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1. 

DUAL PORT SINGLE FREQUENCY 
ANTENNA 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

The present invention claims the benefit of priority from 
the following applications filed in the name of applicant and 
inventor Robert Loftus: (a) AU provisional patent application 
number 2013900724 entitled “A Dual Feed Single Frequency 
Antenna' filed on Mar. 4, 2013 and (b) AU standard patent 
application number 2013205196 entitled “A Dual Port Single 
Frequency Antenna' filed on Apr. 14, 2013; the contents of 
both of the applications are incorporated herein by reference 
in their entirety as though fully set forth herein. 

BACKGROUND OF INVENTION 

1. Technical Field 
The present invention pertains to the field of antennas. 
2. Background Art 
The transmission and reception of fields, including elec 

tromagnetic fields and ultrasonic fields, from a source to a 
target has met with a plurality of difficulties that have affected 
the cost and complexity of construction of antennas and 
antenna systems. 

SUMMARY OF INVENTION 

General problems with the background art, as identified by 
the inventor, include: 

the need to solve the problem of isolating transmitted and 
received fields when using an antenna. 

Specific problems with the background art, as identified by 
the inventor, include: 

determining how to transmit and receive fields from a 
single antenna without interference between transmitted and 
received fields; 

to simplify antenna system design; 
to reduce the cost of construction of antenna systems. 

Technical Problem 

To ameliorate some of the effects of the general problems 
and the specific problems as recited above and in particular to 
provide, at least in part, an antenna that avoids the need to 
isolate transmitted and received fields using separate antenna 
systems. 

Technical Solution 

The technical solution includes: 
ensuring that transmitted and re-radiated fields are 180 

degrees out of phase (for purposes of field and signal isola 
tion); 

transmitting and receiving fields to and from a single 
antenna, 

using the same frequency for transmission and reception of 
fields. 

Advantageous Effects 

Advantageous effects include: 
the use of a single antenna for transmission and reception 

minimizes construction complexity and the cost of an 
antenna, 
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2 
an ability to transmit and receive at a same frequency 

minimizes operational complexity of an antenna; 
the use of transmitted and received fields that are 180 

degrees out of phase with respect to one another minimizes 
the prospect of interference between transmitted and received 
fields because the only signals produced, if any, prior to 
mixing, as a result of signal interaction (cross talk), are either 
null signals, additive signals or subtracted signals isolation 
of signals being achieved, in Substance, by a 180-degree 
phase shift upon re-radiation of a field from a target. 
A method for operating an antenna including: deriving an 

output signal from the antenna at a port that is 180-degrees out 
of phase with respect to a port associated with the antenna's 
input signal. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 shows a schematic view of a first embodiment of a 
dual feed, single frequency slot antenna. 

FIG. 2 shows a perspective view of an antenna that illus 
trates transmission towards a target and reception from the 
target, offield paths pertaining to a dual port, dual feed, single 
frequency antenna according to one embodiment of the 
present invention. 

FIGS. 3A and 3B provide qualitative representations of the 
phase differences (between transmitted and received fields) 
as seen in the aperture of a slot antenna. 

FIG. 4 provides a qualitative representation of the field 
paths and phasing of the transmitted and received fields 
between source and target. 

FIG. 5 shows voltage and current over a half-wave length 
of a single feed, single port slot antenna. 

FIG. 6 shows voltage and current over a half-wave length 
of a dual feed, dual port slot antenna. 

