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INTRODUCTION

A square spiral antenna is known as a counterpart of Archi-
medean round spiral. Up to the present time, much of the work on
the square spiral has been experimental and the design of this
antenna has been on the basis of current band theory[l] which
gives simply a qualitative explanation of radiation characteris-
tic. The purpose of this study is to give a fundamental treat-
ment for this type of antenna from a design viewpoint. We solve
Mei's integral equation([2] by the aid of computer., The numerical
results including current distribution, input impedance, radia-
tion pattern and axial ratio are presented with experimental
results, It is shown that the square spiral radiates an excel-
lent circularly-polarized-wave with a little dependence on the
wire radius,

ANTENNA GEOMETRY
The geometry of two-wire square spiral is shown in Fig.l.
Arms A and B of the spiral are wound by many linear filaments in
a plane. The n th filament length 1, is defined by

lp = n=1

a
{Za(n-l) n=2,3,..... (1)

Then the position vector from the origin to an arbitrary point
on nth filament is given by

T = [-1]9[[a(n-1)sin nn/2 + (s-a(n-1)2)cos nn/2] %
+{-a(n-1)cos nn/2 + (s-a(n-1)2)sin nn/2] ¥]

{q=0 on arm A
q=1 on arm B (2)

where X and y are unit vectors of rectangular coordinate, and s
the distance along the antenna arm from the feed point. Trigono-
metric function is used as a indicator showing 0 and :1,
The tangential unit vector along nth filament is expressed
by
§ = cos nn/2 % + sin nn/2 ¥ (3

on arms A and B.

INTEGRAL EQUATION
The unknown current distribution I(s') along the arm is
determined from Mei's integral equation[2]. Because of the
orthogonal property between arm filaments, the integral equation
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can be expressed by

Jantenna I(s')m(s,s')ds' = B cos ks - jV/2Zgsin k|s| (4)
length
where n(s,s') = f£1(s,s8") + f5(s,s8') + f£3(s,s"') (5)
f1(s,s') = G(s,s') §+5°' (6)
Q “d aAm A
fy(s,8') = - L G(ci,s')(cz-ci)-s' cos k(s-cji) (7)
i=1 dy?
v ay LI
2 G(t s-)1+jkD(t,S') (x'-tx)t dX'(y ty).
’ 2 ' dy’
De(t, 2
fi(s,s') = (e, Jl+(5§7)
ecos k(s-t)dt ......m+n; odd
0 secsssssaccss.Mtn; even (8)
_ exp(-jkD(s,s"'))
Gls/s') = = 4ib(s, s (9)
D(s,s') = |r - ¢'| (10)

k = 25/2 (A; free space wavelength)

and V is the driving voltage and Zp the intrinsic impedance of
free space. s'(x',y') and t(tx,ty) are distances measured along
the antenna arm_from the feed point. cj is the value of t at the
i th bend, and &j and &j unit vectors before and after the i th
bend, respectively. The summation limit Q in Eq.(7) is the num-
ber of bends the current has passed before it reaches s. In
Eq.(8), tangential unit vectors §' and f exist on mth and nth
filaments, respectively.

By expressing the integral in Eq.(4) as finite sums evalu-
ated at points s;j (i=1,2,...N) and applying the boundary condi-
tion at the end of antenna, i.e., I(L)=0, we can obtain an (N+1)x
(N+1) matrix equation for solving the current distribution ap-
proximately. As a basis function, the pulse function is adopted
in this paper.

TREATMENT OF THE SINGULARITIES
‘The 1nte§rat10n of £1(s,s") becomes singular as s' ap-
proaches s and can be integrated by well known treatment[3]. In
addition, it should be noticed that singularities of f2(s,s')
and f3(s,s'), arising as s'+cj in Eq.(7) and t»s' near the bend
in Eq.(8), can be eliminated by the following properties([4][5],

ci+e b e
3 M L $ - . .“| r =
%igc{-e G(ci,s')[ci-ci)+*s'ds 0 (11)
ci cjte 3G (t,s') cite cj 3G (t ")
1 96tlE,s ) " o&tt,s ) " =
eig [c{-e c{ 9s! deds c{ c{-s s’ deds'] 0

(12)

This not only makes the computation simple but also indicates
that the rectangular bend is not an essential factor in the
opperation of a thin wire antenna. The variation of wire radius
changes mainly the diagonal elements of matrix.
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RADIATION CHARACTERISTICS
Once the current distribution is determined, the input
impedance Zjin and the far-field pattern E can be caluculated by

Zin= v/I(0) {13)
E(R,0,¢) = -3—20SXRLZIKR) ., o L(RxE(s'))xR
length
-exp(jksine(rxcos¢+rysin¢))]ds' (14)

where R is the radial unit vector. r, and r, are x and y compo-
nents of the position vector Eq.(2),Tespectively.
From Eq.(14) the axial ratio is given by

2 2

¥2 gin2t+2¥Zcosdsintcost + E%cos‘t

A.R.=

R.=10log V2 coslt-2¥5cosdsintcost + tZ2sin27t (dB] (15)
- -2Y%Z cos § -

where <t=0.,5tan”! T . ¥ =|E¢|, g =|Ee‘

and § is the phase difference between field components E¢ and Ee,

DESIGN EXAMPLE AND EXPERIMENTAL VERIFICATION

Let the number of filaments be 9 and the last filament length
19=8a (a=0.3077cm). Then, at 3GHz the total armlength L becomes
2\, i.e., L=20cm, and the distance between the outer filaments
0.5x». From the point of view of the current band, the first mode
is maintained. The typical current distribution along the spiral
arm is shown in Fig.2. The driving voltage at the input of the
antenna is one volt. The convergence of current distribution reaches
a satisfactory state with 33 segments. It is found that current
amplitude is decayed in an exponential type and that phase prog-
ression is nearly equal to the free space phase progression.

Fig.3 indicates the variation of the input impedance when
the wire radius p is changed. The resistance value tends to increase
as the wire radius decreases. On the other hand, the reactance
value is very low. The measurement was performed at 3GHz by a
conventional standing-wave method.

Fig.4 shows the radiation patterns. Since the patterns are
symmetrical with respect to the spiral plane, only half of the
pattern is shown . Component E4 has a wider pattern than component
Eg radiating with half-power beamwidth about *40 degrees. Significant
change is not found in the radiation pattern itself even if the
wire radius is varied. However, the dependence on the wire radius is
somewhat found in axial ratio as shown in Fig.S5. It is obvious that
the square spiral radiates effectively circularly-polarized-wave,
i.e., the axial ratio is about 1.0 dB in 0.003x<p<0.0052, In each
case, there is remarkably good correlation between the experi-
mental and theoretical results.

CONCLUSION
e numerical treatment of two-wire square spiral antenna
has been presented from a design viewpoint. In the case of antenna
configuration of total filaments 9, it is found that, (1) the
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current phase progression is nearly equal to the free space phase progression,
(2) the antenna impedance is nearly pure resistance, (3) Eg4 has
a wider pattern than Eg , and (4) the axial ratio has a little
dependence on the wire radius. If p=0.004x, then the radiation

from the square spiral is circularly polarized with axial ratio
0.8 dB at 3GHz.
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