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DAVID MEYERHOFF (54) ANTENNA COUPLER (71)    We, MOTOROLA, INC., a cor-
put, the filter input being coupled to the an- poration organised and
existing under the laws  tenna and the filter output being coupled to  50
of the State of Delaware, United States of  the receiver, the filter
passing signals from the America, of Corporate  Offices, Motorola  antenna
to the receiver with the antenna 5  Center, 1303 East Algonquin Road,
Schaum-  coupler in the receive mode, the filter forming burg, Illinois
60196, United States of America,  an anti-resonant circuit to said
frequency band, do hereby declare the invention, for which we  at its
input, when its output is near ground  55 pray that a patent may be granted
to us, and   potential, and means for providing a low the method by-which
it is to be performed, to  impedance path from the output to ground 10  be
particularly described in and by the fol-   potential in the frequency band
with the lowing statement:-                         antenna coupler in the
transmit mode, said The present invention pertains to the corn-  filter
means exhibiting a high pass characteris-  60 munication art and, in
particular, to a means  tic for passing signals. in said frequency band for
coupling an antenna to either a transmitter  and at higher frequencies when
the antenna 15  or a receiver.                             coupler is in
the receive mode, and -means for Antenna coupling systems are well known
coupling the transmitter to the filter input in the communication art. Such
systems are    In an embodiment of the invention, the an-  65 commonly used
in transceivers wherein a trans-  tenna coupler is operable in either -a
transmit mitter and receiver share a common antenna.  or a receive mode,
for coupling an antenna to 20  The antenna coupler must not only provide a
either a transmitter or a receiver, respectively. means for routing the
antenna to either the  Both the transmitter and receiver are operable
transmitter or the receiver, but it must also  in a selected frequency
band. The coupler corn-  70 isolate the transmitter from the receiver such
prises a filter having an input and an output. that, for example, in the
transmit mode the  The filter input couples to the antenna, with 25
receiver is not overloaded by the transmitted  the filter output coupling
to the receiver. The signal.                                   filter is
designed to normally pass signals from One prior art approach to antenna
coupling  the antenna to the receiver. Preferably, the fil-  75 is the use
of an electromechanical switch or  ter has a high pass characteristic
whereby sig- relay. Such relays are not only expensive, but  nals below the
desired frequency band are fil- 30  are also bulky and, thus, not ideally
suited for  tered out. However, when the output of the limited space
applications such as mobile trans-  filter is taken near ground potential,
the filter ceivers. A further approach has been the use  forms an
antiresonant circuit having a very  80 of PIN diodes in a biasing scheme
whereby the  high impedance, in the frequency band, at its the diodes
either connect or disconnect the re-  'input. The transmitter couples to
the filter 35  ceiver or transmitter to the antenna. The PIN  input and a
switching means is provided which diode switching schemes are expensive due
to  grounds the filter output when the antenna the cost of the diodes, and
are generally com-  switch is in the transmit mode. Thus, the  85 plex to
-implement due to the sophisticated  receive mode signals are normally
passed biasing scheme needed to properly control the  -through the antenna
to the receiver. However, 40  diodes
upon activation to the transmit mode, the out- According to the present
invention there is  put of the filter is taken near ground whereby provided
an antenna coupler, operable in a  the input impedance to the filter
becomes ex-  90 transmit or receive mode, for coupling an  tremely high.
This effectively decouples the antenna to either a transmitter or a
receiver,  receiver from the transmitter such that the 45  respectively,
the transmitter and receiver being  transmitter energy is routed out over
the an- operable in a frequency band, the antenna  tenna. coupler
comprising:                         The drawing illustrates, in schematic
dia-  95 a filter means, having an input and an out-  gram form, the
preferred construction of the    1,545,641
2 antenna coupler used in combination with a   32, and thereafter applied
to the input ter- transmitter and receiver.                  minal 42 of
the receiver 44. The low pass filter Referring to the drawing, an antenna
12   14 and highpass filter 32 provide bandpass 



couples to a low -pass filter 14. The low pass  protection against spurious
signals located out- 5  filter 14 is comprised of a sequence of shunt  side
of the desired frequency band. Also, the capacitors 18,20, 22 in a pi
circuit configura-   component values of the low pass filter 14 and tion
with corresponding series inductors 24 and   high pass filter. 32 are
selected whereby the 26. The values of the capacitors 18, 20 and
impedance of the antenna is transformed 22, and the inductors 24, 26, are
selected in a to a proper value at the receiver input. 10  well known
manner to create a low pass charac-     On activation to. the transmit
mode, push-to-  75 teristic for passing signals within and below a  talk
switch 60 is suppressed whereby semicon- desired frequency band.