DETAILED DESCRIPTION 

Best Mode 

Definitions and Terms 

The description in the body of the specification pertains to 
preferred modes of invention. Accordingly, features recited in 
the body of the specification should not be construed to be 
essential features of the invention unless explicitly indicated. 
Furthermore, any reference in the body of the specification to 
the expression “invention' should be construed as a reference 
to preferred embodiments only. 
Words to the effect of “a 180-degree phase shift” refer to an 

inversion of a periodic waveform upon reflection off a target 
(where dimensions have been scaled to 360-degrees for pur 
poses of discussion of a full wave period). 
The word “antenna' is to be understood to mean “a device 

for converting electromagnetic radiation in space into elec 
trical currents in conductors or Vice-versa, depending on 
whether it is being used for receiving, or for transmitting, 
respectively” (National Radio Astronomy Observatory (US), 
http://www.nrao.edu/). 
The expression “where the first port is 180-degrees out of 

phase with respect to the second port’ means that the first port 
and the second port are inherently 180-degrees out of phase in 
the sense that when the antenna the Subject of the claims, is 
excited, a signal at the first port of the antenna, will not appear 
at the second port of the antenna because the signal at the 
second port is 180-degrees out of phase with respect to the 
signal at the first port port isolation occurs exclusively as a 
result of the physical location of the first and second ports, 
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that is, the 180-degree phase shift depends upon port location 
and is independent of the other devices, including, but not 
limited to, phase splitters, circulators, combiners and signal 
processing software that could otherwise be used to deliver 
signals of different phase to different ports. 

FIG. 1 is an illustration of a dual feed, dual port antenna 
100 according to one embodiment of the present invention. 
The feeds 103,104 used in this embodiment are constructed 
from 50-ohm coaxial cable. However, other feed structures 
could also be used including micro-strip printed circuit trans 
mission lines. 
A microwave frequency, thin slot antenna 100 is used in 

this embodiment of the invention. Other antennas including 
dipole antennas, so configured, to be driven in dual port, dual 
feed mode can also be used. Further, as the basic design and 
feed matching of microwave thin slot antennas are well 
known to those skilled in the art of microwave transmission 
and reception, only the arrangements pertinent to the imple 
mentation of embodiments of the present invention will be 
discussed. 
The dual feed, single frequency antenna 100 includes a 

Substantially planar, electrically conductive around plane 
(plate) 101 with a thin slot aperture 102, a first feed 103 and 
a second inverted feed 104. Both feeds in this embodiment are 
parallel to and connected to the conductive around plane 
(plate) 101 (the requirement of parallel orientation being 
preferred, that is, desirable according to one embodiment of 
the present invention but not mandatory). Additionally, a 
plane (plate), having a slot of any shape can be used, provided 
that the total internal perimeter of the slot is a full wavelength, 
where measurement includes, for wavelength purposes, the 
top and bottom of the slot. 

The coaxial feed structure's outer screen is connected to 
the ground plane 101. Both the inner and outer conductors of 
each feed are connected across the aperture 102 at the two 
points where the aperture impedance exactly matches the 
characteristic impedance (50 ohms in this case) of each 
coaxial feed. However, different feed structures of different 
impedance, requiring matching of the feeds to the antenna at 
different points of connection (ports) on the antenna can also 
be used, provided that the feed connection points (ports) in 
the case of a slot antenna are diametrically opposite each 
other with respect to the centre of the slot in order to ensure 
that the two feed connection points (ports) are 180-degrees 
out of phase with respect to each other. 

FIG.2 shows the transmitter signal S1 being applied to first 
feed 103 (at the input port), which in turn excites the antenna 
at the aperture 102. The region of the slot antenna at the 
aperture 102 then radiates W1 (a transmitted electromagnetic 
field) towards a target T. in this case a metal string. Upon 
reaching the target T, the radiated wave W1, in this case a 
microwave, undergoes a 180-degree phase reversal as W1 is 
reflected and is re-radiated back in the form of W2 off the 
target T towards the antenna 100. Field W2 then excites the 
antenna at the aperture 102 to produce a received signal S2 
that is tapped at the point of connection to the antenna (an 
output port) associated with the second feed structure 104. 
However, the output port associated with outgoing feed 104 is 
a further 180-degrees out of phase with respect to the input 
port associated with incoming feed 103, as a result of current 
reflection at the ends of the slot. Accordingly, S2, being the 
result of two 180-degree phase shift, one at the target T and 
one internally within the antenna 100 at the ends of the aper 
ture, is now in phase with respect to S1. 

