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Supplemental Communication Interface

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This document claims priority to U.S. Application Serial No. 11/548,104,
filed on October 10, 2006, by Florent Renahy et al., and entitled “Supplemental
Communication Interface,” the contents of which are herein incorporated by reference in

their entirety.

TECHNICAL FIELD

[0002] The disclosed implementations relate to electrical circuits.

BACKGROUND

[0003] A communication interface can be employed to facilitate data exchange
between a first device and a second device. The communication interface can include a
physical layer interface that transmits and receives information in the form of signals that
are appropriately formatted (e.g., optical signals, electrical signals, radio frequency (RF)
signals, etc.) for the medium (e.g., a fiber optic cable, a wire, an air interface, etc.) of a
communication channel employed by the physical layer interface. The signals may be
formatted to adhere to a standardized protocol. To provide data to the communication
interface, or to receive data from the communication interface, the first device may
employ one or more buffers and one or more control registers that are included in the
communication interface; moreover, the first device may receive status information about
transmission or reception of data through one or more status registers that are also

included in the communication interface.

SUMMARY
[0004] In some implementations, an apparatus includes a first interface having a
communication channel through which data is transmitted to or received from a target
device and a first control register that is configured to control, based at least in part on its
contents, transmission or reception of data through the communication channel; a second
interface having a second control register that is configured to control, based at least in

part on its contents, transmission or reception of data through the communication
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channel; and a circuit that harmonizes contents of the first control register and the second
control register, such that an external controller can control transmission or reception of
data through the communication channel by providing control data in a first format to the
first control register or by providing alternate control data in a second different format to
the second control register.

[0005] The communication channel can include a physical serial communication
link. In some implementations, the physical serial communication link implements serial
communication between two or more devices, and the serial communication substantially
adheres to a serial peripheral interface (SPI) protocol, an inter-integrated circuit (IC)
protocol, a 1-wire protocol, a system management bus (SMBus) protocol, or a proprietary
serial communication protocol.

[0006] The first interface further can include a buffer that is configured to store
data to be transmitted to the target device or data that has been received from the target
device. The second interface can include a pointer that identifies a portion of the buffer.
The second interface can include a buffer control circuit that alters the pointer in response
to subsequent, different contents of the second control register. The buffer can include a
plurality of portions, each portion corresponding to a discrete quantum of data that can be
processed by the communication channel at one time. In some implementations, the
quantum of data is one byte. Each portion of the plurality of portions can be memory-
mapped to a discrete address value and can be individually addressable through the
discrete address value by the external controller.

[0007] In some implementations, the first interface is a discrete, physical
integrated circuit that is included in the apparatus. The first interface can be a
preconfigured portion of an integrated circuit or a programmable device selected from the
group consisting of programmable logic devices (PLDs) and field programmable gate
arrays (FPGAs). Each of the first and second interface can include additional registers,
wherein the second interface comprises fewer total registers than the first interface.

[0008] The second interface can be configured to automate more functions in
hardware than can be automated by the first interface. The second interface can be
configured such that less programming code is needed to interact directly with the second

interface to effect transmission of data than is needed to interact directly with the first
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interface to effect a same transmission of data. The second interface can be configured
such that less programming code is needed to interact directly with the second interface
to process a reception of data than is needed to interact directly with the first interface to
process a same reception of data.

[0009] In some implementations, an apparatus includes a first interface having a
communication channel through which data is transmitted to or received from a target
device and a first status register that provides status information about the first interface;
a second interface having a second status register that provides secondary status
information about the first interface; and a circuit that harmonizes contents of the first
status register and second status register, such that an external controller can receive
status information from the first status register in a first format or secondary status
information from the second status register in a second format. The second status register
can be configured to directly provide at least a portion of a discrete address value when
the secondary status information contained in the second status register relates to a buffer
portion corresponding to the discrete address value.

[0010] In some implementations, an apparatus includes a first interface having a
communication channel through which data is transmitted to or received from a target
device and a first control register that is configured to control, based at least in part on its
contents, transmission or reception of data through the communication channel and a first
status register that provides status information about the first interface; a second interface
having a second control register that is configured to control, based at least in part on its
contents, transmission or reception of data through the communication channel; and a
second status register that provides secondary status information about the first interface;
and a circuit that harmonizes contents of the first control register and the second control
register, and harmonizes contents of the first status register and second status register
such that an external controller can control transmission or reception of data through the
communication channel by providing control data in a first format to the first control
register or by providing alternate control data in a second different format to the second
control register, and such that the external controller can receive status information from
the first status register in a first format or secondary status information from the second

status register in a second format.
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[0011] In some implementations, an apparatus includes an interface having a
control register that is configured to control, based at least in part on its contents,
transmission or reception of data through a communication channel and a status register
that provides status information about the interface; and a circuit that is configured to
harmonize contents of at least one of the control register and another register or the status
register and the other register; wherein the other register is associated with the
communication channel, such that an external controller can a) control transmission or
reception of data through the communication channel by providing control data in a first
format to the control register or providing alternative control information in a second
format to the other register or b) receive status information from the status register in a
first format or alternate status information from the other register in the second format.

[0012] The apparatus can further include a second interface, wherein the second
interface includes the other register. The other register can include a control portion and
a status portion. The circuit can be configured to harmonize the contents of the control
register with the control portion and harmonize the contents of the status register with the
status portion. The interface can be configured to automate more functions in hardware
than can be automated by the second interface. The interface can be configured such that
less programming code is needed to interact directly with the interface to effect
transmission of data than is needed to interact directly with the second interface to effect
a same transmission of data. The communication channel can include a physical serial
communication link. The second interface can be a discrete, physical integrated circuit
that is included in the apparatus. The second interface can be a preconfigured portion of
an integrated circuit or a programmable device selected from the group consisting of
programmable logic devices (PLDs) and field programmable gate arrays (FPGAs).

[0013] In some implementations, a method includes controlling a first interface
having a communication channel through which data is transmitted to or received from a
target device, the controlling including controlling transmission or reception of data
through the communication channel based at least in part on control information
formatted according to a first format; and controlling a second interface, the second
interface configured for transmission or reception of data through the communication

channel, the controlling including controlling transmission or reception of data through
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the communication channel based at least in part on control information formatted
according to a second different format. The second format can be configured such that a
processor can execute less code to identify a memory portion associated with the
transmission or reception of data from the second interface than from the first interface.
The method can further include harmonizing a first register associated with the first
interface with a second register associated with the second interface.

[0014] In some implementations, a method includes receiving a digital message
from a communication channel; storing the message in a memory buffer; storing, in a
first status register and in a first format, status information corresponding to the stored
message; and storing, in a second status register and in a second format, supplemental
status information corresponding to the stored message. The second format can be
configured such that a processor can execute less code to identify the memory buffer
from the supplemental status information than from the status information.

[0015] Receiving the digital message can include receiving the digital message
serially, and the method can further include converting the received digital message to a
parallel format. The method can further include extracting a data component from the
message. Extracting the data component can include at least one of removing header or
trailer information, decoding at least a portion of the message or performing error
checking on at least a portion of the message. The method can further include asserting
an interrupt signal upon storing the status information or the supplemental status
information.

