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Inverted-S Antenna with Wideband Circular
Polarization and Wide Axial Ratio Beamwidth

Long Zhang, Steven Gao, Member, IEEE, Qi Luo, Member, IEEE, Paul Young, Senior Memb
IEEE, Wenting Li, Qingxia Li, Member, IEEE

Abstract—A novel broadband circularly polarized (CP)
antenna with wide axial ratio (AR) beamwidth is proposed. It is
composed of two curved arms shaped like an inverted “S”. The
mechanisms of wideband CP operation and wide AR beamwidth
are explained. To validate the concept, a prototype at C-band is
manufactured and measured. Experimental results confirm that
the antenna achieves an impedance bandwidth of 63% and a CP
bandwidth of 42%. Furthermore, maximum AR beamwidth of
140° is achieved and wide AR beamwidth can be maintained in a
frequency bandwidth of 35% in nearly all elevation planes. In
addition, the antenna has the advantage of being easily extended
to arrays. A 4-element array using the proposed antenna is
investigated through both simulations and experiments, and
achieves 60% CP bandwidth and wide AR beamwidth. The
proposed inverted-S antenna can realize wide CP bandwidth and
wide AR beamwidth, and is easy to form wideband CP arrays.

Index Terms—Circular polarization, broadband antennas, wide
axial ratio beamwidth, wideband array.

. INTRODUCTION

Although these CP antennas can achieve more thahARO
beamwidth, thie AR bandwidths are smaller than 5%. For some
applications, such as covering all GNSS bands, these antennas
may not applicable.

To meet the system requiremenf large bandwidth,
normally the antenna needs to be designed either as multiband
or wideband The multi-band CP antennas with wide AR
beamwidth in each working band can be foungli2-14]. In
12], a multi-branch crossed dipole was presented withemor
than 110 AR beamwidth Stacked cone-patches were used to
achieve dual-band operation and over’AR beamwidt{T3].

A novel dual-frequency du&P patch antenna with orthogonal
and offset-centered slots was reporte,[which realized
RHCP (right-hand circular polarization) and LHCP (left-hand
circular polarization) at two different bands with more than
160> AR beamwidth However, for high date rate satellite
communications, it is always desirable to have a wideband
antenna with wide AR beamwidth especially for the receivers.

Despite the importance of wideband CP antennas with wide
AR beamwidth, there are few reported researches. Two pairs of
parallel dipoles were orthogonally placed in a square contour

C'RCULARLY POLARIZED (CP) antennas are widely 54 were excited in phase quadrature to acquire wide AR

deployed in various wireless systendue to their

advantages of the mitigation of multipath fading, the reducti

beamwidth when the space between the parallel dipodéess w

Ubpropriately chosefi§]. The AR bandwidth of this antenna is

of ‘Faraday rotation’ and the immunity of polarization from 1 52GHz to 1.65GHz (8.2%) and 28R beamwidth is
mismatching between transmitting and receiving antefirjas [Lhnieved at 1.6GHz. However, the AR beamwidth may degrade
Extensive research work on improving the AR bandmdtQ,hen frequency shifts away from 1.6GH& stacked patch
(AR<3dB) of CP antennas has been reported, as the traditiogﬁ{enna with 10.2% CP bandwidth and 14R beamwidth

microstrip patches with perturbations exhibit less than 5
bandwidth@]. Dual-feed technique and®$ybrid were used
to increase the CP bandwid [3]. Other antennas, such
stacked patches J4], slot antenfd [5] and magneto-electys
dipole are also good candidates for wideband CP operati

Was presented irTf. Likewise, the AR beamwidth is

measured at only 2.4GHz and the AR beamwidths at other
fPe?quency points within the working band are not provided. In

Eg, a wideband magneto-electric dipole which has 33% AR
n

dwidth and 85AR beamwidth within the AR passband in

Besides improving the AR bandwidth, widening the ARyq 1o main planes was reported. Stable wide angular CP

beamwidth of CP antennassreceived increasing interest due,
to their applications in global navigation satellite syste

