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1
MULTI-BAND ANTENNA SYSTEM

CROSS-REFERENCE T RELATED
APPLICATIONS

Mot applicable.
BACKGROUND

1. Field of Invention

This invention relates 1o radio frequency anlennas, spe-
cifically to such antennas which are capable of operating
over a wide [megquency range.

2, Description of Prior An

An antenna is usually positioned as high as practical and
connected o a transmitter or receiver by way of a feed line.
Amennas for use at radio frequencies are effective over a
limited frequency range. The optimum operating frequency
of an antenna is determined by its length. The lower the
operating frequency. the longer the antenna must be.

When operation is required over a wide frequency range
it is common io use multiple antennas with cach antenna
optimized for a specific narrow band of frequencies. The
desired antenna is manually selected by a switch or other
means that connects that antenna’s feed line 1o the trans-
mitler or receiver.

Since horizontal dipole antennas have a preferred diree-
tion of operation. more than one antenna of the same
frequency band may be erected in order 1o achicve coverage
in all directions. This creates the need for more leed lines,
and more antenna selection switches.

A simple dipole antenna is often made of wire, The dipole
may be connected 1o a transceiver by way of a coaxial cable
feed line. The cost of the coaxial feed line is the most

expensive part of such an amenna, When many separate

antennas are needed in order 1o cover a broad range of
frequencies or diflerem directions. the cost of the feed lines
can become significant.

When muliple amennas are used in close proximity, they
can inerfere with each other. The interference can be a
disruption of the normal impedance of the antenna. The
interference can also be a disruption of the normal radiation
pattern of the antenna.

Another problem with multiple amtennas is that a large
physical space is reguired o accommodate them. Siill
anether problem is the number of supports required to hold
the multiple amennas as high as practical.

Becawse of the above mentioned problems, other methods
have been devised to use a single anenna and feed line over
a wide frequency range. One such method is 10 use an
elecidcal network to match the impedance of an antenna of
the incorrect length 1o the owput impedance of the trans-
ceiver. This network is somelimes incorrectly called an
anmtenna tuner. There are several problems with the amenna
matching 1echnigue:

a) Some transmitter power is lost in the matching network

and is not radiated by the antenna.

by Considerable transmitter power can be lost in the feed

line.

¢) Undesirable radiation patterns with multiple lobes and

deep nulls occur at frequencies above the resonant
frequency ol the antenna.

dy A slight change in operating lrequency requires read-

justment of the matching network.

¢) Readjustment of the matching network 1akes lime.

[y Antenna matching networks can be expensive. physi-

cally large. and cumbersome 1o operalc,
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A description of antenna matching techniques can be found
in “The ARRL Antenna Book™ 16° edition. pages 25-1 10
25-14.

Another methoed for using a single antenna and feed line
over a wide [Tequency range is the trap antenna. This type of
antenna employs networks of inductors and capacitors
placed at key poims along the length of the antenna. The
networks are commonly called traps. One pair of traps is
required for each band of frequencies on which the antenna
is 1o operate. There are several problems with the wap
antenna:

a) The large size and weight of the traps causes consid-

erable wind load and support problems.

by The wraps have losses which prevents some of the

transmitier power from being radiated by the antenna.
¢} The traps are expensive 10 construct.

dy The bands of opermion are narrow compared to a

normal dipole.

e) The individual traps require uning.

f) There is interaction between the traps which makes it

difficult to get the antenna adjusied o all the desired
operating points.

A description of lrﬂf antennas can be found in “The ARRL
Antenna Book™ 16" edition. pages 7-8 1o 7-12.

