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This letter deals with an externally fed spiral antenna. This design is a slot antenna that exhibits a behavior similar to that of the center-fed Archimedean spiral antenna with an improvement in terms of polarization. The antenna radiates a circular polarization over a wide frequency band within a wide angular range. Moreover, the polarization radiated can be right/left circular or linear vertical/horizontal. A prototype has been manufactured and compared to the modeled antenna. Good agreement is shown between measurement and simulation results.

I. INTRODUCTION

S PIRAL antennas [1], [2] are well known to be suitable for applications that require a wide frequency band and circular polarization (right-hand and/or left-hand circular polarization). Usually, they are center-fed, and a balanced signal excites the first mode. In this case, the current on the antenna is symmetric with respect to the center over the entire surface. However, in some configurations, the center is not accessible. A solution is to shift the feeding from the center to the outermost arms. Studies have been done in this way in order to control the polarization at the cost of the quality of the far-field pattern [START_REF] .C E T I N E R ,A N Df | A single-arm circular spiral antenna with inner/outer feed circuitry for changing polarization and beam characteristics[END_REF]. Some designs require the use of resistive loads that affect the efficiency. A three-arm spiral antenna with coplanar feeding solution has been proposed in [START_REF] Muller | Design and analysis of a 3-arm spiral antenna[END_REF], and a two-arm with a outer feed in [START_REF] Gschwendtner | Ultra-broadband car antennas for communications and navigation applications[END_REF]. In both cases, the lower frequency is around twice that of the theoretical lower frequency limit. Moreover, the shape of the far-field pattern is not the same over the frequency range. Good results in terms of bandwidth are obtained in [START_REF] L O U E R T A N I | Coplanar feeding solution for spiral antenna[END_REF], however the radiated polarization is not circular. In order to obtain the same behavior as the classical center-fed spiral, the design has to be fed to keep the symmetry of the current on the antenna. This is achieved by adding other sources with a phase shift. In this letter, an externally fed spiral antenna is studied, and measurements have been done to supplement simulation results.

II. ANTENNA DESIGN
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TABLE I GEOMETRICAL CHARACTERISTICS

with respect to the antenna center. Since the new antenna has to keep the behavior of a center-fed spiral antenna with an external feeding, the principle of symmetry for the geometry and the current has to be applied [START_REF] Louertani | External and coplanar feeding for spiral antenna[END_REF]. The built antenna shown in Fig. 1 has been modeled with the software CST Microwave Studio. This new design is a slot antenna etched on a copper plate of 13 13 cm with a 0.8-mm FR4 substrate. To achieve this design, a spiral arm is duplicated and sequentially rotated by 90 , 180 , and 270 with respect to the center of the antenna. This results in a symmetrical design with respect to the center. Each couple of lines starts with a short straight tapered section before being wound in a spiral shape. The geometrical characteristics are provided in Table I.

III. FEEDING CONFIGURATION

At each feed point, a coplanar waveguide is connected to an SMA connector. Four sources provide thus an unbalanced signal to the antenna, and a phase shift of 90 is applied between two consecutive sources. Hence, the antenna is fed by four unbalanced signals with a phase shift of 0 ,90 , 180 , and 270 ,respectively [START_REF] L O U E R T A N I | Study of the radiated polarization of an antenna array with circular geometry[END_REF]. Due to the symmetry of the geometry and the feeding, the current is symmetric on the antenna. This property leads to a symmetrical far-field pattern that is presented further in this letter. The tapered coplanar waveguides are used as a matching transition from the input impedance of the antenna to 50 . In this case, baluns are not needed, and the 4 2-arms slot antenna could be easily fed by coaxial cables.

IV. RESULTS

A. Active Reflection Coefficient

The active reflection coefficient (ARC) of the antenna is the sum of the four ports contribution. In our case, the ARC can be rewritten as [START_REF] K R A U Sa N Dr | Antennas for All Applications[END_REF] The measured and simulated ARCs calculated with a reference impedance of 50 are depicted in Fig. 2. The two curves are in good agreement. According to the measurement results, 1 0d Bi sa c h i e v e df r o m1 . 2 5u pt o2G H z( e x c e p t between 1.9 and 1.94 GHz, where 9.2 dB). The bandwidth could be improved by reducing the reflections in the center of the antenna. A solution could be the use of resistive loads to dissipate the power at the cost of the efficiency [START_REF] G U I N V A R C ' Ha N Dr | D u al polarization interleaved spiral antenna phased array with an octave bandwidth[END_REF]. Moreover, the transition slot lines could be further optimized to enhance the matching impedance at the lower frequencies.

B. Polarization

The performances in terms of polarization are described by the axial ratio (AR) plotted against frequency in Fig. 3 for to 40 in steps of 10 . The AR is defin e da st h er a t i oo f the major and minor values of the electrical far field. For an , the radiated polarization is perfectly right-hand circular. Inversely, for an , the polarization is perfectly left-hand circular [10]. A good circular polarization is radiated for an , which corresponds to a rejection of the cross polarization greater than 15 dB. All the curves are above 0.7 except for at 1.9 GHz and for .The 4 2-arms spiral antenna exhibits a perfect circular polarization at boresight. The purity of the circular polarization decreases when moves away from boresight up to a value comprised between 30 and 40 . Hence, a good circular polarization 

TABLE II PHASE SHIFT CONFIGURATIONS AT

is radiated within at boresight, i.e., 60 .Asaresult,most of the power is radiated with a circular polarization.

