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DAISY CHAIN STREAMING MODE

PRIORITY

[0001] The present disclosure claims priority to U.S. Pro-
visional Patent Application No. 62/893,202, filed Aug. 29,
2019, to U.S. Provisional Patent Application No. 62/893,209
filed Aug. 29, 2019, and to U.S. Provisional Patent Appli-
cation No. 62/893,216 filed Aug. 29, 2019, the contents of
which are hereby incorporated in their entirety.

FIELD OF THE INVENTION

[0002] The present disclosure relates to communication
between microcontrollers and, more particularly, to a daisy
chain streaming mode.

BACKGROUND

[0003] Microcontroller units (MCUs) and other electronic
devices communicate in a variety of ways. However, their
number of ports of communication is limited and the number
of devices to connect to may be much larger than the number
of ports. One way to optimize the usage of the MCU ports
a daisy chain configuration, wherein such devices are con-
nected one after the other to each other, and data is propa-
gated from one device to the next device. Daisy chain
configurations are often used for large backplane applica-
tions and may reduce the number of wires needed, compared
to configurations wherein data transfer is in parallel between
such devices. A daisy chain configuration uses n ports,
wherein n is the number of bits of data to be communicated
between any two devices. In the case of serial communica-
tion, such as serial peripheral interface (SPI), n may be one.
In contrast, wherein a parallel configuration may require m
ports, or m times n ports, wherein m is the number of devices
that will communicate data to each other. If the number of
ports on the device is limited, a daisy chain configuration
may help conserve the usage of ports.

[0004] Daisy chain configuration may require an interface
protocol that facilitates transferring commands and data
throughout the daisy chain from one device to another.
Inventors of embodiments of the present disclosure have
discovered obstacles to streaming data from devices in daisy
chain mode in a daisy chain. One such problem discovered
by inventors of embodiments of the present disclosure is that
daisy chain protocols often suffer from large communication
overhead, as simply replicating a read command throughout
the daisy chain multiplies the read command length by the
length of the chain. Moreover, if data has to be retrieved
from each device in the chain, a buffering of this data may
take place in each device in order to correctly transmit data
from devices further up the daisy chain. The need for buffers
may cause a need for a larger die size to accommodate these
buffers. Inventors of embodiments of the present disclosure
have discovered a daisy chain streaming mode of operation
for electronic devices that addresses one or more of these
discovered problems.

SUMMARY

[0005] Embodiments of the present disclosure may
include an apparatus. The apparatus may be a node or
electronic device in a daisy chain. The apparatus may
include a serial data input port configured to receive input
from a first electronic device in the daisy chain. The appa-
ratus may include a serial data output port configured to send
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output to a second electronic device in the daisy chain. The
apparatus may include a chip select input port configured to
receive input from a master control unit. The apparatus may
include an interface circuit configured to, in a daisy chain
streaming mode, based on a received command and on a
changed edge of a chip select signal on the chip select input
port, repeatedly read data from a data source of the apparatus
to yield data, output the data to the serial data output port,
and copy data received at the serial data input port to the
serial data output port after the data.

[0006] Embodiments of the present disclosure may
include an apparatus. The apparatus may be a master control
unit for a daisy chain of electronic devices. The apparatus
may include a serial data output port configured to send
output data to a first electronic device of the daisy chain. The
apparatus may include a serial data input port configured to
receive input data from a last electronic device of the daisy
chain. The apparatus may include a chip select output port
configured to send output to the electronic devices of the
daisy chain. The apparatus may include an interface circuit,
configured to set the electronic devices in a daisy chain
streaming mode with a command issued through the serial
data output port and a first changed edge on a chip select
signal issued through the chip select output port. In the daisy
chain streaming mode, each given electronic device is
configured to repeatedly read data from a data source of the
given electronic device to yield data, output the data to a
next electronic device in the daisy chain, and output a
received data received from a previous electronic device in
the daisy chain to the next electronic device in the daisy
chain. The interface circuit may be configured to, through
the serial data input port, receive a continuous stream of data
read by the electronic devices, the continuous stream of data
including at least two instances of data from each of the
electronic devices.

[0007] Embodiments of the present disclosure may
include a method for operating an electronic device. The
method may include a serial data input port. The method
may include, through a serial data input port, receiving input
from a first electronic device. The method may include,
through a serial data output port, sending output to a second
electronic device. The method may include, through a chip
select input port, receiving input from a master control unit.
The method may include, in a daisy chain streaming mode,
based on a received command and on a changed edge of a
chip select signal on the chip select input port, repeatedly
reading data from a data source of the apparatus to yield
data, outputting the first data to the serial data output port,
and copying data received at the serial data input port to the
serial data output port after the data.

[0008] Embodiments of the present disclosure may
include a method for operating a master control unit. The
method may include, through a serial data output port,
sending output data to a first electronic device. The method
may include, through a serial data input port, receiving input
data from a second electronic device. The method may
include, through a chip select output port, sending output to
electronic devices. The electronic devices may be connected
in a daisy chain and include the first and second electronic
devices. The method may include setting the electronic
devices in a daisy chain streaming mode with a command
issued through the serial data output port, and a changed
edge on a chip select signal issued through the chip select
output port. In the daisy chain streaming mode, each given
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electronic device may repeatedly read data from a data
source of the given electronic device to yield data, output the
data to a next electronic device in the daisy chain, and output
a received data received from a previous electronic device in
the daisy chain to the next electronic device in the daisy
chain. The method may include, through the serial data input
port, receiving a continuous stream of data read by the
electronic devices, the continuous stream of data including
at least two instances of data from each of the electronic
devices.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1 is an illustration of a system with daisy
chained electronic devices, according to embodiments of the
present disclosure.

[0010] FIG. 2 is a more detailed illustration of a master
control unit and of an electronic device, according to
embodiments of the present disclosure.

[0011] FIGS. 3 and 4 are illustrations of timing diagrams
of issuing a command for setting a streaming mode in a
daisy chain of electronic devices, and then performing the
reading of data in a streaming mode, according to embodi-
ments of the present disclosure.

[0012] FIGS. 5A and 5B are illustrations of operation of a
method for daisy chain streaming for an electronic device,
according to embodiments of the present disclosure.
[0013] FIG. 6 is an illustration of operation of another
method for daisy chain streaming mode entry and command
execution for a master control unit, according to embodi-
ments of the present disclosure.

DETAILED DESCRIPTION

[0014] Embodiments of the present disclosure may
include a system. The system may include electronic devices
connected to one another in a daisy chain fashion. The
electronic devices may include a master electronic device or
master control unit and any suitable number of other elec-
tronic devices. The electronic devices and master control
units may be implemented in the same manner or in a
different manner. The electronic devices and master control
units may each include interface circuits. The interface
circuits may be implemented in any suitable combination of
analog circuitry, digital circuitry, or instructions for execu-
tion by a processor. The interface circuits may handle
communication between electronic devices and master con-
trol units. A master control unit may be connected to each
electronic device in any suitable manner. For example, the
master control unit may be connected to each electronic
device via a clock signal connection. The master control unit
may be connected to each electronic device via a chip select
signal connection. The master control unit may be connected
to a first electronic device in the daisy chain through a serial
data output port of the master control unit and a serial data
input port of the first electronic device. A given electronic
device of the daisy chain may be connected to another
electronic device of the daisy chain through a serial data
output port of the given electronic device and a serial data
input port of the other electronic device. The master control
unit may be connected to a last electronic device in the daisy
chain through a serial data input port in the master control
unit and a serial data output port in the electronic device.

[0015] In combination with any of the above embodi-
ments, an embodiment may include an apparatus, such as an
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electronic device in the daisy chain. The electronic device
may include a serial data input port configured to receive
input from a first, other electronic device or a master control
unit. The electronic device may include a serial data output
port configured to send output to a second, other electronic
device. The electronic device may include a chip select input
port configured to receive input from an electronic device
such as a master control unit.

[0016] In combination with any of the above embodi-
ments, the master control unit may be configured to issue
commands and data associated with the commands to the
electronic devices. When in daisy chain mode, electronic
devices may generally propagate information received on
their serial data input port to their serial data output port. The
master control unit may include a serial data output port
configured to send output data to a first electronic device at
the top of the daisy chain, a serial data input port configured
to receive input data from a second electronic device at the
end of the daisy chain, and a chip select output port
configured to send output to the electronic devices, and an
interface circuit.