The above discussion pertains to standard half wavelength 
slot antennas. Different multiples of wavelengths can also be 
used provided that: the position for input (the input port) and 
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4 
the position for output (the output port) are appropriately 
selected so as to produce and receive radiation (the ability to 
deliverpower to an antenna and also to take power out of the 
antenna at positions of theoretically non-infinite impedance) 
and also that the slot length is Sufficiently dimensioned to 
provide a secondary port associated with the outgoing (sec 
ond) feed 104 so that the incoming signal S1 is in-phase with 
respect to the outgoing signal S2 (S2 being in phase with 
respect to S1 as a result of two 180-degree phase shifts, one at 
the target and one internally within the antenna at endpoints 
of the slot (aperture). Similarly, as recited above, feeds having 
different ohmic values can be connected across edges of the 
slot impedance matching then occurring at different feed 
connection points (ports) on the slot. Additionally, different 
types of antennas including dipole antennas can also be used. 

FIGS. 3A and 3B, illustrate a dual mode of operation of an 
antenna in qualitative form. Arrows being provided to indi 
cate phase relationships between transmitted and received 
fields, W1 and W2 respectively. Naturally, in the case of a slot 
antenna, the arrows denote E-field polarization. 
A representation of transmission mode is shown in FIG. 

3A. Similarly reception mode is shown in FIG. 3B. The 
180-degree phase difference between fields W1 and W2 can 
be seen from the arrows within the slot in FIGS. 3A and 3B, 
which pertain to the effect of E-field polarization in the 
antenna. It is to be noted that S1 and W1 are in phase as seen 
in FIG.3A. Next, it is noted from FIG. 3B that W2 is in phase 
with respect to the internal voltage and electric fields pro 
duced by W2. However, it is important to note that the point of 
connection (port) for the outgoing feed for S2 is 180-degrees 
out of phase with respect to the point of connection (port) for 
the incoming, feed for S1 (see points of connection (ports) 
associated with feed structures 103 and 104 in FIG. 1). 
Accordingly, S2 leaves the antenna 100 at the point of con 
nection (port) associated with feed 104 in phase with respect 
to S1 because S2’s antecedent signal and field, have collec 
tively undergone two 180-degree phase shifts, bringing S2 
back into phase with S1—the first phase shift occurring at the 
target and the second phase shift occurring inside the antenna 
by way of internal reflection of current at the ends of the slot 
102 (currents on the top and bottom of the slot travelling in 
opposite directions). 

FIG. 4 illustrates fields in both transmission and reception 
modes according to one embodiment of the present invention. 
Note the phase inversion between W1 and W2 at the target. 
Furthermore, note the effect of the additional phase inversion 
that occurs within the antenna (as a result of current reflection 
at the slots ends) thus bringing S2 back into phase with 
respect to S1 (as seen by the currents depicted in the circles). 

FIG. 5 shows voltage and current over a half-wave length, 
single feed, single port, slot antenna. FIG. 5 also shows 
impedance matching points for use in association with 
50-ohm coaxial cable. 

FIG. 6 shows the voltage and current over a half-wave 
length, dual feed, dual port slot antenna. FIG. 6 also shows the 
50-ohm impedance matching points used in this embodiment 
of the present invention. Further, as previously recited, the 
antenna voltage has a 180-degree phase difference between 
the two 50-ohm feeds. 

