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(57) Abstract

A radio frequency (RF) antenna switch (136) and associated method of operating the same is provided for switching between a first
antenna (109) and a second antenna (111). A first mixer (125) has an input terminal (124) coupled to the first antenna (109) and has an
output terminal (126). A second mixer (129) has an input terminal (128) coupled to the second antenna (111) and has an output terminal
(130) coupled to the output terminal of the first mixer (125). The first mixer (125) and the second mixer (129) are alternatively enabled
responsive to the state of an antenna select signal (141). Additionally, the common output terminals (126, 130) of both the first mixer
(125) and the second mixer (129) are matched to a first intermediate frequency stage (131). The RF antenna switch (136) advantageously
provides low loss and low current drain.
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RF ANTENNA SWITCH AND
METHOD OF OPERATING THE SAME

Field of the Invention

The present invention relates generally to electronic
switches, and more particularly, to a radio frequency (RF)
10 antenna switch and method of operating the same for use in
diversity receivers.

Background of the Invention
15
Receivers performing diversity functions are well
known in the art for overcoming transmission errors. A
particular type of diversity operation for receivers is known as
antenna diversity. Receivers performing antenna diversity
20 have an RF antenna switch before the demodulator to
selectively receive RF signals from one or more antennas.
Typically, the RF antenna switch is located at the input of the
receiver.
A generic RF antenna switch is shown in US Patent No.
25 5,001,776. Several types of RF antenna switches for switching
between RF signal paths are well known in the art. A reed
switch used as an antenna switch is taught in US Patent No.
3,800,222. A circulator used as an antenna switch is taught in
US Patent No. 4,380,822. A relay used as an antenna switch is
30 taughtin US Patent No. 4,982,442 and US Patent No. 5,060,293.
A gallium arsenide field effect transistor is used as an
antenna switch is taught in US Patent No. 4,920,285 and US
Patent No. 4,987,382. A pin diode is also conventionally used
as an RF antenna switch.
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However, these conventional RF antenna switches have
either high loss that reduces the receiver’s sensitivity or high'
current drain. Portable receivers, such as radiotelephones,
need high receiver sensitivity and low current drain.
Therefore, there is a need for an RF antenna switch that has
low loss and low current drain.

Brief Description of the Drawings

FIG. 1 is a block diagram of a radio frequency
transceiver including an RF antenna switch and constructed
in accordance with a preferred embodiment of the present
invention.

FIG. 2 is a schematic diagram of the antenna switch of
FIG. 1.

FIG. 3 is a process flow diagram describing the
operation of a receiver portion of the transceiver of FIG. 1.
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Detailed Description of a Preferred Embodiment

Referring now to FIG. 1, there is shown a block
diagram of a radio frequency (RF) transceiver 100 including
5 an RF antenna switch 136 and constructed in accordance with
a preferred embodiment of the present invention. The
transceiver 100 generally includes a receiver 101, a
transmitter 103, a controller 105, a user interface 107, a first
antenna 109, and a second antenna 111. The first antenna 109
10  is coupled to the receiver 101 for receiving RF signals. The
second antenna 111 is coupled to the receiver 101 for receiving
RF signals and coupled to the transmitter 103 for transmitting
RF signals.
The receiver 101 includes a first path for receiving RF
15  signals from the first antenna 109 and a second path for
receiving RF signals from the second antenna 111. The first
path includes in series: the first antenna 109, a bandpass
filter 113, a matching network 123 and a mixer 125. The
second path includes in series: the second antenna 111, a
20 bandpass filter 114, a matching network 127 and a mixer 129.
A local oscillator 117, coupled to a reference oscillator 115,
provides a reference signal to bandpass filters 119 and 121.
The bandpass filters 119 and 121 in turn are coupled to
matching networks 123 and 127, respectively. The first path
25 terminating with mixer 125 and the second path terminating
with mixer 129 are combined into a common third path at the
first intermediate frequency (IF) stage 131. The third path
includes in series: the first IF stage 131, a second IF stage 133
and a demodulator 135. The demodulator 135 is coupled to the
30 controller 105 for processing the received RF signal and for
providing communication with the user interface 107. A DC
bias network 140 provides a DC reference voltage for the
mixers 125 and 129 and the first IF stage 131.
The receiver 101 includes an RF antenna switch 136 to
35 perform antenna diversity. The RF antenna switch 136
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includes the matching networks 123 and 127, the mixers 125
and 129, an inverter 138, the first IF stage 131 and the DC bias
network 140. The controller 105 generates an antenna select
signal on line 141 to alternatively enable the mixer 125 and
mixer 129 via the inverter 138. For example, if the signal on
line 141 is high, the mixer 125 is enabled and the mixer 129 is
disabled. If the signal on line 141 is low, the mixer 125 is
disabled and the mixer 129 is enabled. Enabling the mixer 125
allows the first path for receiving RF signals from the first
antenna 109 to be coupled to the first IF stage 131. Enabling
the mixer 129 allows the second path for receiving RF signals
from the second antenna 111 to be coupled to the first IF stage
131.

