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MULTIPLE POLARIZATION SPIRAL ANTENNA 
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Chung-yeh Lin, Dallas, Tex., assignors to Texas Instru 
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Delaware 
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Int. ‘Cl. H01q 1/36, 3/26 

US. Cl. 343-895 12 Claims 

ABSTRACT OF THE DISCLOSURE N 
Apparatus and a method of exciting a multi-element 

log spiral antenna to obtain left-hand and right-hand cir 
cular polarization radiation. The antenna elements are 
interwound in the usual manner in the form of either 
equiangular or Archimedes spirals terminated at a cir~ 
cumference consistent with a desired radiation pattern. 
Each element of the antenna receives multiple current 
mode excitation at the inner terminals. Typically, an 
antenna excited by ?rst, second, fourth, and ?fth mode 
currents produces both left-hand and right-hand, ?rst and 
second mode, circular polarized radiation when termi 
nated at an appropriate circumference. 

This invention relates to a spiral antenna and more 
particularly to an antenna adapted to transmit or receive 
left and right-hand circular polarization in several modes. 

Spiral antennas produce a clean radiation pattern in 
a relatively compact con?guration and are considered to 
have many advantageous features. They have been de 
scribed in numerous patents issued within the last several 
years. Spiral antennas are conventionally fed from the 
inner terminals of the various interwound elements and 
the applied currents travel away from the center in the 
direction of the spiral winding. In some special applica 
tions, spiral antennas have been fed from the outer ter 
minals and the currents travel opposite to the winding 
direction of the antenna elements. In accordance with a 
standard IEEE de?nition, the winding direction of a 
spiral antenna is determined from the center terminals 
opposite to the winding direction of the antenna elements. 
The polarization sense of a planar log spiral antenna 

may be determined by the “Hand Rule” wherein the 
thumb is pointed in the direction of the radiating ?elds, 
and the ?ngers in the direction of the spiral arm currents. 
Thus, a right-hand wound spiral, that is, an antenna whose 
elements are wound in a counterclockwise direction, nor 
mally produces a right-hand circular polarized ?eld when 
excited from the inner terminals since the currents travel 
in a counterclockwise direction. A right-hand wound spiral 
antenna fed from the outer terminals normally produces 
left-hand circular polarized ?elds, again in accordance 
with the “Hand Rule.” 

Heretofore, to produce both left-hand circular and 
right-hand circular polarized radiation, it has been the 
practice to use a single planar log spiral antenna fed from 
both the inside terminals and outside terminals, simulta 
neously. There are, however some difficulties encountered 
when feeding a spiral antenna from the outer terminals; 
such as, impedance matching, bulk beam forming and 
processing networks, and a large number of input ter 
minals. Thus, it would be advantageous if a single antenna 
used for communications, direction ?nding, tracking or 
homing, could provide both left~hand and right-hand cir 
cular polarized radiation by feeding only the inner ter 
minals of the various antenna elements. 
The present invention is directed to a multi-element log 

spiral antenna radiating circular polarization ?elds in 
both the left-hand and the right-hand direction. This 
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polarization diversity will be obtained by exciting each 
antenna element with several current modes simultaneous 
ly at the inner terminals. The maximum number of cur 
rent modes possible to excite a given antenna con?gura 
tion is one less than the total number of antenna elements. 
Thus, for a six element log spiral antenna there are ?ve 
current modes which can be connected simultaneously 
to each element. In accordance with this invention, a 
spiral antenna with the proper element dimensions can 
be fed from the inner terminal to obtain either ?rst (2) 
or second (A) mode radiation, or both simultaneously, 
in both senses of circular polarization. 7 W 

Accordingly, an object of the present invention is to 
provide a spiral antenna having polarization diversity. 
Another object of the invention is to provide polariza 
tion diversity by multi-mode excitation of each antenna 
element. A further object of the invention is to provide 
a spiral antenna having polarization diversity wherein 
each antenna element is excited at one terminal. An ad 
ditional object of the invention is to provide a method 
of exciting a spiral antenna to produce both-right-hand 
and left-hand circular polarization. Still another object 
of the invention is to provide a method of exciting a spiral 
antenna simultaneously with multiple current modes. Yet 
another object of the present invention is to provide an 
antenna for generating ?rst or second mode radiation, 
or both simultaneously, in both senses of circular polar 
ization. 