Another method of making a single antenna and Feed line
operate over a wide [requency range is o place an antenni
wning network ai the antenna end of the feed line as
disclosed in U3, Pal. Nos. 4.2001.990 and 4,564,843, The
purpose of this type of technigue is to match the impedance
of the non-resonant antenna 1o the impedance of the feed
ling, There are several problems with this wechnigue:

a) The size and weight of the wning network causes wind

loading and support problems,
b) Other wires heside the feed line must run 1o the wuning
network 1o power it and to conirol L,

¢ Undesirable rudiation patterns with multiple Tobes and
deep nulls occur at frequencies above the resonant
frequency of the antenna.

d) The network must often be readjusted when even small

changes in frequency are mawbe,

A variation of the above method is disclosed in LS, Pat. No.
4,924 238, In this method the elements of theuning network
are distributed along the length of a helically wound antenna
structure. This method has all of the problems described
above,

SUMMARY

In accordance with the present invention a multi-band
antenna that is mached 1o the feed line by changing the
physical lengih of the anienna by remote control. The
direction of optimum operation of the anenna is also
selected by remote control.

OBIECTS AND ADVANTAGES

Accordingly, several ohjects and advamages of my inven-

lion are:

a) The antenna is matched 1o the feed line impedance by
changing the physical and thus the electrical length of
the antenna, This provides a2 wider band widih of
operation over matching methods that wse inductors
and capacitors,



Us 7,050,018 B2

3

b} The antenna length is changed in incremental steps of
any desired size, by the action of relays or swiiches.
The length can be changed very rapidly compared 1o
motor driven methods,

¢) The individual switching modules can be made very
small and light weight. in order 1o produce minimal
support and wind load problems.

d) Control signals and power 1o the individual switching
modules are conducted through the antenna feed line.
This eliminates the need for additional control wires
between the control point and the antenna. thus reduc-
ing support and wind load problems as well as cosl.

e} The normal radiation pattern of a dipole antenna is
preserved, thus eliminating the muliiple deep nulls that
oceur with other mulii-band anennas when the elec-
trical length of the antenna greally exceeds a wave
length.

) The invention is also applicable 1o aniennas other than
simple dipoles. It can also be used with monopole and
yagi antennas, or, any antenna where maiching to a feed
line can he accomplished by changing the length of a
conducting element of the antenna.

@) The invention can also be used to change the direc-
tional guality of an antenna by changing the length of
elements of the antenna such as directors or refleciors,
or by connecting the feed line to different elements of
the anienna with different spatial orientations.

Further objects and advantages of the invention will become
apparent from a consideration of the drawings and ensuing
descripiion,

DRAWING FIGURES

FIG. 1 shows an over all view of the anenna and 3

controller.

FIG. 2 is a representative schematic diagram of the
antenna switch module.

FIG. 3 is a representative schematic diagram ol the
antenna switch controller.

FIG. 4 shows the key features of the electrical output
wavelorm of the antenna controller,

FIG. 5 shows the arrangenent of a directional amenna
swilch or switching between two anlennas,

FIG. & shows a representative schematic diagram of the
directional antenna switch for switching between two anten-
nis.

FIG. 7 shows a represemtative schematic diagram of the
amenna controller for use with the directional anienna
switch for swilching between two anlennas.

FIG. 8 shows the key features of the output waveform of
the antenna controller of FIG. 7.

DESCRIPTION OF THE PREFERRED
EMBODIMENT OF THE INVENTION

FIG. 1 shows an over all view of the multi-band anenna,
the antenna controller, and the transceiver that is connected
to the antenna. The radiating components of the antenna are
shown m 16. The antenna feed ling 14 connects the antenna
to the antenna controller 18, A coaxial cable 12 connects the
antennga controller 1o a radio transceiver 10,

The antenna controller 18 is comprised of an antenna
contral circuit and power supply 26, with an oupin 38, a
radio Mrequency choke RFCL, a capacitor C1 and an input
40,
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The radiating part of the antenna 16 is comprised of two
radio frequency chokes RFC2 and RFC3, iwo capacitors C2,
and C3, radiating conduciors or antenna wires 28, 30, and
32, and antenna switch modules 20, 22, and 24, The antenna
switch modules include switching elements or relay contacls
21, 23, 25 and clectronic circuits 27,

FIG. 2 is a more detailed diagram of the antenna switch
module 22, The antenna switch module 22 s comprised of
capacitors C4 and C5, a diode D1, a voliage regulator 34, a
micro controller 36, an input resistor R1. atransistor Q1. and
a relay RLY1 with comacts 23. The componenis of the
antenna switch module 22 are connecled 1o antenna wires 28
and 30.