[0016] The details of one or more implementations are set forth in the
accompanying drawings and the description below. Other features, objects, and

advantages will be apparent from the description and drawings, and from the claims.

DESCRIPTION OF DRAWINGS
[0017] FIG. 1 is a block diagram of an exemplary system in which a first device
can communicate with a second device through a first interface or a second interface.
[0018] FIG. 2 is a block diagram showing exemplary details of the first interface

and the second interface.
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[0019] FIG. 3 illustrates an exemplary method of processing transmit status
information using only the first interface, and an exemplary method of processing
transmit status information using the second interface.

[0020] FIG. 4 illustrates an exemplary method of processing receive status
information using only the first interface, and an exemplary method of processing receive
status information using the second interface.

[0021] Like reference symbols in the various drawings indicate like elements.

DETAILED DESCRIPTION

[0022] FIG. 1 is a block diagram of a system 100 in which a first device 102 can
communicate with a second device 105 through a first interface 108 or a second
interface 117. As shown, the first interface 108 has a physical layer interface 111 that
links the first interface 108 and the second device 105 through a communication channel
114. The first interface 108 primarily performs two functions: the first interface 108
transmits messages from the first device 102 to the second device 105, and the first
interface 108 receives messages from the second device 105, and stores the messages in a
location from which the first device 102 can retrieve the messages. Secondarily, the first
interface 108 provides various status information related to the transmission or reception
of messages across the communication channel 114.

[0023] The first device 102 and second device 105 can be any two devices that
communicate with each other. For example, the first device 102 can be a microcontroller
that can execute programming code, the second device 105 can be a peripheral device
(e.g., a sensor or an input/output device) with which the microcontroller periodically
communicates, and the communication channel 114 can include a medium (e.g., one or
more wires, an optical fiber connection, radio frequency, etc.) and implement a protocol
(e.g., a predefined pattern of signals that encode various operations in particular ways) by
which the physical layer interface 111 and the second device 105 communicate.

[0024] In some implementations, the first interface 108 is designed to adhere to a
particular standard. For example, the first interface 108 may implement a Serial
Peripheral Interface (SPI) and adhere to a corresponding standard for SPI (e.g., a standard

that characterizes required electrical conductors, waveforms and timing of signaling
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voltages on the required electrical conductors, and optionally, registers through which an
external controller can control the SPI interface). As another example, the first

interface 108 may implement a wired inter-integrated circuit (I)C) interface and adhere to
an I°C standard that specifies similar parameters as those mentioned with reference to
SPI. As another example, the first interface 108 may implement an optical Gigabit
Ethernet interface and accordingly adhere to a Gigabit Ethernet standard that specifies
appropriate optical fiber, optical driver and receiver operating requirements, and
waveform and timing requirements for optical signals transmitted over the specified fiber.
As another example, the first interface 108 may implement a radio frequency-based near-
field communication interface that adheres to, for example, ISO/IEC 18092 (International
Standards Organization; International Electrotechnical Commission Standard 18092).

[0025] In some implementations, the first interface 108 is implemented in a self-
contained device or circuit, such as a discrete physical integrated circuit or a pre-
configured portion of a programmable device (e.g., a programmable logic device (PLD)
or a field-programmable gate array (FPGA)). In such implementations, the first interface
108 may be designed in light of certain design goals, and the design goals can influence
various trade-offs between, for example, performance, ease of use, flexibility and breadth
of features. For example, discrete physical integrated circuits that implement various
communication interfaces are sometimes designed with many different features to make
them suitable for many different operating environments (e.g., a simple-package device
may provide multiple different interfaces). As a result of these design goals, performance
may be lower than in a device having fewer features.

[0026] A designer of a system, such as the system 100 that is shown in FIG. 1,
may wish to employ the self-contained first interface 108, but the designer may have
design goals that are different than the design goals under which the first interface 108
was designed. To meet the different design goals, the designer can include a second
interface 117—which can be designed in light of the designer’s goals and can interact
with the first interface 108. In some implementations, the second interface 117
supplements the first interface 108, such that either one can be used. For example, the
second interface 117 and the first interface 108 can be coupled such that an external

controller, such as the microcontroller 102, can communicate with a second device, e.g.,



WO 2008/045752 PCT/US2007/080420

the peripheral device 105, through, for example, either the first interface 108 or the
second interface 117.

[0027] In some implementations, the second interface 117 provides an additional
interface layer on top of the first interface 108 and translates controller status information
having a format appropriate for and unique to the second interface 117 to different control
or status information having a format appropriate for and unique to the first interface 108
(e.g., the second interface 117 can harmonize status or control information between the
two interfaces). The second interface 117 can be designed in light of design goals that
are different than the design goals under which the first interface 108 was designed. For
example, the second interface 117 can be designed to automate in hardware certain
functions or operations that are only available in the first interface 108 through software.

[0028] Automating certain functions in hardware can transfer some of the
complexity associated with controlling communications between the microcontroller 102
and the peripheral device 105 from programming code executed by the microcontroller
102 to the hardware that automates the functions or operations. In other words, in some
implementations, simpler programming code or fewer programming code operations can
be used to transmit or receive data through the second interface 117 than are required to
transmit or receive the same data through the first interface 108.

[0029] Additional details of the first interface 108 and second interface 117 are
now provided with reference to FIG. 2. As described above, the first interface 108
primarily performs two functions: (1) the first interface 108 receives messages from the
communication channel 114, decodes the received messages (if appropriate) and stores
the received (decoded) messages in a location where the microcontroller 102 can retrieve
them; and (2) receives messages from the microcontroller 102 to be transmitted across
the communication channel 114, encodes the messages (if appropriate), and transmits the
(encoded) messages across the communication channel 114 to a target device (e.g., the
peripheral device 105 that is shown in FIG. 1). Secondarily, the first interface 108 can
perform two additional functions: (3) the first interface 108 can provide an indication to
the microcontroller 102 any time a message is received from the communication
channel 114 and can further provide an indication of whether there was an error in

reception; and (4) the first interface 108 can provide an acknowledgment any time a
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message received from the microcontroller 102 to be transmitted across the
communication channel 114 is actually transmitted. The first interface 108 employs
various resources to perform the above-mentioned functions, and these various resources
are now described in greater detail.

[0030] To receive messages from the communication channel 114, the first
interface 108 employs the physical layer interface 111 that, in one implementation as
shown, includes a transceiver 203, a receive shift register 206 and a decoder 209. The
transceiver 203 receives signals from the communication channel 114 in a format that is
appropriate for the medium of the communication channel 114 and converts the received
signals to electrical signals that can be digitally processed by other components of the
physical layer interface 111. For example, for an optical communication channel, the
transceiver 203 receives optical signals (e.g., visible light pulses, ultraviolet pulses,
infrared pulses, laser light pulses, etc.) from an optical carrier (e.g., a fiber optic cable, an
air interface, etc.) and converts the optical signals to electrical signals (e.g., digital
signals). As another example, for radio frequency (RF) communication, the
transceiver 203 receives RF signals (e.g., amplitude or frequency-modulated
electromagnetic radiation within a particular frequency band) and converts the RF signals
to electrical signals (e.g., digital signals). As another example, for RS-232
communication, the transceiver 203 receives electrical signals that adhere to a particular
protocol for voltage waveforms and timing; and the transceiver 203 converts the RS-232
signals to signals having another electrical format (e.g., a digital format suitable for
communication with devices in a CMOS (complementary metal oxide semiconductor)
logic family, TTL (transistor-transistor logic) family, LVTTL (low-voltage TTL) family,
PECL (positive-referenced emitter coupled logic) family, HSTL (high-speed transceiver
logic) family, etc.).

