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1. INTRODUCTION

Circularly polarized wmicrostrip array antennas have been widely used as
phased arrays, modile antennas, satellite antennas, and receiving antennas for
direct satellite oroadcasting, due to their thin and compact structures.

The problew, however, is that frequency characteristics of polarization
and impedance of microstrip arrays are narrow. Several oroadband technigues
for circularly polarized microstrip antenna or array are reported(1),(2),.(3).

This paper proposes a new corposition of array antenna whicin has gooc
circular polarization and low VSWR over the wide frequency 2and in spite of
use of narrow band elements and describe the resulis of the verification
axperiment,

2. GENERATION OF WIDEBAND CIRCULAR POLARIZATION BY PROVIDING SEQUENTIAL
ROTATIONS AND PHASE SHIFTS TO ELEMENTS
Let's consider a il-eleiient planar

array antenna as snown in Fig.l. In

the following analysis, it is assuued

that all elements are tne sanie, and

the mutual coupling can de neglected.

The n-th elewent is located at an  —-
arbitrary position but with orienta-

tion angle of

ﬁn = pln-1j7C/t (rad.), (1)

where o is an integer and 1< p<in-1,
with respect 0 the first elenment,
say #1, and is fed with a different-
jal phase shift of ¢ . In other
words, each element "is provided [ =
sequential rotation and pnase snift.
Thgrefore, for convem’enpce, we call koln=9¢s=(n-1)p = /N
it a sequential array. e assuile k,= 2 7w f o/ € &

that the polarization of electric

field radiated by #1 element in the

boresight direction is elliptical and  Fig.l. Configuration of a sequential
expressed as array

E] = aU] + ij], {2)

where Ujand V, are orinogonal unit vectors, and a, b are the auplitude of the
compone&ts. fhen, the boresight field rediaced oy the n-th element En becomes

E, - [{acos¢”-jbsin¢n)ul + (asin¢n+jbcos¢n)vl]exp(j%n), (3)
Using the following relations:
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N, N o .

Y cos Y =) sin“Y_ =ii/2, (4)

n=1t n pn n

Ycoszf =Sisinzg =0, (5) X (fo /1)
ned n=d

we obtain the total boresight field E
radiated by the array, such as

N .
{a+h), R .
E —n;lEn = TIJ(U]‘FJV])- (6)
This means that the sequential array
radiates perfect circular polarized
wave in the boresight direction
independently of the polarization of
the element. In general, because
wicrostrip antenna is narcowband,
oolarization becoues rapidly as fre-
quency changes from its center. But,
the sequential array can greatly
reduce the cross polarization, even Fig.2. Improvement factor of XPD
at off-center frequency. Consequ-
ently, we can get a wideband circu-
larly polarized microstrip array.

Fig. 2 shows the improvenent factor of XPL, %, the ratio of the XPU of the
array to the XPD of the element. From this figure, it is clear that XPU is
improved as i increases, and the case of p=1 is the best.

Next, we consider VSWR at the input terminal of a sequential array. In
che Fig.1, we assume that the input power is equally divided to each element,
so let the amplitude of the input voltage to each element be V_ . Uwing to thc
differential path length of each feed line, the reflected wav@s frou the n-th
element have a differential phase shift of 2§ . Therefore, if all reflection
coefficients of the elements are the samwe, th8 sum of the total reflected wave
V_ returning to the input ferminal of the array becomes

i
N
Vo=Vl ;exp(jZ‘\bn) = 0. (7)

From the above discussion, it can
e seen that the sequential array
provides not only perfect circular
polarization in the boresight direc-
tion but also, no reflection at the
input terminal.
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3. OFF-AXIS RADIATION OF PLANAR
SEQUENTIAL ARRAY
In this section we consider a i x
4 planar sequential array in which
the elements are arranged on rectan-
gular lattices as shown in Fig.3. In
chis array, each column and each row
are the sequential Tlinear arrays.
Let the differential phase shifi and rotation and phase shift |
rotation to be given to the (w,n)th for (m,n)-th element 29 nn
element be B . The radiation
aattern of the "#lement in the E-plane Fig.3. Geometry of a planar sequential
and H-plane are expressed by £ _{d) array
and Hp(b}, respectively, and letPiae
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conplex excitaion factor for the guadrature components be of (ol=+] means perfect
circular polarization). We can obtain the expression of the radiation pattern
for arbitrary angular cut plane. Particularly, in the $=0 (X-Z plane), using
the sequential conditions, one has

Moo
£08,0) = LE(EeT W) (¢ (0e i (8)e ), (v)

vhere e, and ey are unit vectors. Similarly, in the plane =172,

_ oLl Hodkdasiney . o
E{y,W2) = J-?-M(EEF )(;p(e)oee+ng(e)e¢). (9)

Therefore, in the iwo principal planes, within tne angular region where £
()= (8) nolds, the array radiates circular polarized wave independently of
the polarization of the elenenc. In ordinary microsirip antennas, the
patterns in the £- and H-planes alnost &gree up to considerable angular
region, so the sequential array composed of these element has excellent
polarization isolation over the wide angle.

4. EXPERIMENTAL RESULTS

In order to verify the principle of the sequential array, some basic
experiments have been carried out.

The test array used are two 8-element arrays. Une is a seguemtial, and
the other is a conventional arrays as shown in Fig.4. All elements are the
same microstrip circular patches
which have small notches and is
excited by one-point-backside feed-

ing(3).  The wmaterial of the sub- <:::> (:::> 0 S 1
strate is glass cloth PTFE and its 4 3"
is 2.6 and the thickness is & mn,

Fig. 5 and 6 show the axial ratio (::) (::) o 2. €::> <::> 0
and VSUR of these arrays. From tiese 4

figures, it is clear that the sequen-

tial array has wuch wore widedand | <::> (:::) o 0 <::> {::) 2
characteristics of polarization and 4
impedance than the conventional ar-

ray. For example, 3 dB axial ratio 0 Q Q o 1 Q Q 3.
Yandwidth of the sequential array 4§ 7 4

exceeds 14% and this 1is adout 15 W c -
times of the conventioal array, while onventional array  (2) Sequential array

Fig.4. Arrangement of elements
for two test arrays
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vs. frequency Fig.6. Measured V.S.W.R. vs. frequency
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Fig.7. Radiation patterns of the conventional array

”MI Ww
q

i
”“h‘w i T ARTRRATS

E ﬂ'[WTnmﬂﬂ*TTr‘“w“nr'ml ALY WHW
!

W l'lrJ)W .5Hu'78ﬁ i w ’W i

iR s e b il i
U} e 1!' l l 1 " | | W il

AL g
ch R rgl.nl,mml.,#_
8  (deg) o 45 90 -80 -45 0 45 oo

8 (deg) 8 (deg)
Fig.8. Radiation patterns of the sequential array

1.5 VSWR width is 13.7% and about twice as that of the conventioal array.
Finally, the comparison of the radiation pat erns is shown, rFig. 7 and
Fig. 8 show the radiation patterns of the convent1onal array and the
sequent1al array, respectively. It can pe seen that the polarization of the
conventional array deteriorates execpt at the center frequency, while the
sequential array maintains good circular polarization over the range from Z.24%
GHz to 2.34 GHz.
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