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1
TRANSMIT/RECEIVE SWITCH WITH
SERIES, DOUBLY-FLOATING DEVICE AND
SWITCHED BIAS VOLTAGE

BACKGROUND

1. Field of the Invention

This application is related to communications systems and
more particularly to integrated circuit transceivers of commu-
nications systems.

2. Description of the Related Art

In general, a transceiver is a device that includes both a
transmitter and a receiver in a single housing. In a typical
transceiver application, power levels of transmitted signals
are substantially greater than power levels of received signals
at the transceiver terminal(s). Transmit power amplifier cir-
cuits are designed to handle relatively large voltage swings. In
contrast, typical receiver circuits are designed to accept
lower-power signal levels and a substantial amount of the
input voltage is applied across gate-source terminals of
devices of the receiver circuit. If the transmitter applies a
high-voltage transmit signal to a shared transmit/receive ter-
minal connected to a transmitter power amplifier and a
receiver amplifier, those high voltage transmit signals will be
applied across the gate-source terminals of devices in the
receiver circuits and may damage those receiver input
devices.

To reduce or eliminate damage to the receiver circuit from
high-voltage transmit signals, a typical transceiver includes a
transmit/receive switch that selects whether a transmit path or
a receive path is operatively coupled to the terminal. The
switch may be included as part of the integrated circuit trans-
ceiver or external to the integrated circuit transceiver. Imple-
mentations of a transmit/receive switch in series with a trans-
mitter power amplifier can result in significant resistive power
loss or the switch itself may be susceptible to damage from
high voltage transmit signals. Implementations of a transmit/
receive selector switch in series only with a receiver path
(e.g., low-noise amplifier) may be better-tolerated by the
system, but also may increase a noise figure of the system. To
be well-tolerated by the system, a transmit/receive switch
coupled in series with a receiver path should introduce only
relatively low losses and relatively low capacitance, while
being able to handle large voltage swings at its input.

In some applications, e.g., a Multimedia over Coax,
(MoCA) application, signals may have high peak-to-average
signal ratios, e.g., worst-case voltage swings of approxi-
mately OV to two times the supply voltage (2xV ), although
average voltages are substantially lower. Conventional tech-
niques used to implement a low-loss, high-voltage switch are
insufficient to handle large peak voltages that result from
signals having high peak-to-average signal ratios. Accord-
ingly, new techniques for implementing a transmit/receive
switch are desired.

SUMMARY OF EMBODIMENTS OF THE
INVENTION

In at least one embodiment of the invention, an integrated
circuit includes a node coupled between a terminal of the
integrated circuit and a transmitter circuit. The integrated
circuit includes a switch circuit coupled between the node and
a receiver circuit. The switch circuit includes a bias circuit
coupled to the node. The bias circuit is configured to provide
a first bias voltage to the node in response to an indication of
atransmit mode of the terminal. The bias circuit is configured
to provide a second bias voltage to the node in response to an
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indication of a receive mode of the terminal. The switch
circuit may include a plurality of n-type devices coupled in
series. Each of the plurality of n-type devices may include a
triple-well, doubly-floating n-type device. The plurality of
n-type devices may include a resistively-biased bulk terminal
and a resistively-biased n-well.

In at least one embodiment of the invention, a method
includes providing a first bias voltage to a node coupled
between a terminal of an integrated circuit and a transmitter
circuit of the integrated circuit in response to an indication of
a transmit mode of the terminal. The method includes pro-
viding a second bias voltage to the node and coupling the
terminal to a receive circuit of the integrated circuit in
response to an indication of a receive mode of the terminal.
The coupling of the terminal to the receive circuit may
include resistively biasing a bulk terminal and resistively
biasing a deep n-well terminal of each of a plurality of triple-
well, n-type devices coupled in series. The method may
include dividing a receive voltage across a plurality of triple-
well, n-type devices.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention may be better understood by, and its
numerous objects, features, and advantages made apparent to,
those skilled in the art by referencing the accompanying
drawings.

FIG. 1A illustrates a simplified circuit diagram of a con-
ventional low-noise amplifier circuit and a conventional
power amplifier circuit of a transceiver integrated circuit.

FIG. 1B illustrates a voltage waveform for the exemplary
power amplifier of FIG. 2A.

FIG. 2A illustrates a functional block diagram of a trans-
mit/receive switch external to a transceiver integrated circuit.

FIG. 2B illustrates a functional block diagram of a single-
pole, double-throw transmit/receive switch internal to a trans-
ceiver integrated circuit.