(GNSS) [[q] and wide-angle CP beam-scanning afrdy

radiation could also be observed 8], where a crossed dipole

Myas loaded with a magneto-electric dipole to realize good CP
[8erformance. I8, 27.7% AR bandwidth was achieved and

Several researches on this topic were reported including, er 165 AR beamwidth could be realized from 1.45GHz to
square-ring slotted patch anter{nh [9], an asymmetric microstiip, (15.8%) in the two main plan@sthough the antenna

antenna with integrated circular-patc [and an elliptical

vertical patch antenna backed by an elliptical air cajdty. [

L. Zhang, S. Gao, Q. Luo, P. R. Young and W. Li arénlie School of
Engineering and Digital Arts, Universityf &ent, Canterbury CT2 7NT, UK.
(emails: Iz76 @kent.ac.uk; s.gao@kent.ac.uk).

presented if17][18] can achieve wideband CP radiation with
wide angular CP coverage in the two main planes, it is not clear
whether wide AR beamwidths can be maintained in other

Q. Li is with the School of Electronic Information and Comiications
Huazhong University of Science and Technology, Wu20074, China.
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elevation planes. Moreover, these antennas have complicated
structures, which make them difficult to be implemented in
wideband CP arrays.

In this paper, a novel inverted S-shaped CP antenna with a
simple configuration is presented, which achieves wide CP
bandwidth and wide AR beamwidth simultaneously. Stable
wide angular CP radiation characteristics are maintained in a
wide frequency range in the XOZ plane. In other elevation
planes, the AR beamwidths are wider than the half power
beamwidths (HPBWsYompared with other reported antennas,
the proposed antenna achieves a wider CP bandwidth and a
more stable AR beamwidth within the operational bandwidth.
Moreover, it can be easily extended to a wideband CP array
with wide AR beamwidth, which is also discussed in this paper

This paper is organized as follows: Section Il introduces the
antenna configuration and operational principles of wide - = = ‘
angular CP radiation; Section Ill presents the simulation results -
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and measurement results of the proposed antenna as well as the %ﬁ

comparison with other reported anterrection IV presenta -

linear array consisting of the proposed antenna element and the !
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results of this array; the conclusion is given in Section V.
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Fig. 1. The geometry of the proposed antenna.
The curved arm can be obtained through cutting a bigger

II. ANTENNA CON’;‘EURAT'ON AND OPERATIONAL ellipse by a smaller rotated ellipse, as showjn in Hgrhis
INCIPLES method is inspired bjiP], where two concentric semi-circles
A Antenna Configuration are used to form a vortex slot. As can be seen|from Fthe2

The configuration and geometry dimensions of the propos€iger ellipse has a major axis radiusaRd minor axis radius
antenna are shown([in Figl As shown, the antenna consists ofR2 while the smaller ellipse major and minor axis radius is R
two curved arms and is printed on the bottom layer of and R, respectively. To get the desired arm, the smaller ellipse
0.508mm thick Rogers RO4003C substrate with a size,of W 1S counterclockwise rotated along point O with an angle of
L. To feed the antenna, an integrated balun which transfor@@d then it is subtracted from the bigger ellipse.
the unbalanced microstrip feed to balanced slot line feed is TR
utilized. The balun is printed on both layers of a 0.813mm thick ' "
Rogers RO4003C substrate which has a size;0f Ws. An L,

X Lo sized ground plane is placed below the antenna with a
distance of K which is mainly used to achieve directional
radiation

Fig. 2. Detailed geometry of the curved arm.