[0017] In combination with any of the above embodi-
ments, the apparatus of an electronic device may include an
interface circuit. The interface circuit may be configured to,
in a daisy chain streaming mode, based on a first received
command and on a first changed edge of a chip select signal
on the chip select input port, repeatedly read data from a data
source of the apparatus to yield first data, output the first data
to the serial data output port, and copy data received at the
serial data input port to the serial data output port after the
first data. In combination with any of the above embodi-
ments, the interface circuit may be configured to repeat,
without another reception of a second command or addi-
tional signals received on the chip select input port, the steps
of reading data from the data source to yield first data,
outputting the first data to the serial data output port, and
copying data received at the serial data input port to the
serial data output port. In combination with any of the above
embodiments, the interface circuit may be configured to
enter the daisy chain streaming mode based upon reception
of the first received command through the serial data input
port, and, subsequently, reception of one or more second
changed edges of the chip select signal on the chip select
input port. In combination with any of the above embodi-
ments, the interface circuit may be configured to output the
first data to the serial data output port at a time based upon
a position of the apparatus in a daisy chain of electronic
devices, a length of data to be read by the apparatus, or a
number of electronic devices in the daisy chain of electronic
devices. The position of the apparatus may be determined in
any suitable manner. The length of data to be read by the
apparatus, such as datalength, may be based upon the
received command. The number of electronic devices in the
daisy chain may be determined in any suitable manner.
Using one or more of the factors of the position, datalength,
and number of electronic devices, the interface circuit may
be configured to write data to the next electronic device in
a sequence with the other electronic devices such that no
data conflicts occur. In combination with any of the above
embodiments, the interface circuit may be configured to
pause the steps of repeatedly outputting the first data to the
serial data output port and copying data received at the serial
data input port to the serial data output port based upon a
second changed edge of the chip select signal on the chip
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select input port. In combination with any of the above
embodiments, the interface circuit may be configured to
resume the steps of repeatedly outputting the first data to the
serial data output port and copying data received at the serial
data input port to the serial data output port based upon a
third changed edge of the chip select signal on the chip select
input port.

[0018] In combination with any of the above embodi-
ments, the master control unit may include an interface
circuit. The interface circuit may be configured to set the
electronic devices in a daisy chain streaming mode with a
first command issued through the serial data output port and
a first changed edge on a chip select signal issued through
the chip select output port. In the daisy chain streaming
mode, each given electronic device is configured to repeat-
edly read data from a data source of the given electronic
device to yield first data, output the first data to a next
electronic device in the daisy chain, and output a received
data received from a previous electronic device in the daisy
chain to the next electronic device in the daisy chain. In
combination with any of the above embodiments, the inter-
face circuit may be configured to, through the serial data
input port, receive a continuous stream of data read by the
electronic devices, the continuous stream of data including
at least two instances of first data from each of the electronic
devices. In combination with any of the above embodiments,
the interface circuit may be configured to cause the elec-
tronic devices to repeatedly provide the continuous stream
of data without issuance of a second command or additional
signals on the chip select output port. In combination with
any of the above embodiments, the interface circuit may be
configured to cause the electronic devices to enter the daisy
chain streaming mode based upon issuance of a second
changed edge on a chip select signal issued through the chip
select output port. In combination with any of the above
embodiments, the interface circuit may be configured to
cause the electronic devices to output the first data to the
serial data output port at a time based upon a position of the
a respective electronic device in the daisy chain of electronic
devices, a length of data to be read by each electronic
devices, or a number of electronic devices in the daisy chain
of electronic devices. In combination with any of the above
embodiments, the interface circuit may be configured to
pause the daisy chain streaming mode by issuing a second
changed edge of the chip select signal on the chip select
output port. In combination with any of the above embodi-
ments, the interface circuit may be configured to resume the
daisy chain streaming mode by issuing a third changed edge
of the chip select signal on the chip select output port.

[0019] FIG. 1 is an illustration of a system 100 with daisy
chained electronic devices, according to embodiments of the
present disclosure. Any suitable electronic devices may be
daisy chained. For example, a microcontroller unit (MCU)
101 may be a master or head node in system 100. In another
example, additional electronic devices 102A, 102B, 102C
may be slave or sub nodes in system 100. Any suitable
number and type of electronic devices may be used. For
example, in some implementations, 256 different electronic
devices may be daisy chained in system 100. The electronic
devices of system 100, such as MCU 101 and electronic
devices 102, may be implemented in a same manner or each
in a different manner.

[0020] System 100 may be implemented within any suit-
able context. For example, system 100 may be implemented
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within a data sensor array, vehicle, control system, industrial
automation, home automation, factory, test and validation
system, or any other suitable application. System 100 may
be configured to read or write data via daisy chained serial
interfaces in order to accomplish or further any suitable task
in such contexts.

[0021] MCU 101 may include inputs and outputs, includ-
ing master in slave output (MISO), configured to receive
data from an end of the daisy chain of system 100, such as
output of electronic device 102C. MISO may be received
through a MISO port. The MISO port may be a serial data
input port configured to receive input from other electronic
devices. MCU 101 may include an output for master output
slave input (MOSI). MOSI may be sent through a MOSI
port. The MOSI port may be a serial data output port
configured to send output to other electronic devices. For
example, MCU 101 which may be configured to send data
to a first slave electronic device of the daisy chain of system
100, such as input to electronic device 102A, through the
MO SI port. MCU 101 may include a port or pin(s) for a
shared clock (SCK), which may be used as a shared clock
output port to send a shared clock signal for timing of
transfers. MCU 101 may be configured to generate SCK,
and it may be routed to each of the other electronic devices
102. MCU 101 may include a port or pin(s) for a chip select
(CS) signal, which may be used to communicate various
information as discussed below. The CS port may be a chip
select output port configured to send input from a master
device such as MCU 101 to electronic devices 102. MCU
101 may be configured to generate the CS signal, and it may
be routed to each of the other electronic devices 102. The CS
signal may be manifested or evaluated in terms of an
inverted or logical negative version of the CS signal,
denoted as nCS. Any of MCU 101 or electronic devices 102
may be configured to generate a CS/nCS signal, and the
CS/nCS signal may be routed to each of the other electronic
devices 102 and MCU 101.

[0022] Electronic devices 102 may each include a serial
data input (SDI) port or pin(s) configured to receive data
input from MCU 101 or another one of electronic devices
102. The SDI port may be a serial data input port configured
to receive input from other electronic devices. Electronic
devices 102 may each include a serial data output (SDO)
port or pin(s) configured to send data output to MCU 101 or
another one of electronic devices 102. The SDO port may be
a serial data output port configured to send output to other
electronic devices. Electronic devices 102 may include a
shared clock input port to receive an SCK signal and a chip
select input port to receive CS or nCS signals. Electronic
devices 102 and MCU 101 may further include other suit-
able number and kind of ports.

[0023] MCU 101 and electronic devices 102 may use any
suitable communication protocol, such as SPI. MCU 101
may be configured to issue commands or data to electronic
devices 102. Such commands may be issued serially through
the MOSI port of MCU 101 to the SDI port of electronic
device 102A, which may in turn serially propagate the
command or data on to other electronic devices such as
electronic device 102B through the SDO port of electronic
device 102A to the SDI port of electronic device 102B. The
width of the command may specify how many serial pulses
of data are to be used to represent the command. In turn,
electronic device 102B may serially propagate the command
or data on to other electronic devices such as electronic
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device 102C through the SDO port of electronic device
102B to the SDI port of electronic device 102C. In turn,
electronic device 102C may serially propagate the command
or data on to other electronic devices such as another
electronic device (not shown) or to MCU 101 through the
SDO port of electronic device 102C to the MISO port of
MCU 101.

[0024] Each of electronic devices 102 may be configured
to propagate a NOP (a no-operation) command on its
respective SDO port until the given electronic device 102
recognizes and identifies a predefined command on its
respective SDI port that matches a known pattern that is
different than a NOP command. A NOP command may be,
for example, a series of logic 0 bits. Once recognized and
identified, the predefined command may be executed by
respective electronic devices 102 when all bits of the pre-
defined command have been fully received on the SDI port.
Each electronic device 102 may copy the predefined com-
mand that arrived on its SDI port to its SDO port in parallel
with executing the predefined command. This may facilitate
propagation of the predefined command throughout the
daisy chain with the least amount of delay and communi-
cation overhead.