The antenna switch of the present invention is
advantageous over the antenna switches of the prior art.
While the prior art antenna switches have either high loss or
high current drain, the antenna switch of the present
invention has both low loss and low current drain.

Switching between antenna paths after a gain stage (i.e.
after mixers 125 and 129) reduces the switch's loss
contribution to the system noise figure of the receiver 101. A
traditional switch could have been at this position in the
receiver. However, it would be expensive to add the complexity
of matching each mixer 125 and 129 to the input terminals of
the traditional switch, passing the signal through the
traditional switch to its output terminal, and matching this
output terminal to the input terminal of the first IF stage 131.
The loss of the traditional switch would would be substantially
higher than the loss contribution of the present invention.

For example, in the prior art a traditional pin diode
switch can be biased for losses as low as 0.4 dB with a
significant bias current dissipation of 50 mA. Gallium
arsenide switches have higher losses of 1.2dB with reduced
currents. Both the pin diode and the gallium arsenide
antenna switch implementations are expensive. Configuring
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a conventional switch before a gain stage in a receiver will
result in a loss in receiver sensitivity equal to the switch
network’s loss. Configuring the switch after a gain stage in a
receiver will result in less than 2 dB loss in receiver
sensitivity. Losses for a traditional switch network including
a matching network, the antenna switch and a matching
network are as high as 2dB, (0.5 + 1 + 0.5 dB). This puts a
design burden on the first gain stage to have a large gain
(>10dB) to take over the noise and reduce its loss contribution
to the system noise figure to an acceptable level. Each
configuration has cost and design penalties. The present
invention has a system noise figure degradation of as low as
0.1dB, has minimal current penalty for the inverter and low
parts count for occupying precious printed circuit board
space. These improvements represent a significant
improvement over existing antenna switch art.

The present invention advantageously symmetrical
matches the outputs 126 and 130 of mixers 125 and 129 and the
input of the first IF stage 131. The enabled mixer will present
an “enabled impedance” to the input of the first IF stage 131.
The disabled mixer will present a “disabled impedance” to the
input of the first IF stage 131. By alternatively enabling
mixers 125 and 129 the “enabled impedance” of one mixer and
the “disabled impedance” of the other mixer are see at the
input of the first IF stage 131. Symmetrical matching outputs
of the mixers 125 and 129 maintains a desirable constant
impedance to the input of the first IF stage 131.