[TABLE IJgives the detailed antenna parameters. Besides, the
rotation anglex is 1. The lengths of the outer curve and inner
curve are around 65mm and 52mm equaling to abok§ arl
1.4y at the center frequency 5GHwhich provide enough
travelling paths for a travelling wave current flowing along the
curved arm. The distance between the antenna and the ground
plane (H) is chosen to be 18mm in order to achieve maximum
AR bandwidth. Meanwhile, the antenna gain can also be
maintained at a reasonable value at this height. The ground
plane size (X L) is determined by taking into consideration
of the performance of AR and radiation patterns. Generally, the
AR bandwidth degradebéut the performance of radiation
patterns get enhanced with larger Che size of the ground
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plane is chosen to be 90m90Mm to achieve wide AR ’ TP 5= e
bandwidth and good radiation patterns. AR el
TABLE | e RN
/ sl \ 60
ANTENNA PARAMETERS (MM) i/ ey \/.«.\_

Ly Lo W, W, Ws W, Ws H; Ha
80 90 45 8 1.77 2.46 0.8 18 14
Hs Ha Hs He H, R; R R3 R4
215 11.5 6.23 2 30 15 125 12 10

B. Operational Principlkeof Circularly Polarized Radiation

To explain the operati@h principles of CP radiation, the E/ 50
Surfe_lce Curren_t d|§trlbutlon on the curved arms at different tmll—‘i:"g. 4. The radiation patterns of the proposed astemul the 2-element array
slot is shown ifi Fig. ]3As shown, the null area of the surfacen xoz plane
current is propagating along the curved arms, which is similar (74
to the phenomenon observed[BY] It is reported in[20] that
atravelling wave current is realized along the equiangular strip
and aperture edgPBifferent to@, in this design the travelling

wave currenis excited along the curved arms even without any e, |
. . Co o B & Element 1
ground plane or cavity, which simplifies the fabrication and L | S J‘g
makes the presented antenna a better candidate for the array N \\F N
application. Furthermorghe proposed antenna exhibits wide 4.
% r pep Element 2 \—(Pc/;

AR beamwidth characteristic whigginot observed if20].

%
¥ 7
Jsurfla_per_n] /
| 1. B188e-
y, J
= 5. 7B24e:
3 - - 4. 8995

Fig. 5 The geometrical arrangement of 2-element array.
7 {- . 4 The radiated fields of the proposed antenna can then be
ye - e obtained by vector summing of the fields radiated by each
- J ‘ element (curved armps shown i Fig. b, Pand B denote the
/ : > - / . 1 essers phase center of each element respectively. Becasue the element
3 - 2 is acquired through rotating element 1 by°&0the origin
point O, the points £P, and O are in a line. Denoting the
distance between;Rnd B by d and the angle between the line
. . P.OP, and axis X bygc, the spatial phase delay of the two
C. Mechanismof Wide Angular CP Radiation elements in XOZ plane can then be represented by:
Considering that the antenna consists of two curved arms fed 8 = kod cos ¢, sin @

by signals out of phas¢he far-field radiation of the proposed (1)

antenna can be synthesized usi@gelement arrayfo validate \yherek, is the wavenumber in free spa@r an elliptically

this assumption, a 2-element array was simulated and eg@larized antenna, the radiated electric field of element 1 can be
curved arnis fed by a lumped port like a horizontal monopoleyritten by [R1:

with 180° phase differences between the two ports. — _ — — T

For a fair comparison of the radiated electric field, the Ei(8,9) = a(0,9)eg + b(0, p)e e’
distance between the ground plane and the 2-element array is @) .
kept 18mm, the same as the height of the proposed anferea  Here, a(6,¢) and bﬂ?"p) are the amplitude of the two
proposed antenna is fed by a lumped goreliminate the orthogonal unit vectors, ande,,, which are functions of and
influences of the ba|u4 shows the Comparison o For a qualitative analysis, the total field in XOZ plane is
radiation patterns in RHCP and LHCP components between @duced while the fields in other planes can also be derived by
proposed antenna and the 2-element array at 4.7GHz in t§éng different spatial phase delay between the two elements.
X0OZ p|ane_ As shown, the far-field radiation between the As element 2 is axisymmetric to element 1, the radiated field
proposed antenna and the 2-element array is nearly the safi€lement 2 in XOZ plane can be written as follows:
The agreemertf the radiation patterns can also be observed at E,(6,0) = —E,(6,7) = —E,(—6,0)
other frequencies and different elevation planes. Therefore, it is ?3)
reasonable to deem the proposed antenna as a 2-element arrbdgre, the negative sign stems from the physical rotation
as shown ip Fig.]5. angler which results in a reverse direction of the electric field.