[0025] The commands may be, for example, to read data.
The data and a source of the data that is to be read may be
designated by the command. Each electronic device 102
may monitor its SDI port for a read command, and then for
data read from others of electronic devices 102 or MCU 101
(whichever is connected further up the daisy chain). Such
data from other electronic devices 102 or MCU 101 may
need to be propagated through the daisy chain though the
SDO ports of electronic devices 102. The data may be
propagated to the MISO port of MCU 101. The read
command may be recognized by electronic device 102 as
being the first command received after a falling edge of the
nCS signal that is identified and is different than NOP
commands or signals.

[0026] Each electronic device 102 may be configured to
perform the read command by sending its own data (gen-
erated by executing the read command) on its SDO port after
having received and recognized the read command, and after
copying data of other of electronic devices 102 or MCU 101
received on its SDI port to its SDO port. However, in other
implementations, this might require the use of a buffer
internal to electronic device 102 and of a length equal to the
length of data generated by each electronic device 102.
[0027] However, in embodiments of the present disclo-
sure, electronic device 102 may be configured, though SPI
interface circuit 204 or any other suitable circuitry, to
determine the position of electronic device 102 in the daisy
chain. SPI interface circuit 204 may be configured to, for
example, count the number of NOPs received before the
read command is recognized. The position of the electronic
device may be equal to the number of NOPs plus one, if the
read command and NOPs are of the same size. With the
calculated or known position of electronic device 102 in the
daisy chain, electronic device 102 may be configured to
recognize the read command and start copying data from
other electronic devices 102 further up the daisy chain. Such
data may be received on the SDI port and such data may be
copied to the SDO port. After the received data is copied,
electronic device 102 may be configured to copy its own
data generated as a result of the read command on its SDO
port. This operation may require a small buffer, such as a
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single byte wherein read registers are implemented with a
one-byte input shift register. If the number of devices in the
chain is given as ChainLength, the data on the MISO port of
MCU 101, would be a quantity Chainlength of NOP
commands, followed by the read command, followed by
data from each of electronic devices 102 in the daisy chain.
In one embodiment, the data from each of electronic devices
102 may be streamed without any delay in data from
respective ones of electronic devices 102 arriving at the
MISO port of MCU 101. In another embodiment, the order
of data from respective ones of electronic devices 102
arriving at the MISO port of MCU 101 may be data received
from the first of electronic devices 102 in the daisy chain
ordered to the last of electronic devices 102 in the daisy
chain.

[0028] The elements of the daisy chain may be configured
to operate in a daisy chain mode of operation or in a normal
mode of operation. In daisy chain mode, commands and data
may be propagated from the SDI port of a given electronic
device 102 to its SDO port, so that other electronic devices
102 in the daisy chain may receive and execute commands.
In normal mode, commands and data might not be propa-
gated from the SDI port of a given electronic devices 102 to
its SDO port.

[0029] A given electronic device 102 may enter daisy
chain mode from normal mode or exit daisy chain mode to
normal mode upon any suitable signals or commands. Such
signals or commands may be provided by MCU 101. MCU
101 may determine to set electronic devices 102 in daisy
chain mode based upon any suitable condition or criteria.
[0030] FIG. 2 is a more detailed illustration of MCU 101
and electronic device 102, according to embodiments of the
present disclosure.

[0031] MCU 101 may include a processor 205 communi-
catively coupled to a memory 206. Processor 205 may
include any suitable processor, and memory 206 may be any
suitable persistent or non-persistent memory. Not shown are
any suitable number and kind of peripherals or auxiliary
circuits used by MCU 101 to perform whatever other tasks
MCU 101 is designed to perform, such as an analog to
digital converter (ADC) or register. Moreover, processor
205 may be configured to load and execute instructions
stored in memory 206 in order to perform any suitable task.
[0032] Electronic device 102 may include a processor 207
communicatively coupled to a memory 208. Processor 207
may include any suitable processor, and memory 208 may be
any suitable persistent or non-persistent memory. Not shown
are any suitable number and kind of peripherals or auxiliary
circuits used by electronic device 102 to perform whatever
other tasks electronic device 102 is designed to perform,
such as an ADC or register. Moreover, processor 207 may be
configured to load and execute instructions stored in
memory 208 in order to perform any suitable task.

[0033] MCU 101 and electronic device 102 may each
include respective SPI interface circuits 202, 204. SPI
interface circuits 202, 204 may be implemented by analog
circuitry, digital circuitry, logic, instructions for execution
by a processor (such as processor 205, 207, respectively), or
any suitable combination thereof. The specific implementa-
tion of SPI interface circuits 202, 204 may be the same or
different with respect to one another. In one embodiment,
SPI interface circuits 202, 204 may be implemented in a
same manner and configured to operate differently based
upon, for example, a register or system or user setting. SPI
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interface circuit 202 may be configured to operate for the
purposes of a master node such as MCU 101 and SPI
interface circuit 204 may be configured to operate for the
purposes of an electronic device such as electronic device
102.

[0034] In MCU 101, SPI interface circuit 202 may be
configured to generate outputs to SCK and CS ports. SPI
interface circuit 202 may be configured to generate outputs
to send commands or data to electronic devices 102 through
its MOSI port. SPI interface circuit 202 may be configured
to receive data through its MISO port. SPI interface circuit
202 may be configured to generate outputs to SCK and CS
ports to instruct electronic devices 102 to enter or exit
different modes of operation.

[0035] In electronic device 102, SPI interface circuit 204
may be configured to monitor inputs from SCK and CS ports
of electronic device 102. In one embodiment, SPI interface
circuit 204 may be configured to monitor the CS port for
indications of whether to reset itself, or to recognize and
then execute commands incoming on the SDI port and
propagate output data on the SDO port. When SPI interface
circuit 204 resets itself, it may return to a reset state in the
state machine therein. Memory buffers of reads or writes
may be cleared. The SDO port may be set in high impedance
mode. Current might not be actively consumed. SDI and
SCK signals might not be internally routed. SPI interface
circuit 204 might remain waiting for an nCS falling edge to
resume operation. However, a bit or other information
indicating whether electronic device 102 is in a streaming
mode may be preserved, and not cleared, by an nCS rising
edge. If such a bit or other information is not preserved, then
streaming mode might need to be relaunched each time an
nCS rising edge is issued. Furthermore, when performing a
read command, SPI interface circuit 204 may be configured
to read data from a designated source and provide its own
data through the SDO port.

[0036] Electronic device 102 may include any suitable
number and kind of mechanisms for use with the operations
of SPI interface circuit 204. For example, SPI interface
circuit 204 may utilize a watchdog timer 203. Watchdog
timer 203 may be implemented by any suitable combination
of digital circuitry, analog circuitry, and logic, or any com-
bination thereof. For example, watchdog timer 203 may be
implemented as a timer that counts down each clock cycle
from a set value and generates an alert, signal, or other
indicator that the number of clock cycles—and thus time—
has elapsed. Watchdog timer 203 may be implemented in
any suitable manner as a timer that determines if a certain
time has elapsed. For example, watchdog timer 203 may be
implemented by comparing the discharge of a charged
capacitor, using the known discharge rate from the capacitor
and comparing the charge of the capacitor with a threshold
value. Moreover, watchdog timer 203 may be implemented
as a timer without need of receiving CS or SCK signals.
Although shown separately from SPI interface circuit 204,
watchdog timer 203 may be incorporated within SPI inter-
face circuit 204. SPI interface circuit 204 may be configured
to set watchdog timer 203 upon detection of an nCS rising
edge signal on the CS port, and to detect if and when
watchdog timer 203 expires. The value set in watchdog
timer 203 may be a time period for which electronic device
103 will wait after detection of an nCS rising edge signal on
the CS port without reception of a SCK clock changed edge
or additional nCS changed edge. Such a time period may be
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given as TWatch. If a changed edge on the SCK port or a
rising edge of an nCS signal on the CS port are detected
before expiration of watchdog timer 203, SPI interface
circuit 204 may be configured to return to a daisy chain
mode without being in streaming mode. Routing of SCK or
CS signals may be provided directly to watchdog timer 203
or through SPI interface circuit 204.

