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A Curved Spiral Antenna Above
a Conducting Cylinder

Hisamatsu Nakandrellow, IEEE and Kazuo Nakayamayember, IEEE

Abstract—A curved spiral antenna above a finite hollow con- y hollow
ducting cylinder is analyzed using the method of moments. The conducting
effects of cylinder length 2H and cylinder radius r., on the radi- cylinder
ation characteristics of the spiral are evaluated. As # increases,
the cross-polarization component of the radiation field in the — r
broadside direction decreases to a constant value (approximately R —
—18dB). When 2H is greater than one wavelength Xo), the input \

impedance of the spiral above a cylinder of radiugrcy=0.25X¢

is almost constant 50—320 ) with a gain of approximately 7

dB. The spiral above a cylinder of (H, rey) = (2.7A0, 0.25X¢)

shows a 3-dB axial ratio bandwidth of approximately 23%, which
is wider than a flat spiral antenna above a flat ground plane of
infinite extent.

Index Terms—Measurements, moment-method solutions, spiral
antenna.
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CURVED radiation element mounted above a conduct-
ing cylinder has been receiving attention as a mobile

communication antenna. Ashkenaey al. [1] have revealed
the radiation field from a microstrip antenna above a cylinder Y
using an assumed surface-current distribution on the antenna.
Nakataniet al. [2] have obtained Green'’s functions in dyadic
form for a dipole printed on a grounded cylindrical substrate.
Habashyet al. [3] have formulated the current distributionFig. 1. Configuration and coordinate system.
of a patch above a cylinder using a cylindrically stratified ) ) o
medium approach. More recently, Rostat al. [4] have conducting plate (reflector). Thl_s flat spiral is used as the
analyzed a microstrip patch array above a cylinder usingr@férence antenna throughout this paper. _
sinusoidal current distribution on the resonant patch elementsAtténtion is paid to investigating the effects of the cylinder
These antennas radiate a linearly polarized wave and haveRgth and radius on the radiation characteristics of the
conducting cylinder of infinite length. curved spiral. The radiation characteristics as a function of

An antenna having circular polarization (CP) is also usef@ylinder length are calculated for a fixed cylinder radius of
as a mobile communication antenna [5]. A spiral antenna is'a = 0-23A0, where), is the wavelength at a test frequency
CP radiator and is a candidate for such an application. TR 3 GHz. In addition, the radiation characteristics as a
paper presents a curved square Spira| antenna above a Mﬂctlon of Cyllnder radius are calculated for a fixed Cyllnder
ducting cylinder offinite length.It should be emphasized thatength of 2H = 2.7X,. Based on these investigations, the
the surface of the spiral antenna is parallel to the conductif{@quency responses of the input impedance, axial ratio,
cylinder. and gain of a curved spiral antenna above a cylinder of

For numerical analysis, the cylinder of finite length i$2H, 7ey) = (270, 0.25X0) are analyzed. It is found that
approximated by grid wires [6]. The method of momentdie curved spiral has a bandwidth of approximately 23%
[7] is applied to an electric field integral equation [8] tdor & 3-dB axial ratio criterion.
obtain the current distribution on the spiral and cylinder. SOme experiments for the curved spiral are performed to
The radiation characteristics, including the input impedancg@nfirm the validity of the theoretical results. It is found that
radiation pattern, axial ratio, and gain, are evaluated using $@0d agreement between experimental and theoretical results
obtained current distributions. These radiation characteristiésoPtained.
are compared with those of a flat spiral antenna above a flat

‘end

Il. CONFIGURATION

Manuscript received September 4, 1997; revised August 25, 1998. Fig. 1 shows the configuration and coordinate system of a
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Tokyo, 184-8584 Japan. Curved square spiral antenna above a finite hollow cylinder
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cylinder does not have any end caps. The spiral is located _ 500
at heighth = r,, — r.,, wherer,, is the radius of the surface ¢ ool )
of the curved spiral and., is the radius of the conducting & Zin=Rin+jXin
cylinder. The conducting cylinder acts as a reflector for the g 300 ]
curved spiral. e zoof\j\ Rin

The spiral, which is supported by air honeycomb of relative E 100
permittivity e,, = 1, is excited by a voltage source at the spiral i % Xin
center. Throughout this paper, the following configuration 5 I LR EEEEEEEEEEEEE D
parameters are fixed: wire radius of the sppat 0.3mm = 'g‘: -100; : : 5 5 s

0.003), antenna height = 20mm = 0.2)g, and filament

lengths of the spirat,, = 2/;(n — 1) forn =2, 3,4, ---, 10 cylinder length 2H [Ao]

with a start filament length of; = 1.7mm = 0.017X¢ and Fig. 2. Inputimpedance as a function of cylinder leng. 2., = 0.25Xo,
an end filament length of;; = 30.8mm = 0.308Xp. The 7sp = 0.25X0 + 0.2X.

cylinder radiusr,,, the spiral radiusr;,, and the cylinder

length 2H are varied subject to the objectives of the analysis.

