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CIRCUITS, DEVICES, AND METHODS FOR MONITORING A
SERIAL BUS
CROSS-REFERENCE TO RELATED APPLICATION(S)
[0001] This application claims priority to U.S. Provisional Application No.
62/116,544 filed February 15, 2015, entitted CIRCUITS, DEVICES, AND
METHODS FOR MONITORING A RADIO-FREQUENCY FRONT-END (RFFE)

SERIAL BUS. The contents of each of the above-referenced application(s) are

hereby expressly incorporated by reference herein in their entireties for all

purposes.

BACKGROUND

Field

[0002] The present disclosure relates to serial buses and/or serial

interfaces.

Description of the Related Art

[0003] Many wireless communication devices (e.g., a cellular handset

system) use a serial bus. The use of serial buses in these wireless communication
devices may allow for increased complexity of the radio-frequency (RF)
components and the configuration of the RF components used in the wireless
communication devices. For example, multiple configuration modes, detailed
feedback, and timing synchronization may be accomplished using a serial bus
shared amongst multiple RF devices/components. Examples of the
devices/components on that may use a serial bus may include, but are not limited
to, a power amplifier (PA), a RF power supply management component/module, a
low-noise amplifier (LNA), a diplexer, a filter, a load circuit, a matching circuit, an
antenna switch, a voltage regulator, a power source (e.g., a voltage source), and

an antenna tuner.

SUMMARY
[0004] In some implementations, the present disclosure relates to a

radio-frequency (RF) device. The RF device includes a communication interface
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coupled to a serial bus. The RF device also includes a monitoring component
coupled to the communication interface, the monitoring component configured to
monitor the serial bus for first data transmitted to a first device coupled to the serial
bus and configure the RF device based on the first data.

[0005] In some embodiments, the first data indicates a configuration of
the first device.

[0006] In some embodiments, the first data indicates an operation of the
first device.

[0007] In some embodiments, the first data indicates a mode of the first
device.

[0008] In some embodiments, the monitoring component is further
configured to monitor the serial bus for second data of a second device coupled to
the serial bus and to configure the RF device based on the second data.

[0009] In some embodiments, the RF device further includes a second
monitoring component configured to monitor the serial bus for second data of a
second device coupled to the serial bus and to configure the RF device based on
the second data.

[0010] In some embodiments, the RF device and the first device are
located in a same RF module.

[0011] In some embodiments, the RF device and the first device are
located in separate RF modules.

[0012] In some embodiments, the monitoring component is configured to
configure the RF device by adjusting a configuration of the RF device.

[0013] In some embodiments, the monitoring component is configured to
configure the RF device by performing an operation.

[0014] In some embodiments, the monitoring component is configured to
configure the RF device by changing a mode of the RF device.

[0015] In some embodiments, the serial bus includes a radio-frequency
front end (RFFE) bus.

[0016] In some implementations, the present disclosure relates to a
radio-frequency (RF) module. The RF modules includes a serial bus. The RF
module also includes a first device coupled to the serial bus, the first device

including a monitoring component configured to monitor the serial bus for first data
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transmitted to a second device coupled to the serial bus and configure the first
device based on the first data.

[0017] In some embodiments, the first data indicates a configuration of
the second device.

[0018] In some embodiments, the first data indicates an operation of the
second device.

[0019] In some embodiments, the first data indicates a mode of the
second device.

[0020] In some embodiments, the monitoring component is further
configured to monitor the serial bus for second data of a third device coupled to the
serial bus and to configure the first device based on the second data.

[0021] In some embodiments, the RF module further includes a second
monitoring component configured to monitor the serial bus for second data of a
third device coupled to the serial bus and to configure the first device based on the
second data.

[0022] Insome embodiments, the RF module further includes the second
device.

[0023] In some embodiments, the second device is located in a separate
RF module.

[0024] In some embodiments, the monitoring component is configured to
configure the first device by adjusting a configuration of the first device.

[0025] In some embodiments, the monitoring component is configured to
configure the first device by performing an operation.

[0026] In some embodiments, the monitoring component is configured to
configure the first device by changing a mode of the first device.

[0027] In some embodiments, the serial bus includes a radio-frequency
front end (RFFE) bus.

[0028] In some implementations, the present disclosure relates to a
wireless device. The wireless device includes a serial bus. The wireless device
also includes a RF module coupled to the serial bus, the RF module including a
first device, the first device including a monitoring component configured to monitor
the serial bus for first data transmitted to a second device coupled to the serial bus

and configure the first device based on the first data.
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[0029] In some embodiments, the first data indicates a configuration of
the second device.

[0030] In some embodiments, the first data indicates an operation of the
second device.

[0031] In some embodiments, the first data indicates a mode of the
second device.

[0032] In some embodiments, the monitoring component is further
configured to monitor the serial bus for second data of a third device coupled to the
serial bus and to configure the first device based on the second data.

[0033] In some embodiments, the wireless device further includes a
second monitoring component configured to monitor the serial bus for second data
of a third device coupled to the serial bus and to configure the first device based
on the second data.

[0034] Insome embodiments, the RF module further includes the second
device.

[0035] In some embodiments, the second device is located in a separate
RF module.

[0036] In some embodiments, the monitoring component is configured to
configure the first device by adjusting a configuration of the first device.

[0037] Insome embodiments, the monitoring component is configured to
configure the first device by performing an operation.

[0038] Insome embodiments, the monitoring component is configured to
configure the first device by changing a mode of the first device.

[0039] In some embodiments, the serial bus includes a radio-frequency
front end (RFFE) bus.

[0040] In some implementations, the present disclosure relates to
method of operating a RF device. The method includes monitoring a serial bus for
first data transmitted to a first device coupled to the serial bus. The method also
includes configuring a second device based on the first data.

[0041] In some embodiments, the first data indicates a configuration of
the first device.