[0037] MCU 101 may include any suitable number and
kind of mechanisms for use with the operations of SPI
interface circuit 202. For example, SPI interface circuit 202
may utilize a watchdog timer 201. Watchdog timer 201 may
be implemented by any suitable combination of digital
circuitry, analog circuitry, and logic, such as a timer that
counts down each clock cycle from a set value and generates
an alert, signal, or other indicator that the number of clock
cycles—and thus time—has elapsed. Although shown sepa-
rately from SPI interface circuit 202, watchdog timer 201
may be incorporated within SPI interface circuit 202. SPI
interface circuit 202 may be configured to set watchdog
timer 201 upon issuance of commands or CS signals to
electronic devices 102. The value set in watchdog timer 201
may be a time period for which MCU 101 will wait after
issuance of commands or CS signals to take further action,
or to verify that the commands or CS signals were received
correctly. Such a time period may be given as TMaster.
Routing of SCK or CS signals may be provided directly to
watchdog timer 201 or through SPI interface circuit 202.
[0038] FIGS. 3 and 4 are illustrations of timing diagrams
of issuing a command for setting a streaming mode in a
daisy chain in system 100, and then performing the reading
of data in a streaming mode, according to embodiments of
the present disclosure.

[0039] A streaming mode may include operation of elec-
tronic devices 102 to continuously read data. The data may
be read from designated sources. The source for the read
may also be specified by the command. Any suitable source
may be used. The source may be within or communicatively
coupled to electronic devices 102. For example, such
sources may include a designated ADC within each elec-
tronic device 102 that is taking measurements or gathering
data.

[0040] MCU 101 may cause system 100 to perform con-
tinuous reading of data so as to quickly gather such mea-
surements or other collected information. MCU 101 may
cause these operations by issuing a command, such as a
streaming mode entry command 314. Streaming mode entry
command 314 may be implemented as, for example, a
one-byte instruction.

[0041] Entry into streaming mode may be based upon
system 100 already entering daisy chain mode. Streaming
mode operation may be a subset of daisy chain operation.
Entry may have been made into daisy chain mode using any
suitable process.

[0042] Streaming mode entry command 314 may instruct
electronic devices 102 to continuously read data therein and
stream output to MCU 101. Streaming mode entry command
314 may be sent from MCU 101 to the first of electronic
devices 102 in the daisy chain configuration. In one embodi-
ment, each electronic device 102 may be configured to
propagate streaming mode entry command 314 to the next
electronic device 102 (or, in the case of the last electronic
device 102 of the daisy chain, to MCU 101 on its MISO
port) in the daisy chain. In another embodiment, after
propagating streaming mode entry command 314, each
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electronic device 102 may be configured to wait until
receiving a subsequent signal to begin performing streaming
mode entry command 314. In one embodiment, such a
subsequent signal may include two changed edges of a chip
select signal, such as nCS, issued by MCU 101. From a first
changed edge of the chip select signal, such as a rising edge
on the nCS signal, electronic device 102 may validate entry
into streaming mode. From a second changed edge of the
chip select signal, such as a falling edge on the nCS signal,
electronic device 102 may begin performing the streaming
mode operations.

[0043] Streaming mode entry command 314 may be con-
figured to cause electronic devices 102 to, once initiated and
executing, continually execute a series of operations (such as
reads) without interruption or additional assertions of nCS,
commands, or resets. Streaming mode entry command 314
may be issued to a first electronic device 102 of the daisy
chain, which may propagate streaming mode entry com-
mand 314 to the next electronic device 102 in the daisy
chain. This propagation may continue until streaming mode
entry command 314 is sent to MCU 101. MCU 101 may then
send a follow-up signal, such as two changed edges on an
nCS signal on the CS ports of each electronic device 102,
which may then trigger reading of data in electronic devices
102 and propagating the resulting data between electronic
devices 102. Each electronic device 102, to perform the
daisy chain streaming mode operation for reading data, may
read data on a data source in or communicatively coupled to
electronic device 102, yielding a first data. Electronic device
102 may be configured to copy the first data to the next
instance of electronic device 102. When not reading data
within electronic device 102 and copying results to the next
instance of electronic device 102, electronic device 102 may
be configured to copy its serial data input to its serial data
output.

[0044] Graph 302 illustrates a plot of an nCS signal issued
by MCU 101 and received by electronic devices 102. The
nCS signal may be high (a logic one) initially. A falling edge
of'the nCS signal may be issued by MCU 101 to a low value
(a logic zero) and detected at each electronic device 102.
Thereafter, MCU 101 may issue clock signals via SCK to
each of electronic devices. Elapsed time within the context
of FIG. 3 may be expressed in bytes, wherein a given byte
represents eight clock pulses. Represented in FIG. 3 are
SCK signals issued in eight-pulse blocks, represented as
“8x”. Each such block may thus be a byte long.

[0045] Graph 304 illustrates a plot of an SCK signal issued
by MCU 101 and detected at each electronic device 102.
During serial data transfer between MCU 101 and electronic
devices 102, each pulse of the SCK signal may be used to
transfer a single bit serially per serial data line. Thus, the
block represented by “8x” may represent the time and clock
signals for transferring a single byte per serial data line.
[0046] Graph 306 illustrates a plot of signals issued by
MCU 101 on its MOSI port and received by electronic
device 102A on its SDI port, denoted as SDI1.

[0047] Graph 308 illustrates a plot of signals issued by
electronic device 102A on its SDO port, denoted as SDO1,
and received by electronic device 102B on its SDI port,
denoted as SDI2.

[0048] Graph 310 illustrates a plot of signals issued by
electronic device 102B on its SDO port, denoted as SDO2,
and received by electronic device 102C on its SDI port,
denoted as SDI3.
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[0049] Graph 312 illustrates a plot of signals issued by
electronic device 102C on its SDO port, denoted as SDO3,
and received by MCU 101 on its MISO port.

[0050] In one embodiment MCU 101 may be configured
to command electronic devices 102 to implement a stream-
ing mode over two phases of signals to electronic devices
102. The first phase may be a streaming mode entry phase,
wherein MCU 101 configures electronic devices 102 to
ready themselves for streaming mode entry command 314 to
perform continuous streaming operation such as a read. The
first phase may be illustrated in FIG. 3. In the second phase,
such a continuous read operation may be performed, and
thus be considered as a streaming data phase. The second
phase may be illustrated in FIG. 4. Graphs 302, 304, 306,
308, 310, 312 are continued from FIG. 3 to FIG. 4.

[0051] The streaming mode entry phase and the streaming
data phase may each be defined fully or in part by assertions
of nCS by MCU 101 in combination with issuance of
streaming mode entry command 314. The streaming mode
entry phase of FIG. 3 may be initiated by MCU 101 issuing
a changed edge of a signal to the CS ports of electronic
devices 102. Such a changed edge may be a falling edge of
an nCS signal as shown in graph 302 in FIG. 3. The
streaming mode entry phase may continue while MCU 101
holds nCS at a logic zero level for a period of time. The
streaming data phase may end upon streaming mode entry
command 314 propagating to each electronic device 102 and
consequently MCU 101 issuing another changed edge of a
signal to the CS ports of electronic devices 102. Such a
changed edge may be a rising edge of an nCS signal, as
shown in graph 302 in FIG. 3. In one embodiment, the rising
edge of the nCS signal may be coincident, simultaneous, or
nearly simultaneous with when electronic device 102C, the
last electronic device of the daisy chain, has fully received
streaming mode entry command 314. In another embodi-
ment, the rising edge of the nCS signal may instead be after
electronic device 102C has propagated streaming mode
entry command 314 back to MCU 101, which may serve as
an optional acknowledgment signal to the MISO port of
MCU 101.

[0052] During the streaming mode entry phase, each elec-
tronic device 102 may calculate its own position within the
daisy chain. This may be given as Position. Each electronic
device 102 may calculate the length of the daisy chain,
which may be the total number of electronic devices 102
connected in the daisy chain. This may be given as Chain-
Length. The determination of Position may be performed by
counting the bytes (if each command is one byte long)
between the nCS falling edge initiating the streaming mode
entry phase and the end of the streaming mode entry
command. Such a count may be made in any suitable
manner, such implemented within SPI interface circuit 204
by a counter (not shown) connected to SCK and triggered by
recognition of the streaming mode entry command at the SPI
port. Chainl.ength may be determined by the number of
bytes received in total during the streaming mode entry
phase, if no acknowledgement is required by MCU 101, or
by the number of bytes received in total during the streaming
mode entry phase less one, if an acknowledgment is required
to be received by MCU 101 on its MISO port before the nCS
changed edge is performed. Whether or not an acknowl-
edgement is required may be programmed or hardwired into
each electronic device 102. Chainl.ength may determine
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instead in a specific phase before the streaming mode entry
phase by any suitable mechanism.