[0031] In some implementations, the communication channel 114 is a serial
communication channel, and the digital signals from the transceiver 203 are provided to
the receive shift register 206 for serial-to-parallel conversion. In other implementations,
the communication channel 114 is a parallel communication channel, and the signals are
received at the transceiver 203 in parallel format. Accordingly, in such implementations,

the receive shift register 206 can be omitted.
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[0032] Parallel signals from the transceiver 203 (in the case of a parallel
communication channel) or from the receive shift register 206 can be provided to a
decoder 209. In some implementations, the decoder 209 removes data from a message.
For example, the decoder 209 can strip off any header or trailer information from the
message and can also perform any error checking that may be required in the protocol
associated with the message (e.g., the decoder 209 can identify parity information or a
cyclical redundancy check sum (CRC) in a message, calculate parity or CRC values
based on the received data, and compare the sent and calculated parity or CRC values to
ensure that the data was received without error).

[0033] As data is received through the transceiver 203, converted to a parallel
format in the receive shift register 206 (as required), and decoded, the decoded data can
be stored in a portion of memory dedicated to receive data. In one implementation, as
shown, the first interface 108 includes four receive buffers for this purpose—RX0, RX1,
RX2 and RX3. Data from a message can be received from the communication channel
114 and transferred to one of the receive buffers RX0-3 in small units (e.g., one byte at a
time) until the message has been fully received, or until the buffer is full.

[0034] To transfer the received data from the transceiver 203 to one of the receive
buffers RX0-3, the first interface 108 can employ a receive state machine 224, which in
some implementations, works in conjunction with a main controller 227, a pointer
register 230, a control register 231, and a receive status register 215. The pointer
register 230 can identify one of the four buffers RX0-3 in which the data received by the
physical layer interface 111 is to be stored. A mechanism by which the pointer
register 230 is updated is described below. The main controller 227 can provide overall
control and coordination of the first interface 108, including control of the receive state
machine 224, the physical layer interface 111, a transmit state machine 233 and a bus
interface 236—by which the microcontroller 102 or another external device can
communicate with the first interface 108.

[0035] In some implementations, the receive status register 215 provides status
for each of the four buffers RX0-3. For example, in one implementation, the receive

status register 212 is characterized by the following:
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7 ‘ 6 5 ‘ 4 3 2 1 0

RX_Buffer3_Status RX_Buffer2_Status RX_Buffer1_Status RX_Buffer0_Status

where RX BufferN_Status is given by:

00 Ready to receive — buffer is empty and available to receive data
from the communication channel.

01 Full — buffer is full, having received data from the communication
channel; data is available for the microcontroller to retrieve.

11 Error — data has been received from the communication channel,

but there was an error in reception.
10 Reserved.

[0036] Once the data has been transferred to one of the receive buffers, status
information provided by a receive status register 215 can be updated, and the
microcontroller can optionally be interrupted by assertion of a receive interrupt
signal 218. Upon receiving the receive interrupt signal 218, the microcontroller 102 can
read the receive status register 215 to identify the buffer from which data should be
retrieved.

[0037] In some implementations, identifying the buffer from which data should
be retrieved is a multi-step process. For example, if the microcontroller 102 has a
load/store architecture, the microcontroller 102 generally reads the receive status
register 215, masks out status information for one of the receive buffers, compares the
masked-out information to a value corresponding to “full” (e.g., “01,” as described
above), then masks out status information for another received buffer, compares the
masked-out information to the value corresponding to “full,” and so on, until status of all
of the receive buffers has been checked. When, through this process, the
microcontroller 102 determines the identity of a receive buffer whose contents are full,
the microcontroller 102 then determines an address associated with that receive buffer.

[0038] In some implementations, the buffers RX0-3 and TX0-3 are memory
mapped and are thus available to be read from or written to by the microcontroller 102
through the bus interface 236. In one implementation, the buffers are each 32-bytes in
length and are contiguously mapped at addresses corresponding to the contents of a base
register 255 and an offset. For example, as shown, TX0 has an offset of 0x00 from an

address stored in the base register 255; TX1 has an offset of 0x20; RX0 has an offset of
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0x80; and so on. Thus, to determine the address associated with a receive buffer
identified through the process described above, the microcontroller 102, in some
implementations, identifies the buffer number (e.g., TX2, RX3, etc.), determines the
offset corresponding to the identified buffer number (e.g., though a look-up table), adds
the offset to the contents of the base register 255 to obtain a starting address, then begins
accessing (e.g., writing to or reading from) memory at the starting address.

[0039] Once the microcontroller 102 has retrieved contents of the buffer, a
portion of the receive status register 215 corresponding to the buffer whose contents were
retrieved can be reset (e.g., changed from having a status of “full” to having a status of
“ready to receive”) to allow the buffer to be reused. In some implementations, the
receive status register 215 is a read-only register; thus, to reset the status of the
appropriate buffer, the microcontroller 102 can write an appropriate value to the control
register 231 (e.g., a “reset RX BufferN” command, that specifies the reset command and
the appropriate buffer number N). In response to such a write to the control register 231,
the receive state machine 224 can update the receive status register 215.

[0040] To transmit messages across the communication channel 114 to another
device, the first interface 108 employs additional resources, including, in one
implementation as shown, four transmit buffers TX0, TX1, TX2 and TX3; the transmit
state machine 233; and transmit resources in the physical layer interface 111, including an
encoder 239 and, optionally, a transmit shift register 242 (e.g., in implementations in
which the communication channel 114 is a serial communication channel).

[0041] In some implementations, the encoder 239 adds any necessary header or
trailer information to a data message in one of the transmit buffers TX0-3; adds error
checking information (e.g., parity or CRC information), if appropriate; and otherwise
formats data messages according to any pertinent protocol employed by the
communication channel 114 (e.g., into one or more data frames). If the communication
channel 114 is a serial communication channel, the transmit shift register 242 can
serialize an encoded message, and the transceiver 203 can convert digital serialized
messages to a format that is appropriate for the medium of the communication

channel 114 (e.g., optical signals; RF signals; electrical signals as characterized by an
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RS-232 standard; electrical signals in a CMOS, TTL, LVTTL, PECL, or HSTL format;
etc.).

[0042] To transmit a message, the microcontroller 102 can store the message in
one of the transmit buffers TX0-3. In some implementations, the transmit state
machine 233 processes the transmit buffers TX0-3 in a sequential, circular manner. That
is, the transmit state machine 233 processes the contents of TXO (e.g., transfers the
contents of TXO0 to the physical layer interface 111, where the contents are encoded,
serialized and transmitted in the appropriate format of the communication channel 114),
then processes the contents transmit buffer TX1, then TX2, then TX3, then TXO0 again,
and so on. Accordingly, in these implementations, the microcontroller 102 stores new
messages to be transmitted in the “next available” transmit buffer, relative to the
sequential, circular manner in which the transmit buffers are processed (e.g., if TX0 and
TX1 are “full,” and TX2 and TX3 are “empty,” the microcontroller 102 stores the next
message to transmit in TX2; if TX0, TX1 and TX2 are “empty,” and TX3 is “full,” the
microcontroller 102 stores the next message to transmit in TX0; and so on).