In the preferred embodiment of the present invention,
the antenna switch alternatively enables mixers 125 and 129.
The mixers 125 and 129 represent any active gain stage,
including traditional amplifiers, to.be selectively enabled.
Furthermore, the active stages may be located at any position
in the receiver line up and not limited to location of the first
mixers.
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The first antenna 109 receives a first signal 108 in a first
predetermined frequency band. The second antenna 109
receives a second signal 110 in a second predetermined
frequency band. In the preferred embodiment of the present
invention, the first 108 and the second 110 signals are included
in ‘substantially the same frequency band and transmitted
from the same source. In this case both the first antenna 109
and the second antenna 111 and their associated first path and
the second path for receiving a signals share a common
design which is dependent on the predetermined frequency
band of the signals to be received. The antenna switch 136 is
used to select one of the first antenna 109 and the second
antenna 111 for receiving the signal depending on the quality
of the signal at each antenna. Alternatively, the
predetermined frequency bands of the first and the second
signals may be different. In this case the design of the first
antenna 109 and its associated first path for receiving a signal
in the first frequency band is different from the design of the
second antenna 111 and its associated second path for
receiving a signal in the second frequency band. The
differences are dependent on the predetermined frequency
bands of the first and the second signals to be received. Thus,
the antenna switch 136 may also be used for a dual mode
receiver (i.e. a receiver designed to received signals from two
different frequency bands). If needed, the local oscillator 117
and the demodulator 135 can also be controlled in the dual
mode receiver responsive to the antenna select signal at line
141 (dotted line).

The transmitter 103 couples the controller 103 to the
second antenna 111. The transmitter includes a transmitting
unit 139 coupled to a bandpass filter 137. The transmitter 103
in combination with the receiver 101 produce the transceiver
100 that receives and transmits RF signals. The frequency
characteristics of the bandpass filters 114 and 137 are different
to allow the transceiver 100 to send and receive RF signals via
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the second antenna 111 simultaneously. The transceiver 100

represents a portable or mobile unit, such as a cellular

radiotelephone, in the preferred embodiment but may

alternatively represent a fixed base station unit, such as that
5 used in cellular radiotelephone systems.

Referring now to FIG. 2 there is shown a schematic
diagram of the antenna switch 136 of FIG. 1. Portions of the
schematic diagram are outlined to correspond to the
matching networks 123 and 127, the mixers 125 and 129, the

10 inverter 138, the first IF stage 131 and the DC bias network 140
of FIG. 1. Line 120 is coupled to matching network 123 which
includes a capacitor C201, a capacitor C202 and an inductor
1L201.

Beginning with the matching network 123, the

15  capacitor C201 couples the line 120 to one terminal of the
inductor L201 and the capacitor C202. The second terminal of
the capacitor C202 is grounded. The second terminal of the
inductor L201 is coupled to the mixer 125. The matching
network 123 matches the impedance at line 120 to a the

20 impedance at the mixer 125.

The mixer 125 includes a transistor Q202, a resistor
R204, a capacitor C206, a resistor R205, an inductor L.203, and
a transistor Q203. The mixer 125 has inputs for receiving
signals from the matching network 123, the antenna select

25 line 141 and from the D.C. bias network 140. The antenna
select signal at line 141 is coupled to the base terminal of the
transistor Q202. The emitter terminal of the transistor Q202 is
grounded and the collector terminal is coupled to a first
terminal of the resistor R204, the capacitor C206, the inductor

30 L203 and the resistor R205. The second terminal of the
resistor R204 and the capacitor C206 are grounded. The
second terminal of inductor L203 is coupled to the base
terminal of the transistor Q203. The second terminal of the
resistor R205 is coupled to the DC bias network 140 and the

35 mixer 129. The emitter terminal of the transistor Q203 is
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grounded and the collector terminal 126 provides the output of
the mixer 125. The resistor R204 and the resistor R205 in
combination with the DC bias network 140 provide a voltage
bias for the transistor Q203. The capacitor C206 and the
inductor L203 provide a tank circuit that is series resonant at
the first intermediate frequency.

The matching network 127 coupling line 122 to the
mixer 129 includes a capacitor C203, an inductor 1.202, and a
capacitor C204. The match circuit 127 has the same
topography and operates in the same fashion as the match
circuit 123 described above.

The mixer 129 has inputs for receiving signals from the
matching network 127, the antenna select line 141 via the
inverter 138 and from the D.C. bias network 140. The mixer
129 includes a transistor Q201, a resistor R203, a capacitor
C205, a resistor R206, an inductor 1204 and a transistor Q204
has the same topography and operates in the same fashion as
the mixer 125 described above.