Mode of Invention 

Embodiments of the present invention recited above per 
tain to transmission and reception of electromagnetic radia 
tion. However, any waveform can be used, including the use 
of ultrasonic fields. Additionally, a plurality of differing tar 
gets including nylon and metal strings can also be used in 
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association with fields operating at frequencies Sufficient for 
detection of 180-degree shifting of reflected signals. The 
above description pertains to the description of a dual feed, 
dual port slot antenna. However, other antenna structures, 
including a dipole antenna can also be used. The only restric 
tion once again on the use of adipole antenna is that the dipole 
antenna must be of sufficient length to enable a first feed 103 
and second feed 104 to be tapped in at the antenna at points of 
connection (ports) that will match the impedance of the 
incoming and outgoing feeds for S1 and S2 to the antenna 
impedance and also to ensure that the secondary connection 
point (port) at which feed 104 is connected to the antenna is 
180-degrees out of phase with respect to the input connection 
point (port) at which feed 103 is connected to the antenna. 

Embodiments of the present invention recited under Best 
Mode pertain in general to microwave transmission. How 
ever, just as variation from one waveform structure to another 
(electromagnetic to ultrasound) can occur, variations in fre 
quency can be used within the electromagnetic spectrum and 
similarly within the scale of frequencies applicable to Sound 
vibrations (restriction to ultrasound frequency ranges being 
preferred only). 

INDUSTRIAL APPLICABILITY 

One aim of embodiments of the present invention is to 
overcome some of the problems associated with using mul 
tiple antennas to simultaneously transmit and receive signals, 
including radio signals, on Substantially the same frequency. 
More specifically, another aim of the present invention is to 
maintain a high degree of isolation between transmitted and 
received signals. 

Embodiments of the present invention provide a structur 
ally simple solution to problems associated with transmission 
and reception of electromagnetic signals and in particular, 
continuous microwave signals at the same frequency. 
Embodiments of the present invention have commercial 
applications in areas including movement detection, ranging, 
speed detection, vibration detection and medical imaging. 
The antenna's first port and the antenna's second port can also 
be used for either: (a) simultaneous transmission on both 
ports (b) simultaneous reception on both ports; (c) simulta 
neously receiving a first signal on the first port and transmit 
ting a second signal on the second port or (d) simultaneously 
transmitting a first signal on the first port and receiving a 
second signal on the second port—these embodiments being 
consistent with use in communications, repeaters, radar, 
imaging and Zero-IF reception techniques. The above 
embodiments can be further generalized to include any fre 
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6 
quency within the electromagnetic spectrum including vis 
ible light, infrared, ultraviolet and also frequencies applicable 
to lasers. Similarly, while a slot antenna has been recited as 
being preferred, different types of antennas can be contem 
plated including but not limited to, folded dipole and quad 
antennas, provided that the antennas are so constructed and 
arranged that the first and second feeds are 180-degrees out of 
phase with each other. 
The invention claimed is: 
1. An at least half wavelength antenna comprising: 
a first port; and 
an inverted second port; 
wherein the first port's electrical location and the second 

ports electrical location ensure that the first port and the 
second port are intrinsically 180-degrees out of phase. 

2. The antenna as recited in claim 1, where the antenna is a 
half wavelength antenna. 

3. The antenna as recited in claim 2, in which the antenna is 
a slot antenna. 

4. The antenna as recited in claim 3, in which the first port 
and the second port are located on the antenna at points 
electrically opposite each other with respect to the slots 
electrical centre. 

5. The antenna as recited in claim 4, where the first port and 
the second port have equal impedance. 

6. The antenna as recited in claim 5, where the antenna is 
symmetric. 

7. The antenna as recited in claim 6, where the antenna is 
configured to operate at a microwave frequency. 

8. A method for using an at least half wavelength antenna, 
the method comprising steps of: 

selecting a first port's electrical location and an inverted 
second port's electrical location, on the antenna, in order 
to ensure that the first port and the second port are 
intrinsically 180-degrees out of phase; 

exciting the antenna at the first port of the antenna; and 
exciting the antenna at the second port of the antenna. 
9. An at least halfwavelength slot antenna further compris 

ing: 
a radiator; 
a first port; and 
an inverted second port; 
wherein the first port and the second port are located on the 

antenna at points electrically opposite each other with 
respect to the slots electrical center in order to ensure 
that the first port and the second port are intrinsically 
180-degrees out of phase. 
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