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Mesh Antennas for Dual Polarization

H. Nakang Fellow, IEEE N. Suzuki, T. Ishii, and J. Yamauchvlember, IEEE

Abstract—Three mesh antennas, all having an extremely small antenna input impedance as a function of the location of a feed
antenna height of approximately 0.06 wavelength above a ground point is investigated and illustrated with a voltage standing-wave
plane, are presented. First, a mesh antenna excited with a balanced ratio (VSWR) curve, to obtain impedance matching to &50-

feed is analyzed. Itis revealed that the mesh antenna radiates a lin- . . - L
early polarized wave with no cross-polarization component in the line. It is found that the MA-U has radiation characteristics

principal planes. The radiation mechanism is explained using the Similar to the MA-B, and the MA-U can act as a dual linearly
current distribution. Second, a mesh antenna excited with an un- polarized radiation element by selecting the feed point.

balanced feed is analyzed. This antenna shows almost the same ra-  Thjrdly, a radiation element of dual circular polarization
diation characteristics as the mesh antenna with a balanced feed. p- <4 on the MA-U is considered. Two perturbation elements
The frequency bandwidth for a VSWR = 2 criterion is evaluated . . .

to be approximately 3%. Third, amesh antenna having two pertur- &€ @dded to the MA-U to form a circularly polarized wave. This
bation elements is analyzed. It is found that the antenna acts as a ra- radiation element is designated as the MA-U with perturbation
diation eleme_nt of c_irculfar polarization. The frequency bar_ldwidth elements [MA-UP; see Fig. 1(c)]. MoM analysis shows that the
for a 3-dB axial ratio criterion is calculated to be approximately e(furrent along the square periphery (loop) flows as a traveling

1%. The mesh antennas in the first and second analyses can be us hich tributes t diati f ircularl larized
as dual linear polarization elements by appropriately switching the wave, which contributes 1o radiation ot a circularly polarize

feed. Similarly, the mesh antenna in the third analysis can be used wave. The frequency responses for the axial ratio, VSWR,

as a dual circular polarization element by switching the feed. and gain are presented, together with measured results. Some
Index Terms—Circular polarization, dual polarization, linear, —comments on the perturbation elements are made to explain the
wire antenna. antenna characteristics.

The MA-U and MA-UP have simple feed systems without
balun circuits. In addition, these antennas have a very low-pro-
) o file structure (the mesh above a ground plane is approximately
LOOP antennais a fundamental radiation element [1]-[4}, 05 wavelength). Therefore, the antennas are suitable, for ex-

which is usually made of a conducting wire and located i ple. for automobile rooftop telecommunication antennas.
free space. Recently, loops printed on a dielectric substrate have

been analyzed [5], [6]. The analysis has shown that the loop can
radiate both linearly polarized [5] and circularly polarized [6]
waves. The antennas under analysis are shown in Fig. 1(a)-(c). A
This paper presents a mesh antenna, which is regarded as@rducting plane (ground plane) backs the horizontal mesh
extension of the loop antenna. The purpose of this paper isvires in each antenna. A dielectric material of relative permit-
investigate the radiation characteristics of the mesh antennaigsy ,. ~ 1 (honeycomb material) is used as a spacer between
adual linearly polarized antenna and a dual circularly polarizéige ground plane and the mesh wires. The ground plane is of
antenna. infinite extent, and hence image theory is used for the analysis.
The prototype of the mesh antenna is composed of a squargo obtain the current distribution along the antenna con-
loop ABC'D and four wires added to the loop, as shown iguctor, the MoM [7], [8] is applied to an integral equation
Fig. 1(a). This antenna is excited from the center region of trived for an arbitrarily shaped thin wire [9], whose radius
antenna with a balanced feed. The antenna is designated asptggtisﬁesp < wavelength 4 is usually selected to be less
mesh antenna with balanced feed (MA-B). First, the MA-B ighan 0.01 wavelength). In this paper, the wire radius is fixed
analyzed by using the method of moments (MoM) [7], [8]. Ap pe p = 0.002),, where \, is the free-space wavelength
!imitation ofth_e MoM_is brought t_o Iightin its application to ang; 4 test frequency of 4 GHz. The kernel of the equation is
integral equation derived for a thin wire antenna [9]. The MOM, essed in closed form after the thin wire is subdivided into
analysis shows that the MA-B radiates a linearyor y-polar-  ,;merous segments, each being regarded as linear. The length
ized wave. L _of each segment is always chosen to be greater than Ptiis
_Secondly,_the MA-B is S'”?p"f'ed o the antenna_ shown "Rhoice gives good convergence of the current distribution. In
Fig. 1(b), which does not require a balanced feed. This antenngfer words, the relationship between the length and radius of