The first IF stage 131 receives inputs at 126 and 130
from the mixer 125, the mixer 129 and the DC bias network 140
to produce an output at line 132. The first IF stage 131
includes transmission lines T201, T202 and T203, a capacitor
C207, an inductor L205, a resistor R207, a capacitor C211, a
capacitor C209 and a bandpass filter 200. The collector
terminal 126 of the mixer 125 is coupled to a first terminal of
the transmission line T201. Likewise, the collector terminal
130 of the mixer 129 is coupled to a first terminal of the
transmission line T202. A second terminal of the
transmission line T201 is coupled to a second terminal of the
transmission line T202. The junction of the second terminals
of the transmission lines T201 and T202 is coupled to a first
terminal of the capacitor C207 and a first terminal of the
inductor L.205 and a first terminal of the resistor R207. The
second terminal of capacitor C207 is grounded. The second
terminal of the inductor L205 and the second terminal of the
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resistor R207 are coupled to a first terminal of the capacitor
C211, a first terminal of terminal of the capacitor C209 and
the DC bias network 140. A second terminal of the capacitor
C211is grounded. A second terminal of the capacitor C209 is
5 coupled to a first terminal of the transmission line T203. A

second terminal of the transmission line T203 is coupled to a
bandpass filter 200. The output terminal 132 of the bandpass
filter 200 is coupled to the second IF stage 133 of FIG. 1. The
transmission line T201 and the capacitor C207 or the

10  transmission line T202 and the capacitor C207 form a series
resonant short at both the local oscillator frequency and the
radio frequency signal. The inductor L.205, the resistor R207,
the capacitor C211, the capacitor C209 and the transmission
line T203 form a matching network to match between the

" 15 output of either mixer 125 or mixer 129 and the bandpass filter
200.

Since the mixers 125 and 129 are alternatively enabled, the
impedance formed by the first IF stage 131 includes the
impedance seen at the output of the enabled mixer as well as the

20 impedance seen at the output of the disabled mixer.

The DC bias network 140 includes a resistor R208, a
capacitor C210 and an inductor L211. The DC bias network 140
conventionally provides a voltage bias for the mixers 125 and 129
and the first IF stage 131.

25 FIG. 3 is a process flow diagram describing a method of
operation of the diversity receiver 101 of FIG. 1. The flow starts at
step 301. At step 303, a first RF signal is received via a first path
including in series: a first antenna 109, a first bandpass filter
113, a first matching network 123, a first mixer 125 having a first

30  output terminal. At step 305, a second RF signal is received via a
second path including in series: a second antenna 111, a second
bandpass filter 114, a second matching network 127, a second
mixer 129 having a second output terminal. At step 307, the the
first path and the second path are combined via a third path at

35 the output terminals of the first and second mixers 125 and 129.
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At step 309, the first mixer and the second mixer are
alternatively enabled for alternatively coupling the first RF
signal and the second RF signal, respectively, to the third path.
In the preferred embodiment of the present invention

5 transistors Q201-4 are available from Motorola Inc. under part
nos. MSD1819A-RT1 (Q201 and Q202) and MRF941 (Q203 and
Q204). Transmission lines T201 and T202 have a physical length
of 11.43 mm and T203 has a physical length of 27.94 mm. The
values for the resistors, capacitors and inductors are as follows:

10
R203, R204 and R207 = 2.7 KQ 1201 and 1.202 = 15 nH
R205 and R206 = 10 KQ 1.203 and 1204 = 68 nH
R208 =330 Q 1205 = 390 nH
1211 = 1000 nH
15
€201 and C202 = 27 pF C209 = 10,000 pF
C203 and C204 = 2.7 pF C210 = 1500 pF
C205 and C206 = 33 pF C211=18pF
C207 = 6.8 pF

20
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Claims

1. An antenna switch operative to switch between at least a
first antenna and a second antenna comprising:

5 a first active stage having an input terminal coupled to
the first antenna and having an output terminal;

a second active stage having an input terminal coupled
to the second antenna and having an output terminal coupled
to the output terminal of the first active stage; and

10 a controller operative to alternatively enable the first and
the second active stages.