Other objects and advantages will be apparent from the 
speci?cation and claims and from the accompanying 
drawings illustrative of the invention. 

Referring to the drawings: 
FIG. 1 shows schematically an elementary four ele 

ment equiangular spiral antenna, 
FIGS. 2A and 2B illustrate current vectors for inner 

and outer ?rst mode excitation, respectively, for a four 
element spiral antenna, 

FIG. 3 illustrates schematically a six element right 
hand wound log spiral antenna with ?rst mode and sec 
ond mode phase angles at the inner terminals and ?rst 
mode and second mode phase angles at the outside ter 
minals, and 

FIG. 4 is a block diagram of a signal processing system 
for a polarization diversity antenna in accordance with 
the present invention. 

Although the techniques of beam forming for a log 
spiral antenna have not been extensively documented, they 
are comprehended rather thoroughly by those actively 
engaged in antenna technology. Where the techniques of 
beam forming for spiral antennas have been discussed, an 
analogy is often made between the two element spiral an 
tenna and a two Wire transmission line. Such discussions 
are believed adequate for an understanding of the opera 
tion of the basic spiral antenna and easily expanded to 
understand the operation of a multi-element log spiral 
antenna. In the process of describing spiral antenna opera 
tions, there has been formulated what is known as the 
“Current Band” theory which states that maximum radia 
tion occurs at the one, two and three wavelength circum 
ferences when the antenna elements are excited with ?rst, 
second and third mode currents. However, the “Current 
Band” theory cannot be applied in predicting the location 
of active regions, that is regions of radiation, on any log 
spiral antenna since the radiation patterns and location 
vary as the function of the wrap angle (or). For a very 
tightly wound log spiral antenna, the radiation regions 
of various current modes can be fairly accurately located 
by this theory. This invention may best be understood by 
?rst considering a four element log spiral antenna such as 
shown in FIG. 1 which has four spiraling elements l0—l3 
wound in a counterclockwise direction. As illustrated, 
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these elements form equiangular spirals which are de?ned 
by the equation: 

p=poexl7[a¢l (I) 
where p and ¢ are conventional polar coordinates, p0 the 
radius of the inner terminal aperture, and a a constant 
greater than zero. Note, the winding direction of the spirals 
is determined from the center terminals to the outer ter 
minals when using the above equation. The constant a 
is determined from the relationship 

(2) 
Where a designates the angle formed by a radius vector 
and a tangent to the curve at a point of intersection with 
the radius vector. The equiangular spiral curve derives its 
name from the fact that the angle 0: remains constant at 
all points on the curve. Thus, the constant a determines 
the rate of spiral of the antenna element curve. 

Consider the radiating system of FIG. 1 wherein a num 
ber of identical elements have N-fold symmetry: i.e., a 
rotation about the antenna axis through an angle equal to 
(Zr/N) leaves the structure unchanged. As a function of 
azimuthal angle 4:, the far ?eld characteristics of such an 
antenna are given by 

.—im¢ (3) 
where 111 represents the excitation current modes and has 
a maximum of three for a four element antenna. The 
three ways of exciting a four element antenna are identi 
?ed as mode one, mode two and mode three as given by 
the expressions 

A1=(1, i, —1, —j)mode one (4) 
A2=(1, —1,1, —*1) mode two (5) 
A3=(1, —J‘, —-1, 1') mode three (6) 
where A,,: (I10, In, I12, I13) is the current vector notation 
for the excitation of the four input terminals numbered 
in a clockwise direction around the antenna feed circle. 
Denoting the input current at the nth terminal by In, cur 
rent mode excitation of each element can be described by 
the vector 

