wide range from 2° to 55°. Good circularly polarized 
radiation around 40° is obtained within wide frequency band.  

The polarization of the proposed antenna can be alternated 
between LHCP and RHCP by changing the orientation of the 
sequential bended slots. As will be presented later in section 
III, the polarization reconfigurable is realized based on this 
concept. 

C. Simulated and Measured Results 

     The prototype of proposed conical beam omnidirectional 
antenna was fabricated and the photos of the prototype are 
shown in Fig. 8. The reflection coefficient was measured with 
the Rohde & Schwarz ZVL vector network analyzer. The axial 
ratios and radiation patterns were evaluated in an anechoic 
chamber in University of Kent. All the numerical simulations 
were performed by using the Ansys HFSS V15. 
 

 
 
Fig.8. The prototype of proposed omnidirectional LHCP antenna 

 
 

Fig. 9. Simulated and measured S11 of the proposed LHCP antenna 
 

The simulated and measured S11 are plotted in Fig. 9. The 
measured results show a good agreement with the simulated 
results. The measured impedance bandwidths, for S11 < -10 
dB, is 455 MHz (from 2.115 to 2.570 GHz) while the 
simulated impedance band is 450 MHz (from 2.14 to 2.59 
GHz). The first and second resonant frequency at 2.2 GHz and 
2.5 GHz for TM01 and TM02 modes can be observed. 

The simulated and measured axial ratios at ș=40°, ĳ=0° are 
plotted in Fig. 10. The measured 3-dB axial ratio bandwidths 
(ARBW) are 450 MHz (2.10-2.55 GHz), while the simulation 
is 464MHz. The measured impedance bands are almost within 
the 3 dB AR band. The overlapped band of 10-dB return loss 
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and 3-dB AR bandwidth are 464 MHz (simulated) and 435 
MHz (measured), representing overall bandwidth of 18.4%. 
Some discrepancies between the measured and simulated 
results were due to cable effects, SMA connector, and 
fabrication imperfection. 

  
Fig.10. Simulated and measured axial ratios at ș=40°, ĳ=0° 

 
 

 
(a) 

 
(b) 

Fig. 11. Simulated and measured radiation patterns in (a) azimuth 
plane and (b) elevation plane at 2.4 GHz 

 
 Fig.11 shows the measured as well as simulated radiation 

patterns in azimuth and elevation plane at 2.4 GHz. The 
elevation plane shows a conical pattern. At the elevation angel 

of 40°, the antenna has peak gain and LHCP radiation. In 
broadside direction, antenna has a null radiation. The azimuth 
plans is well omnidirectional. The antenna gains are steady 
within 360° azimuth angle.  The co-polarized (LHCP) field is 
at least 18 dB higher than the cross-polarized (RHCP) field 
showing good purity of the CP radiation. 

Fig 12 shows the simulated and measured antenna gains at 
ș=40°, ĳ=0°. The simulation and measurement agree well. 
The gain increases with the increasing frequency. The 
maximum measured LHCP gain of 3.21 dBic and minimum 
gain of 0.9 dBic are observed.  

D. Comparison of omnidirectional CP antenna designs 

The performance of various types of omnidirectional CP 
antennas and the proposed antenna is listed in Table III.  

As shown in this Table III, monopole antenna with polarizer 
array [3] , loop radiators array [4] and the wideband CP patch 
antenna [10] have a larger bandwidth among the conical beam 
CP antenna. However, designs in [3] and [4] has a higher 
profile and antenna design in [10] have a large cross section 
and complex feeding network. The zero order resonance patch 
antenna [8] and four bended monopoles [9] have low profile, 
but they have very narrow operational bandwidth that is less 
than 4%.  Although the designs in [12] and [13] have similar 
performance to proposed LHCP antenna, the proposed antenna 
achieve more than 50% size reduction. 

 

 
Fig. 12. The simulated and measured antenna gains. 

 
 
Form the above comparison, it can be concluded that the 

proposed antenna has a very low profile, wide CP operational 
band and small cross section with simple structure. 

III.  POLARIZATION RECONFIGURABLE CP ANTENNA DESIGN  

In this section a polarization reconfigurable omnidirectional 
antenna is presented. The reconfigurable design is developed 
based on the antenna shown in Section II. 

A. Antenna configuration 

Fig. 13 shows the configuration of the proposed 
polarization reconfigurable antennas. It has diameter of 60 
mm. Rogers 5880 substrate with relative permittivity of 2.2 
and the thickness of 3.125 mm is used in this design. A 
circular patch radiator is printed on the top of substrate. The 
ground plane with an annular slot and six radial slots are on 
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the bottom of substrate. The annular slot separated the ground 
plane into two part: inner circular ground plane and outer 
annular ground plane. The diodes are soldered across the 
annular slot. Then the radial slots divide the outer annular 
ground plane into 6 pieces and connected by inductors. 
Furthermore, a small annular slot is curved on outer ground 
plane with a DC line connected to the inner metal. One 
inductor is mounted across the small annular slot to chock the 
high frequency current. The detail value of design parameters 
are shown in Table II. 

