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A Dual CP Slot Antenna Using a Modified
Wilkinson Power Divider Configuration

Wen-Jen Tseng and Shyh-Jong Chung

Abstract—A dual circularly polarized (CP) slot antenna based W
on a proposed equal-split Wilkinson power divider is presented. —|
An offset-fed slot antenna, which was analyzed using the method T ™
of moments together with a mixed potential integral equation, i
was used to replace the lumped resistor in the divider. A dual CP I
slot antenna operating atS-band was designed and demonstrated I
experimentally. The antenna possessed a return loss bandwidth Ls i [
of 39.3%, an isolation bandwidth of 10% for VSWR <2, and |
3-dB axial ratio bandwidth of 28%. la '

¥

Index Terms—Dual CP slot antenna, moment method, Wilkin- T D
son power divider. o o0

I. INTRODUCTION Antenna
]

N AN equal-split Wilkinson power divider, a balance pot ~ +——————-—

is connected to two unbalance ones through two quarter- 1, e
wave transformers, and a lumped resistor with a normalized b
impedance of 2 is placed between the two unbalanced port§im 1. Geometry of a dual circularly polarized (CP) slot antenna using a
fulfill the matching and isolation requirements. When a wave f&°dified equal-split Wilkinson power divider.
coming from one of the unbalance ports to the divider, half of
the power is transmitted to the balance port with a phase delgsive. Similarly, for a wave incident to port 2, the total
of 90°, and the rest of the power is absorbed by the lumpegdiation field is also a CP wave. But due to the opposite
resistor. This absorbed power is transferred to heat and thignment of the field fed to the vertical slot, this CP wave
cannot be used again. It is the motivation of this letter to desi@gh orthogonal to that for an incident wave at port 1. The
a Wilkinson divider without any resistor so that no power ignalysis of the offset-fed slot antenna is presented in Section
wasted in the structure. To accomplish this, an offset-fed skpt With the analyzed results, the modified Wilkinson divider
antenna, which is equivalent to a series impedance [1], [2],d8d the dual CP slot antenna were designed and are shown
used to replace the lumped resistor (see the inset in Fig. i3).the following two sections. Finally, conclusions are made
As will be shown later, by changing the feeding position af Section V.
the antenna, the equivalent impedance can be adjusted to the
required one. _ _ . Il. OFFSEFFED SLOT ANTENNA

Using this modified configuration of the Wilkinson power ] o
divider, a dual circularly polarized (CP) slot antenna, as shown I N€ €quivalent circuit for a narrow slot antenna offset-fed by
in Fig. 1, is designed and measured. The geometry contafhnicrostrip I_|ne comprises a series comblnatlon ofa resistive
the modified divider (with a vertical slot antenna) and anoth@d & reactive components [1]. To obtain the equivalent
(horizontal) slot antenna fed by the balance port. When a waifgPedance, the method of moments coupled with a mixed
is incident to port 1, half of the power is immediately passé&Ote”t'al mtegrql equation is used to a_nal_yze this oﬁsgt-fed slot
to the vertical antenna, and the rest is transmitted, througt®€nna. Applying the equivalence principle, the slot is closed
quarter-wave transformer (90ine), to the horizontal antenna. off and replaced by equivalent magnetic surface cu_rre_nts above
Since the fields radiated from the two linear antennas ##8d below the ground plane. To ensure the continuity of the
with orthogonal polarizations, equal amplitudes, antl Sitase tangential electric fields across the slot, the magnet_lc current
difference, the total radiation field is thus a circularly polarizeB€low the ground plane should be equal to the negative of that

above. To avoid treating the nonuniform current distribution
on the microstrip line, the line is modeled as a rectangular
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Fig. 2. Normalized equivalent series impedance of a slot antenna fed byRig. 3. Frequency response of a modified equal-split Wilkinson power
infinitely long microstrip line, as functions of the normalized offset distancedivider with an offset-fed slot antenna in place of the lumped resistor.
(21/Ls). f = 3.02 GHz.

tangential magnetic fields over the slot, a mixed potential
integral equation is obtained. The unknown magnetic curre@
on the slot is then solved using the Galerkin’'s method o%
moments, from which the equivalent series impedance i8
accessible.