A flat spiral antennar(, = oo) with the above-mentioned
configuration parameters, backed by a flat conducting reflector —
S . . <
of infinite extent ¢., = oo, 2H = o0), radiates a circularly g
polarized wave with an axial ratio of 1.4 dB. (Note that the o
height ¢, — r.,) is held constant while,, andr., tend to E
infinity, and this height is the same as that for the finite-radius E
cylinder case.) This flat spiral is used as the reference antenna °
in this paper. I i
o
IIl. NUMERICAL RESULTS é"
The cylinder is approximated by grid wires, which are s ™
uniformly spaced in the vertical and circumferential directions. s 500
]

The currents along the spiral and cylinder are obtained using Y Lend
the method of moments in which piecewise sinusoidal ex-
pansion and weighting functions [8] are used. The radiation
characteristics, including the input impedance, radiation p&ig. 3. Current distribution on spiral armss, = 0.25A0 +0.2Ag, PP:
tern, axial ratio, and gain, are evaluated on the basis of t{i@se progression - - -, FSPP: free-space phase progression.
obtained current distribution. Throughout this paper the axial

ratio is always evaluated on theaxis (broadside). the cylinder length B is greater than\g. This leads to a

A preliminary investigation shows that the gain converges  ont input impedance.

sfstthhf garilg-\,:reriz?v?/?rzgi d:é:ereoaftsaes.rl(:):zm;r;elz C&B\grgggge %elgegarding the current distribution on the cylinder, the
gam, ag P pp y Turrent (amplitude|{|) along the longitudinal grid wire at

feed Loint

-« arm length

in the following analysis [9]. Note that the radius of the gri .y, 2) = (0, 5, 0.25)) (one of the grid wires modeling

\(/élrgggl\s )chosen to be the same as that of the spiral arm Wﬁ% cylinder) is shown in Fig. 4, where the cylinder lengf 2
. 0)-

ranges from 0.8¢ to 4.7\q. The arrows (fromy = —0.15)

) to ¥ = +0.15)¢) on the cylinder illustrate the projection of

A. Effects of Cylinder Length/2 the spiral into the cylinder surface. It is found that the induced
First, we investigate the effects of the cylinder lengtil 2 current on the cylinder is concentrated under the spiral.

on the radiation characteristics, fixing the cylinder radius to be The radiation field is obtained as the superposition of the

one-quarter wavelengthr, = 0.25\0) with a spiral radius of radiation due to the current along the spiral arms and the

Tsp = Toy + h = 0.25X0 + 0.2A. radiation due to the current induced along the cylinder. Fig. 5
Fig. 2 shows the input impedancg,, = Ri, + jXi,» as shows the radiation patterns for different cylinder leng#ig.

a function of the cylinder length 2. It is found that the and Ey, in this figure are the right- and left-hand circularly

input impedance is almost constant when the cylinder lengtblarized wave components, respectively.

is greater than one wavelengthgj. The resistance value is As seen from Fig. 5, the cross-polarization componéhi)(

approximately 25@2 with a reactance value of approximatelyin the +z direction decreases as the cylinder lengtH 2

—20 Q. increases. The cross-polarization component is approximately
The behavior of the input impedance is related to the currenl8 dB when2H > 2),. It is also found that as the cylinder

distribution along the spiral arms. Fig. 3 shows the currel@ngth increases, the ratio of the front lobe to the back lobe

distribution! = I,.+j1; for 2H = 2.7),. Detailed calculations (FB ratio) of the copolarization componei#g improves.

reveal that the spiral has a gradually decaying traveling-waVvbe FB ratio is approximately 15 dB whebH > 2),.

current with an almost constant value at the feed point whdihe experimental results at a test frequengy= 3 GHz
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Fig. 4. Current distribution along the longitudinal grid wire at
(z,y,2z) = (0, y, 0.25X), one of the grid wires modeling the cylinder
with roy = 0.25X0 and rsp = 0.25X + 0.2X0. (@) 2H = 0.6)q. (b)

(b)

B
are also presented in Fig. 5(c), showing good agreement with “%«h‘"
theoretical results. ‘. ’

From the abovementioned current distribution, input
impedance, and radiation pattern, we can see that the gain ©
and axial ratio exhibit almost constant values #d > 2.

