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Abstract—A monofilar spiral antenna is analyzed in the pres- There have been many investigations of the radiation char-
ence of a conducting plane reflector, using the method of mo- acteristics of spiral antennas [12]-[19]. Consideration of tilted
ments. The circumference of the spiral antenna is chosen to be o formation is found in [17]-[19]. In [17], an unbalanced
2.3 wavelengths. A tilted beam of circular polarization is realized . ) '
by superposing the fields from two active regions. The gain of the M0de current is superposed on a balanced mode current to
tited beam is approximately 8 dB. The frequency bandwidths oObtain a tilted beam, while in [18], the round shape of a
for 1-dB gain drop and 3-dB axial ratio criterions are 12% spiral antenna is transformed to the eccentric shape. These
and 23%, respectively. An array consisting of the four monofilar investigations in [17] and [18] have been made under the

spiral antennas is also analyzed, where the array element spacing o . .
is chosen to be 0.8 wavelength at a design frequency;. The condition that the spiral antennas have two arms (in free-

input impedances of the four spirals are almost the same as the SPace Wwithout a conducting plane reflector). In contrast to
impedance of the single monofilar spiral antenna aff,. The array  these investigations, in [19] the tilted beam is investigated

radiates a tilted fan beam with a gain increase of approximately 6 for the case of a multi-arm spiral antenna. Note that the
dB from the gain of the single spiral antenna atfo. The frequency ooy gystems for two- and multi-arm spiral antennas are
bandwidth for a 3-dB axial ratio criterion is almost the same as . L L L
that of the single spiral antenna. complicated because a balun circuit or an excitation circuit
consisting of power dividers and phase shifters is required for
practical use.
The radiation element analyzed here (called itih@nofilar
spiral antenna has a simpler arm configuration and a simpler
. INTRODUCTION feed system than two- and multi-arm spirals. The monofilar

ATCH [1]-[3], loop [4], and helical antennas [5]-[8] havespiral has a round shape. It does not require a balun circuit.

been used for satellite communication systems such aé@alysis of the monofilar spiral antenna is made in the
global positioning system. The radiation from these antenn@esence of a conducting plane reflector (a ground plane) for
is circularly polarized (CP), forming an axial beam pattern diractical use, using the method of moments [20], [21].
a conical beam pattern. The monofilar structure without a balun circuit is useful,

A planar array antenna forming a tilted CP fan beam im particular, for fabrication of an array antenna composed of
the elevation plane has also been receiving attention as a lapifals. After investigating the radiation characteristics of the
mobile communication antenna. If the beam from the planaingle monofilar spiral antenna [22], [23], this paper refers
antenna is not tilted in the elevation plane (i.e., the antentta the performance of an array antenna composed of the
radiates a beam in the direction normal to the antenna plarfeyr monofilar spiral antennas [24]. It is found that the array
the antenna plane must be tilted to direct the beam towarduatenna can radiate a tilted CP fan beam without losing the
satellite [9]. It follows that the antenna needs a bulky spadeherent radiation characteristics of the single monofilar spiral
losing advantages of the planar antenna structure. antenna.
This paper presents a CP radiation element with a tilted

beam and its array radiating a tilted fan beam. The radiation Il. CONFIGURATION
element is made of a single wire composed of a curvedFig. 1 shows the configuration and coordinate system of a
section and a vertical section. The curved section is definﬁﬂ)nof”ar spira| antenna. The antenna arm, made of a wire of
by the Archimedean spiral function, where the periphery ¢dius p, is composed of a vertical section of lengthand
the outermost curved section is chosen to be more tharcurved section defined by the Archimedean spiral function.
two wavelengths at an operation frequency. Therefore, thie distance- from the center’ to the point on the arm is
radiation element is regarded as an extended version of H]@en byaspe, Whereay, is the spiral constant ang, is the
curl antenna [10] or a simplified version of the tWO'WirQNinding angle starting ap.. and ending atenq. The antenna

Index Terms—Array antenna, moment method solutions, spiral
antenna.