ductor diode 48 is forward biased to a low The output of the low pass
filter 14 couples  impedance state. Thus, the output port 40 to the input
port 30 of a high pass filter net-  of high pass filter 32 is coupled
through 15  work 32. High pass filter network 32 is a "T"   capacitor 50 at
or near the low impedance  80 type filter having a pair of series
capacitors 34,  ground potential. This causes the capacitor 36 36 with a
shunt inductor' 38 herebetween. The  to resonate with inductor 38 whereby a
-Very capacitors 34,36 and the inductor 38 are of  high impedance is
reflected to the input port selected values to pass signals in the desired
30 of high pass filter 32. Now the transmitter, 20  frequency band, and
those signals thereabove  driving the output device 64, feeds directly  85
from the input port 30 to an output port 40.  through the low pass filter
14 and out over In addition, when the output port 40 istaken  the antenna
12. Due to the very high input near ground potential, the capacitor 36 and
impedance seen by the transmitter at input port inductor 38 form an
antiresonant tuned circuit,  30 of high pass filter 32, very little power
is 25  in the desired frequency baiid, which presents  transmitted through
filter 32. and to. the re- 'go a high impedance through capacitor 34 to the
ceiver 44. Thus, the receiver is seen to be input port 30 of the filter
network 32. .   effectively isolated from  the transmitter .62 The output
port 40 of high pass filter   when the system operates in the transmit
mode. work 32 couples to the input terminal 42 of    In summary, a simple
yet effective switching 30  a receiver 44. Also coupled to the output port
system has been disclosed, which system effect-  95 40 of filter network-
32 is a switching means  tively isolates the receiver from the transmitter
46 which is comprised of a series connected  when operating in the transmit
mode. diode 48 whose anode connects to output port 40 and whose cathode
connects through an RF   WHAT WE CLAIM  IS:- 35  bypass capacitor 50 to
ground potential. A bias    1. An antenna coupler, operable in a trans- is
normally applied to diode 48 via a resistive  mit or receive mode, for
coupling an antenna 100 divider consisting of a pair of resistors 52, 54
to. either a transmitter or a receiver, respec- connected between a source
of DC bias B+   tively, the transmitter and receiver being oper- and ground
potential An RF isolating inductor able in a frequency band,- the antenna
coupler 40  56 connects between the common point of the  comprising: a
filter means, having an input resistors 52, 54 and the anode of diode 48.
and an output, the filter input being coupled 105 Coupling from the cathode
of diode 48 is  to the antenna' and the filter output being a series
resistor -divider comprised of a- first  coupled to the receiver, the
filter passing sig- resistor 56 and a second resistor 58 which  nals from
the antenna to the receiver with the 45  couples to the aforementioned
source of DC  antenna coupler in the receive mode, the filter bias B+. The
common point of the resistors  forming an anti-resonant circuit to said
fre- 110 56, 58 connects to a manually operable switch   quency band, at.
its input, when its output is 60 which also connects to ground potential.
near ground potential, and means for provid- Switch 60 is, in the preferred
construction of  ing a low impedance  path from the  output . 50  the
invention, a push-to-talk switch normally  to ground potential in the
frequency band found in combination with a hand-held micro-  with the
antenna coupler in thetransmit mode, 115 phone.
said filter means exhibiting a high pass charac- A transmitter 62 drives an
output power  teristic for passing signals in the frequency stage comprised
of transistor 64, whose collec-  band and at higher frequencies when the 55
tor connects both through an inductor load 66  antenna coupler is in the
receive mode, -and to a bias potential 68 and through -a coupling  means
for coupling the transmitter to the filter 120 capacitor- 70 to the input
port 30 of the high  input. pass filter network 32.          -
2. An antenna coupler as claimed in Claim Circuit operation may be
understood as fol-  I comprising: a low -pass -filter for passing sig- 60
lows. In the receive mode, the push-to-talk  nals at the frequency band and
below; and, switch 60 is open (as shown) such that semi-  means coupling
the antenna to the filter input 125 conductor diode 48 is biased to an off
state,  through the low pass filter. - i.e. to a high impedance state. Thus
signals    3. An antenna coupler as claimed in Claim received by antenna 12
are first low pass fil-  2 wherein the filter means has a high pass 65
tered by filter 14, high -pass filtered by filter  characteristic for
passing signals in the fre-    1,545,641
2 



antenna coupler used in combination with a  32, and thereafter applied to
the input ter- transmitter and receiver.                   minal 42 of the
receiver 44. The low pass filter Referring to the drawing, an antenna 12
14 and high pass filter 32 provide bandpass  * couples to a low pass filter
14. The low pass  protection against spurious signals located out- 5
filter 14 is comprised of a sequence of shunt  side of the desired
frequency band. Also, the capacitors 18, 20, 22 in a pi circuit configura
component values of the low pass filter 14 and tion with corresponding
series inductors 24 and   high pass filter 32 are selected whereby the 26.