Fig. 6 shows the gain and axial ratio as a function of cylinder
length 2H. A gain of approximately 7 dB is obtained for
2H > 2)¢. This gain is smaller than the gain of the reference
antenna (7. = 8.7 dB) due to the radiation toward the rear
region (= region). The axial ratio foRH > 2} is close to
that of the reference antenndR..; = 1.4 dB).

XX

(d)
B. Effects of Cylinder Radius., Fig. 5. Radiation pattern as a function of cylinder length.2.,, = 0.25A0,
. . . Tsp = 0.25A0 + 0.2X0,
We consider the effects of the cylinder radiug on the B {theoretical 3 theoretical ———
radiation characteristics. For this, the cylinder lengtH 2 experimental o ¢ experimental o o °

is chosen to be long enough not to affect the radiatidff 27 = 0-3%0: ) 2H = 1.0%. () 2H = 2.TAo. () 2H = 5.0%.

characteristics. Taking into account the results of the previous
section, we fix the cylinder length/2 to be greater than two
wavelengths: B = 2.7),.

The cylinder radiusr., is varied while maintaining the
antenna height constant. The spiral radius,, is also varied:
Tsp = Tey+h = 1y +0.2X0. Fig. 7 shows the input impedance
of the curved spiral as a function of the cylinder radius The
theoretical values of resistance and reactance for the reference
antenna are also presented on the right-hand vertical axis. Note
that the input impedance for,, > 0.8Xq is nearly equal to % 1 2 T3 4 s
that of the reference antenna. For confirmation, experiments
are performed afy = 3 GHz. The antenna for the experiments
is fed from a coaxial line with a balun circuit. The theoreticdfi9- 6. Gain and axial ratio as a function of cylinder lengtH 2

. . Tey = 0.25X0, 7sp = 0.25X0 + 0.2A0.

and experimental results are in good agreement.

The theoretical gain and axial ratio of the curved spiral
are shown as a function of., in Fig. 8, together with for the reference antenna, respectively. The radiation from
experimental results. The black and white dots on the rigtite curved spiral is circularly polarized with an axial ratio
indicate the theoretical gainG{.;) and axial ratio 4R..) of less than 3 dB for., > 0.2Xy. The value of the axial ratio
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cylinder length 2H [ Ag]
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at ., = 0.8)g is almost the same as that of the reference
antenna.

The current (amplitudd |) flowing along the rear half of the
cylinder (from# = 90-270°) decreases as the cylinder radius
¢y INCreases. This is shown in Fig. 9. Note that the current in
this figure is calculated for the circumferential grid wire of the
cylinder model aty = 0. The decrease in the current over a
region fromé# = 90-270° results in less radiation from the rear
region, as shown in Fig. 10, and the copolarization component
Er has a FB ratio of more than 20 dB fog, > 0.5A. The
theoretical and experimental results are in good agreement in
Fig. 10(b) and (d).

C. Frequency Responses (d)

Effects of the cylinder length # and the cylinder radius F'9- 1% Rid[')a;'gn Jpattem 8 @ function of cylinder  radius, .
7, ON the radiation characteristics at a frequefigy= 3 GHz " ( theoretical  —— . { theoretical - - -
were discussed in Section llI-A and B. In this section, W@“{experimental o o’ L{experimental o o
reveal the frequency response of the radiation characteristigs " ~ g-notiﬁ%-a)(b) rey = 0.5X0. (€) rey = 0.8X¢. (d) rey = 00
The cylinder radiusr., for the curved spiral antenna is '
chosen to be small in order to clarify the difference imhere), is the wavelength at the frequengy = 3 GHz. The
the frequency responses between the curved and referesaid lines in Fig. 11 show the frequency response of the input

antennasr., = 0.25A\g with cylinder length2H = 2.7\, impedance for the curved spiral. The resistance and reactance
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Fig. 11. Frequency response of input impedanee, = 0.25\o, Fig. 13. Frequency response of gaip, = 0.25XAg,rsp = 0.25A040.2X0,
rsp = 0.25Xg + 0.2Xg, 2H = 2.7)o, 2H = 2.7,
. theoretical . theoretical
- curved spiral antenna :
curved spiral amem{aexpenmental . o p experimental o
reference antenna theoretical - - -. reference antenna theoretical - - -.