[0053] Any suitable time may elapse between the end of
the phase of FIG. 3 and the phase of FIG. 4. During this time,
as nCS is maintained at a logic high, electronic devices 102
are kept in a reset state wherein each electronic device 102
has its SDO port placed in high impedance. Moreover, SDI
and SCK ports are not active and may be disabled. However,
an indicator that streaming mode has been enabled may be
set on each electronic device 102. This may include, for
example, a register value. The indicator may be used by
electronic device 102 to determine that electronic device 102
is in daisy chain streaming mode.

[0054] InFIG. 4, data streaming may be initiated by MCU
101 issuing a changed edge of a signal to the CS ports of
electronic devices 102. Such a changed edge may be a
falling edge of the nCS signal, as shown in graph 302 in FIG.
4. The data streaming may continue while MCU 101 holds
nCS at a logic zero level for a period of time. Subsequently,
electronic devices 102 may stream data according to the
command, as discussed in further detail below. In one
embodiment, data streaming may end upon MCU 101 issu-
ing another changed edge of a signal to the CS ports of
electronic devices 102. However, in another embodiment,
such a changed edge of the signal to the CS ports of
electronic devices 102 might not end a data streaming mode
altogether. In such an embodiment, a changed edge of the
signal to the CS ports of electronic devices 102, such as a
rising edge of the nCS signal, might cause electronic devices
102 to stop streaming data. Nevertheless, in a further
embodiment electronic devices 102 may remain in stream-
ing mode while pausing the actual streaming of data. Elec-
tronic devices 102 may remain configured to stream data and
may await a signal from MCU 101 to resume streaming data.
For example, upon issuance of another changed edge of the
signal to the CS ports of electronic devices 102, such as a
falling edge of the nCS signal (not shown), electronic
devices 102 may resume streaming data. Such resumption
might not require reissuance of streaming mode entry com-
mand 314. Data streaming mode may end upon a reset signal
by MCU 101. The reset signal may be sent by MCU 101 in
any suitable manner, such as expiration of a watchdog timer
without any activity from MCU 101, or to send an nCS low
pulse without an accompanied SCK pulse.

[0055] As shown in FIG. 3, MCU 101 may be configured
to issue streaming mode entry command 314 to each of
electronic devices 102 via a daisy chain transfer. In a further
embodiment, streaming mode entry command 314 may be a
read command. In yet a further embodiment, no data might
be read by electronic devices 102 until all electronic devices
102 have received streaming mode entry command 314. In
another embodiment, as shown in FIG. 4, electronic devices
102 may be configured to continuously perform the data
operation specified by streaming mode entry command 314.
In a further embodiment, electronic devices 102 may be
configured to continuously stream data that is read from
electronic devices 102 to MCU 101. Based upon the receipt
of streaming mode entry command 314 at electronic devices
102 as shown in FIG. 3, electronic devices 102 may con-
tinuously perform streaming mode entry command 314
based on initiation of data streaming by a second falling
edge of nCS provided by MCU 101 as shown in FIG. 4.
[0056] As shown in FIG. 3, MCU 101 may issue stream-
ing mode entry command 314 to electronic device 102A.
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Streaming mode entry command 314 may specify that that
the recipient instance of electronic device 102 is to continu-
ously read data after a rising edge of nCS and then another
falling edge of nCS are received by electronic device 102.
The location from which data will be read may be implied
or included in streaming mode entry command 314. Elec-
tronic device 102A may finish reading streaming mode entry
command 314 through its SDI1 port.

[0057] As shown in graph 308, after reading streaming
mode entry command 314 through its SDI1 port, electronic
device 102A may begin writing streaming mode entry
command 314 on its SDO1 port to electronic device 102B on
its SDI2 port.

[0058] As shown in graph 310, after reading streaming
mode entry command 314 through its SDI2 port, electronic
device 102B may begin writing streaming mode entry
command 314 on its SDO2 port to electronic device 102C on
its SDI3 port.

[0059] Electronic device 102C might not write streaming
mode entry command 314 on its SDO3 port to MCU 101 on
its MISO port, because MCU 101 may interrupt this process
by issuing a changed edge on the nCS signal on the CS ports
of electronic devices 102. In some cases, an attempt by
electronic device 102C to so-write streaming mode entry
command 314 may be simply ignored by MCU 101, or used
as validation that electronic device 102C received streaming
mode entry command 314 successfully.

[0060] The changed edge, such as a rising edge, issued by
MCU 101 on the nCS signal on the CS ports of electronic
devices 102 may cause each electronic device 102 to output
a high impedance value to its respective SDO port.

[0061] In one embodiment, each of electronic devices 102
may be configured to, upon receipt of streaming mode entry
command 314, thereafter provide a default output (such as
a logical low level) to its respective SDO port. The rising
edge of the nCS signal may be a signal issued by MCU 101
that streaming mode entry command 314 has propagated to
each of electronic devices 102.

[0062] Subsequently, as shown in FIG. 4, the falling edge
of the nCS signal may be a signal issued by MCU 101 that
data streaming may begin, and that data is to be subse-
quently read from electronic devices 102. The falling edge
of'the nCS signal may be performed as soon as possible after
the last instance of electronic devices 102 in the daisy chain
(such as electronic device 102C) has received streaming
mode entry command 314, as shown in FIG. 3.

[0063] Returning to FIG. 4, and in order to propagate
information that has been read according to streaming mode
entry command 314, electronic devices 102 may utilize their
position in the daisy chain. Electronic devices 102 may
calculate their position (Position) in the daisy chain in any
suitable manner. Furthermore, electronic devices 102 may
calculate when to subsequently add their data to the propa-
gation of information through the daisy chain in any suitable
manner. Such calculations may be performed by, for
example, instances of SPI interface circuit 204 based on
values of arrival times of CS signals, as discussed above, To
perform these calculations, electronic devices 102 may use
the length of the data (Datal.ength) to be read in a single
contiguous block by a given electronic device 102, the
length of the daisy chain (the number of electronic devices
102, Chainl.ength), the Position of the respective electronic
device 102 in the daisy chain.
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[0064] The length of the data to be read in a single
contiguous block by a given electronic device 102 may be
specified by or implied by streaming mode entry command
314. For example, in FIG. 4 the length of data to be read in
a single contiguous block by a given electronic device 102
may be three bytes. As discussed above, this length may be
referenced as Datal.ength.

[0065] The position (Positionl) of electronic device 102A
may be calculated as two positions from the end of the daisy
chain. The position (Position2) of electronic device 102B
may be calculated as one position from the end of the daisy
chain. The position (Position3) of electronic device 102C
may be calculated as zero, and the last position at the end of
the daisy chain.

[0066] In one embodiment, electronic devices 102 may
propagate their newly read data to other electronic devices
102 and MCU 101 in a reverse order compared to the order
of electronic devices 102 in the daisy chain. For example,
data populated and propagated through the daisy chain and
arriving back at MCU 101 may first include data from
electronic device 102C, then electronic device 102B, and
then electronic device 102A. However, in various embodi-
ments, the normal order of electronic devices 102 in the
daisy chain may be used for ordering data, wherein data
populated and propagated through the daisy chain and
arriving back at MCU 101 may match the order of electronic
devices 102 in the daisy chain. In such a case, the Position
might be defined instead as the relative position of the given
electronic device to the beginning of the daisy chain.
[0067] Once the Position of a given electronic device 102
is known to the given electronic device 102, the given
electronic device 102 may then calculate when to begin
propagating its own data to the rest of the daisy chain during
data streaming. Such a timing of when to copy its own data
into the daisy chain may be expressed as an offset from the
receipt of a falling edge of nCS shown in FIG. 4. Such a
calculation may be performed so that each of electronic
devices 102 only transmit data at an appropriate time, when
such a transmission will not interfere with other electronic
devices 102 in the daisy chain. The interferences may be
prevented even when such other electronic devices 102 are
before or after the given electronic device 102 in the daisy
chain. Given Datal.ength (three bytes for each read) and an
individual value of Position, each electronic device 102 may
copy its own data into the daisy chain at a time in phase 842
given by (Position*(Datal.ength—1)). Thus, electronic
device 102A may copy its own data into the daisy chain at
(Position1*(3-1)), calculated as (2(3-1)), resulting in four
bytes. Electronic device 102B may copy its own data into
the daisy chain at (Position2(3-1)), calculated as (1%*2),
resulting in two bytes. Electronic device 102C may copy its
own data into the daisy chain at (Position3*(3-1)), calcu-
lated as (0*2), resulting in zero bytes. New data may be
copied consecutively, reoccurring in a period given by
(ChainLength*Datalength), or nine bytes in the case of FIG.
4. Electronic device 102 is thus configured to output its
locally read data to its serial data output port at a time based
upon a delay between reception of streaming mode entry
command through its serial data input port and a second
changed edge of a chip select signal on its chip select input
port.