The values of the capacitors 18, 20 and  impedance of the antenna is
transformed 22, and the inductors 24, 26, are selected in a   to a proper
value at the receiver input. 10  well known manner to create a low pass
charac-    On activation to the transmit mode, push-to-  75 teristic for
passing signals within and below a  talk switch 60 is suppressed whereby
semicon- desired frequency band.                     ductor diode 48 is
forward biased to a low The output of the low pass filter 14 couples
impedance state. Thus, the output port 40 to the input port 30 of a high
pass filter net-  of high pass filter 32 is coupled through 15  work 32.
High pass filter network 32 is a "T"  capacitor 50 at or near the low
impedance  80 type filter having a pair of series capacitors 34,  ground
potential. This causes the capacitor 36 36 with a shunt inductor 38
therebetween. The  to resonate with inductor 38 whereby a very capacitors
34, 36 and the inductor 38 are of  high impedance is reflected to the input
port selected values to pass signals in the desired  30 of high pass filter
32. Now the transmitter, 20  frequency band, and those signals thereabove
driving the output device 64, feeds directly  85 from the input port 30 to
an output port 40.  through the low pass filter 14 and out over In
addition, when the output port 40 is taken  the antenna 12. Due to the very
high input near ground potential, the capacitor 36 and  impedance seen by
the transmitter at input port inductor 38 form an antiresonant tuned
circuit,  30 of high pass filter 32, very little power is 25  in the
desired frequency band, which presents  transmitted through filter 32 and
to the re-  go a high impedance through capacitor 34 to the   ceiver 44.
Thus, the receiver is seen to be input port 30 of the filter network 32.
effectively isolated from  the transmitter 62 The output port 40 of high
pass filter net-  when the system operates in the transmit mode. work 32
couples to the input terminal 42 of    In summary, a simple yet effective
switching 30  a receiver 44. Also coupled to the output port  system has
been disclosed, which system effec-  95 40 of filter network 32 is a
switching means  tively isolates the receiver from the transmitter 46 which
is comprised of a series connected  when operating in the transmit mode.
diode 48 whose anode connects to output port 40 and whose cathode connects
through an RF   WHAT WE CLAIM  IS:- 35  bypass capacitor 50 to ground
potential. A bias    1. An antenna coupler, operable in a trans- is
normally applied to diode 48 via a resistive  mit or receive mode, for
coupling an antenna 100 divider consisting of a pair of resistors 52, 54
to either a transmitter or a receiver, respec- connected between a source
of DC bias B+   tively, the transmitter and receiver being oper- and ground
potential. An RF isolating inductor  able in a frequency band, the antenna
coupler 40  56 connects between the common point of the  comprising: a
filter means, having an input resistors 52, 54 and the anode of diode 48.
and an output, the filter input being coupled 105 Coupling from the cathode
of diode 48 is  to the antenna and the filter output being a series
resistor divider comprised of a first  coupled to the receiver, the filter
passing sig- resistor 56 and a second resistor 58 which  nals from the
antenna to the receiver with the 45  couples to the aforementioned source
of DC   antenna coupler in the receive mode, the filter bias B +. The
common point of the resistors  forming an anti-resonant circuit to said
fre- 110 56, 58 connects to a manually operable switch   quency band, at
its input, when its output is 60 which also connects to ground potential.
near ground potential, and means for provid- Switch 60 is, in the preferred
construction of  ing a low impedance path from the output 50  the
invention, a push-to-talk switch normally  to ground potential in the
frequency band found in combination with a hand-held micro-  with the
antenna coupler in the transmit mode, 115 phone.
