EBAKFEZFEMERE VRS U
HOSET UNIVERSITY REPOSITORY

PDF issue: 2025-12-05

A Monofilar Spiral Antenna Excited
Through a Helical Wire

OKABE, Yosuke / YAMAUCHI, Junji / MIMAKI, Hiroaki /
NAKANO, Hisamatsu

(HkRZE / Publisher)
IEEE

(MEE4 / Journal or Publication Title)
IEEE Transactions on Antennas and Propagation / IEEE Transactions on
Antennas and Propagation

(& / Number)
3

(BB ~_R—< / Start Page)
661

(]8T ~R—< / End Page)
664

(R1THE / Year)
2003-03



IEEE TRANSACTIONS ON ANTENNAS AND PROPAGATION, VOL. 51, NO. 3, MARCH 2003 661

Communications

A Monofilar Spiral Antenna Excited
Through a Helical Wire

Hisamatsu Nakano, Yosuke Okabe, Hiroaki Mimaki, and
Junji Yamauchi

Abstract—The radiation characteristics of a monofilar spiral antenna ex-
cited through a helical wire are investigated using the method of moments.
The spiral has a circumference of more than two wavelengths (2%; , where
g is the wavelength at a test frequency of 6 GHz) to obtain a tilted beam.
An inputimpedance of approximately 502 is realized by appropriately se-
lecting the diameter and pitch angle of the helical wire. The antenna shows
a gain of approximately 8 dB relative to an isotropic source in the maximum
beam direction (18 from the direction normal to the antenna plane) and a
VSWR frequency bandwidth of approximately 12%.

Index Terms—Helical wire, low cross-polarization, spiral antenna, tilted
beam formation.
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Conventionally, a monofilar spiral antenna is excited through a
straight wire (SW) between the spiral and feed point, as shown in [1]
or the inset of Fig. 5, where the spiral is located above a conducting
plane to which a coaxial feed line is attached. The spiral antenn¢, ©
having such a straight wire is referred to as an SW-spiral antenna it sp
this paper. The SW-spiral can radiate a tilted beam, which is used fo
LAN, satellite, and other communication applications.

A problem with the SW-spiral is that a purely resistive input
impedance, which is required for impedance matching to a coaxial line
feed, is not easily obtained. A solution to this problem is to replace the
straight wire with a differently shaped wire, thereforehedical wire
(HX) is used, as shown in Fig. 1(a). The antenna shown in Fig. 1(a) is
referred to as an HX-spiral antenna.

This paper investigates the behavior of the input impedance of the
HX-spiral, varying the parameters of the helical wire. In addition, the
frequency responses of the beam tilt angle, axial ratio, and gain are

calculated and discussed, together with the frequency response of the J —~ .
VSWR. < helix+sf
<2_(_l h

Il. CONFIGURATION n turns >

The HX-spiral antenna to be analyzed is composed of a spiralanda "~ 777~ i)““/'?% ““““ ‘ 'g
helical wire, as shown in Fig. 1(a). The spiral is Archimedean, as shown GP F 4 !
in Fig. 1(b): the radius from the center point in the spiral plane to a o
point on the spiral arm is defined as= a., ¢, whereas, is the spiral (c)

s

constant, and is the winding angle, ranging from, to ¢5,. The Fig. 1. Configuration. (a) Spiral antenna excited through a helical wire,

spiral is fixed at a height df = )¢ /4 above a conducting plane (whichdesignated as an HX-spiral antenna. (b) Spiral wire. (c) Cross-sectional view

enhances the radiation in the: hemisphere), wherds = 5 cmis  of the HX-spiral.

the wavelength at a test frequency of 6 GHzfs. To obtain a tilted

beam, the outer circumference of the spiral, which is approximated ashe helical wire is specified by the cylinder diamefet., pitch

csp = 2masy 5, must be more than two wavelengths [1], [2]. In thianglew, and number of turns. A short straight filament of lengthis

paper, a circumference of, = 11.5 cm= 2.3\ is used as a test inserted between the end of the helical witand the feed point’, as

value, generated by a spiral constantigf = 0.0153)s/rad and an shown in Fig. 1(a) and (c). This vertically inserted filament facilitates

ending angle obg, = 23.93 rad. connection of the helical wire to a coaxial line feed. The basic equations
for the helical wire are