[0043] Because the microcontroller 102 can generally fill transmit buffers TX0-3
at a different (e.g., faster) rate than the transmit state machine 233 can empty the buffers
by transmitting their contents, two pointers are employed in the implementation shown: a
current pointer register 230 to track which transmit buffer TX0-3 is currently being
processed by the transmit state machine 233, and a second pointer to track the next
available “empty” buffer that can be filled with new data to be transmitted. As depicted
in FIG. 2, the second “SCB” pointer 245 (software current buffer) can be maintained by
the microcontroller 102 (e.g., in software).

[0044] Once the message is stored in the next empty transmit buffer, the
microcontroller 102, in one implementation, writes to the control register 231 to indicate
that the buffer is full and ready to be transmitted. This write to the control register 231
can cause a transmit status register 251 to be appropriately updated, such that the just-
filled buffer is added to a transmit “queue.”

[0045] In some implementations, the transmit status register 251 provides status
for each of the four transmit buffers TX0, TX1, TX2 and TX3. For example, in some

implementations, the transmit status register 251 is characterized by the following:
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7 ‘ 6 5 ‘ 4 3 2 1 0

TX_Buffer3_Status TX_Buffer2_Status TX_Buffer1_Status TX_Buffer0_Status

where TX BufferN Status is given by:

00 Empty — buffer is empty and available to receive data
from the microcontroller for transmission through the
communication channel.

01 Ready to Send — buffer is full and ready to be transmitted.

11 Sending — the contents of the buffer are currently being transmitted
across the communication channel.

10 Sent — transmission of the contents of the buffer has been
completed.

[0046] In some implementations, the transmit state machine 233 transmits
contents of the transmit buffers according to the above-described sequential, circular
order, and according to the status provided by the transmit status register 251. For
example, after transmitting contents of one buffer, the transmit state machine 233
determines, from the transmit status register 251, whether the next buffer in the
sequential, circular order has a status of “ready to send.” If the status of the next transmit
buffer is “ready to send,” and if the communication channel 114 is available (e.g., the
target device is ready to receive data in the case of a full-duplex communication channel,
or the target device is ready to receive and the communication channel 114 is not
currently being used to receive a message in the case of a half-duplex communication
channel), the transmit state machine 233 sends the message. In some implementations,
the transmit state machine 233 updates the pointer register 230 as it processes the
transmission buffers TX0-3; the receive state machine 224 may also update the pointer
register as it processes the receive buffers RX0-3.

[0047] In some implementations, the transmit state machine 233 updates the
transmit status register when it begins sending a message (e.g., the transmit state
machine 233 can update the transmit status register 251 to reflect a “sending” state for the
buffer contents being sent) and again when the message transmission is complete (e.g.,
the transmit state machine 233 can update the transmit status register 251 to reflect a

“sent” state for the buffer contents just transmitted).
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[0048] In some implementations, the first interface 108 provides an interrupt
signal 254 to the microcontroller 102 once the contents of a buffer are transmitted. The
interrupt signal can serve as an acknowledgment, which the microcontroller 102 can use,
for example, in determining whether to attempt to retransmit the buffer contents. In
particular, in some implementations, if the microcontroller 102 is not interrupted to
indicate successful transmission of a message within a predetermined period of time after
the microcontroller stores the message in one of the transmit buffers, the
microcontroller 102 can provide the message again, in a new buffer, and terminate, if
necessary, the attempted transmission of the first-provided message.

[0049] In some implementations, only one transmit interrupt signal 254 and one
receive interrupt signal 218 are provided; in other implementations, only a single
interrupt signal (not shown) for both transmission and reception is provided.
Accordingly, in order to identify the buffer for which transmission is being
acknowledged, the microcontroller will generally have to read the contents of the
transmit status register 251 and may also have to read the receive status register 215.

[0050] Reading the transmit status register 251 to identify the buffer for which
transmission is being acknowledged can require several software operations. For
example, if the microcontroller 102 has a load/store architecture, the microcontroller 102
generally reads the transmit status register 251, masks out status information for one
transmit buffer, compares the masked-out information to the value corresponding to
“sent” (e.g., “10,” as described above), then masks out status information for another
transmit buffer, compares that masked-out information to the value corresponding to
“sent,” and so on, until status has been checked for each transmit buffer. When, through
this process, the microcontroller 102 determines the identity of a transmit buffer whose
contents have been sent, a process (e.g., a software process running on the
microcontroller 102) that originally provided the transmitted contents to the buffer can be
acknowledged, and the status of the transmit buffer can be reset to “empty,” such that the
buffer is available for re-use.

[0051] In some implementations, the transmit status register 251 is a read-only
register; thus, to reset the status of one of the transmit buffers, the microcontroller writes

to the control register (e.g., with a “reset TX BufferN” command), which causes the
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appropriate portion of the transmit status register 251 to be updated (e.g., from “sent” to
“empty”).

[0052] The second interface 117 can include additional resources, which, in some
implementations, provide a supplemental interface to the resources provided by the first
interface 108. As shown in one implementation, the second interface 117 includes a
supplemental transmit status register 260, a supplemental receive status register 263, and
a supplemental control register 266. The supplemental transmit status register 260,
supplemental receive status register 263, and a supplemental control register 266 can, in
some implementations, provide the same ultimate control and status capability as the
transmit status register 251, receive status register 215 and control register 231,
respectively. However, as will be described in greater detail below, the format of the
supplemental registers 260, 263 and 266 can be different than the format of the status and
control registers 251, 215 and 231.

[0053] In some implementations, the format of the supplemental registers is such
that the microcontroller 102 can obtain status of the transmit buffers TX0-3 and receive
buffers RX0-3, and control transmission and reception of data through the
communication channel 114, with fewer software instructions by using the second
interface 117 than by using the first interface 108. For example, the second interface 117
can determine certain status information in hardware, freeing up the microcontroller 102
for other tasks instead of determining the status information in software.

[0054] As depicted in one implementation, the second interface 117 also includes
a translation circuit 272 that translates the contents of the transmit status register 251
from a first format associated with the first interface 108 to a second format associated
with the second interface 117, translates the contents of the receive status register 215
from the first format to the second format, and receives control information in the second
format through the supplemental control register 266 and converts it to another format
(e.g., the first format) suitable for controlling the resources of the first interface 108. In
other words, the translation circuit can “harmonize” status and control information
between the first interface 108 and the second interface 117.

[0055] As shown in one implementation, the second interface also includes a

supplemental pointer 274 and a bus interface 275. The microcontroller 102 can
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communicate with the second interface 117 through the bus interface 275. In some
implementations, the supplemental pointer 274 can also be updated by the translation
circuit 272, for example, in response to changes to cither of the transmit status registers
251 or 260, cither of the receive status registers 215 or 263, or either of the control
registers 231 or 266 (i.e., the supplemental pointer 274 can, in some implementations, be
maintained in hardware, rather than in software, as the SCB pointer 245 is maintained in
some implementations). Exemplary details of the supplemental status register 260,
supplemental receive status register 263 and supplemental control register 266 are now
provided.