Fig. 2 illustrates the variations of the normalized equivalené
series impedance 4 jx), as functions of the normalized offset &
distance2l/L, (with [ being the distance from the feed point &
to the center of the slot). The frequency is set at 3.02 GHz. Trﬁ
slot of sizesL, x W, (= 43.3 x 0.7 mm?) is fabricated on the
ground plane of a substrategf = 2.2 andh = 0.508 mm and
is fed by a microstrip line of width 1.57 mm (50). It is seen
that both the resistance)(and reactancer] of the impedance Frequency (GHz)
are maximum when the feeding mlgrostrlp “.ne IS F"a‘fed at t%. 4. Measured results of the scattering parameters and axial ratio at
slot center, and approach zeros while the microstrip line movg8adside for the CP slot antenna.
toward the slot edges. The resistance drops to2(0 = 2)

as the offsekl/L, equals 0.739, where the reactance happef%%lation 1) have a 10-dB fractional bandwidth of about

Fo be zero. Also note that, & /L, = 0.827, the resistance 22%. (S1; ~ Sa1 ~ —24 dB at the frequency of 3.04 GHz.)
is equal to 502 (» = 1) and the reactance equal to 1X1

(z = 0.222). Several slots with different feed positions have

been measured. The results showed that a series impedance
of 100 + j0 Q occurred at 3.04 GHz witl2l/L, = 0.752. To accomplish a dual CP slot antenna using the modified
At the same frequency, a resistance of5@vas obtained as Wilkinson power divider, a second slot antenna perpendicular

2[/LS = 0.807, with a Corresponding reactance of 2715 to the first one was loaded in port 3, as shown in Flg 1.
This antenna has the same sizes as the first one but is fed

at 21,/Ls; = 0.807, corresponding to a series resistance of
IIl. M ODIFIED WILKINSON POWER DIVIDER 50 ) at 3.04 GHz. A tuning stub of length = 12.1 mm is
Before designing the dual CP slot antenna, the modifieded to eliminate the series reactance of the slot. Also, due to
Wilkinson power divider was first constructed and measureithe different feed offset, the calculated linearly polarized field
The 100£2 lumped resistor in the traditional Wilkinson dividerexcited by the second slot at broadside has an abduplifise
was replaced by the off-fed slot antenna of sizes 43.8.7 advance than that of the first slot. Hence, a phase compensation
mm? fed at2l,/Ls; = 0.752. The quarter-wave microstrip line of lengthl. = 2 mm (1¢ phase delay) was placed before
lines were with a width of 0.894 mm, corresponding tthe feed point of the second slot (see Fig. 1). Fig. 4 depicts
a characteristic impedance of 70¢7. Fig. 3 illustrates the the measured scattering parameters and axial ratio at broadside
measured scattering parameters of the modified Wilkinséor the designed dual CP slot antenna. The return loss has a
power divider. It is seen that, while a wave is incident t40-dB bandwidth of as large as 39.3%. The 3-dB axial ratio
port 3, both ports 1 and 2 receive half of the pow€r3(= bandwidth is about 28%. Furthermore, the 10-dB isolation
So3 = —3.3 dB). The return lossqs3) keeps at a quite low bandwidth is 10.3%, with a maximum isolation of 23 dB at
value (26 dB) over a large frequency band. Also, for 8.04 GHz. Due to the offsets of the two slot antenna centers
wave incident to port 1, both the return losS;{) and the (38 mm in the vertical plane and 17 mm in the horizontal

Axial ratio (dB)
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plane), the phase difference of the radiation fields from tlsdot antenna had a 10-dB return loss bandwidth of as large
slots may change with the deviation of the observation angis 39.3%, a 3-dB axial ratio bandwidth of 28%, and a 10-dB
from the broadside direction. Particularly, when an extra 9@solation bandwidth of 10.3%.

phase delay due to the path length difference between the slot

radiation fields occurs, the total field would turn from a CP

one to a linearly polarized one. This has been measured at the REFERENCES
observation angles 913300 in the vertical plane, which are (] j. Banl and P. BhartiaMicrostrip Antennas. Norwood, MA: Artech
smaller than the estimated values-b41°. House, 1980.

[2] C. Chen, W. E. Mckinzie, and N. G. Alexopoulos, “Spectral domain

analysis of microstripline fed arbitrarily-shape aperture antenna,” in
V. CONCLUSIONS IEEE Antennas and Propagation Symp. Di994, pp. 158-161.

. . [3I] I. Wolff, “The waveguide model for the analysis of microstrip discon-

In this letter, we have designed and demonstrated a dual tinuities,” Numerical Techniques for Microwave and Millimeter-Wave
CP slot antenna, basing it on a proposed modified Wilkinson Passive StructuresT. Itoh, Ed. New York: Wiley, 1989, ch. 7.

. . . -.-[4] A. Ittipiboon, R. Oostlander, Y. M. M. Antar, and M. Cuhaci, “A
power divider formed by replacmg the Iumped resistor with modal expansion method of analysis and measurement on aperture-

an offset-fed slot antenna. The method of moments together coupled microstrip antennalEEE Trans. Antennas Propagatol. 39,
with a mixed potential integral equation was used to analyz:‘f\?4 pp. 1567-1573, Nov. 1991.
n

. D. M. Pozar, “A reciprocity method of analysis for printed slot and slot-
the slot antenna. Good agreement has been achieved betw coupled microstrip antennadEEE Trans. Antennas Propagatol. 34,

the calculations and measurements. The fabricated dual CP pp. 1439-1446, Dec. 1986.