. INTRODUCTION

Il. NUMERICAL ANALYSIS

?'Ezllg\lnn:.tﬁdhzz ttvr\]; iTejth[:rr:;?r?glz'Vglr:Z ;r}gglgr?g?ggifﬁe(r'\g: ; th segment limits the application of the MoM to the integral

- putte T eguation. Note that piecewise sinusoidal functions are adopted

open-circuited. The MoMis again usedtoanalyzethe MA-U.Tt}e . A .
or the expansion and weighting functions of the MoM.

_ _ . The radiation pattern, input impedance, VSWR, and gain are
Manuscript received August 11, 1998; revised June 27, 2000. evaluated on the basis of the obtained current distribution. The
The authors are with the College of Engineering, Hosei University Koganel, ... di . fth fl in Ei 2 5 d9

Tokyo 184-8584 Japan (e-mail: nakano@k hosei.ac.jp). positive direction of the current flow in Figs. 2, 5, and 9 corre-
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Fig. 1. Mesh antennas: (a) with balanced feed, MA-B; (b) with unbalanced feed, MA-U; either tearpioab is used as the feed point; terminalsandd,
are in contact with the ground plane; and (c) with perturbation elements, MA-UP; either termioab, is used as the feed point; terminalsandd, are in
contact with the ground plane.

(where letters are used for representing the configuration) ameight) is designated ds and the mesh peripheral length for

left to right on the horizontal axis. the square looplBCDA (whereAB = BC = CD = DA)
is designated ass8 The side lengths are chosen to he' =
[Il. M ESHANTENNA WITH BALANCED FEED (MA-B) B =BV =VC =Cd =D = Dd = dA = s The

The prototype of a mesh antenna for a radiation element@stance between terminaisandc is assumed to be infinites-
dual linear polarization is investigated in this section. Based #nal (delta gap). The distance between terminasadd is also
this prototype, two mesh antennas are constructed in Sectionsisumed to be infinitesimal.

and V. The antenna height for the MA-B is arbitrarily chosen:
. _ h = 0.0635)y. The peripheral length 8of an MA-B with
A. Configuration this height# is optimized such that the MA-B has an almost

Fig. 1(a) shows the configuration of an MA-B. The distanceesistive impedance of 50 at a test frequency of, = 4 GHz,
between the conducting plane and mesh (called the antemesulting in8s = 1.272),.

Authorized licensed use limited to: HOSEI UNIVERSITY KOGANEI LIBRARY. Downloaded on October 2, 2009 at 02:08 from IEEE Xplore. Restrictions apply.
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(a) ¢= 0 °plane $=90°plane
30 ‘ 180 ‘ (b)
15" 0 Fig. 3. Radiation pattern of the MA-B when terminalsandc are excited and
) 180 . terminalsb andd are open-circuited. (a) In the = 0° and 90 planes for a
— OA d D — A d' D ground plane of infinite extent. (b) In the= 0° and 90 planes for a finite-size
< 30 —— % 180 ground plane of 2, x 2XA,. theoreticalE, —, measured, e ¢ ¢, theoretical
g L ° E, —, and measure&, o o o.
L 15¢ T L ! e —
= . @
= O ac c' % ization component is approximately 7 the ¢ = 0° plane (in
thez-z plane) and 63in the¢ = 90° plane (in they-z plane).
Cross-polarization components do not appear in either plane.

The measured radiation patterns (white dotsAgrand black
dots for E), which are presented in Fig. 3(a), agree with the
(b) theoretical results. For the measurement, a large ground plane

Fig. 2. Current distribution of the MA-B when terminaisandc are excited of 12X X 12.)‘0 is used to approximate a theoretical ground
with a delta-gap source of 1 V and terminandd are open-circuited. Currents plane of infinite extent. Note that the measurements performed

along the (a):-directed wires and (b)-directed wires. throughout this paper use this ground plane. (Preliminary calcu-
lations for a finite-size ground plane using the finite-difference
B. Radiation Characteristics of MA-B time-domain method [10]-[12] show that the radiation pattern