The total electric field in XOZ plane is given by:

E/(6,0) = E;(6,0) + E,(6,0)e/"e/®
@)

E—— 3 Y

wt=0° wt=45° wt=90° wt=135°
Fig. 3 The surface current on curved arms at different time slots.
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The e/™ component in (4) comes from the feeding phasi@ a wide angular range, the AR improves in a wide angular
difference n. Substituting (2)-(3) into (4) and (4) can berange and wide angular CP radiation can be achieved.

rewritten as From equation (5), the fields of two elements will be
E,(6,0) = E,(6,0) + E, (—6,0)e/® = [a(6,0) + superposed in phase at broadside directfos 0). However,
572 Py the phased difference of LHCP component is slightly higher
a(=6,0)e’Jeg + [b(6,0) + b(=0,0)e ]ﬁﬂe z (3) than 0. This phase error is believed to be caused by the mutual
Equation(5) indicates that the total fielf}, in the XOZ plane coupling between the two elements.
equalsto the summation of field, (6, 0)andE, (-6, 0)e’®. Fig. 7 shows the simulated AR and HPBW of the proposed

The physical insight of equation (5) is that the total figld antenna (without balun) ithe upperhemisphgre area at 4.7GHz.
originates from two elliptically polarized fiesdvhile the phase The dark area denotes regions where the AR is smaller than 3dB

difference between themds Due to the asymmetric radiation @nd the HPBW is bounded by the two red curves. Fig. 7 clearly
pattern to Z axis of each elemeBt(—6,0) does not equal demonstrates that the AR beamwidths in each elevation pla_nes
0 7(9 0) for a given elevation ange (except ford = 0). are Iargerthan the HPBWs. The decrease of the AR begmmdth
R .g T 9 P " is along with the decrease of HPBW, leading to a wide AR
Denoting the axial ratio of; (6, 0) by AR,(6) and the axial peamwidth covering HPBW in the whole upper hemisphere.

ratio of E; (=6, 0) by AR, (6), then -y
AR,(0) = AR,(—6) = a(—6,0)/b(—6,0) -
(6) 120—;

Also, AR, (6) # AR, (0) except fod = 0. According to (5), =1 .
for a givend, the AR of the total field, is determined bylR, “
AR, ands. SinceAR,(0) # AR,(6), it gives the possibility to =

realize a total field with a bettdR, (AR; < AR; or AR,). ]
To give a more visualized explanation, the phase differences -
of the RHCP and LHCP electric field component between the =~

Phi [deq]
e

two elements in the XOZ plane is giver] by Fif. 6. &oeasier =y _ _
comparison, element 2 is fed witim 18%° phase difference to m

element 1. The far-field RHCP component phase difference is = 1

calculated byPhasegycp eiment 1 — PRhasegucp etment 2 While o - e Y

Theta [deg]

the phase difference of LHCP component is calculatgd Fig. 7. The Axial Ratio and HPBW of the proposed antenrh@EHz.

Phase ycp etment 1 — Phase ycp eiment 2-

180 e===s_ == -LHCP Phase Difference [ll. RESULTS ANDDISCUSSIONS
. “ === RHCP Phase Difference

A The Antenna Prototype and VSWR

The prototype of the proposed antenna is shofvn in Fig. 8. As
shown, a coaxial connector is connected to the end of the balun
to feed the antenna. Four plastic pillars are used to sugport
18mm air gap between the antenna and the ground plane.

120

60+

', TR

Phase Difference (deg)

-90 6 30 0 a0 60 90
Theta (deg)

Fig. 6. Phase differences of RHCP and LHCP component betweetwthe
elements at 4.7GHz in the XOZ plane.