First, the effects of cylinder length/2 on the radiation
characteristics are evaluated for a fixed cylinder radius of
7oy = 0.25)g. It is found that the curved spiral antenna has
a constant input impedance50 — ;20 2) for cylinder length
2H > )\ due to a constant traveling-wave current distribution
along the spiral arms. As the cylinder lengtlif 2ncreases,
the cross-polarization component in the broadside direction
decreases to a constant value (approximatel dB) and the
FB ratio improves. The gain of the curved spiral is calculated
to be approximately 7 dB fo2H > 2\, which is slightly
lower than the gain of the reference anten@a.{f = 8.7 dB).

Fig. 12. Frequency response of axial ratior.; =  0.25), Second, the effects of the cylinder radiyg on the radiation

rsp = 0.25d0 +0.2A0, 2H = 2.7Ao, characteristics are investigated using a curved spiral antenna
curved spiral antenl{a:ehx%%rﬁrt:qceﬂtal . with a fixed cylinder length oR2H = 2.7X,. Whenr,, >
reference antenna theoretical - - -. 0.8, the input impedance and the axial ratio are nearly
equal to those of the reference antenna. The copolarization

values for the reference antenna are shown by dashed ”ne\%olrpponent of the radiation field has a FB ratio of more than

is found that the difference in the impedance between the t 8 dB for re, > 0.5A.

: o : : Finally, the frequency responses of the radiation char-
antennas is not significant at frequencies higher tfiarnrhe . .
! 'gnif guenci '9 na Leristics are revealed for a cylinder ¢RH, r.,) =

curved and reference spirals have an almost pure resistanc & . . .
2509. Note that the black dots show the experimental resu%‘w‘o’ 0.25A0). The curved spiral has a frequency bandwidth
of 23% for a 3-dB axial ratio criterion, which is wider than

for the curved spiral. i .
P %‘e reference antenna (15%). It is also found that the gain

Fig. 12 shows the frequency response of the axial rati o : .
The curved spiral has a wider 3-dB axial ratio bandwidth th CH the curved sp!ral is approximately 7 dB over this 23%
?B?quency bandwidth.

the reference antenna: 23% for the curved spiral and 15%
the reference antenna. Over these frequency bandwidths, the
gains for the curved spiral and reference antenna show almost ACKNOWLEDGMENT
constant values (as shown in Fig. 13): approximately 7 dB for the aythors would like to thank V. Shkawrytko for his kind
the curved spiral and approximately 8 dB for the referenggscyssions on the topic of this article.
antenna. The experimental results for the curved spiral are
presented in Figs. 12 and 13, showing good agreement with
theoretical results.

Based on the above results, it can be said that the curvét] J. Ashkenazy, S. Shtrikman, and D. Treves, “Electric surface current

; ida. model for the analysis of microstrip antennas on cylindrical bodies,”
spiral has wide-band performance comparable to that of the |EEE Trans. Antennas Propagatol. AP-33, pp. 295-300, Mar. 1985,
reference antenna. [2] A.Nakatani, N. G. Alexopoulos, N. K. Uzunoglu, and P. L. E. Uslenghi,
“Accurate Green’'s function computation for printed circuit antennas

IV. CONCLUSIONS on cylindrical substrates,Electromagn.,vol. 6, no. 6, pp. 243-254,
. . . L Nov./Dec. 1986.

A curved spiral antenna above a conducting cylinddimae  [3] T. M. Habashy, S. M. Ali, and J. A. Kong, “Input impedance and
length is analyzed using the method of moments. A flat spiral Irgféigtign pattAer? of Cylgdrical-rvecltaggular f;rg V;gz\fa'(/?un(igzrgennas,”

oo . rans. Antennas Propagatol. 38, pp. 722-731, Ma .

antenna backed by a flat reflector of infinite extent is alsqy) . rostan. 6. Gottwald, and W. Wiesbeck. “Design and performance
analyzed as a reference antenna. of conformal microstrip patch arrays on cylindrical surfaces, Pinc.
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frequency [f/fg]
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