i . . and input impedance are not significantly affected when the size
The MA-B is ex.cned by a balanced feed. Let the termlmglsof the ground plane is larger than approximately & 2\,. For
andc be excited with a delta-gap source of 1 V and the terminglgference, the theoretical radiation pattern for a ground plane of
b andd be open. Fig. 2 shows the current distributidfi {s the approximately 2, x 2)o is shown in Fig. 3(b). Also, note that
amplitude of current = 1,.+;1;). Note that the current does notne present mesh antenna is supported by a honeycomb material
flow along thez-directed center wirels b andd’d, and therefore spacer with a relative permittivity of. ~ 1, as mentioned in
Fig. 2 excludes the numerical results for the currents along thésgction 11, and hence the effects of surface waves on the radia-
wires. tion characteristics can be neglected, unlike antennas printed on
The currents along the-directed wiresda’ andBa’ are sym- g dielectric substrate with, > 1.)
metrical with respect to the junction point [see Fig. 2(a)].  Further calculations reveal that the frequency bandwidth for
Similarly, the currents along the-directed wiresDc’ andC'¢’  a VSWR = 2 (relative to 50¢) criterion is approximately 3%.
are symmetrical with respect to the junction peinThese sym- The gain over this bandwidth is approximately 9.5 dB.
metrical currents lead to the cancellation of the radiation fields The above-mentioned results have been obtained under the
from all thez-directed wires{-polarized radiation fields) in the condition that terminals andc are excited and terminalsand
z-direction. d are open. Points to be noted are that there is no current flowing
The current distributions along thedirected wiresAD and along thex-directed center wire&'b andd’d and the radiation
BC have the same amplitude and phase [see Fig. 2(b)]. Thésdinearly y-polarized with no cross-polarization component.
are almost the same as the current distribution alongs/ttie  Since the antenna has a symmetrical configuration with respect
rected center wire’a-c¢’ that has the source point. It followsto the mesh center point, when terminalandc are open and
that the radiation fields af-polarization due to these three curterminalsb andd are excited, as opposed to the previous case,
rents add in the-direction, forming the radiation pattern showrthe radiation is linearly:-polarized. The same VSWR and gain
in Fig. 3(a). The half-power beam width (HPBW) of the copolarcharacteristics as those for thgoolarization are reproduced for
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the z-polarization. In other words, the MA-B can be used as a |
radiation element of dual linear polarization by switching the 1 ‘
feed. B I b
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IV. MESHANTENNA WITH UNBALANCED FEED (MA-U) phase [ deg. ]

Although not illustrated in Fig. 1(a), the MA-B in the pre- @
vious section requires balun circuits to realize a balanced feed.

To avoid the complexity of using balun circuits for the feed, a 30 360
modified mesh antenna, which is fed from coaxial lines without B 180
balun circuits, is proposed and analyzed in this section. % 9 D- % & DD
, . 30— T @ 360 ‘ :
A. Configuration g s /% % S 180k
As shown in Fig. 1(b), the mesh antenna is modified to have E ok | J—— \_4_,
four vertical wiresa fa, b b, ¢,c, andd,d. Either terminak ; or P Ry ace ¢
by can used as a feed point. The other termirglandd, are B
in contact with the ground plane (short-circuited). The distance 15 Q 180
between terminala; andc, (or a ande), A,., is chosen to be O b C R X
the same as that between terminiglsindd,, (or b andd), Ayq.
This antenna is distinguished from the previous MA-B and des- ®)
ignated as the MA-U. It should be emphasized that the MA-U a } a .
has a simpler feed system than the MA-B. | i |
For comparison, the antenna heighaf the MA-U is chosen P al
to be the same as that for the previous MAZB= 0.0635X¢. 0 1530 0 180360
The MA-U is optimized to have an input impedance of approxi- b ' b / ’
mately 50} at a test frequency gf) = 4 GHz, as in the MA-B. b i . ) b I
This is performed by changing the distance between the feed 0 15 30 0 180360
pointsA,. (= Apq). Fig. 4 shows the VSWR (relative to 58) ST c
as a function ofA,,.. for three different loop peripheral lengths: ] r 1
8s = 1.264)¢ and1.264X¢ x (1 + 0.03). Based on this cal- Cso 1'5 30 Cgo 180360
culation,A,. = 0.06Ag and8s = 1.264)( are adopted in the d . d .
following calculations. Note that the optimized loop peripheral . -
length of the MA-U is very close to that for the MA-B. dgo 1530 d,;O 50360
B. Radiation Characteristics of MA-U |TI[mA] phase[deg. ]
The MA-U shown in Fig. 1(b) is analyzed under the condition ©)

that terminak is excited and terminal; is open-circuited. The

obtained current distribution is shown in Fig. 5. The currengg. 5. Current distribution of the MA-U when terminal, is excited

along thex-directed wires/b anddd’ are very small, as shown and terminalb, is open-circuited. Current amplitudes and phases along the