[0056] In some implementations, the supplemental transmit status register 260
provides status for each of the four transmit buffers TX0, TX1, TX2 and TX3 in a
manner that minimizes the number of software operations necessary to identify the buffer
for which status is being provided, and in particular, the offset of that buffer (e.g., in
implementations in which the transmit buffers TX0, TX1, TX2 and TX3 are memory-
mapped). Specifically, in some implementations, the supplemental transmit status

register 260 is characterized by the following:

7 ‘ 6 ‘ 5 ‘ 4 3 2 1 0
Idle Status Code 0 0 0 0
Or
Offset

In this implementation, if the supplemental transmit status register 260 does not contain
the idle status code (e.g., 0xF0 in some implementations), then it contains an offset value
for the transmit buffer for which status is being reported.

[0057] For example, in the implementation shown in FIG. 2, a value in the
supplemental transmit status register 260 of 0x00 can signify that the buffer contents of
transmit buffer TX0 have been sent; a value of 0x20 can signify that the buffer contents
of transmit buffer TX1 have been sent; a value of 0x40 can signify that the buffer
contents of transmit buffer TX2 have been sent; and a value of 0x60 can signify that the
buffer contents of transmit buffer TX3 have been sent. As described above, a value of

0xFO can signify that there is no new transmit status for which action by the
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microcontroller 102 is required. If a software process running on the microcontroller 102
requires intermediate status (e.g., that contents of a buffer are currently being sent (status
equal to “sending)), this intermediate status information is still available, in some
implementations, from the transmit status register 251.

[0058] In some implementations, the only transmit status information that
requires follow-up action from the microcontroller is the status that contents of a buffer
have been sent. Such status information can be provided to a software process as an
acknowledgment that the buffer contents previously provided by the software process
were actually sent, after which the microcontroller 102 can reset the buffer status from
“sent” to “empty,” such that the buffer can be reused.

[0059] As described above, multiple software operations may be required to
identify from the transmit status register 251 a buffer (and its offset) whose status is
“sent.” Since, in some implementations, the supplemental transmit status register 260
directly provides the offset of the buffer for which status is being provided—if there is
status to provide—retrieving such status information can require fewer software
operations. In particular, the microcontroller 102 can read the supplemental transmit
status register 260 and determine if its value is equal to the idle status code; if it is not,
then the buffer contents whose offset is provided by the register 260 have been sent. An
appropriate software process can be acknowledged, and the transmit status register 260
can be reset to reflect an “empty” state. In some implementations, resetting the transmit
status register 260 can be performed by writing a single bit to the supplemental control
register 266, as is described below.

[0060] In some implementations, the supplemental receive status register 263
provides status for each of the four receive buffers RX0, RX1, RX2 and RX3 in a manner
that minimizes the number of software operations necessary to identify the buffer for
which status is being provided, and in particular, the offset of that buffer (e.g., in
implementations in which the receive buffers RX0, RX1, RX2 and RX3 are memory-
mapped). Specifically, in some implementations, the supplemental transmit status

register 263 is characterized by the following:
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Idle Status Code
Or
Offset (and Possible Error Code)

In this implementation, if the supplemental receive status register 263 does not contain
the idle status code (e.g., 0xF0 in some implementations), then it contains an offset value
for the receive buffer for which status is being reported. For example, in the
implementation shown in FIG. 2, a value in the supplemental receive status register 263
of 0x80 can signify that the buffer RXO0 is full; a value of 0xAO can signify that the buffer
RX1 is full; a value of 0xCO can signify that the buffer RX2 is full; and a value of 0XxE0
can signify that the buffer RX3 is full. An additional bit, or additional bits, can be added
to the offset value to indicate an error condition. For example, in some implementations,
a value of 0x88 can signify a receive error in RX0; a value of a value of 0xAS8 can signify
a receive error in RX1; a value of 0xC8 can signify a receive error in RX2; and a value of
0xE8 can signify a receive error in RX3.

[0061] Thus, to obtain receive status information (e.g., upon receipt of a (receive)
interrupt), the microcontroller 102 can read the supplemental receive status register 263,
and determine if its value is equal to an idle code. If the value is not equal to the idle
code, the microcontroller 102 can determine if an error code is present. If the error code
is present, the non-error code portion of the supplemental receive status register 263 is, in
some implementations, the offset of the receive buffer for which status is being reported.
If the error code is not present, then the value of the supplemental receive status register
263 is the offset of the buffer for which status (e.g., “full”) is being reported, in some
implementations.

[0062] With the offset information, the microcontroller 102 can then retrieve the
contents of the corresponding buffer (in the case of a “full” buffer indication) and reset
the buffer status (e.g., to “ready to receive”); or, the microcontroller 102 can perform any
actions necessary to correct an error condition, then reset the buffer status. In some
implementations, resetting the status of either the supplemental receive status register 263
or the supplemental transmit status register 260 is straightforward, through use of the

supplemental control register 266, which is now described in greater detail.
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[0063] In some implementations, the supplemental control register 266, in
conjunction with the supplemental pointer 274, facilitates straightforward updates to the
transmit status register 251 and the receive status register 215. In particular, in one

implementation, the supplemental control register is characterized by the following:

7 6 ‘ 5 4 3 ‘ 2 ‘ 1 0

Reset TX Start_TX Reset RX

Where the fields have the following meaning;:

[Any bit] =0 Do nothing.

Reset TX =1 Set all buffers in the transmit status register 251 that
currently have a status of “sent” (e.g., “10”) to “empty”
(e.g., “00”).

Start TX =1 Set the status information in the transmit status register 251

corresponding to the buffer pointed to by the supplemental
pointer 274 (described in more detail below) to “ready to
send” and update the supplemental pointer 274.

Reset RX =1 Set the status in the receive status register 215
corresponding to the buffer pointed to by the supplemental
pointer 274 to “ready to receive,” and update the
supplemental pointer 274.

[0064] In the implementation described above, the supplemental control register
266 can be used to control the first interface 108, as an alternative to the control register
231. In this implementation, control of the first interface 108 can require fewer software
operations through the supplemental control register 266—particularly, for example,
when the status information for which the control action is responsive is obtained from
the supplemental transmit status register 260 or supplemental receive status register 263,
rather than from the transmit status register 251 or the receive status register 215,
respectively.

[0065] In some implementations, the supplemental pointer 274 provides a
mechanism, in hardware, for the microcontroller 102 to track the next buffer to fill with
data to be transmitted, or the next buffer from which data is to be retrieved (e.g., upon
receipt of a receive interrupt). As mentioned above, the supplemental pointer 274 can be

updated upon receipt of certain control information. For example, if the supplemental
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pointer 274 is configured to point to the next available transmit buffer (e.g., a buffer that
has status “empty”’) and/or the receive buffer that is to be filled with data next (e.g., a
buffer that has status “ready to receive” and is next in line according to a sequential,
circular processing order), then a portion of the supplemental pointer 274 that points to
the next available transmit buffer can be advanced (e.g., incremented according to a
sequential, circular processing order, or another processing order) when a “start
transmission” command is received. A portion of the supplemental pointer 274 that
points to the next receive buffer from which data is to be retrieved (e.g., the next “empty”
buffer, or next “full” buffer whose status has not yet been reset to “empty’) can be
advanced when a “reset reception” command has been received. In such
implementations, separate instructions to be processed by the microcontroller 102 to
update the SCB pointer 245 may be omitted.

