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Tilted- and Axial-Beam Formation by a Single-Arm
Rectangular Spiral Antenna With Compact Dielectric
Substrate and Conducting Plane

Hisamatsu Nakand-ellow, IEEE Jun Eto, Yosuke Okabe, and Junji Yamaudhémber, IEEE

Abstract—A single-arm rectangular spiral antenna is analyzed the dielectric substrate and conducting plane argnde size.
using the finite-difference time-domain method. The spiral is These techniques can only handle the antenna on an infinite-size

printed on a finite-size dielectric substrate backed by a finite-size . . P .
conducting plane. Both the substrate and conducting planes are dielectric substrate backed by an infinite-size conducting plane.

square with a side lengthL of less than 0.6\, (Mo: Wavelength in The single-arm rectangular spiral in this paper, therefore, is
free space). The radiation pattern is dependent on the outermost analyzed using a different method: the finite-difference time-do-

arm peripheral length C. The spiral whose peripheral length  main (FDTD) method [16], [17]. First, the FDTD method is ap-

is within 22, < C < 3A, (A4 the guided wavelength of the . ; .
current) radiates a tilted beam of circular polarization. When plied to a spiral antenna whose outermost arm peripheral length

the peripheral length is decreased to\, < C < 2),, the spiral € is within 2}, < C' < 3X, (where), is the guided wave-
radiates an axial beam. The axial beam has a wide half-power length of the current). The antenna characteristics, including the
beam W'?th of apprc:x:m%tilyd Elso?li h(for 'LI : 03‘:]9)‘0) W';';O/ current distribution, voltage standing-wave ratio (VSWR), radi-
a gain or approximately 6. . e axial beam snows a 0 . . . . .
frequency bandwidth for a 3-dB axial ratio criterion. Over this ation pattgrn, gain, and _aX|_aI ratio, ar_e evqluated_on the ba$|S of
bandwidth, the voltage standing-wave ratio (VSWR) is less than the electric and magnetic fields obtained in the time domain. It
two, as desired. The experimental results for the radiation pattern, is found that a tilted beam of circular polarization is obtained.
gain, axial ratio, and VSWR are also presented. Secondly, the FDTD method is applied to a spiral antenna whose
Index Terms—Beam formation, finite-difference time-domain outermost arm peripheral lenghis within 1, < C < 2),.
(FDTD) analysis, printed spiral antenna. The spiral is constructed with a small-size dielectric substrate
and conducting plane for compactness. It is revealed that the
|. INTRODUCTION spiral radiates an axial beam of circular polarization. Since the
ANY spiral configurations have been investigated as r%a:'xml peam has many applications, t_he fre_quency responses_of
. . e gain, axial ratio, and VSWR are investigated both theoreti-
diation elements [1]-[11]. Among them, the single-arm .
cally and experimentally.

spiral fed from a.cogmal line [9] has th_e advantage that. I doesIt should be emphasized that the above FDTD analyses show
not need balun circuits between the spiral and the feed line. 'I'tlﬂe

. - I, at the single-arm rectangular spiral antenna is a circularly
single-arm spiral in [9] was analyzed under the condition thatit .~ .
polarized element. The results of these analyses are obviously

is located in free space. The analysis was performed using andr}f o
. \ ifferent from those for an antenna with similar shape—the
tegral equation for the antenna current with a free-space Green

function [12]. Note that the integral equation was solved by theo—arm rectangular spiral antenna radiating a linearly polar-

method of moments (MoM) [13]. ized wave [10].
The spiral in [9] has a round configuration and is supported

by a honeycomb material of relative permittivity ~ 1 (free

space). The round spiral is backed by a conducting plane of in-

finite extent. In this paper, analysis is focused on a single-armgig 1 shows the configuration of a single-arm rectangular
spiral antenna, which differs from the round spiral [9] in configgira| antenna. The horizontal spiral arm of strip widthis
uration and support material. The single-arm spiral to be anginted on a square dielectric substrate and connected to a ver-

lyzed is rectangular and is printed ofirite-size dielectric Sub- tica1 arm of wire radiug,.. The antenna is fed by a coaxial line
strate ofe,. > 1, backed by dinite-size conducting plane. from pointo.