FIG. 2C illustrates a functional block diagram of a switch
in series with a transmit path internal to a transceiver inte-
grated circuit.

FIG. 2D illustrates a functional block diagram of a switch
in series with a receive path internal to a transceiver integrated
circuit.

FIG. 3 illustrates an exemplary switch in a receiver path
internal to a transceiver integrated circuit.

FIG. 4A illustrates a circuit diagram of an exemplary
switch in a receiver path internal to a transceiver integrated
circuit.

FIG. 4B illustrates a simplified cross-sectional view of
device 404 of the switch of FIG. 4A.

FIG. 5A illustrates a circuit diagram of an exemplary
switch in a receiver path internal to a transceiver integrated
circuit.

FIG. 5B illustrates a waveform for the switch of FIG. 5A.

FIG. 6 illustrates a circuit diagram of an exemplary switch
in a receiver path internal to a transceiver integrated circuit
consistent with at least one embodiment of the invention.

FIG. 7 illustrates a functional block diagram of an exem-
plary transceiver including switches in the receiver path inter-
nal to a transceiver integrated circuit consistent with at least
one embodiment of the invention.

The use of the same reference symbols in different draw-
ings indicates similar or identical items.

DETAILED DESCRIPTION

Referring to FIG. 1A, atypical transceiver includes a trans-
mitter including power amplifier 108 coupled to transmitter
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path 112 and a receiver including low-noise amplifier 106
coupled to receiver path 110. Power amplifier 108 is designed
to handle relatively large voltage swings by using cascoded
(i.e., series) devices to divide a voltage across multiple (e.g.,
two) devices. In contrast, low-noise amplifier 106 is designed
to accept lower-power signal levels and a substantial amount
of'the input voltage will appear across gate-source terminals.
Ifthat input voltage is high enough, it will damage low-noise
amplifier 106. Power amplifier 108 and low-noise amplifier
106 can be directly coupled to one or more package terminals
(e.g., pins) when power amplifier 108 is a low-power ampli-
fier. Referring to FIGS. 1A and 1B, power amplifier 108 may
generate signals having a large voltage swing (e.g., 0V=V=2x
Vp) that may exceed the gate-to-source breakdown voltage
associated with low-noise amplifier 106. In such applications
where power amplifier 108 is designed to generate high-
power signals, a transmit/receive switch must be included
between the channel and the transmit path and/or the channel
and the receive path to prevent damage to low-noise amplifier
106. Although simplified circuit implementations for power
amplifier 108 and low-noise amplifier 106 are illustrated in
FIG. 1A, those amplifiers may have any suitable circuit archi-
tectures.

A transmit/receive switch may be implemented external to
an integrated circuit transceiver. Referring to FIG. 2A, switch
104 may be a single-pole, double-throw switch coupled to a
transmit terminal of integrated circuit 102 and coupled to a
receive terminal of integrated circuit 102. The external trans-
mit/receive switch may be implemented in a different manu-
facturing technology than integrated circuit 102 to achieve a
particular performance specification that may be difficult or
impossible to achieve using the manufacturing process of
integrated circuit 102. For example, integrated circuit 102
may be manufactured using complementary metal-oxide-
semiconductor (CMOS) or BICMOS manufacturing process
and switch 104 may be manufactured using a gallium ars-
enide or microelectromechanical system (MEMS) manufac-
turing process. However, implementations using an external
transmit/receive switch requires use of additional control ter-
minals on the transceiver integrated circuit, introduces addi-
tional parts cost, and increases the area of a printed circuit
board including the transmit/receive switch and the trans-
ceiver, and thus can be more expensive than use of a transmit/
receive switch that is integrated with the transceiver on one
integrated circuit die.

