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DESIGN PRINCIPLE AND TECHNIQUES
FOR INTEGRATED TRX SWITCH

FIELD OF THE INVENTION

[0001] The invention relates to transceiver circuits gener-
ally and, more particularly, to a method and/or apparatus for
implementing an integrated transmit-receive (TRX) switch.

BACKGROUND

[0002] Conventional high isolation transmit-receive
(TRX) switch implementations add to chip area and add to
loss (i) at the output of the transmit chain (i.e. return loss,
insertion loss, or power loss) and (ii) at the input of the
receive chain (i.e., noise factor, added loss and noise).
Conventional high isolation TRX switches require active
technologies that can withstand high voltages, which would
limit linearity of the transmit chain.

[0003] It would be desirable to implement an integrated
transmit-receive (TRX) switch without affecting perfor-
mance of the transmit and receive chains.

SUMMARY

[0004] The invention concerns an apparatus including a
transceiver circuit, a series capacitor, and a shunt switch.
The transceiver circuit may comprise a transmit chain
including an output matching network and a receive chain
including an input matching network. An output of the
output matching network may be connected directly to an
input/output of the transceiver circuit. The series capacitor
may be connected between an input of the input matching
network and the output of the output matching network. The
shunt switch may be connected between the input of the
input matching network and a circuit ground potential of the
transceiver circuit.

BRIEF DESCRIPTION OF THE FIGURES

[0005] Embodiments of the invention will be apparent
from the following detailed description and the appended
claims and drawings in which:

[0006] FIG. 1 is a diagram of a transceiver circuit illus-
trating an example context of the invention.

[0007] FIG. 2 is a diagram of a phased array antenna
system illustrating another example context of the invention.
[0008] FIG. 3 is a diagram illustrating an example imple-
mentation of a single-polarization phased array antenna
panel in accordance with an example embodiment of the
invention.

[0009] FIG. 4 is a diagram illustrating an example imple-
mentation of a dual-polarization phased array antenna panel
in accordance with an example embodiment of the inven-
tion.

[0010] FIG. 5 is a diagram of a single-polarization beam
former circuit in accordance with an example embodiment
of the invention.

[0011] FIG. 6 is a diagram of a dual-polarization beam
former circuit in accordance with an example embodiment
of the invention.

[0012] FIG. 7 is a block diagram illustrating an example
implementation of a transceiver circuit of FIGS. 5 and 6.
[0013] FIG. 8 is a diagram illustrating an example imple-
mentation of a transmit-receive (TRX) switch topology in
accordance with a differential embodiment.
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[0014] FIG. 9 is a diagram illustrating another example
implementation of the TRX switch topology in accordance
with a single-ended embodiment.

[0015] FIG. 10 is a diagram illustrating yet another
example implementation of the TRX switch topology in
accordance with a single-ended embodiment.

[0016] FIG. 11 is a diagram illustrating still another
example implementation of the TRX switch topology in
accordance with a differential embodiment.

[0017] FIG. 12 is a diagram illustrating simulated voltage
waveforms of the TRX switch topology of FIG. 11.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0018] Embodiments of the present invention include pro-
viding an integrated transmit-receive (TRX) switch that may
(1) combine output and input impedance matching networks
of a transceiver circuit with additional series and shunt
capacitors to implement a high isolation switch, (ii) be used
in differential applications, (iii) be used in single-ended
applications, (iv) eliminate need for high breakdown devices
in TRX switches, (v) be suitable for implementation in
advanced low voltage submicron transistor technologies,
(vi) be absorbed into the impedance matching elements of a
power amplifier and/or low-noise amplifier, (vii) reduce chip
area, (viii) be used in transformer based transmitter and
receiver implementations, (ix) be suitable for implementa-
tion in short-channel bulk or Silicon-on-Insulator (SOI)
CMOS technology with low breakdown voltage, (x) provide
high isolation between transmit (TX) and receive (RX)
circuits, (xi) be designed independently of the TX and RX
circuits, (xii) be absorbed into respective impedance match-
ing networks at any stage of development with no co-design
or co-optimization, and/or (xiii) be suitable for any trans-
ceiver that has to operate in transmit and receive modes at
different times and requires isolation between the two.
[0019] Referring to FIG. 1, a block diagram of a circuit 10
is shown illustrating an example context in which a transmit-
receive (TRX) switch in accordance with an example
embodiment of the invention may be implemented. In an
example embodiment, the circuit 10 may implement a
transceiver circuit. A transceiver is generally capable of both
transmitting and receiving signals of a communication chan-
nel. In various embodiments, the circuit 10 may be capable
of transmitting and receiving radio frequency (RF), micro-
wave, and/or millimeter-wave signals. In various embodi-
ments, the circuit 10 may be representative of transceiver
circuits utilized in applications including, but not limited to
cellular base stations (e.g., 2G, 3G, 4G, 5G, etc.), wireless
communication systems, wireless local area networks
(WLANSs), wireless backhaul channels, broadband repeat-
ers, community antenna television (CATV) networks, macro
cells, micro cells, pico cells, femto cells, mobile devices
(MDs), and/or portable handheld devices (UEs). In some
embodiments, the circuit 10 may be representative of a radar
application including, but not limited to target detection,
ranging, and/or through-wall imaging.

[0020] In an example, the transceiver circuit 10 generally
comprises both a transmitter chain and a receiver chain.
Both the transmitter chain and the receiver chain may
comprise radio frequency (RF) amplifiers. In an example,
the transmitter chain may include an input amplifier 12, a
variable phase shifter 14, a variable attenuator 16, and one
or more output amplifier stages 18. In an example, the input
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amplifier 12 may be implemented as a low noise amplifier
(LNA). The output amplifier stages 18 may include drivers,
pre-amplifiers, and/or power amplifiers. In an example, the
receiver chain may include an input amplifier 20, a variable
phase shifter 22, and a variable attenuator 24. The input
amplifier 20 may be implemented as a low noise amplifier
(LNA). In an example, an output of the transmitter chain and
an input of the receiver chain may be coupled to a trans-
mission line or an antenna by an integrated transmit-receive
(TRX) switch 100 implemented in accordance with an
embodiment of the invention. In various embodiments, the
integrated TRX switch 100 may combine output and input
impedance matching networks of the transceiver circuit with
additional series and shunt capacitors to implement a high
isolation switch. A topology of the integrated TRX switch
100 may be applied to differential and single-ended appli-
cations. The integrated TRX switch 100 generally eliminates
the need for high breakdown devices in high isolation TRX
switches. The integrated TRX switch 100 is generally suit-
able for any transceiver that has to operate in transmit and
receive modes at different times and requires isolation
between the two.