[0068] Such calculations of an offset of time of when an
electronic device 102 is to copy its own data into the daisy
chain may be performed at any time after the electronic
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device 102 is placed in streaming mode, but in any case
before data is actually streamed.

[0069] A given electronic device 102 may be configured to
copy its own data periodically at certain positions deter-
mined by the offset and the period. Otherwise, the given
electronic device 102 may be configured to simply copy the
contents at its SDI port to its SDO port with a 1 byte delay.
This effectively copies the previous data incoming from
electronic devices 102 further up the daisy chain.

[0070] In FIG. 4, upon the falling edge of the nCS signal,
may begin reading the specified data, providing such data to
others of electronic devices 102 and MCU 101, and propa-
gating data from others of electronic devices 102 to still
others of electronic devices 102 and MCU 101. The output
of MOSI to SDI1 may be ignored. Electronic devices 102
may issue a default value, such as zero, when not otherwise
propagating issued data.

[0071] As shown in graph 308, electronic device 102A
may begin providing its newly read data to electronic device
102B according its specific offset, whose calculation is
discussed above. The offset may be sufficient for electronic
device 102A to allow electronic devices 102B, 104C to add
their own newly read data to the data stream to be sent to
MCU 101. In one embodiment, the offset may cause elec-
tronic device 102A to delay sending its newly added data
until sufficient room will be available for data of electronic
devices 102B, 104C to be included in the data stream by the
time the newly read data for electronic device 102A has
propagated through such electronic devices 102B, 104C.
[0072] For example, as shown in graph 308, electronic
device 102A may read data according to streaming mode
entry command 314, yielding data 402. The offset may be
four bytes. Thus, electronic device 102A may wait until four
bytes have elapsed after the falling edge of the nCS signal,
and begin writing data 820 to electronic device 102B. Data
402 may be three bytes long.

[0073] Subsequently, electronic device 102A may again
read data and begin writing the newly read data. This newly
read data may be referred to as data 408. Electronic device
102A may begin writing data 408 at a time of
(ChainLength*Datal.ength), or nine bytes, after electronic
device 102A wrote its newly read data the first time. If not
otherwise stopped by MCU 101, electronic device 102A
may repeat this process of reading new data and writing the
newly read data to electronic device 102B every nine bytes.
[0074] As shown in graph 310, electronic device 102B
may begin providing its newly read data to electronic device
102C according to its specific offset, whose calculation is
discussed above. The offset may be sufficient for electronic
device 102B to allow electronic device 102C to add its own
newly read data to the data stream to be sent to MCU 101.
In one embodiment, the offset may cause electronic device
102B to delay sending its newly added data until sufficient
room will be available for all data of electronic devices 102
to be included in the data stream by the time the newly read
data for electronic device 102B has propagated through the
daisy chain.

[0075] For example, as shown in graph 310, initially there
may be no data from electronic device 102A for electronic
device 102B to propagate. Thus, electronic device 102B
may output a logic low signal through its SDO2 port to
electronic device 102C. Electronic device 102B may read
data according to streaming mode entry command 314,
yielding data 404. The offset may be two bytes. Thus,
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electronic device 102B may wait until two bytes have
elapsed from the falling edge of the nCS signal, and begin
writing data 404 to electronic device 102C. Data 404 may be
three bytes long. Meanwhile, data 402 may have arrived
from electronic device 102A. Upon completion of writing
data 404 to electronic device 102C, electronic device 102B
may begin propagating the received data 402 from electronic
device 102A to electronic device 102C. Subsequently, elec-
tronic device 102B might continue to propagate the low
logic signal from electronic device 102A to electronic device
102C.

[0076] Electronic device 102B may again read data and
begin writing the newly read data. This newly read data may
be referred to as data 410. Electronic device 102B may begin
writing data 410 to electronic device 102C at a time of
(ChainLength*Datal.ength), or nine bytes, after electronic
device 102B first began writing data 404. If not otherwise
stopped by MCU 101, electronic device 102B may repeat
this process of reading new data and writing the newly read
data to electronic device 102C every nine bytes. Further-
more, electronic device 102B may again propagate received
data from electronic device 102A to electronic device 102C,
such as data 408.

[0077] As shown in graph 312, electronic device 102C
may begin providing its newly read data to MCU 101
according to its specific offset, whose calculation is dis-
cussed above. The offset for electronic device 102C may be
zero, so electronic device 102C may immediately begin
providing its newly read data to MCU 101. A delay shown
in FIG. 4 may result from the time needed to receive the
falling edge of the nCS signal. Electronic device 102C may
read data according to streaming mode entry command 314,
yielding data 406. Data 406 may be three bytes long, may be
written to MCU 101. Meanwhile, data 404 may have arrived
from electronic device 102B. Upon completion of writing
data 406 to MCU 101, electronic device 102C may begin
propagating the received data 404 from electronic device
102B to MCU 101. Meanwhile, data 402 (originally gener-
ated by electronic device 102A) may have arrived from
electronic device 102B. Upon completion of writing data
404 to MCU 101, electronic device 102C may begin propa-
gating data 402 to MCU 101.

[0078] Without any gap in transmission, or any further
received commands or signals from MCU 101, such as on
the serial data input port or chip select input port, electronic
device 102C may repeat reading data from its data source to
yield data, outputting this yielded data to its serial data
output port, and copying data received at its serial data input
port to the serial data output port. Electronic device 102C
may again read data and begin writing the newly read data.
This newly read data may be referred to as data 412.
Electronic device 102C may begin writing data 412 to MCU
101 at a time of (Chainlength*Datal.ength), or nine bytes,
after electronic device 102C first began writing data 406. If
not otherwise stopped by MCU 101, electronic device 102C
may repeat this process of reading new data and writing the
newly read data to MCU 101 every nine bytes. Furthermore,
electronic device 102C may again propagate received data
410 from electronic device 102B to MCU 101, followed by
data 408 originating from electronic device 102A and
received from electronic device 102B. Since there is no gap
in transmission, the transmission may be improved or opti-
mized, and this may reduce the effect of communication
overhead, such as the need to propagate the read command.
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[0079] As a result, MCU 101 may receive a continuous
stream of data being read by electronic devices 102. The
continuous stream may include a plurality of instances of
read data from each electronic device 102. Moreover, such
a continuous stream of data may be established by sending
streaming mode entry command 314 once, followed by two
changed edges of the CS signal. Additional sending of
streaming mode entry command 314 or changed edges of the
CS signal may be unnecessary for electronic devices 102 to
continue reading data and sending it to MCU 101. MCU 101
may continue to receive as many cycles of read data from
electronic devices 102 as needed. MCU 101 may be con-
figured to pause, unpause and restart, or stop the continuous
stream of data in any suitable manner. In one embodiment,
this pausing, and subsequent unpausing and restarting may
be performed without requiring additional commands to be
propagated through the daisy chain. The absence of such
additional commands needed for this functionality may
reduce communication overhead.

[0080] In one embodiment, MCU 101 may be configured
to pause the continuous stream of data by issuing a changed
CS signal to electronic devices 102 as shown in FIG. 4. As
a result, electronic devices 102 may be configured to pause
outputting their read data and propagating received data
based upon the changed CS signal. In another embodiment,
MCU 101 may be configured to unpause and restart the
continuous stream of data by issuing another changed CS
signal to electronic devices 102. As a result, electronic
devices 102 may be configured to resume outputting their
read data and propagating received data based upon the
changed CS signal.