[0042] In some embodiments, the first data indicates an operation of the

first device.
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[0043] In some embodiments, the first data indicates a mode of the first
device.

[0044] In some embodiments, the method further includes monitoring the
serial bus for second data of a third device coupled to the serial bus and configuring
the first device based on the second data.

[0045] In some embodiments, the first device and the second device are
located in a same RF module.

[0046] In some embodiments, the first device and the second device are
located in separate RF modules.

[0047] In some embodiments, configuring the first device includes
adjusting a configuration of the first device.

[0048] In some embodiments, configuring the first device includes
performing an operation.

[0049] In some embodiments, configuring the first device includes
changing a mode of the RF device.

[0050] In some embodiments, the serial bus includes a radio-frequency
front end (RFFE) bus.

BRIEF DESCRIPTION OF THE DRAWINGS
[0051] Figure 1A is a block diagram illustrating example RF modules,

according to some embodiments of the present disclosure.

[0052] Figure 1B is a block diagram illustrating an example RF module,
according to some embodiments of the present disclosure.

[0053] Figure 2 is a block diagram of device/components coupled
together via a serial bus/interface, according to some embodiments of the present
disclosure.

[0054] Figure 3 is a block diagram of device/components coupled
together via a serial bus/interface, according to some embodiments of the present
disclosure.

[0055] Figure 4 is a diagram illustrating an example module, according
to some embodiments of the present disclosure.

[0056] Figure 5 is a diagram illustrating an example wireless device,

according to some embodiments of the present disclosure.

-5.-



WO 2016/131011 PCT/US2016/017890

[0057] Figure 6 is a flow diagram illustrating a process for operating a RF

device, according to some embodiments of the present disclosure.

DETAILED DESCRIPTION OF SOME EMBODIMENTS

[0058] The headings provided herein, if any, are for convenience only

and do not necessarily affect the scope or meaning of the claimed invention.

[0059] Disclosed are non-limiting examples of systems, devices, circuits
and/or methods related to techniques for monitoring a serial bus. Although the
present disclosure may be described in the context of a serial bus/interface, one
having ordinary skill in the art understands that one or more features of the present
disclosure may also be utilized in other applications. For example, the examples,
embodiments, implementations, and/or features described herein may be utilized
with an RF front-end (RFFE) bus, an Inter-Integrated Circuit (I12C) bus, a serial
peripheral interface (SPI), and/or other types of serial buses/interfaces.

[0060] Many wireless communication devices (e.g., a cellular handset
system) use a serial bus. The use of serial buses in these wireless communication
devices may allow for increased complexity of the radio-frequency (RF)
components and the configuration of the RF components used in the wireless
communication devices. For example, multiple configuration modes, detailed
feedback, and timing synchronization may be accomplished using interface signals
(e.g., 3 interface signals) shared amongst multiple RF devices, RF components,
RF modules, and/or RF circuits. Examples of the devices, components, circuits,
and/or modules on the serial bus may include, but are not limited to, the power
amplifier (PA), RF power supply management, antenna switch, and antenna tuner.
While messages for all devices/components are present on the serial bus and
visible to each of the connected devices/components, signaling protocols within
the message identify which device/component should receive and respond to the
message. As a result a device/component, such as a PA, often has little or no
knowledge of the configuration and/or state of the other devices/components on
the bus.

[0061] Described herein are examples of monitoring a serial bus. In one
embodiment, a bus monitoring function/logic (e.g., software, hardware, firmware,
or a combination thereof) may be part of a slave device/component (e.g., included

or implemented within the slave device/component) that is coupled to the serial
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bus. All messages may be visible to all slave components/devices on the serial
bus. The bus monitoring function/logic (e.g., a monitor) may allow a slave
device/component to process and/or interpret messages intended for other slave
devices/components on the serial bus. The bus monitoring function/logic may
utilize the information to improve the performance of the device/component (e.g.,
optimize, increase efficiency) beyond the configuration information sent to the
device/component.

[0062] Figure 1A is a block diagram illustrating a RF module 150 and a
RF module 151, according to some embodiments of the present disclosure. RF
module 150 includes an RF device 155 and RF module 151 includes RF device
160. As illustrated in Figure 1A, the RF device 155 and the RF device 160 are
located in separate RF modules. In one embodiment, the RF module 150 may be
coupled to the RF module 151 via a serial bus 153 (e.g., an RFFE bus/interface).
The serial bus 153 may include multiple lines (e.g., multiple pins, multiple traces,
etc.) that may communicate (e.g., transmit and/or receive) signals and/or data
between the RF module 150 and the RF module 151. The RF device 155 and RF
device 160 may use the serial bus 153 to communicate signals and/or serial data.
As illustrated in Figure 1A, the serial bus 153 includes a DATA line that may
transmit serial data (e.g., messages, commands, frames, packets, bits, etc.)
between the RF module 150 and the RF module 151. For example, the DATA line
may communicate data one bit at a time (e.g., may communicate data serially or
sequentially). The serial bus 153 further includes a CLK line that may transmit a
clock signal between the RF module 150 and the RF module 151. The RF device
155 and the RF device 160 may use the clock signal and/or the CLK line to control
the timing of the serial bus 153. For example, the serial bus 153 may operate at
the frequency of the clock signal (e.g., the DATA line may be synchronized with
the clock signal). One having ordinary skill in the art understand that in other
embodiments, the serial bus 153 may include additional lines (e.g., additional pins,
additional traces, etc.). One having ordinary skill in the art also understands that
the RF modules 150 and 151 may include various other devices (e.g., RF devices),
circuits (e.g., RF circuits), components (e.g., RF components), and/or modules
(e.g., RF modules).

