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(57) ABSTRACT 

A planar, phased-array antenna including a nonconductive 
substantially planar substrate and a transmission line dis 
posed on one surface is disclosed, a segment of the trans 
mission line forming an arc of radius R centered on the 
antenna aXis. A conductive layer on the other antenna 
surface includes tWo or more slotted openings, each slotted 
opening having one end located Within a distance R of the 
antenna axis, such that, When an electromagnetic signal is 
fed into one end of the transmission line, electromagnetic 
energy is sequentially coupled into the slotted openings, and 
a circularly-polarized signal is radiated from the antenna 
substantially in the direction of the antenna axis. An ampli 
?er or a connector may be electrically connected to one or 
both ends of the transmission line, or one end of the 
transmission line may be terminated in an impedance load to 
form a leaky-Wave antenna. The slotted openings may 
comprise either or both straight and curved segments, and 
may be of the same or unequal lengths. Curved slotted 
openings may be oriented clockwise or counter-clockwise to 
transmit or receive either left-handed or right-handed polar 
iZed signals. 



Patent Application Publication Jun. 6, 2002 Sheet 1 0f 7 

Fig. 2 

L33 431 

US 2002/0067315 A1 



Patent Application Publication Jun. 6, 2002 Sheet 2 0f 7 US 2002/0067315 A1 



Patent Application Publication Jun. 6, 2002 Sheet 3 0f 7 US 2002/0067315 A1 



Patent Application Publication Jun. 6, 2002 Sheet 4 0f 7 US 2002/0067315 A1 



Patent Application Publication Jun. 6, 2002 Sheet 5 0f 7 US 2002/0067315 A1 



Patent Application Publication Jun. 6, 2002 Sheet 6 0f 7 US 2002/0067315 A1 



Patent Application Publication Jun. 6, 2002 Sheet 7 0f 7 US 2002/0067315 A1 

* I20 

<\\ 0 7 
\ I33 / I15 

| ‘ 1 A 

‘M 1?.7 

123/, / \ 

ma \\/ 
l3 \ 

m h 



US 2002/0067315 A1 

APERTURE COUPLED SLOT ARRAY ANTENNA 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention is related to planar broad 
band antennas and, more particularly, to an antenna for 
transmitting or receiving circularly-polarized signals. 

[0003] 2. Description of the Prior Art 

[0004] Antennas producing circularly-polarized signals 
are knoWn in the art. US. Pat. No. 5,861,848, issued to 
IWasaki, for example, discloses a circularly polariZed Wave 
patch antenna With short circuit portion. The directivity of a 
patch antenna can be increased by incorporation of a choke 
ring ground plane, but this increases the Weight of the 
antenna. 

[0005] US. Pat. No. 5,815,122, issued to Nurnberger et 
al., for example, discloses a slot spiral antenna With a single 
spiral slot on one side of the antenna, and a spiral microstrip 
feed line on the reverse side. The reference teaches primarily 
a single-slot con?guration Which results in an antenna 
having a loW directivity. Moreover, the placement of an 
additional component, such as a loW-noise ampli?er, on the 
antenna itself is impractical. 

[0006] While the art describes planar antennas producing 
circularly-polarized radiation, there remains a need for 
improvements that offer advantages and capabilities not 
found in presently available devices, and it is a primary 
object of this invention to provide such improvements. It is 
another object of the invention to provide such a planar 
antenna With an improved directivity. 

[0007] It is yet another object of the present invention to 
provide a slot array antenna having a distribution feed line 
Which matches the input/output signals With the spatial 
angular con?guration of the antenna slots. 

[0008] It is further another object of the present invention 
to provide such a planar antenna Which alloWs for the 
mounting of active circuitry on the antenna substrate. 

[0009] Other objects of the invention Will be obvious, in 
part, and, in part, Will become apparent When reading the 
detailed description to folloW. 