As shown i Fig. b, the phase difference of the RHCP @
component (co-pol component) is arourtdff@m -70 to 7  Fig. 8. The prototype of the proposed antennangaytew, (b) side view.
angular range. This means that the RHCP components of the
two elements are nearly in phase and can be superposed in Bhe simulated and measured VSWR of the proposed antenna
wide angular rangeMeanwhile, the phase difference of theis given by Fig. 9. As can be seen, the measured impedance
LHCP component (cross-pol component) is arour@0-from  bandwidth (VSWR<2) is from 3.4GHz to 6.5GHz (63%).
15° to 70 angular range and around 28fm -15° to 70> Compared with the simulated VSWR, the measured result is
angular range. The LHCP components of the two elements ahghtly shifted to lower frequency, whiclis caused by
therefore canceled by each other in the angular range® o6 15fabrication and measurement errors.
7rand 415° to -70°. As the RHCP component of the 2-element
array gets enhanced and the LHCP component gets decreased
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——4.2GHz Simulation
—=— 4 2GHz Measurement
= = ==4 8GHz Simulation
= == =4 8GHz Measurement
=-=: 54GHz Simulation
==+ 5.4GHz Measurement

" s Simulation
------ Measurement

VSWR

Axial Ratio (dB)

T T T T T
4.5 5.0 55 6.0 6.5 7.0

Frequency (GHz) W+ 7T T T T T T T
Fig. 9. The simulated and measured VSWR of the proparsena. R T

Theta (deg)
] ) ) Fig. 11. The simulated and measured AR beamwidth in the XOZ pdtane
B. Axial Ratio Bandwidth different frequenies.

The AR bandwidth of the proposed antennais shofin i I:Igshows the simulated and measured AR beamwidth in
6 the XOZ plane at different frequency points. As shown, the
R — 3 measured AR beamwidths in the XOZ plane are? 1138 and
s\ e Measurement ; 123 at 4.2GHz, 4.8GHz and 5.4GHz, respectivityine with
4 the measured AR bandwidth showr in_Fig] the measured
0\ ™ AR in other elevation anglds also smaller than the simulated
. 3 AR in higher frequencies, which also verifies the shifting of
minimum AR point to a higher frequency. The difference
between the measurement and simulation results may come
from the fabrication and measurement errors. It is also observed
that the AR beamwidth is asymmetrio 6 = 0, which is
different to the symmetric AR beamwidth observed in Fig. 7
This asymmetry is caused by the integrated balun which has an
asymmetric microstrip line t6 = 0 direction. Although the
Frequency (GHz)

Fig. 10. The simulated and measured AR bandwidth of the prdpasenna. ra_dlatlon,Of this microstrip line IS, S,mal_l’ It_StIH '””Oduc‘?s
The measured AR bandwidth (AR<3dB) is from 4GHz idlifferent influences to the CP radiation in different elevation

6.15GHz, results in a fractional bandwidth of 42%. Different t8"9!€6 _- _ _ _

the simulated AR, the frequency of measured minimum AR 10 give an understanding of the AR beamwidths in athe

point is shifted to a higher frequency which is around 5GHz. cutting planes and the comparison between the AR beanswidth
and HPBWs, the value of measured AR beamwidths and

] ) ] measured HPBWs in plangs= 0°,30°,60°,90° are given by
C. Axal Ratio Beamwidth As can be seen, in elevation plages 0°,30°,60°,

As aforementioned, the proposed antenna exhibits stabie AR beamwidths are larger than the HPBWSs from 4GHz to
wide AR beamwidth apart from its wide AR bandwidth. Th&§GHz. However, in the = 90°plane, the AR beamwidth is
stable wide AR beamwidth of the proposed antenna not ordlightly smaller than the HPBW at some frequency points. As
rests on its wide AR beamwidth in the symmetric plane (XO#e value of AR is determined by the RHCP and LHCP
plane) but also lies in its AR beamwidths in other cutting p|an%mponent, slightly increase of crgsst(LHCP) component
which are wider than HPBWs. makes the AR larger than 3dB and results in a narrower AR

beamwidth. In spite of this, the measured results still indicate
that the proposed antenna can achieve a wide angular CP
radiation in the upper-hemisphere. It is also noticed that the
HPBW increases as the frequency goes up imptke0° plane

but decreases as the frequency risespis 30°,60°,90°
planes. According t@, the antenna gain is in reverse
proportional to the product of HPBWs in two perpendicular
planes. Although the HPBW variation of the proposed
antenna is different in each plane, the product of the HPBWSs in
each two perpendicular planes always increases as the
frequency goes up, indicating a decrease of antenna gain as the