Integral equation techniques developed recently [14], [15] the square dielectric substrate of permittivity. has

can predict the radiation characteristics of an antenna printgghynessB and side lengttL. The dielectric is backed by a
on a dielectric supstrate backed by a conductm_g plane. HO(‘fY)'nducting plane (ground plane), which is also square and has
ever, these techniques cannot handle the practical case Whgtesame side length as the dielectric. The horizontal spiral
arm is composed of multiple filaments, whose lengths are
Manuscript received September 17, 1998, revised March 12, 2001. o, ao, 200, 269, 3ag, 3ag, . .., (M — Dag,(M — 1)ag, Mao,
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@ Fig. 2. Delta-gap source model for the FDTD method [19].

lated by a Gaussian function is used for this voltage:
Vin At) = exp[—{(n At — T)/0.29 T}?]sin(2n fo n At)
with a constanf” = 0.646/ f3 4g, Wherefs 43 is the frequency
2a, at which the power spectrum drops 3 dB from the maximum
(M- 1z, value.
>y The current along the antenna arm is obtained by integrating
the magnetic field around the antenna arm (Ampere’s law). The
8 input impedanceZ;,, = R, + jXin is given asV(w)/I(w),
3a, whereV (w) andI(w) are the input voltage and current in the
frequency domain, respectively, i.8/(w) and I(w) are the
Fourier transforms of the time domain voltage and curkéftt
andI(t), respectively.
Sa, €} The radiation field (far field) is calculated using the elec-
X tric currentJ . (w, R’) and the magnetic curre.(w,R’) on
) a surface that encloses the antenna [19]. Jhev, R’) and

M;(w, R’) are, respectively, the Fourier transforms of the time-

Fig. 1. Single-arm rectangular spiral antenna. (a) Perspective. (b) AWbmain curren Y andM ’
conflguratlon Point’ is the starting point of a horizontal arm and located Jus?b ain currentd, (t R) and (t R)

above the origir. J, (t,R') =n x H(t,R') 1)
M, (+,R') =E (£, R') x # @)

whereR’ is the position vector from the coordinate origin to
the point at whichHE(¢, R") andH(¢, R’) are evaluated on the
0'907 2620, o = 3.7, B = 12mm ~ 0'1_34)‘0’ andag = (nsed surface and is the outward unit vector normal to the
4.5 mm = 0.0503X, whereo(= 89.6 mm) is the wavelength ocjosed surface. Tieandé components of the radiation field

at a test frequency ofp = 3.35 GHz. (in the frequency domain) at a far-field poit (6, ¢) are given
The arm filament parametefd andS, which determine the 54

horizontal arm lengttf), ..., from pointo’ to pointe, and the

Ma, 3a5f a

The following configuration parameters are fixed throughout
this paperw = 1.2 mm = 0.0134\q, p, = 0.65 mm =

Ak —jkoR

side lengthL are changed subject to the objectives of the anal-  Ey (w) :‘]4@ < ;2 [—ZON(w) ol —L(w)e ¢} 3)
ysis. 7.]? ko R A )

Ey(w) =225 [—ZON(w) e+ L(w)e 9} )

lll. ANALYSIS METHOD with i
The FDTD method is adopted to analyze a single-arm rect- o,

angular spiral antenna. Yee’s algorithm [16] is used with Liao’s N (w) =/ Js (w, R/l g’ (5)
second-order absorbing boundary condition [18]. The cell size losed surface )
in the computation space is chosen toke = Ay = Az = L(w) :/ M (w, R e/ B 5! ()
A = 1.5 mm = 0.0168Xg, with cAt = A/2 =2 0.008 38X, losed surface

wherec and At are the velocity of light and the time step, rewhereky is the wave number in free spacg, is the intrinsic

spectively, which satisfy Courant’s stability condition [17].  impedance (126X2), andR, § and¢ are the unit vectors for the
The excitation is modeled by a delta-gap source apherical coordinates.