SUMMARY OF THE INVENTION 

[0010] A planar antenna includes a nonconductive sub 
stantially planar substrate and a transmission line disposed 
on one surface, a segment of the transmission line forming 
an arc of radius R centered on the antenna axis. Aconductive 
layer on the other antenna surface includes tWo or more 
slotted openings, each slotted opening having one end 
located Within a distance R of the antenna axis, such that, 
When an electromagnetic signal is fed into one end of the 
transmission line, electromagnetic energy is sequentially 
coupled into the slotted openings, and a circularly-polarized 
signal is radiated from the antenna substantially in the 
direction of the antenna axis. The electrical phase length of 
the transmission line is matched to the spatial angular 
difference betWeen tWo consecutive slotted openings, so as 
to provide for a phased-array operation. 

[0011] An ampli?er or a connector may be electrically 
connected to one or both ends of the transmission line, or 
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one end of the transmission line may be terminated in an 
impedance load to form a leaky-Wave antenna. The slotted 
openings may comprise either or both straight and curved 
segments, and may be of the same or unequal lengths. 
Curved slotted openings may be oriented clockWise or 
counter-clockWise to transmit or receive either left-handed 
or right-handed polariZed signals. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] The invention description beloW refers to the 
accompanying draWings, of Which: 

[0013] FIG. 1 is a diagrammatical vieW of the back side 
of an antenna in accordance With the present invention 
shoWing an arc-shaped transmission line disposed about an 
antenna axis; 

[0014] FIG. 2 is a cross-sectional vieW of the antenna of 
FIG. 1 shoWing a conductive plane disposed on the antenna 
front side; 

[0015] FIG. 3 is a diagrammatical vieW of the front side 
of the antenna of FIG. 1 shoWing an array of slotted 
openings disposed in the conductive plane; 

[0016] FIG. 4 is an end vieW of the antenna of FIG. 3 
shoWing the placement of an optional re?ector to increase 
the proportion of electromagnetic energy transmitted in the 
antenna forWard direction; 

[0017] FIG. 5 is a ?rst embodiment of an antenna includ 
ing four equal-length slotted openings arrayed at 90° inter 
vals about the antenna axis; 

[0018] FIG. 6 is a vieW of the back side of the antenna of 
FIG. 5 shoWing an signal ampli?er and an impedance load 
attached to the ends of a transmission line; 

[0019] FIG. 7 is a second embodiment of an antenna 
including curved slotted openings With straight radial slotted 
segments to increase coupling betWeen the slotted openings 
and a transmission line; 

[0020] FIG. 8 is a third embodiment of an antenna includ 
ing clockWise spiral slotted openings of tWo different lengths 
for transmitting or receiving left-hand polariZed signals of 
tWo different Wavelengths; 

[0021] FIG. 9 is a vieW of the back side of the antenna of 
FIG. 8 shoWing a Wide transmission line for optimally 
coupling signals of tWo different Wavelengths; 

[0022] FIG. 10 is a front vieW of a fourth embodiment of 
an antenna With high directivity including tWelve spiral 
shaped slotted openings equally arrayed about the antenna 
axis; 
[0023] FIG. 11 is a front vieW of a ?fth embodiment of an 
antenna including an array of straight slotted openings; and 

[0024] FIG. 12 is a rear vieW of the antenna of FIG. 11 
shoWing loW-noise signal ampli?ers attached to the ends of 
a transmission line. 

DETAILED DESCRIPTION OF AN 
ILLUSTRATIVE EMBODIMENT 

[0025] FIG. 1 is a diagrammatical vieW shoWing the back 
side of a substantially planar antenna 10 for receiving or 
transmitting electromagnetic signals of wavelength A, in 
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accordance With the present invention. Aback surface 13 of 
the antenna 10 is bounded by a peripheral edge 17. The 
peripheral edge 17 encloses an antenna axis 11 oriented 
orthogonal to the back surface 13. A transmission line 21, 
Which may be a microstrip, a coplanar Waveguide, or other 
such conductive component as knoWn in the relevant art, is 
disposed on the back surface 13. The transmission line 21 
includes an input end 23 for receiving or outputting the 
electromagnetic signals. The input end is electrically con 
nected by a ?rst conductive lead 12 to a connector 22, such 
as an RF connector, for interfacing With external circuitry. A 
terminal end 25 of the transmission line 21 is electrically 
connected to a load impedance 24 via a second conductive 
lead 14. The transmission line 21 is in the shape of a circular 
arc, Where an inside edge 29 of the transmission line 21 lies 
at a radius of R and an outside edge 27 lies at a radius of 
R+W from the antenna axis 11. The guided Wave length of 
the transmission line is equal to one or more transmitted (or 
received) Wavelengths )t. 