According to the phase shift and the voltage applied to the ports, different polarizations are radiated. For each case, a cut in elevation of the normalized gain is plotted in Fig. 4 with the associated axial ratio. All configurations are summarized in Table II. In all cases, the radiated patterns are the same, as shown in Fig. 4(a). In the two first configurations, all ports are fed with the same magnitude and a phase shift of 0 ,90 ,180 , and 270 or reversed. This leads to the radiation of a left-or right-hand circular polarization as described by the curves of configurations 1 and 2. For the two last configurations, only two ports are fed with a phase shift of 180 . The others ports are matched to 50 and are designated by a cross in Table II. When ports 1 and 3 are fed, a horizontal linear polarization is radiated at . However, when ports 2 and 4 are fed, the radiated polarization is vertical linear. In these cases, the AR is close to 0 at . This antenna could be used as a multifunction antenna with a tunable polarization. 

C. Far-Field Measurement

The antenna has been measured with the four ports fed simultaneously. This configuration is illustrated in Fig. 5. The antenna is positioned at 3 cm above a ground plane. All the circuitry for the feeding is placed behind this plane, which decreases its effect on the antenna behavior. In order to achieve the correct set of phases, two 90 and one 180 phase shifter have been used.

A scheme of the phase shifters is presented in Fig. 6(a). The corresponding measured scattering parameters are plotted in Fig. 6(b) and (c).

From this figure, it can be seen that both an amplitude error and a phase error are introduced by the feeding circuitry. The amplitude is not equal at each port over the entire measured bandwidth, and the phase shift between two consecutive ports is notconstantandequalto90 . These errors influence the measurement results, especially the AR presented in Fig. 8, where the value is not equal to 1 (theoretical value, as in Fig. 3) at boresight.

Measured and simulated gain are plotted in Fig. 7. The variations of the two curves are similar except at 1.65 GHz. Within the frequency band of interest, the measured gain varies from 3 to 7 dB, with a maximum at the frequency 1.45 GHz. According to Fig. 2, the variation of the gain is in good correlation with the ARC of the antenna. Indeed, the maximum value at 1.45 GHz corresponds to an 20 dB, while the minimum gain at 1GHzisrelatedtoanARCcloseto 3dB.

The measurement results of this configuration are given in Fig. 8. A cut in elevation of the normalized gain with the AR is plotted at three frequencies. Good agreement is shown between simulation and measurement results. Due to the ground plane, the antenna radiates in only one direction, which is illustrated by the polar plot of the gain. According to the AR, the polarization radiated is right-hand circular over at boresight, which is wider than the case without the ground plane.

V. C ONCLUSION

In this letter, a new externally fed spiral antenna has been presented. The 4 2-arms spiral antenna is a slot antenna matched to 50 . The design is fed by four unbalanced sources on the plane of the antenna. The measured antenna bandwidth starts from 1.25 to 2 GHz (except between 1.9 and 1.94 GHz, where 9 . 2d B )a n dc o u l db ei m p r o v e db yo p t i m i z i n gt h e center of the antenna and the matching transition. Over this frequency band, the gain of the 4 2-arms spiral antenna is above 3 dB (with gound plane), and a good circular polarization is radiated within an angular range of ( in a ground plane configuration). Moreover, the antenna could radiate four different polarizations (linear vertical/horizontal and circular right/left) following the amplitudes and phase shifts applied to the ports. The antenna has been measured by feeding simultaneously all the ports. Measurement results have confirmed the expectations, and a good agreement with simulation has been observed.
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 1 Fig. 1. Built 4 2-arms spiral antenna.
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 2 Fig. 2. Measurement: comparison of the measured and simulated active reflection coefficient against frequency for a reference impedance .
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 3 Fig. 3. Simulation: axial ratio against frequency for to 40 .
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 4 Fig. 4. Simulation: (a) cuts in elevation of the normalized gain and (b) AR at 1.5 GHz.

Fig. 5 .

 5 Fig. 5. Measurement: (a) 4 2-arms spiral antenna at 3 cm above a ground plane and (b) the antenna with the feeding circuitry.
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 6 Fig. 6. Measurement: (a) scheme of the feeding circuitry, (b) amplitude in decibels of the scattering parameters, and (c) phase shifts in degree between ports.
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 7 Fig. 7. Measurement: comparison of the measured and simulated gain of the 4 2-arms spiral antenna.
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 8 Fig. 8. Measurement: comparison of the measured (cross) and simulated (black solid line) cuts in elevation of the (left) normalized gain and (right) AR at (top) 1.4, (middle) 1.5, and (bottom) 1.8 GHz.