shown in Fig. 2 [19]. Thez-component of the excita- After the radiation fieldE,6 + E¢</) is decomposed into a

tion electric field is given asEl(i;,jr, ky + 0.5) = right- handcwcularlypolanzedwavecomponﬂ‘}t(e J(/)) and

—V(n At)/Az, where V(n At) is the voltage applied a left-hand circularly polarized wave componé®it(d + j),

to the gap at timet = n At. A sine function modu- the axial ratio is calculated using AR (|Fr|+|EL])/{(|Er|—
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|EL]). The By, E4, Er, and £, have the following relation-

ships:|Es|? + |E4|? = 2{|Er|> + |EL|?}. I=L+j
(L =)

The antenna in Fig. 1 is expected to radiate a right-hand ¢
cularly polarized wave due to the winding sense. The anten S
gain for the right-hand circular polarization at a far-field poin =
(R, 6, ¢)is evaluated a6'r = |Er(R, 0, ¢)|? R2/30P,, where 5
P, is the power input to the antenna. Note that the gain g
decreases as the axial ratio (AR) increases in accordance v 5 -18
GR:G/[1+{(AR—1)/(AR+1)}2],WhereG: {(|Ea|2+ MoM I o I x
|E|?)/2} R2 /30 Py

18

Arm length —
IV. RESULTS AND DISCUSSIONS Fig. 3. Current distributiod = I,. 4+ jI; for a spiral antenna with &' 3
 The configuration in which the peripheral lengifes 41a {9 SR, The Sileec sursiets g wourane re of i exent
is larger tham A, (n: integer) but smaller thafn + 1), is des-
ignated as th&’,, ;1) configuration, where\, is the guided
wavelength of the current on the spiral. When the current alor
the spiral antenna travels smoothly toward the arm end “e,” tf _,
currents along square loop regions on the spiral plane, ea s
having a length of approximately.A, (m: integer), strongly
contribute to circularly polarized radiation [1]. In this section,
two cases are considered:= 2(C, 3) andn = 1(C »). Note
that theCs 3 configuration includes two square loop regions
with m = 1 and2. Also, note that the”; » configuration in- == Ik — L ~—
cludes a single square loop region with= 1.

current I {[m

Arm length——

-1080 \\\/_/—f_

qd2r Q4n Q6 ©
Arm length —

A. Spiral With aCs 3 Configuration (Tilted-Beam Spiral)

The following values are assigned to the arm filament pe
rametersMag = 24A(M = 8) andSag = 2A(S = 0.667).
The other configuration parameters have been defined
Section Il. Note that the horizontal length measured alony
the spiral arm from point’ to the arm end point is given rig 4. current distribution for a spiral antenna wite'a,; configuration. The
as S, am = 194A = 3.25) with a peripheral length of dielectric substrate and ground plane haves 0.570,. Analysis is performed
O = 4May = 96A ~ 161\ ~ 247\, rougn, Where 3tatestirequencyofy = 3.35 GHz.

Ag, rough 1S @ guided wavelength roughly estimated by
Ay, rough = Ao/ {(er + 1)/2}/% 2 0.652). As in a round spiral antenna in free space [9], the total ra-

For validation, the current distribution obtained by the FDTM@iation field is characterized by the radiation fields from active
method is compared with that obtained by the MoM (see Fig. 3ggions [1]. The total radiation field of the present spiral with the
The side lengtfL is chosen to be infinite since the MoM [14],C- 5 configuration is given as the sum of the radiation figlg,