said filter means exhibiting a high pass charac- A transmitter 62 drives an
output power  teristic for passing signals in the frequency stage comprised
of transistor 64, whose collec-  band and at higher frequencies when the 55
tor connects both through an inductor load 66  antenna coupler is in the
receive mode, and to a bias potential 68 and through a coupling  means for
coupling the transmitter to the filter 120 capacitor 70 to the input port
30 of the high  input. pass filter network 32.                       2. An
antenna coupler as claimed in Claim Circuit operation may be understood as
fol-  1 comprising: a low pass filter for passing sig- 60  lows. In the
receive mode, the push-to-talk  nals at the frequency band and below; and,
switch 60 is open (as shown) such that semi-  means coupling the antenna to
the filter input 125 conductor diode 48 is biased to an off state,  through
the low pass filter. i.e. to a high impedance state. Thus signals    3. An
antenna coupler as claimed in Claim received by antenna 12 are first low
pass fil-  2 wherein the filter means has a high pass 65  tered by filter
14, high pass filtered by filter  characteristic for passing signals in the
fre-  



3                                       1,545,641
3 quency band and at higher frequencies when  low pass filter to the high
pass filter input the antenna switch is in the receive mode.  port; 4. An
antenna coupler as claimed in claim  means for coupling the high pass
filter out- 60 wherein the filter is comprised of a "T"  put port to the
receiver input terminal; network having a pair of capacitors series
means for coupling the transmitter out- coupled between the antenna and the
receiver  put terminal to the high pass filter input port; and an inductor
in shunt with said capacitors.  and 5. An antenna coupler as claimed in
claim    switching means operable in a transmit 65 1 wherein the means for
grounding the filter  mode to switch the output port of the high 10  output
comprises:                         pass filter to a low impedance, and
operable a semiconductor switch coupled between the  in a receive mode to
substantially isolate the filter output and ground potential; and   filter
output port from the low impedance, bias means operable to bias the
semiconduc-  whereby when the switching means is in the  70 tor switch to a
low impedance state when the  transmit mode the high pass filter
substantially 15  antenna switch is in the transmit mode, the  decouples
the receiver from the transmitter bias means otherwise biasing the
semiconduc-  and antenna. tor switch to a high impedance state.       11. A
system  as claimed in claim  10 6. An antenna coupler as claimed in claim
wherein the high pass filter is comprised of a  75 5 wherein the
semiconductor switch is a diode,  "T" network having a pair of capacitors
series 20  having its anode oupled to the filter output,  coupled between
the low pass filter and the re- and its cathode coupled to ground
potential.   ceiver and an inductor in shunt with said 7. An antenna
coupler as claimed in claim  capacitors. 6 wherein the diode's cathode is
coupled to    12. A system as claimed in claim 10 where-  80 ground
potential through a capacitor which  in the switching means comprises: 25
has a low impedance at the frequency band.   a semiconductor switch coupled
between the 8. An antenna coupler as claimed in claim  high pass filter
output port and a low im- 5 in combination with a manually operable
pedance; and bias means operable to bias the switch for activating the
antenna coupler  semiconductor switch to a low impedance state  85 to
either the transmit or receive mode, said  when the switching means is in
the transmit 30  manually operable switch in. circuit configura-  mode, the
bias means biasing the semiconduc- tion with said bias means such that the
semi-  tor switch to a high impedance state when the conductor switch. is
in a low impedance state  switching means is in the receiver mode. when the
manually operable switch is in its    13. A system as claimed in claim 12
where-  90 transmit position and the semiconductor switch  in the
semiconductor switch is a diode, having 35  is in its high impedance state
when the  its anode coupled to the filter output, and its manually operable
switch is in its receive posi-  cathode coupled to ground potential. tion.
14. A system as claimed in claim 13 where- 9. An antenna coupler as claimed
in claim  in the diodes cathode is coupled to ground  95 8 wherein the
manually operable switch is in  potential through a capacitor which has a
low '40  the push-to-talk switch in a microphone.  impedance at the
frequency band. 10. An antenna coupling system compris-    15. A system as
claimed in claim 10 in com- ing:
bination with a manually operable switch for an antenna means;
activating the switching means to either the 100 a transmitter means
operable in a frequency  transmit or receive mode. 45  band and having an
output terminal;         16. A system as claimed in claim 15 where- a
receiver means, operable in said fre-  in the manually operable switch is
the push-to- quency band and having an input terminal;    talk switch in a
microphone. a low pass filter, passing signals in said fre-    17. An
antenna coupler substantially as des- 105 quency band and therebelow;
cribed  hereinbefore with  respect to  the 50    a high pass filter, having
an input port and  attached drawing. an output port, for passing signals in
said fre- quency band and thereabove, said high pass filter exhibiting a
very high impedance at its       For the Applicants: input port to signals
in the frequency band  F. J. CLEVELAND & COMPANY, 55  when its output port
is at a very low imped-        Chartered Patent Agents, ance;
40/43 Chancery Lane, means for coupling the antenna through the
London, WC2A 1JQ. Printed for Her Majesty's Stationery Office by the
Courier Press, Leamington Spa, 1979. Published by the Patent Office, 25
Southampton Buildings, London, WC2A lAY, from    