[0021] Referring to FIG. 2, a block diagram of a system 80
is shown illustrating another example context of the inven-
tion. The system (or module or circuit or apparatus) 80 may
implement a radio-frequency (RF) transceiver system in
accordance with an example embodiment of the invention.
The RF transceiver system 80 may be configured to operate
at common wireless radio frequencies, millimeter-wave fre-
quencies, and/or microwave frequencies. In an example, the
RF transceiver system 80 may be configured to facilitate
communication with and/or between a plurality of commu-
nications devices (or terminals) 90a-90z. In an example, the
communications devices 90a-907z may include, but are not
limited to, cellular telephones, mobile devices, tablets, inter-
net-of-things (IoT) equipment, etc. In various embodiments,
the RF ftransceiver system 80 and the communications
devices 90a-90r may be coupled using at least one phased
array antenna panel 92. The phased array antenna panel 92
may include a number of antenna elements and a number of
beam former circuits (or chips), which are described below
in connection with FIGS> 3-7. The beam former circuits
may comprise integrated transmit-receive (TRX) switches
100 in accordance with an example embodiment of the
invention.

[0022] In an example, the RF transceiver system 80 may
form part of a communications link. In some embodiments,
the communications link may be part of a fifth generation
(5G) wireless communications system (e.g., for which a
standard is currently under development by the Next Gen-
eration Mobile Networks (NGMN) Alliance). In other
embodiments, the communications link may be part of
systems including, but not limited to, a fourth generation
(4G) wireless communications system (e.g., International
Mobile Telecommunications-Advanced (IMT-A) standard
published by the International Telecommunications Unit
Radiocommunication Sector (ITU-R)), a satellite commu-
nication (SATCOM) system, and point-to-point communi-
cations systems such as common data link (CDL). However,
other communications standards may be implemented to
meet the design criteria of a particular application.

[0023] In an example, the RF transceiver system 80 may
comprise a block (or circuit) 82, a block (or circuit) 84, a
block (or circuit) 86, and a block (or circuit) 88. In various
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embodiments, the blocks 82-88 may be implemented with
hardware, a combination of hardware and software, and/or
simulated with software. A signal (e.g., IF) may be
exchanged between the circuit 82 and the circuit 84. The
signal IF may implement an intermediate-frequency signal.
In an example, the signal IF may be configured (e.g., using
various modulation schemes) to carry information to be
transmitted from and/or received by the RF transceiver
system 80. In an example, a signal (e.g., LO) may be
presented to the circuit 84. The signal LO may implement a
local oscillator signal. A signal (e.g., RF) may be exchanged
between the circuit 84 and the phased array antenna panel
92. The signal RF may be a radio-frequency, millimeter-
wave frequency, or microwave frequency signal that con-
veys the information also found in the intermediate-fre-
quency signal IF.

[0024] In a transmit mode, the radio-frequency signal RF
may convey information to be broadcast from the phased
array antenna panel 92 to the devices 90a-90x. In a receive
mode, the radio-frequency signal RF may convey informa-
tion received from the devices 90a-90z via the phased array
antenna panel 92. A signal (e.g., FSW) and a signal or
signals (e.g., CTRL) may be exchanged between the circuit
86 and the phased array antenna panel 92. The signal FSW
may switch the phased array antenna panel 92 between the
transmit mode and the receive mode. The signal(s) CTRL
may convey data, clocking, and control elements. In an
example, the signals FSW and CTRL may be part of a digital
interface of the phased array antenna panel 92. In an
example, the signal(s) CTRL may be implemented as a serial
link that conveys information for configuring and/or deter-
mining phase and/or gain settings for antenna elements of
the phased array antenna panel 92. In an example, the
signal(s) CTRL may be compliant with one or more serial
communication protocols or interfaces (e.g., serial periph-
eral interface (SPI), inter-integrated circuit communications
(I12C), daisy chain, etc.). A signal or signals (e.g., PG) may
be transferred from the circuit 88 to the circuit 86. In an
example, the signal(s) PG may convey phase information
and gain information used by the circuit 86 to implement
(control) beam steering using the phased array antenna panel
92. In an example, the signal(s) PG may convey a plurality
of phase and gain values that may be programmed into a
plurality of beam former circuits of the phased array antenna
panel 92 via the signal(s) CTRL.

[0025] The phased array antenna panel 92 generally
implements a hard-wired address scheme. The hard-wired
address scheme may be used to uniquely identify serial
communications intended for elements (e.g., the beam for-
mer circuits) of the phased array antenna panel 92. In
various embodiments, multiple phased array antenna panels
92 may be combined to form a larger antenna array that may
provide more transmission channels. The multiple phased
array antenna panels 92 may share a serial communication
channel, link, or bus. Each of the phased array antenna
panels 92 making up the larger antenna array may be
uniquely addressed using respective hard-wired addresses.
[0026] The phased array antenna panel 92 may generate
one or more fields (or beams) 1024-1027. The fields 102a-
1027 may represent a field pattern (or radio-frequency beam
pattern) created by the beam former circuits of the phased
array antenna panel 92 based upon the phase and gain
information (values) received via the signal(s) CTRL. The
phased array antenna panel 92 may be configured to produce
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directional beams 102a-1027 for communication with the
communication devices 90a-907. In an example, the beam
former circuits of the phased array antenna panel 92 may be
controlled to steer the beams 1024-1027, based on the phase
and gain information received via the signal(s) CTRL, to
track movement of the communication devices 90a-90r
and/or switch between the communication devices 90a-907.

[0027] The circuit 82 may implement a baseband proces-
sor circuit. The circuit 82 may be operational to process the
information sent by and/or received in the intermediate-
frequency signal IF. The circuit 82 may process the infor-
mation within the RF transceiver system 80. The processing
may include, but is not limited to, modulation/demodulation
of the signal that contains the information and management
of simultaneous communications between the RF trans-
ceiver system 80 and the multiple remote terminals 90a-90.