Archimedean spiral antenna [11]. is backed by a conducting plane reflector (a ground plane of
infinite extent) and fed from a coaxial line.
Manuscript received March 7, 1997. To obtain a tilted beam, the outermost periphery (cir-
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Tokyg i‘g4 OJrZS;ﬁ_W' & -oTege oTEngineering, Hosel niversity, Bo9anEumference) of the curved section must be more than two
Publisher Item Identifier S 0018-926X(97)07219-0. wavelengths. The tilted beam is obtained by superposing
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Fig. 1. Configuration and coordinate system of a monofilar spiral antenna.g quends
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radiation field I, on radiation field I, where Fy is the

radiation field from the first active region of an approximately

one wavelength circumference on the spiral plane&nid the

radiation field from the second active region of approximately
two-wavelength circumference. The formé; has approxi-

mately in-phase fields at two symmetrical points with respect

to the » axis, whereas the lattdr, has a phase difference at ;
these two symmetrical points. The phase relationship between (

180

F| and F;, leads to a tilted beam.

Throughout this paper, the following parameters are used:
p = 0.006), h = 0.25)\g, asp = 0.0153)o/rad, ¢s, = 2.6 & max
rad, and¢.,q = 24.0 rad, where), is the wavelength at a 210°
test (design) frequency ofy. The maximum circumference,
defined asC' = 2maspPend, IS 2.3\¢, corresponding to a
diameter of 0.73,. Note that the diameter of the spiral is
chosen to be less thax, for suppressing grating lobes in an
array antenna. Also note that a conventional two-wire spirgib- 3. Radiation pattern as a function of azimuth angle
antenna whose maximum circumference is)3.3loes not
operate as a CP radiator, provided that it is backed by arne maximum radiation at frequendy occurs in a direc-

conducting plane reflector [25]. , _ _ tion of (6, ¢) = (28° = Bax, 232° = ¢uax). The radiation
For confirmation of analysis, experiment is carried out ?)tattern as a function of the azimuth anglés shown in Fig. 3,
fo =6 GHz. wheref = 6,,,. Note that the radiation field is decomposed
into two components: a right-hand circularly polarized wave
[Il. M ONOFILAR SPIRAL ANTENNA component(Eg) and a left-hand circularly polarized wave

A monofilar spiral antenna is numerically analyzed. Thgomponent(£y).
current distribution is determined using the method of mo- The radiation pattern in the = ¢...x plane atfy is shown
ments [20], [21], where the piecewise sinusoidal functiori8 Fig. 4(a), where the half-power beamwidth (HPBW) of the
are used for the expansion and weighting functions. TI§@polar componenk’ is wide (approximately 69. Over this
radiation characteristics, including the radiation pattern, gai@igle region, the radiation field is circularly polarized with an
and input impedance, are calculated using the obtained curr@ggl ratio of less than 3.2 dB, as shown in the axial ratio
distribution. pattern Fig. 4(b).

Fig. 2 shows the current distributioh = I, + jI; at  Fig. 4(c) shows the beam cut in thg-z; plane, where the
frequencyf,. The arm length from the feed poiatto the arm x; and z; axes coincide with lines of = ¢yax — 90° and
end L, is 4.64\,. It is found that a traveling wave currentf = ..., respectively, as shown in the inset. The HPBW in
flows with decay toward the arm end. The reflected curretfite z1-z; plane (approximately 79 is wider than that in the
from the arm end is small, which leads to a constant antenpaz plane. The axial ratio of less than 3 dB is obtained over
impedance performance over a wide frequency band, as shawvide-angle region of approximately @round thez; axis.
later. The phase progression is close to that in free-space.This is shown in the axial ratio pattern [Fig. 4(d)].
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Fig. 4. Radiation and axial ratio patterns. (a) Radiation pattern insthe ¢max = 232° plane. (b) Axial ratio pattern in the = ¢max = 232° plane.
(c) Radiation pattern in the = ¢max — 90° = 142° plane. (d) Axial ratio pattern in thé = ¢max — 90° = 142° plane.
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The gain in a beam direction @b, ¢) = (fuax, Pmax) IS ﬁ
8.2 dB at fy, which is comparable to the gain of a two-wire N 2201 1
spiral antenna backed by a conducting plane reflector [25]. 190} 1
Frequency response of the gain in this direction is shown in 160
Fig. 5. The frequency bandwidth for a 1-dB gain drop from 09 fo fo Lif,
the maximum value is calculated to be approximately 12%. Frequency [GHz]
The reduction in the gain is mainly due to the deviation of (b)

the beam from a direction d®, ¢) = (fmax, Pmax) With the  Fig. 6. Beam direction as a function of frequency.
change in frequency, as shown in Fig. 6.