. . . . L (a)x-directed wires, (b)-directed wires, and (c)-directed wires.

in Fig. 5(a). Therefore, it can be said that the situation observed

in the previous MA-B (that is, the currents along thelirected

wires’b anddd’ are zero) is approximately reproduced in thdots for £4 and black dots folzs) are also presented in these

MA-U. This contributes to reducing the cross-polarization configures, showing good agreement with theoretical values.

ponent in the radiation pattern. In the ¢ = 0° plane,E, (dashed line) is the copolarization
Fig. 6(a) and (b) shows the radiation patterns inghe 0° component andZy (solid line) is the cross-polarization com-

and¢ = 90° planes, respectively. The measured data (whiponent, as shown in Fig. 6(a). The copolarization component

Authorized licensed use limited to: HOSEI UNIVERSITY KOGANEI LIBRARY. Downloaded on October 2, 2009 at 02:08 from IEEE Xplore. Restrictions apply.
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Fig. 7. Frequency response of the VSWR; theoretical (MA-U) - - -, measured
(MA-U) o ¢ o, theoretical (MA-B) - - -. The MA-U is excited from terminal,
with terminalb, open-circuited.

15
y 210 - :
=)
2 5
(b) &
0 . ‘ ‘
v 0.975 1.0 1.025
00\ frequency [ f/fo |
30° 30°
60° 60° Fig. 8. Frequency response for the gain; theoretical (MA-U) —, measured
(MA-U) e o o, theoretical (MA-B) - - -. The MA-U is excited from terminal
a; with terminalb, open-circuited.
90° - Y
0 -10 -20[dB]
© y- and thez-directed wires generate the copolarization com-
ponentFEy in the ¢ = 90° plane. TheEy shown in Fig. 6(b)
z can be decomposed into two local radiation components: the
) L g . .
N radiation from they-directed wires [see Fig. 6(c), calculated
30° 0 30° using Fig. 5(b)] and the radiation from thedirected wires
ara,bsb, cg e, andd,d [see Fig. 6(d), calculated using Fig. 5(c)].
60° 60° It is found that the currents along thedirected wires slightly
affect the symmetry of the radiation pattern in Fig. 6(c) pro-
90° -y duced by the currents along thedirected wires, resulting in a
0 -10 -20[dB] . S
small lobe near thg-axis, as shown in Fig. 6(b).
(d) The small cross-polarization componety in the ¢ = 90°

plane appears due to the fact that the currents along:-itie
Fig. 6. IbRa}diation patte_tmdmiat)h_?ot'\glAr-;di\;vtfi]:ﬁ t:tftfgrirf:ﬁ% t'; ;Xgiteffaﬁgd rected wiresB A, b'b-dd’, and CD are not perfectly symmetrical
E%;Tcgrtfl rafldlisatci)c’))r?rr])e(t:tltr(grur]I ?n the = 90° plane, (c)plocal radiation cor$1ponént with reSpeCt to their middle points, as ShOWI.’I in Flg' 5(6‘).' The
E, from y-directed wiresd D, a’a-cc’, and BC, calculated in thes = 90°  amplitude values of the currents at symmetrical points with re-
plane, (d) local radiation componef, from =-directed wirest;a,b,b,c,¢,  spect to the middle point of eaahdirected wire are not iden-
%rld.df Li fﬁé%lﬁgfggéz i’j"')anz mggsfr':gji' OTDi(_)ret'CaEe — measured ool (although they are aimost the same), and a phase difference
of exactly 180 is not obtained at these symmetrical points (al-
though a phase difference of approximately 1&0obtained),
Ey is generated from the currents along thelirected wires as shown in Fig. 5(a).
AD, d'a-cc, and BC, which are almost in-phase, as shown The HPBW of the copolarization component is approxi-
in Fig. 5(b). The cross-polarization componéit in the¢ = mately 74 in the¢ = 0° plane and 60in the » = 90° plane.
0° plane is generated from the currents along theirected Note that these HPBWs are close to those of the MA-B.
wiresBA,b'b, dd’, andCD [see Fig. 5(a)] and-directed wires  The frequency responses of the VSWR and gain are presented
ara,bsb, cgc, and d,d [see Fig. 5(c)]. The cross-polarizationin Figs. 7 and 8, respectively, together with measured values
component is desirably low (theoretical value27 dB on the (black dots). For comparison, the VSWR and gain of the MA-B
z-axis), as expected from the current phase relationships. are included (illustrated by dashed lines). It is clear that the
In the ¢ = 90° plane, F, (solid line) is the copolarization MA-U has almost the same performances as the MA-B. The
component andr, (dashed line) is the cross-polarization comfrequency bandwidth for a VSWR: 2 criterion is calculated to
ponent, as shown in Fig. 6(b). Note that the currents along the approximately 3% with a maximum gain of 9.7 dB.
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—
<