In=(I1> I2, - = - IN—1) (7) 

where 
N 

In=O 
(8) 

and N equals the number of antenna elements. 
Excitation of the antenna elements 10-13 in mode one 

with the phase pattern (1, +j, —-1, —j) produces a ?eld 
which has an azimuthal variation such that a rotation of 
1r/2 radians about the antenna axis in the direction of an 
increasing p is accompanied by 
(a) a phase delay or 1r/ 2 radians, 
(b) a phase avance 31r/ 2 radians, 

where right-hand circular polarization, as previously de 
scribed, corresponds to a phase delay and left-hand circu 
lar polarization corresponds to a phase advance in the 
direction increasing 4» Since a right-hand circular polarized 
antenna produces ?eld of the form vi", where m=1, mode 
one current excitation produces ?rst mode radiation from 
a right-hand circular polarized antenna on which the-cur 
rents are traveling in a counterclockwise direction. Simi 
larly, since a left-hand circular polarized antenna requires 
a ?eld with azimuthal variation in the form €_j3¢ where 
m=3, mode one excitation is said to yield third mode 
radiation for a left-hand circular polarized antenna on 
which the currents travel in a clockwise direction. With 
reference to the antenna of FIG. 1, mode one excitation 
of the inner terminals produces counterclockwise currents 
and mode one excitation of the outer terminals produces 
clockwise currents. The radiation modes produced by ex 
citing the antenna elements with current modes two and 
three are apparent from similar analysis. The results are 
listed in Table 1. 
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TABLE 1.—RELATION BETWEEN SENSE OF POLARIZATION 
AND MODE OF EXCITATION OF A FOUR-ARM LOG 
SPIRAL ANTENNA 

Right-hand 
circular 
polarized 
spiral 
antennas 

Excitation 
_ current 

Left-hand circular polarized spiral antennas vectors 

Mode 1. 
Mode 2. 
Mode 3 

Referring now to FIG. 2 there is shown the current 
vectors for the planar, four-element, right-hand wound, 
log spiral antenna of FIG. 1 developed by mode one cur 
rent excitation. FIG. 2A shows the current vector for each 
element for mode one excitation when the antenna is fed 
from the inner terminals and FIG. 2B shows the current 
vectors for each element for mode one excitation of the 
outside terminals. Mode one excitation of the inside ter 
minals produces right-hand circular polarization and mode 
one excitation of the outside terminals producer's left-hand 
circular polarization. 

Excitation of properly designed log spiral antenna 
in the mode m produces a phase delay of 2m1r/ N between 
each subsequent terminal in the clockwise direction. Radi 
ation takes place in an annular ring approximately en 
losed by (m—~l))\<c<(m+l))\, where 0 equals the an 
nular ring circumference and k the free space wavelength. 
The current wave travels along each arm with little at 
tenuation until it reaches the radiation region where it 
decays rather rapidly due to radiation. From experimental 
data, it has been shown that when a four element antenna, 
such as illustrated in FIG. 1, is excited with ?rst mode 
currents, A1: (I, j, -——l, —j), the near ?eld amplitude takes 
a sharp rise from the feed terminals and reaches a maxi 
mum at approximately c=0.6>\, and then decreases rather 
rapidly and drops 10 db down at c=l.757\. Thus, the 
deduction that the active region of such an antenna for 
?rst mode excitation is an annular ring approximately 
enclosed by 0.6>\<c<1.75>\. When the antenna is ex 
cited with second and third mode currents, the active 
regions are found to be enclosed by approximately 
1.2<c<2.9>\, and 27\<c<2.75>\, respectively. 
As mentioned, the currents travel along the antenna 

elements with little decay until they reach the active 
region where they are greatly attenuated due to radiation. 
If the antenna has a circumference of less than 2%, then 
from the previous discussion it can be shown that the 
third mode currents travel along each element with little 
attenuation and upon reaching the outer terminations are 
re?ected therefrom. The re?ected currents maintain the 
same relative current vector A3=(i, —j, -—l, 1'), but now 
travel in a direction opposite from the initial excitation 
direction. Third mode re?ected currents continue to travel 
through the elements with little attenuation until 
they reach the radiation region within the limits of 
2>\<c<‘2.75>\ from the inside terminals, or until they 
reach a region of ?rst mode radiation for ?rst mode cur 
rents connected to the outside terminals. 