[0026] FIG. 2 is a cross-sectional vieW of the antenna 10 
as indicated by the sectional arroWs in FIG. 1. The antenna 
10 comprises a substrate 19 of nonconductive or dielectric 
material having a thickness t, Where the transmission line 21 
is disposed on the back surface 13 of the substrate 19 and a 
conductive layer 31 is disposed on a front surface 15 of the 
substrate 19. The front surface 15 is likeWise bounded by the 
peripheral edge 17. 

[0027] FIG. 3 is a diagrammatical vieW of the front side 
of the antenna 10 showing that the conductive layer 31 
includes a plurality of similar curved, slotted openings 33, 
35, 37, and 39, Where each slotted opening 33, 35, 37, and 
39 extends through the conductive layer 31 to the front 
surface 15 of the substrate 19. The antenna 10 may thus be 
fabricated from a tWo-layer printed circuit board (PCB), 
Where the transmission line 21 and the slotted openings 33, 
35, 37, and 39 can be formed by suitably etching portions of 
the respective cladding layers to form the slotted openings 
33, 35, 37, and 39 and the transmission line 21. It should be 
understood that, although four slotted openings are shoWn 
for purpose of illustration, the present invention is not 
limited to this number and may comprise m slotted openings 
of varying shapes and lengths, Where mZZ, as explained in 
greater detail beloW. 

[0028] Moreover, the slotted openings can be curved in 
shape as shoWn, or can be straight segments or a combina 
tion of both straight and curved segments, as described in 
greater detail beloW. The curved shapes can be a conical 
section (i.e., a circular, elliptical, parabolic, or hyperbolic 
arc), an Archimedean spiral, a logarithmic spiral, or an 
exponential spiral. Straight slotted openings are equivalent 
to dipoles and, as such, a single slotted opening produces a 
linearly polariZed signal. HoWever, an array of straight 
slotted openings can be used to transmit, or receive, a 
circularly-polariZed signal, as described in greater detail 
beloW. Circular polariZation can also be produced by using 
an array of curved slotted openings, Where the respective 
slotted openings are curved in the direction of the desired 
circular polariZation (i.e., a clockWise curvature to receive or 
transmit left-hand circularly polariZed signals). By using 
curved slotted openings having the equivalent guided Wave 
lengths of straight slotted openings, the physical siZe of the 
antenna can be reduced. 
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[0029] The slotted openings 33, 35, 37, and 39 have 
respective axial ends 33a, 35a, 37a, and 39a proximate the 
antenna axis 11, and respective peripheral ends 33p, 35p, 
37p, and 39p proximate the peripheral edge 17. Axial ends 
33a, 35a, 37a, are, respectively, d1, d2, d3, and d4 from the 
antenna axis 11 Where di<R. That is, the respective axial 
ends 33a, 35a, 37a, and 39a of the respective slotted 
opening 33, 35, 37, and 39 lie inside the circle of radius R 
de?ned by the transmission line 21 (here shoWn in phantom) 
on the opposite side of the substrate 19. Accordingly, When 
the antenna 10 is used to transmit signals, electromagnetic 
energy is fed into the transmission line 21 and is electro 
magnetically coupled to the slotted opening 33, 35, 37, and 
39. This coupling occurs at the four respective regions Where 
the slotted openings 33, 35, 37, and 39 Which lie on the front 
surface 15, are located most proximate to and directly 
opposite the transmission line 21 Which lies on the back 
surface 13 of the planar antenna 10. 

[0030] For example, a portion of the slotted opening 33 is 
located a distance equivalent to the substrate thickness t 
from the transmission line 21 at a coupling region 43. As is 
Well knoWn in the relevant art, the electromagnetic energy 
passing through transmission line 21 Will produce a radiat 
ing ?eld across the slotted opening 33 in the coupling region 
43. This electromagnetic energy Will be similarly coupled 
into slotted openings 35, 37, and 39 at coupling regions 45, 
47, and 49 respectively. The degree of coupling is a function 
of the thickness t of the substrate 19, the Width W of the 
transmission line 21, the Width v of the slotted opening 33, 
and the dielectric properties of the substrate 19. Conversely, 
When the antenna 10 is used to receive signals, radiation 
energy is received at the slotted openings 33, 35, 37, and 39 
is coupled into the transmission line 21 at the respective 
coupling regions 43, 45, 47, and 49. 