 
Fig. 13. The geometry of proposed omnidirectional CP antennas 

 

B. Polarization reconfigurable operational principle 

The monopolar patch antenna with bended slots on the 
ground plane can radiate CP wave as presented in Section II. 
The horizontal and vertical polarized electrical fields are 
provided by the surface current in radical direction and ĳ 
direction as show in Fig.5. Therefore, the CP polarization 
(LHCP or RHCP) can be switched by changing the orientation 
of the sequential bended slots. 

Diodes are mounted across the annular slot as switches to 
reconfigurable the orientation of the slot radiator. Fig 14 
shows the working principle of the polarization reconfigurable 
antenna. As shown in Fig. 14 (b), diodes connect the inner 
circular ground patch and the outer ground patches pointing to 
different direction at two sides of the radial slot. When the 
diodes 1 are ON and diodes 2 are OFF, the polarization of 
reconfigurable antenna is LHCP. Conversely, the polarization 
is RHCP as shown in fig. 14 (a). PIN diodes SKYWORKS 
SMP1345-079LF [18] was used in this design due to the very 
low capacitance and low resistance. 

 
Table II 

The parameters of the proposed polarization reconfigurable antenna 
 

RPatch Rground Rslot. Rvia d 
39.5mm 60mm 34mm 30mm 1.6mm 
ș1 ș2 İr h  

20° 60° 2.2 3.175mm  
 
Six outer ground patches are connected by six inductors 

which can significantly simplify the DC control circuit. The 
outer ground patches are electrical connected for DC control. 
All the diodes can be in parallel connection. However at 
higher frequency, the impedances of the inductors are very 
high and the current can be blocked. The inner circular ground 
patch is electrically connected to the outer conductor of the 
feeding coaxial cable, so the AC and DC are common 
grounded. A DC biasing line is connected to the outer ground 
planes with a small annular slot and inductor chock to achieve 

Talbe III 
Performance comparison of  omnidirectional CP antenna 

 

Ref. No. Type of CP antennas 
Center 

frequency Bandwidth* 
Electrical dimension (Ȝ0 at center 

frequency) 
Max gain 

(dBic) 
[1] monopole 1.62 GHz 2.8% 0.43Ȝ0×0.43Ȝ0×0.45 Ȝ0 4.5 
[2] slot 12 GHz NA 1.93Ȝ0×1.93 Ȝ0×0.119 Ȝ0 6.6 
[3] Monopole & polarizer array 5.3 GHz 54.9% 0.9 Ȝ0×0.9Ȝ0×0.43 Ȝ0 6.3 
[4] loop radiators array 2.1 GHz 41% 0.4Ȝ0×0.4Ȝ0×1.65 Ȝ0 3.7 
[5] DRA with alford loop 2.42 GHz 7% 0.38Ȝ0×0.38Ȝ0×0.18 Ȝ0 1.8 
[6] Monopole and arc-shaped dipoles 2.45 GHz 4.5% 0.4Ȝ0×0.4Ȝ0×0.08 Ȝ0 0.5 
[7]  Monopole and Loop Radiators 1.65 GHz 11.5% 0.55Ȝ0×0.55Ȝ0×0.08 Ȝ0 0.86 
[8] Zeroth-Order Resonance patch antenna 1.49 GHz 0.5% 0.3Ȝ0×0.3Ȝ0×0.016 Ȝ0 -0.4 
[9] four bended monopoles 2.44 GHz 3.56% 0.22Ȝ0×0.22Ȝ0×0.076 Ȝ0 1.59 
[10] wideband CP patch 2.57 GHz 28.2% 2.7Ȝ0×2.7Ȝ0×0.1 Ȝ0 5.5 
[12] Monopolar patch with curved branches 2.49 GHz 19.3% 1.28Ȝ0×1.28Ȝ0×0.024 Ȝ0 4.7 
[13] Monopolar patch with parasitic loop stubs  6.13 GHz 12.2% 1.16Ȝ0×1.16Ȝ0×0.06 Ȝ0 4.9 

Antenna I Proposed omnidirectional LHCP antenna  2.33 GHz 18.4% 0.93Ȝ0×0.93Ȝ0×0.024 Ȝ0 3.2 
 
* Bandwidth is Overlapped bandwidths for 3 dB AR and -10 dB S11 
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AC /DC isolation. Therefore, only a single DC voltage on the 
biasing line is required to be applied to all diodes. 