FIG. 3 is a more detailed diagram of the antenna conirol
circuit 26 shown in FIG. 1. It is comprised of a power supply
42, a vohage regulator 34, a micro controller 44, an input 440,
outpul transistors (2 and Q3 and an output 38

FIG. 4 shows the output voltage waveform of the antenna
controller shown in FIG. 3 Velage is indicated vertically,
and time is shown honzontally. The waveform sians at zero
volis 45, The vollage increases 1o maximum 46, The voliage
stays ot the maximum value 48, and then decreases 10 rero
50, The voltage stays al zero for a shon time 52, then
increases again to the maximum 54. The voliage stays ai the
maximum value 56.

FIG. 5 is a diagram showing the inersection of iwo
antennas which are spatially oriented to radiate in different
directions. One antenna is comprised of conductors 80, and
the other is comprised of conductors 82, Both of these
antennas 80 and 82 are fed by feed line 60. Four radio
{requency chokes 61, 62, 64, and 66 are connected 10 the
center conductor of the feed line 60, Four radio frequency
chokes 63, 65, 68, and 70 are connecled 1o the ower
conductor of the feed line 60. A relay comact 76 is arranged
sov that it can short out either choke 64 or choke 66. Another
relay contact 78 is arranged so that it can short outl either
choke 68 or 70, Relay contacts 76 and 78 are part of a relay
within the directional antenna switch module 74, The relay
contacts 76 and 78 arc shown displaced from the directional
antenna switch module 74 Tor clarity. Power 1o the dinee-
tional antenna switch module 74 is supplied by conductors
88, one of which is connected 1 the negative wire of antenna
80, and the other to the positive wire of antenna 82, Four
capacitors 72 are connected across the conductors of each of
the two antennas 80 and 82.

FIG. 6 is a schematic diagram of the intetnal circuitry of
the directional antenna switch module 74 shown in FIG. 5.
The directional antenna switch module 74 is similar 1o the
antenna switch module 22 of FIG. 2. The directional amenna
switch module 74 is comprised ol capacitors C4 and C5,
resistors R2 and R3, a diode D1, a voltage regulator 34, a
zener diode 21, a micro controller 36, a transistor (31, a relay
RLY2, and relay contacts 76.and 78. Power is connected 1o
the directional antenna switch 74 through wires 88,

FIG. 7 is a schemalic diagram of a directional antenna
control circuit and power supply 29. The control circuil is
comprised of a power supply 42. a voliage regulator 34, a
micro controller 47, three oulput transistors Q2. Q3, Q4. a
diode D2, an input 40, and an owipw 39,

FIG. 8 shows the outpm voltage wave form of the
directional anmtenna control circuit 29, shown in FIG, 7.
Voltage is indicated vertically and time is shown horizon-
tally. The wave form starls at zero volis 45. The voltage then
increases 46 1o level 48 which is egual 1o the output voltage
of the power supply 42, After a time the voliage increases 90
and stays for a time 92 at a level of twice the voltage of the
power supply 42. The voltage then goes down 94 and stays
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at the level of the power supply voliage 95, After a time 95
the volage falls back 10 zero 50 and stays at zero for a time
52. The voliage then increases 54 and stays at the power
supply voltage 56,

OPERATION OF THE PREFERRED
EMBODIMENT OF THE INVENTION

As illusrated in FIG. 1, with relay contacts 21 and 23
open as shown, a dipole antenna is formed by antenna wires
28 and antenna switch modules 20 and 22.The purpose of
capacitor C2 is 1o assure that the positive and negative
antenna wires 28 that connect 1o anlenna swilch module 20
are al the same radio frequency potential. The purpose of
radio frequency choke RFC2 is to prevent capacitor C2 and
the input impedance of antenna switch 20 Irom loading the
radio frequency output of the feed line 14, Capacitor C3 and
radio frequency choke RFC3 are for the same purpose on the
antenna wires 28 that are connecled 1o antenna swilch
module 22,