The axial ratio in a beam direction 6, ¢) = (6max, Pmax) fOr the two-wire spiral backed by a conducting plane reflector
is shown in Fig. 7. The frequency bandwidth for a 3-dB16% for a 1.4, circumference [25]).
axial ratio criterion is calculated to be approximately 23% By virtue of a traveling wave current with decay along the
(0.93fp—1.16fp). This bandwidth is slightly wider than thatarm, the variation in the input impedance is small over a wide
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09 fo fo 11fo  plane has a narrow HPBW due to array effects, where the
Frequency [GHz] z4 axis coincides with a line of = 6,,,x4, as shown in the
Fig. 8. Input impedance as a function of frequency. inset of Fig. 11. The HPBW in the-z, plane is 16. The
frequency dependency of the beam direct{@ng) is shown
in Fig. 12.

frequency range. Fig. 8 shows the frequency response of thérequency responses for the gain and axial ratio are shown
input impedanceZ;, = Ri, + jXi,. The resistance value ofin Figs. 13 and 14, respectively. These values are observed

the input impedance is on the order of 180 at (6,¢) = (Bmaxa = 24°,90°). As expected, array effects
increase the gain by approximately 6 dB fgtfrom the gain
IV. ARRAY ANTENNA of the single spiral element. The frequency bandwidth for a

The radiation characteristics of a monofilar spiral antenﬂé‘iB gain drop criterion is calculated to be approximately
have been revealed in Section Ill. In this section, an arrdy0- The axial ratio of the array shows the same behavior

antenna using the monofilar spirals is investigated. A tiltéct‘is,th""t Qf th? silngle spira[ antenna shown !n Fig. 7. The 3-dB
fan beam is realized. axial ratio criterion bandwidth for the array is calculated to be

Fig. 9 shows an array composed of the four monofil@PProximately 23%.
spiral elements, where the distance between the elements is
d = 0.8X. To form a fan beam in the-z plane(¢ = 90°),
each element is rotated around its centdry 218°(= 360° — The radiation characteristics of a monofilar spiral antenna
¢Pmax +90°) in the azimuth plane. After this rotation, the fourare investigated as a radiation element for land mobile commu-
elements are excited with the same amplitude and the sameation systems where a tilted beam is required. The antenna
phase. circumference is chosen to be more than two wavelengths.

Fig. 10 shows the frequency response of the inptihe tilted beam is formed by superposing two radiation fields,
impedance for each array element. The variation in the inputaking use of the phase difference between them.
impedance is small. The resistance values of the four element3he monofilar spiral has a traveling wave current with decay
at fy range from 1592 to 1652 (only 6« variation), with along the antenna arm. The spiral radiates a beam tilted by 28
the reactance values ranging froal00 2 to —104 2 (only from the antenna axis, whose HPBW in the elevation plane is
4-Q) variation). These values are close to the input impedang® with a gain of 8.2 dB. The frequency bandwidth for a
of the single monofilar spiral antenna. 3-dB axial ratio criterion is 23%.

Fig. 11 shows the radiation pattern of the arrayatwhere To form a tilted fan beam with an increased gain, an array
a tilted fan beam is realized. The radiation pattern inghe antenna composed of the four monofilar spiral elements is
plane, Fig. 11 (a), is almost the same as Fig. 4(a). The beamestigated. The array element spacing is chosen to be 0.8
tilt angle from thez axis, 0,.x4, IS 24, and the HPBW wavelength at a design frequengy. The input impedances
in the y-z plane is 70. The radiation pattern in the-z, of the four spirals are almost the same as the impedance of

V. CONCLUSION
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the single monofilar spiral antenna . The array forms a
fan beam of a HPBW of 70in the elevation plane with a tilt
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frequency bandwidth for a 3-dB axial ratio criterion are close
to those for the single spiral antenna.
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