[0066] To update the supplemental transmit status register 260 and the
supplemental receive status register 263, the second interface can employ the translation
circuit 272. In some implementations, the translation circuit 272 monitors bus cycles
through the bus interface 275 and employs an internal state machine (not shown) to track
the state of the first interface 108 and update the supplemental status registers 260 and
263 (e.g., in an implementation in which the first interface 108 is a physical, discrete,
stand-alone device, whose internal resources are only available through the bus interface
236). In such implementations, the translation circuit 272 can initiate its own bus cycles
to update the control register 231 in response to commands received in the supplemental
control register 266, thereby relieving the microcontroller 102 of some software
operations that otherwise might be necessary. In other implementations, the translation
circuit 272 employs a direct connection 278 and an internal state machine (not shown) to
track the state of the first interface 108 and update the supplemental status registers 260
and 263 accordingly (e.g., in an implementation in which the first interface 108 is a
preconfigured FPGA or ASIC (application specific integrated circuit) component whose
internal resources are accessible). The translation circuit 272 can also employ the direct
connection 278 to update the control register 231 in response to commands received in

the supplemental control register 266.
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[0067] FIG. 3 illustrates an exemplary method 301 of processing transmit status
information using only the first interface 108 described above, and an exemplary method
350 of processing transmit status information using the second interface 117 described
above. The method 301 includes receiving (302) a transmit interrupt, and reading (305) a
transmit status register in response to determine, for example, which transmit buffer
contents have been sent. For example, the microcontroller 102 can receive a transmit
interrupt from the transmit interrupt line 254, and read the transmit status register 251.

[0068] To process the contents of the transmit status register 251, the method 301
can include configuring (308) a loop counter. In one implementation as shown, the
pointer register 230 can be read (307) before or as part of the process of configuring
(308) the loop counter. For example, the microcontroller 102 can execute code to read
(307) the pointer register 230 to identify the transmit buffer that is currently being
processed. The microcontroller 102 can then increment or decrement (incrementing or
decrementing not shown) the value read (307) in order to configure (308) the loop
counter to initially correspond to a buffer that precedes or follows the buffer currently
being processed (in the sequence in which the buffers are processed), since a buffer that
precedes or follows the current buffer being processed is most likely, in some
implementations, to be the buffer for which status is being reported. The method 301 can
further include masking out (311) a portion of the bits in the transmit status register (e.g.,
bits chosen according to the loop counter value), and determining (314) whether the
masked-out portion of the bits signify a “sent” condition. If the masked-out bits do not
signify a “sent” condition, the loop counter can be incremented (317), and the process can
be repeated until bits corresponding to a particular buffer with a “sent” status are
identified. For example, the microcontroller 102 can execute code to configure a loop
counter, mask out a portion of the bits in the transmit status register 251 (e.g., bits 7 and
6, corresponding, in some implementations, to TX3 status), and compare the masked-out
bits to a value that signifies “sent” status (e.g., a value of “10” in some implementations).
If the masked-out bits do not signify a sent condition, the microcontroller 102 can
execute code to increment the loop counter, mask out other bits (e.g., bits 5 and 4,
corresponding, in some implementations, to TX2 status) and determine if the new

masked-out bits signify a “sent” condition. In this manner, status information can be
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processed for each of transmit buffers TX3-0 to determine which of the transmit buffers
TX3-0 have a “sent” status. In some implementations, the above-described process
terminates once one transmit buffer has been identified that has a “sent” status; thus, in
these implementations, it is possible that status information for only a single transmit
buffer will be processed.

[0069] Once a transmit buffer is identified that has a “sent” status, an appropriate
process (e.g., a software process that provided the data to the identified transmit buffer to
be sent) can be notified, and the retrieved address can then be used in a subsequent write
(320) of control information to reset the status of the transmit buffer from “sent” to
“empty.” For example, if, through execution of code described above, the
microcontroller 102 determines that the transmit buffer TX2 has a status of full, other
code can be executed to notify an appropriate software process, and the control register
231 can be written appropriately to cause the status of the transmit buffer TX2 to be reset
from “sent” to “empty.”

[0070] As depicted in FIG. 3, the method 350 can, in some implementations,
facilitate processing of transmit status information with fewer software operations, using
the second interface 117. The method 350 can include receiving (352) a transmit
interrupt, and reading (355) a transmit status register in response to determine, for
example, which transmit buffer contents have been sent. For example, the
microcontroller 102 can receive a transmit interrupt from the transmit interrupt line 254,
and read the transmit status register 251.

[0071] To process the contents of the transmit status register, the method 350 can
include determining (358) whether the contents of the transmit status register signify an
“idle” code. If not, then the contents of the transmit status register can signify the address
(e.g., offset) of the transmit buffer for which status is being reported. For example, the
microcontroller 102 can read the supplemental transmit status register 260 and determine
if the contents signify an “idle” condition (e.g., 0xF0 in some implementations). If the
contents of the supplemental transmit status register 260 do not signify the “idle”
condition, then the contents can identify (361) the offset of transmit buffer for which

status is being reported. For example, a value of 0x40 can signify that status is being
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reported for transmit buffer TX2; in particular, the value of 0x40 can signify that the
contents of transmit buffer TX2 have been sent.

[0072] The method 350 can further include writing (364) a value to a control
register to reset the status of the identified transmit buffer from “sent” to “empty.” For
example, the microcontroller 102 can write a ‘1’ to bit 7 of the supplemental control
register 266 to cause the status of any transmit buffer whose status is currently “sent” in
the transmit status register 251 to be reset to an “empty.”

[0073] As is evident from the exemplary methods 301 and 350 depicted in FIG. 3
and described above, resources of the second interface 117 can, in some implementations,
simplify the operations (e.g., reduce the number of programming code instructions that
must be executed by the microcontroller 102) that would be otherwise required to process
transmit status information that is provided by the first interface 108. In particular, the
loop (311, 314, and 317) by which status of each buffer is individually checked can be
eliminated. The second interface 117 can also simplify the processing of receive status
information, as is now described with reference to FIG. 4.

[0074] FIG. 4 illustrates an exemplary method 401 of processing receive status
information using only the first interface 108 described above, and an exemplary method
450 of processing receive status information using the second interface 117 described
above. The method 401 includes receiving (402) a receive interrupt, and reading (405) a
receive status register in response to determine, for example, which receive buffer either
has data that is available for retrieval or has a receive error condition. For example, the
microcontroller 102 can be interrupted by the receive interrupt line 218, and can, in
response, read the receive status register 215.