Referring to FIG. 2B, re?ected third mode excitation 
resembles ?rst mode excitation of the outer terminals as 
described previously. Assume the ?rst mode active re 
gions of the antenna of FIG. 1, either excited from the 
inside or the outside terminals, are located approximately 
at the same region, then the antenna will furnish ?rst 
mode radiations of circular polarization in opposite senses 
simultaneously. Thus, when a right-hand wound, four 
element, log spiral antenna has a circumference of less 
than 2x at Po, the lowest bandwith frequency, the an 
tenna will furnish ?rst mode radiation of right-hand cir 
cular polarization and ?rst mode radiation of left-hand 
circular polarization when fed from the inside terminals 
by ?rst and third mode current excitation. 

Since there are only N—1 fundamental ways to excite 
an N-element spiral antenna, to obtain dual mode opera 
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tion in a polarization diversity system, that is, right-hand 
and left-hand circular polarization in the ?rst and second 
mode, a six arm spiral antenna is required. Referring to 
FIG. 3, there is illustrated an antenna having six log 
spiral elements 14-19 excited at the inner terminals with 
?rst, second, fourth and ?fth mode currents. There are 
a total of ?ve possible ways of feeding a six element log 
spiral antenna. For a six element antenna as shown in 
FIG. 3, the possible ways of current excitation (in a 
clockwise direction) are: 

TABLE 2 

CURRENT VECTOR AT INNER TERMINALS 

A1=(0°, 60°, 120°, 180°, 240°, 300°) Mode 1 
A2=(O°, 120°, 240°, 0°, 120°, 240°) Mode 2 
A,=(0°, 180°, 0°, 180°, 0°, 180°) Mode 3 
A,=(0°, 240°, 120°, 0°, 240°, 120°,) Mode 4 
A5=(0°, 300°, 240°, 180°, 120°, 60°) Mode 5 
If the same antenna is fed from the outer terminals,‘ the 
?ve possible ways of excitation (in a clockwise direction) 
are : 

TABLE 3 

CURRENT VECTORS AT OUTER TERMINALS 

A1=(O°, 300°, 240°, 180°,120“, 60°) m=1 
A2=(0°, 240°, 120°, 0°, 240°, 120°) m=2 
A,=(0°, 180°, 0°, 180°, 0°, 180°) m=3 
A,=(0°, 120°, 240°, 0°, 120°, 240°) m=4 
A5=(0°, 60°, 120°, 180°, 240°, 300°) m==5 
where the above current vectors are calculated in ac 
cordance with the discussion of FIG. 1. 
Again by an extension of the discussion with regards 

to the four element antenna of FIG. 1, the approximate 
active regions of the various current modes can be pre 
dicted and are tabulated below: 

TABLE 4 

[Approximate location of active regions of various 
modes of a six-arm, a=80°, planar log-spiral] 

Approximate 
location of 

Mode of excitation active region 

m= ._ ____________ _. 0.6)\<c<1.75)~ 

m=2__ -_-.. 1.25)\<c<2.9>\ 
m=3__ ._--. 2)\<e<3.75)\ 
m= __________________________ -_ 2.75)\<c<4.6)\ 

m=5 ............................. -. 3.5)\<c<6.6). 