[0031] As can be appreciated by one skilled in the relevant 
art, electromagnetic energy radiated by the antenna 10 is 
emitted in both directions along the antenna axis 11. To 
increase the proportion of energy emitted in the forWard 
direction and reduce the backlobe radiation, a re?ector 40 
may be emplaced in opposed parallel relationship to the 
back surface 13 of the antenna 10, as shoWn in FIG. 4. In 
an alternative embodiment, an enclosed cavity (not shoWn) 
could be used in place of the re?ector 40 as is Well-knoWn 
in the relevant art. The radiation pattern emitted from the 
antenna 10, as Well as the radiation pattern roll-off charac 
teristics, can also be varied as desired by increasing or 
decreasing the separation betWeen the re?ector 40 and the 
antenna 10. 

[0032] FIG. 5 is the front vieW of a ?rst embodiment of a 
planar antenna 50 in accordance With the present invention. 
The planar antenna 50 includes four similar spiral-shaped 
slotted openings 53, 55, 57, and 59 each of Width v and 
guided Wave length LGW symmetrically arrayed about an 
antenna axis 51 at angular intervals of 

[0033] radians. This con?guration provides for a phased 
array slot antenna. Since the slotted openings 53, 55, 57, and 
59 curve in the counter-clockWise direction, the transmitted 
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or received signals Will be right-hand polarized. Conversely, 
signals having a left-hand polarization are produced (or 
received) When the slotted openings 53, 55, 57, and 59 are 
curved in the clockWise direction. UnWanted cross-polariZa 
tion is minimized by keeping the opening Width v narroW in 
comparison to the guided Wave length LGW. The shape of 
each of the slotted openings 53, 55, 57, and 59 can be 
described best in polar coordinates using the antenna aXis 51 
as origin. The radial distances r(0) of the interior edges of the 
slotted openings 53, 55, 57, and 59 increase from ra at the 
respective aXial ends 53a, 55a, 57a, and 59a, to a maximum 
radius of rp at the respective peripheral ends 53p, 55p, 57p, 
and 59p. The radial distance from the antenna aXis 51 to the 
inside edge of any of the slotted opening 53, 55, 57, and 59 
increases With the polar angle 0 and is also a function of the 
interval spacing Ar for each spiral-shaped slotted opening 
Where Arsr(0+2ru)—r(0). For the slotted opening 53, the 
radial distance from the antenna aXis 51 can be described by 
means of the equation, 

[0034] The slotted opening 55 is spatially offset from the 
slotted opening 53 by 

[0035] radians (90°). Similarly, the slotted opening 57 is 
spatially offset by at radians (180°), and the slotted opening 
59 is spatially offset by 

[0036] The radial distances r(0,Ar) of the interior edges of 
the three slotted openings 55, 57, and 59 can thus be 
determined by the respective equations, 

[0037] The guided Wave length LGW of each of the slotted 
openings 53, 55, 57, and 59 is speci?ed to be a multiple of 
quarter-Wavelengths of the receiving or transmitting signal 
in order to maXimiZe the antenna ef?ciency 
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(i.e., LGW = I). 

[0038] In the con?guration shoWn, each spiral-shaped 
slotted opening subtends an angle of 0p, Where 

QJQTEWW (5 0 

[0039] The Width v of each of the slotted openings 53, 55, 
57, and 59 is speci?ed to be substantially smaller than the 
guided Wave length and large enough to enable good elec 
tromagnetic coupling betWeen the respective slotted opening 
53, 55, 57, and 59 and a transmission line 61, best seen in 
FIG. 6 Which is a rear vieW of the planar antenna 50. The 
transmission line 61“crosses” each of the slotted openings 
53, 55, 57, and 59 at respective coupling regions 63, 65, 67, 
and 69. The coupling regions 63, 65, 67, and 69 are offset by 