- -~

spiral et 120y,
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Fig. 4. Maximum beam cut in the—¢ plane ¢ = 232°) for an HX-spiral

antenna witl2r;,, = 0.1As anda = 10.5° at a test frequency of 6 GHz. (a)

0 Total radiation pattern. (b) Partial radiation from the spiral. (c) Partial radiation
! from a vertical section composed of a helical wire and a short straight filament

< (helix4sf).
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Fig. 3. Current distribution at a test frequency of 6 GBRiz;.. = 0.1A¢ and . . . .
o = 10.5°. Fig. 5. Maximum beam cut in the— plane ¢ = 232°) for an SW-spiral
antenna at a test frequency of 6 GHz.

wheregj, is the starting angle of the helix. The coordinates of feed . . .
point F are given as side lengthZ, is greater than three wavelengths, the input impedance

Z;» (and hence the VSWR) is close to that obtained with a conducting
T = Tpx €OS Phy  ANd Yy = Thy SIN Gpy. (4) plane of infinite extent.

The helix diameteRr, and pitch anglev are varied for investi-
gating the VSWR and tilted beam formation. Note that varying the helix
diameterr,. changes the starting angig, of the spiral, as seen from  Analysis of the HX-spiral is performed using the method of mo-
(2). Also note that varying: changes both the number of turns n ananents (MoM) [3], where the wire radii of the spiral and helical wires
the starting angle of the heligg, (and correspondingly, the coordi- are chosen to be very smah:< As(p = 0.008 )¢ is used).
nates of feed poinf’), as seen from (2) and (3). The inputimpedancg:, = Ri, +jX;. for a helix diameter ranging

The conducting plane below the spiral is assumed to be of infiniteom 2r,, = 0.08)¢ to 0.118\¢ is investigated at a test frequency
extent in the numerical analysis. In the experiment, a large squarfefs. Fig. 2 shows an example d&f., for 2r,x = 0.1)Xs, where a
conducting plane, with a side length, of approximately nine short straight filament length of = 0.0625\¢ is used. For refer-
wavelengths, is used to approximate the infinite conducting plarence, the number of helical turmsas a function of the pitch angle
Note that a preliminary theoretical investigation shows that when the calculated from (2), is also illustrated in this figure. It is found that

I1l. NUMERICAL RESULTS AND DISCUSSION
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Fig. 6. Beam tilt anglef,,.x, r andom.x, 7, @s a function of frequency for an HX-spiral with;,. = 0.1 ando = 10.5°.

W

an input impedance of approximately 8 which can be matched to
commercially available coaxial lines, is obtainedhvat= 10.5°. This 4t
HX-spiral with 2r,, = 0.1X¢ anda = 10.5° is referred to as an
HXso-spiral throughout. Note that the corresponding SW-spiral has an
input impedance 0209 — 531 €.

Fig. 3 shows the current distribution of the kbXspiral at a test fre-
quency offs, where the phase progression (dotted line) is presented to-
gether with the free-space phase progression (FSPP, solid line). As ob-
served from this figure, the current smoothly flows along the spiral as a
traveling wave. Fig. 4(a) shows the beam cut in the maximum radiation
plane ¢—¢ plane with¢ = 232°) of the HXs-spiral atfs, whereEr
(solid line) shows a right-hand circularly polarized wave component
(copolarization component) ard, (dotted line) shows a left-hand cir-
cularly polarized wave component (cross-polarization component). For
comparison, the beam cut in the maximum radiation plane for the corre- 50 5.75 6.00 6.25 6.50
sponding SW-spiral is shown in Fig. 5. It is observed that the cross-po- frequency [GHz]

larization component for the HX-spiral is smaller than that for the ] ] ] ) )
e} 7. VSWR relative to a 50-ohm impedance, axial rati2, and gainG r