Referring to FIGS. 2B-2D, to reduce costs, a single input/
output terminal of the transceiver, RFIO, is coupled to an
internal transmit/receive switch. Switch 204 may be imple-
mented as a single-pole, double-throw selector coupled to
both ofthe transmitter path and the receiver path (FIG. 2B), an
on/off switch in series with a transmitter path (FIG. 2C), or an
on/off switch in series with a receiver path (FIG. 2D). A
typical single-pole, double-throw selector is implemented
using two switches, one in series with the transmitter path and
one in series with the receiver path, and corresponding control
logic. In general, switches in series with power amplifiers are
difficult to implement in the integrated circuit transceiver
without substantial resistive power loss or risk of high voltage
damage to the switch itself. Implementing the transmit/re-
ceive switch in series with the low-noise amplifier of the
receiver better tolerates the series resistance. However, a
transmit/receive switch that is in series with a low-noise
amplifier must have low loss and capacitance while being
able to handle a large voltage swing at its input. In addition, in
some applications, e.g., a Multimedia over Coax, (MoCA)
application, the transmit/receive switch must be able to
handle a large peak-to-average signal ratio.
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Referring to FIG. 3, transmit/receive switch has an
increased voltage handling capability due to the inclusion of
multiple switch devices coupled in series (e.g., devices 304,
306, and 308) as compared to a transmit/receive switch
including only a single switch device. The series-coupled
devices divide the input voltage across the series-coupled
devices. If devices 304, 306, and 308 have substantially
equivalent sizes (i.e., equal within design tolerances), then the
input voltage divides substantially equally across each device
(e.g., V/N, where N is an integer greater than or equal to
two). If devices 304, 306, and 308 have different sizes, the
voltage divides according to a ratio based on the device sizes.
However, an increase in the number of devices coupled in
series increases resistive and capacitive losses of the switch.
Accordingly, a transmit/receive switch design trades off volt-
age-handling capability with insertion loss. To reduce the
transmit voltage incident on the low-noise amplifier device in
transmit mode, power-down device 310, which may be
included in low-noise amplifier 106, is enabled when switch
302 is disabled. When enabled, power-down device 310
reduces the AC voltage at the output of switch 302 to approxi-
mately zero.

Referring to FIGS. 4A and 4B, a technique for increasing
voltage-handling and reducing loss in a transmit/receive
switch includes a device formed using a typical triple-well
CMOS process. A buried, deep n-well separates the body of
the device from the common substrate. The triple-well device
includes two p-n junction diodes. One p-n junction diode is
formed between a p-well (RWELL) and a deep n-well (DN-
WELL). Another p-n junction diode is formed between the
deep n-well (DWELL) and a p-substrate (PSUB). Those two
junction diodes are maintained in reverse bias to prevent
breakdown in isolation between the p-well, deep n-well, and
p-substrate. The technique for increasing the voltage han-
dling of a transmit/receive switch includes floating those
wells for AC signals (i.e., RF floating those wells) by resis-
tively biasing the bulk terminal and the deep n-well terminal
using a high value resistances (e.g., 5 kilo-Ohms to 10 kilo-
Ohms). RF Floating those wells so that they float for AC
signals prevents a strong signal from turning on source-bulk
and/or drain-bulk diodes which would otherwise clip the
input signal. This technique may also be referred to as boot-
strapping. RF floating the bulk bootstraps its voltage to the
source and drain voltages. A similar effect occurs on the gate
voltage when a control signal is fed to a gate terminal of the
device via a high value resistor. The p-well is biased by a DC
voltage (i.e., RF grounded). The device capacitances cause
the bulk and n-well signal voltages to follow the input voltage,
with some attenuation, thereby reducing the amplitude of the
differential voltage between nodes.

Referring to FIG. 5A, another technique for increasing the
voltage handling and reducing the loss of a transmit/receive
switch includes using a device having a drain terminal
responsive to a bias signal. The bias signal reverse-biases
drain-to-bulk and source-to-bulk junctions, which reduces
the junction capacitances of drain-to-bulk and source-to-bulk
diodes and also prevents drain-to-bulk and source-to-bulk
diodes from turning on at the falling edge of a large input
signal. In at least one embodiment of switch 502, the voltage
of the bias signal has an intermediate voltage level that is
between zero volts and the power supply voltage (0
VsVpns=Vop)

Referring to FIG. 5B, the off-mode input AC current, 1.,
versus Vg ,. decreases quickly as the drain bias voltage
increases. However, increasing V¢ linearly increases a
maximum drain-to-source voltage, Vg a4y, Which
increases the risk of overvoltage damage. Accordingly, selec-
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tion of Vg, ¢ balances off-mode loading with the risk of
overvoltage damage. Setting the bias voltage to the same
voltage level in both receive (i.e., switch on) mode and in
transmit (i.e., switch off) mode causes a decrease in a gate-
to-source voltage, thereby increasing the on-resistance of the
switch, R, and switch loss. Accordingly, the voltage level
of the bias signal, Vz;,., provided to the switch is switched
between two different voltage levels. The bias signal has one
voltage level in transmit mode and another voltage level in a
receive mode. Exemplary voltage levels include V,,/3 (e.g.,
1V) in transmit mode and 0 V in receive mode.