Axial Ratio (dB)

35 4.0 4.5 5.0 55 6.0 6.5
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frequency rises, which is verified

140

—=— 0" ARBW
= 0" HPBW
- 4= 30° ARBW
=== 30° HPBW
== 50° ARBW
=-= 60" HPBW

E -+ 90° ARBW
90+ gl 90" HPBW

Degrees

{0 CHN

TR | T T T y T
40 42 44 46 48 50 52 54 56 58 60

Freq (GHz)
Fig.12. The measured AR beamwidths and HPBWs in different culemges.

D. Radiation Pattern and Antenna Gain

The simulated and measured antenna gain is shdwn i Fig.
As shown, the measured antenna gain is arout@iBic
from 4 to 5.4GHZ. Figl3]also shows the simulated efficiency
which is larger than 90% across the whole operation bandwidth.
It is indicated by the simulation that the insertion loss of the
balun increases as the frequency increases, around 0.2dB at
4GHz and 0.8dB at 6GHz. It is worth pointing out that the
insertion loss includes dielectric loss, conductor loss and
radiation loss. From the simulation, it is found that the radiation
loss of the balun accounts for a considerable proportion, which
results in a high simulation efficiency showf in Fig]

12 ———— 1

s BENL RN WA TR (RN T TR T 1.00
Tl e e e
+0.95
z &
L L090 S
o
i + &
o = Simulated Gain +
74 + Measured Gain + 1loass
] = = = Simulated Efficiency ’
6
5 LA . T | T T & O % a4 0.80

T . T T
40 42 44 46 48 50 52 54 56 58 6.0

Frequency (GHz)
Fig. 13. Antenna gain and simulated efficiency.
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= = =Simulated LHCP
«===++ Measured LHCP
= Simulated RHCP
«=Measured RHCP

0 0 0
XOZ Plane o - = -Simulated LHCP o = = =Simulated LHCP "
. i 30 ++eee Measured LHCP < +2=e1+ Measured LHCP

e Simulated RHCP = Simulated RHCP
4] 'Measured RHCP

o=+ =Measured RHCP

240

= = =Simulated LHCP
------ Measured LHCP
= Simulated RHCP
o+ —Measured RHCP

= = = Simulated LHGP
------ Measured LHCP
—— Simulated RHCP
- =Measured RHCP

= = =Simulated LHCP 0
++==2+ Measured LHCP g
= Simulated RHCP
+ =Measured RHCP

180 180 180
Fig. 14. The measured and simulated radiation patterns ofrtipoged antenna: top row, XOZ Plane; bottom row, Y Gné

The radiation patterns of the proposed antenna at differantasure the back lobe of the proposed antenna, an antenna
frequency points are showr]in Figl] As can be seen from the holder is fabricated and placed above the positioner, which
figure, good agreements are observed between the simulatiisings an extension of test cable and antenna holder behind the
and measurement results of all co-pol components (RHCP)groposed antenna.
the upper hemisphere region. The differences in the back |

e . i
may cause by the scattering of the cable and antenna holder. oComparlson with Other Antennas