[0028] The circuit 84 may implement one or more mixer
circuits. The circuit 84 is generally operational to frequency
convert (e.g., up-convert, down-convert, etc.) between an
intermediate frequency used for the signal IF and the radio
frequency, millimeter-wave frequency, or microwave fre-
quency used for the signal RF. The frequency conversion
may be based on one or more local oscillator frequencies
provided by the signal LO. In various embodiments, the
radio-frequency signal RF may be in a range of frequencies
approximately centered around a center frequency of either
28 gigahertz (GHz) or 39 GHz (e.g., 24 GHz to 30 GHz or
37 GHz to 44 GHz). In embodiments implementing multiple
intermediate frequencies, each intermediate frequency may
cover a band from approximately 2 GHz to about 6 GHz
(e.g., an approximately 4 GHz bandwidth). In an example,
each local oscillator frequency may range from approxi-
mately 22 GHz to 26 GHz when the signal RF is approxi-
mately centered at 28 GHz. In another example, each local
oscillator frequency may range from approximately 33 GHz
to 37 GHz when the signal RF is approximately centered at
39 GHz. However, other frequency ranges may be imple-
mented to meet the design criteria of a particular application.
[0029] The circuit 86 may implement a control circuit. In
various embodiments, the circuit 86 may be implemented
using one or more of an application specific integrated
circuit (ASIC), controller, microprocessor, or circuitry con-
figured accordingly. The circuit 86 is generally operational
to control the operations of the phased array antenna panel
92. In some embodiments, the circuit 86 may determine the
setting values used in each transceiver channel within the
beam former circuits of the phased array antenna panel 92.
The setting values may establish the geometry of the field(s)
or beam(s) 102a-102%. In various embodiments, the circuit
86 may be implemented as one or more integrated circuits.
[0030] In an example, the circuit 88 may implement a
table of values (e.g., embodied in a memory circuit). In an
example, the table of values embodied in the circuit 88 may
be configured to store multiple gain (G) values and multiple
phase (P) values. The phase and gain values may be used by
the transceiver channels in the beam former circuits of the
phased array antenna panel 92 to establish the fields 102a-
102b. The phase values and the gain values may be fetched
from the circuit 88 via the signal PG and programmed into
buffers associated with the beam former circuits of the
phased array antenna panel 92 by the circuit 86. In various
embodiments, the circuits 86 and 88 may be implemented
either on the same integrated circuit or on different (sepa-
rate) integrated circuits.

Mar. 4, 2021

[0031] In an example, the phased array antenna panel 92
may be implemented comprising either single-polarization
(or single-pole) antenna elements or dual-polarization (or
dual-pole or di-pole) antenna elements. The phased array
antenna panel 92 may be operational to transmit and receive
wireless signals to and from the devices (or terminals)
90a-907. The devices (or terminals) 90a-90z may be
remotely located from the RF transceiver system 80. Sen-
sitivity to the wireless signals may be determined by the
fields 1024-102# created by the phased array antenna panel
92. The phased array antenna panel 92 may comprise a
plurality of antenna elements and a plurality of beam former
circuits. Each beam former circuit may implement a plural-
ity of transceiver channels. Each transceiver channel gen-
erally comprises a transmit channel (or chain) and a receive
channel (or chain). The transceiver channels may be coupled
to the antenna elements by respective matching networks
and an integrated TRX switch in accordance with an
embodiment of the invention, in order to exchange corre-
sponding bidirectional radio-frequency signals. The trans-
ceiver channels and antenna elements generally form a
two-dimensional antenna network.

[0032] Referring to FIG. 3, a diagram is shown illustrating
an example implementation of a single-polarization version
of the phased array antenna panel 92 in accordance with an
embodiment of the invention. In an example, the phased
array antenna panel 92 may comprise a number of antenna
elements 110, a number of beam former circuits 112a-112m,
and a number of blocks (or circuits) 114a-114%. In embodi-
ments implementing a single-polarization phased array
antenna panel, the antenna elements 110 generally are imple-
mented as single polarization (or single-pole) antenna ele-
ments. Each of the circuits 112a¢-112m may implement a
single-polarization beam former circuit. Each of the circuits
1144-114% may implement a combiner/splitter circuit. The
circuits 112a-112m, and 114a-114%k may be implemented
with hardware, a combination of hardware and software,
and/or simulated with software. In an example, the signal RF
may be exchanged with one of the circuits 114a-114%. The
signals FSW and CTRL may be exchanged with the circuits
1124-112m.

[0033] The antenna elements 110 in the phased array
antenna panel 92 may be used for both transmission and
reception. A physical positioning of the antenna elements
110 generally provides for two-dimensional (e.g., horizontal
and vertical) control of the fields 102a-102%. In an example,
the antenna elements 110 may be arranged in a 2-dimen-
sional (e.g., NxN) grid pattern, where N is an integer value
divisible by two. However, other dimensions of grid patterns
may be implemented accordingly to meet design criteria of
a particular implementation.

[0034] The circuits 112a-112m are generally operational
to multiplex/demultiplex the signal RF with a number of the
antenna elements 110. In various embodiments, each of the
circuits 112a-112m may be mounted on a substrate of the
phased array antenna panel 92 adjacent to (e.g., centered
among) a number (or group) of the antenna elements 110. In
an example, each circuit 112a-112m generally comprises a
number of transceiver channels that are coupled to respec-
tive antenna elements 110. In an example, each circuit
1124-112m may be coupled to four adjacent antenna ele-
ments 110 (e.g., arranged in a 2x2 grid around each circuit
1124-112m). However, other numbers (e.g., 1, 2, 4, 18, etc.)
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of adjacent antenna elements 110 may be implemented to
meet design criteria of a particular implementation.

[0035] The circuits 112a-112m may be configured to
switch between a transmit mode and a receive mode in
response to the signal FSW. In the transmit mode, the
circuits 112¢-112m may be operational to rapidly change
setting values (e.g., phase values, gain values, etc.) used by
the transceiver channels in order to steer the beams (or
fields) 1024-102% and/or 104a-104» formed by the phased
array antenna panel 92. In various embodiments, each of the
circuits 112a-112m may comprise a memory, register store,
and/or lookup table (LUT) that may be utilized to store a
plurality of phase and gain values for each channel of the
circuits 112a-112m corresponding to a plurality of beams in
a predetermined beam space. In an example, the plurality of
phase and gain values for each channel may be associated
with an index corresponding to each beam of the beam
space. In various embodiments, each of the circuits 112a-
112m may be implemented as one or more integrated circuits
(e.g., in a package or multi-chip module (MCM)).