Referring to FIG. 6, transmit/receive switch circuit 602 is
coupled in a receive path of transceiver. Switch circuit 602
includes devices 606 and 608, which are two series-coupled,
doubly-floating, triple-well, n-type devices. Devices 606 and
608 are formed using a high-voltage, input/output device
manufacturing process technique (e.g., a technique for form-
ing 3.3 V input/output transistor) and devices in low-noise
amplifier 106 are formed using a low-voltage manufacturing
technique (e.g., a technique for forming a 1.2 V core transis-
tor). However, in other embodiments, devices 606 and 608
and low-noise amplifier 106 are formed using the same type
of devices (e.g., 1.2V core transistors). Also note that
although switch 602 includes two series-coupled, doubly-
floating, triple-well, n-type devices, additional devices may
beused. In general, additional devices in series reduce the risk
of overvoltage damage, but increase loss. Accordingly, the
fewest number of devices that can reduce the overvoltage and
reduce loss are used. Device 606 receives a switched bias
voltage, V, ., at its drain terminal from bias generator 604.
An exemplary Vg, is approximately V /3 (e.g., approxi-
mately 1 V) in transmit mode and approximately 0 V in
receive mode. Switch circuit 602 may be configured as an
internal transmit/receive switch in a receive path (e.g., con-
figuration of FIG. 2D) or as part of a single-pole, double-
throw transmit/receive switch of FIG. 2B.

In at least one embodiment, a transceiver uses more than
one gain mode to accommodate a wide range of input signal
levels. A decreased gain mode is achieved by switching resis-
tive pads at the input of the low-noise amplifier. However,
introduction of additional components for switched pads
increases the complexity and losses in a high-gain mode. To
reduce or minimize those losses in a high-gain mode and to
facilitate gain switching, transceiver 702 uses separate
receive paths (e.g., separate low-noise amplifiers). Referring
to FIG. 7, transceiver 702 includes a lower-loss input path 704
as compared to input path 706, which implements a lower-
gain mode using attenuating device 708 (a resistive pad, a
resistive voltage divider, a capacitive voltage divider, or other
suitable attenuating devices) selectively coupled to LNA2 by
a separate transmit/receive switch 602.

In at least one embodiment, transceiver 702 includes pro-
tection logic that reduces or eliminates the likelihood of over-
voltage damage to devices in a low-noise amplifier from large
voltages generated by a power amplifier from simultaneous
operation of the power amplifier and the low-noise amplifier.
For example, in testing and/or software development design
phases or in a loopback calibration mode of transceiver 702,
the high-gain input path may be damaged by a high output
voltage generated by the power amplifier that may not affect
the lower-gain input path since it is protected by an attenuat-
ing device. Accordingly, transceiver 702 includes control
logic to prevent the simultaneous operation of the high-gain
input path and the power amplifier. Note that control logic 712
is exemplary only, and other logic that opens the switch when
the transmit path is enabled may be used. Thus, a low-loss,
on-chip transmit/receive switch for selectively coupling a
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multi-directional terminal to a transmit path and a receive
path in a transceiver application with a high peak-to-average
signal ratio has been disclosed.

While circuits and physical structures have been generally
presumed in describing embodiments of the invention, it is
well recognized that in modern semiconductor design and
fabrication, physical structures and circuits may be embodied
in computer-readable descriptive form suitable for use in
subsequent design, simulation, test, or fabrication stages.
Structures and functionality presented as discrete compo-
nents in the exemplary configurations may be implemented as
a combined structure or component. Various embodiments of
the invention are contemplated to include circuits, systems of
circuits, related methods, and tangible computer-readable
media having encodings thereon (e.g., VHSIC Hardware
Description Language (VHDL), Verilog, GDSII data, Elec-
tronic Design Interchange Format (EDIF), and/or Gerber file)
of such circuits, systems, and methods, all as described
herein, and as defined in the appended claims. In addition, the
computer-readable media may store instructions as well as
data that can be used to implement the invention. The instruc-
tions/data may be related to hardware, software, firmware or
combinations thereof.

The description of the invention set forth herein is illustra-
tive, and is not intended to limit the scope of the invention as
set forth in the following claims. For example, while the
invention has been described using single-ended circuits for a
MoCA application, one of skill in the art will appreciate that
the teachings herein can be utilized for other communications
standards and/or using differential circuits which may have
improved power-handling and noise immunity as compared
to single-ended circuits. In addition, although the invention
has been described for an n-type device manufactured using a
triple-well CMOS technology, one of skill in the art will
appreciate that the teachings herein can be utilized with other
device types implemented using other manufacturing tech-
nologies. Variations and modifications of the embodiments
disclosed herein may be made based on the description set
forth herein without departing from the scope and spirit of the
invention as set forth in the following claims.