The resonant frequency of the antenna 16 is determined
by the length of antenna wires 28, and the physical size of
the antenna switch modules 200 and 22. When relay contacis
21 and 23 are closed, a dipole antenna of a longer length is
formed. The resonant frequency of this antenna is deter-
mined by the total length of antenna wires 28 and 30, and the
physical size of antenna switch modules 20 and 22 and 24
plus an antenna switch module that is not shown o the left.
Any number of pairs of antenna swilch modules can be used
along with lengths of antenna wires to provide a dipole
antenna the length of which can be selected by closing relay
contacts in successive pairs of antenna switch modules.

The direet current power source for the electronic circuils
27 in the antenna switch modules comes from the antenna
contrel cireuit and power supply 26, located in the antenna
controfler 18, The direct current power al wires 38 is
conducted 1o antenna swilch modules 20 and 22 through
radio frequency choke RFCL, through the feed line 14,
through radio frequency chokes RFC2 and RFC3, and
through antenna wires 28, Capacitor C1 prevents the direct
currenl power on wires 38 from entering the radio trans-
ceiver 10 through the coaxial cable 12, When relay contacis
21 and 23 are closed. direct current power can then low 1o
the next pair of antenna switch modules through antenna
wires 30. As relay contacts are closed in successive pairs of
antenna switch modules. direct current power is ted through
the relay contacts to the next pair of antenna switch modules
which are located farther from the antenna feed line,

The antenna control circuit and power supply 26 also
produces a signal which is conducted to the antenna switch
modules through the same path as is the direct current
power, The exact natre of this signal is explained later;
however, this signal can cause any number of pairs of
antenna switch modules to energize their respective relays
thus closing their associated relay contacts. The antenna
control circuit and power supply 26 generates the appropri-
ate signal in response o an input signal 40. This input signal
can come from a manually operated switch or it can be a
serial or parallel input signal from a compuler or micro
controller. Many radio transceivers include a serial por
which can be used 1o control external devices, This serial
port can generate a serial signal which indicates the fre-
quency o which the transceiver is set. This serial signal can
be connected to the input 40, The amenna controller 18 can
then be controlled through input 40 and made 1o produce the
appropriate signal 1o cause the required number of pairs of
amenna switch modules o close their respective relay
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contacts and thus set the length of the amenna o maich the
operating frequency of the transceiver,

FIG. 2 shows the circuitry within antenna switch module
22, The circuitry of all the antenna switch modules is
identical. Capacitor C4 assures thal antenna wires 28 are al
the same radio frequency potential. When direct current
power is applied 1o antenna wires 28, capacitor C5 is
charged through diode D1. Capacitor C5 is large enough in
capacitance 1o supply power Lo vollage regulator 34 and
relay RLY 1 even when direct current power is removed from
antenna wires 28 for shont periods of time on the order of
hundreds of microseconds. Diode D prevents the fasi
discharge of capacitor C5 when the direct current voltage
across antenna wires 28 goes 10 zero. Voliage regulator 34
supplies the appropriate voltage to the micro controller 36.
Since the direct current voliage across anlenna wires 28 may
be greater than the allowed input voliage to the micro
controller. resistor R1 limits the current that Aows through
the input prodection diodes of the micro controller, The input
o the processor is high whenever direct current power is
present across anlenna wires 28. When the direct currem
vollage across antenna wires 28 goes 1o zero for a short time
siich as 100 microseconds, the input to the micro controller
36 goes o a low logic level. Power Lo the micro controller
is maintained by the charge on capacitor CS during the shon
time that the input 1o the micro controller is low. The
program of the micro controller 36 interprets the momentary
low input as a command o wm on relay RLY'L The output
of the micro controller then goes high which tums on
transistor Q1 which energizes relay RLY 1. Relay contacts 23
then close. sending direct current power Lo the next succes-
sive antenna switch module through antenna wines 30, With
suceessive short pulses of zero direct current voltage. relay
comtacts of successive antenna switch modules are made 1o
close, thus lengthening the antenna and making it resonam
al a lower Mreguency.