[0040] radians (90°) from one another. This con?guration 
provides for matching the electrical phase differences in the 
coupling regions 63, 65, 67, and 69 (i.e., differences of 90°) 
With the spatial differences of the slotted openings 53, 55, 
57, and 59 When the guided Wave length of the transmission 
line 61 is tuned to be one wavelength 7». A single, omnidi 
rectional beam is produced When the guided Wave length of 
the transmission line 61 is one wavelength 7», a squinted 
beam is produced When the guided Wave length is less than 
one Wavelength, and multiple directional beams are pro 
duced When the guided Wave length of the transmission line 
61 is more than one Wavelength. 

[0041] A signal is transmitted (or received) by means of a 
signal source (or receiver) connected to an input/output end 
62 of the transmission line 61 via a loW-noise ampli?er 71. 
A connector 75 provides for connecting the transmitted (or 
received) signal to eXternal circuitry via a coaXial cable, an 
optical ?ber, or a Waveguide. An impedance load 73 is 
coupled to a terminal end 64 of the transmission line 61 to 
provide a leaky-Wave antenna con?guration and to thus 
ensure a uniform amplitude coupling to all slotted openings 
53, 55, 57, and 59. Alternatively, the connector 75 can be 
directly attached to the input/output end 62 of the transmis 
sion line 61 and the ampli?er 71 can be located on a separate 
circuit board. 

[0042] For the con?guration shoWn, a transmitted signal 
originating in the loW-noise ampli?er 71 and terminating in 
the impedance load 73 passes through the transmission line 
61 in a counter-clockwise direction (as vieWed from the 
front of the planar antenna 50). As the transmitted signal is 
successively coupled to the slotted openings 53, 55, 57, and 
59 at the respective coupling regions 63, 65, 67, and 69, a 
right-hand polariZed signal is emitted from the planar 
antenna 50. Alternatively, the signal can be transmitted 
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through the transmission line 61 in a clockwise direction and 
the slotted openings 53, 55, 57, and 59 can be curved in a 
clockwise direction for a transmitted (or received) signal 
Which is left-hand polariZed. For a con?guration in Which 
the signal travels in the direction opposite to the direction of 
the spiral slotted openings, both right-hand and left-hand 
polariZed radiation is transmitted (or received). 

[0043] In a second embodiment, shoWn in FIG. 7, an 
antenna 80 comprises an array of four slotted openings 81, 
83, 85, and 89 coupled to the transmission line 61 (on the 
back side of the antenna 80). To improve electromagnetic 
coupling to the transmission line 61, the slotted openings 81, 
83, 85, and 87 each include a straight, radial segment 89 
oriented at a right angle to the transmission line 61. The 
slotted openings 81, 83, 85, and 87 together With the 
respective radial segments 89 are tuned so as to optimally 
transmit (or receive) a speci?ed wavelength 7». Because 
slotted antennas are broadband, the antenna 80 can transmit 
(or receive) a spectral band of Wavelengths, in addition to 
radiation of wavelength 7». If the spectral band of Wave 
lengths lies Within 30% of )t, a slotted opening tuned to a 
guided Wave length )L can also be used for transmitting (or 
receiving) the spectral band Wavelengths. For Wavelengths 
lying outside this spectral band, a second slotted opening of 
different guided Wave length is used. 

[0044] For eXample, in the third embodiment shoWn in 
FIG. 8, an antenna 90 is con?gured to transmit and receive 
left-hand polariZed signals at tWo Wavelengths, K1, and k2. 
TWo slotted openings 91 and 95 are tuned for the longer 
Wavelength X1, and tWo slotted openings 93 and 97 are tuned 
for the shorter Wavelength k2. The slotted opening 91 can be 
tuned to the Wavelength M by having a guided Wave length 
LGW of: i) one Wavelength (M), ii) tWo Wavelengths (2%), 
iii) one-half Wavelength 