To demonstrate the advantages of the proposed antenna, table

TABLE 1l
COMPARISON WITHOTHER WIDEBAND WIDE AR BEAMWIDTH ANTENNAS
. . . AR .
Antenna Size Ar_]tenna Size Impedance| 3dB AR MaX|ml_Jm AR AR beamwidth vs| beamwidth in Extension
(mm) and with Ground Bandwidth | Bandwidth beamwidth and F ; h to
electric length Plane or anG;'N' t anG;'N' t corresponding Mrequg?cym EIOt er Antenna
at center freq. | Cavity (mm) (GHz) (GHz) HPBW () ain Flanes ;’]\;it;c;n Array
100X 100X Bidirectional, AR
[15] 0.8, 0.53.X no ground 1.35-185, | 1.52-165, | o mwidth:126 — — —
31% 8.2% ,
0.53.X0.004. plane HPBW: —
43.7X44.8X AR
[16] 115,038 | Notshown | 152388 | 2232471 heamuidtn:175 — — _
0.3 X0.10 ' ' HPBW:150
AR
150X 150X AR .
150X150X 38, 1.6-2.42, 1.63-2.27, . beamwidth=85
W pxnxozs, | S8 a0 | s2aw | PSHTUONGS from 1.8 to - -
0.23 ' 2.1GHz (15.4%)
AR
[18] 3%7% gg' 2%02 17§LO>><< 127:2.36, | 130482, | oo SR oo | beamwidin>165
’ : P 59.8% 26.8% HPBW: from 1.45 to o o
X0.003. | 0.73.X0.18. - 1.7GHz (15.8%)
. 58.4X44.8X 90X 90X 18, AR AR
Sipuated| 05,113 | 1L7RXL71 — P1o024 | beamwidth64.2 — beamwidth _
P 0.85.X0.01n X 0.34\ ' HPBW:117 HPBW
AR
This | o0:9X258< | 90XQ0X18, | o | 4615, AR beamwidth>100 AR
0.5, 0.99.X 1.48.X1.48\ beamwidth:142 beamwidtk» Yes
Work 62.6% 42% ) from 4.2 to 6GHz
0.42.X0.008. X0.3 HPBW.82 (35.3%) HPBW
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Il compares the proposed antenna with other reported widebduig] 15. The prototype of the proposed array: (a) top vigayleft side view
wide AR beamwidth antennaa 3/4 turn Archimedean spiral () right side view.

was also simulated and compared with the proposed antenna. IH is worth pointing out that the ground plane of each balun is

. . . : also kept the same size as in the antenna element. By doing this,
order to provide a fair comparison, the spiral antenna Wﬁ]s

. . ednﬂuence of the balun to the performance of the array can
designed by using the same substrate that used for the propchee minimized. This is because reducing the size of the ground
antenna and the size of the spiral is adjusteteimilar '

hvsical size as the presented antenna plane of the balun effectively decrease the surface current
PRy P ’ flowing area, which makes the radiation of the balun relatively

TABLE 11| gives the comparison between the propose o . —
. . . .
antenna and other antennas in terms of antenna size, mpeda%%glway from the radiation region of the ante [

bandwidth, AR bandwidth, and AR beamwidth. Ffom TABLE
|E| it is shown that the proposed antenna has wider @& VSWR and Axial Ratio Bandwidth

bandwidth and more stable AR beamwidth within the The comparison between the simulated and measured VSWR
operational bandwidth. Moreover, the AR beamwidths of thef the proposed array is shown[in_Fig5| As shown in the
proposed antenna are larger than the HPBWs in other elevatigjire, the measurement result is in good agreement with the

planes, whictwere not investigated by other researchers. Thamulation result. The measured impedance bandwidth is from
antenna is also easy to be extended to an antenna array Whii§yGHz to 6.3GHz (55.3%).