[0036] In various embodiments, each of the circuits 114a-
114% may be implemented as a combiner/splitter circuit. In
an example, the circuits 114a-114% may be implemented as
Wilkinson combiner/splitters. In various embodiments, the
circuits 114a-114%k may be coupled together to form a
network that couples the circuits 112¢-112m to an input/
output of the phased array antenna panel 92 configured to
present/receive the signal RF. In the transmit mode, the
circuits 114a-114% are generally operational to distribute the
power in the signal RF among the circuits 112¢-112m. In the
receive mode, the circuits 114a-114% may be operational to
combine the power received in signals from the circuits
1124-112m into the signal RF. The circuits 112¢-1127 and
1144-114k are generally configured to provide a substan-
tially equivalent path length between the RF input/output of
the phased array antenna panel 92 and each of the circuits
1124-112m.

[0037] Referring to FIG. 4, a diagram is shown illustrating
an example implementation of a dual-polarization phased
array antenna panel 94 in accordance with another example
embodiment of the invention. In embodiments implement-
ing dual-polarization transceiver channels, the phased array
antenna panel 94 may be used in place of the phased array
antenna panel 92 of FIG. 1. In an example, the phased array
antenna panel 94 may comprise a number of blocks (or
circuits) 200a-200m, a number of blocks (or circuits) 210, a
number of blocks (or circuits) 212a-212k, and a number of
blocks (or circuits) 214a-214k%. In embodiments implement-
ing a dual-polarization phased array antenna panel, the
blocks 210 generally are implemented as dual-polarization
(or dual-pole or di-pole) antenna elements. Each of the
circuits 2004-200m may implement a dual-polarization
beam former circuit. Each of the circuits 2124-212% and
214a-214k may implement a combiner/splitter circuit. The
circuits 200a-200m, 212a-212k, and 214a-214k may be
implemented with hardware, a combination of hardware and
software, and/or simulated with software. In embodiments
implementing the dual-polarization phased array antenna
panel 94, the signal RF may comprise a vertical polarized
component (e.g., RFV) and a horizontal polarized compo-
nent (e.g., RFH). In an example, the signal RFV may be
exchanged with one of the circuits 2124-212% and the signal
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RFH may be exchanged with one of the circuits 214a-214%.
The signals FSW and CTRL may be exchanged with the
circuits 200a-200m.

[0038] The antenna clements 210 in the phased array
antenna panel 94 may be used for both transmission and
reception. A physical positioning of the antenna elements
210 generally provides for two-dimensional (e.g., horizontal
and vertical) control of the fields 102a-102%. In an example,
the antenna elements 210 may be arranged in a 2-dimen-
sional (e.g., NxN) grid pattern, where N is an integer value
divisible by 2. However, other dimensions of grid patterns
may be implemented accordingly to meet design criteria of
a particular implementation.

[0039] The circuits 200a-200m are generally operational
to multiplex/demultiplex the signals RFV and RFH with a
number of the antenna elements 210. In various embodi-
ments, each of the circuits 2004-200 may be mounted on
a substrate of the phased array antenna panel 94 adjacent to
a number of the antenna elements 210. Each of the circuits
2004a-200m may have respective horizontal (H) and vertical
(V) input/outputs that may be coupled to corresponding
horizontal (H) and vertical (V) input/outputs (or feeds) of
the adjacent antenna elements 210. In an example, each
circuit 200a-200m generally comprises a number of trans-
ceiver channels that are coupled to respective horizontal and
vertical input/outputs. In an example, each circuit 200a-
2007 may be coupled to four adjacent antenna elements 210
(e.g., arranged in a 2x2 grid around each circuit 200a-200m).
[0040] The circuits 200a-200 may be configured to
switch between a transmit mode and a receive mode in
response to the signal FSW. In the transmit mode, the
circuits 200a-200m may be operational to rapidly change
setting values (e.g., phase values, gain values, etc.) used by
the transceiver channels in order to steer the fields 1024-
102n formed by the phased array antenna panel 94. In
various embodiments, each of the circuits 200a-200m may
comprise a memory, register store, and/or lookup table
(LUT) that may be utilized to store a plurality of phase and
gain values for each channel of the circuits 200a-200m
corresponding to a plurality of beams in a predetermined
beam space. In an example, the plurality of phase and gain
values for each channel may be associated with an index
corresponding to each beam of the beam space. In various
embodiments, each of the circuits 200a-200m may be imple-
mented as one or more integrated circuits (e.g., in a package
or multi-chip module (MCM)). In an example, each of the
circuits 200a-200m may be mounted on a substrate of the
phased array antenna panel 94 adjacent to (e.g., centered
among) the respective antenna elements 210.

[0041] In various embodiments, each of the circuits 212a-
212k and 2144-214k may implement a combiner/splitter
circuit. In an example, each of the circuits 212a-212%k and
214a-214k may be implemented as a Wilkinson combiner/
splitter circuit. The circuits 212a-212k may be coupled
together to form a network that couples the circuit 200a-
2007 to an input/output of the phased array antenna panel 94
configured to present/receive the signal RFV. The circuits
214a-214k may be coupled together to form a network that
couples the circuit 200a-200m to an input/output of the
phased array antenna panel 94 configured to present/receive
the signal RFH. In the transmit mode, the circuits 212q-212%
and 214a-214k are generally operational to distribute the
power in the signals RFV and RFH, respectively, among the
circuits 200a-200m. In the receive mode, the circuits 212a-
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212k and 214a-214k may be operational to combine the
power received in signals from the circuits 200a-200m,
respectively, into the signals RFV and RFH. The circuits
212a-212n, 212a-212k, and 214a-214k are generally con-
figured to provide a substantially equivalent path length
between the RFV input/output and the RFH input/output of
the phased array antenna panel 94 and each of the circuits
200a-200m.

[0042] Referring to FIG. 5, a diagram is shown illustrating
an example implementation of a single-polarization beam
former circuit 1127 in accordance with an example embodi-
ment of the invention. In an example, the single-polarization
beam former circuit 112/ may be representative of the
single-polarization beam former circuits 112a-112m of FIG.
2. In an example, the single-polarization beam former circuit
112i may have a digital interface configured to receive the
signal FSW and the signal(s) CTRL, a common RF input/
output port (RFC), and a number of antenna input/output
ports (RF1-RFN). In general, any number (e.g., N) of
antenna input/output ports (or channels) may be imple-
mented accordingly to meet design criteria of a particular
implementation.

[0043] In various embodiments, the signal RF may be
presented/received by the common RF input/output RFC,
and the antenna input/output ports RF1-RFN may be
coupled to respective antenna elements 110. The single-
polarization beam former circuit 112; generally implements
a number of transceiver channels corresponding to the
number of antenna input/output ports RF1-RFN. In various
embodiments, each of the transceiver channels may com-
prise a respective transmit channel and a respective receive
channel. The transceiver channels are generally configured
to switch between transmitting or receiving based upon the
signal FSW.