The results shown above have been obtained under the con-
dition that terminala s is excited and terminal; is open-cir-
cuited, to obtain a linearly-polarized wave. When terminal
is open-circuited and terminal; is excited, the antenna radi- —
ates a linearlyc-polarized wave, reproducing the same VSWR S~
and gain characteristics as those forgh@olarization. Thus, the |
MA-U is a radiation element of dual linear polarization, whose
polarization can be switched by switching the feed point.

(=

ITH[mA ]

w
=
(=

<

phase [ deg. ]

V. MA-U wITH PERTURBATION ELEMENTS (MA-UP) -360 »

So far, mesh antennas for dual linear polarization have been
discussed. Now, a mesh antenna for dual circular polarization is (@
investigated.

A. Configuration

When the MA-U shown in Fig. 1(b) is simultaneously ex-
cited from the two terminalg; andb ; with equal amplitude and
a 90 phase difference (this two-terminal simultaneous excita-
tion is realized by using phase-delay circuits or phase shifters),
the MA-U radiates a circularly polarized wave. In this section,
single-terminal excitation of either; or b without any phase
shifters, which is an obviously simpler excitation than the two-
terminal simultaneous excitation, is considered to obtain a cir-
cularly polarized wave. For this, two perturbation elements [6 R L _
[12) ard acded (0 16 MA.U. 24 Shown n Fig. 2(0, where (s S5 Temminalas is excited wih teyminab; grounded. (@) Curiént
perturbation elements are specified by lengjind orientation amplitude and phase along mesh periphéfyCD A. (b) Current amplitudes
anglea. This antenna is designated as MA-UP. and phases along the wires inside the mesh peripAéi¢'D A.

Throughout the following Sections V-B and -C, the distance
between the feed poins,. (= Aq) and the antenna height  the dashed line shows the left-hand circularly polarized wave
are taken to be the same as those of MA-U in SectiomV.(=  component®;, (cross-polarization component).
Apg = 0.06A0 andh = 0.063510). The mesh peripherallength - The current amplitude and phase along the four wires inside
8s, perturbation element length and orientation angle are  ne peripheryABC'D A are shown in Fig. 9(b). These currents

IT{[mA}
o u o

smtgwi

360

180

17 7
173 7]

phase [ deg.]

ol
a;aa beb b cgc'c' dgd d'

(b)

changed subject to the objectives of the analysis. indicate almost the same amplitude with an approximat&g°®
o o phase progression (the phase difference between the currents
B. Radiation Characteristics of MA-UP along neighboring wires is approximately°90it follows that

The mesh peripheral lengths 8perturbation element lengththese currents radiate a circularly polarized wave (a right-hand
§, and orientation angler are fixed:8s = 1.264), (same as CP wave), as shown in Fig. 10(b). Thus, the total radiation field
for MA-U), 6 = 0.06)\¢ = &, anda = 45°. Preliminary cal- [Fig. 10(a) plus (b)] is also circularly polarized, as shown in
culations reveal that when termina} is excited and terminal Fig. 10(c).
by is open-circuited MA-UP has standing-wave current distri- The dashed line in Fig. 11 shows the frequency response of
butions similar to those for MA-U, shown in Fig. 5. The perthe axial ratio. The frequency bandwidth for a 3-dB axial ratio
turbation elements in this case do not contribute to generatingréerion is approximately 1%. It is possible to shift the fre-
traveling-wave current along the mesh periphd®CDA. In  quency(f/fo = 0.984) for the minimum axial ratio to the
other words, MA-UP with termindl; open-circuiteccannotra- frequencyfo(f/fo = 1) by slightly decreasing the peripheral
diate a circularly polarized wave. Based on this fact, terniipal length from8s = 1.264, to 1.240A,. This is shown by a solid
is connected to the ground plane in the following discussiondine in Fig. 11, which indicates almost the same 3-dB axial ratio