FIG. 3 shows the circuitry of the antenna control circuil
and power supply. The power supply 42 puts out at direct
current voltage which is higher than the required operating
voltage of micro controller 44 and is of the appropriate
violtage to operate the relays in the antenna switch modules.
Voltage regulator 3 provides the correct voltage o the
micro controller 44,

When output 2 of the micro controller is high. transistor Q3
is turned on which applies the power supply voltage 1o wires
38. The direct current voltage on wires 38 is conducted to
wires 28 in FIG. 2. When output 2 of micro controller 44 is
low, transistor Q3 is off. I cutput 1 of micro comroller 44
then goes high, transistor Q2 will be turned on which will
make the direct current voltage on wires 38 go 1o near zero,
The sequence of the direct current voltages on wires 38 is
determined by the program of micro controller 44, The inpa
signal 40 10 micro controller 44 causes the micro controller
program (o generale the appropriate direct currem voliage
wave form to turn on the desired number of pairs of antenna
switch module relays.,

FIG. 4 shows a typical sequence of vollages on wires 38
which is the same as the voliage on wires 28 of FIG. 2.
Initially the voliage is zero as shown by 45, When the power
supply 42 is wrmed on 46, the voltage goes 1o maximum.
This voltage is conducted o the first pair of antenna switch
modules and provides power 1o the micro controllers within
the antenna switch modules. At this point the antenna is at
ils shorest possible length and can be operated on its highest
possible frequency band. The voltage stays at the maximum
level for as long as operation on the highest frequency band
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is desired 48. When an appropriate input signal 40 of FIG.
3 signals the micro controller 1o twm on the relays in the first
pair of antenna switch modules, the voltage in FIG. 4 goes
lo zero 50. stays at zero for a short time 52 and then goes
hack to maximum 54. This pant of the wave form is the
control signal. Capacitor C5 provides power during the
period of the #zero voltage pulse. When the zero violtage pulse
50. 52. and 54 is applied to the first pair of antenna switch
modules, their micro controllers are fed a momentary low
input pulse which signals the micro controllers in the
antenna switch modules 1o energize their respective relays.
This action then applies direct current power (o the next pair
of antenna switch modules. and lengthens the antenna to the
next lower frequency band. The antenna stays at this newly
selected length for as long as direct current power remains
applied 56, In this same way. successive zero going pulses
will cause successive pairs of antenna switch modules 1o
energize their relays thus causing the antenna to be lengih-
ened. When it is desirable o shorten the length of the
antenna. direct current power is removed for a time long
enough for the capacitors in all antenna switch modules 1o
discharge. thus allowing all relays (o drop oul. Direct current
power is then applied again. and a series of zero going pulses
causes the desired number of pairs of relays to be energized.

The form of operation described above allows all antenna
switch modules 1o be identical in terms of hardware and
software. If different sofiware is allowed for each pair of
antenna switch modules. then it is possible o cause any
particular pair of antenna switch modules to drop out their
relays based on data conveyed in the form of multiple zero
going pulses or by the width of an individual pulse. A serial
data stream can be used 1w communicate with a particular
pair of antenna switch modules as long as the charge on
capacitor C5 in the antenna switch modules remains high
enough 1o power the micro controllers and relays.

FIG. 5 shows a directional antenna switch module 74
which can conneet the RF output of the feed line 60 1o the
antenna composed of wires 80, or to the antenna composed
of wires 82. The radio frequency chokes 61. 62, 63, 64. 65,
66. 68, and 70 act a3 high impedance 10 RF but allow the
conduction of direct current power to the antenna wires §0
and 82 and o the directional amenna switch module 74
through wires 88. The capacitors 72 keep the positive and
negative antenma wires @t the same RF potential. The relay
contacts 76 and 78 are part of the antenna switch module 74,
hut are shown separated for clarity, With the relay contacts
76 and 78 in the state shown, radio frequency chokes 64 and
68 are shoned. and the feed line 60 is connected 1o antenna
wires 80, When the relay contacts change state. they shor
radio freguency chokes 66 and 70, thus connecting the feed
line 60 1o antenna wires 82, Direct current power W operate
the directional antenna switch module 74, and the signal
which causes it 1o energize or drop out the relays is passed
through the feed line 60, through radio frequency chokes 61
and 65, and then through wires 88,