[0044] The single-polarization beam former circuit 112/
generally implements a transmit mode and a receive mode.
In an example, a state of the signal FSW may determine
whether the transmit mode or the receive mode is active. In
the transmit mode, the single-polarization beam former
circuit 112; is generally configured to receive the radio
frequency signal RF at the common input/output port RFC
and present radio frequency signals at the antenna input/
output ports RF1-RFN. The signals presented at each of the
antenna input/output ports RF1-RFN are generated by the
single-polarization beam former circuit 112/ in response to
the radio frequency signal RF received at the common
input/output port RFC and a respective number of setting
values (e.g., gain, phase, etc.) for each transceiver channel
corresponding to each of the antenna input/output ports
RF1-RFN. In the receive mode, the single-polarization beam
former circuit 112 is generally configured to combine radio
frequency signals received at the antenna input/output ports
RF1-RFN for presentation as the signal RF at the common
input/output port RFC.

[0045] The single-polarization beam former circuit 112/
may comprise a block (or circuit) 302, a block (or circuit)
304, a number of blocks (or circuits) 306a-3067, and a block
(or circuit) 308. The circuit 302 may implement an interface
circuit. In various embodiments, the circuit 302 may imple-
ment a digital interface. The circuit 304 may implement a
hard-wired address (e.g., chip ID) for the beam former
circuit 112i. The circuits 306a-306% may implement trans-
ceiver (TRX) channels. The circuit 308 may implement a
1-to-N combiner/splitter network.
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[0046] In an example, the signals FSW and CTRL are
exchanged with the circuit 302. In an example, the circuit
302 may comprise a serial interface. The circuit 302 may be
configured to be compliant with one or more serial interface
standards including, but not limited to, serial peripheral
interface (SPI), inter-integrated circuit (12C), daisy chain,
etc. In an example, the circuit 302 may be configured to
allow programming and control of the single-polarization
beam former circuit 1127 using a serial communication link
(or bus). In an example, the circuit 302 may be configured
to program and control the circuits 306a-3067 in response to
the signals CTRL and FSW. In an example, the circuit 302
may control whether the circuits 306a-3067. operate in a
transmit mode or a receive mode in response to the signal
FSW.

[0047] In an example, the circuit 302 may implement a
4-wire embedded SPI core. In an example, the circuit 302
may have a first pin that may receive a first signal (e.g.,
MOS]I), a second pin that may present a second signal (e.g.,
MISO), a clock input pin that may receive a clock signal
(e.g., SCLK), and a chip enable (or chip select) pin that may
receive a signal (e.g., SS/CS). In an example, the signals
MOSI, MISO, SCLK, and SS/CS may be components of the
signal(s) CTRL. In an example, the circuit 302 may include
a transmit/receive function switching pin that may receive
the signal FSW. In an example, the signals MOSI, MISO,
SCLK, and SS/CS may be configured to implement a 4-wire
SPI protocol interface as summarized in the following
TABLE 1:

TABLE 1
SIGNAL FUNCTION
MOSI Master out Slave in
MISO Master in Slave out
SCLK Serial clock
SS/CS Slave Select/Chip Select

[0048] In an example, the circuit 304 may set a physical
address of the beam former circuit 112; based upon hard-
ware coded address bits (or pins). In various embodiments,
a hard-wired address may be implemented having a number
(e.g., X) of input bits (e.g., ADD1, ADD2, . .., ADD(X)).
In an example, the address may be implemented having six
bits (or pins). In some embodiments, the hard-wired address
may be set to predetermined logic levels (e.g., 0 or 1) by
tying a number of address pins to predetermined supply
voltages (e.g., GND, VSS, or VDD). In some embodiments,
the hard-wired address bits may be hard coded within the
chip implementing the beam former 112i. In some embodi-
ments, the hard-wired address bits may be programmable
within the chip implementing the beam former 112i during
manufacturing. In an example, the hard-wired address bits
may be programmed using fuses, anti-fuses, or other con-
ventional techniques.

[0049] Referring to FIG. 6, a diagram is shown illustrating
an example implementation of a dual-polarization beam
former circuit 200i in accordance with an example embodi-
ment of the invention. In an example, the dual-polarization
beam former circuit 200/ may be representative of the
dual-polarization beam former circuits 200a-200m of FIG.
3. In an example, the dual-polarization beam former circuit
200; may have a digital interface configured to receive the
signal FSW and the signal(s) CTRL, a first common RF
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input/output port (RFVC), a second common RF input/
output port (RFHC), a number of vertical antenna input/
output ports (REV1-RFV(N)), and a number of horizontal
antenna input/output port (RFH1-RFH(N)). In general, any
number (e.g., N) of vertical and horizontal antenna input/
output ports (or channels) may be implemented accordingly
to meet design criteria of a particular implementation.
[0050] In various embodiments, the signal RFV may be
presented/received by the common RF input/output REVC,
the signal RFH may be presented/received by the common
RF input/output RFHC, the vertical antenna input/output
ports REV1-RFV(N) may be coupled to corresponding
vertical input/outputs of the respective antenna elements
210, and the horizontal antenna input/output ports RFH1-
RFH(N) may be coupled to corresponding horizontal input/
outputs of the respective antenna elements 210. The dual-
polarization beam former circuit 2007 generally implements
a number (e.g., N) of transceiver channels corresponding to
the number of pairs of vertical and horizontal antenna
input/output ports (RFV1, RFH1), (RFV2, RFH2), . . .
(RFV(N), RFH(N)). In various embodiments, each of the
transceiver channels may comprise a respective transmit
channel and a respective receive channel. The transceiver
channels are generally configured to switch between trans-
mitting or receiving based upon the signal FSW.

[0051] The dual-polarization beam former circuit 2007
generally implements a transmit mode and a receive mode.
In an example, a state of the signal FSW may determine
whether the transmit mode or the receive mode is active. In
the transmit mode, the dual-polarization beam former circuit
200; is generally configured to receive radio frequency
signals at the common input/output ports RFVC and RFHC,
and present radio frequency signals at the antenna input/
output ports RFV1-RFV(N) and RFH1-RFH(N). The signals
presented at each of the antenna input/output ports RFV1-
RFV(N) and RFH1-RFH(N) are generated by the dual-
polarization beam former circuit 200i in response to the
radio frequency signals received at the common input/output
ports REVC and RFHC and a respective number of setting
values (e.g., gain, phase, etc.) corresponding to each of the
antenna input/output ports RFV1-RFV(N) and RFH1-RFH
N).