[15] cannot handle an antenna witihite-size dielectric sub- from the first active region (of an approximately square loop
strate and conducting plane. It is found that the results of bath the spiral plane [1]) and the radiation fie#]....q from the
methods are in good agreement. After this validation, the sidecond active region (of an approximately,2quare loop on
length of the dielectric substrate-(the side length of the con- the spiral plane). The radiation fields observed at two symmet-
ducting plane) is reduced to a compact sizelo= 34A = rical points with respect to the-axis are nearly in-phase for
0.570)¢. The results that follow (Figs. 4-8) are for this finite£;,, and antiphase faF....q. Making use of this phase rela-
side lengthL. tionship betwee’;,s; and Eq.cond, a tilted radiation beam can

Fig. 4 shows the current distribution. It is found that a trawbe formed.
elling-wave current is dominant. (Note that a comparison of The tilted radiation beam is shown in Fig. 5(a). The radia-
Figs. 3 and 4 shows a noticeable difference in the current dign beam is in thez; direction withd = 34°(= 6..,) and
tributions near the arm end.) The arm length from peinto ¢ = 355°(= ¢uax). Note that ther; -axis is defined byb.,,.x,
point ge- is 166.4 mm, yielding a phase change offdd. The as shown in the inset of Fig. 5(d). The half-power beam width
guided wavelength (average value) is, therefore, approxima(@tPBW) is approximately 82in thex -z plane. The gain in the
to be), ~ 0.619Xg, which is close to\; 1ough(Ag/Ag, rough = 21 direction is 7.1 dB with an axial ratio of approximately 2 dB.
0.95). Itfollows that the roughly estimated wavelength vough Fig. 5(b) shows the radiation beam cut in thez; plane. The
gives a good estimation for the guided wavelengjtand can -z, plane is perpendicular to the -z, plane. The radiation
be used for designing the spiral arm configuration. Thus, tipattern at = 8,,,,,. as a function of is also shown in Fig. 5(c).
peripheral length in terms of the guided wavelength is given agese patterns reveal that a right-hand circularly polarized wave
C = 2.60),, satisfying the condition for th€', 5 configuration. is radiated around the -axis.

phase [deg.]
N
0
=)
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Fig. 7. AR and gairGG r in the maximum beam direction as a function of the
horizontal arm lengttt, ..... The dielectric substrate and ground plane have
L =~ 0.570\q.Analysis is performed at a test frequencyfef= 3.35 GHz.

3
': 300'¢““"v 3.35 GHz test ant. A -
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Fig. 5. Radiation patterns for a spiral antenna witfi-a; configuration. The g
dielectric substrate and ground plane hdver 0.570\,. (a) x1-z plane, (b) g 60F Ormax. 3.45 GHz test ant. A J
y1-z1 plane, (c)p-variation atd = 6.,,.. = 34°, and (d) definitions of1, v, i pous - -
andz, axes. Analysis is performed at a test frequency0& 3.35 GHz. § ) WA TSN SN S { N AV U AU FE U OO SIS I IS SN
2.5 2.7 29 31 3.3 3.5 3.7 39
Sh arm / )"0
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Fig. 8. Maximum beam directionff,.., 3.35 GHz» @Pmax, 3.35 GHz) aS
a function of S, ..m. The dielectric substrate and ground plane have
L ~ 0.570\q.Analysis is performed at a test frequencyfef= 3.35 GHz.