[0063] Figure 1B is a block diagram illustrating an example RF module

152, according to some embodiments of the present disclosure. RF module 152
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includes the RF device 155 and the RF device 160. The RF device 155 may be
coupled to the RF device 160 via a serial bus 153 (e.g., an RFFE bus). The serial
bus 153 may include multiple lines (e.g., multiple pins, multiple traces, etc.) that
may communicate (e.g., transmit and/or receive) signals and/or data between the
RF device 155 and the RF device 160, as discussed above. The RF device 155
and RF device 160 may use the serial bus 153 to communicate signals and/or
serial data, as discussed above. As illustrated in Figure 1B, the serial bus 153
includes a DATA line that may transmit serial data (e.g., messages, commands,
frames, packets, bits, etc.) between the RF device 155 and the RF device 160.
The serial bus 153 further includes a CLK line that may transmit a clock signal
between the RF device 155 and the RF device 160. The RF device 155 and the
RF device 160 may use the clock signal and/or the control the timing of the
transmission of data, as discussed above. One having ordinary sKkill in the art
understand that in other embodiments, the serial bus 153 may include additional
lines (e.g., additional pins, additional traces, etc.). One having ordinary skill in the
art also understands that the RF modules 150 and 151 may include various other
devices (e.g., RF devices), circuits (e.g., RF circuits), components (e.g., RF
components), and/or modules (e.g., RF modules).

[0064] Figure 2 is a block diagram of device/components (e.g., RF
devices/components) coupled together via a serial bus/interface (e.g., an RFFE
bus/interface), according to some embodiments of the present disclosure. The
master device 105, the slave devices 110, 120, 125, and 130, and the serial bus
101 may be part of an RF front end and/or may be included in a module. In another
embodiment one or more of the master device 105, the slave devices 110, 120,
125, and 130 may be located in a separate module. The serial bus 101 may include
one or more lines (e.g., pins, data lines, signal lines, clock lines, etc.), as discuss
in more detail below. The master device 105 device/component may control the
configuration and/or operation of the slave devices 110, 120, 125, and 130 coupled
to the serial bus 101. For example, the master device 105 device/component may
control the configuration and/or operation of one or more of the slave device 110,
slave device 120, slave device 125, and slave device 130. As illustrated in Figure
1, the master device 105, slave device 110, slave device 120, slave device 125
and slave device 130 are coupled to each other via the serial bus 101. In one

embodiment, one or more of the slave devices may also be coupled to each other
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separate from the serial bus 101. For example, slave device 110 is coupled to
slave device 120. In another example, slave device 120 is coupled to slave device
125. In a further example, slave device 125 is coupled to slave device 130. The
slave device 110 is coupled to a battery 115. The slave device 130 is coupled to
an antenna 140 (e.g., a multi-band antenna, a single band antenna, etc.). The
master device 105 may be referred to as a master module, a master component,
a master, etc. The slave devices 110, 120, 125, and 130 may be referred to as
slaves, slave modules, slave components, slaves, etc.

[0065] The master device 105 may transmit (e.g., send) individual
messages to configure each slave device/component in the RF front end. For
example, the master device 105 may transmit one or more messages (e.g.,
configuration messages or messages with data indicating a mode of a slave
device/component and/or how a slave device/component should operate or be
configured) to the slave device 120. The slave devices/components may have little
or no knowledge of the configuration of the other slave device/components on the
bus. For example, slave device 120 may have little or no knowledge of the
configuration of slave device 125.

[0066] In addition, individual messages with similar data (e.g., similar
data indicating how a slave device/component should operate and/or be
configured) may be sent to each slave device/component. This may reduce the
available bandwidth of the serial bus 101. For example, slave device 120 and slave
device 130 may be configured using a similar message. However, the master
device 105 may transmit (e.g., send) two separate messages, one for slave device
120 and one for slave device 130.

[0067] As illustrated in Figure 2, each of the master device 105 and the
slave devices 110, 120, 125, and 130 may be associated with an identifier (e.g.,
each device may have an identifier). For example, the master device 105 has the
identifier ID_M, the slave device 110 has the identifier ID_1, the slave device 120
has the identifier ID_2, the slave device 125 has the identifier ID_3, and the slave
device 130 has the identifier ID_4. Each of the master device 105 and the slave
devices 110, 120, 125, and 130 may be aware of its corresponding identifier. For
example, the master device 105 may be aware that its identifier is ID_M, the slave
device 110 may be aware that its identifier is ID_1, the slave device 120 may be

aware that its identifier is ID_2, etc. The identifiers may be assigned by the master
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device 105 and/or by another device, module, circuit, component, etc. (e.g., by a
device not illustrated in Figure 2). The identifiers for a device may also be changed.
For example, the master device 105 may change the identifier for slave device 110
from ID_1 to SLAVE_1.

[0068] In one embodiment, the identifiers may allow the master device
105 and the slave devices 110, 120, 125, and 130 to communicate data with each
other. For example, the master device 105 may transmit a message to the slave
device 120 and may include the identifier ID_2 in the message to indicate that the
message is for the slave device 120. In another embodiment, the master device
105 and the slave devices 110, 120, 125, and 130 may each be aware of the
identifiers for the other devices coupled to the serial bus 101. For example, the
slave device 110 may be aware of the identifiers for one or more of the master
device 105, the slave device 120, the slave device 125, and the slave device 130.
In another example, the master device 105 may be aware of the identifiers for the
slave device 110, the slave device 120, the slave device 125 and the slave device
130.

[0069] As discussed above, configuration information for one other slave
devices/components within a system (e.g., within the RF front end) may not be
made available to other slave devices/components. In addition, providing this
configuration information may use connections to multiple discrete analog and/or
digital control lines. As a result, performance optimization may be limited to the
individual device/component configuration or added board (e.g., signal) routing
complexity. This may increase the package I/O and/or increase the risk of
degraded isolation performance. Alternatively, a device/component may have
been configured to require that information (e.g., configuration information)
regarding other device states need to be written to the device/component. This
would use multiple transmissions of similar messages which would decrease
bandwidth of the common serial bus 101.