[0052] In an example, the dual-polarization beam former
circuit 200/ may comprise a block (or circuit) 402, a block
(or circuit) 404, a number of blocks (circuits) 406a-4067,
and a block (or circuit) 408. The circuit 402 may implement
an interface circuit. In various embodiments, the circuit 402
may implement a digital interface. The circuit 404 may
implement a hard-wired address (e.g., chip ID) for the beam
former circuit 200i. The circuits 406a-4067 may implement
transceiver (TRX) channels. The circuit 408 may implement
a 1-N dual-channel combiner/splitter network.

[0053] In an example, the signals FSW and CTRL are
exchanged with the circuit 402. In an example, the circuit
402 may comprise a serial interface. The circuit 402 may be
configured to be compliant with one or more serial interface
standards including, but not limited to, serial peripheral
interface (SPI), inter-integrated circuit (12C), daisy chain,
etc. In an example, the circuit 402 may be configured to
allow programming and control of the dual-polarization
beam former circuit 2007 using a serial communication link
(or bus). In an example, the circuit 402 may be configured
to program and control the circuits 406a-4067 in response to
the signals CTRL and FSW. In an example, the circuit 402
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may control whether the circuits 406a-406. operate in a
transmit mode or a receive mode in response to the signal
FSW.

[0054] In an example, the circuit 402 may implement a
4-wire embedded SPI core. In an example, the circuit 402
may have a first pin that may receive a first signal (e.g.,
MOS]I), a second pin that may present a second signal (e.g.,
MISO), a clock input pin that may receive a clock signal
(e.g., SCLK), and a chip enable (or chip select) pin that may
receive a signal (e.g., SS/CS). In an example, the signals
MOSI, MISO, SCLK, and SS/CS may be components of the
signal(s) CTRL. In an example, the circuit 402 may include
a transmit/receive function switching pin that may receive
the signal FSW. In an example, the signals MOSI, MISO,
SCLK, and SS/CS may be configured to implement the
4-wire SPI protocol interface as summarized in the TABLE
1 above.

[0055] In an example, the circuit 404 may set a physical
address of the dual-polarization beam former circuit 2007
based upon hardware coded address bits (or pins). In various
embodiments, a hard-wired address may be implemented
having a number (e.g., X) of input bits (e.g., ADD1, ADD2,
.. ., ADD(X)). In an example, the address may be imple-
mented having six bits (or pins). In some embodiments, the
hard-wired address may be set to predetermined logic levels
(e.g., 0 or 1) by tying a number of address pins to prede-
termined supply voltages (e.g., GND, VSS, or VDD). In
some embodiments, the hard-wired address bits may be hard
coded within the chip implementing the beam former 200/
during manufacturing. In some embodiments, the hard-
wired address bits may be programmed within the chip
implementing the beam former 200i. In an example, the
hard-wired bits may be programmed using fuses, anti-fuses,
or other conventional techniques.

[0056] Referring to FIG. 7, a block diagram of a trans-
ceiver circuit 306/ is shown illustrating an example imple-
mentation of the transceiver circuits of FIGS. 5 and 6. In an
example, the transceiver circuit 306/ may be representative
of the single-polarization beam former transceiver circuits
(or channels) 306a-306d of FIG. 5. In another example, the
transceiver circuit 306/ may be representative of either
horizontal or vertical beam former transceiver circuits (or
channels) of FIG. 6. In an example embodiment, the circuit
306; may comprise a block (or circuit) 310 and a block (or
circuit) 312. In an example embodiment, the circuit 310 may
implement a transceiver circuit. The block 312 may imple-
ment a transmit-receive (T/R) RF switch. A transceiver
circuit is generally capable of both transmitting and receiv-
ing signals of a communication channel. In various embodi-
ments, the circuit 310 may be capable of transmitting and
receiving radio frequency (RF), microwave, and/or millime-
ter-wave signals.

[0057] In various embodiments, the circuit 310 may be
representative of transceiver circuits utilized in applications
including, but not limited to cellular base stations (e.g., 2G,
3G, 4G, 5G, etc.), wireless communication systems, wireless
local area networks (WLANS), wireless backhaul channels,
broadband repeaters, community antenna television (CATV)
networks, macro cells, micro cells, pico cells, femto cells,
mobile devices (MDs), and/or portable handheld devices
(UEs). In some embodiments, the circuit 310 may be rep-
resentative of a radar application including, but not limited
to target detection, ranging, and/or through-wall imaging. In
an example, the transceiver circuit 310 generally comprises
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both a transmitter chain and a receiver chain. Both the
transmitter chain and the receiver chain may comprise radio
frequency (RF) amplifiers.

[0058] In an example, the transmitter chain may include
an input amplifier 320, a variable (programmable) phase
shifter 322, a variable (programmable) attenuator 324, and
one or more output amplifier stages 326. An output of the
transmitter chain may be coupled to an input of a matching
network and integrated transmit-receive (TRX) switch cir-
cuit 100 in accordance with an embodiment of the invention.
In an example, the input amplifier 320 may be implemented
as a low noise amplifier (LNA). The output amplifier stages
326 may include drivers, pre-amplifiers, and/or power
amplifiers (PAs). In an example, the receiver chain may
include a low noise amplifier (LNA) 330, a variable (pro-
grammable) phase shifter 332, and a variable (program-
mable) attenuator 334. An output of the circuit 100 may be
coupled to an input of the low noise amplifier (LNA) 330.
In various embodiments, the RF switch 312, the variable
phase shifter 322, the variable attenuator 324, the variable
phase shifter 332, and the variable attenuator 334 may be
implemented using conventional techniques.

[0059] Inan example, an input of the transmitter chain and
an output of the receiver chain may be coupled to a trans-
mission line or an RF transceiver system by the RF switch
312. In an example, an output of the transmitter chain and an
input of the receiver chain may be coupled to a transmission
line or an antenna (ANT) by circuit 100. In various embodi-
ments, the circuit 100 may implement an output matching
network for the transmitter chain, an input matching net-
work for the receiver chain, and an integrated TRX switch
in accordance with an embodiment of the invention. The
integrated TRX switch of the circuit 100 generally has a
topology that may be absorbed into the impedance matching
elements of the power amplifier stages 326 and the low noise
amplifier 330. Integration of the TRX switch topology in
accordance with embodiments of the invention with the
impedance matching elements of the power amplifier (PA)
stages 326 and the low noise amplifier 330 generally results
in minimum signal loss (e.g., output power and PAE deg-
radation in the transmit chain or noise factor (NF) degrada-
tion in the receive chain). Integration of the TRX switch
topology in accordance with embodiments of the invention
with the impedance matching elements of the power ampli-
fier stage 326 and the low noise amplifier 330 generally
reduces chip area as well (when compared with conventional
high-isolation TRX switches).