Gr = 7.2 dB. This maximum gain is lower than that for the
round spiral antenna with a ground plane of infinite extent [9].
The lower gain is attributed to the finite substrate and ground
plane, which allow the rectangular spiral to radiate in the neg-
ative z-region, forming a wider radiation beam than that of the
round spiral, as shown in Fig. 5.
£/ 1 The VSWR (relative to the resistive component (92.5
Fig. 6. Frequency response of the maximum beam directidd) Of the input impedance observed at a test frequency of
(Omax, s> Pmax,s)- The dielectric substrate and ground plane havey, = 3.35 GHz) is less than two over the above-mentioned
L & 0570 6.5% axial ratio bandwidth, as desired.
The black dotted line in Fig. 6 shows the frequency response
Further calculations are performed to reveal the frequency m-the beam direction, specified by anglés= 6,,.x ; and
sponses for the axial ratio and gain in thedirection(f,,.x = ¢ = ¢max ¢- It is found that anglep,,.x s changes as the fre-
34°, dmax = 355°). The bandwidth for a 3-dB axial ratio cri- quency varies, while anglg,,.. ; remains relatively constant.
terion is evaluated to be 6.5%. This bandwidth is narrower thaihis behavior is also found in the case where the ground plane
that of around spiral antenna in free space [9]. The reason is tbafinite extent is replaced with a ground plane of infinite ex-
the substrate used for the rectangular spiral under consideratiemt (L = oo), as shown by thé line. In addition, similar beam
has a higher dielectric constantgf= 3.7, compared with the behavior (relatively constart, ..  and changingy.x ¢ as a
air dielectric substrate used for the round spiral [9]. (In generdlinction of frequency) is revealed for the round spiral antenna
as the dielectric constant increases, the axial ratio bandwidth®f, as shown by the- line in Fig. 6.
circular polarization becomes narrower [20].) The above-mentioned discussions are for a spiral antenna
Over the above-mentioned 6.5% axial ratio bandwidth, thith a C> 3 configuration having a horizontal arm length of
gain Gg variation is small (1.1 dB) with a maximum gain ofS}, . & 3.25A¢ [from point ¢’ to pointe in Fig. 1(b)] and

Maximum Beam Direction [deg.]

0.90 0.95 1.00 1.05 1.10
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an outermost peripheral length 6f ~ 247X, ougn. FOr
convenience, this antenna is designated as test antenna A.
addition to the radiation characteristics of test antenna A, thos
of spiral antennas witlC, 5 configurations having different
horizontal arm lengthsS;, ..., are briefly discussed in the
following paragraph.

Fig. 7 shows the axial ratio and gain as a functio§pf,..., at Arm longth —=
fo = 3.35 GHz. The arm length is expressed in terms of both the
free-space wavelengthy and the grid cell sizé\ (= 1.5 mm). \
The horizontal arm length varies more than one wavelength il o -360
terms of the free-space wavelength, corresponding to more th: § -549 -
two wavelengths in terms of the roughly estimated guided wave & ¢ o' Arm length —= qQ2r €
length:2-5)\0 S Sh arm S 4)\0 and3-83)\g, rough S Sh arm S
6.13X;, rougn. Threeregions|, Il, and lll in Fig. 7 have differentrig. 9. Current distributiod = I, + jI; for a spiral antenna with & »
outermost peripheral length€! = 4Magy =~ 2.16,, rough in  configuration. The dielectric substrate anq grouncri plane fiave 0.369A,.
region | M _ 7), C ~ 2.47)\% rough in region I (M _ 8), to Analysis is performed at a test frequencyfof= 3.35 GHz.
which test antenna A belongs, a@t= 2.77\, ;ougn iN region
Il (M = 9). Itis found that the minimum axial ratio and the theo- Er — Er -
highest gain are obtained when the horizontal arm lefgth,,  *P- Er °° EL xx
is very close to that of test antenna A. Note that the axial rat
and gain in Fig. 7 are evaluated in the maximum beam dire
tion at 3.35 GHz, which is shown in Fig. 8. The effects of the
horizontal arm lengths;, ..., on the beam direction is small:
emax, 3.35 GHz = 33° £3° and¢l1lax, 3.35 GHz = 340° £ 18°.

current I {mA]

L et e

se [deg.]
%
(=3

B. Spiral With aC; » Configuration (Axial-Beam Spiral)

The number of the arm filaments is further reduced to re
alize aC » configuration.M = 4 (May = 12A) andS = 3
(Sag = 9A) are assigned to the filament parameters. The p
ripheral length is now” = 4Mag =~ 0.804A0 = 1.23A; rough.
The side length of the dielectric substrate is chosen té ke
22A = 33 mm = 0.369Ag, which results in a more compact
structure than the previous antenna withhe; configuration.
The other configuration parameters have been defined in St
tion Il.