shown in the following section. 7

6 e Simulation
IV. ANTENNA ARRAY AND RESULTS t e Measurement

A Array Configuration
Compared with other reported wideband wide AR
beamwidth CP antennas, another advantage of the proposec%
antenna is that it can be easily extended to an antenna array. -~
To prove this concept, a four-element linear array is designed
and prototyped. Figl5| shows the presented antenna array,
which consists of 4 inverted S-shaped elements. The element
space is 26.5mm which is about Q\@50.44A0and 0.53, for ;
4GHz, 5GHz and 6GHz, respectively. The small element space 30 35 40 45 50 55 60 65 70
was chosen in this design helps enhance the bandwidth of the Frequency (GHz)
antenna array, which is also observed in sub-wavelength arfay 16. The simulated and measured VSWR of the proposed array.
and can be explained by the cancellofghe imaginary _ _
part Of mutua' impedanc_ The presented array is printed The S|mu|ated and measured AR Of the presented al’l’ay IS
on a 0.508mm thick Rogers RO4003C substrate with a sizedyen by Fig.17] The measured CP bandwidth (AR<3dB) of
65mmx 120mmwhile a 1:4 power divider is printed on athe presented array is from 3.5GHz to 6.5G62%).
0.813mm thick Rogers RO4003C substrate with a size of 60mm e
X120mm. Below the antenna board, there is a ground plane
with the size of 90mnxX 165mm. The distance between the
antenna and the ground plane is kept 18mm, which is the same _

il e Simulation

104 sesses Measurement

asthe antenna element. g
z <]
x E g
= i
[~ -2 <
Y =

T T

3.0 35 40 45 50 55 6.0 6.5 7.0
Frequency (GHz)
Fig. 17. The simulated and measured AR of the proposed array.

C. Axial Ratio Beamwidth of the Array

To evaluate the AR beamwidth characteristics of the array,
Fig. 18/shows the measured AR beamwidths and HPBWSs in
: planesp = 0°,30°,60°90°. As shown, the AR beamwidths
(b) (© are larger than the HPBWs from 4GHz to 6GHz in elevation
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planes¢ = 0°,30° 60° . However, the AR beamwidth is
smaller than the HPBW in plarme= 90°, which may due to
the narrow AR beamwidth of the antenna element in this plane

and the effect of mutual coupling between each element.
100

r"‘. —e=— 0" ARBW
¢\ —— 0° HPBW
- 4= 30" ARBW
=== 30° HPBW
—e— 60" ARBW
== 60° HPBW
<ope- 90° ARBW
+eee- 90° HPBW

90 4 » 1 \ )

804
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”

60
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40"
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40 42 44 48 48 50 52 54 56 58 60
Freq (GHz)

Fig. 18 The measured AR beamwidths and HPBWs of the array.

D. Radiation Pattern and Gain

To evaluate the radiation performance of the presented array,
radiation patterns of the proposed array at 4GHz and 6GHz are
given by Fig19] As shown, the measurement results agree well
with the simulation results. Better agreements are obtained due
to the fact that the array antenna has a larger ground plane which
provides better shielding to the cables and antenna holder which
are placed behind the antenna during the measurement.

0

0 = = =Simulated LHCP
W, S0 sessee Measured LHCP
Simulated RHCP

90

0 = = =Simulated LHCP

30 »+=22+ Measured LHCP
= Simulated RHCP

S + = Measured RHCP
300 N . ‘
P,

240 J. ’ 120

180

300

= = =Simulated LHCP
------ Measured LHCP
= Simulated RHCP
o=+ =Measured RHCP

a0

= = =Simulated LHCP

------ Measured LHCP

e Simulated RHCP
==+ =Measured RHCP

90

(d)
Fig. 19.Simulated and measured radiation patterns of the pedparray: (a)
4GHz XOZ plane, (b) 4GHz YOZ plane, (c) 6GHz XOZ @a(d) 6GHz
YOZ plane.

[Fig. 20] shows the measured and simulated gain of the
presented antenna array. As shown, the measured gain is around
12-14dBic from 4GHz to 6GHz. The simulated insertion loss of
the array feeding network is around 0.5-1.2dB from 4GHz to
6GHz. The difference of the gain between the array and the
antenna element increases as frequency goes higher, which
mainly attributes to the decreased mutual coupling at higher
frequency. Besides, the increase of the ground plane size has
some effecton the antenna gain as well. The simulated
efficiency of the antenna array, as showp in 2@.is larger
than85% from 4GHz to 6GHz.
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Fig.

A wideband CP antenna with wide AR beamwidth within its
operational bandwidth is presented in this paper. The propo§9§1
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20. Gain and simulated efficiency of the antenna array.

V. CONCLUSION
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