[0060] In various embodiments, the TRX switch topology
in accordance with embodiments of the invention is particu-
larly suitable for, but not limited to, differential or trans-
former based transmitter and receiver implementations. The
TRX switch topology generally does not include any com-
ponent between the output of the transmitter chain (e.g., the
output of the PA 326) and the input/output of the transceiver
circuit. The TRX switch topology may, therefore, be imple-
mented without special switch components that need to
tolerate high voltage swings. Because high breakdown volt-
age switch components are not needed, the TRX switch
topology in accordance with embodiments of the invention
is particularly suitable for implementation in advanced
short-channel bulk or silicon-on-insulator (SOI) comple-
mentary metal oxide semiconductor (CMOS) technology
with low breakdown voltage (e.g., below one volt).

Mar. 4, 2021

[0061] Although the TRX switch topology in accordance
with embodiments of the invention may be implemented
using a minimum apparent number of elements, the TRX
switch topology generally provides high isolation between
the transmitter chain and the receiver chain circuits.
Although the TRX switch topology in accordance with
embodiments of the invention may be highly integrated with
the transmitter chain and receiver chain circuits, the TRX
switch topology may be designed independently of the
transmitter chain and receiver chain circuits and absorbed
into the respective impedance matching networks at any
stage of development. In general, co-design and/or co-
optimization are not necessary.

[0062] Referring to FIG. 8, a diagram is shown illustrating
an example implementation of the TRX switch circuit 100 in
accordance with a differential embodiment. In an example,
an output transformer 500 and an input transformer 502 of
a differential power amplifier 326 of the transmitter chain
and a differential low noise amplifier 330 of the receiver
chain, respectively, may be configured to absorb and imple-
ment the TRX switch topology in accordance with an
embodiment of the invention. In an example, an output of
the output transformer 500 may be directly connected to an
input/output of the transceiver circuit (e.g, 10 or 310).
[0063] A series capacitor 504 may be connected between
an input of the input transformer 502 and the output of the
output transformer 500. A shunt switch 506 may be con-
nected in parallel with the input winding of the input
transformer 502. In an example, each of the transformers
500 and 502 at the output matching network of the trans-
mitter and input matching network of the receiver, respec-
tively, may be implemented with a planar coupled spiral
transmission line on the chip or on a printed circuit board.
In an example, the capacitor 504 may be implemented as a
metal-insulator-metal (MIM) capacitor or a finger capacitor
on the chip or as a ceramic capacitor on the printed circuit
board. The capacitor 504 may also be implemented with one
or more MOS devices.

[0064] Referring to FIG. 9, a diagram is shown illustrating
another example implementation of the TRX switch 100
utilizing a topology in accordance with a single-ended
embodiment of the invention. In an example, an impedance
matching network and bias choke (or inductor) 510 of the
power amplifier 326 of the transmitter chain and an imped-
ance matching network and bias choke (or inductor) 512 of
the low noise amplifier 330 of the receiver chain may be
configured to absorb and implement the TRX switch topol-
ogy in accordance with an embodiment of the invention. In
an example, the output of the power amplifier 326 may be
directly connected to the input/output of the transceiver
circuit 10 or 310. The series capacitor 504 may be connected
between an input of the low noise amplifier 330 and the
output of the power amplifier 326. The shunt switch 506 may
be connected between the input of the low noise amplifier
330 and a circuit ground potential of the transceiver circuit
310. Each of the bias chokes (or inductors) 510 and 512 may
be implemented with planar spiral transmission line on the
chip or on the printed circuit board. The capacitor 504 may
be implemented as a MIM capacitor or a finger capacitor on
the chip or as a ceramic capacitor on the printed circuit
board. The capacitor 504 may also be implemented with one
or more MOS devices.

[0065] Referring to FIG. 10, a diagram is shown illustrat-
ing another example implementation of the TRX switch 100
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utilizing a topology in accordance with a single-ended
embodiment of the invention. In an example, a shunt capaci-
tor 508 may be added to the implementation of FIG. 9. In an
example, the impedance matching network and bias choke
510 of the power amplifier 326 of the transmitter chain and
the impedance matching network and bias choke 512 of the
low noise amplifier 330 of the receiver chain may be
configured to absorb and implement the TRX switch topol-
ogy in accordance with embodiments of the invention. In an
example, the output of the power amplifier 326 may be
directly connected to the input/output of the transceiver
circuit 10 or 310.

[0066] In various embodiments, the series capacitor 504
may be connected between an input of the low noise
amplifier 330 and the output of the power amplifier 326. The
shunt switch 506 may be connected between the input of the
low noise amplifier 330 and the circuit ground potential of
the transceiver circuit 310. The shunt capacitor 508 may be
connected between the input of the low noise amplifier 330
and the circuit ground potential of the transceiver circuit
310. Each of'the bias chokes (or inductors) 510 and 512 may
be implemented with planar spiral transmission line on the
chip or printed circuit board. The capacitors 504 and 508
may be implemented as MIM capacitors or finger capacitors
on the chip or ceramic capacitors on the printed circuit
board. The capacitors 504 and 508 may also be implemented
with one or more MOS devices. In some embodiments, the
parasitic capacitance of the switch 506 may be used to
implement all or part of the shunt capacitor 508.

[0067] Referring to FIG. 11, a diagram is shown illustrat-
ing still another example implementation of the TRX switch
100 utilizing a topology in accordance with a differential
embodiment of the invention. In an example, the shunt
capacitor 508 may be added to the implementation illus-
trated in FIG. 8. The shunt capacitor 508 may be used to
adjust the optimum impedance presented to the input of the
receiver chain to improve the noise behavior. The capacitor
508 generally does not affect the performance of the trans-
mitter chain (e.g., switch 506 closed). In an example, the
output transformer 500 of the differential power amplifier
326 of the transmitter chain and the input transformer 502 of
the differential low noise amplifier 330 of the receiver chain
may be configured to absorb and implement the TRX switch
topology in accordance with embodiments of the invention.
[0068] Inan example, the output of the output transformer
500 may be directly connected to an input/output of the
transceiver circuit 10 or 310. The series capacitor 504 may
be connected between the input of the input transformer 502
and the output of the output transformer 500. The shunt
switch 506 and the shunt capacitor 508 may be connected in
parallel with the input winding of the input transformer 502
may be implemented with planar coupled spiral transmission
line on the chip or on the printed circuit board. The capaci-
tors 504 and 508 may be implemented as MIM capacitors or
finger capacitors on the chip or as ceramic capacitors on the
printed circuit board. The capacitors 504 and 508 may also
be implemented with one or more MOS devices. The
parasitic capacitance of the switch 506 may be used to
implement all or part of the shunt capacitor 508.