Fig. 9 shows the current distribution. As in the tilted
beam spiral described in the previous section, a trave
ling-wave current flows along the spiral arm. The phas
change from point 0’ to point.., is 2r rad. This change
defines the guided wavelenglty as 62.3 mm, which leads to
Ao/Ag A~ 89.6 mm/62.3 mm ~ 1.44. The peripheral length, rig 10. Radiation patterns for a spiral antenna wiha, configuration. The
therefore, isC' = 4 Mag ~ 0.804\g = 1.16), and satisfies dielectric substrate and ground plane have: 0.369A,. Analysis is performed
the condition for theC; » configuration. Note that the ratio & & test frequency of, = 3.35 GHz.

Ag/Ag, rough iS 1.07 and hence thg, ....n again gives good
prediction of the guided wavelengtty, as in the tilted beam the z-axis. The average value of the HPBW in the four planes
spiral. in Fig. 10 is approximately 102 The radiation on the-axis is

The spiral with theC » configuration has a first active re-circularly polarized with an axial ratio of 1.3 dB, and the gain
gion, i.e., the approximatelyX}, square loop region on the spiralon thez-axis is approximately 6.7 dB (slightly lower than the
plane [1]. Hence it is expected that radiation will occur arourgkin for the tilted-beam spiral).
the z-axis. Fig. 10 shows the radiation patterns in ¢he- 0°, Fig. 11 shows the maximum beam direction
45°, 9¢°, and 135 planes. Experimental results are also préé...x, s, ¢$max, ;) 8s a function of frequency. As seen from
sented, showing good agreement with theoretical radiation péf:... s, the axial beam radiation is maintained. Fig. 12 shows
terns. As expected, the spiral radiates around:tagis. This the frequency responses of the AR and gélg in the »
antenna, therefore, is called aaxial-beamspiral” in contrast direction. Experimental results are also presented with black
to the “tilted-beam spiral” in the previous section. and white dots. The theoretical data agree well with the

The radiation pattern for the axial-beam spiral is not perfectixperimental results. The bandwidth for a 3-dB axial ratio
symmetrical with respect to the-axis due to the fact that the criterion is evaluated to be approximately 15%, which is more
spiral arm on the dielectric is not symmetrical with respect tihan two times wider than the bandwidth for the tilted-beam

6=90° plane $=135° plane
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Fig. 11. Frequency response of the maximum beam directio Sh arm /A
(Prmax, f» ®max, r). The dielectric substrate and ground plane have
L & 0.369)0. Fig. 14. AR andGg in the maximum beam direction as a function of the
horizontal arm lengtt}, ..... The dielectric substrate and ground plane have
1 L =~ 0.369 ). Analysis is performed at a test frequencyfef= 3.35 GHz.
— theo' 4201 T 7 LI S LA B LI IR R N B SR
m ®,0 exp. —
e gn 360} test ant. B i
e 3 .
& o G £ 300} oo’ oot ]
< 8 R = ¢
g 3 o 4\0‘\0\ 9 max, 3.35 GHz
8 % & 240 .
= 4 =) - (D)~ an (11
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o
~
< D) £ 120f ]
g
® . ® ¢ AR % 60F test ant. B .
0 ] Ormax, 3.35 GH
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Fig. 12. Frequency responses of AR afg; in the = direction. The spiral —A | PR WU (NS SN NN SRS NS T N S S
antenna has@ ., configuration. The dielectric substrate and ground plane have 30 40 50 60 70 80 90
L = 0.369,. Sham / A
4 Fig. 15. Maximum beam direction(fmax, 3.35 GHzs  Pmax, 3.35 GHz)
h as a function ofS} ..m- The dielectric substrate and ground plane have
R te:: L =~ 0.369)\q. Analysis is performed at a test frequencyfef= 3.35 GHz.
o~ 3 ; ; ;
2 range. Note that experimental and theoretical results are in good
g’ agreement.
2 P So far, a spiral antenna having a peripheral lengtitof
e e ° 1.16A,, which leads to an example of ti¢& » configuration,
o . . . .
. . P has been analyzed. For convenience, this antenna is designated
092 1.00 108 as test antenna B. Fig. 14 shows a range of axial ratio and gain
/£, values, including those of test antenna B fat= 3.35 GHz