[0081] For example, in FIG. 4, MCU 101 may issue a
rising edge on an nCS signal to the CS ports of electronic
devices 102. Each of electronic devices 102 may apply a
high impedance to their SDO ports. In some cases, the rising
edge on the nCS signal may arrive while electronic devices
102 are still reading and propagating data. If so, the effect of
the rising edge on the nCS signal may be postponed until the
presently executing read commands are finished executing
and all data has been propagated through the daisy chain to
MCU 101. After the rising edge on the nCS signal, each
electronic device 102 may remain in daisy chain streaming
mode, ready for streaming of data upon issuance of a
subsequent falling edge on the nCS signal. MCU 101 may
pause operations for any suitable length of time. Upon such
a subsequent falling edge on the nCS signal, electronic
devices 102 may return to operating in the manner illustrated
in FIG. 4.

[0082] FIGS. 5A and 5B are illustrations of operation of a
method 500 for daisy chain streaming, according to embodi-
ments of the present disclosure. In particular, method 500
may illustrate operation electronic device 102. Method 500
may be implemented within, for example, SPI interface
circuit 204 Method 500 may include fewer or more steps,
may enter steps in a different order, repeat steps, or enter
different step paths in parallel with respect to one another.
Method 500 may begin at any suitable step, such as step 505.
[0083] At step 505, the electronic device, such as elec-
tronic device 102, may power-up. After performing any
necessary boot or start-up tasks, method 500 may enter step
510. Step 505 may reflect normal operation for electronic
device 102, when electronic device 102 is not propagating
its inputs to its outputs in a daisy chain manner, nor sending
such data to be propagated in a daisy chain manner.
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[0084] At step 515, SPI interface circuit 204 may be
configured to determine whether electronic device 102 is to
enter daisy chain mode. SPI interface circuit 204 may make
such a determination in any suitable manner. If so, method
500 may proceed to step 520. Otherwise, method 500 may
repeat step 510 to operate in normal mode daisy chain mode.

[0085] At step 520, a falling edge on an nCS signal may
be observed. Thereafter, a streaming mode entry command
may be received. Electronic device 102 may count the time
between the falling edge and receipt of the streaming mode
entry command, and the time between the falling edge and
a subsequent rising edge, in order to calculate the position of
electronic device 102 within the daisy chain. At step 525, the
streaming mode entry command may be propagated to other
electronic devices 102 in the daisy chain.

[0086] At step 530, it may be determined whether there
has been a receipt of a rising nCS signal, which may indicate
that each electronic device 102 in the daisy chain has
received the streaming mode entry command. If no such
signal has been received, method 500 may repeat step 530.
Otherwise, if such a signal has been received, method 500
may proceed to step 535.

[0087] At step 535, a delay between the time of the falling
edge of step 520 and the rising edge observed in step 530
may be used to calculate the length of the daisy chain and the
position of electronic device 102 in the daisy chain. These
may be used in turn to determine an offset of when the
electronic device is to copy its own read data into the daisy
chain, as well as an offset of how often the electronic device
is to copy its own read data into the daisy chain.

[0088] At step 540, it may be determined whether MCU
101 has issued an nCS falling edge, thus starting data
streaming mode, or, if data streaming mode was previously
paused, resuming data streaming mode. If not, method 500
may repeat step 540. If so, method 500 may proceed to step
545.

[0089] At step 545, it may be determined whether data
streaming mode is to end. This may be determined by first
setting a watchdog timer. In step 545, it may be determined
whether the watchdog timer expires before a changed edge
of the SCK signal or a changed edge of an nCS signal is
received. The failure to receive such a changed edge may be
interpreted as a reset signal. If the watchdog timer expires
and there are no changed edges of the SCK or nCS signals,
method 500 may proceed to step 550 to exit streaming mode.
The watchdog timer may time a period given as Twatch,
which may be, for expel, 50 microseconds. Otherwise,
method 500 may proceed to step 555. Step 545 may be
performed at any point after step 520, such as after any SCK
edge, and preferably after step 540. In step 550, the elec-
tronic device may exit streaming mode return to step 520,
reentering to normal daisy chain mode as opposed to stream-
ing mode.

[0090] At step 555, previous data may be read by the
electronic device. Any data received at the electronic device
may be propagated to the next electronic device in the daisy
chain. Data at the SDI port of the electronic device may be
copied to the SDO port. The data to be read by the electronic
device itself may be read.

[0091] At step 560, it may be determined whether the
offset equal to (Position*(Datal.ength—1) has been reached.
If so, method 500 may proceed to step 565. If not, method
500 may repeat at step 555.
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[0092] At step 565, the data read by the electronic device
during performance of the read command may be copied to
the next electronic device in the daisy chain. This data may
be placed on the SDO port of the electronic device. The data
transfer may last for Datal.ength bytes.

[0093] At step 570, it may be determined whether or not
this data transfer initiated at step 565 has finished. If the read
data has been copied on the SDO port of the electronic
device, method 500 may proceed to step 575. Otherwise,
method 500 may repeat step 570.

[0094] At step 575, the electronic device may resume
copying and propagating any received data on its SDI port
from electronic devices further up the daisy chain. This may
be an operation similar to step 555.

[0095] At step 580, the electronic device may determine
whether a period has elapsed since the beginning of the
previous instance of writing its own read data to its SDO
port. This period may be defined as
Chainlength*Datal.ength If so, method 500 may repeat at
step 565. Otherwise, method 500 may repeat at step 580.
[0096] In parallel with, before, or after any of steps 540,
550, 555, 560, 565, 570, 575, or 580, step 585 may be
performed. At step 585, it may be determined whether a
pause signal, such as an nCS rising edge, has been received.
If so, reading and copying to the SDO port may be paused.
The SDO port may be placed to high impedance. SDI and
SCK ports may be disabled. The electronic device may
remain in streaming mode. Method 500 may return to step
540. Execution of present instances of steps 540, 550, 555,
560, 565, 570, 575, and 580 may be terminated. At step 540,
it may be determined in a resume or unpause signal, such as
an nCS falling edge, has been received.

[0097] Otherwise, at step 585, method 500 may return to
continue to execute steps 540, 550, 555, 560, 565, 570, 575,
and 580.

[0098] FIG. 6 is an illustration of operation of another
method 600 for daisy chain streaming mode entry and
command execution, according to embodiments of the pres-
ent disclosure. In particular, method 600 may illustrate
operation of MCU 101. Method 600 may be implemented
within, for example, SPI interface circuit 202. Method 600
may include fewer or more states, may enter states in a
different order, repeat states, or enter different state paths in
parallel with respect to one another. Method 600 may be
implemented by, for example, a state machine in SPI inter-
face circuit 202. Method 600 may begin at any suitable step,
such as step 1005.

[0099] At step 605, the MCU, such as MCU 101, may
power-up. After performing any necessary boot or start-up
tasks, method 600 may enter step 610. Step 610 may reflect
normal operation for MCU 101, when MCU 101 is not
sending data to electronic devices 102 in a daisy chain
manner, nor receiving such data propagated in a daisy chain
manner.