[0069] Referring to FIG. 12, a diagram of a graph 800 is
shown illustrating simulated voltage waveforms of the TRX
switch of FIG. 11. A waveform 802 illustrates a voltage level
at a node formed by the connection of the output of the
transformer 500 and the input/output of the transceiver 10 or
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310. A waveform 804 illustrates a voltage level at a node
formed by the connection of the input of the transformer
502, the series capacitor 504, the shunt switch 506, and the
shunt capacitor 508. In general, the TRX switch topology in
accordance with embodiments of the invention does not
introduce distortion into the output signal of the transceiver
channel 10 or 310. In addition, the shunt switch 506 is not
exposed to high voltage swings of the transmitter channel
operation and, therefore, may be implemented with low
voltage submicron transistor technologies (e.g., silicon on
insulator CMOS transistors with breakdown voltage below
one volt).

[0070] Although embodiments of the invention have been
described in the context of a RF application, the present
invention is not limited to RF applications, but may also be
applied in other high data rate wireless and wired commu-
nications applications where different rapid switching, mul-
tiple channel, and multiple user issues may exist. The
present invention addresses concerns related to high speed
wireless communications, mobile and stationary transceiv-
ers and point-to-point links. Future generations of wireless
communications applications using radio frequency (RF),
microwave, and millimeter-wave links can be expected to
provide increasing speed, increasing flexibility, and increas-
ing numbers of interconnections and layers. The present
invention may also be applicable to wireless communica-
tions systems implemented in compliance with either exist-
ing (legacy, 2G, 3G, 4G, 5G) specifications or future speci-
fications.

[0071] The terms “may” and “generally” when used herein
in conjunction with “is(are)” and verbs are meant to com-
municate the intention that the description is exemplary and
believed to be broad enough to encompass both the specific
examples presented in the disclosure as well as alternative
examples that could be derived based on the disclosure. The
terms “may” and “generally” as used herein should not be
construed to necessarily imply the desirability or possibility
of omitting a corresponding element.

[0072] While the invention has been particularly shown
and described with reference to embodiments thereof, it will
be understood by those skilled in the art that various changes
in form and details may be made without departing from the
scope of the invention.

1. An apparatus comprising:
a transceiver circuit;
a series capacitor; and

a shunt switch, wherein (i) said transceiver circuit com-
prises a transmit chain including an output matching
network comprising a first transformer and a receive
chain including an input matching network comprising
a second transformer, (ii) an output of said output
matching network is connected directly to an input/
output of said transceiver circuit, (iii) said series
capacitor is connected between an input of said input
matching network and said output of said output match-
ing network, and (iv) said shunt switch is connected
between said input of said input matching network and
a circuit ground potential of said transceiver circuit.

2. (canceled)

3. The apparatus according to claim 1, wherein said output
matching network comprises a first radio frequency choke/
inductor and said input matching network comprises a
second radio frequency choke/inductor.



US 2021/0067183 Al

4. The apparatus according to claim 1, wherein said
input/output of said transceiver circuit is connected to at
least one of an antenna element and a transmission line.

5. The apparatus according to claim 4, wherein said
antenna element is one of a plurality of antenna elements
making up a phased array antenna.

6. The apparatus according to claim 5, wherein said
transceiver circuit, said series capacitor, and said shunt
switch are part of a beam former integrated circuit.

7. The apparatus according to claim 6, wherein said beam
former integrated circuit comprises a plurality of transceiver
circuits with each including a respective series capacitor and
a respective shunt switch.

8. The apparatus according to claim 1, further comprising
a shunt capacitor connected in parallel with said shunt
switch.

9. The apparatus according to claim 8, wherein said
transceiver circuit, said series capacitor, said shunt capacitor,
and said shunt switch are part of an integrated circuit.

10. The apparatus according to claim 1, wherein said
shunt switch comprises one or more transistors.

11. The apparatus according to claim 10, wherein said
shunt switch comprises a stacked transistor device.

12. The apparatus according to claim 10, wherein said
transistors are implemented using at least one of comple-
mentary metal oxide semiconductor (CMOS) technology,
high electron mobility transistor (HEMT) technology,
pseudomorphic high electron mobility transistor (pHEMT)
technology, and silicon-on-insulator technology.

13. The apparatus according to claim 10, wherein said
transistors are implemented using a low voltage submicron
transistor technology having a low breakdown voltage.

14. The apparatus according to claim 1, wherein said
series capacitor and said shunt switch are implemented
within a footprint of said input matching network and said
output matching network of said transceiver circuit.
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15. The apparatus according to claim 1, wherein said
transceiver circuit, said series capacitor, and said shunt
switch are implemented on at least one of an integrated
circuit and a printed circuit board.

16. The apparatus according to claim 1, wherein:

said series capacitor comprises at least one of a metal-

insulator-metal capacitor, a finger capacitor, and a
ceramic capacitor.
17. A method of switching a transmission medium
between transmitter and receiver channels of a transceiver
comprising the steps of:
connecting an output of an output matching network of a
transmitter chain of said transceiver directly to an
input/output of said transceiver, wherein said output
matching network comprises a first transformer;

connecting a series capacitor between an input of an input
matching network of a receiver chain of said trans-
ceiver and said output of said output matching network,
wherein said input matching network comprises a sec-
ond transformer; and

connecting a shunt switch between said input of said input

matching network and a circuit ground potential of said
transceiver.

18. The method according to claim 17, further comprising
connecting a shunt capacitor in parallel with said shunt
switch.

19. The method according to claim 18, wherein a value of
said shunt capacitor is selected to adjust an impedance
presented to the input of the receiver chain to improve noise
behavior.

20. The method according to claim 19, wherein said value
of said shunt capacitor is selected taking into account a
parasitic capacitance of said shunt switch.

21. The apparatus according to claim 1, wherein said first
transformer and said second transformer are implemented as
planar coupled spiral transmission lines.
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