SWh-spiral, as desired. The smaller cross-polarization componentf . P ) ,

T . S funct f f fi HX- Iwith;,, = 0.1As anda = 10.5°.
the HXso-spiral is attributed to the fact that the contribution made b"illSa unction otirequency foran nA-spiralwith o anda ?
the helical wire and short filament [this vertical section is designated as

helix+sf, as shown in Fig. 1(c)] to the total radiation is lower than tha, (4 = 18° = ax.s ando = 232° = ¢max,s). The frequency

made by the vertical straight wire for the SW-spiral. Note that Fig. 4(Bandwidth for a VSWR= 2 criterion is calculated to be approximately
and (c) are the radiation patterns evaluated from the partial curremtsy, within this bandwidth, the H%-spiral radiates a circularly po-
along the spiral and helixsf, respectively, derived from the total cur-|arized wave with an axial ratio of less than 3 dB. Note that the §ain
rent distribution shown in Fig. 3. at f; is 8.4 dB relative to an isotropic source and its variation within

The tilted beams of the HX-spiral at frequencies lower and higherthe above-mentioned 12% bandwidth is small (approximately 1 dB),
thanfs (at5.6 and 6.4 GHz, not shown in this paper) are also compargé desired.

with those of the SW-spiral antenna. The comparison reveals that, as in
the comparison afs [Figs. 4(a) and 5], the H3¢-spiral has an advan-
tage over the SW-spiral in that the tilted beam has a reduced cross-po-
larization component. A monofilar spiral antenna excited through a helical wire (HX-spiral
Fig. 6 shows the beam tilt angle (maximum beam direction) f@ntenna) can have an inputimpedance of approximatelypappro-
the HX;o-spiral as a function of frequency, which is specified by priately selecting the helix diameter and pitch angle. The cross-polar-
0 = Oumax, y @aNdo = dumax, r. It is revealed that the angle measuredzation component of the radiation is lower than that of a corresponding
from the = axis, fmax, £, remains almost unchanged, while the angl&W-spiral. The HX-spiral realizes a maximum tilt angle.<, ¢ = 18°
measured from the axis, ¢max, f, Varies in a nearly linear fashion asfrom the = axis at a test frequency of 6 GHz, with a gain of approxi-
a function of frequency. This behavior is commonly found in monofilamatelyGr = 8.4 dB relative to an isotropic source. The HX-spiral
spiral antennas [1]. shows a frequency bandwidth of approximately 12% for a VSWR
Fig. 7 shows the frequency response of the;k¥piral, where the criterion. Within this bandwidth, the radiation field is circularly polar-
axial ratioA R and gain? r (for aright-hand circularly polarized wave) ized with an axial ratio of less than 3 dB, and the gain variation is small
are evaluated in the maximum beam direction observed at frequerfapproximately 1 dB).

theo.
exp. o e
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IV. CONCLUSION

Authorized licensed use limited to: HOSEI UNIVERSITY KOGANEI LIBRARY. Downloaded on October 1, 2009 at 01:32 from IEEE Xplore. Restrictions apply.



664 IEEE TRANSACTIONS ON ANTENNAS AND PROPAGATION, VOL. 51, NO. 3, MARCH 2003

ACKNOWLEDGMENT whereb is anV x 1 vector of the measured voltag€3sjs anN x N ma-
The authors would like to thank V. Shkawrytko for his kind assis}-”xg:'.hmh repéesent_s varlgtlonsl\lTn th;comp_lex gain among ﬁnterfmas,
tance in the preparation of this manuscript. eedlines, and receiverg, is an X matrix representln_g the ef-
fect of antenna-to-antenna coupling and structure scatteringy@nd

isanN x 1 vector describing the received voltages in the absence of
antenna-to-antenna coupling and structure scattering. Notethat
[1] H. Nakano, Y. Shinma, and J. Yamauchi, "A monofilar spiral antenngepends only on the antenna geometry and the radiation pattern of a

and its array above a ground plane—formation of a circularly polagjqje antenna element. Let us say that we are interested in the antenna

ized tilted fan beam,IEEE Trans. Antennas Propagatol. AP-45, pp. . . . .
1506-1511, Oct. 1997. pagat PP effects only. In that case, matri¥ can be replaced with an identity

[2] J. A. Kaiser, “The Archimedean two-wire spiral antenniRE Trans. Matrix and (1) can be written as
Antennas Propagatvol. AP-8, no. 3, pp. 312-323, May 1960.