[0100] At step 615, an interface circuit of the MCU, such
as SPI interface circuit 202, may be configured to determine
whether to put electronic devices 102 into a daisy chain
mode. If not, method 600 may return to step 610. Otherwise,
method 600 may proceed to step 620. At step 620, the MCU
may place electronic devices in the daisy chain into a daisy
chain mode. Step 620 may be performed in any suitable
manner. At step 625, an interface circuit of the MCU, such
as SPI interface circuit 202, may be configured to determine
whether to put electronic devices 102 into a daisy chain



US 2021/0064564 Al

streaming mode of operation based upon a needed daisy
chain operation. If so, method 600 may proceed to step 630.
Otherwise, method 600 may repeat at step 620.
[0101] Atstep 630, a streaming mode entry command may
be issued, and propagation of the command may be awaited.
[0102] At step 635, a signal such as a rising edge of an
nCS signal may be issued to electronic devices 102 to signal
that the command has propagated to each electronic device.
SPI interface circuit 202 may wait for reception of the signal
by electronic devices 102.
[0103] At step 640, a signal such as a falling edge of an
nCS signal may be issued to electronic devices 102 to signal
that electronic devices 102 are to begin daisy chain stream-
ing mode, according to the command.
[0104] At step 645, data may be read from electronic
devices 102 as it arrives from the end of the daisy chain.
[0105] At step 650, it may be determined whether elec-
tronic devices 102 should pause their operation. If so,
method 600 may proceed to step 655. Otherwise, method
600 may return to step 645.
[0106] At step 655, a signal such as a rising edge of an
nCS signal may be issued to electronic devices 102 to signal
that they are to pause their reading and copying operation.
[0107] At step 660, it may be determined whether opera-
tion of electronic devices 102 is to resume. If not, method
600 may repeat step 660. If so, method 600 may proceed to
step 665.
[0108] At step 665, a signal such as a falling edge of an
nCS signal may be issued to electronic devices 102 to signal
that they are to resume reading and propagating data.
Method 600 may return to step 640.
[0109] In parallel with, before, or after any of steps 645,
650, 655, 660, and 665, method 600 may perform step 670.
In step 670, it may be determined whether data streaming
mode is to be exited. If so, method 600 may proceed to step
675. Otherwise, method 600 may continue to execute steps
645, 650, 655, 660, and 665.
[0110] At step 675, the streaming mode may be exited in
any suitable manner. The electronic devices may be com-
manded to exit streaming mode. For example, the MCU
might not send an nCS or SCK pulse to the electronic
devices for a period timed by watchdog timers of the
electronic devices. Method 600 may return to step 625.
[0111] Although example embodiments have been
described above, other variations and embodiments may be
made from this disclosure without departing from the spirit
and scope of these embodiments.
We claim:
1. An apparatus, comprising:
a serial data input port configured to receive input from a
first electronic device;
a serial data output port configured to send output to a
second electronic device;
a chip select input port configured to receive input from
a master control unit; and
an interface circuit configured to, in a daisy chain stream-
ing mode, based on a first received command and on a
first changed edge of a chip select signal on the chip
select input port, repeatedly:
read data from a data source of the apparatus to yield
first data;
output the first data to the serial data output port; and
copy data received at the serial data input port to the
serial data output port after the first data.
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2. The apparatus of claim 1, wherein the interface circuit
is further configured to repeat, without another reception of
a second command or additional signals received on the chip
select input port, the steps of reading data from the data
source to yield first data, outputting the first data to the serial
data output port, and copying data received at the serial data
input port to the serial data output port.

3. The apparatus of claim 1, wherein the interface circuit
is further configured to enter the daisy chain streaming mode
based upon:

reception of the first received command through the serial
data input port; and

subsequently, reception of one or more second changed
edges of the chip select signal on the chip select input
port.

4. The apparatus of claim 3, wherein the interface circuit
is further configured to output the first data to the serial data
output port at a time based upon a position of the apparatus
in a daisy chain of electronic devices, a length of data to be
read by the apparatus, or a number of electronic devices in
the daisy chain of electronic devices.

5. The apparatus of claim 1, wherein the interface circuit
is further configured to pause the steps of repeatedly out-
putting the first data to the serial data output port and
copying data received at the serial data input port to the
serial data output port based upon a second changed edge of
the chip select signal on the chip select input port.

6. The apparatus of claim 5, wherein the interface circuit
is further configured to resume the steps of repeatedly
outputting the first data to the serial data output port and
copying data received at the serial data input port to the
serial data output port based upon a third changed edge of
the chip select signal on the chip select input port.

7. An apparatus, comprising:

a serial data output port configured to send output data to

a first electronic device;

a serial data input port configured to receive input data
from a second electronic device;

a chip select output port configured to send output to a
plurality of electronic devices, the plurality of elec-
tronic devices connected in a daisy chain and including
the first and second electronic devices; and

an interface circuit, configured to:
set the plurality of electronic devices in a daisy chain

streaming mode with:
a first command issued through the serial data output
port; and
a first changed edge on a chip select signal issued
through the chip select output port;
wherein, in the daisy chain streaming mode, each
given electronic device is configured to repeat-
edly:
read data from a data source of the given elec-
tronic device to yield first data;
output the first data to a next electronic device in
the daisy chain; and
output a received data received from a previous
electronic device in the daisy chain to the next
electronic device in the daisy chain;
through the serial data input port, receive a continuous
stream of data read by the plurality of electronic
devices, the continuous stream of data including at
least two instances of first data from each of the
plurality of electronic devices.
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8. The apparatus of claim 7, wherein the interface circuit
is further configured to cause the plurality of electronic
devices to repeatedly provide the continuous stream of data
without issuance of a second command or additional signals
on the chip select output port.

9. The apparatus of claim 7, wherein the interface circuit
is further configured to cause the plurality of electronic
devices to enter the daisy chain streaming mode based upon
issuance of a second changed edge on a chip select signal
issued through the chip select output port.

10. The apparatus of claim 7, wherein the interface circuit
is further configured to cause the plurality of electronic
devices to output the first data to the serial data output port
at a time based upon a position of the a respective electronic
device in the daisy chain of electronic devices, a length of
data to be read by each electronic devices, or a number of
electronic devices in the daisy chain of electronic devices.

11. The apparatus of claim 7, wherein the interface circuit
is further configured to pause the daisy chain streaming
mode by issuing a second changed edge of the chip select
signal on the chip select output port.

12. The apparatus of claim 11, wherein the interface
circuit is further configured to resume the daisy chain
streaming mode by issuing a third changed edge of the chip
select signal on the chip select output port.

13. A method, comprising:

a serial data input port, receiving input from a first

electronic device;

through a serial data output port, sending output to a

second electronic device;

through a chip select input port, receiving input from a

master control unit; and

in a daisy chain streaming mode, based on a first received

command and on a first changed edge of a chip select

signal on the chip select input port, repeatedly:

reading data from a data source of the apparatus to yield
first data;

outputting the first data to the serial data output port;
and

copying data received at the serial data input port to the
serial data output port after the first data.

14. The method of claim 13, further comprising repeating,
without another reception of a second command or addi-
tional signals received on the chip select input port, the steps
of reading data from the data source to yield first data,
outputting the first data to the serial data output port, and
copying data received at the serial data input port to the
serial data output port.

15. The method of claim 13, further comprising output-
ting the first data to the serial data output port at a time based
upon a position of the apparatus in a daisy chain of elec-
tronic devices, a length of data to be read by the apparatus,
or a number of electronic devices in the daisy chain of
electronic devices.
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16. The method of claim 15, further comprising pausing
the steps of repeatedly outputting the first data to the serial
data output port and copying data received at the serial data
input port to the serial data output port based upon a second
changed edge of the chip select signal on the chip select
input port

17. A method, comprising:

through a serial data output port, sending output data to a

first electronic device;
through a serial data input port, receiving input data from
a second electronic device;

through a chip select output port, sending output to a
plurality of electronic devices, the plurality of elec-
tronic devices connected in a daisy chain and including
the first and second electronic devices;

setting the plurality of electronic devices in a daisy chain

streaming mode with:

a first command issued through the serial data output
port; and

a first changed edge on a chip select signal issued
through the chip select output port;

wherein, in the daisy chain streaming mode, each given

electronic device repeatedly:

reads data from a data source of the given electronic
device to yield first data;

outputs the first data to a next electronic device in the
daisy chain; and

outputs a received data received from a previous elec-
tronic device in the daisy chain to the next electronic
device in the daisy chain; and

through the serial data input port, receiving a continu-
ous stream of data read by the plurality of electronic
devices, the continuous stream of data including at
least two instances of first data from each of the
plurality of electronic devices.

18. The method of claim 17, further comprising causing
the plurality of electronic devices to enter the daisy chain
streaming mode based upon issuance of a second changed
edge on a chip select signal issued through the chip select
output port.

19. The method of claim 17, further comprising causing
the plurality of electronic devices to output the first data to
the serial data output port at a time based upon a position of
the a respective electronic device in the daisy chain of
electronic devices, a length of data to be read by each
electronic devices, or a number of electronic devices in the
daisy chain of electronic devices.

20. The method of claim 17, further comprising pausing
the daisy chain streaming mode by issuing a second changed
edge of the chip select signal on the chip select output port.
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