Fig. 13. Frequency response of the VSWR for a spiral antenna with a
configuration. The dielectric substrate and ground plane Baxe0.369,.

The peripheral length of the spiral in these figures is less than
two wavelengths in terms of the roughly estimated guided wave-
length:C' = 4 Mag = 0.924); rougn INregion | M = 3),
C = 1.23Xg, rougn inregion Il (M = 4), andC ~ 1.54A;, rough

spiral (and for the curl antenna [21], which also radiates & region Il (A/ = 5). Note that the axial ratio and gain in

axial beam of circular polarization). The variationG¥y over

this bandwidth is very small (0.6 dB).

Fig. 14 are evaluated in the maximum beam direction at 3.35
GHz, which is shown in Fig. 15. It is noted that:

Fig. 13 presents the VSWR relative to the resistive componentl1) the horizontal arm length chosen for test antenna B re-

(51.6Q2) of the input impedance observed at = 3.35 GHz.
Desirable VSWRs of less than two are obtained in this analysis

alizes a good axial ratio value for a circularly polarized
wave radiator;
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2) the radiation forms an axial beam with a slight deviation
from the z-axis @uwax, 3.35 gu, deviates approximately
9°, due to the asymmetrical antenna configuration with
respect to the-axis);

3) the gain is relatively constant in the vicinity of the gain
for test antenna B.

(1]
(2]

(3]

[4]
V. CONCLUSION

The characteristics of a rectangular spiral antenna printed on 55]
dielectric substrate backed by a conducting plane have been con-
sidered under the conditions that the substrate and conductinif!
plane are of finite size and are square with side ledgtfihe
FDTD method is used for analysis. The FDTD analysis result[7]
(the current distribution for a special case in which the con-
ducting plane and the dielectric substrate are of infinite extent,g
i.e., L = o) has been validated by good agreement with the
MoM analysis result. Based on this validation, investigation into ]
the (' 2 andC 5 configurations has been performed usinglan
of less than 0.6 wavelengths to make the configuration compact.

The spiral with theC’s 5 configuration, in which the outer- [10]
most peripheral length’ is within 2X, < C' < 3X,, radiates
a tilted beam of circular polarization. A tilt angle of approxi-
mately8,,.. = 34° is obtained with a half-power beam width
of 82°. The frequency bandwidth for a 3-dB axial ratio criterion
(in the direction o, = 34° andg,a = 355°) is evaluated
to be 6.5%. Over this bandwidth, the gain variation from a max-[lZ]
imum value ofGg ~ 7.2 dB is small (1.1 dB) and the VSWR
is less than two, as desired. [13]

The spiral with the”; 5 configuration, in which the outermost [14]
peripheral lengti’ is within A, < C' < 2),, shows a decaying
current distribution along the spiral arm, which contributes to
forming an axial beam of circular polarization. The analysis ha
revealed that the axial beam has a wide half-power beam wid
of approximately 102with a gain of approximately 6.7 dB (on
thez-axis) at atest frequency ¢§ = 3.35 GHz. It has also been
found that the frequency bandwidth for a 3-dB axial ratio crite-
rion (on thez-axis) is approximately 15%, over which desirable [17]
VSWRs of less than two are obtained. The FDTD analysis re—18]
sults for the radiation pattern, gain, axial ratio, and VSWR aré
in good agreement with experimental results.

[11]

15]

[16]

[19]

[20]
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