[0075] To process the contents of the receive status register, the method 401 can
include configuring (408) a loop counter. In one implementation as shown, the pointer
register 230 can be read (407) before or as part of the process of configuring (408) the
loop counter. For example, the microcontroller 102 can execute code to read (407) the
pointer register 230 to identify the receive buffer that is currently being processed. The
microcontroller 102 can then increment or decrement (incrementing or decrementing not
shown) the value read (407) in order to configure (408) the loop counter to initially

correspond to a buffer that precedes or follows the buffer currently being processed (in
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the sequence in which the buffers are processed), since a buffer that precedes or follows
the current buffer being processed is most likely, in some implementations, to be the
buffer for which status is being reported. The method 401 can further include masking
out (411) a portion of the bits in the status register according to the loop counter, and
determining (414) whether the masked-out portion of the bits signify an error condition
(e.g., “11” in some implementations). If the masked-out bits do not signify an error
condition, then the method 401 can determine (417) whether the masked out bits signify
whether the receive buffer corresponding to the loop counter has a status of “full” (e.g.,
“01” in some implementations). If the masked-out bits do not signify a “full” condition,
the loop counter can be incremented (420), and the process can be repeated until bits
corresponding to a particular buffer with an error condition or a “full” status are
identified. For example, the microcontroller 102 can execute code to configure a loop
counter, mask out a portion of the bits in the receive status register 215 (e.g., bits 7 and 6,
corresponding, in some implementations, to RX3 status), and compare the masked-out
bits to a value that signifies an error condition or a “full” status. If the masked-out bits do
not signify a sent condition, the microcontroller 102 can execute code to increment the
loop counter, mask out other bits (e.g., bits 5 and 4, corresponding, in some
implementations, to RX2 status) and determine if the new masked-out bits signify an
error condition or a “full” status. In this manner, status information can be processed for
cach of receive buffers RX3-0 to determine which of the transmit buffers RX3-0 have
either an error condition or a “full” status. If an error condition is identified (414), the
error condition can be appropriately handled (421). In some implementations, the above-
described process terminates once one receive buffer has been identified that has a “full”
status; thus, in these implementations, it is possible that status information for only a
single receive buffer will be processed.

[0076] If a receive buffer is identified as being “full,” an address corresponding to
the buffer can be retrieved (423). For example, the microcontroller can employ a look-up
table to provide an offset address (e.g., 0xAOQ, in the case of RX1) based on a value of the
above-described loop counter. Once the address value is retrieved, the method 401 can
include retrieving (426) data from the identified receive buffer, then resetting the status of

the identified retrieve buffer (e.g., from “full” to “ready to receive). For example, the
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microcontroller 102 can add the provided offset address to an address stored in the base
register 255 to obtain an absolute address, and then retrieve data beginning at the absolute
address.

[0077] When the data has been retrieved (426) from the “full” receive buffer, the
method 401 can include writing (429) appropriate control information to reset the status
of the receive buffer. For example, the microcontroller 102 can execute code to write an
appropriate value to the control register 231 to cause the status of the receive buffer RX1
to be reset from “full” to “ready to receive.”

[0078] As depicted in FIG. 4, the method 450 can, in some implementations,
facilitate processing of receive status information with fewer operations, using the second
interface 117. The method 450 can include receiving (452) a receive interrupt, and
reading (455) a receive status register in response to determine, for example, which
receive buffer has an error condition or a “full” status. For example, the microcontroller
102 can be interrupted by the receive interrupt line 218, and in response, read the
supplemental receive status register 263.

[0079] To process the contents of the receive status register, the method 450 can
include determining (458) whether the contents of the receive status register signify an
“idle” code. If the contents of the receive status register do not signify an “idle”
condition, then the method 450 can include determining (461) whether the contents of the
receive status register signify an error condition. If so, then the portion of the receive
status register that does not indicate the error condition can identify the receive buffer
(e.g., the offset of the receive buffer) for which the error condition is flagged, and the
error condition can be handled (462). If the contents of the receive status register do not
signify an error condition, then the contents of the receive status register can signify the
address (e.g., offset) of the receive buffer for which status (e.g., “full”) is being reported.
For example, the microcontroller 102 can read the supplemental receive status register
263, and determine if the contents signify an “idle” condition (e.g., 0xF0 in some
implementations). If the contents of the supplemental transmit status register 263 do not
signify the “idle” condition, then the microcontroller 102 can determine if the contents
signify an error condition—for example, 0xN8 in some implementations, where N can be

any value. If the contents signify an error condition, then the value 0xNO can signify the
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offset of the receive buffer for which the error condition is flagged, and the error
condition can be handled. Ifthe contents of the supplemental receive status register 263
do not signify an error condition, then the contents can identify the offset of a receive
buffer that has a “full” status. For example, a value of 0xAQ can signify that status is
being reported for receive buffer RX1; in particular, the value 0xAO can signify that
receive buffer RX1 is “full.”

[0080] Given the offset of a “full” receive buffer (e.g., RX1 at 0xAO0), the
contents of the receive buffer can be retrieved (464), and an appropriate value can be
written (467) to a control register to reset the buffer from which data has been retrieved.
For example, the microcontroller 102 can add the offset address from the supplemental
receive status register 263 to an address stored in the base register 255 to obtain an
absolute address, and then retrieve data beginning at the absolute address. After the
microcontroller 102 has retrieved the data, the microcontroller 102 can write a ‘1’ to bit 0
of the supplemental control register 266 to cause the portion of the receive status register
215 corresponding to the receive buffer RX1 to be updated from a status of “full” (e.g.,
“01”) to a status of “ready to receive” (e.g., “00”).

[0081] As is evident from the exemplary methods 401 and 450 depicted in FIG. 4
and described above, resources of the second interface 117 can, in some implementations,
simplify the operations (e.g., reduce the number of programming code instructions that
must be executed by the microcontroller 102) that would be otherwise required to process
receive status information that is provided by the first interface 108.

[0082] A number of implementations have been described. Nevertheless, it will
be understood that various modifications may be made without departing from the spirit
and scope of the disclosed implementations. For example, various registers are described
as having eight bits, but registers of other sizes can be employed. Buffers can employed
of different sizes than those described, and different numbers of transmit and/or receive
buffers can be employed. A “software current buffer” function can be provided by a
single buffer (e.g., having a receive portion and a transmit portion) or by two separate
buffers for receive and transmit buffer tracking. The first interface and/or second
interface can issue a single interrupt for both transmit and receive actions, one interrupt

for each of transmit and receive actions, or any number of interrupts to flag specific
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actions related to specific buffers. A microcontroller and a peripheral device are
described as communicating through the first interface and second interface, but other
devices can employ the first interface and second interface. Accordingly, other

implementations are within the scope of the following claims.
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WHAT IS CLAIMED IS:

1. An apparatus comprising:

a first interface having a communication channel through which data is
transmitted to or received from a target device; and a first control register that is
configured to control, based at least in part on its contents, transmission or reception of
data through the communication channel;

a second interface having a second control register that is configured to control,
based at least in part on its contents, transmission or reception of data through the
communication channel; and

a circuit that harmonizes contents of the first control register and the second
control register, such that an external controller can control transmission or reception of
data through the communication channel by providing control data in a first format to the
first control register or by providing alternate control data in a second different format to

the second control register.