[3] H. Nakano,Analysis Methods for Electromagnetic Wave Probleks b(¢) = Za(e). (2)
Yamashita, Ed. Boston, MA: Artech House, 1996, vol. Il, ch. 3.

REFERENCES

Assuming that the antenna geometry is known, then according to (2),
one needs to know onl¥ to predict the antenna array manifold for
any ¢. The question is how to estima#? Various algorithms to es-
timate Z are given in the references cited. The simplest of these as-
sumes that the vectds(¢) is measured foi/ independent (widely

An Experimental Study of Antenna Array Calibration separated and not coincident with grating lobes), directions such that
M > N.Letthese measurements be represented hytkel/ matrix
Inder J. Gupta, James R. Baxter, Steven W. Ellingson, By = [b1bs -+ - bys]. Then (2) can be rewritten as [3]

Hyung-Geun Park, Hyun Seo Oh, and Mun Geon Kyeong
By =ZAy (3)

Abstract—The coupling matrix concept for predicting the radiation pat- Where Ay = [aiaz ---ay]. (3) is an overdetermined set of linear
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Index Terms—Antenna calibration, coupling matrix, structure scat- general, does not have a way to deal Wlt.h strgcture scattering because
tering. it (structure scattering) cannot be described in a few parameters. For
large antenna arrays, where structure scattering affects all the antenna
elements in a similar fashion, one may be able to find an appropriate
. INTRODUCTION Z, provided that the embedded element pattern includes structure scat-

For angle-of-arrival (AoA) estimation and certain smart antenna pri§'ing effects. For small antenna array the same may not be true. To test
cessing techniques, one needs to know the array manifold for all inflis ypothesis, we built two experimental antenna arrays. The radia-
dence angles. This requirement can be relaxed if the array manifold §a0 patterns of these antenna arrays were measured in The Ohio State
pends entirely on the antenna geometry and radiation pattern of a sirlgfdversity compact range [6]. The measured patterns for a few direc-
antenna in free space. In practice, this is rarely true. The coupling §@NS were then used to estimate ma#ZixNext, matrixZ is used to
tween various elements of an antenna array as well as scattering byifgictb for all angles. In this communication, the predicted results
antenna mounting structure and/or other nearby structure affects #@ compared with the measured results. It is shown that for the two
array manifold. Also, there will be differences among the cabling arffiténna arrays, (2) does not work very well. The same is demonstrated
receivers used to down convert and digitize the signals from each 4§ing numerical results [method of moments (MoM) solution] for a
tenna element. All of these effects have the potential to vary in bothPle antenna array. _
time and frequency, making the array manifold very difficult to antic- The rest of the communlcatlo_n is organized as foI_Iows: The exper-
ipate/estimate. The process of obtaining the array manifold is callfgental antenna arrays and their measured and estimated patterns are
antenna-array calibration. discussed in Section Il. Section Il contains the numerical results from

Many different algorithms [1]-[5] have been reported in the litethe simulated array. Fina_lly, Section IV contains a summary and the
ature for antenna-array calibration. Most of these algorithms depe$fgeral conclusions of this work.
on the assumption that the voltages received byVaglement antenna
array for a signal incident from directiancan be written as [l. EXPERIMENTAL ANTENNA ARRAYS

b(s) = CZa(o) 1) The experimental antenna arrays are linear arrays of eight elements
each and are designed to operate around 2.45 GHz. One of the antenna
arrays has small interelement spacirg)(4)), whereas, the other an-
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