Thus, if a fairly tight, right-hand wound, six element log 
spiral antenna has a circumference on the order of 2.75 
wavelengths at F0, there would be ?rst and second mode 
radiation produced. For the antenna of FIG. 3, right-hand 
circular polarization for ?rst and second mode radiation 
will be produced when currents are applied to the inner 
terminals. If the inner terminals are also fed fourth mode 
and ?fth mode currents, the circumference of the antenna 
is insufficient to support fourth and ?fth mode radiation 
?elds. Currents for these two modes will travel on the 
spiral elements with negligible attenuation until reaching 
the outer terminals where they will be re?ected. The 
current vectors of the re?ected currents are facsimiles of 
the current vectors of the ?rst and second mode currents 
applied to the outer terminals as given in the Table 3. 
FIG. 3 shows the current vectors at each input terminal 
for mode four and ?ve excitation of the inside terminals 
and mode one and two excitation of the outside terminals. 
Taking the fourth mode excitation for example, the cur 
rent wave will travel along each element with little attenu 
ation until it reaches the radiation region, which is located 
approximately in the annular ring enclosed by 3)\<c<5>\, 
Where it will decay due to radiation. However, if the 
antenna is truncated at a 2.75 wavelength circumference, 
the currents will be re?ected back by the truncation as an 
outside feed and travel as second mode radiation approxi 
mately located in an annular ring enclosed by )\<c<3)\ 
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6 
in the left-hand sense from the outer terminals. Second 
mode radiation of left-hand circular polarization will take 
place since the relative phasing of the reflected currents 
with respect to each other are unchanged and coincide 
with the second mode excitation of a left-hand wound 
spiral antenna. 

Similarly, ?rst mode radiation of left-hand circular 
polarization can be obtained by exciting an anetnna 
truncated at approximately 2.75 wavelengths with ?fth 
mode currents at the inner terminals. Hence, the antenna 
of FIG. 3 will radiate right-hand circular polarized ?elds 
in the ?rst and second mode by exciting the inner terminals 
with ?rst and second mode currents, and left-hand circular 
polarized ?elds will be obtained by exciting the inner 
terminals with fourth and ?fth mode currents. 
A simple center fed log spiral antennaradiating both 

?rst and second mode, left-hand and right-hand circular 
polarization, can be obtained by feeding an N-arm (N 
being a minimum of 6) log spiral antenna in the ?rst, 
second, N-l and N—2 current excitation modes. By 
increasing the number of spiral elements, more separation 
will be introduced between the active regions of the 
second and N—2 rnode radiation, thus increasing the 
bandwidth of the system. An octave bandwidth can be 
achieved by using an eight element spiral antenna. 
There are any number of systems available to generate 

the proper phase shifts between the currents applied to the 
antenna elements. One of the simplest devices of obtaining 
a phase shift between currents coupled to the antenna ele 
ments is a length of transmission line. A transmission line 
phase shifter falls within a ?xed phase shift classi?cation; 
other phase shift classes include variable phase shifters 
actuated by mechanical means, and variable phase shifters 
controlled by electronic means. 

Referring to FIG. 4, there is shown a simpli?ed sche 
matic of a phase shifting system for generating one of 
the current modes to a transmitting antenna. An oscillator 
20 generates a signal at frequency F0 on a transmission 
line 22. This signal passes through a delay line 24 before 
coupling to one of six elements of the antenna as shown 
in FIG. 3. The output of the oscillator 20 also passes 
through a phase shift network 26 the output of which has 
been phase shifted with respect to the oscillator output. 
For a right-hand wound, log spiral antenna having six 
elements, the phase angle between the input and output of 
the phase shift network 26 equals 60° for ?rst mode cur 
rent. The output of the phase shift network 26 passes 
through a delay 28 before coupling to a second element 
of the antenna shown in FIG. 3. The system of FIG. 4 is 
repeated for each of the six elements of the antenna and 
includes phase shift networks 30-33 and delay lines 34-36. 
For ?rst mode currents coupled to a right-hand wound 
spiral antenna, each of the phase shift networks 30-33 
increases the phase angle by 60° over its input signal. By 
properly inserting delay lines before each element the 
currents are fed to the elements simultaneously. Thus, 
each of the delay lines 24, 28, and 34 through 36 must be 
adjusted depending on its position within the system. 
To feed the antenna of FIG. 3 with four current modes 