[0046] or iv) some other multiple or fraction of a Wave 
length 

[0047] The antenna 90 comprises a transmission line 101 
having a greater Width in comparison to the Width of 
transmission line 61 (in FIG. 6). As best seen in FIG. 9, the 
transmission line 101 has an inside edge 103 of radius of 
curvature R1 and an outside edge 105 of radius of curvature 
R2=R1+W. As Well-knoWn in the relevant art, a signal 
propagating Within the transmission line 101 Will appear 
mostly at the edges 103 and 105. The guided Wave length 
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along the inside edge 103 is smaller than the guided Wave 
length along the outside edge 105 by the fraction 

[0048] By selecting suitable values for R1 and R2, the 
transmission line 101 can be optimiZed for coupling more 
than one Wavelength into the array of slotted openings 91, 
93, 95, and 97. 
[0049] As stated above, the invention is not limited to a 
single frequency or to only four slotted openings. In a fourth 
embodiment, shoWn in FIG. 10, an antenna 110 comprises 
siX slotted openings 111 tuned to a ?rst Wavelength K1, and 
siX slotted openings 113 tuned to a second, shorter Wave 
length M. The array of slotted openings 111 are disposed 
about an antenna aXis 115 Within the array of slotted 
openings 113. The siX slotted openings 111 are spaced apart 
from one another at angular intervals of 

uJIN 

[0050] radians (60°), and the siX slotted openings 113 are 
spaced apart from one another at angular intervals of 

uJIN 

[0051] radians (60°). All tWelve slotted openings 111 and 
113 are coupled to a transmission line (not shoWn) located 
on the back side of the antenna 110. With tWelve slotted 
openings, the antenna 110 has a higher directivity and a 
greater pattern roll-off from boresight to antenna horiZon 
than, for eXample, the antenna 50, in FIG. 5, comprising 
four slotted openings. 

[0052] In a ?fth embodiment, shoWn in FIG. 11, an 
antenna 120 comprises eight straight slotted openings 121a, 
121b, . . . , and 121k arrayed about an antenna aXis 123. Each 

slotted opening 121a-121h is coupled to a transmission line 
125 on the back side of the antenna 120, as shoWn in FIG. 
12. A ?rst end 127 of the transmission line 125 is connected 
to a ?rst signal ampli?er 131, and a second end 129 of the 
transmission line 125 is connected to a second signal ampli 
?er 133. There is also provided a sWitching circuit (not 
shoWn) Which enables either the ?rst signal ampli?er 131 or 
the second signal ampli?er 133 to transmit a corresponding 
signal through the transmission line 125. A signal transmit 
ted by the ?rst signal ampli?er 131 travels in a counter 
clockWise direction, from the ?rst end 127 to the second end 
129. The input impedance of the second signal ampli?er 133 
provides an impedance load to the signal transmitted by the 
?rst signal ampli?er 131. The counter-clockWise signal is 
coupled ?rst into the straight slotted opening 121a and last 
into the straight slotted opening 121h. This coupling 
sequence produces an emitted signal having left-handed 
circular polariZation. 
[0053] Similarly, a signal transmitted by the second signal 
ampli?er 133 travels in a clockWise direction, from the 
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second end 129 to the ?rst end 127. The input impedance of 
the ?rst signal ampli?er 131 provides an impedance load to 
the signal transmitted by the second signal ampli?er 133. 
The clockWise signal is coupled ?rst into the straight slotted 
opening 121k and last into the straight slotted opening 121a. 
This coupling sequence produces an emitted signal having 
right-handed circular polariZation. In this Way, a single 
antenna can be used to transmit signals of either polariZa 
tion. Alternatively, the second signal ampli?er 133 can be 
replaced by a receiver (not shoWn), and the antenna 120 can 
be used to transmit left-handed circularly polariZed signals 
via ?rst signal ampli?er 121 and to receive right-handed 
circularly polariZed signals via the receiver. If the ?rst signal 
ampli?er is also replaced by a second receiver (not shoWn), 
both left-hand polariZed and right-hand polariZed signals can 
be received by the antenna 120. 

[0054] While the invention has been described With ref 
erence to particular embodiments, it Will be understood that 
the present invention is by no means limited to the particular 
constructions and methods herein disclosed and/or shoWn in 
the draWings, but also comprises any modi?cations or 
equivalents Within the scope of the claims. 