The voltage between the outer ground patches and inner 
ground patch can control the states of the PIN diodes. When 
negative voltage is applied on the DC biasing line, diodes 1 
are ON with diodes 2 OFF leading to LHCP radiation. 
Otherwise, when positive voltage is applied, diodes 1 are OFF 
with diodes 2 ON leading to RHCP radiation. 

C. Simulated and experimental resutl 

To verify our design concept, a prototype of polarization 
configurable omnidirectional CP antenna was fabricated, as 
shown in Fig.15. +5V and -5V DC voltage were applied on the 
DC biasing line with a 33 ȍ series resistor connected. 

 
(a) 

 
(b) 

 
Fig. 14. (a) Working principle of the polarization reconfigurable 
antenna. (b) PIN diodes and DC biasing circuit 
  

 

Fig. 15. The prototype of proposed polarization reconfigurable CP 
antenna 

  
Fig. 16 shows the simulated and measured S11 of the 

proposed antenna. An ohmic resistance of 1.5 ȍ with serial 
inductance of 0.7 nH and a cutoff capacitance of 0.15 pF with 
serial resistance of 5 kȍ are used in numerical analyses as the 
equivalent circuits of the diodes at ON and OFF states, 
respectively. Measurement shows good agreement with the 
simulation result. The proposed antenna has two measured 
impedance bandwidth of 19.8% (2.09 GHz -2.55 GHz) for 
both states of LHCP mode and RHCP mode.  

 
Fig. 16. The simulated measured S11 of the proposed antenna 

 
Fig. 17. The simulated and measured AR of polariation configurable 
CP antenna at ș=40°, ĳ=0° 

 
Measured ARs at elevation angel of 40° are plotted in Fig. 

17. It is shown that the prototype had 3dB-AR bandwidths of 
25.2% (2.08-2.68 GHz and 2.1-2.72 GHz) for both modes. It 
can be found that the entire impedance band overlapped within 
the 3dB-AR band. Therefore the usable bandwidths, which are 
the bandwidths of the overlapped bands of 3dB-AR and 10dB-
return loss, are both 19.8% (2.09 GHz -2.55 GHz). 

The simulated and measured radiation patterns for two 
modes in azimuth and elevation plane are plotted in Fig. 18.  
The radiation patterns between two states are very similar. At 
the elevation angel of 40°, the antenna has peak gain and CP 
radiation. The azimuth plans are well omnidirectional. The 
antenna gains are stable within 360° azimuth angle.  The co-
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polarized field is at least 20 dB higher than the cross-polarized 
field showing good purity of the CP radiation. 

The gains of proposed antenna are plotted in fig. 19.  The 
antenna has stable gains across the entire band at both states. 
Because of the very low profile (0.024Ȝ) and omnidirectional 
radiation, the gains of the antenna are from 0.1 dBic to 2.5 
dBic within its operational frequency band.   

 
(a) 

 
(b) 

 
Fig. 18. The simulated measured radiation pattern at 2.4 GHz for (a) 
State I and (b) State II 

 
Fig. 19. The simulated and measured antenna gains. 

 

IV.  CONCLUSION 

A novel method of designing omnidirectional circularly 
polarized antenna is proposed in this paper. By combining the 
horizontally polarized field generated by the sequential bended 
slots on the ground plane, and vertical polarized field 
generated by the microstip monopolar patch, good CP 
omnidirectional radiation can be achieved within wide 
frequency range. The prototype of the proposed conical beam 

omnidirectional LHCP antenna was fabricated and measured. 
Experimental results show that the proposed LHCP antenna 
exhibits a wide 10-dB impedance bandwidth of 18.4 % from 
2.12 to 2.57 GHz and 3dB-axial ratio (AR) bandwidth of 450 
MHz. This technique has been further extended to the design 
of the polarization configurable CP antenna. The effective 
orientation of bended slot on ground plane can be switched by 
controlling the states of the PIN diodes. DC control circuit was 
design to control all the PIN diodes by using single voltage. 
Good LHCP and RHCP radiations are generated when 
positive and negative voltage applied. The prototype of 
proposed polarization reconfigurable antenna was fabricated 
and measured. Reasonable agreement between the simulation 
result and measured result has been obtained. Overlapped 
bandwidths for 3 dB AR and 10 dB return loss of LHCP mode 
and RHCP mode are both 19.8% (2.09 GHz -2.55 GHz). 
Stable omnidirectional radiation patterns are observed over the 
operating bandwidth with pure circularly polarization. The 
proposed antennas have the advantages of wide CP radiation 
band, very low profile, compact size and simple structure. The 
proposed CP antenna can be a good candidate for present 
wireless communication systems. 
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