2. An antenna switch according to claim 1 wherein the
first and the second active stages further comprise mixers.
15
3. An antenna switch according to claim 1 further
comprising matching means coupled to the output terminal of
the first active stage and output terminal of the second active
stage.
20
4. A receiver comprising:
at least a first antenna and a second antenna;
an antenna switch operative to switch between the first
antenna and the second antenna, including:
25 a first active stage having an input terminal
coupled to the first antenna and having an output terminal,
a second active stage having an input terminal
coupled to the second antenna and having an output terminal
coupled to the output terminal of the first active stage; and
30 a controller operative to alternatively enable the
first and the second active stages; and
a demodulator having an input terminal coupled to the
output terminal of the first active stage and the output
terminal of the second active stage.
35



WO 94/15408 : PCT/US93/11494
12

5. A transceiver comprising:

at least a first antenna and a second antenna;

a transmitter coupled to the second antenna; and

a receiver coupled to the first antenna and the second

5 antenna, including:
an antenna switch operative to switch between the

first antenna and the second antenna, the antenna switch
including:

a first active stage having an input

10  terminal coupled to the first antenna and having an output
terminal;

a second active stage having an input
terminal coupled to the second antenna and having an output
terminal coupled to the output terminal of the first active

15 stage; and
a controller operative to alternatively enable
the first and the second active stages; and
a demodulator having an input terminal coupled
to the output terminal of the first active stage and the output
20 terminal of the second active stage.

6. A receiver comprising:

a first path for receiving a first radio frequency (RF)

signal including in series: a first antenna, a first bandpass
25 filter, a first matching network and a first mixer;

a second path for receiving a second RF signal
including in series: a second antenna,- a second bandpass
filter, a second matching network and a second mixer;

a third path for combining the first path and the second

30 path at an output terminal of the first mixer and an output
terminal of the second mixer, respectively; and

a controller operative to alternatively enable the first
mixer and the second mixer to alternatively couple the first RF
signal and the second RF signal, respectively, to the third

35 path.
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7. A method for switching between at least a first antenna
and a second antenna comprising the steps of:
alternatively enabling a first and a second active stage,
5  wherein the first active stage has an input terminal coupled to
the first antenna and has an output terminal, and the second
active stage has an input terminal coupled to the second
antenna and has an output terminal coupled to the output
terminal of the first active stage.
10 :
8. A method for receiving a radio frequency (RF) signal
received by at least one of a first antenna and a second
antenna, comprising the steps of:
alternatively enabling a first and a second active stage,
15  wherein the first active stage has an input terminal coupled to
the first antenna and has an output terminal, and the second
active stage has an input terminal coupled to the second
antenna and has an output terminal coupled to the output
terminal of the first active stage; and
20 demodulating the RF signal present at the output
terminal of at least one of the first active stage and the second
active stage.

9. A method of operating a receiver comprising the steps

25 of:

receiving a first radio frequency (RF) signal via a first
path including in series: a first antenna, a first bandpass
filter, a first matching network, a first mixer and a first
output terminal;

30 receiving a second RF signal via a second path
including in series: a second antenna, a second bandpass
filter, a second matching network, a second mixer, and a
second output terminal;
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combining the first path and the second path via a third
path at the first output terminal and the second output
terminal, respectively; and

alternatively enabling the first mixer and the second
mixer for alternatively coupling the first RF signal and the
second RF signal, respectively, to the third path.

10. A method of receiving according to claim 6 wherein the
step of combining further comprises the step of matching the
first path and the second path to the third path.