[0070] Figure 3 is a block diagram of device/components (e.g., RF
devices/components) coupled together via a serial bus/interface (e.g., an RFFE
bus/interface), according to some embodiments of the present disclosure. The
master device 105, the slave devices 110, 120, 125, and 130, and the serial bus
101 may be part of an RF front end and/or may be included in a module. In another

embodiment one or more of the master device 105, the slave devices 110, 120,
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125, and 130 may be located in a separate module. The serial bus 101 may include
one or more lines (e.g., pins, data lines, signal lines, clock lines, etc.), as discuss
in more detail below. The master device 105 device/component may control the
configuration and/or operation of the slave devices 110, 120, 125, and 130 coupled
to the serial bus 101. As illustrated in Figure 3, the master device 105, slave device
110, slave device 120, slave device 125 and slave device 130 are coupled to each
other via the serial bus 101. In one embodiment, one or more of the slave devices
may also be coupled to each other separate from the serial bus 101 (as illustrated
by the dashed lines between the devices). The slave device 110 is coupled to a
battery 115. The slave device 130 is coupled to an antenna 140 (e.g., a multi-band
antenna, a single band antenna, etc.). The master device 105 may be referred to
as a master module, a master component, a master, etc. The slave devices 110,
120, 125, and 130 may be referred to as slaves, slave modules, slave components,
slaves, etc.

[0071] As illustrated in Figure 3, each of the master device 105 and the
slave devices 110, 120, 125, and 130 may be associated with an identifier (e.g.,
ID_ M, ID_1,1D_2, ID_3, and ID_4). Each of the master device 105 and the slave
devices 110, 120, 125, and 130 may be aware of its corresponding identifier. The
identifiers may be assigned and/or changed by the master device 105 and/or by
another device, module, circuit, component, etc. (e.g., by a device not illustrated in
Figure 2). In one embodiment, the identifiers may allow the master device 105 and
the slave devices 110, 120, 125, and 130 to communicate data with each other. In
another embodiment, the master device 105 and the slave devices 110, 120, 125,
and 130 may each be aware of the identifiers for the other devices coupled to the
serial bus 101.

[0072] With increasing complexity in modern wireless communication
devices, many of the devices/components in the RF front end are sold as a system
chipset but (for various reasons) may remain in separate packages. Alternately,
many of the devices/components are specified with a standard register
configuration.  Given that the mode configuration information may be well
understood for each device/component on the serial bus 101, the messages (e.qg.,
configuration messages) for the other slave devices/components on the serial bus
101 may be processed (e.g., analyzed, interpreted, etc.) and may be used to

further optimize the configuration for a given device/component.
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[0073] As discussed above, the master device 105 may transmit (e.g.,
send) individual messages to each slave device/component to configure each
slave device/component, to change a mode of each slave device/component,
and/or to change the operation of the slave device/component. Also as discussed
above, all messages transmitted via the serial bus 101 may be visible to all slave
devices/components on the serial bus 101. Slave device 110, slave device 120,
and slave device 130, include monitors (e.g., bus monitoring logic/functions) that
allow slave device 110, slave device 120, and slave device 130 to monitor,
receives, and/or process messages intend for other slave devices. For example,
slave device 110 includes a monitor 111 (e.g., a bus monitoring logic/function) to
monitor the serial bus for messages and/or data transmitted to slave device 120
(messages that are sent to identifier ID_2). In another example, slave device 120
includes a monitor 121 to monitor the serial bus for messages and/or data
transmitted to slave device 110 (messages that are sent to identifier ID_1) and a
monitor 121 to monitor the serial bus for messages and/or data transmitted to slave
device 130 (messages that are sent to identifier ID_4). The monitors of the
devices/components may include software, hardware (e.g., circuits), firmware, or
a combination thereof. The monitors 111, 121, 122, and 131 may be referred to
as monitoring modules, monitoring circuits, monitoring devices, and/or monitoring
components. In one embodiment, a device/component may have multiple
monitors. For example, slave device 120 includes monitor 121 and monitor 122.
Each monitor may allow the slave device/component to monitor the serial bus for
messages for a different slave device/component. For example, monitor 121 may
allow the slave device 120 to monitor the serial bus 101 for messages transmitted
to slave device 110 (e.g., to monitor the configuration of slave device 110) and
monitor 122 may allow the slave device 120 to monitor the bus for messages
transmitted to slave device 130 (e.g., to monitor the configuration of slave device
130). In another embodiment, a single monitor may allow the slave
device/component to monitor messages for multiple slave devices/components.
For example, a single monitor may allow the slave device 120 to monitor the serial
bus 101 for messages transmitted to slave device 110 and slave device 130.

[0074] The monitors 111, 121, 122, and 131 (e.g., monitoring
logic/functions) may allow device/component to receive and/or store messages

intended for other devices/components on the serial bus 101. The monitors 111,
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121,122, and 131 may also allow a device/component to process and/or interpret
messages intended for other slave device/components on the serial bus 101. In
one embodiment, the messages (e.g., data) intended for another slave device may
include data indicating one or more of a configuration of a slave device (e.g., how
much power a slave device should use), an operation of a slave device (e.g., an
operation to be performed by the slave device), and a mode of the slave device
(e.g., transmit mode, receive mode, low power mode, etc.).