requires the system of FIG. 4 to be repeated for each of 
the various modes. For mode two and mode four excita 
tion, the phase shift networks introduce a 120° phase 
delay to their input signals. Note, the coupling arrange 
ment of the outputs of the phase shift networks to the 
antenna elements varies between mode two and mode four 
excitation to produce the proper phase relationship be 
tween the antenna elements. For mode three excitation 
the phase shift networks would introduce 180° of phase 
delay, and for mode ?ve excitation 60° of phase delay. 
While several embodiments of the invention, together 

with modi?cations thereof, have been described in detail 
herein and shown in the accompanying drawings, it will 
be evident that various further modi?cations are possible 
without departing from the scope of the invention. 
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What is claimed is: 
1. A spiral antenna comprising: 
a plurality of antenna elements wound about each other 

and starting at a central aperture, 
means for generating a maximum of N—1 current 
modes for energizing each antenna element simul 
taneously, where N equals the total number of an 
tenna elements, and 

means for coupling all of said generated current modes 
to said central aperture of said antenna to generate 
simultaneously left and right-hand circular polarizaw 
tion. 

2. A spiral antenna as set forth in claim 1 wherein 
said generating means produces current modes for 
energizing adjoining antenna elements (21rm/N) ° out of 
phase, where m identi?es the mode. 

3. A spiral antenna as set forth in claim 1 wherein 
antenna elements are Archemedian spirals. 

4. A spiral antenna as set forth in claim 3 wherein 
said antenna elements are logarithmic spirals. 

5. A spiral antenna for obtaining polarization diversity 
comprising: 

at least six spiral antenna elements wound about each 
other and having a central aperture feed point, 

means for generating at least ?ve current modes for 
each of said six antenna elements, each current mode 
energizing adjacent elements with currents 
(21rm/N) ° out of phase, where m identi?es the mode, 
and N the number of spiral elements, and , 

means for coupling said current modes to the individual 
central aperture feed points of said antenna ele 
ments to obtain opposite sense circular polarizations 
simultaneously. 

6. A spiral antenna for obtaining polarization diversity 
as set forth in claim 5 wherein said antenna elements have 
a circumference on the order of 2.75 wavelengths. 

7. A spiral antenna for obtaining polarization diversity 
as set forth in claim 6 wherein said generating means pro 
duces ?rst, second, fourth and ?fth mode currents. 

8. A spirit antenna for obtaining polarization diversity 
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as set forth in claim 5 wherein said ?rst and second cur 
rent modes generate one sense circular polarization and 
said fourth and ?fth current modes generate the opposite 
sense circular polarization radiation. 

9. A method of obtaining polarization diversity from 
a spiral antenna having N antenna elements comprising: 

generating up to N —1 current modes for each antenna 
element, each current mode having N excitation 
currents out of phase with respect to each other, and 

energizing each of said antenna elements simultaneously 
at a central terminal aperture with all of said gen 
erated current modes to produce opposite sense cir 
cular polarizations simultaneously. 

10. A method of obtaining polarization diversity as 
set forth in claim 9 wherein the ?rst, second, fourth and 
?fth current modes are generated for an antenna having 
six antenna elements. ' 

11. A method of obtaining polarization diversity as 
set forth in claim 10 wherein said fourth and ?fth current 
modes are re?ected from the outer terminations of said 
antenna elements to produce circular polarization in the 
opposite sense from said ?rst and second modes. 

12. A method of obtaining polarization diversity as 
set forth in claim 9 wherein the excitation currents are 
(21rm/N)‘° out of phase with respect to each other, where 
m identi?es the current mode. 
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