PCT/US93/11494

WO 94/15408

1/3

G0l

43T1041NOD

b o1 d

- NUOMLIN
s$v18 0

JOVIYIINT
4350

L0}

LEINIE

SSYdaNve
L S 1 |
ek
8¢l :
YAORLIN | ! T
INIHOLVH | SSYJaNve
o LI _
|
|
|

LEIRIE
SSVdONvE

r—-—--"-"-1"-"""-"""""-"\|\""P""—-""—""—""—"—"=—=—/—™/A

 [aotvmmose YLV TILS0 el ou
(LIEIWITE N EAEEEE 901 — _.._
) A
i pel A I =1 ssvdowve
. _ A A T e
| S |
_ 9el WORLIN |1 TEIRIE
! | ONIHOLWK [“T Tl SSvdaNve
o ___aesaT__gat ] e
|||||||||||||||||||| 2/ A
0z
601
80



PCT/US93/11494

WO 94/15408

ol Ty
el Y o ____
|
! = =
|
! 10Z9 /029
_ & £02Y &
i c0zI~. 6029 _Ii?l_
T —— 4
" ssvdanva | ——— 1] |
C S0
|
r——q=———=== _
| }
|
- E |
| 0z |
] ]
_ [
Ve
opl |

G I9I4d




WO 94/15408 PCT/US93/11494

3/3
FIG.3

301

( START )

y

RECEIVE A FIRST RF SIGNAL VIA A FIRST PATH

303

RECEIVE A SECOND RF SIGNAL VIA A SECOND PATH

COMBINE THE FIRST PATH AND THE SECOND PATH VIA A
THIRD PATH

ALTERNATIVELY ENABLE A MIXER IN THE FIRST PATH
AND A MIXER IN THE SECOND PATH FOR ALTERNATIVELY
COUPLING THE FIRST AND SECOND RF SIGNALS,
RESPECTIVELY, TO THE THIRD PATH

31
‘ CONTINUE RECEIVER PROCESSING I/




INTERNATIONAL SEARCH REPORT . mational application No.
PCT/US93/11494

A.  CLASSIFICATION OF SUBJECT MATTER
IPC(5) : HOA4B 1/06; 1/44
US CL : 455/ 83, 137, 273
According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
U.S. : 455/ 83, 137, 140, 272,273, 277.1

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
NONE

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
NONE

C.  DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

Y US, A, 4,596,045 (MAIER) 17 JUNE 1986, SEE FIGURE 1| 1-10
AND ENTIRE DOCUMENT

Y US, A, 4,418,428 (EVANS) 29 NOVEMBER 1983, SEE| 1-10
FIGURE 1 AND ENTIRE DOCUMENT

Y US, A, 4,914,714 (TAMURA) 03 APRIL 1990, SEE FIGURE| 5
1 AND COLUMN 2, LINES 40-65

D Further documents are listed in the continuation of Box C. D See patent family annex.

. Special gories of cited d T later d blished after the & ional filing date or priority
date and not in conilict with the application but cited to understand the
A document defining the general state of the art which is not considered principle or theory underlying the mvention.
to be part of particuiar relevance .
ape . . . . . X* d of particul ! 3 the clai mvennoncmnocbe
E carlier document published on or after the international filing date conlidcmdnovelot. be idered 1o & an e siep
document which may throw doubts on priority claim(s) or which is When the document ia taken alone
ited to establish the ion date of another citation or othe;
:pec“]m(-wm) ' Y document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
"0 document referring to an oral disclosure, usc, exhibition or other combined with one or more other such d such combi
means being obvious to & person skilled in the art
°pP* document published prior to the international filing date but later than ~ *g* document member of the same patent family
the priority date claimed
Date of the actual completion of the international search Date of mailing of the international search report

20 February 1994 23 MAR 994

| Name and mailing address of the ISA/US ffice M /A/
Commissioner of Patents and Trademarks

Box PCT
Washington, D.C. 20231 A CHAROUEL
Facsimile No. NOT APPLICABLE Telephone No. (703) 3054379

Form PCT/ISA/210 (second sheet)(July 1992)=



	Bibliographic
	Abstract
	Description
	Claims
	Drawings
	Search_Report