[0075] In one embodiment, a monitor (e.g., monitors 111, 121, 122, and
131) may configure a corresponding slave device by modifying the configuration of
the slave device (e.g., configuring the slave device) based on data and/or a
message transmitted to another slave device. For example, slave device 130 may
be an antenna switch and the slave device 120 may be a PA. Data (e.g., a
message) may be transmitted to the PA (e.g., transmitted by the master device
105) indicating that the PA (e.g., slave device 120) should change to a low power
mode and/or turn off (e.g., OFF mode). The monitor of the antenna switch (e.g.,
monitor 131) may modify the configuration (or cause the modification) of the
antenna switch by coupling the antenna 140 to a different PA. In one embodiment,
the monitor (of the antenna switch) may configure/reconfigure the antenna switch
without using a separate message directed to the antenna switch. For example,
the master device 105 may not transmit a separate message (e.g., data) to the
antenna switch (to configure/reconfigure the antenna switch) because the monitor
of the antenna switch may configure/reconfigure the antenna switch based on the
message transmitted to the PA.

[0076] In another embodiment, a monitor (e.g., monitors 111, 121, 122,
and 131) may configure a corresponding slave device by modifying the operation
of the slave device and/or causing the slave device to perform an operation based
on data and/or a message transmitted to another slave device. For example, slave
device 110 may be a PA and slave device 120 may be a power supply (e.g., a
direct current (DC) power supply, a voltage source, etc.). Both the PA (e.g., slave
device 110) and the power supply (e.g., slave device 120) may be
configured/reconfigured in order for the PA to operate. For example, data (e.g., a
message) may be transmitted to the PA (e.g., transmitted by the master device
105) indicating a configuration of the PA (e.g., indicating that the PA should amplify

a signal, such as an RF signal, by a certain amount). The monitor (e.g., monitor
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121) of the power supply may receive and/or process the message transmitted to
the PA (via serial bus 101). The monitor may cause the power supply to adjust an
amount of power provided to the PA (e.g., to perform an operation) so that the PA
may use the power to amplify the signal. In one embodiment, the monitor (of the
power supply) may perform an operation and/or may cause the power to perform
an operation without using a separate message directed to the power supply. For
example, the master device 105 may not transmit a separate message (e.g., data)
to the power supply (to perform the operation) because the monitor of the power
supply may perform the operation based on the message transmitted to the PA.

[0077] In a further embodiment, a monitor (e.g., monitors 111, 121, 122,
and 131) may configure a corresponding slave device by changing the mode of the
slave device based on data and/or a message transmitted to another slave device.
For example, slave device 130 may be an antenna switch and the slave device
120 may be a PA. Data (e.g., a message) may be transmitted to the antenna
switch (e.g., transmitted by the master device 105) indicating that the antenna
switch (e.g., slave device 130) should couple the antenna 140 to a different PA.
The monitor of the PA (e.g., monitor 122) may change the mode of the PA (e.g.,
slave device 120). For example, the PA may change to a low power mode and/or
OFF mode because the PA is no longer coupled to the antenna 140. In one
embodiment, the monitor (of the antenna switch) may change the mode of the PA
without using a separate message directed to the PA. For example, the master
device 105 may not transmit a separate message (e.g., data) to the PA (to change
the mode of the PA) because the monitor of the PA may configure/reconfigure the
antenna switch based on the message transmitted to the antenna switch.

[0078] In one embodiment, a monitor of a first slave device may use a
message transmitted to another slave device to change the mode of the first slave
device, configure the first slave device, and/or perform an operation when the first
device is similar to and/or the same as the second device. For example, the first
slave device and the second slave device may both be PAs. The second slave
device may receive a message to change the amplification of a signal received by
the second slave device. The first slave device may also change the amplification
of a signal received by the first slave device based on the message transmitted to

the second slave device. This may allow the master device 105 to change the
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mode, configure, and/or perform operations on multiple slave devices with a single
message (which may reduce the amount of data/congestion on the serial bus 101).

[0079] In one embodiment, the master device 105 and/or the slave
devices 110, 120, 125, and 130 may modify and/or adjust their corresponding
configurations without using dedicated configuration registers within each
device/component. This may allow for less duplication of the configuration
information in each device/component. The device/component (e.g., RF front-end
device/component) manufacturers may provide performance optimization without
adding system complexity such as broadcast messaging which may use device
specification standardization.

[0080] In one embodiment, the device/component configuration may be
available before the functionality is activated rather than by sensing voltages or
other conditions that occur as a result of the configuration change, a change in
mode, and/or an operation. For example, slave device 110 may be aware of a
configuration change to slave device 120 before the configuration change takes
effect (e.g., is activated) on slave device 120 because the slave device may
monitor messages directed to the slave device 120. This may allow the slave
device 110 to reconfigure, change modes, and/or perform an operation before a
configuration change takes effect on the slave device 120.

[0081] In one embodiment, the bus monitoring logic/functions within the
slave devices/components may allow for increased efficiency (e.g., increased
power efficiency, decreased latency in communications, decreased latency in
performing operations and/or reconfiguring, etc.) of the devices of RF front end
(e.g., master device 105, slave device 110, etc.) without reducing the available
bandwidth of the serial bus 101. For example, a first slave device may change to
low power mode based on a message transmitted to a second slave device which
may allow the first slave device to use less power. In another example, a first slave
device may perform an operation and/or reconfigure based on message
transmitted to a second device, rather than waiting for a second message
instructing the first slave device to perform the operation and/or reconfigure.