2. The apparatus of claim 1, wherein the communication channel comprises a

physical serial communication link.

3. The apparatus of claim 2, wherein the physical serial communication link
implements serial communication between two or more devices, the serial
communication substantially adhering to a serial peripheral interface (SPI) protocol, an
inter-integrated circuit (I”C) protocol, a 1-wire bus protocol, a system management bus

(SMBus) protocol, or a proprietary serial communication protocol.
4. The apparatus of claim 1, wherein the first interface further comprises a buffer
that is configured to store data to be transmitted to the target device or data that has been

received from the target device.

5. The apparatus of claim 4, wherein the second interface comprises a pointer that

identifies a portion of the buffer.
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6. The apparatus of claim 5, wherein the second interface comprises a buffer control
circuit that alters the pointer in response to subsequent, different contents of the second

control register.

7. The apparatus of claim 4, wherein the buffer includes a plurality of portions, each
portion corresponding to a discrete quantum of data that can be processed by the

communication channel at one time.

8. The apparatus of claim 7, wherein the quantum of data is one byte.

9. The apparatus of claim 7, wherein each portion of the plurality of portions is
memory-mapped to a discrete address value and individually addressable through the

discrete address value by the external controller.

10.  The apparatus of claim 1, wherein the first interface is a discrete, physical

integrated circuit that is included in the apparatus.

11.  The apparatus of claim 1, wherein the first interface is a preconfigured portion of
an integrated circuit or a programmable device selected from the group consisting of

programmable logic devices (PLDs) and field programmable gate arrays (FPGAs).
12.  The apparatus of claim 1, wherein each of the first and second interface comprises
additional registers, wherein the second interface comprises fewer total registers than the

first interface.

13.  The apparatus of claim 1, wherein the second interface is configured to automate

more functions in hardware than can be automated by the first interface.

14.  The apparatus of claim 13, wherein the second interface is configured such that

less programming code is needed to interact directly with the second interface to effect
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transmission of data than is needed to interact directly with the first interface to effect a

same transmission of data.

15.  The apparatus of claim 13, wherein the second interface is configured such that
less programming code is needed to interact directly with the second interface to process
a reception of data than is needed to interact directly with the first interface to process a

same reception of data.

16.  An apparatus comprising:

a first interface having a communication channel through which data is
transmitted to or received from a target device; and a first status register that provides
status information about the first interface;

a second interface having a second status register that provides secondary status
information about the first interface; and

a circuit that harmonizes contents of the first status register and second status
register, such that an external controller can receive status information from the first
status register in a first format or secondary status information from the second status

register in a second format.

17.  The apparatus of claim 16, wherein the first interface further comprises a buffer
that is configured to store data to be transmitted to the target device or data that has been
received from the target device.

18.  The apparatus of claim 17, wherein the buffer includes a plurality of portions,
each portion corresponding to a discrete quantum of data that can be processed by the

communication channel at one time.

19.  The apparatus of claim 18, wherein the quantum of data is one byte.
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20.  The apparatus of claim 19, wherein each portion of the plurality of portions is
memory-mapped to a discrete address value and individually addressable through the

discrete address value by the external controller.

21.  The apparatus of claim 20, wherein the second status register is configured to
directly provide at least a portion of the discrete address value when the secondary status
information contained in the second status register relates to a buffer portion

corresponding to the discrete address value.

22.  An apparatus comprising:

a first interface having a communication channel through which data is
transmitted to or received from a target device; a first control register that is configured to
control, based at least in part on its contents, transmission or reception of data through the
communication channel; and a first status register that provides status information about
the first interface;

a second interface having a second control register that is configured to control,
based at least in part on its contents, transmission or reception of data through the
communication channel; and a second status register that provides secondary status
information about the first interface; and

a circuit that harmonizes contents of the first control register and the second
control register, and harmonizes contents of the first status register and second status
register such that an external controller can control transmission or reception of data
through the communication channel by providing control data in a first format to the first
control register or by providing alternate control data in a second different format to the
second control register, and such that the external controller can receive status
information from the first status register in a first format or secondary status information

from the second status register in a second format.
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23.  An apparatus comprising:

an interface having a control register that is configured to control, based at least in
part on its contents, transmission or reception of data through a communication channel;
and a status register that provides status information about the interface; and

a circuit that is configured to harmonize contents of at least one of the control
register and another register or the status register and the other register;

wherein the other register is associated with the communication channel, such that
an external controller can a) control transmission or reception of data through the
communication channel by providing control data in a first format to the control register
or providing alternative control information in a second format to the other register or b)
receive status information from the status register in a first format or alternate status

information from the other register in the second format.

24.  The apparatus of claim 23, further comprising a second interface, wherein the

second interface includes the other register.

25.  The apparatus of claim 24, wherein the other register comprises a control portion

and a status portion.

26.  The apparatus of claim 25, wherein the circuit is configured to harmonize the
contents of the control register with the control portion and harmonize the contents of the

status register with the status portion.

27.  The apparatus of claim 26, wherein the interface is configured to automate more

functions in hardware than can be automated by the second interface.

28.  The apparatus of claim 26, wherein the interface is configured such that less
programming code is needed to interact directly with the interface to effect transmission
of data than is needed to interact directly with the second interface to effect a same

transmission of data.
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29.  The apparatus of claim 24, wherein the second interface is a discrete, physical

integrated circuit that is included in the apparatus.

30.  The apparatus of claim 24, wherein the second interface is a preconfigured
portion of an integrated circuit or a programmable device selected from the group
consisting of programmable logic devices (PLDs) and field programmable gate arrays

(FPGASs).

31.  The apparatus of claim 23, wherein the communication channel comprises a

physical serial communication link.

32. A method comprising:

controlling a first interface having a communication channel through which data
is transmitted to or received from a target device, the controlling including controlling
transmission or reception of data through the communication channel based at least in
part on control information formatted according to a first format; and

controlling a second interface, the second interface configured for transmission or
reception of data through the communication channel, the controlling including
controlling transmission or reception of data through the communication channel based at

least in part on control information formatted according to a second different format.

33.  The method of claim 32, wherein the second format is configured such that a
processor can execute less code to identify a memory portion associated with the

transmission or reception of data from the second interface than from the first interface.

34.  The method of claim 32, further comprising harmonizing a first register
associated with the first interface with a second register associated with the second

interface.

35. A method comprising:

receiving a digital message from a communication channel;

34



WO 2008/045752 PCT/US2007/080420

storing the message in a memory buffer;

storing, in a first status register and in a first format, status information
corresponding to the stored message; and

storing, in a second status register and in a second format, supplemental status
information corresponding to the stored message;

wherein the second format is configured such that a processor can execute less
code to identify the memory buffer from the supplemental status information than from

the status information.

36.  The method of claim 35, wherein receiving the digital message comprises
receiving the digital message serially, the method further comprising converting the

received digital message to a parallel format.

37.  The method of claim 35, further comprising extracting a data component from the
message.
38.  The method of claim 37, wherein extracting the data component comprises at

least one of removing header or trailer information, decoding at least a portion of the

message or performing error checking on at least a portion of the message.

39.  The method of claim 35, further comprising asserting an interrupt signal upon

storing the status information or the supplemental status information.
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