What is claimed is:

1. An integrated circuit comprising:

anode coupled between a terminal of the integrated circuit
and a transmitter circuit;

a switch circuit coupled between the node and a receiver
circuit, the switch circuit comprising:

a bias circuit coupled to the node, the bias circuit con-
figured to provide a first bias voltage to the node in
response to an indication of a transmit mode of the
terminal and configured to provide a second bias volt-
age to the node in response to an indication of a
receive mode of the terminal.

2. The integrated circuit, as recited in claim 1, wherein the
switch circuit comprises:

a plurality of n-type devices coupled in series between the
node and the receiver circuit, each of the plurality of
n-type devices comprising a triple-well, doubly-floating
n-type device.

3. The integrated circuit, as recited in claim 2, wherein each
of the plurality of n-type devices comprises a resistively-
biased bulk terminal and a resistively-biased deep n-well.

4. The integrated circuit, as recited in claim 1, wherein the
first bias voltage, Vz; 41,18 OV<V ., o<V, where V,is a
power supply voltage and the second bias voltage is approxi-
mately OV.
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5. The integrated circuit, as recited in claim 1, wherein the
first bias voltage is approximately V /3 and the second bias
voltage is approximately OV.

6. The integrated circuit, as recited in claim 1, further
comprising:

a second switch circuit coupled between the node and a
second receiver circuit, the receiver circuit providing a
higher-gain path than a receiver path provided by the
second receiver circuit.

7. The integrated circuit, as recited in claim 6, further

comprising:

a resistive pad coupled between the second switch circuit
and the second receiver circuit.

8. The integrated circuit, as recited in claim 6, wherein the
receiver circuit and the second receiver circuit are coupled to
a receiver path.

9. The integrated circuit, as recited in claim 8, wherein the
receiver circuit is responsive to a first value of a control signal
and the second receiver circuit is responsive to a second value
of the control signal and the second value indicates a loop-
back mode or test mode of the apparatus.

10. The integrated circuit, as recited in claim 1, further
comprising:

protection circuitry coupled to the switch circuit, the pro-
tection circuitry being configured to close the switch
circuit in response to an indication of the transmitter
circuit being disabled and an indication of the receiver
circuit being enabled.

11. A method comprising:

providing a first bias voltage to a node coupled between a
terminal of an integrated circuit and a transmitter ampli-
fier circuit of the integrated circuit in response to an
indication of a transmit mode of the terminal; and

providing a second bias voltage to the node and coupling
the terminal to a receiver amplifier circuit of the inte-
grated circuit in response to an indication of a receive
mode of the terminal.

12. The method, as recited in claim 11, wherein the cou-

pling the terminal to the receive circuit comprises:
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resistively biasing a bulk terminal and resistively biasing a
deep n-well terminal of each of a plurality of triple-well,
n-type devices coupled in series between the node and
the receive circuit.

13. The method, as recited in claim 11, further comprising:

dividing a voltage on the node across a plurality of triple-
well, n-type devices.

14. The method, as recited in claim 11, wherein the first
bias voltage is approximately V,,/3 and the second bias
voltage is approximately OV.

15. The method, as recited in claim 11, further comprising:

selecting a high-gain path of a plurality of receiver paths in
response to an indication of a first receiver mode.

16. The method, as recited in claim 15, wherein the indi-
cation is based on an indication that the transmit path is
disabled and an indication of the high-gain path is enabled.

17. The method, as recited in claim 15, further comprising:

selecting a lower-gain path of the plurality of receiver paths
in response to an indication of aloopback or test mode of
the receiver; and

attenuating a received signal in response to the indication
of the loopback or test mode of the integrated circuit.

18. An integrated circuit comprising:

anode coupled between a terminal of the integrated circuit
and a transmitter amplifier circuit; and

means for selectively coupling the node to a receiver ampli-
fier circuit and providing a first bias voltage to the node
in response to an indication of a transmit mode of the
terminal and providing a second bias voltage to the node
in response to an indication of a receive mode of the
terminal.

19. The integrated circuit, as recited in claim 18, wherein
the means for selectively coupling resistively biases a bulk
terminal and a deep n-well terminal of each of a plurality of
series-coupled, triple-well, n-type devices of the means for
selectively coupling.

20. The integrated circuit, as recited in claim 18, wherein
the means for selectively coupling comprises means for
dividing a receive voltage across a plurality of triple-well,
n-type devices.