[0082] Figure 4 shows that in some embodiments, some or all of the
devices and/or serial buses/interfaces having one or more features as described
herein may be implemented in a module. For example, the duplexer assembly 310

may include a monitor (e.g., monitor 111 illustrated in Figure 3). In another
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example, the power amplifier assembly 306 may include a monitor. Such a module
may be, for example, a front-end module (FEM). In the example of Figure 8, a
radio frequency (RF) module 300 can include a packaging substrate 302, and a
number of components may be mounted on such a packaging substrate. For
example, a front-end power management integrated circuit (FE-PMIC) component
304, a power amplifier assembly 306, a match component 308, and a duplexer
assembly 310 may be mounted and/or implemented on and/or within the packaging
substrate 302. The FE-PMIC component 304 includes a supply 100 which may be
a power supply (e.g., a battery, a voltage/power source) and/or may be coupled to
a power supply. Other components such as a number of surface mount technology
(SMT) devices 314 and an antenna switch module (ASM) 312 can also be mounted
on the packaging substrate 302. Although all of the various components are
depicted as being laid out on the packaging substrate 302, it will be understood
that some component(s) may be implemented over other component(s). In some
embodiments, the components of the RF module 300 and one or more serial
buses/interfaces (e.g., a RFFE bus/interface) used by the components of the RF
module 300 may implement and/or perform one or more features as described
herein.

[0083] In some implementations, a device and/or a circuit having one or
more features described herein may be included in a device such as a wireless
device. Such a device and/or a circuit may be implemented directly in the wireless
device, in a modular form as described herein, or in some combination thereof. In
some embodiments, such a wireless device can include, for example, a cellular
phone, a smart-phone, a hand-held wireless device with or without phone
functionality, a wireless tablet, etc.

[0084] Figure 5 depicts an example wireless device 400 having one or
more advantageous features described herein. In the context of a module having
one or more features as described herein, such a module can be generally
depicted by a dashed box 300, and can be implemented as, for example, a front-
end module (FEM). Such a module can include an RFFE module 104 having one
or more features as described herein. For example, the RFFE module 104 may
include bus monitoring logic/functions that may be included in a device/component
(e.g., included in a PA 420).
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[0085] Referring to Figure 5, power amplifiers (PAs) 420 can receive
their respective RF signals from a transceiver 410 that can be configured and
operated in known manners to generate RF signals to be amplified and transmitted,
and to process received signals. The transceiver 410 is shown to interact with a
baseband sub-system 408 that is configured to provide conversion between data
and/or voice signals suitable for a user and RF signals suitable for the transceiver
410. The transceiver 410 can also be in communication with a power management
component 406 that is configured to manage power for the operation of the
wireless device 400. Such power management can also control operations of the
baseband sub-system 408 and the module 300.

[0086] The baseband sub-system 408 is shown to be connected to a
user interface 402 to facilitate various input and output of voice and/or data
provided to and received from the user. The baseband sub-system 408 can also
be connected to a memory 404 that is configured to store data and/or instructions
to facilitate the operation of the wireless device, and/or to provide storage of
information for the user.

[0087] In the example wireless device 400, outputs of the PAs 420 are
shown to be matched (via respective match circuits 422) and routed to their
respective duplexers 424. Such amplified and filtered signals can be routed to an
antenna 416 through an antenna switch 414 for transmission. In some
embodiments, the duplexers 424 can allow transmit and receive operations to be
performed simultaneously using a common antenna (e.g., 416). In Figure 5,
received signals are shown to be routed to "Rx" paths (not shown) that can include,
for example, a low-noise amplifier (LNA). In some embodiments, the various
components, devices, modules, and/or circuits of the wireless device 400 may be
coupled to a serial bus (e.g., an RFFE bus) and may include a monitor, as
discussed above.

[0088] A number of other wireless device configurations can utilize one
or more features described herein. For example, a wireless device does not need
to be a multi-band device. In another example, a wireless device can include
additional antennas such as diversity antenna, and additional connectivity features
such as Wi-Fi, Bluetooth, and GPS.

[0089] Figure 6 is a flow diagram illustrating a process 600 for operating

a RF device, according to some embodiments of the present disclosure. The
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process 600 may be performed by processing logic that comprises hardware (e.g.,
circuitry, dedicated logic, programmable logic, microcode, etc.), firmware, software
(e.g., instructions run on a processor to perform hardware simulation), or a
combination thereof. In one embodiment, process 600 may be performed by a
monitor, an RF module, and/or a RF device. For example, the process 600 may
be performed by the slave device 110 and/or the monitor 111 illustrated in Figure
3. In addition, the process 600 could alternatively be represented as a series of
interrelated states via a state diagram or events.

[0090] The process 600 begins at block 605 where the process 600
monitors a serial bus for data and/or messages. At block 610, the process
determines whether any messages were detected on the serial bus. If no
messages were detected, the process proceeds to block 605. If a message was
detected, the process proceeds to block 615 where the process 600 determines
whether a device (e.g., an RF device, a RF component, a RF module, a RF circuit,
etc.) should be configured. For example, the process 600 may analyze and/or
process the message (e.g., data) to determine whether a device can be configured
based on the data. If the process 600 determines that the device should be not be
configured, the process 600 ends. For example, the process 600 may determine
that a device does not need to be configured or cannot be configured based on the
message. If the process 600 determines that the device should be configured, the
process 600 proceeds to block 620 where the process 600 configures the device.
For example, the process 600 may adjust a configuration of a device, change a
mode of a device, and/or perform an operation, as discussed above. After block
620, the process 600 ends.

[0091] The present disclosure describes various features, no single one
of which is solely responsible for the benefits described herein. It will be
understood that various features described herein may be combined, modified, or
omitted, as would be apparent to one of ordinary skill. Other combinations and
sub-combinations than those specifically described herein will be apparent to one
of ordinary skill, and are intended to form a part of this disclosure. Various methods
are described herein in connection with various flowchart steps and/or phases. It
will be understood that in many cases, certain steps and/or phases may be
combined together such that multiple steps and/or phases shown in the flowcharts

may be performed as a single step and/or phase. Also, certain steps and/or phases
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may be broken into additional sub-components to be performed separately. In
some instances, the order of the steps and/or phases may be rearranged and
certain steps and/or phases may be omitted entirely. Also, the methods described
herein are to be understood to be open-ended, such that additional steps and/or
phases to those shown and described herein may also be performed.