Fig. 9(a) shows the current amplituffé and phase along the bandwidth (approximately 1%). The measured results are also
mesh peripheryd BC D A when the minimum axial ratio is ob- presented with black dots. Within this 3-dB axial ratio band-
tained at a relative frequency ¢¥/ f, = 0.984. The discon- width for a decreased peripheral lengthssf = 1.240,, the
tinuity points in the amplitude correspond to the wire brandheoretical VSWR shows values of less than 1.3 (see the dashed
points, where Kirchhoff’s current law is satisfied. The variatiofine in Fig. 12) with a theoretical gain of approximately 9.5 dB
in the amplitude is smalb(mA+1.57 mA). The phase changes(see the dashed line in Fig. 13). This gain is very close to those
by 360 along the peripheri BC' D A. The local radiation from for the MA-B and MA-U. Note that the theoretical VSWR and
the periphery, therefore, contributes to generating a circulaggin agree with measured results illustrated by black dots.
polarized wave (a right-hand CP wave), as shown in Fig. 10(a).The above-mentioned radiation characteristics for right-hand
Note that the solid line in Fig. 10 shows the right-hand circwircular polarization have been obtained when terminais
larly polarized wave component of the radiation fiélgy and excited and terminal; is grounded. With the opposite excita-
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T z © Fig. 12. Frequency response for the VSWR of the MA-8BP;= 1.240A,,
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60 Fig. 13. Frequency response for the gain of the MA-BR; = 1.240A,,
] 6 = 0.06\, anda = 45°. Terminala; is excited with terminab, grounded.
Theoretical - - -, measuredle e.
90°
© oo
=) - 1
Fig. 10. Radiation pattern of the MA-UP in tile= 0° plane;8s = 1.264\,, E‘ 8T |
6 = 0.06Aq, ando = 45°. Terminala ; is excited with terminab, grounded. ® I |
TheoreticalE'r —, theoreticaE;, - - -. (a) Local radiation from mesh periphery = 4 t 1
ABCDA with perturbation elements. (b) Local radiation from wires inside S L J
mesh peripherd BC'D A. (c) Total radiation pattern. 5 0
5° 25° 45° 65° 85°
— 8 . , a
m
S o6t T .
° * gs= 1.2400, Fig. 14. Axial ratio of the MA-UP as a function of orientation angle8s =
s 4t . 1 1.240X, andé = 0.06). Terminala; is excited with terminab; grounded.
: 2t /’“‘.‘ A i
= 85=1264%, * / o _
s ¢ L ‘ , be8s = 1.240)¢ (used in Figs. 11-13), and the perturbation
0.975 1.0 1.025 element lengtl® and orientation angle are changed.

Fig. 14 shows the axial ratio as a function of the orientation
angle« of the perturbation elements, each having a length of
Fig. 11. Frequency response for the axial ratio of the MA-WR; 0.06, 6 = 6o (= 0.06X, Whl(_:h ha; been used in S_e(?tlon V'_B)' It
anda = 45°. Terminala, is excited with terminab, grounded. Theoretical IS found that the best orientation angle for radiation of circular
(85 = 1.264Ao) - - -, theoretical(8s = 1.240X,) —, measured8s = polarization ise = 45°. Note that this value has also been used
124030) s 00 0. in Section V-B. In the following analyses, an orientation angle

of &« = 45° is used.
tion (terminalb; is excited and terminat; is grounded), the Fig. 15 shows the changes in the gain and VSWR for a
MA-UP can radiate a left-hand circularly polarized wave Withight-hand circularly polarized wave when the perturbation
the same frequency responses for the axial ratio, VSWR, afidment length is made longgf;, = &, + 0.02A¢) and shorter
gain, as shown in Figs. 11-13, respectively. This means that glgg = 8o — 0.02X) than the initial values, = 0.06),. Two
MA-UP acts as a radiation element of dual circular polarizatiogycts are revealed as the perturbation element length increases:
1) the frequency at which the gain shows a maximum value
becomes lower and 2) the VSWR in the lower frequency region

To investigate the effects of the perturbation elements on timeproves. Fig. 16 shows the axial ratios for these two pertur-
antenna characteristics, the mesh peripheral length is fixedottion element lengths;, andés as a function of frequency,

frequency [ f/fo ]

C. Effects of Perturbation Elements
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circularly polarized waves. The frequency bandwidth for a 3-dB
axial ratio criterion is approximately 1% for an extremely low
antenna height of 0.063%3. Within this bandwidth, the VSWR
shows values of less than 1.3 with a gain of approximately 9.5
dB. This gain is close to those of the MA-B and MA-U.

gain [dB]
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