What is claimed is: 

1. An antenna, suitable for transmitting and receiving 
electromagnetic signals of wavelength 7», said antenna com 
prising: 

a nonconductive substantially planar substrate having ?rst 
and second surfaces bounded by a common peripheral 
edge, said peripheral edge enclosing an antenna axis 
orthogonal to said ?rst and second surfaces; 

a transmission line disposed on said ?rst surface, said 
transmission line comprising a ?rst end, a second end, 
and an inner edge extending betWeen said ?rst and 
second ends, at least a portion of said inner edge 
forming an arc of radius R centered on said antenna 

axis; and 

a conductive layer disposed on said second surface, said 
conductive layer comprising a plurality of m slotted 
openings, each said slotted opening having one end 
located Within a distance R of said antenna axis, 

Whereby, When an electromagnetic signal is fed into said 
?rst end, electromagnetic energy is coupled sequen 
tially into respective said slotted openings such that a 
radiated signal is transmitted from said slotted openings 
substantially in the direction of said antenna axis. 

2. The antenna of claim 1 Wherein said transmission line 
inner edge has a guided Wave length of at least 7». 

3. The antenna of claim 1 Wherein said transmission line 
comprises at least one member of the group consisting of a 
microstrip and a coplanar Waveguide. 

4. The antenna of claim 1 further comprising a connector 
electrically attached to one said transmission line end. 

5. The antenna of claim 1 further comprising at least one 
ampli?er electrically connected to at least one said trans 
mission line end. 

6. The antenna of claim 1 further comprising an imped 
ance load electrically connected to one said transmission 
line end. 
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7. The antenna of claim 1 Wherein at least a ?rst said 
slotted opening has a guided Wave length of 

8. The antenna of claim 7 Wherein a second said slotted 
opening has a guided Wave length greater than the guided 
Wave length of said ?rst slotted opening. 

9. The antenna of claim 7 Wherein said ?rst slotted 
opening has a Width substantially smaller than the guided 
Wave length of said ?rst slotted opening. 

10. The antenna of claim 1 Wherein said m slotted 
openings are arrayed about said antenna axis such that at 
least tWo adjacent said slotted openings are spatially sepa 
rated by an angle of 

11. The antenna of claim 1 Wherein at least one said 
slotted opening comprises a straight slotted portion. 

12. The antenna of claim 1 Wherein at least one said 
slotted opening comprises a curved slotted portion. 

13. The antenna of claim 12 Wherein said curved slotted 
portion comprises a shape selected from the group consist 
ing of a conical-section arc, a spiral arc, a logarithmic arc, 
and an exponential arc. 

14. The antenna of claim 1 further comprising a re?ector 
disposed in spaced parallel relationship to said ?rst surface. 

15. The antenna of claim 1 further comprising an enclosed 
cavity disposed adjacent said ?rst surface. 

16. An antenna, suitable for transmitting and receiving 
electromagnetic signals of Wavelengths K1 and k2, said 
antenna comprising: 

a nonconductive substantially planar substrate having ?rst 
and second surfaces bounded by a common peripheral 
edge, said peripheral edge enclosing an antenna axis 
orthogonal to said surfaces; 

a transmission line disposed on said ?rst surface, said 
transmission line comprising a ?rst end, a second end, 
and an inner edge extending betWeen said ?rst and 
second ends, at least a portion of said inner edge 
forming an arc of radius R centered on said antenna 
axis; and 

a conductive layer disposed on said second surface, 

said conductive layer comprising a ?rst array of m 
slotted openings, each said ?rst array slotted opening 
having a peripheral end located proximate said 
peripheral edge and an axial end located Within a 
distance R of said antenna axis, each said ?rst array 
slotted opening having a guided Wave length of 
integer multiples of 
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between said peripheral end and said axial end, at least 
one said ?rst array slotted opening spatially sepa 
rated frorn an adjacent said ?rst array slotted opening 
by an angle of 

said conductive layer further comprising a second array 
of In slotted openings, each said second array slotted 
opening having a peripheral end located proxirnate 
said peripheral edge and an axial end located Within 
a distance R of said antenna axis, each said second 
array slotted opening having a guided Wave length of 
integer multiples of 

A2 
4 

betWeen said peripheral end and said axial end, at least 
one said second array slotted opening spatially sepa 
rated frorn an adjacent said second array slotted 
opening by an angle of 

Zn 

Whereby, When an electromagnetic signal is fed into 
said transmission line via said ?rst end, electromag 
netic energy is sequentially coupled into respective 
said slotted openings such that a radiated signal 
having a Wavelength of either or both K1 and k2 is 
transmitted from said slotted openings substantially 
in the direction of said antenna axis. 