[0092] Although various embodiments and examples are disclosed
above, inventive subject matter extends beyond the specifically disclosed
embodiments to other alternative embodiments and/or uses and to modifications
and equivalents thereof. Thus, the scope of the claims that may arise from this
disclosure is not limited by any of the particular embodiments described above.
Additionally, the structures, systems, and/or devices described herein may be
embodied as integrated components or as separate components. For purposes of
comparing various embodiments, certain aspects and advantages of these
embodiments are described. Not necessarily all such aspects or advantages are
achieved by any particular embodiment. Thus, for example, various embodiments
may be carried out in a manner that achieves or optimizes one advantage or group
of advantages as taught herein without necessarily achieving other aspects or
advantages as may also be taught or suggested herein.

[0093] Some aspects of the systems and methods described herein may
advantageously be implemented using, for example, computer software, hardware,
firmware, or any combination of computer software, hardware, and firmware.
Computer software may comprise computer executable code stored in a computer
readable medium (e.g., non-transitory computer readable medium) that, when
executed, performs the functions described herein. In some embodiments,
computer-executable code is executed by one or more general purpose computer
processors. A skilled artisan will appreciate, in light of this disclosure, that any
feature or function that may be implemented using software to be executed on a
general purpose computer may also be implemented using a different combination
of hardware, software, or firmware. For example, such a module may be
implemented completely in hardware using a combination of integrated circuits.
Alternatively or additionally, such a feature or function may be implemented
completely or partially using specialized computers designed to perform the

particular functions described herein rather than by general purpose computers.
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[0094] Multiple distributed computing devices may be substituted for any
one computing device described herein. In such distributed embodiments, the
functions of the one computing device are distributed (e.g., over a network) such
that some functions are performed on each of the distributed computing devices.

[0096] Some embodiments may be described with reference to
equations, algorithms, and/or flowchart illustrations. These methods may be
implemented using computer program instructions executable on one or more
computers. These methods may also be implemented as computer program
products either separately, or as a component of an apparatus or system. In this
regard, each equation, algorithm, block, or step of a flowchart, and combinations
thereof, may be implemented by hardware, firmware, and/or software including one
or more computer program instructions embodied in computer-readable program
code logic. As will be appreciated, any such computer program instructions may
be loaded onto one or more computers, including without limitation a general
purpose computer or special purpose computer, or other programmable
processing apparatus to produce a machine, such that the computer program
instructions which execute on the computer(s) or other programmable processing
device(s) implement the functions specified in the equations, algorithms, and/or
flowcharts. It will also be understood that each equation, algorithm, and/or block
in flowchart illustrations, and combinations thereof, may be implemented by special
purpose hardware-based computer systems which perform the specified functions
or steps, or combinations of special purpose hardware and computer-readable
program code logic means.

[0096] Furthermore, computer program instructions, such as embodied
in computer-readable program code logic, may also be stored in a computer
readable memory (e.g., a non-transitory computer readable medium) that may
direct one or more computers or other programmable processing devices to
function in a particular manner, such that the instructions stored in the computer-
readable memory implement the function(s) specified in the block(s) of the
flowchart(s). The computer program instructions may also be loaded onto one or
more computers or other programmable computing devices to cause a series of
operational steps to be performed on the one or more computers or other
programmable computing devices to produce a computer-implemented process

such that the instructions which execute on the computer or other programmable
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processing apparatus provide steps for implementing the functions specified in the
equation(s), algorithm(s), and/or block(s) of the flowchart(s).

[0097] Some or all of the methods and tasks described herein may be
performed and fully automated by a computer system. The computer system may,
in some cases, include multiple distinct computers or computing devices (e.g.,
physical servers, workstations, storage arrays, etc.) that communicate and
interoperate over a network to perform the described functions. Each such
computing device typically includes a processor (or multiple processors) that
executes program instructions or modules stored in a memory or other non-
transitory computer-readable storage medium or device. The various functions
disclosed herein may be embodied in such program instructions, although some or
all of the disclosed functions may alternatively be implemented in application-
specific circuitry (e.g., ASICs or FPGAs) of the computer system. Where the
computer system includes multiple computing devices, these devices may, but
need not, be co-located. The results of the disclosed methods and tasks may be
persistently stored by transforming physical storage devices, such as solid state
memory chips and/or magnetic disks, into a different state.

[0098] Unless the context clearly requires otherwise, throughout the

” o

description and the claims, the words “comprise,” “comprising,” and the like are to
be construed in an inclusive sense, as opposed to an exclusive or exhaustive
sense; that is to say, in the sense of “including, but not limited to.” The word
“‘coupled’, as generally used herein, refers to two or more elements that may be
either directly connected, or connected by way of one or more intermediate

” o

elements. Additionally, the words “herein,” “above,” “below,” and words of similar
import, when used in this application, shall refer to this application as a whole and
not to any particular portions of this application. Where the context permits, words
in the above Detailed Description using the singular or plural number may also
include the plural or singular number respectively. The word “or” in reference to a
list of two or more items, that word covers all of the following interpretations of the
word: any of the items in the list, all of the items in the list, and any combination of
the items in the list. The word “exemplary” is used exclusively herein to mean
“serving as an example, instance, or illustration.” Any implementation described
herein as “exemplary” is not necessarily to be construed as preferred or

advantageous over other implementations. Furthermore, the terms 'first"
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"second," "third," "fourth," etc., as used herein are meant as labels to distinguish
among different elements and may not necessarily have an ordinal meaning
according to their numerical designation.