FIG. 6 shows the internal circuitry of the directional
antenna switch module 74. Capacitor C4 acts o keep the RF
potential across wires 88 very low, The direct current
voltage across wires 88 charges capacitor C5 through dicde
121 and resistor R2. Capacitor C5 supplies power to the relay
and voliage regulator during the zero voltage control pulse
periods 1o the antenna switch modules. Voltage regulator 34
supplics the appropriate voltage 1o the micro controller 36,
Resistor B3 keeps the input to the micro controller 36 low
until the direct current voliage across wires B8 is high
enough 1o cause zener diode Z1 o conduct. The zencr
voltage is higher than the direct current power vollage across
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wires 88, This armangement requires that the direct current
voltage across wires 88 must go higher than the zener
voliage to produce a positive going input 1o the micro
controller 36. The program of the micro controller causes the
outpul 1o go high and turn on transistor Q1 when the input
first goes high. When transistor Q1 turns on, relay RLY2 is
energized and relay contacts 76 and 78 switch from one
antenna to the other. The program causes the outputl of the
micre controller 36 1 go low the next time thal the input
goes high. The relay is thus energized and de-energized on
alternate positive input pulses o the micro controller. In this
way a selection is made as to which antenna is active.

FIG. 7 shows the circuitey of an antenna control circuil
and power supply 29. This circuit can generate the zero
voltage pulses that are needed to control the antenna switch
modules 22 of FIG. 1 and FIG. 2. This circuit can also
generate pulses that go higher than the outpul voltage of the
power supply 42. The program of the micro controller 47 can
generate the waveform of FIG.4 through the action of outpul
1 and output 2. These outputs twrm transistors Q2 and Q3 on
and off as required. When transistor (3 is on, capacitor Cé
is charged through diode D2 and resistor R4 1o a voliage
slightly less than the output voltage of the power supply 42.
When output 3 of the micro controller 45 goes high. tran-
sistor Q4 furns on and conneets the negative side of capaci-
tor C6 1o the positive output of the power supply 42, The
voltage across the capacitor is now added 1o the supply
voltage and appears al the oulput wires 39, At this time diode
D2 blocks this voltage (rom being applied w wansistor Q3.

FIG. § shows the output waveform of the cireuit of FIG.
7 that appears across wires 39, Lines 90, 92, and 94 show the
output pulse that goes higher than the power supply voltage
as represented by line 48. This pulse is the direction control
signal. I is this pulse that causes zener diode £1 in FIG. 6
1o conduet and provide an input signal 10 micro controller
36, The micro controller 36 then wims relay REY 2 on or off
on successive pulses, and thus selects either of two antennas.

CONCLUSION, RAMIFICATIONS, AND SCOPE

Thus is described one possible embodiment of the inven-
tion which makes possible a muli-band anenna system
which can be made 1o cover many bands of operation in
discrete sieps. by changing the length of the antenna con-
ductors by the action of switching elements which can be
remately controlled. Such an antenna sysiem can be used lor
receiving or transmitling on the selected frequency band.

Also described was a method of changing the direction of
operation of the antenna by connecting between different
antenna conductors by the action of switching elements
which can be remotely controlled,

The system described can be controlled manually through
the actuation of switches, or automatically by serially trans-
mitted [reguency information from the ransceiver (o which
the antenna is connected. Also the antenna control circuit
could casily be made part of a transceiver and operated
direcily by the internal control circuitry of the transeeiver.

A method was shown Tor transmilting both direct current
power and control signals 1o the antenna switching circuits
through the antenna feed line that conducts RF energy
between the transceiver and the antenna, thus eliminating
additional control wires between the transceiver and the
anienna.

The system described by this invention can be used 10
make multi-band monopole antennas and multi-band anten-
nas comprised of multiple elements such as Yagis,