17. The antenna of claim 16 Wherein at least one said 
slotted opening comprises a shape selected from the group 
consisting of a conical-section arc, a spiral arc, a logarithmic 
arc, and an exponential arc 

18. The antenna of claim 16 further comprising a con 
nector electrically attached to said transmission line ?rst 
end. 

19. The antenna of claim 16 further comprising at least 
one arnpli?er electrically connected to at least one said 
transmission line end. 

20. The antenna of claim 16 further comprising an irnped 
ance load electrically connected to said transmission line 
second end. 

21. The antenna of claim 16 further comprising a re?ector 
disposed in spaced parallel relationship to said antenna ?rst 
surface. 

22. The antenna of claim 16 further comprising an 
enclosed cavity disposed adjacent said antenna ?rst surface. 

23. Aplanar antenna suitable for transmitting or receiving 
an electromagnetic signal, said antenna comprising: 

an array of In slotted openings disposed in a ?rst surface 
of the planar antenna, said slotted openings for receiv 
ing or transmitting the electromagnetic signal, said 
array of slotted openings de?ning an antenna axis; and 

means for coupling the received or transmitted electro 
magnetic signal With said slotted openings, said means 
for coupling disposed on a second surface of the 
antenna so as to substantially enclose said antenna axis. 
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24. The antenna of claim 23 Wherein said means for 
sequentially coupling comprises a transmission line corn 
prising a plurality of In coupling regions, each said coupling 
region comprising a segment of said transmission line 
disposed proxirnate a corresponding said slotted opening 
such that an electromagnetic signal transmitted through said 
transmission line is coupled sequentially into respective said 
slotted openings. 

25. The antenna of claim 23 Wherein at least one said 
slotted opening comprises a curved slotted portion. 

26. A method for emitting a circularly-polarized signal 
from a planar antenna, said method comprising the steps of: 

transmitting a ?rst electrornagnetic signal of Wavelength 
)tl along a transmission line disposed on the rear 
antenna surface, said transmission line comprising an 
arc-shaped segrnent having a radius R centered on the 
antenna axis; and 

sequentially coupling said transmitted signal into tWo or 
more slotted openings formed within a conductive layer 
disposed on the front antenna surface, each said slotted 
opening having an end located Within a distance R of 
the antenna axis, said slotted openings arrayed about 
the antenna axis such that a signal is emitted having 
Wavelength K1 With one of a right-hand or a left-hand 
circular polariZation. 

27. The method of claim 26 Wherein said step of sequen 
tially coupling comprises the step of producing a radiation 
?eld extending from said transmission line to said slotted 
openings. 

28. The method of claim 26 further comprising the steps 
of: 

transmitting a second electrornagnetic signal of Wave 
length 22 along said transmission line; and 

sequentially coupling the transmitted signal into said 
slotted openings such that a signal of wavelength )»2 is 
emitted. 

29. The method of claim 26 further comprising the steps 
of: 

transmitting a second electrornagnetic signal of Wave 
length 22 along said transmission line in a direction 
opposite to that of the direction of transmission of said 
?rst electrornagnetic signal; and 

reverse sequentially coupling the transmitted signal into 
said slotted openings such that a signal is emitted 
having the other of a right-hand or a left-hand circular 
polariZation. 

30. A method for receiving a circularly-polarized radiated 
signal by means of a planar antenna, said method comprising 
the steps of: 

receiving the radiated signal at tWo or more slotted 
openings formed within a conductive layer disposed on 
the front surface of the antenna, each said slotted 
opening having a ?rst end located proximate the 
antenna periphery and a second end located Within a 
distance R of the antenna axis; and 

sequentially coupling the received signal from each said 
slotted opening into a transmission line disposed on the 
rear surface of the antenna, said transmission line 
comprising an arc-shaped segrnent having an edge 
radius of R centered on the antenna axis. 