[0099] The disclosure is not intended to be limited to the
implementations shown herein. Various modifications to the implementations
described in this disclosure may be readily apparent to those skilled in the art,
and the generic principles defined herein may be applied to other
implementations without departing from the spirit or scope of this disclosure. The
teachings of the invention provided herein may be applied to other methods and
systems, and are not limited to the methods and systems described above, and
elements and acts of the various embodiments described above may be
combined to provide further embodiments. Accordingly, the novel methods and
systems described herein may be embodied in a variety of other forms;
furthermore, various omissions, substitutions and changes in the form of the
methods and systems described herein may be made without departing from the
spirit of the disclosure. The accompanying claims and their equivalents are
intended to cover such forms or modifications as would fall within the scope and

spirit of the disclosure.
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WHAT IS CLAIMED 1S:

1. A radio frequency (RF) device comprising:

a communication interface coupled to a serial bus;

a monitoring component coupled to the communication interface, the
monitoring component configured to monitor the serial bus for first data transmitted
to afirst device coupled to the serial bus and configure the RF device based on the

first data.

2. The RF device of claim 1 wherein the first data indicates a

configuration of the first device.

3. The RF device of claim 1 wherein the first data indicates an operation

of the first device.

4. The RF device of claim 1 wherein the first data indicates a mode of

the first device.

. The RF device of claim 1 wherein the monitoring component is further
configured to monitor the serial bus for second data of a second device coupled to

the serial bus and to configure the RF device based on the second data.

6. The RF device of claim 1 further comprising a second monitoring
component configured to monitor the serial bus for second data of a second device

coupled to the serial bus and to configure the RF device based on the second data.

7. The RF device of claim 1 wherein the RF device and the first device

are located in a same RF module.

8. The RF device of claim 1 wherein the RF device and the first device

are located in separate RF modules.

9. The RF device of claim 1 wherein the monitoring component is

configured to configure the RF device by adjusting a configuration of the RF device.
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10. The RF device of claim 1 wherein the monitoring component is

configured to configure the RF device by performing an operation.

11. The RF device of claim 1 wherein the monitoring component is

configured to configure the RF device by changing a mode of the RF device.

12. The RF device of claim 1 wherein the serial bus comprises a radio-

frequency front end (RFFE) bus.

13.  Aradio-frequency (RF) module comprising:

a serial bus;

a first device coupled to the serial bus, the first device including a
monitoring component configured to monitor the serial bus for first data
transmitted to a second device coupled to the serial bus and configure the

first device based on the first data.

14. The RF module of claim 13 wherein the first data indicates a

configuration of the second device.

15. The RF module of claim 13 wherein the first data indicates an

operation of the second device.

16. The RF module of claim 13 wherein the first data indicates a mode

of the second device.

17. The RF module of claim 13 wherein the monitoring component is
further configured to monitor the serial bus for second data of a third device coupled

to the serial bus and to configure the first device based on the second data.

18. The RF module of claim 13 further comprising a second monitoring
component configured to monitor the serial bus for second data of a third device
coupled to the serial bus and to configure the first device based on the second

data.
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19.  The RF module of claim 13 wherein the RF module further comprises

the second device.

20. The RF module of claim 13 wherein the second device is located in

a separate RF module.

21.  The RF module of claim 13 wherein the monitoring component is
configured to configure the first device by adjusting a configuration of the first

device.

22. The RF module of claim 13 wherein the monitoring component is

configured to configure the first device by performing an operation.

23. The RF module of claim 13 wherein the monitoring component is

configured to configure the first device by changing a mode of the first device.

24.  The RF module of claim 13 wherein the serial bus comprises a radio-

frequency front end (RFFE) bus.

25. A wireless device comprising:

a serial bus;

a radio-frequency (RF) module coupled to the serial bus, the RF
module including a first device, the first device including a monitoring
component configured to monitor the serial bus for first data transmitted to
a second device coupled to the serial bus and configure the first device

based on the first data.

26. The wireless device of claim 25 wherein the first data indicates a

configuration of the second device.

27. The wireless device of claim 25 wherein the first data indicates an

operation of the second device.
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28. The wireless device of claim 25 wherein the first data indicates a

mode of the second device.

29. The wireless device of claim 25 wherein the monitoring component
is further configured to monitor the serial bus for second data of a third device
coupled to the serial bus and to configure the first device based on the second

data.

30. The wireless device of claim 25 further comprising a second
monitoring component configured to monitor the serial bus for second data of a
third device coupled to the serial bus and to configure the first device based on the

second data.

31. The wireless device of claim 25 wherein the RF module further

comprises the second device.

32. The wireless device of claim 25 wherein the second device is located

in a separate RF module.
33. The wireless device of claim 25 wherein the monitoring component
is configured to configure the first device by adjusting a configuration of the first

device.

34. The wireless device of claim 25 wherein the monitoring component

is configured to configure the first device by performing an operation.

35. The wireless device of claim 25 wherein the monitoring component

is configured to configure the first device by changing a mode of the first device.

36. The wireless device of claim 25 wherein the serial bus comprises a

radio-frequency front end (RFFE) bus.

37. A method of operating a RF device, the method comprising:
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monitoring a serial bus for first data transmitted to a first device coupled to
the serial bus;

configuring a second device based on the first data.

38. The method of claim 37 wherein the first data indicates a

configuration of the first device.

39.  The method of claim 37 wherein the first data indicates an operation

of the first device.

40. The method of claim 37 wherein the first data indicates a mode of the

first device.

41.  The method of claim 37 further comprising:
monitoring the serial bus for second data of a third device coupled to

the serial bus and configuring the first device based on the second data.

42. The method of claim 37 wherein the first device and the second

device are located in a same RF module.

43. The method of claim 37 wherein the first device and the second

device are located in separate RF modules.

44,  The method of claim 37 wherein configuring the first device

comprises adjusting a configuration of the first device.

45.  The method of claim 37 wherein configuring the first device

comprises performing an operation.

46. The method of claim 37 wherein configuring the first device

comprises changing a mode of the RF device.

47.  The method of claim 37 wherein the serial bus comprises a radio-

frequency front end (RFFE) bus.
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